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THIS GUIDEBOOK AND MEETING ARE DEDICATED TO

W. YNGVAR ISACHSEN - (1920-2001)
GEOLOGIST, FRIEND, AND TEACHER EXTRORDINAIRRE

For many years, Yngvar served as Senior Scientist at the New York Geological Survey in Albany. During
that time, he investigated, and became familiar with, the nature and problems of rocks in his beloved
Adirondacks. He also was keenly attuned to the Proterozoic of the Hudson Highlands and the remarkable
tectonic history of the Taconic belt of New York. His efforts were crucial in compiling the 1970 edition of
the Geological Map of the State of New York that all of us still rely on to this day. At about the same time,
he and Jim Olmsted organized an immensely successful and important conference on the “Origin of
Anorthosite and Related Rocks”. Yngvar served as editor for the volume generated by that conference and
bearing the same name Today the “Origin of Anorthosite and Related Rocks” (New York State Museum
and Science Service Memoir 18, 1969) continues to serve as a centerpiece for investigators in this very
significant field.

Throughout his career Yngvar was deeply interested in brittle fracturing and produced important studies on
“zero-displacement crackle zones in the Adirondacks and mylonitization along the Carthage-Colton Zone
separating the Highland and Lowland terranes. In his later years he also conducted research on Catskill
fracture patterns that may record a meteorite impact. One of his most important pieces of research was that

concerning the age of uplift of the Adirondack Dome. He provided compelling evidence for a recent (>20
Ma) date for this event.

Besides his scientific contributions, Yngvar was one of the great teachers of his time. He was blessed with
the ability to transmit ideas in remarkably clear terms and to generate interest as he did so. Those of us who
now spend our time investigating Adirondack problems are forever grateful to this Teacher of Teachers for
showing us the way, pointing oui problems, making astute suggestions, and ALWAYS encouraging us.
Whatever advances come out of current and future Adirondack research, they will forever carry the stamp
of Yngvar’s influence.

Finally, we note that Yngvar was a dear and important friend to many of us. Although we might not always
agree, we could always exchange ideas in constructive and cooperative ways. A day in the field with
Yngvar was a day spent generating both ideas and excitement — and a great deal of warm laughter. When
the day was done, it was time to join in good food and good drink, and there was never a better companion
in these endeavors — many of them at his lovely Brant Lake home with his gracious wife, Stasia. The times
‘were many; the memories are grand.

We miss him; we think of him; and we honor him. Hail Yngvar!
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GEOLOGY AND GEOCHRONOLOGY OF THE SOUTHERN ADIRONDACKS

Yames McLelland, Dept. Geology, Colgate University (Emeritus) and Skidmore College, Saratoga Springs, NY
Lara Storm and Frank Spear, Dept. Earth and Environmental Studies, Rensselaer Polytechnic Institute, Troy, NY

INTRODUCTION

The location of the Adirondacks within the larger Grenville Province is shown in Fig. 1.Topographically, the
Adirondacks are divided into Highland (H, Fig 2) and Lowland (L, Fig. 2) sectors. The former is underlain
principaily by orthogneiss, the latter by paragneiss rich in marble, and the Carthage-Colton Mylonite Zone
separates the two regions (Fig 2a,b). The region has experienced multiple metamorphic and intrusive events and
large-scale ductile structures are common (McLelland, 1984;McLelland ef al, 1996). U-Pb zircon geochronology
(Table 2) indicates that the oldest igneous rocks exposed are ca 1350-1300 Ma tonalitic, arc-related plutons
(Fig.1a) intrusive into older Highland paragneisses of uncertain age (McLelland e? al., 1996). The oldest igneous
rocks in the Lowlands consist are ca. 1200 Ma granodiorites (Fig.1a) intrusive into older paragneisses of
uncertain age (Wasteneys ef al, 1999). In both the Highlands and Lowlands metapelitic migmatites >1200-1300
Ma contain anatectic material of ~1170 Ma age. Following intrusion ca. 1207 Ma granodiorites in the Lowlands,
leucogranitic and tonalitic rocks were emplaced at ca 1172 Ma (Fig.1a,b) and were accompanied by deformation
and metamorphism (Wasteneys ef al, 1999) assigned to the latest, culminating phase (ca. 1220-1160 Ma) of the
Elzevirian Orogeny of Moore and Thompson (1980).

From ca 1160-1150 Ma the entire Adirondack-Frontenac region was intruded by arorthosite-charnockite-
mangerite-granite (AMCG, 1155 Ma, Fig. 1b) magmas that are associated with four anorthosite massifs (Marcy,
Oregon, Snowy, Carthage) recently dated directly at 1155 + 10 Ma by SHRIMP 11 zircon techniques. Early age
determinations of the anorthosite (McLelland and Chiarenzelli, 1990; Silver, 1969) were based on multigrain
dating of MCG granitoids that exhibit mutually crosscutting relationships with the Marcy Anorthosite Massif
(MM, Fig. 2b) and are interpreted as coeval with it. The absence of direct dating of the anorthosite was due to the
sparse igneous zircon populations in rocks of this composition, a condition that posed a serious obstacle to the
study of anorthosites prior to the advent of single grain TIMS and SHRIMP II methods. Current SHRIMP i direct
dating of the Adirondack anorthosite massifs demonstrates that both they and their associated ferrodiorites and
granitoids were emplaced at 1155 + 10 Ma and that the entire complex represents a classic AMCG suite,

The final major events of Adirondack evolution comprise: 1) the emplacement of the Hawkeye granite suite at
ca 1095 Ma (Fig 2b) followed almost immediately by 2) high-grade metamorphism (Storm and Spear, Appendix
to this article; Spear and Markussen, 1997; Bohlen ef al 1985; Valley et al., 1990) resuiting in vapor-absent, peak
granulite facies conditions in the Highlands (T ~ 750°-800° C, P ~ 6-8 kbar) and associated with widespread
recumbent, jsoclinal folding and the development of intense penetrative fabrics. This granulite facies
metamorphism and deformation are assigned to the collisional Ottawan Orogeny of Moore and Thompson (1980),
evidence of which occurs throughout the Grenville Province (cf, Rivers, 1997, McLelland et al., 2001b). Toward
the end of this major orogenic event much of the Adirondack region was intruded by late- to post-tectonic
leucogranites (ca. 1055 Ma, Fig 1a) belonging to the Lyon Mt. Granite (LMG) and thought to be related to
delamination and extensional collapse of the orogen (McLelland er aof, 2001). The Elzevirian and Ottawan
Orogenies, taken together, comprise the Grenville Orogenic Cycle (ca. 1350-950 Ma) of Moore and Thompson
(1980).

GENERAL GEOLOGY

The southern Adirondacks are underlain by a package of older rocks that is only sparsely represented north of
the Piseco anticline. These same lithologies are present in the eastern Adirondacks east of the Northway (Rt 87).
The package is characterized by a significant thickness of migmatitic metapelites (Stop 1), some very thick
orthoquartzites (Stop 2), tonalitic and granodioritic plutons (Stops 3and 4), and various members of the AMCG
suite (Stops 5 and 8). Marbles are present (Stop 7) and deformation is profound (Stops 6 and 9). Taken as a whole,
the southern and eastern Adirondacks appear to have been derived from one or more magmatic arcs (Fig. 4)
similar to those elsewhere in the Central Metasedimentary Belt (cf,, Rivers, 1997; Carr et al., 2000 ). The growth
and amalgamation of these arcs spans the time interval ca 1400-1170 Ma and is referred to as the Elzevirian
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Fig. 1. Location of the Adirondack Mts. within the greater Grenville
Province. Tectonic subdivisions after Rivers (1997). GFTZ - Grenville
Front Tectonic Zone; ABT- Allochthon Boundary Thrust; GT-Gagnon
Terrane; LIT-Lac Jeune Terrane; MLT-Melville Lake Terrane;

TLB - Trans-Labrador Batholith
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Fig. 2- Generalized geologic-chronologic maps of the Adirondacks broken into two
panels for ease of viewing. The major metaigneous units are shown by patterns and their ages
are given in the legend. C-Carthage, D-Diana, B-Bloomingdale; J-Jay;F- Oregon Dome
Ferrodiorite; G-Gore Mt; O-Oswegatchie; P-Piseco; R-Rooster Hill; T-Tupper Lake; ST-Stark;
MM-Marcy Massif, CCMZ- Carthage Colton Mylonite Zone;H-Highlands; L-Lowlands;
SLR-St. Lawrence River.
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-Orogeny. The culminating Elzevirian Orogeny is thought to have occurred during the interval ca 1210-1170 Ma
and resulted from the collision of the Adirondack-Green Mt block with the southeastern margin of Laurentia,
which at that time was represented by a magmatic arc of northwest polarity developed on the present day
Adirondack Lowlands. This culminating collision resulted in deformation and metamorphism that can be
recognized in the southern and central Adirondack Highlands. The tonalites and granodiorites manifest the arc(s)
and the migmatitic metapelites represent its apron of flysch. The thick orthoquartzites and thin marbles may
represent shelf sequences developed on the passive margin of the Adirondack Highlands-Green Mt block prior to
the culminating collision. These events are summarized in Fig. 4.

Following the culminating Elzevirian collision, the overthickened orogen began to delaminate and rebound as
buoyancy forces dominated those of contraction. As the orogen rebounded, it underwent structural collapse and
exhurnation, and regional extensional basins formed and accumulated sediments, e.g., the Flinton Basin and
Flinton Group (Fig. 4). At the base of the orogen hot new athenosphere moved in to replace delaminated
lithosphere + lower crust, and depressurization led to the production of gabbroic melts that ponded at the crust-
mantle interface in response to density inversion. Due to the dominance of buoyancy forces, the crust-mantle
environment was relatively stable, and the gabbroic melts were able to undergo quiescent ctystallization. Under
these conditions olivine and pyroxene sank to the floor of the chambers while plagioclase crystals floated and
accumulated into crystal-rich mushes along the chamber roof, Simultaneously, the latent heat of crystallization
from this process provided enough thermal energy to cause significant partial melting of the overlying continental
crust. The resultant melts were largely anhydrous and ranged from syenitic, to monzonitic, to granitic and, with
the crystallization of orthopyroxene, yielded mangerites and charnockites, Ultimately the crust grew weak
enough, and the plagioclase mushes (ie gabbroic anorthosite) of sufficiently low density that they began to ascend
and were emiplaced at upper crustal levels (<10 km, Valley, 1985; Spear and Markussen, 1997) where they
crystallized into AMCG complexes. Continued low-pressure fractionation of the anorthositic magmas led to
further growth of plagioclase and the consequent evolution of increasingly mafic interstitial, residual liquid. Many
of these were filter-pressed into fractures to form dikes and sheets of ferrodiorite; others pooled into plutonic
ferrodioritic masses, We speculate that ultimately the evolving liquids became so mafic that they underwent
immiscibility to produce magnetite-ilmenite concentrations such as those at Tahawus (Fig. 2) and comb-textured
clinopyroxene-plagioclase dikes similar to those seen at Jay on trip C-1. Representative whole rock compositions
of the AMCG suite are given in Table 1. U-Pb dating of all of these rock-types documents that the Adirondack
AMCG suite was emplaced at ca 1155 + 10 Ma (Table 2). Recent attempts to assign an age of
~1040-1050 Ma to the emplacement of the Marcy Massif are inconsistent with this hard evidence and are quite
simply wrong.

Table 1. Representative whole Rock Analyses of AMCG suite Rocks

1* 2% 3* 4* 5% 6* 7* 8#*

Si0; 42.8 55.88 56.89 53.65 62.12 51.63 54.54 53.54
" TiO, 6.04 1.6 0.47 052 087 31 0.67 0.72

AbLO; 10.53 23.18 23.82 2490 1648 14.23 25.61 22.50
Fe,0, 21.6 24 121 041 1.49 2.1 1.00 1.26
Fel na 6.57 13 070 396 13.5 1.26 4.14
MnO 0.02 0.09 0.02 002 009 0.16 0.02 0.07
MeO 5.68 2.08 0.65 145 1.06 2.63 1.03 2.21

Ca0 8.77 4.87 8.19 1221  .3.27 6.5 9.92 10.12
NaO 217 4.26 5.38 392 4381 2.67 4.53 3.70
K0 0.84 2.76 1.13 120 513 241 1.01 1.19
P,0; 0.66 0.48 0.09 009 030 0.57 0.09 0.13

Total 99.34 101.47 99.57 99.9  99.9 99.5 100.1 100.00

1*- bregon Dome Ferrodiorite; 2*- Gabbroic Anorthosite, Green Mt; 3*- Anorthosite, Green Mt;
4*. Anorthosite, Owl’s Head; 5*- Mangerite, Tupper Lake; 6*- Keene Gneiss, Hull’s Falls; 7*- Marcy Facies
Anorthosite; 8% - Whiteface Facies Anorthosite.
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Fig. 3. Generalized geologic map of the Adirondack Mts. showing locations of samples dated by U-Pb techniques -
and keyed to Table 2. H- Highlands, L- Lowlands, CCMZ- Carthage Colton Mylonite Zone, D- Diana,

LP- Lake Placid, OR- Oregon Dome, M- Marcy Massif, T- Tahawus, To- Tomantown pluton, ST- Stark Anticline,
Img- Lyon Mt Granite, hbg- hornblende granite, ga- gabbro, max- mangerite with andesine xenocrysts,
m-s-qs- mangerite,syenite,quartz syenite, c-g- charnockite, granite, a- anorthosite, hsg- Hyde School Gneiss,

mt- metatonalite, ms-bqpq- metasediments, biotite-quartz-plagioclase



Table 2. Summary of U-Pb Zircon Geochronology
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For Adirondack Metaigneous Rocks

Map Sample — - i
Number  [Number Multigrairs TIMS iSinglegrain TIMS ISHRIMP 1} Analysis
HIGHLANDS Lotation AGE (Ma) ERR [AGE (Ma) ERR (AGE (Ma)] ERR {| TDM
Tonalite and Granodiorite ’
1 AMS7-12 South Bay 1329 a7 1403
2 AMSS-12 Canada Lake 1302 6 1366
3 LDT Lake Desolation »1336 1380
4 AMB7-13} Canada Lake 1253 41
Mangenite and Chamockite
5 AMBS-2 Diana Complex 1158 4 1154]  17]  1430]
[ AMBS-15 Stark Complex 1147 10 1495
7 AMBS-6 Tupper Lake 1134 4 1169 11 1345
8 9-23-85-7 Schroon Lake 1125 10 ca 1155
9 AM86-17 Rooster Hill 1156 8 1 436“
10 AMSEB-9| Piseco Dome 1150 Sr 1346
1" AC85-2 Oswegatchie| 1146 5
30 Silver,'89, Ticonderoga 1113 16 ca 1155
42 AMS6-8 Snowy Mt >1085 1177 22
44 AMB7-3 Gore Mt >1088| 1155 [
47 ACB85-10 Bloomingdale 1133 51 1160 14
48 AM87-10 Minerval »1082 1159 12
48 AlB6-1 Croghan 1155 13
41 Granitedike Wabeek Quarry ca 1155
50 AC8511 Yard Hill 1143] 33
Anorthosite and Olivine Gabbro
18 AC85-8f Rt 3, Saranac Lk, ANT]>1113, 1054 ZZE 1149 35
19 ACS857§ Rt 3, Saranac Lk, ANTl>1087, 1052 20 1161 12|
20 ACB&QL Forest Home Rd, ILM| 998 6
21 AM8B7-118 Dresden Station Gab. 1147 7 1331
22 CGABE North Hudson Gabbrol>1108, 1057 conc 1150 14
3 BMHO1-4, Jay, ANT Pegmatite 1160 15
34 BMH-01-3*I Jay, Cpx-Pgf Dike 1140 18
35 BMHO1-1 Tahawus ANT ca 1155
38 BMHO1-2 Blue Ridge ANT 1153 1
37 BMHO01-1 Blue Ridge Gabbro c8 1155
38 BMHO1-1 9% Exit 29 NWY, ANT| ca 1155
40a : Woolen Mill Gabbro 1154 9
40b Woolen Mill ANT2 1151 &
43 AMB87-8f Oregon Dome Fer'drt 1155 [
Hawkeye Granite Suite
12 ANBE-3 Cany FallsH 1 1oou 12 :
13 AMBE-6 Tupper Lake] 1098 4 1314
14 AMS88-13] Hawkeye 1083 11
45 Moon Mt Moon Mt 1103 15
52 NOFO-1 Stillwater Reservoir 1095 5
53 AMB7-6§ St LawfFran. Co. Line 1090H 8
54 AMBT-7 Santa Clara 1080 4
Lyon Mt Granite
15 AMEB-4 Piercefield 1075 17 1058 18 1578
16 AMBs-10] Dannemora, 1073 8 1052 1
17 AMBE-14) Ausable Forks, Qt-Ab 1057 10 1041 16| 1350
29 CLFG Wanakena 11134 10 1069} 10 1047 10
38 9-23-85-6 Grasshoppsr Hifih >1065 1045 3&
51 AMS86-11§ Ausable Fks., Fay GRT 1088 26 1047 2
55 PL-3 Port Leyden, 1035 4
LOWLANDS
Hyde Schoof Gneiss E
23 AMB6-18 Wellesley Island 1418 1172 5 1440
24 ACB5-4 Gouverneur| 1284 1525
25 AC87-4 Fish Creek 1236 1172 5 1210
26 AC85-5 Hyde Schoolﬂ 1230 1172 5 1380
27 AC85-1 Raservoir Hill ca 1172
Antwerp Granitoid
58| ANTG Antwerp-Rossie| 1183 7 1207 20
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As pointed out by Buddington (1939), there exist several facies and typés of anorthosite and related rocks.
Examples are given in Table 1. The coarse Marcy facies appears to be a cumulate, and in its purest form is found
in rafis of 10-20cm quasi-euhedral grains with ~10% subophitic pyroxene. These are interpreted as rafts formed
by plagioclase flotation at the base of the crust and subsequently transported upward by other, less coarse and
commonly more mafic facies of anorthosite. The composition of these large plagioclases ranges from Anss-ANs,.
Fram and Longhi {1994) showed that pressure decreases the An content of plagioclase crystallizing from gabbroic
magma at the rate of ~ 1%An/kbar. Since the rafts are thought to have crystallized from gabbro at ~10-12 Kbar,
this would explain their relatively sodic compositions. The presence of giant (10-25cm) aluminous orthopyroxene
in the rafis is also consistent with this model. It is common for rafis to be disrupted by the transporting magma
and numerous large, blue-gray andesine crystals in finer grained anorthositic rocks are of this origin. The various
plagioclase mushes that were emplaced within the crust are thought to have been broadly similar to the Whiteface
facies (Buddington, 1939) and evolved towards more pure anorthosite (generally less coarse than rafis) by low-
pressure fractionation of plagioclase. During this process ferrodioritic residual magmas were produced and were
commonly filter-pressed into dikes and sheets (McLelland et al, 1990), Ultimately, the residual magmas became
so mafic that they split into immiscible silicate and Fe, Ti-oxide phases to yield magnetite-ilmenite deposits such
as those at Tahawus.

Emplacement of the AMCG suite was followed by ~50 Ma of relative quiescence terminated by emplacement
of the Hawkeye granitic suite at 1103-1095 Ma. This interval corresponds almost exactly with the major
magmatism in the plume-related Mid-continent Rift, and we atiribute Hawkeye magmatism to far-field echoes
from the Mid-continent plume (Cannon, 1994). This far-field effect is interpreted to have thinned the crust and
lithosphere and led to significant crustal melting to produce the mildly A-type Hawkeye suite. At the same time,
the crust underwent heating that continued to be present when the culminating collision with Amazonia (?) took:
place thus initiating the Ottawan Orogeny at ca 1090 Ma. Note that magmatism in the Mid-continent Rift was shut
off at this time by westward-directed thrust faults. Within the Adirondacks, the already heated crust was loaded by
thrusting and contraction along ~NW-SE lines of tectonic vergence. This heating followed by loading ledto a
counterclockwise P, Tt path (see Fig. 12 as well as Appendix by Storm and Spear). From ~1090-1060 Ma
contraction dominated the region and great nappe structures formed (Figs. 5,6). These are represented today by
extremely large isoclinal, recumbent folds such as the Canada Lake isocline and the Little Moose Mt syncline,
both of which have ~E-W axial trends and plunge gently about the horizontal (Fig. 6). It is uncertain, but possible,
that these structures were initiated as thrusts and then toed-over to form a greatly thinned and attenuated lower
limb. Associated with the nappes are pervasive penetrative fabrics imposed upon Hawkeye and older rocks and
attesting to the extraordinarily high temperature ductile strains imposed on these rocks (McLelland, 1984).

As discussed by Spear and Markussen, garnet coronas in mafic rocks appear to have formed during late-
Ottawan isobaric cooling from ~800-600°C. Associated with these coronitic rocks are small, equant zircons
interpreted as metamorphic in origin and yielding ages of ~1050 Ma. As discussed in the text for Stop 8, these ar¢
thought to date the corona-forming reaction. This is consistent with the Sm-Nd age of ca 1050 Ma for the large
Gore Mt gamets (Mezger et a.l, 1992). Following isobaric cooling the Ottawan orogen is thought to have
undergone delamination and rebound. This was accompanied by emplacement of the distinctive Lyon Mt Granite
suite that hosts the great Kiruna-type low-Ti magnetite deposits of the Adirondacks and is exposed across wide
tracts of the Highlands. Zircon dating of the Lyon Mt Granite by both single grain TIMS and SHRIMP II methods
(McLelland et al, 2002) documents that the thick, and oscillatory zoned, mantles of its zircons grew from melts at
1050 + 10 Ma. The cores of these zircons are of AMCG and Elzevirian age and whole rock Nd-model ages are
consistent with the production of Lyon Mt Granite from melting of these earljer lithologies. An especially
interesting member of the Lyon Mt Granite is a quartz-albite (Absg) that is associated with the iron-oxide deposits
and is interpreted to be the result of sodic hydrothermal alteration (McLelland et al., 2002).

Further relevant details accompany the descriptions presented in at individual stops.
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ROAD LOG .
MILEAGE : E
0.0 Caroga Lake Post Office in Caroga Lake, NY, ’
2.8 Roadcuts of migmatitic metapelite. Park on right (west) shoulder of Rt 29A.

STOP 1. PECK LAKE MIGMATITIC METAPELITE. (30 MINUTES). This exposure along Rt 29A
Just north of Peck Lake is the type locality of the Peck Lake migmatitic metapelites that consist of restitic
sillimanite-garnet-biotite-quartz-oligoclase melanosome and quartz and two-feldspar leucosome of approximately
minimum melt composition (McLelland and Husain 1986). Small red garnets are common in the leucosome and,
in most cases, grow across foliation. The leucosomes occur as irregular, elongate bodies generally parallel to
foliation but quite commonly exhibiting crosscutting relationships with respect to the restite and to one another.
Based upon these compositional and crosscutting relations, the leucosomes are interpreted as anatectites and a -
reasonable metapelitic source rock can be prescribed by reintegrating their composition with that of the restite ‘
(Table 3) to yield a greywacke-slate precursor. The restriction of these partial melts to within the migmatite is
thought to be the result of near-solidus, hydrous melting that wouid cause ascending melts to intersect the solidus
as they began to rise. Close inspection of the leucosomes reveals that, in their most pristine configuration, they oA
consist of coarse granite and pegmatite. In low strain zones elsewhere in the Adirondacks it is manifestly clear :
that the {eucosomes originally formed an anastamosing arrays of veins, dikes, sheets, and pods. Subsequent high )
strain resulted in rotation into psuedoparalielisn and commonly produced disruption that caused separate grains
of white feldspar some of which show elongate tails — ie, the rock was on its way to becoming a mylonitic
“straight gneiss”. At the last stop (Stop 9) of this trip we shall see the end result of this process in a series of platy,
stretched, and highly grain size reduced and mylonitic equivalents of the rocks seen here. The anatectic origin of
these units is further suggested by the uncommon, but not rare, occurrence of plagioclase- and/or garnet-rimmed
hercynitic spinel in the restite. Recently, Bickford and McLelland have run a U/Pb zircon pilot study on the age of
the anatectites and have found that they contain 1220-1250 Ma cores, 1020-1050 Ma metamorphic rims, and
relatively thick, nicely zoned mantles that fall into the interval 1190-1170 Ma. Some of the rims show zoning, but
this is minor compared to the mantling zircon. These results demonstrate that majority of the anatectites were
produced by partial melting during the culminating Elzevirian Orogeny dated at ca 1210-1170 Ma (Wasteneys and
McLelland, 1999) and are not of Ottawan origin. Currently, we are continuing this research by utilizing both
zircon and monazite geochronology.

ST

TABLE 3. COMPOSITIONS OF AVERAGE LEUCOSOME. HOST, AND SELECTED CLASTICS

Average Average. Average Host Average Average Average :
Leucosome Host  +15% Average Greywacke PC Slate Siate .
N=31 N=12) Leucosome (N=23) (N=133) (N == 36)
Si02 74.39 61.75 63.12 64.70 56.30 60.64
Al203, 1385 17.83 17.18 14.80 17.24 17.32
TiO2 .05 1.32 1.15 .50 a7 73
Fc203 .89 8.70 7.55 4.10 7.22 4.81
MgO 27 2.07 1.83 220 2.54 2.60
Ca0 125 260 240 3.10 1.00 1.20
Na20 2771 244 276 3.10 1.23 1.20
K20 583 320 3.44 1.90 3.79 3.69
MnO : 02 07 .06 10 .10
P205 .08 15 A2 20 .14
LOI .30 42 40 240 3.70 4.10

TOTAL 99.70  100.55 100.00 101.00 98.70 98.00
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(b)
Fig.7 (q) Three dimensional cartoon showing geometry of inter-

ference of isoclinal and upright folds in the Canada Lake Isocline (Fz2 )
and the resultant outcrop pattem. (b) F2 minor fold recently blasted
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This outcrop provides an excellent mesoscale example of Adirondack structure (Fig. 7a). The overall strike of
foliation is N60-70W and dips vary from north to south and pass through the vertical demonstrating that the
roadcut defines a large minor isoclinal, recumbent fold. Smaller, meter-scale isoclinal folds are also well exposed
and are aligned parallel to the roadcut-scale fold. All of these are similar in style, and paratlel to, the very large,
regional Canada Lake isocline or nappe (F;, Fig 7a). It is clear that the Canada L.ake nappe stage of deformation
rotates an earlier foliation (due to F,) and has a moderately dipping axial planar foliation that intersects the earlier
foliation high angles. The time interval between these foliations remains unspecified, but it is clearly post-
anatexis and probably all Ottawan (ca 1090-1030 Ma). 1t appears that the Ottawan bas successfully obliterated
most Elzevirian fabrics. Note that some of the smaller minor folds contain apparently terminated compositional
layers that could very well represent Elzevirian isoclinal noses. If so we are looking at isoclinally refolded
isoclines.

Migmatitic metapelites of this sort occur throughout the southern and western Adirondacks as well as in the
Adirondack Lowlands. We interpret them as flysch sequences of shale and greywacke that were being shed from
the Elzevirian magmatic arcs that dominated the region from ca 1400-1300 Ma. Tonalites and granodiorites of the
arcs locally crosscut the metapelites and provide a minimum age for them. In a broad sense, they are thought to be
coeval. The metapelites of the Adirondack Lowlands are compositionally similar, but are thought to represent a
different, younger, and uncorrelative arc environment.

3.5 Turn around at Peck Lake and head back north on Rt 29A.

5.9 Junction NY Rt. 29A and NY Rt. 10. Continue due north into Caroga Lake.

7.3 Nick Stoner Inn on west side and Nick Stoner Golf Course on cast side of Rt 294-10.

7.8 Town of Caroga sand and gravel depository on east (right) side of Rt 29A-10. Pull in and park.

STOP 2, IRVING POND QUARTZITE. (20 Minutes). The Irving Pond quartzite unit cores the Canada
Lake isocline and is folded back on itself. At map scale it is exposed across strike for over 3000m but its “true?”
thickness is on the order of 1000m. Notwithstanding, it represents an enormous volume of orthoquartzites with
minor pelitic intercalations. Its minimum age is unknown but is being investigated by zircon geochronology.
Similar quartzites along the 8t Lawrence River contain zircons as young as 1300 Ma, and the same may prove to
be true for the Irving Pond. It is suggested that these quartzites may have been deposited along the present eastern
margin of the Adirondack-Green Mt block between ca 1250 and 1200 Ma (see Fig. 4). During that interval, this
margin was passive as the block moved westward towards the Eizevirian subduction zone that dipped westward
beneath Laurentia and its leading margin, ie, the Adirondack Lowlands (Fig. 4b,c). Upon collision, (ca 1200-1170
Ma), the accumulated sandstones were deformed and metamorphosed. Although this scheme is speculative, it is
consistent with the little that is known about Elzevirian events.

Within the clearing there are three small, but informative outcrops. The first consists of 30-40cm-scale layers
of pure quartzite together with 2-3cm-scale metapelitic layers of. These dip gently to the southeast. The bulk of
the Irving Pond quartzite consists of layer upon layer of the pure quartzite with little, if any, intervening
metapelite. The second exposure is located a few tens of feet to the west where the rocks form a low ledge
running uphill. The southern termination of the ledge that faces the clearing shows steeply dipping layers that are
discordant with underlying layers. The discordance is due to some sort of ductile shearing in the outcrop but does
not affect the following interpretation. Looking back to the first outcrop, it is clear that the gently dipping layers
seen there can be projected up above the ground surface so that they must have been situated overhead at this
locality; however, they must also have suddenly dipped steeply and rotated through the vertical in order to have
their present configuration, ie, they form recumbent isoclinal folds of the F, set. The trend of this recumbent,
isoclinal fold axis is ~N70W and the plunge is ~15 deg. southwest, ie, it is a minor fold of the Canada Lake
isocline family and of Ottawan age. At the base of the southernmost outcropping, and below a small ledge, there
is preserved a foot-scale isoclinal nose. Inspection of the geometry makes it clear that the outcrop preserves an
isoclinally refolded F, isocline-perhaps of Elzevirian age.

Farther down the clearing towards the highway a clean outcrop consists of pure, glassy quartzite dip slopes
exposed together with dark layer-like bodies of fine-grained pyroxene-plagioclase granulite. The chemistry of the
granulites approximates that of diabase and locally exhibits microscopic diabasic texture (McLelland and Husain,
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1986). The igneous nature of the granulites is further manifested by the xenoliths of quartzite present in them.
Elsewhere the metadiabases are isoclinally folded and the limbs of these folds clearly truncate 10-15 cm-scale
intrafolial isoclinal folds (F,) that are rotated by the isocline. We interpret this older set of isoclinal minor folds to
be of Elzevirian age. A recently blasted F, fold in metadiabases is shown in Fig 7b. The metadiabases have not
been dated, but they are similar to some mafic AMCG rocks and are tentatively assigned a ca 1150 Ma age.

8.0 Large roadcuts of charnockite on both sides of Rt. 29A-10. Park on right hand (east) side just past guardrails
at crest of hill.

» STOP 3. CANADA LAKE CHARNOCKITE. (20 MINUTES). Large roadcuts expose the type outerops of
the Canada Lake chamnockite (Figs. 8-11). This highly deformed orthogneiss has a granodioritic composition, and
consists of 20-30% quartz, 40-50% mesoperthite, 20-30% oligoclase, and 5-10% mafics including small, sporadic
grains of orthopyroxene. The exposures exhibit the drab olive color typical of chamockites around the world. In
the woods these rocks tend to weather pink and exhibit a maple sugar brown weathering rind. The unit is ~500m
thick and consists throughout of relatively homogeneous granitoid with pegmatites and minor amphibolitic layers.
A multigrain U-Pb zircon age 0f 1251 + 33 Ma (McLelland and Chiarenzelli, 1990) indicating that this unit
belongs with other calcalkaline rocks of broadly Elzevirian age. Mapping along its contact for a total distance of
~300 km, has not revealed any crosscutting features, but xenoliths of country rock have been recognized and
substantiate an intrusive origin. The apparent conformity is attributed primarily to extreme and ductile tectonism.
In addition, an original conformable, sheet-like form is quite possible. Rocks of similar age and composition are
found in the Green Mis, of Vermont (Ratcliffe and Aleinikoff, 1991).

9.2 Canada Lake Store on the left (south side) of Rt. 29A-10. Turn in to parking lot and park diagonally.

STOP 4. ROYAL MT. TONALITE (30 MINUTES). Steep roadcuts exposed across from the Canada Lake
Store expose typical tonalitic rocks that are relatively common within the southern and eastern Adirondacks, the
Green Mts of Vermont, and the Elzevir terrain of the Central Metasedimentary Belt of the Canadian Grenville. In
all of these occurrences, the tonalites manifest the presence of magmatic arcs that existed along the southeastern
margin of Laurentia during the interval ca 1400-1200 Ma diagnostic of the Elzevirian. Within the Adirondacks,
multi- and single-grain TIMS U-Pb zircon geochronology indicate emplacement of the tonalitic magmas at ca
1350-1300 Ma, The present outcrop has been dated by both TIMS methods and the single grain age is constrained
at 1307 + 2 Ma (Aleinikoff, pers comm., 1991). Well-documented examples of these arc terrains extend to the
Llano uplift and Van Horn areas of Texas (Mosher, 1999; Patchett and Ruiz, 1990; Roback, 1996) and attest to a
global-scale system that may have been an ancient analogue of the present day East Indies arc. During the
Elzevirian, various arcs must have collided and amalgamated, and continental arcs may have come into existence
as well. These details remain to be unraveled, but in the meantime we note that the Elzevirian came 1o a close at
~1210-1170 Ma with the collision of the Adirondack Highlands-Green Mt block with the Andean-style arc then
existent along the southeastern edge of Laurentia (Fig 4¢). McLelland , in Wasteneys et al (1991), refers to this
collisional event as the “culminating Elzevirian Orogeny” that closed out the Elzevirian interval of arc magmatism
and amalgamation in the area.

-The whole rock chemistry of the Adirondack calcalkaline rocks are shown in Figs (9,10,11) where their
calcalkaline affinities are clearly visible. In addition, exy characteristics are presented in Fig. 8 and demonstrate
that the tonalites represent juvenile additions to the crust from the mantle, and partial melting of the older rocks
can produce younger Adirondack granitoids. Neither the Sm-Nd data, nor any other isotopic data, give any hint of
pre-1350 Ma crust in the Adirondacks and suggest that the original arc must have been of ensimatic origin.

Disrupted amphibolitic sheets are present here and within Adirondack tonalites in general. Their origin is
enigmatic but they do not appear to have been derived locally. Their elongate, sheet-like character suggesis that
they may represent coeval mafic dikes of the sort commonly observed in tonalites. It is also possible that they
represent enclaves incorporated from an amphibolitic source region. Isotopic studies are needed here.

In a few places the tonalite crosscuts the migmatitic metapelites seen at Stop 1. This fixes a minimur age for
the latter at ca 1300 Ma. As indicated in the discussion at Stop 1, the tonalites and metapelitic rocks may represent
an original, essentially coeval, magmatic arc-flysch system.
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11.0 Pine Lake. Junction of Rts 29A and 10. Turn right (north) on Rt 10 towards Speculator.
16.7 North end of East Stoner Lake. Pull off into parking area just north of Town of Arietta sign.

STOP 5. ROOSTER HILL MEGACRYSTIC CHARNOCKITE, (20 MINUTES). This deformed
charnockite is characterized by the presence of 20-40% megacrysts (2-4cm) of alkali feldspar set in a groundmass
of quartz, oligoclase, biotite, hornblende, garnet, and sporadic orthopyroxene. In general, these have undergone
dynamic recrystallization during high temperature shear strain and have developed asymmetrical tails, atthough
flattening reduces the degree of asymmetry in most cases. In cases where tail asymmetry permits, a southeast side
up and to the northwest (N70W, 10-15SE) is clearly the dominant displacement sense. As the degree of shear
strain intensifies, both feldspars and quartz become elongated in the direction of tectonic fransport and ribbon or
pencil gneisses result. The orientation of these fabric-forming elements is parallel to the regional isoclinal fold
axes. In Fig. 8 the gy growth curve for Rooster Hill charnockite lies on one of the AMCG suite growth lines that
pass through the tonalite region indicating that this suite can be derived by partial melting of the ca 1300 Ma arc
rocks.

19.2 Low roadcut in migmatitic metapelites.

20.6 Avery’s Hotel on left (west) side of Rt 10.

21.7 Roadcut through granite, gabbro, and tonalite.

23.2 Pink AMCG granitic rocks, gabbro, and small exposure of fine-grained anorthosite. A large inclusion

of calcsilicate in pink granite is exposed and interpreted as a xenolith,

23.5 Roadeut of metasedimentary quartzites and pelitic rocks together with anatectites.

29.2 Fault breccias in charnockite.

29.7 Junction of Rt 10 (ends) and Rt 8. Turn right (east) on Rt 8.

30.2 Long roadcut of mylonitic ribbon gneiss in pink granitic rocks of the Piseco anticline. Ribbons frend
N70W and plunge 10-15 SE parallel to both recumbent F, isoclines and upright F; ., as the Piseco anticline. A
multigrain U-Pb zircon date from this outcrop gives an age of 1155 + 10 that is interpreted as the age of magmatic
emplacement.

32.5 Pull off and park on LEFT (NW) shoulder of Rt 8.

STOP 6. RIBBON GNEISS IN THE CORE OF THE PISECO ANTICLINE. (30 MINUTES).

A long, low roadcut on the left (northwest) side of Rt 8 exposes outstanding examples of ribbon
gneiss developed in a megacrystic facies of the Piseco core rocks. The overall composition here is similar to that
of the Rooster Hill megacrystic charnockite examined at Stop 5, but herve the original feldspars and quartz have
been extended into ribbons on the order of 60cmx.25mmx.05mm (McLelland, 1984). Assuming interstitial quartz
aggregates of ~lcm diameter, the current dimensions indicate an extension of 6000%, ie, if this strain were to be
equally distributed throughout a 1km thick block of crust that block would be 60km long.25 km wide, and .005
km thick. Of course, such high ductile strain cannot be integrated through the entire crust, but the numbers
provide some flavor for the strain involved.

The ribbon gneisses exposed here are folded into a minor anticline that rotates the foliation of these L>>8S
tectonites. The axis of this minor fold trénds N70W and plunges 10-15SE. This orientation is parallel to the axis
of the F; Piseco anticline, to the F, recumbent isoclines of the Adirondacks (Figs. 6,7), and to the axis-parallel
elongation lineations associated with these isoclines. The fact that all of these structural elements are parallel to
one another indicates that they all shared some common kinematic experience during their tectonic evolution. In
order to identify the common experience, we first note that all of the deformation in these ca 1150 Ma rocks must
be of Ottawan age. Next we note that minor isoclinal folds in the outcrop lie with their axial planes in the foliation
and their axes defining rod-like structures parallel to the N70W extension lineation. The low dip of the lineation
suggests that the mechanism responsible for it was likely to have been thrust faulting out of the southeast and
towards the northwest. This would have resulted in the stretching that elongated the quartz and feldspar. The
thrusting could also have rotated earlier fold axes into the thrust plane and parallel to the direction of tectonic
vergence. However, rather than rigid rotation of the axes, it is proposed that the early folds became too ductile to
buckle and their axes began to “flow” as passive markers in the direction of tectonic transport, i.¢., the recumbent
fold axes began to undergo increasing gurvature in response to the velocity gradients in the ductile flow field. The
ultimate result of this process is sheath folds, and it is suggested that the isoclinal folds with axes parallel to the
ribbon lineation represent parts of sheath folds. It is further suggested that the Canada Lake isocline may itself be
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a large sheath fold whose southern closure is obscured by Paleozoic overburden. The large F; folds such as the
Piseco anticline and the Gloversville syncline are interpreted as structures formed by NS constrictional forces that
arose in response to the EW elongation associated with the large scale, ductile thrusting of the Ottawan Orogeny.
Later NNE upright folds of the F, set were superimposed on the F; sheath folds and the F; corrugations by
continued, but waning, NW-SE contraction associated with the NNE suture situated somewhere beneath, or
beyond, the present day Coastal Plain, Finally, it shouid be remarked that the ribbon lineations and upright
lineation-parallel corrugations described above are similar to those encountered in core complexes. The problem
with this alternative is that the late- to post-tectonic Lyon Mt Granite emplaced at ca 1050 Ma is unaffected by
these fabrics. Accordingly, we associate the fabrics with ductile Ottawan thrusting. Orogen collapse similar to
core complex kinematics is thought to have taken place at ca 1050-1030 Ma,

43.2 Junction of Rt 8 and Rt 30 in Speculator. Turn right (south) on Rt 30,
46.7 Roadcuts of Marble. Park on right (south) shoulder.

STCP 7. MARBLE AND CALCSILICATE. (30 Minutes). Exposed in roadcuts on both sides of the
highway are examples of typical Adirondack marbles and their associated lithologies, ie, garnetiferous
amphibolite, calcsilicates, and various disrupted blocks of both internal and external members. The disruption and
boudinage attests to the extremely ductile behavior of the marbles. Also exposed are vertical, crosscutting, and
undeformed veins of tourmaline-quartz symplectite, Besides calcite, the marbles contain diopside, tourmaline,
sulfides, and graphite. The graphite has a biogenic carbon signature, and the marbles are thought to have formed
inorganically via stromatolite accretion in an evaporitic environment. Some calcsilicate layers consist of almost
monominerali¢ white, Mg-rich diopside crystals up to 10 cm in length. These are probably the result of
metasomatism by fluid phases. The presence of the approximately Mg-pure assemblage

tremolite =>enstatitetdiopside+quartz+H,0
allowed Valley et al (1983) to calculate a fluid with X(H,0) = .11-.14 for the reaction. Elsewhere in the outcrop
localized occurrences of wollastonite reflect the presence of Fi,O as an agent lowering CO, activity. In both cases,
the metamorphic conditions were T=710°C and P = 7 kbar. These cases provide excellent examples of how the
dilution of a fluid phase by a second constituent lowers activities and allows reactions to run to the right at P, T
conditions below that for the pure fluid.

In the High Peaks region there exist many well-exposed examples of places where marble and calcsilicate
xenoliths occur within anorthosite. This relationship documents that the marbles are older than ca 1150 Ma. It is
likely that they formed during the same shelf sequence event that was posited for the Irving Pond quartzite
precursor sands, ie, ca 1220-1200 Ma.

47.2 Roadcuts of steeply dipping metasediments.

47.6 longroadcuts in ping granitic gneiss interlayered with calcsilicates. The layering here is interpreted as
tectonic and the granite as intrusive.

48.7 Small, high roadcut on right (southwest) side of Rt 30. Park on right shoulder.

STOP 8. MASSIF ANORTHOSITE AND FERRODIORITE OF THE OREGON DOME. (30
MINUTES). This small, but instructive roadcut has outstanding examples of two important facies of anorthosite
as well as a typical ferrodiorite dike associated with massif anorthosite. The best vantage point for examining the
anorthosite and ferrodiorite is on top of the roadcut. Whole rock analyses of these rocks are given in Table 1.

On climbing to the top of the outcrop at its south end, one immediately sees a distinctive dark dike of
ferrdiorite filled with plagioclase grains (white, ~An,;) and andesine xenocrysts (blue-gray, ~Ans,); note reaction
rims on the blue-gray andesine. The dike exhibits somewhat soft contacts and irregular veinlets shoot off in a
fashion suggesting that the anorthosite was not yet wholly solidified when the dike intruded. Farther up the
outcrop two ~30cm-scale xenoliths occur in a ~5-10m-scale ferrodiorite; one of these is fine grained and the other
coarse. The eastern contact of the ferrodiorite is situated just to the highway-side of the coarse xenolith,
Calcsilicate xenoliths alse occur in the ferrodiorite and are characterized by sulfidic staining near road level,

Farther up the outcrop the exposed rock consists entirely of anorthosite. A fine-grained, leucocratic facies
forms a matrix to large (5-20cm long) crystals of blue-gray, iridescent andesine that is typical of massif
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anorthosite. In places these crystals appear broken as if disrupted from a larger mass. An example of a still intact
mass is found at the far end of the outcrop where a raft of very coarse grained Marcy-type anorthosite with ophitic
to sub-ophitic orthopyroxene sits in a matrix of fine-grained leucoanorthosite that clearly disrupts the raft at its
edges. Close inspection of the matrix reveals that its small pyroxenes exhibit subophitic texture; hence the finer
grained facies must be magmatic. Workers in Adirondack anorthosite have always noted that grain size reduction
produces leucanorthosite similar to this this fine-grained facies, and examples of this may be seen at this stop.
However, it is possible to distinguish between the grain size reduced and the fine-grained igneous varieties by
noting that plagioclase in the formet has the same composition as the coarse plagioclase, whereas the igneous
variety is invariably 5-10% less anorthitic than the coarse plagioclase; in this case 52% versus 44% (Boone et al,
1969). Genetic interpretations and further details of the anorthositic suit¢ are given in the main text.

The smooth, upper surface of the outcrop affords excellent opportunities to examine the garnet coronas or

“necklaces™ that are found throughout the Adirondack anorthosites. These are accounted for by the reaction
Orthopyroxene + Plagioclase + Fe,Ti-Oxide => Garnet + Clinopyroxene + 8iO;,

Spear and Markussen (1997) have studied this, and other garnet-producing reactions, and determined that they
took place during isobaric cooling (P~6-7 kbar) from ~700°—~630°C during waning stages of the Ottawan
Orogeny (1090-1030 Ma). McLelland et al (2001) have suggested that this reaction took place at ca 1050 Ma,
which is the age of small, equant metamorphic zircons associated with the coronites. The zirconium was provided
by Fe-Ti oxide, which accepts significant Zr into the Ti lattice site.

Recent SHRIMP I U-Pb dating of zircons from the ferrodiorite documents its age as 1155 + 9 Ma, and this
sets a minimum age for the anorthosite. Thirty kilometers to the northeast at Gore Mt, chamockite enveloping,
and showing mutually crosscutting relationships with the Oregon Dome anorthosite (Lettney, 1969), yields a
SHRIMP II age of 1155 + 6 Ma. These results document that the anorthosite series of the Oregon Dome was
emplaced at ca 1150 Ma. This age is indistingnishable from emplacement ages of the Marcy massif and marks the.
time of emplacement of the Adirondack AMCG suite.

50.7 Minor marble, calcsilicate, amphibolite together with meter-scale layers of white quartz-feldspar
leucosomes containing sporadic sillimanite and garnet. SHRIMP II ages of zircons from these outcrops
indicate that the leucosomes crystallized from melt at 1180-1170 Ma. This interval is interpreted as the time
of anatexis associated with the migmatitic metapelites of the region, and falls into the culminating Elzevirian
Orogeny.

51.7 Junction of Rt 8 and Rt 30. Continue south on Rt 30.

52.2 Charnockite on the north limb of the Glens Falls syncline.

54.5 Entering the town of Wells that sits on a Paleozoic inlier dropped down at least 700m by a NNE trending
graben structure,

55.0 Leaving town of Wells.

58.7 Pumpkin Hollow. As you round the big bend next to the river look for a large parking area on the right
(west) side of Rt 30. Pull into it and park.

STOP 9. MYLONITIC STRAIGHT GNEISS OF MIGMATITIC METAPELITE. (30 MINUTES).
Large roadcuts on the east side of Rt 30 expose excellent examples of migmatitic metapelite identical to that seen
at Stop 1, but now at a high grade of strain that has resulted in extreme ductile grain size reduction that has
produced long tails on the feldspars and remarkable long ribbons of quartz now consisting of annealed subgrains
in the process of annealing further into smaller grain size. The high strain has produced a platy mylonite that is a
“par-excellence” example of straight gneiss. The alternating light and dark layers represent porcellaneous
leucosome together with restitic biotite-garnet-quartz-feldspar + sillimanite. Numerous intrafolial isoclinal minor
folds can be seen, especially in the leucosome. All of these observations make it clear that the “layering” seen in
the outcrop has nothing to do with any primary or “stratigraphic” features, although some observers still try to
make this assertion. The layering is strictly tectonic in origin and provides a fine learning opportunity with which
to make the case with students (and others). Note the strong N70W lineation on foliation surfaces. A strong
component of flattening has also affected these rocks making it difficult to interpret kinematic indicators.

At the south end of the outcrop the mylonitic migmatite is in contact with homogeneous, strongly foliated
granitoids of the Piseco anticline. These granitoids have been dated at ca 1155 Ma, while the structurally
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overlying migmatites must be at least 1300 Ma of age since they are crosscut by the tonalites. The absence of any

crosscutting contact emphasizes how ductile high strain can wipe out angular discordances.

The northerly dip of the mylonitic migmatite sequence is due to the fact that we are located on the southern
limb of the Glens Falis syncline or the northern limb of the Piseco anticline. These dipping layers are locally
broken across by ductile normal faults with brecciated pegmatite fillings. These features have not been dated, but

a ca 1050 Ma age is expected.

END OF FIELD TRIP!! ON TO LAKE GEORGE VILLAGE AND THE WELCOMING PARTY!!!
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METAMORPHISM, COOLING RATES, AND MONAZITE GEOCHRONOLOGY OF
" THE SOUTHERN ADIRONDACKS!

by
Lara C. Storm and Frank S. Spear ’
Department of Earth and Environmental Sciences, Rensselaer Polytechnic Institute, Troy, NY 12180

1This article accompanies the field trip guide
“Geology and Geochronology of the Southern Adirondacks™

INTRODUCTION

Metarmorphism in the Adirondacks has been the subject of investigation for over a century, beginning with the
early work of Ebenezer Emmons. As summarized by Bohlen et al. (1985) and Valley et al. (1990), the Adirondack
highlands have been characterized by a more-or-less concentric (“bull’s eye”) pattern of peak-metamorphic
‘isotherms, based largely on re-integrated Fe-Ti oxide and feldspar thermometry (Fig. 1a). Published P-T paths for
the central Adirondacks are counter-clockwise with cooling from peak conditions inferred to be nearly isobaric
(Bohlen et al., 1985; Spear and Markussen, 1997).

The initial motivation for undertaking petrologic investigation of the southern Adirondacks was two-fold.
Firstly, significant outcroppings of high-grade pelitic gneisses (migmatites) occur in the southern and eastern
Adirondacks, and rocks of these bulk compositions have not been examined in detail using modem petrologic
methods. Secondly, the isotherm pattern (Fig. 1a) indicates that the lowest grade metamorphic rocks (<675 °C)
occur in the southern Adirondacks, making this an excellent area to test the validity of the metamorphic “bull’s eye™.
Additionally, previous studies (e.g. Whitney, 1978) report the presence of migmatites in the southern Adirondacks,

suggesting that the peak temperatures might be significantly h]gher than suggested by Fe-Ti oxide and feldspar
thermometry.
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Figure 1. (a) The thermal "bull’s eye” of Bohlen et al. (1985) superimposed on a map of the
Adirondacks. An enlarged map of area (b) showing roads, locations, and sample numbers.
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PETROGRAPHY

Eleven samples from five outcrops in the southern Adirondacks were collected during the winter of 2001 for
detailed investigation (see Fig. 1b for localities). An additional sample (4A-PL-101-B) was obtained from J.
McLelland, All outcrops examined contain highly foliated aluminous pelitic gneisses and many of the samples are

sillimanite-bearing. Migmatites are abundant with the percentage of leucosomes ranging from a few per cent to one- cx
fourth of the outcrop.

The dominant assemblage in the investigated samples includes biotite + quartz + plagioclase + K-feldspar +
garnet « sillimanite + Pe-Ti oxides + monazite + apatite. Melanosomes contain the above assemblage whereas 7
leucosomes are dominated by quartz + plagioclase + K-feldspar. Many leucosomes contain garnet crystals, o
suggesting leucosome formation by the reaction ‘ ’ , o

Bt Sil+Pl+Qtz=Grt+ Kfs + L ‘ H "

Prograde muscovite (except for retrograde sericite) is not present, indicating that peak P-T conditions were above =
the muscovite dehydration melting reaction. In addition, late muscovite has been found in only one sample,

suggesting that in most sarples, all melt that was produced from muscovite dehydration (Rxn. 2) has been expunged v
from the rock. -

Ms+Pl+Qz=Kfs+As+L (2)

The single muscovite-bearing sample (ADK-01-5) displays the unusual texture of muscovite pseudomorphs after

sillimanite, in association with quartz. Retrograde progress of reaction 2 is inferred to be the origin of this late
muscovite. .

Cordierite and orthopyroxene were not observed in any samples (and, to our knowledge have not been reported
in metapelitic rocks from the southem Adirondacks), restricting P-T conditions to lie below the reactions

Bt+S8il +Pl+ Qtz=Gri+ Crd + Kfs + L 3)
and

Bt+Grt+ Pl + Qtz = Opx + Sil +Kfs + L. @

These petrographic observations are consistent with the migmatites having formed from dehydration melting.
During dehydration melting the activity of water (agy,() is buffered by the solid + liquid assemblage to values less

than PH0 = Pyotal, consistent with the general observation of low agy,( in Adirondack granulites. Thus, in the ; -

absence of large scale fluid infiltration (e.g. Valley et al., 1990), experimental and calculated dehydration melting
reactions place broad limits on the peak P-T conditions of the southern Adirondacks (Fig. 2).

GARNET ZONING AND REACTION HISTORY , -

Garnet crystals are resorbed and display chemical zoning that reflects a multiple-stage growth history (Fig. 3).
Garnet cores are retatively unzoned in major elements (Xprp = 0.053 , Xalm = 0.330, Xsps = 0.0095, Xgrs = 0.017).
Towards the garnet rim, Fe and Fe/(Fe+Mg) increase whereas Mg decreases, consistent with diffusion controlled
zoning produced during melt crystallization by the retrograde progress of reaction 1 during cooling.

Grossular content is higher near garnet rims and does not display diffusive zoning as seen in Fe and Mg. The
higher grossular content on the rims can be explained by the following reaction sequence. Progress of the muscovite
melting reaction (Rxn. 2) exhausted the southern Adirondack rocks of all muscovite and altered the modes and
compositions of plagioclase, potassium feldspar, and sillimanite. Reaction 2 (muscovite dehydration melting)
proceeds over a relatively small temperature interval until all muscovite is exhausted. Plagioclase involved in this
reaction becomes more anorthitic as melting proceeds, as does coexisting melt. Gamet is not involved in Reaction 2,
so at the beginning of the reaction, garnet will be in equilibrium with a plagioclase that is more albitic than at the
end of the reaction. When gamet growth resumes by Reaction 1, newly grown garnet will be more Ca-rich,
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Figure 2. A P-T diagram showing the narrow P-T region to which the peak metamorphic conditions
are restricted. The boundaries of the region are determined by the presence of melt and the
absence of cordierite or orthopyroxene in metapelitic rocks. The darker parallelogram shows the

peak P-T conditions defined by geothermobarometry.

reflecting equilibrium with the more anorthitic plagioclase, producing the observed discontinuous increase in
grossular content (e.g. Spear and Kohn, 1996). Therefore, the high-calcium rims are thought to represent the melt-
produced gamet, and lower Ca-cores are garnet produced by sub-solidus reactions.

THERMOBAROMETRY

There is clear evidence in the southern Adirondack metapelites for both retrograde Fe-Mg exchange reactions
(ReERS) and retrograde net transfer reactions (ReNTRs), making recovery of peak metamorphic compositions for
use in thermobarometry difficult {e.g: Kohn and Spear, 2000). ReNTRs and ReERs produce different compositional
changes in garnet and biotite. Fe-Mg exchange results in gamnet increasing and biotite decreasing their Fe/(Fe+Mg)
at the reaction interface as temperature decreases. Reaction 1r results in both garnet and biotite increasing their
Fe/(Fe+Mg) as temperature decreases. Temperatures calculated using garnet-biotite pairs that have been affected by
ReNTRs and ReERs can be higher, lower, or fortuitously the same as the peak temperature.

Retrograde Fe«hifg‘exchange has clearly affected biotite inclusions within garnet (Fig. 4). The zoning observed
at garnet rims (Fig. 3), in addition to the resorbed shape, suggests retrograde progress of reaction 1:

Grt + Kfs + L= Bt + Sil + Pl +Qtz (In)
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Figure 3. X-ray maps of a garnet from sample 4A-PL-101-B. This garnet displays rims with higher
Ca and Fe/(Fe+Mg), which is interpreted to be garnet produced during dehydration melting.
The garnet also shows a textural change across the high-Ca rim where inclusions are smaller
and more numerous. The matrix plagioclase is slightly zoned in Ca/(Ca+Na).

which occurs as melt crystallizes in leucosomes, ReNTRs such as reaction 1r are ubiquitous in migmatites because
the H20 needed to rehydrate the solid phases (in this case biotite) is dissolved in the liquid and exsolves as the

Hiquid crystallizes. The presence of muscovite pseudomorphs after sillimanite further suggests retrograde progress of
reaction 2,

The approach taken here is to use the composition of the gamnet core well away from biotite inclusions with the
composition of matrix biotite away from the garnet rim. Although the matrix biotites may have been affected by
reaction 1r (which would yield a temperature higher than the peak T), the extent of reaction 1r is not large, as

evidenced by the absence of Mn zoning on the rim. Peak pressures were calculated using the high-Ca rim with
matrix plagioclase.

Results of thermobarometry calculations are summarized in Figure 2. The garnet-biotite thermometer of Patifio
Douce et al {1993) was used because it takes into consideration the Ti-content of biotite. The GASP barometer of
Hodges and Crowley (1985) was used to determine minimum and maximum pressures (high-Ca gamet with low-Ca
plagioclase and vice-versa) which define a narrow pressure range. Only curves representing the range of conditions
believed to be representative of the peak conditions are shown. The peak temperature is approximately 710-740 °C

[,



STORM AND SPEAR . AAS

1mm

Figure 4. (a) Backscatter image of garnet from sample ADK-01-5, which contains a plethora of variably
sized biotite inclusions. Numbers are Fe-Mg ratios for different biotite grains. Note that Fe/(Fe+Mg)
of biotite within garnet is a function of the size of the inclusion. (b) X-ray map showing Fe/(Fe+Mg)
in garnet. Numbers are measured Fe/(Fe+Mg). Note high-Fe rims on garnet and high halos around
biotite inclusions. Cooling rate calculations performed on this gamet yield a cooling rate of around 2
to 5 °C/Ma (see Figure 6). ’

at 6 kbar, and is consistent with the constraints imposed by mineral assemblages. It should be noted that this
temperature is significantly higher than the < 675 °C predicted by the bull’s eye pattern (Fig. 1a), and suggests that
the peak metamorphic temperatures in the Adirondacks may not be concentric around the anorthosite (see also
Whitney, 1978). It may also be significant that the peak pressure of 6 kbar is lower than that recorded in the
central highlands (e.g. Spear and Markussen, 1997), suggesting that there may be a gradient in peak pressure from
north to south. :

COOLING RATES FROM GARNET-BIOTITE FE-MG EXCHANGE

Spear and Parrish (1996) present a method that utilizes the exchange of Fe and Mg between biotite inclusions
within garnet and gamet host to estimate post-peak cooling rates. As seen in Figure 4, there is a correlation between
the Fe/(Fe+Mg) of biotite inclusions and size of the inclusion. Minor zoning of Fe/(Fe+Mg) is observed in garnet
around biotite inclusions, but the magnitude of this zoning prohibits precise constraints on cooling rates. This
method circumvents this limitation by using the composition of the biotite as a monitor of the total flux of Fe and

(a) Small Blolite Inclusion (b} Large Biotite Inclusion

Figure 5. An illustration of the
relationship between biotite
inclusion size and Fe/Mg. (a) The
smaller biotite inclusion
experiences a greater increase in
Mg than the larger biotite (b)
because for a fixed diffusive flux
there is a smaller volume over
which to distribute the incoming
Mg. (¢) A plot of the apparent T
calculated from gamet-biotite
thermometry versus log of biotite
size showing the predicted linear
relationship.

Biotite size —
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Mg between biotite and garnet. Because diffusivity of Fe and Mg in biotite is rapid relative to garnet, biotite
inclusions are generally homogeneous. Application of this method is simple. An apparent temperature is calculated
using the composition of the biotite inclusion and the composition of the garnet core away from the inclusion (so
that it has not been affected by diffusion; see Fig. 5). The apparent temperature is plotted against a measure of
biotite size, and cooling rate isopleths are estimated from model simulations of the diffusive exchange between
garnet and biotite at different cooling rates. A large uncertainty in application of the method stems from the
difficulty in obtaining an accurate measure of the volume of the biotite inclusion. Firstly, the shape of the crystals is
irregular, and it is not usually apparent what geometry should be assumed. Secondly, there is no certainty that the
thin section cut goes through the maximum dimension of the biotite so that the true size can be viewed in thin .
section. Spear and Parrish (1996) explored a number of ways of measuring the biotite size including the use of area -
percents and linear measurements coupled with cylindrical and spherical geometries. They concluded that the ‘
uncertainties were similar with each method and gave similar cooling rates (provided that the model diffusion

calculations were plotted each with the same measure of size). A simple linear measure of biotite diameter along the

cleavage trace proved to be the easiest way to apply this approach. =

Results of the application of this approach to one sample from the southern Adirondacks are presented in Figure
6. Although there is some scatter in the data, the plot reveals the cooling rate to be between 1 and 10 °C/Ma. This is
a relatively slow cooling rate and is consistent with the post-peak cooling rate inferred by Mezger et al. (1989, 1991) 3
of about 5-°C/Ma based on U/Pb geochronology of the minerals garnet, biotite, hornblende, sphene, monazite, and
rutile. -

A slow cooling rate is also consistent with the inferred P-T path of nearly isobaric cooling. The peak P-T
conditions of around 725 °C and 6 kbars reflect an elevated geotherm (i.e. higher than steady state) at the peak of
metamorphism. Thermal decay of such an elevated geotherm back to a steady state condition by thermal conduction
over the length scale of the entire crust (40-60 km) occurs over a time scale (t = x2/K) of 50-100 Ma, requiring 100-
200 million years to cool from the peak temperature of approximately 725 °C to the steady state value of
approximately 525 °C at 0.6 GPa. This simple cooling model of 200 °C in 100-200 million years yields an average
cooling rate of approximately or 1-2 °C/Ma.

750 Figure 6. A plot of apparent
COOﬁﬂg Rates 10°C/Ma temperature vs. log of the bictite
(PRI : inclusion diameter for sample
700 from biotite inclusions ADK.01.5 (Fig 4). Apparent
in garnet temperatures are obtained using
gamet-biotite thermometry
650~ (inclusion + garnet core
g composition). The cooling rate .
g isopleths were calculated using a -
‘__j% 600- finite-difference diffusion
: & program. The plot reveals a
* cooling rate between 1 and 10
» P °C/Ma.
550- .
, w
*
500 T T ] T T T T T T
1 12 14 18 18 2 22 24 28 28 3

log(diameter) of biotite inclusions
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GEOCHRONOLOGY

Introduction

Chemical dating using the electron microprobe is a texture-sensitive approach that enables ages of discrete
chemical domains within monazite to be determined. Under optimal conditions, Pb can be measured on the electron
microprobe to a precision of +25 ppm (1.6 s.e.). In Proterozoic monazites such as are found in the southern
Adirondacks, the Pb content is typically greater than 2000 ppm, enabling ages to be determined to a precision on the
order of 1% (i.e. 10 Ma out of 1000). In practice, multiple analyses of the same material yield a precision on the
order of £20-30 Ma (1 ¢ s.¢.), but this age resolution is sufficient to distinguish various phases of Grenville
metamorphism.

Monazite pétrography,'chemical zoning, and ages

Monazite is nearly ubiguitous in the migmatitic gneisses of the southern Adirondacks. It occurs as
inclusions in all the major phases and within the matrix, Monazite is complexly zoned, suggesting that it might
record several episodes of growth.

Monazite inclusions within other phases. Monazite inclusions are found in garnet in at least one sample from
every outcrop (Fig. 1b). Several monazite crystals in this textural setting are rounded with compositional
truncations that can be seen in BSE images (Fig. 7). X-ray maps reveal chemical zoning characterized by high Y
values separated by a low-Y region, suggesting a multiple-stage growth,

Ages determined from the CHIME method
yield 1227-1233 + 10 Ma for the high-Y parts.
These are some of the oldest ages encountered in
the southern Adirondack monazites and
represent an Elzevirian event. The age of the
sedimentary protolith of the southern
Adirondack paragneisses is not known, and it
may be that these monagzites pre-date
sedimentation. We make the tentative
suggestion that these are detrital relics.

Partially included and matrix monazites,
Several monazites exarnined in this study are
B embedded in the outer, melt-produced rims of
Yitrium garnet (Fig. 8 and 9). Others are in the rock
matrix. Zoning in all of these monazites is
complex (Figs. 8-10) and indicates several
growth phases. The similarities in zoning and

Figure 7. Monazites from sample ADK-01-2 showing what overlap in ages indicates that the partially
appear to be detrital cores that give ages of around 1230 included monazites were in equilibrium with the
Ma. These monazites occur as inclusions in garnet and matrix throughout the metamorphic history.
range from about 5 to 10 microns in diameter. The X-ray
maps show that the old cores have a higher concentration Several groups of ages are recorded in these
of Y. The youngest ages given by monazites included monazites (Figs. 8-11), including 1165-1185
within garnet (not- shown) are Ottawan. Ma, 1125 Ma, 1088-1112 Ma, 1028-1048 Ma,

923 Ma, and 386 Ma. In general, the ages are
arranged with oldest in the cores and youngest on the rims. Furthermore, the age domains are usually chemically
distinct. The oldest group {(1165-1185 Ma) occurs only in the cores of monazite crystals. These ages correspond to
either the waning stages of the Elzevirian orogeny (1300-1180 Ma), or the earliest stages of the intrusion of the
AMCG suite (1160-1120). The 1125 Ma age is found in the chemically distinct core of a partially included monazite
(Fig. 8). It is not possible at this time to ascertain whether this monazite formed during the waning stage of the
AMCG suite intrusion, or during the initial stage of the Ottawan orogeny (1090-1045 Ma). Near the rims of several
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Figure 8. Garnet and monazite from sample ADK-01-4. Figure 9. A partially included monazite grain
The gamet has a high-Ca, melt-generated rim. from sample ADK-01-2 displaying
Monazite is embedded (not included) within the complex patchy zoning of Y, U, Th, and
garnet. The age distribution (1125-1088 Ma) Pb. This monazite appears to have three
corresponds to chemical zoning in monazite. age populations at 1165-1185 Ma, 1093

Ma, and 1048 Ma.

ADK-01-2

Figure 10. Top panels: BSE images of
matrix monazite grains from
samples ADK-01-4 and ADK-01-
2 showing CHIME ages. Bottom

; panels: X-ray maps showing

1028 Ma 5 chemical zoning in the same

) grains. Age distribution correlates

well with observed zoning

patterns. Note the Acadian rim on
the monazite from sample ADK-

01-4.

1165 Ma
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monazites are ages of 1112-1088, which correspond to the early stages of the Ottawan orogeny, and possibly
represent monazite growth during prograde metamorphism of the pelite. Another suite of ages ranging from 1028-
1048 Ma occurs on the monazite rims. The fact that these ages occur on the rims of rocks that had undergone partial
melting suggests that they may have formed during melt crystallization. If so, these ages represent the waning stages
of the Ottawan orogeny. The 923 Ma age (Fig. 10) may reflect monazite growth associated with the Cathead
Mountain dike swarm, which is dated at 935 + 9 Ma. (McLelland et al., 2001).

A few matrix monazites yielded Paleozoic ages of approximately 400 Ma on their outermost rims {e.g. Fig. 10).
The chemistry of these monazite rims is distinct from the rest of the grain and is readily observable with BSE or
chemical mapping. The significance of monazite growth at these times is not entirely clear. The inferred thermal
history of the Adirondacks predicts that these rocks should not have been hotter than approximately 400 °C, so it is
not reasonable that prograde metamorphic reactions were responsible for this growth. The most likely interpretation
is that these bits of monazite were deposited from hydrothermal fluids. The correlation of the measured ages with
the Acadian metamorphic events to the east may not be coincidental. It is suggested that hydrothermal fluids
expunged from rocks to the east by tectonic loading may have been the agent of monazite formation during the
Paleozoic.

Allanite geochronology

Monazite crystals from one sample (ADK-01-3) display thin rims of allanite (Fig. 11). This sample exhibits
sericite alteration of K-feldspar and minor chloritization of biotite. The allanite is unusually Th-rich, probably
because the monazite from which it was formed was Th-rich.

Chemical dating of three allanite rim spots yields ages of 353, 155, and 144 Ma. Itis suspected that the 353 Ma
age may be a mixed age combining the Proterozoic core and Jurassic rim. Jurassic ages are surprising from the
southern Adirondacks, and their significance is not entirely clear. During prograde metamorphism, allanite replaces
monazite in the biotite zone (T ~ 300-350 °C; Wing et al., 1999). Apatite fisson tracks from the Adirondacks
{closure temperature of 100-120 °C) record ages that are slightly younger (100-125 Ma; Roden-Tice et al,, 2000), so
it is clear that the rocks could not have been very hot (or deep) when the allanite formed. The cause of the allanite
formation is even more perplexing. The continent
was undergoing rifting at this time and allanite must
be the product of hydrothermal alteration. Its
formation is likely to have been caused by the same
fluids that cansed seritization and chloritization.
North-south trending normal faults are prevalent in

353 Ma this area, and it is possible that hydrothermal fluids
(mixed?) gained access to moderate crustal levels as a
consequence of this faulting.
155 Ma Cooling history

144 Ma - L Figure 12 shows the inferred thermal history of the
: . southern Adirondacks based on these and published
data. The temperature corresponding to the oldest
- monazite ages (1220-1230 Ma — detrital?) is
unconstrained. Ages corresponding to intrusion of
10pm the AMCG suite (1160-1120 Ma) may reflect early
contact metamorphism or hydrothermal activity
associated with plutonism. Ages in the range 1088-
1112 Ma likely reflect monazite growth during
prograde Ottawan metamorphism and ages in the
range 1028-1048 Ma corresponds to monazite

Figure 11. A Proterozoic monazite from sample ADK-
01-3 displaying alteration rims of allanite that
were formed during the late Jurassic.
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Figure 12. Temperature-time plot summarizing data from Mezger et al. (1989), McLelland et al. 2001, ziscon
shapes), Heizler and Harrison (1998; “Ar/°An), Roden-Tice et al. (2000; apatite fission track), and this
study (boxes with the confetti pattern). Abbreviations are: HGS = Hawkeye Granite Suite, LB-Peg =
Undeformed pegmatite from Lyonsdale Bridge Falls, LMG = Lyon Mountain Gneiss; mineral

abbreviations include Bt = biotite, Git = garnet, Hbl = hornblende, Mnz = monazite, Rt = rutile, Ttn =
titanite (sphene).)

growtﬁ during melt crystallization. The still younger age of 923 Ma probably represents monazite growth in
association with pegmatite intrusions.

The Adirondacks were overlain unconformably by the Potsdam sandstone in the early Cambrian, so the
temperature of the rocks must have been near surface temperatures. 40Ar/39Ar thermochronology (Heizler and
Harrison, 1998) indicates a complex Paleozoic thermal history, with maximum temperatures reaching 400 °C. The
temperature of allanite formation is not known, but it is probably between 200-300 °C. Fission track ages require a

temperature of 100-120 °C at 120 Ma, suggesting that there may have been a pulse of rapid uplift in the middle
Jurassic.

500
400
300
200
100
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BEST KEPT GEOLOGIC SECRETS OF THE ADIRONDACKS AND CHAMPLAIN VALLEY

by
Mary K. Roden-Tice, Center for Earth and Environmental Science, Plattsburgh State University of New York,
Platisburgh, NY 12901

INTRODUCTION

Finding clear, well-exposed field locations to help illustrate important aspects of petrology and structural
geology to undergraduate students can be a challenge for a professor. In this field trip, we will visit the following
four field stops in the Adirondack Mountains and Champlain Valley that are routinely used in my classes: the
Cannon Point intrusive south of Essex; the Craig Harbor faultline scarp in Port Henry; the intrusion breccia in
Roaring Brook on Giant Mt.; and Split Rock Falls crackle zone south of New Russia. In structural geology, the
class works on field exercises that illustrate normal faulting at Craig Harbor and different orientations of joint sets at
Split Rock Falls. Petrology students compare Proterozoic anorthosite containing xenoliths of metasedimentary
rocks from the Roaring Brook intrusion breccia on Giant Mt. with a Cretaceous laccolith of trachyte porphyry on the
shore of Lake Champlain. All of these outcrops are easily accessible and provide excellent opportunities for
experiential learning.

REGIONAL GEOLOGY

Summary

The Adirondack Mountains are a regionally elevated exposure of Grenville age (ca. 1.0-1.35 Ga; McLelland et
al., 1988; McLelland and Chiarenzelli, 1990; Mezger et al., 1991; McLelland et al., 1996) high-grade metamorphic
rocks in northern New York state. This field trip will examine granulite-facies metaplutonic rocks (Mclelland and
Isachsen, 1986) in the Adirondack Highlands which comprise the central and eastern portions of the massif. An
abrupt transition in topography occurs between the Adirondack Highlands and the Lake Champlain Valley between
New York and Vermont with local relief along Lake Champlain varying from ~170 to 370 m. The flatter terrain of
the Champlain Valley in New York is composed of Paleozoic sedimentary rocks ranging in age from Cambrian
Potsdam Sandstone through Ordovician carbonates of the Trenton Group (Fisher, 1968; Isachsen and Fisher, 1970).
Both the Proterozoic metamorphic rocks and Paleozoic sediments are intruded by Early Cretaceous {105-146 Ma)
alkalic plutons and dikes throughout northeastern New York, northern New England and southern Quebec (McHone
and McHone, 1999). In this field trip, outcrops of Precambrian anorthosite, gneiss, metagabbro and marble,
Paleozoic carbonates and a Cretaceous trachyte porphyry will be visited (Figure 1).

Proterozoic Metamorphic and Paleozoic Carbonate Rocks

Roaring Brook Intrusion Breccia. Giant Mt. is composed dominantly of Proterozoic anorthosite and gabbroic
anorthosite (Jaffee and Jaffee, 1986; Whitney et al., 1989). Apatite fission-track (AFT) ages of 168-83 Ma (standard
error of ~+ 10 % of AFT age) for Proterozoic crystalline rocks from the Adirondack Mountains indicate unroofing in
this region occurred from Late Jurassic to Early Cretaceous. The High Peaks region of the Adirondacks yielded the
oldest AFT ages ranging from ~140-170 Ma. This indicates that the High Peaks area was the first part of the
Adirondacks to become unroofed in the Late Jurassic. An anorthosite sample from the southeast side of Giant Mt. at
2800 fi. elevation yielded an AFT age of 135 Ma (Roden-Tice et al., 2000).

From Roaring Brook Falls on the southwest side of the Giant Mt., a stop on the trail to the intrusion breccia, a
beautiful view of the Great Range in the High Peaks of the Adirondacks can be obtained. Several varieties of
anorthosite, anorthositic gabbro, and leuconorite showing mutually cross-cutting relationships suggesting multiple
intrusions outcrop within and near the brook (Whitney et al., 1989).

Farther up Roaring Brook trail and after bushwhacking up Roaring Brook to a few hundred feet above the 2260
ft. level, a spectacular intrusion breccia is exposed (Kemp, 1920; deWaard, 1970; Jaffee and Jaffee, 1986; Whitney
et al., 1989). The intrusion breccia crops out in large pavement outcrops in the stream bed. Jaffee and Jaffee (1986)
describe the exposure as containing numerous blocks of angular, dark gray, fine-grained rocks that are completely
embayed and surrounded by coarse-grained pink rock composed of mainly blue plagioclase and abundant garnet.
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Figure 1. Field trip route map showing the locations of stops 1-4,

The blocks are xenoliths of Grenville rock that has been previously deformed and rotated and is compositionally
metasedimentary and mafic granulite (Figure 2; Whitney et al., 1989).

The metasedimentary xenoliths are in general fine-grained, equigranular, diopside-K-feldspar-plagioclase-
quartz rocks which show fine-scale (mm) laminations that may represent sedimentary layering or perhaps, foliation
(Whitney et al., 1989). The host rock is anorthositic metagabbro ranging in composition to mafic mangerite and
jotunite and is stained pink as a result of oxidation of abundant iron-rich pyroxenes (Whitney et al., 1989; Jaffee and
Jaffee, 1986). It contains plagioclase, two pyroxenes, Fe-Ti oxides, garnet (as discrete grains and as garnet-
plagioclase symplectites around oxides), hornblende, and K-feldspar, with minor quartz and apatite (Whitney et al.,
1989). Jaffee and Jaffee (1986) describe clots and veins of black to blue-green pyroxenes and pearly white K-
feldspar that occur throughout the anorthositic gabbro. The intrusion breccia is reported to extend intermittently to
nearly the summit of Giant Mountain (Kemp, 1920; deWaard, 1970; Jaffee and Jaffee, 1986).

The intrusion breccia is an excellent locality for petrology students to interpret intrusive and cross-cutting
relationships. It also underscores the complexity of Adirondack geology and structure. From the vantage point of
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Roaring Brook Falls, the Mesozoic unroofing history of the Adirondacks (Roden-Tice et al., 2000) can be discussed
and evidence for ongoing Adirondack uplift (Isachsen, 1975; 1981) presented.

Figure 2. Metasedimentary xenolith in gabbroic anorthosite
at Roaring Brook intrusion breccia.

Split Rock Falls: Zero-Displacement Crackle Zone, Split Rock Falls is located on the Boquet River
lineament which is one of a major set of NNE-trending faults and linear valleys that dominate the topography of the
southeastern Adirondacks (Figure 3; Isachsen et al., 1983). The lineaments have been interpreted to be the result of
two kinds of brittle deformation: 1) high-angle normal faults and 2) “zero-displacement crackle zones” (ZDCZs)
(Isachsen et al., 1983). ZDCZs are defined as intensely fractured rocks that differ from faults because they lack
throughgoing shear planes or visible offsets and from joints in having an extremely diverse array of fracture
directions (Isachsen et al., 1983; Whitney et al,, 1989).

An anorthosite sample from the upper falls yielded an AFT age of 102 Ma (Gaudette et al., 2001) indicating the
unroofing in this area occurred significantly later than in the High Peaks region of the Adirondacks. A trend of
Early to Late Cretaceous AFT ages (~120-80 Ma) exists for all of the southeastern Adirondacks and across the Lake
Champlain Valley into western Vermont (Gaudette et al., 2001; Roden-Tice et al., 2001).

The outcrop on the west side of Rt. 9 across from Split Rock Falls shows strongly foliated gabbroic anorthosite
containing inclusions of unfoliated coarse-grained anorthosite and plagioclase megacrysts and is cross-cut by two
thin basaltic dikes. A large slickensided surface is exposed at the southwestern end of the outcrop.

Whitney et al. (1989) describe the Boquet River lineament at Split Rock Falls as a NE-trending zone of right-
stepping, en echelon segments measuring about 200 m in length. The segments are stepped 20-80 m apart along
N30W and N60W connecting segments that are usually unexposed. The crackle zone segments are 5 to 15 m wide
and occur in a 45-100 m zone of fracturing. The segments trend N30E and dips vary from 80°NW to 80°SE,
Whitney et al. (1989) also state that late faults, striking N50E to N8OE, cross the crackle zone but do not show any
topographic expression,

Wiener and Isachsen (1987) measured attitudes and spacings of all fractures longer than 10 cm along two-meter
wide traverses spaced 200 m apart. When plotted on stereonet diagrams, variations in fracture geometry across the
crackle zone from anastomosing, to planar-paraliel, and planar-intersecting types can be seen. Closely-spaced,
‘steeply-dipping fractures within the crackle zone increase in diversity of strikes, dips and curvature towards the
center of the zone. Whitney et al. (1989) state that because the fractures parallel the regional joint system that the
aligned microcracks formed during regional jointing, Isachsen et al. (1983) suggest that these crackle zones are
tension features that form at shallow depths resulting from crustal extension over a rising elongate dome. Crackle
zones may form at shallow crustal levels while tensional fractures form at the surface,
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Split Rock Falls ZDCZ provides an opportunity for structural geology students to collect attitude measurements
on the different planar orientations present in the crackle zone (Figure 4) and make a density plot of the data. Each
student takes 20 measurements from different parts of the upper and lower falls and shares their data with the rest of
the class. From this complied data, each student makes a density plot of all the data on a Schmidt stereonet as poles
to planes. This density plot is then used to make a contour diagram of the fracture orientations with a Kalsbeek
counting grid, The exercise combines field skills with statistical presentation of data. It also allows the students fo
interpret the dominant paleostress directions in the crackle zone.

Figure 3. Split Rock Falls: Zero displacement crackie zone.

Figure 4. Measuring fracture attitudes at Split Rock Falls.

Craig Harbor Faultline Scarp. McHone (1987) provides an excellent description of the Craig Harbor locality
on Lake Champlain in Port Henry, New York. The exposures include complicated field relations of Proterozoic
marbles and calc-silicates, older basement granitic gneisses, lenses of metagabbro, a magnetite ore body, part of the
Paleozoic carbonate shelf sequence and a large-scale normal fault that juxtaposes Paleozoic and Precambrian rocks.

The northern wall of Craig Harbor, a small embayment now cut off from Lake Champlain by the Delaware and
Hudson Railroad, is a 165-ft.-high fault scarp at the north end of the Port Henry fault block which separates the
Proterozoic and Paleozoic sections (McHone, 1987). The upper west cliff face, composed of Proterozoic marble,
contajns amazingly contorted, folded and disrupted lenses of gneiss and calc-silicate (Figure 5). This marble with its
inclusions, and high-temperature minerals was first noticed by Emmons (1842) and suggested to be of igneous
origin, The marbles have been suggested to be either part of the Paradox Lake Formation (Walton and deWaard,
1963) or above the biotite-quartz-plagioclase Eagle Lake Gneiss (Wiener et al., 1984; McHone, 1987).
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Figure 5. Deformed gneiss lens in Proterozoic marble in
Craig Harbor faultline scarp.

Below the marble in the cliff face, an orange-weathering hornblende-rich granite gneiss outcrops showing west
dipping layers of foliation and a magnetite horizon (Emmons, 1842; Kemp and Ruedemann, 1910; McHone, 1987).
A sample of this gneiss yielded an AFT age of 123 Ma which is slightly higher than but within analytical error of
AFT age of the Split Rock Falls sample (102 Ma) but significantly lower than AFT ages from the High Peaks region
which range from ~140-170 Ma (Roden-Tice et al., 2000).

North along the railroad tracks, the contact between dark, fine-grained granular metagabbro composed of
altered plagioclase, brown hornblende, and augite, and the overlying gneiss containing hypersthene, augite,
hornblende, microcline and plagioclase is exposed (McHone, 1987). Farther north, the metagabbro becomes coarser
with an ophitic texture and contains coronas of gamet, brown hornblende, biotite, and clear plagioclase surrounding
cores of magnetite, augite or hypersthene (Kemp, 1894, 1920; Gillson et al., 1928; McHone, 1987). P-T conditions
of 8 kb and 800°C (granulite facies) were estimated for similar corona textures from other Adirondack metagabbros
by Whitney and McLelland (1975) and McLelland and Whitney (1980).

A small magnetite prospect is located in the gneiss above the metagabbro. The deposit was known before the
1840s but was not worked because the ore is unusually high in sulfur and especially titanium which made it difficult
to work with in the early forges (McHone, 1987). '

South of Craig Harbor along the railroad tracks, the Cambrian Ticonderoga Dolostone and Ordovician
Whitehall Dolostone are well-exposed and have an estimated thickness of 800 ft. (McHone, 1987). The uniform,
“dove-colored”, Ordovician Whitehall Dolostone is the first unit exposed in the cliffs south along Lake Champlain.
It is a lower unit of the Beekmantown Group and is about 300 ft. thick with dips to the northeast (Welby, 1961). An
inferred fault through a swale separates the Whitehall Dolostone outcrops from those of the Cambrian Ticonderoga
Dolostone (Kemp and Ruedemann, 1910). The Ticonderoga Dolostone is sandy, characterized by crossbedding,
channel depressions and blue-black chert layers and nodules and shows low easterly dips in its layers (McHone,
1987). The swale once contained a crushing mill and a quarry that once produced carbonate flux material for the
local iron industry (McHone, 1987).

The timing of fauiting is not well established but at Craig Harbor has to postdate the Lower Ordovician
Whitehall Dolostone. Comparable high-angle faults occur throughout the southeastern Adirondack Mountains, Lake
Champlain Valley of New York and Vermont, and the St. Lawrence River Valley of Quebec (McHone, 1987;
Quinn, 1933; Welby, 1961; Stanley, 1980). Reactivation of Adirondack border faults, such as the McGregor fault
system located about 80 km south of Craig Harbor near Wilton, New York, has been suggested in the Late
Precambrian, Paleozoic and possibly Holocene (McHone, 1987; Willems et al., 1983; Isachsen et al., 1983).
Evidence for Late Mesozoic reactivation of faulting in the Champlain Valley has been shown by cross-cutting
relationships with Early Cretaceous alkalic intrusions in Vermont (McHone, 1978; Stanley, 1980). Early to Late
Cretaceous igneous activity and fault reactivation in the Champlain Valley and perhaps along Adirondack border
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faults may help explain the younger (80-120 Ma) AFT ages in the southeastern Adirondacks and Champlain Valley
indicating more recent unroofing than those determined for the High Peaks region of the Adirondacks (140-170 Ma;
Roden-Tice et al., 2000; Roden-Tice et al., 2001).

Craig Harbor is a superb field location for an undergraduate structural geology exercise. First, the students
describe and make attitude measurements on the Paleozoic carbonates along the railroad tracks south of Craig
Harbor. They learn to distinguish the two dolomite formations based on their sedimentary characterisitics and infer
the normal fault that juxtaposes the formations. Then, the students examine the gneisses and metagabbro north of
Craig Harbor and interpret the normal fault that brings these Proterozoic metamorphics in contact with the Paleozoic
carbonates. Finally, the students are confronted with the marble containing deformed inclusions of gneiss,
metagabbro and calc-silicates in the cliff along the faultline scarp (Figure 6). They are often awestruck by the
deformation shown by the inclusions and spend a great deal of time in discussion on how this outcrop could have
formed. Craig Harbor provides a great backdrop for a thought-provoking field lab on the P-T conditions and depths
necessary in the Precambrian to produce the deformation now seen at the Earth’s surface.

Figure 6. Variety of deformed inclusions in Proterozoic
marble at Craig Harbor faultline scarp. '

Mesozoic Intrusive Rocks

Cannon Point Intrusive. At Cannon Point on Lake Champlain, a laccolith trachyte porphyry sheet with
interlayers of shale outcrops along the lake shore for ~.75 mi. and extends ~.5 mi eastward underneath a private
camp known as the Crater Club (Figure 7; Buddington and Whitcomb, 1941). The laccolith intrudes upper Middle
Ordovician Canajoharie Shale and is conformable with the bedding. The trachytic rocks were classified as bostonite
(trachyte having felty clumps of alkali feldspar apparent only in thin section; McHone and Mc Hone, 1999) by
Kemp and Marsters (1893) based on occurrence, trachytic texture and leucocratic characteristics.

The Cannon Point trachyte porphyry has a distinctive pinkish-brown color in outcrop and is porphyritic
containing large K-feldspar phenocrysts approximately 2-5 mm in length (Buddington and Whitcomb, 1941). In
thin section, the euhedral K-feldspar phenocrysts and laths in the groundmass show a crude trachytic flow texture.
Plagioclase phenocrysts are present but rare {Buddington and Whitcomb, 1941). Kemp and Marsters (1893)
determined the K-feldspar to be primarily anorthoclase which makes the Cannon Point trachyte porphyry similar in
composition to Early Cretaceous trachytes in Vermont. They also found approximately 10% interstitial quartz in the
groundmass, some of which was in micrographic intergrowth with K-feldspar, trace amounts of zircon, magnetite,
and apatite but no other primary mafics.

In outcrop, the Cannon Point laccolith shows conformable relations with the Canajoharie Shale and locally
contains thin included layers of shale and injected apophyses up to 2 ft. in length into the shale (Figures 8 and 9).
The intrusive weathers with a platy structure that is parallel to the bedding and flow structure (Buddington and
Whitcomb, 1941), The laccolith sheet strikes N6OW and dips gently to the north (Buddington and Whitcomb,
1941), The lowest section of the intrusive is exposed ~0.4 mi. south of Cannon Point and contains rounded
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inclusions of Paleozoic limestone and Potsdam sandstone. To the west beyond the outcrops in the Crater Club, the
laccolith is covered by overburden. Buddington and Whitcomb (1941) speculated that a lack of surface float from
the laccolith in this vicinity suggested that the intrusive either pinches out or is cut off by faulting. The upper part of
the intrusive at ~0.3 mi. north of Cannon Point is 5 ft. thick and weathers to a pale buff color. It has a dense texture
and the phenocrysts are small and sparse (Figure 7).

Figure 7. Northern end of the Cannon Point trachyte
porphyry laccolith on Lake Champlain.

Figure 8. Cannon Point laccolith with Canajoharie shale
layer included.

An estimate of the crystallization age of the Cannon Point laccolith can be obtained from partial Rb-Sr data
collected by Fisher (1968) which suggests an age of “less than 140 Ma” (McHone and McHone, 1999). This data
fits a whole-rock Rb-Sr isochron of 125 + 5 Ma detemined for seven trachyte dikes from the Burlington area
(McHone and Corneille, 1980). No AFT age was determined for the Cannon Point intrusive, However, an Early
Cretaceous camptonite dike located about 10 miles north of Cannon Point on Willsboro Point on Lake Champlain
yielded an AFT age of 116 Ma (Roden-Tice et al., 2000). This is consistent with K-Ar ages of 113, 123, 127 Ma for
camptonite dikes from the eastern Adirondacks determined by Isachsen and Seiderman (1985). The similarity
between the K-Ar crystallization ages and AFT ages suggests that the Early Cretaceous intrusives in the Champlain
Valley and eastern Adirondacks were emplaced at shallow levels (~3-4 km depth) and temperatures < 100°C
(closure temperature for fission-track retention in apatite). Eby (1984) concluded a similar shallow intrusion depth
for the Monteregian Hills in southern Quebec because their AFT ages were comparable to their Rb-Sr crystallization
ages (~120 Ma).
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The Cannon Point laccolith shows excellent examples of contact relationships between a conformable intrusive
and the shale country rock such as baked zones, apophyses, and included layers of shale (Figures 8 and 9). Its large
size (~1 square mi in area) is also impressive to petrology students who are used to seeing small dikes that are only a
few feet wide at most. Standing on the shore of Lake Champlain, the instructor can point across the lake to the
Early Cretaceous Barber Hill syenite stock at Charlotte, Vermont which forms a low hill in the foreground. The
Barber Hill stock has been dated by K-Ar as 111 + 2 Ma on a biotite separate by Armstrong and Stump (1971) and is
considered to be cogenetic with trachyte dikes in the Charlotte area (McHone and McHone, 1999). The comparable
position of these two large contemporaneous igneous intrusives on opposite sides of the lake plus the abundance of
both trachyte and lamprophyre (camptonite and monchiquite) dikes along the lake in both New York and Vermont
provides for an interesting discussion on Mesozoic tectonics in this region.

Mileage

Total

0.2

18.7

28.5

329

347

by Point

0

02

18.5

10.0

4.4

1.8

Figure 9. Cannon Point laccolith apophysis in
Canajoharie shale country rock.

ROAD LOG

Start trip from the parking lot of the Comfort Inn in Plattsburgh. Exit parking lot and turn
left (west) on Cornelia St. (Rt. 3)

Intersection of Cornelia St. (Rt. 3) and Interstate 87. Turn left onto Interstate 87 south.

Take Exit 33 - Willsboro/Essex Ferry. Turn left (east) at end of exit ramp and proceed
across overpass and straight through blinking red light on Rt. 22 south to Willsboro.

Remain on Rt. 22 through town of Willsboro (cross bridge and tarn right).

Stop sign/light. Continue straight south through the village of Essex on Essex County Rt.
80.

Park along County Rt. 80 where possible. The road is very narrow and winding and has
little shoulder. Outcrop is down stairs behind picnic table along Lake Champlain shore
opposite large brown house set far back from road (44°15.507, 73°20.924).

STOP 1. CANNON POINT LACCOLITH. (45 Minutes).

This is the north end of the intrusion which is located on private property owned by the Crater Club. We will be
walking south along beach at the low water mark. The intrusion is exposed along the shore and beneath private
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homes. If visiting this outcrop during May through October, permission to access the intrusion should be obtained
from the Crater Club and homeowners. We will walk south along the lakeshore through the exposure of the Cannon
Point intrusion and observe its contact relationships with the host Canajoharie Shale.

Return to cars and continue south on County Rt. 80 (Lake Shore Rd.).

40 ..93 Lake Shore Rd. intersects with Rt. 22. Turn left onto Rt. 22 south into Westport.
44.05 . 0.05 Turn left again on Rt. 22 and Rt. 9N,
534 9.3 Entering Port Henry. Turn left at Craig Harbor Campground sign and proceed down

steep hill to the end of the road at the lakeshore (44°3.482°, 73°27.227°).
STOP 2. CRAIG HARBOR FAULTLINE SCARP. (1.5 Hours).

This is private property but permission to visit the site is easily obtained. The name and address of the owner
are given on the posted sign at the entrance. We will begin by walking south along Lake Champlain and the railroad
tracks to examine the Paleozoic carbonates. These tracks are used several times a day by both Amtrack passenger
and freight trains. Caution and listening for trains is strongly advised. There is generally room to stand safely on
the side of the tracks.

After studying the Paleozoic dolostones, we will proceed north along the tracks across Craig Harbor to see the
faultline scarp, Proterozoic marble, gneiss, and metagabbro. The faultline scarp is visible just north of Craig Harbor.
From the tracks, one can determine that the marble in the cliff has an unusual structure. We will get to look at the
marble up close later, Orange-stained, strongly foliated, Proterozoic gneiss is the first rock type encountered along
the railroad tracks north of Craig Harbor. A few feet further north, the fault contact between the gneiss and coarse-
grained, iron-oxide stained, metagabbro is visible. Further north across from a small railroad cut on the lakeside of
the tracks, a rough path disappears uphill into the woods. We will scramble up it and view the magnetite prospect.
Be careful of the poison ivy!

After returning to the cars, we will drive a short distance within the campground to one of the campsites that
borders the faultline scarp. At this location, there are fantastic exposures of Proterozoic marble with abundant and
diverse deformed inclusions. A contact between the Proterozoic marble and the Ordovician Whitehall Dolostone
can be seen along the faultline at the west end of the outcrop.

If permission to visit the campsite cannot be obtained, similar spectacular outcrops of marble with deformed
inclusions can be seen along the lakeshore by walking north along the railroad tracks from the magnetite mine for
about 0.5 mi. The entire site can be accessed from the south by walking along the railroad tracks from the marina
south of the dolostone outcrops. Parking is available at the public boat launch in Port Henry. McHone (1987) gives
a good description of this route to Craig Harbor.

Return to Rt. 22, turn left (south) and continue south into the village of Port Henry.

54.2 0.8 Stop at Stewart’s on left side of road in Port Henry for lunch, drinks or snacks. Return to
cars and retrace route north on Rt. 22 (Main St.) down steep hill to Beach Rd. We will
have lunch in a village park near the marina on Lake Champlain.

After lunch, take Rt. 22 back up-steep hill and turn right on Broad St. (Essex County Rt.
4). Proceed west up hill to Moriah.

56.0 1.8 Intersection of County Rits. 4 and 42. Turn right (northwest) and continue on County Rt,
: 4.
574 14 Stop sign in Moriah Center at the intersection of County Rt. 4 and Center Rd. (County Rt.

7). Turn right (north) at Old Mine Saloon, cross bridge and then immediately bear left on
Essex County Rt. 70 to Witherbee. '
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EARLY PALEOZOIC CONTINENTAL SHELF TO BASIN TRANSITION ROCKS:
SELECTED CLASSIC LOCALITIES IN THE LAKE CHAMPLAIN VALLEY OF
NEW YORK STATE

James C, Dawson
Distinguished Service Professor
Center for Earth and Environmental Science
State University of New York
Plattsburgh, NY, 12901
james.dawson@plattsburgh.edu

TRIP ABSTRACT

Well-exposed classic localities in the Lake Champlain Valley of New York provide opportunities to
examine the transition from Early Cambrian to Early and Medial Ordovician continental clastic and carbonate
shelf sequences (e.g. Upper Cambrian Potsdam Group, Lower Ordovician Theresa Formation and Beekmantown
Group, and Middle Ordovician Chazy Group) to the Medial Ordowcxan foreland basin carbonates and
calcareous shales (Middle Ordovician Trenton Group).

INTRODUCTION

This field trip is designed to begin at the SUNY Plattsburgh campus at 8:00 a.m., and end near
Plaitsburgh, NY about 4:00 p.m., in time for participants to drive to Lake George, NY to make their lodging
arrangements, have dinner, and attend the conference welcoming party. This trip visits many of the localities
that are commonly visited in the introductory geology classes at SUNY Plattsburgh. The field trip description is
largely based on the work of Fisher (1968) and Isachsen, et. al, (2000) and is not based on any significant
research by this author. The trip is included among the package of four trips originating in Plattsburgh, NY, in
order to round out the offerings so that they include an opportunity to see a portion of the Lower Paleozoic
section, Other faculty at SUNY Plattsburgh are involved in offering opportunities to see Adirondack bedrock
geology, glacial geology, and hydrology and geomorphology localities in the area.

TECTONIC SETTING

The Paleozoic rocks of the Lake Champlain Valley of northeastern New York State consist of a
sequence that began in the Late Cambrian and continued through the Early Ordovician as a typical, quartz
sandstone and carbonate, passive shelf margin sequence, that transitions to the initiation of the Taconic
foredeep basin in Medial Ordovician time (Isachsen, et. al, 2000). The shelf sequence was deposited on the
passive margin that formed in the Late Proterozoic on, what is today, the eastern edge of Proto North America
(called Laurentia by Hoffman, 1988 and others), as the continental landmasses, that were later to form
Gondwanaland, rifted eastward to form the Iapetus Ocean (Isachsen, et. al., 2000).

Isachsen, et, al., (2000) suggest that the Iapetus Ocean began to open approximately 640 Ma; however
the earliest of the shelf depositional units are not found in northeastern New York- untll 120 million years or so
later, when the Upper Cambrian Potsdam Sandstone, which lies directly on Precambrian metanorthosites and
metagabbros, is deposited. Overlying the Potsdam Sandstone (Figure 1), at approximately the Cambro-
Ordovician boundary, is the Theresa Dolostone/Sandstone which is followed by the dolostones of the Lower
Ordovician Beekmantown Group. The shallow shelf carbonates, and the well known patch reef bioherms, of the
Chazy Group overly the Beekmantown Group. The Chazy Group is followed by the relatively thin, castern
representation of the Black River Group that is not well exposed in the area (Fisher, 1968).

Toward the end of the Early Ordovician, approximately 480 Ma, an eastward dipping Taconic
subduction zone, with an adjacent Taconic Island Arc lying immediately east of the subduction zone, were rafted
westward to close a portion of the western Iapetus Ocean. The collision of this Taconic subduction zone and its
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adjacent Taconic Island Arc with Proto North America created the Taconic Orogeny during medial Ordovician
time, approximately 460 Ma (Isachsen, et. al., 2000). The beginnings of this Taconic Orogeny are represented

in northeastern New York by the lower portion of the Trenton Group. -

Figure 1. Rock Section (after Fisher, 1968).
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As the Taconic Orogeny collision progressed, the eastern edge of Proto North America was uplifted
while the region to the west of the uplift, that is now northeastern New York, was down warped into a
foredeep basin that is associated with steep angle strike slip faulting (Stone, 1957). The beginnings of a part of
the northern portion of this downwarp are represented by the Cumberland Head Argillite of the Trenton Group
with younger portions of the formation being deposited as flysch in progressively deeper water (Hawley, 1957).
As the collision progressed, Lower Cambrian quartz sandstone and carbonate shelf deposits were thrust
westward, probably as gravity driven slides, as thick allochthonous sheets. These thrust faults over rode the
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eastern portions of the Cumberland Head Argillite creating significant folding and shearing within the eastern
portions of the Cumberland Head Argillite. Portions of the Middle Ordovician Cumberland Head Argillite also
form allochthonous strata that appear to have overridden portions of the Lower Ordovician Beekmantown
Group. Allochthonous Chazy Group strata are not found in northeastern New York, although they have been
described further south near Granville, NY (Selleck and Bosworth, 1985).

The next portion of the tectonic setting is represented by the many mafic dikes (Kemp and Marsters,
1893; Hudson and Cushing, 1931) that cross cut the Paleozoic sequence. These have been interpreted (Fisher,
1968) as being of Late Jurassic/Early Cretaceous age and may be related to the ultrabasic intrusives of the
Monteregian Hills of southern Quebec that have been dated at 110 Ma.

STRATIGRAPHIC SUMMARY
Saratoga Springs Group

The Potsdam Sandstone (Figure 1) was described by Emmons, (1843) as being the base of the
"Transition System' in quarries near Potsdam, NY. Three lithologic facies are generally recognized including a
‘Basal' Member, the Ausable Member and the Keeseville Member. The ‘Basal' Member consists of a maroon
hematitic, feldspathic micaceous quartzose sandstone with some maroon shale interbeds (STOP 15). Portions of
this basal unit may be older than Late Cambrian. The Ausable Arkose is a cross laminated, feldspar rich
sandstone that occurs irregularly throughout the main Potsdam section, The Keeseville Member (STOPS 11, 13,
and 14) is a fine to coarse quartz sandstone. Detailed lithologic descriptions of the three units can be found in
Lewis (1971) and Wiesnet (1961). Most authors have interpreted the Potsdam Sandstone as being deposited in a
complex arrangement of fluvial to intertidal and barrier beach environments (Fisher, 1968).

This field trip guide follows Fisher (1968) and includes the Theresa Dolostone/Sandstone (STOP 12) in
the Saratoga Springs Group although some authors have included it in the overlying Beekmantown Group. The
Theresa is a thick bedded, quartz rich dolostone that occupies the stratigraphic position between the quartz
sandstones of the Potsdam below and the dolostones of the Beekmantown above,

Beekmantown Group

The Beekmantown Group (Figure 1) was erected (Clarke and Schuchert, 1899) as a new name for the
Calciferous Sandrock (Formation) of Emmons (1843) and others and was named for Beekmantown, NY.
Unfortunately, the section at Beekmantown, NY is not well exposed and the two main sections described by
Brainerd and Seely (1890) as five units (Divisions A through E), north of Shoreham, VT and at West Comwall,
VT, are generally accepted as the type section. Fisher (1968) made a determined effort to carry the Brainerd and
Seely (1890) units to northeastern New York and in ascending order he has mapped the Cutting Dolostone,
Spellman Formation, Fort Cassin Formation and Providence Island Dolostone. The prevalent unit is the
Providence Island Dolostone (STOP 3), a supratidal dolostone.

Chazy Group

The Chazy Group (Figure 1) comprises what is arguably the best known unit of northeastern New York
and adjacent Vermont. The Group was originally defined by Emmons (1843); but, many researchers (Brainerd,
1891; Brainerd and Seely, 1888 and 1896; Oxley and Kay, 1959; Pitcher, 1964a and 1964b) have contributed to
our understanding of the Group. The Chazy Group consists of three well defined limestone formations. The
Day Point Formation (STOP 5) consists of gray, cross bedded, calcarenite in northeastern New York with small
bioherms of bryozoans, corals and sponges near the top that we will not see on this trip. Above the Day Point lies
the Crown Point Limestone (STOPS 7 and 16) an argillaceous, medium textured, calciciltite to argillicalcilutite
‘(Fisher, 1968). The characteristic, large, planispiral gastropod, Maclurites magnus Le Sueur (1818) (STOP 7) is
common and small stromatoporoid reefs can be found. The Valcour Limestone is the youngest unit of the Chazy
Group. The lower part of the Valcour (STOPS 6 and 10) contains extensive bioherms of bryozoans, sponges,
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algae and stromatoporoids and reef flank calcarenites. The upper portion becomes more argillaceous and grades
into the Pamelia Dolostone of the Black River Group.

Black River Group

In northeastern New York the exposures of the Black River Group (Figure 1) are limited. Fisher (1968)
has mapped, in ascending order, the Pamelia Dolostone, Lowville Limestone and Isle La Motte Limestone asa
single Black River group unit with limited success. The Black River group in northeastern New York is
relatively thin and consists of thick bedded dolostone, and some argillacous dolostone, of the Pamelia just above ,
the Valcour Formation, and massive, light gray limestones, that are interbedded as the Lowville and Isle La o
Motte. The best exposures occur in two quarries, one of which has been mined out (International Lime and
Stone Quarry southeast of Chazy) and one of which is full of water (a shallow quarry southwest of Rouses Point,
NY). We will not attempt to visit the Black River Group on this field trip.

Trenton Group

In northeastern New York the Trenton Group (Figure 1) consists of the lower Glens Falls Limestone o
and the upper Cumberland Head Argillite (STOPS 2 and 4). The Glens Falls Limestone in turn is subdivided :
into a lower Larrabee Member (Kay, 1937), a thick bedded medium gray limestone that we will not see on this
field trip and an upper Montreal Limestone, the Shoreham Limestone of Kay (1937) (STOP 1). The transition
from the continental shelf deposits of the main portion of the Chazy Group to the more argillaceous grayish
black limestone of the Montreal represents a transition from pre-Taconic shelf deposits to the incipient formation
of the Taconic Orogeny foredeep basin. The Cumberland Head Argillite is a regionally restricted unit that
formed as a flysch, turbidity current deposit in a portion of the early foredeep basin of the Taconic Orogeny.
Above the Cumberland Head Argillite very limited exposures of the Stony Point Shale, can be found in
northeastern New York. The non-calcareous Iberville Shale is only found in Vermont and Quebec (Hawley,
1957).

LaColle Melange

Initially the La Colle (Conglomerate) Melange (Figurel) was described as a sedimentary formation
(Clark and McGerrigle, 1936; Kay, 1937); but, Stone (1957) and Fisher (1968) have interpreted the unit asa
Taconic Orogeny tectonic rock formed by the Tracy Brook (normal) Fault (STOPS 8 and 9) and by thrust faults
where it is found in Vermont.

ROAD LOG

The trip begins in the parking lot at the west end of Hudson Hall on the SUNY Plattsburgh campus. To reach the

Hudson Hall parking lot from the Exit 37 (the Plattsburgh-Cornelia Street/Route 3 Exit) of 1-87, 'the Adirondack

Northway', head east from Exit 37 on Cornelia Street/Route 3. Continue east past a congested series of traffic

lights and pass under the Northway bridge. Approximately 0.5 miles east of the bridge under the Northway , ata

traffic light, make a slow right on to Broad Street (Plattsburgh Plaza is to your left/north and the WIRY radio

station is set back to your right/south at this intersection). Continue east on Broad Street for another 0.3 miles

past the traffic light at Prospect Avenue and past the traffic light at Draper Avenue. Tum left/north into the

parking lot on the north side of Broad Street, just east of Draper Avenue, and west of Hudson Hall, If you miss i
the parking lot you will go under a concrete pedestrian bridge over Broad Street.

Hudson Hall is named after Professor George H. Hudson (Hudson, 1905; Hudson, 1907; Hudson, 1931; Hudson
and Cushing, 1931) who taught science and music for many years at SUNY Plattsburgh. His portrait hangs in
the foyer of the building.
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Mileage

0 Leave the parking lot at the west end of Hudson Hall on the SUNY Plattsburgh campus and
turn left/east on to Broad Street.

0.5 Continue east on Broad Street under the pedestrian bridge, pass through the traffic lights at
Beekman Street and Rugar Street, and tum right/south on to South Catherine Street at the
traffic light.

1.0 Continue south on South Catherine Street, pass through the Pine/Steltzer Street traffic light,
and cross the Saranac River bridge.

1.1 Immediately after crossing the river turn left/east on to South Platt Street.

1.5 Continue east on South Platt Street to the traffic light at Route 9/United States Avenue
and turn right/south. This is a slow right and you should avoid the hard right on to
Peru Street, i.e. follow the sign for Clinton Community College.

1.8 Continue south on Route 9 to the traffic light at New York Road and turn lef/east.

1.9 Continue east on New York Road and pass through the gate to the 'old base' side of the
former Plattsburgh Air Force Base that is now being operated under the auspices of the
Plattsburgh Area Redevelopment Corporation (PARC).

Turn right/south on to Ohio Avenue East.

22 Note the 'old base' stone buildings constructed in the 19™ century of Potsdam Sandstone.
Turn left/east, at the bike route sign, on to a narrow access road.

23 Continue on the access road and immediately cross a steep bridge (sound your horn),
Continue through the sharp U-turn to the left and continue to the end of the road and park
on the apron area near a small boat launch to Lake Champlain (STOP 1).

STOP 1. Montreal Member of the Glens Falls Limestone of the Trenton Group
and Lamprophyre (Monchiquite Dike).

You are parked on the apron of the former Platisburgh Air Force Base marina and boat launch. To
reach the outcrop hike, approximately 2000' north along the cobble beach shore of Lake Champlain. The
Pleistocene sediments forming the biuff between the railroad track and Lake Champlain along the way include a
contact between earlier Lake Vermont varved and later Champlain Sea sediments. The Montreal Member and a
cross cutting Lampophyre Dike are exposed to varying degrees depending on the water level of Lake Champlain.
The Montreal Member is a medium-bedded limestone with some shale partings, that weathers to medium dark
gray. Crab Island (the smaller island that can be seen in Lake Champlain two miles southeast of this stop) takes
its name from the trilobite, Isorelus, that is commonly found in exposures of the the Montreal Member on the
island. Fisher (1968) maps the Lamprophyre Dike as a monchiquite dike, containing phenocrysts of titanaugite
with some biotite and barkevikite (a monoclinic amphibole), phenocrysts of olivine and titanomagnetite. After
visiting the outcrop return to the vehicles.

29 After returning to the vehicles, retrace your route back across the narrow railroad bridge (sound
your horn again) and through the former Plattsburgh Air Force Base to the 'old base’ gate

v and Route 9. Turn right/north on Route 9.

32 Continue north on Route 9/United States Avenue with the ‘old base' buildings to your

right/east. At the traffic light with South Platt Street bear right and continue north on Route 9.

33 Pass the Fort Brown historic site markers on your left/west, Fort Brown was the lef/west flank
of the American defense during the land portion of the Battle of Plattsburgh on
September 6 - 11%, 1814.

4.0 Continue north on Route 9, through the traffic light at the Hamilton Street/Pike Street
intersection, to the T-intersection with Bridge Street. Turn left/west on Bridge Street
which becomes Route 9.

4.1 Turn right/north on to City Hall Place which becomes Route 9.

43 Continue north past the Plattsburgh City Hall on your left and Macdonough (American naval
commander during the battle of Plattsburgh) Monument on your right.
Just past the City Hall, turn left/west and then immediately tum right/north again on to
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Miller Street which becomes Route 9. :

48 Continue north on Miller Street, cross the railroad tracks at the Delord Street level crossing.
Make a slow right, at the traffic light, on to Margaret Street, which becomes Route 9.

6.3 Continue north on Margaret Street/Route 9 past the Georgia-Pacific paper mill at the
Cumberland Head Avenue/Boynton Avenue intersection.
Cross the small Scomotion Creek bridge. Continue north on Route 9 through the traffic
light at the Route 314 (Exit 39 entrance to the Northway) intersection.

8.8 Continue north on Route 9 past the North Country Shopping Center on your left/west.
Cross under the transmission lines that carry St. Lawrence Seaway energy across Woodruff
Pond and Lake Champlain on your right/east to Vermont and pass the
Pioneer Motel on your left/west.

9.3 Pull over to the right/east side of Route 9 and park near a low road cut (STOP 2).

STOP 2. Cumberland Head Argillite of the Trenton Group.

The Cumberland Head Argillite is exposed in this road cut on both sides of Route 9, although the
exposures are better on the left/west side. The roadcut (Fisher, 1968 - Figure 27) is typical of the Cumberland
Head Argillite. The thin bedding (it looks like varves) of fairly distal turbidite deposition can clearly be seen as
more calcarous layers alternate with the thinner, pale buff-colored quartz-silt bearing layers being slightly more
resistant to erosion. Fresh surfaces of the rock are uniformly black; however, the thin layers can still be
distinguished. The rocks in the vicinity are folded; but, the strike is generally N35E with a dip of 23 degrees N.
Be sure to look north along Route 9 and see the slight dip that the highway makes north of the road cut. STOP 3
is just beyond the dip.

9.7 Return to the vehicles and continue north on Route 9, cross the slight topographic dip,
and pull over to the right/east side at the next low road cut and park (STOP 3).

STOP 3. Providence Island Dolostone of the Beekmantown Group.

The Providence Island Dolostone is exposed in this road cut on both sides of Route 9, although the
exposures are better on the right/east side (Fisher, 1968 - Figure 17). Before examining the outcrop, be sure to
look south along Route 9 and recognize that you can see Stop 2. The Rocks at STOP 3 are nearly horizontal,
compared to the steeper dips at STOP 2 and the entire Chazy Group and lower portion of the Trenton Group
(some 400 or more of rock section) are missing. Fisher (1968) has mapped the edge of the Cumberland Head
Allochthon, a Taconic thrust fault, as passing between these two trip stops on the basis of missing section at
both the surface and in a 200" deep water well on Cumberland Head. The Providence Island Dolostone is a thick
bedded, massive unit that weathers to the buff color characteristic of dolostones, With careful examination,
horizons that display significant soft sediment rip ups and other features characteristic of supratidal
enviornments. The dolostone is sometime vuggy and fracture zones that have been filled with secondary
crystalline calcite are common.

10.1  Return to the vehicles and continue north on Route 9 and turn right/east
on to the Point au Roche Road.

11.7  Continue east on the Point au Roche Road to the entrance to Point au Roche State Park
and turn right/south to enter the Park. You will be entering the western entrance to the Park
that leads to the beach.

12.3  Follow the Park road south past the entrance gate to the beach parking lot and head to the
far right/southwest corner of the parking lot and park (STOP 4).

STOP 4. Cumberland Head Argillite at Point au Roche State Park.
Walk the short distance from the parking lot to Lake Champlain and examine the large outcrop of

Cumberland Head Argillite along the shore. The folding and jointing associated with the Taconic thrusting is
very obvious, The rock is essentially the same as that seen at Stop 2 and again the thinning bedding of the fairly
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distal turbidite deposition can be seen as the more calcareous layers alternate with the thinner, pale buff-colored,
quartz silt bearing layers being more resistant to erosion.

12.9  Return to the vehicles and retrace your route back to the Point au Rocke State Park entrance.
145 Tum left/west on the Point au Roche Road and retrace your route back to Route 9 and turn
right/north on to Route 9,
15.8  Continue north on Route 9 past the intersection with Route 456 on the left/west.
A hump in the road will indicate that you are crossing the Ingraham Esker (Denny, 1972).

16.6 A series of sand pits can be seen to the right/east after you first cross the Esker. Route 9
crosses the Ingraham Esker again, just before the hamlet of Ingraham on the left/west.

19.2  Continue north on Route 9 past the Giroux Poultry Farm.

19.6  Continue north on Route 9 past Trombley Lane (formerly Stosson Road).

19.7 At alow road cut on the lefi/west that is located in front of a robin's egg blue home
pull over and park (STOP 5).

STOP 5. Day Point Limés;one of the Chazy Group. (THIS IS NOT A HAMMER STOP.)

This road cut is part of the upper part of The Day Point Limestone, probably the Fleury Member of
Oxley and Kay (1959). It is a medium gray calcarenite that is both cross bedded and regular bedded in this small
exposure. Fisher (1968) mentions this outcrop as containing pelmatozoan debris.

20.7  Return to the vehicles and continue north on Route 9 and at a point where Route 9 makes
abend to the left/west turn right/east on to Sheldon Lane.

21,2 Continue east on Sheldon Lane and you will see a quarry on the lefi/north.
There is a large new white home at the east end of the quarry. Park on Sheldon Lane
opposite the west end of the quarry (STOP 6). ‘

STOP 6. Valcour Limestone of the Chazy Group at Sheldon Lane. (THIS 1S NOT A HAMMER STOP.)

This is the first of two opportunities that we will have (see also STOP 10) to see the bioherms in the
Valcour Limestone.

21.7  Return to the vehicles and turn around. There is a place to do a Y-turn on the left/north side
of Sheldon Lane just ahead. Retrace your route back to Route 9. Turn right/north on Route.
22.4  Just past ared barn on your right/east there is an amateurish 'stone henge' and an old road.
The road leads to the abandoned International Lime and Stone quarry where the
Pamelia Dolostone, the Lowville Limestone and the Isle LaMotte Limestone formations
of the Black River Group (Fisher, 1968 - Figure 25) were once exposed. A few years ago
the remainder of this outcrop was mined and the quarry floor today consists of
Valcour Limestone.  None of the Black River Group remains.
232  Atthe Fiske Road (formerly Old Route 348) turn left/southwest.
24.6  Continue southwest on the Fiske Road and follow the road as it bends left/west.
As the Fiske Road approaches the bridge over I-87, the Adirondack Northway, pull over
on the right/north and park (STOP 7).

STOP 7. Crown Point Limestone of the Chazy Group at the Northway in Chazy:
Maclurites magnus 1Le Sueur, Death Assemblage (THIS IS NOT A HAMMER STOP.)

To reach the outcrop cross the open area and enter the woods on a vague trail behind and to the right of
the obvious transmission pole. The vague trail heads north a few yards in a white cedar forest and then bends
left/west toward the Northway. The outcrop is close to the Northway, a short distance north of the Fiske Road
Bridge and is illustrated in Fisher, 1968 (Figure 20).
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26.0  Return to the vehicles and turn around. Retrace your route back /northeast along the Fiske
Road to route 9. Turn left/north on Route 9.

26.1 Continue north on Route 9 and cross the Little Chazy River.

264  Continue north and pass under the railroad bridge. :

265  Immediately after passing under the railroad bridge turn/left on to the Miner Farm Road
As you turn left watch for an opportunity to continue with your left turn on to a short dead
end street that enters the intersection and park on the apron (STOP 8).

STOP 8. Lacolle Melange at the Chazy Railroad Bridge.

The road cut is located along the west side of Route 9 as you walk toward the railroad bridge and is
figured in Fisher, 1968 (Figure 30). Fisher, 1968 maps this locality and the STOP 9 locality as part of the Tracy
Brook (normal) Fault. The wide range of angular clasts are composed of angular sandstone fragments in a
sandstone matrix, presumably a tectonically crushed portion of the Keeseville Sandstone.

277  Return to the vehicles and carefully return to Route 9 heading north. Continue north on Route 9 and
cross Corbeau Creek. Corbeau Creek was studied, as a monitored watershed, by a succession of
students at SUNY Plattsburgh in the 1970s and early 1980s. In recent years SUNY Plattsburgh students
have been engaged in watershed studies on the Altona ‘Flat Rock' lands owned by the William H. Miner
Institute and some of this work is described in Field Trip A. 6 of this field conference.

29.1 Turn right/east on Route 9B.

30.8  Cross the Great Chazy River in Coopersville.

311 Cross the bridge over the railroad.

314  Just past the Hayford Road pull over in front of a small outcrop and park (STOP 9).

STOP 9. Lacolle Melange at Coopersville,

The small outcrop is located adjacent to the south side of Route 9B and is figured in Fisher, 1968
(Figure 29). The breccia clasts include a wide range of sizes and the lithology of the clasts is predominately
made of carbonate fragments that appear to of Black River group and Trenton Group origin.

31.9  Return to the vehicles and continue east on Route 9B. Cross the Dumont Road.
322 Continue east on Route 9B as it bends left/north and after passing a brown log cottage (#862)
on your left/west turn left into a driveway that leads to an agricultural field and park (STOP 10).

STOP 10. Valcour Limestone of the Chazy Group at the Bechard Quarry, Near Kings Bay.

To reach the quarry walk across the agricultural field to the higher vegetated are that is visible to the
west. Once you reach the top of the vegetated mound the quarry can be seen as illustrated in Fisher, 1968
(Figure 22). The bioherms consist intertidal stromatolites (algae), stromatoporoids, and bryozoans with the
various colonies being completely compatible (Pitcher, 1964b) and building their colonies on top of one another.

33.6  Return to the vehicles and turn around. Follow Route 9B back south and then east and re-cross the
Great Chazy River in Coopersville.

353  Turn right/north on to Route 9.

37.2  Atthe Clinton Farm Supply enterprise on the left/west turn left into the northern most drive way and

park (STOP 11).

STOP 11. Keeseville Sandstone of the Potsdam Sandstone at the Clinton Farm Supply, Champlain.

The outcrop is exposed along the north side of the northernmost of the two driveways and in the flat
area behind the Farm Supply building. In a series of articles (Erickson, 1993a. Erickson, 1993b. Erickson and
Bjerstdt, 1993. Erickson, Connett, and Fetterman, 1993) the stratigraphy and trace fossils of the Keeseville
Sandstone and Theresa Dolostone/Sandstone have been described. STOP 11 (Erickson, 1993a, and Erickson,

RE]
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Connett and Fetterman, 1993) consists of medium bedded, cream colored Keeseville Sandstone. At this locality
large scale ripple marks, and an unusual abundance of trace fossils can be seen.

38.5  Return to the vehicles and continue north on Route 9. Cross Route 11 at a traffic light.

39.1 Continue north as Route 9 enters Champlain as Main Street. Follow Main Street north as it
descends and begins to bend to the left/west. Turn right on Elm Street and immediately
cross the Great Chazy River, '

39.2  After crossing the Great Chazy River follow Elm Street to the right/east. Do not make the
sharp right turn on to River Street and do not make the left turn on to Oak Street which is
marked as a dead end. After a short distance on Elm Street turn left at an antique shop
on to Prospect Street (formerly the Bostock Hill Road).

40.9  Follow Prospect Street north and east past the Village of Champlain water
supply to a stop sign at Route 276. Turn left/north on to Route 276.

412  Follow Route 276 north to a driveway on the left that is paved with thick cement and turn
left/west into the driveway. Park on the left when you see the quarry ahead and to your left
after a short distance (STOP 12).

STOP 12. Theresa Dolostone/Sandstone at Champlain.

The Theresa Dolostone/Sandstone consists of an interlayed, medium and thick bedded, quartz
dolostone. Bjerstedt and Erickson (1989) and Erickson and Bjerstedt (1993) have described the trace fossils of
the Theresa in detail and Skolithos can be located on the south wall of this quarry.

43.3  Retum to the vehicles and retrace your route south on Route 276, turn right/west on Prospect
Street. Follow Prospect Street west and south to Elm Street and follow Elm Street the short
distance across the Great Chazy River to Route 9. Turn left/south on Route 9.

43.9  Turn right/west at the traffic light on to Route 11.

445  Follow Route 11 across [-87, the Northway at Exit 41. Anyone needing to leave the trip
early can conveniently do so at this point.

47.7 Continue west on Route 11 and cross the Great Chazy River.

51.1 Continue west on Route 11 and enter Mooers. Route 22 enters from the south on the left.

53.8  Continue west and then southwest on Route 11 and turn right/west on to the Davison Road.

592  Continue west on the Davison Road to the stop sign in Cannon Corners.
Turn left/south on to the Cannon Corners Road and immediately cross the English River.

59.7  Turnright/west at the Adirondack Nature Conservancy 'Gadway Sandstone Pavement
Barrens' sign on to the unpaved Gadway Road. The road enters STOP 13 and the road log continues
with two STOPS on the way in and a final third STOP at a turn around.

STOP 13. Keeseville Séhdstone of the Potsdam Sandstone at the Gadway Preserve.

This stop requires driving in to the Gadstone Preserve of the Adirondack Nature Conservancy and consists of
three short STOPS within the STOP. Vehicles with low clearance should not attempt this and we will
consolidate riders at the entrance.

60.0  Continue west on the Gadway Road and STOP and park at a bare rock rock wash. Carefully
cross over a barbed wire fence to examine a pavement of large scale ripples in the
Keeseville Sandstone. ,

60.1 Continue west on the Gadway Road and STOP and park at the next significant open area on
the right/north and stop and park. At the north end of the open area near a red posted sign there
is a 4 meter long (10 cm wide) Climachtichnites track. Yochelson and Fedonkin (1993) illustrate
several similar examples of this trace fossil in the Keeseville Sandstone of northern New York.
Additional trace fossils can be seen near
the Adirondack Nature Conservancy sign.

60.8  Continue west on the Gadway Road. Follow the arrow to the left track at the Y-intersection.
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At this point the road becomes solid rock. Continue to the marked turn around loop and park (STOP).

Walk about 100 paces beyond the tumn around loop and pass an arrow sign. On the left/south side of the
road you can locate additional Climachtichnites tracks. One track is 1.4 meters long (11 cm wide) and some
partial tracks appear cross over one another. Additional trace fossils may be Protichnites, and northern New
York examples of these in the Keeseville Sandstone are also illustrated in Yochelson and Fedonkin (1993)

61.9  Return to the vehicles that are parked at the turn around and carefully drive back to the Cannon
Corners Road. Turn right/south on the Cannon Corners Road.

63.4  Tumn left/east on to Route 11.

65.1  Tumn right/south on to the Alder Bend Road (labeled Irona Road).

664 At the stop sign turn left/east on to the Irona Road.

69.0 At the stop sign turn right/south on to the Devils Den Road.

694  Continue south past the Miner Farm Road on the lefi/east,

70.2  Continue south on the Devil Den Road as it crosses the Great Chazy River. As the Devils Den
road bends to the right/southwest turn left on to the unpaved Rock Road.

70.9  Follow the Rock Road generally south to an obvious outcrop in the road on the left side
and park (STOP 14).

STOP 14. Trough Cross Stratification in the Keeseville Sandstone
of the Potsdam Sandstone on the Rock Road.

The trough cross stratification is located on the east side of the road, within what goes for a right of
‘way. It is a small outcrop of well exposed cross stratification in the Keeseville Sandstone.

72.9  Follow the rock Road south to the intersection with Route 190, the Military Turnpike.
Turn left/south.

74.6  Pass the historic Robinson Tavern on the left/east.

76.5  Pass the Blue Chip Farm on the right/west,

76.9  Carefully turn left on to a grassy area by a private driveway and park (STOP 15).

STOP 15. Ausable Arkose of the Potsdam Sandstone on the Military Turnpike.

Cross to the ditch on the west side of Route 190.Military Turnpike and walk north. Excellent examples
of the '‘Basal' Member of the Potsdam Sandstone, a hematitic, feldspathic and micaceous sandstone can be found
over much of the distance to the Blue Chip Farm driveway.

774  Return to the vehicles and carefully return to Route 190 continuing south. Pass the Murtagh
Hill Road on the right/west.

77.5  Pass the Rand Hill dikes on both sides of the road with the best exposure on the left/east side of
Route 190. (add more description and reference)

83.8  Turn lefi/east at the traffic light on to Route 374, the Cadyville Expressway.

86.8  AsRoute 374 broadens to four lanes pull over on the right/south, 100 yards beyond the
‘Lion International' sign, and park (STOP 16).

STOP 16. Crown Point Limestone of the Chazy Group with Lamprophyre Dikes
on the Route 374/Cadyville Expressway.

This extensive road cut along both sides of Route 374/Cadyville expressway contains two lamprophyre
dikes on the south side of the road that intrude the Crown point Limestone with a strike of N70W and a dip 85
degrees N. Only the easternmost of the two dikes appears on the north side of the road. Interesting features,
including baked zones, zenoliths and partial zenoliths, can be seen associated with the intrusions. The Crown
Point Limestone is mainly a medium to dark gray calcilutite. Some of the large planispiral gastropod,
Maculurites magnus Le Sueur are present along with trilobite and brachiopod fragments.
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87.1 Return to the vehicles and continue east on Route 374, cross the Route 22 intersection and immediately
bear right on to Exit 38 to I-87, the Adirondack Northway, southbound.

Those interested in returning to SUNY Plattsburgh may exit 1-87 at the next exit, Exit 37, and continue east (it is
a right turn at the traffic light off the *trumpet’ exit) on Comelia Street/Route 3, as described in the first paragraph
of this road log, to the Hudson Hall parking lot.

Those wishing to continue to Lake George, NY for the remainder of the field conference should continue south
on I-87 to Exit 21. This is the second and more southern exit to Lake George, NY. This trip will take
approximately 90 minutes from Exit 38. After leaving 1-87 at Exit 21 in Lake George, turn left/east on to Route
9N. Cross under I-87 and tumn left/north on to Route 9. As you travel north on Route 9 into Lake George, the
Fort William Henry Resort Hotel will be one mile north of the Route 9N intersection on the right/east side of
Route 9.
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AND THEIR PALEOCLIMATIC IMPLICATIONS '
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INTRODUCTION

The late glacial legacy of the Champlain and St. Lawrence Lowlands and northeastern Adirondack
Upland region (Figures 1 and 2) is recorded in the deposits and landforms associated with proglacial and
marine water bodies that formed during deglaciation. The largest and most persistent proglacial lake in the
region was Lake Vermont, which occupied the central Champlain Lowland and was dammed at its northern
margin by the receding ice front (Chapman, 1937; Connally and Sirkin, 1969, 1973; Parrott and Stone,
1972; Wagner, 1972; Denny, 1974; DeSimone and LaFleur, 1985, 1986). Lake Vermont expanded
northward until ice receded north of the St. Lawrence Lowland and allowed marine water to inundate the
isostatically depressed St. Lawrence and Champlain Lowlands, thus forming the Champlain Sea (Chapman,
1937; Occhietti et al,, 2001). Deglaciation of the region postdates deglaciation in the upper Hudson Valley
(ca. 13.2 MC ka B.P.; Connally and Sirkin, 1971) and was completed prior to the Champlain Sea marine
incursion (ca. 12.0 “C ka B.P. to 11.5 “C ka B.P.; Clark and Karrow, 1984; Fulton et al., 1987; Anderson,
1988; Rodriguez, 1988; Occhietti et al., 2001).

The chronology of lake phases in the Lake Champlain basin provides insight into the style and timing
of Late Wisconsinan deglaciation, but may also provide information that is relevant to global paleoclimate
studies. Broecker et al. (1989) discussed the possibility that freshwater drainage from proglacial lakes
within continental North America during the last deglaciation affected North Atlantic ocean circulation and
thereby altered global climate. The Champlain Lowland occupied a strategic position during the Late
Quaternary deglaciation of the northeastern United States. The north-south trending lowland served both as
a source of cold meltwater and as a corridor for the transmission of proglacial lake discharges from the
Great Lakes Region to the North Atlantic. The region is also located at the juncture of two freshwater
discharge routes. Discharges from Lake Vermont in the Champlain Valley and proglacial lakes in the
eastern and central Great Lakes basin were initially routed southward through the Hudson Valley. Ice
recession eventually opened the lower St. Lawrence Valley allowing proglacial lakes in the Champlain
Valley and Great Lakes basin to drain northeastward to the Gulf of 5t. Lawrence. The Champlain Valley
region is thus a key for recognizing when and where large freshwater discharge events entered the North
Atlantic,

On this trip we shall discuss the preliminary results of our on-going investigations of the geomorphic
and stratigraphic record of the late glacial water bodies in the Champlain Lowland and the significance of
meltwater outflow and throughflow from the lowland to the North Atlantic during deglaciation.

Previous Investigations

Woodworth (1905a, 1905b) was one of the first to study the late glacial freshwater and marine water
bodies in the Champlain Lowland. Chapman (1937) later conducted an extensive study of the shoreline
deposits and landforms in the region. Chapman recognized that Lake Albany formed in the Hudson Valley
when the Champlain Valley was still occupied by ice, and that with retreat of the ice there were two main
lake stages that occupied the Champlain Valley before the drop to the marine-phase Champlain Sea. He
used hand levelling to determine the elevations of strandline and deltaic features from the first and higher
“Coveville” phase, and the later “Fort Ann” phase, as well as lower marine shorelines within the basin.
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Figure 1. Location map of the northeastern Adirondack Upland and northwestern Champlain Lowland
showing the locations of field trip stops.
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Chapman (1937) suggested that a rock ledge at Coveville, New York controlled the Coveville lake
threshold, and that the lake later dropped to the Fort Ann level when it broke through a barrier at the
Hudson Gorge near Schuylerville, New York. He put the Fort Ann threshold at a topographic constriction
near Fort Ann, New York, and developed isobases from the Fort Ann shoreline elevations that depict a
linear deformation gradient of about 0.95 m/km to the north-northwest.

Connally and Sirkin (1969) suggested that what had, by the late 1960s, been recognized in the upper
Hudson Valley as three levels of Lake Albany, and in the Champlain Valley as three separate levels of
Lake Vermont, were actually four levels of the same lake. They referred to these (from oldest to youngest)
as Lake Albany, Lake Quaker Springs, Lake Coveville, and Lake Vermont, According to Connally and
Sirkin (1969), Lake Albany was mostly confined to the Hudson River Valley, and Lake Quaker Springs
extended into the Champlain Valley as far north as Ticonderoga, New York and Brandon, Vermont. Their
Lake Coveville extended from the Hudson River Valley as far north as Willsboro, New York/Burlington,
Vermont, and their Lake Vermont (Chapman’s [1937] Fort Ann phase) extended almost to the Canadian
border, but was too low to extend into the Hudson River Valley to the south. Connally and Sirkin (1973)
describe the relationships of these lakes with the ice margins in detail and speculated about possible outlets.
They refer to a “dam” that held back both Lake Albany and Lake Quaker Springs, but which was
eventually breached as the water level dropped to Lake Coveville. They put the Fort Ann threshold near
Whitehall, New York, with water draining southward to the Hudson River via Wood Creek (now the
Hudson-Champlain barge canal), which corresponds to Chapman’s (1937) threshold at Fort Ann,

Wagner (1972) and Parrott and Stone (1972) used topographic maps to locate and determine elevations
for presumed shoreline features in Vermont. Like Chapman (1937), they emphasized large features such as
deltas and kame surfaces. The internal structures of these features, however, are rarely exposed, making it
difficult to determine accurate paleo-water level elevations from them, Denny (1967, 1974) traced the
Lake Coveville shoreline northward to the Saranac River Valley near Plattsburgh. He also mapped the
highest levels for Lake Fort Ann and the Champlain Sea.

DeSimone and LaFleur (1985, 1986) mapped ice margin, lacustrine and fluvial features in the northern
Hudson River Valley and the southernmost extent of the Champlain Valley. They identified Lake Albany,
Lake Quaker Springs, Lake Coveville, three Lake Fort Ann levels, and suggested that there may have been
a “lower Lake Albany” for a short period of time. DeSimone and LaFleur (1985, 1986) did not discuss
outlets for Lake Albany or Lake Quaker Springs, as they concentrated on describing meltwater flowing into
these lakes and not out of them. They did, however, propose channels at Fort Edward (now Hudson-
Champlain barge canal), Durkeetown, and Winchell as Coveville and Fort Ann outlets.

Wall and LaFleur (1995) recognized the lower Lake Albany (which they called “Albany II”) and three
Fort Ann levels of DeSimone and LaFleur (1985, 1986), and listed elevations of these strandlines at three
locations in the Hudson Valley. They examined discharge from the Mohawk River Valley into the Hudson
River Valley lakes in detail, but also did not consider ultimate discharge from the Hudson Valley. An
important observation from the work of Wall and LaFleur (1995), as well as several of the other earlier
investigators, is a suggestion that both Lakes Coveville and Fort Ann were more fluvial in nature south of
the Champlain Valley. This change in character between the Champlain Valley and Hudson Valley
suggests a constriction between the two.

The breakout of Lake Iroquois through an outlet near Covey Hill, Quebec rerouted Ontario Basin
meltwater, which had been draining into the Hudson Valley via the Mohawk River, to the Hudson River
through the Champlain Valley. Lake Fort Ann eventually became confluent with the proglacial lakes in the
St. Lawrence and Ontario lowlands after ice retreated from the northern slope of Covey Hill (Figures 3A-C;
Clark and Karrow, 1984; Pair et al., 1988; Pair and Rodrigues, 1993). The portion of the confluent Lake
Fort Ann in the St. Lawrence Lowland has been referred to by the names Lake Belleville, Lake St.
Lawrence, and Lake Candona. The reader is referred to Pair and Rodrigues (1993) for a discussion of these
" names, Finally, ice retreat to the east allowed the proglacial lakes to drain and marine water to invade the
isostatically depressed St. Lawrence and Champlain Valleys.



A5-4 FRANZI, RAYBURN, YANSA, AND KNUEPFER

Physiography

The St. Lawrence and Champlain Lowlands form a broad, contiguous lowland region that is underlain
by Cambrian and Ordovician sedimentary rocks (Figure 2). The central portions of the lowlands are
underlain by relatively thick glacial, lacustrine and marine deposits and are characterized by low to
moderate local relief (generally less than 100 meters). Local relief along the northern margin of the St.
Lawrence Lowland and northwestern margin of the Champlain Lowland, in the St. Lawrence Hills
subdivision of Cressey (1977), ranges up to a few hundred meters. This subdivision is primarily underlain
by the Cambrian Potsdam Sandstone and includes the area ground Covey Hill, P.Q. and the “Flat Rocks” in
Clinton County, New York. ,

The Adirondack Upland is a dome-shaped upland region primarily underlain by high-grade
PreCambrian metamorphic rocks. The highest summit elevations in the Adirondack Mountain Peaks
subdivision (Cressey, 1977) are greater than 1500 meters and local relief commonly exceeds 600 meters.
Summit elevations in the Adirondack Low Mountains subdivision generally range between 600 and 900
meters but local relief is generally less than 300 meters (Cressey, 1977).

Drainage patterns within the study area are influenced by regional geology. The principal streams in
the region, including the Chateaugay, Chazy, Saranac, AuSable and Boquet rivers, represent the
northeastern portion of a radial drainage pattern developed in the Adirondack Upland. The St. Lawrence
River and Lake Champlain are part of the tangential master stream network that developed in the lowlands
surrounding the Adirondack Upland (Ruedemann, 1931; Morisawa, 1985).

GLACIAL DEPOSITS AND LANDFORMS

Ice-Flow Indicators

The direction of Late Wisconsinan ice movement in the Champlain Lowland and northeastern
Adirondack Mountain region is inferred from striated bedrock exposures, till-pebble fabrics, roche
moutonees, drumlins, moraines, and compositional trends in tills (Ogilvie, 1902; Alling, 1916, 1918, 1919,
1920; Miller, 1926; Kemp and Alling, 1925; MacClintock and Stewart, 1965; Denny, 1974; Craft, 1976;
Gurrieri and Musiker, 1990). Two predominant directions of flow are indicated in the published literature,
a southerly flow that presumably relates to Late Wisconsinan overriding of the Adirondack Upland by the
Laurentide Ice Sheet and a late-glacial flow pattern that was strongly controlled by local physiography. In
most instances striation orientation reflects the last ice movement in the region. Kemp and Alling (1925)
and Craft (1976) suggested that local alpine glaciers might have contributed to late-glacial ice flow in parts
of the Adirondack Uplands.

Meltwater Channels

The morphology and continuity of meltwater channels and channel systems in the region reflect the
magnitude and duration of meltwater discharge, the location of meltwater flow relative to the glacier
margin, and the composition and structure of the substratum into which the channels are cut.

Small to medium size channels that are sub parallel to the contours of hill slopes often occur as
anastomosing channel systems that are cut into surficial deposits or, less commonly, bedrock. Individual
channels range from about 0.1 to 1.0 km long, 10 to 150 meters wide, and 1 to 20 meters deep but the
channel systems often occur in belts 0.5 to 2 km wide and several kilometers in lateral extent, Good
examples of these channel systems occur near Chateaugay (MacClintock and Stewart, 1965; Denny, 1974;
Pair and Rodrigues, 1993), along the northwestern margin of the Champlain Lowland between Jericho and
Cadyville and between Cadyville and Peru (Denny, 1974), and north and west of Smith Hill near Lewis.
The distal ends of many channels or channel systems open onto fluvial or deltaic sandplains that are graded
to bedrock thresholds or proglacial impoundments.
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Figure 2. Physiographic regions and geological features of the northeastern Adirondack Upland and
northwestern Champlain Lowland region.
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Larger and more extensive channels and channel systems cut into bedrock that originate at cols on drainage
divides were probably cut by meltwater outflow from proglacial lakes (Alling, 1916, 1918, 1919, 1920;
Kemp and Alling, 1925; Miller, 1926; Denny, 1974; Diemer and Franzi, 1988). The outflow channels,
presently abandoned or occupied by underfit streams, may attain depths greater than 30 meters and can
often be traced more than two kilometers. Bedrock thresholds at the outflow channel heads provided base
level control for glaciolacustrine and glaciofluvial sedimentation in the source basin. The elevations of
outlet thresholds on drainage divides in Adirondack valleys generally decrease down valley, a distribution
that is consistent with the systematic recession of active, valley-bound continental ice lobes (Diemer and
Franzi, 1988).

The most extensive outflow channel system is found in the "Channel Belt" (Kemp and Alling, 1925)
between Ausable Forks and Lewis (Figure 2). Individual channels may contain deep, circular to ovate
plunge basins that are presently occupied by small ponds or swampy depressions. The Channel Belt
network heads at the South Gulf and The Gulf outflow chanmels, on the divide between the Ausable and
Boquet drainage basins and was probably cut by the combined erosional effect of outflow and ice-marginal
meltwater drainage, Other well-developed bedrock channel systems occur in Wilmington Notch (Diemer
and Franzi, 1988), between Redford and AuSable Forks (Miller, 1926; Denny, 1974), and south of The
Gulf near Covey Hill (MacClintock and Stewart, 1965; Denny, 1974).

Rock Pavements

Rock pavements, large areas of exposed bedrock, are commonly associated with meltwater channels
and channel systems. The largest rock pavements in the region are the sandstone pavements known locally
as “Flat Rocks” in Clinton County (Figure 2). The Flat Rocks comprise a discontinuous, S-kilometer wide
belt of sandstone pavements that extend approximately 30 km southeastward into the Champlain Valley
from Covey Hill, P.Q. The pavements are believed to have been created by the erosional effects of
catastrophic floods from the drainage of glacial Lake Iroquois and younger post-Iroquois proglacial lakes in
the St. Lawrence Lowland (Woodworth, 1905a, 1905b; Chapman, 1937; Coleman, 1937; Denny, 1974;
Clark and Karrow, 1984; Muller and Prest, 1985; Pair et al., 1988; Pair and Rodrigues, 1993; Franzi and
Adams, 1993, 1999). Outflow from the breakout proglacial lakes in the St. Lawrence Lowland was
initially directed southeastward along the ice margin where it crossed the English, North Branch and Great
Chazy watersheds before eventually emptying into Lake Vermont, The sandstone pavements generally
occur on the drainage divides between watersheds where flood scour was greatest and the exposed surfaces
were not subsequently covered (Denny, 1974). Smaller sandstone pavements occur south of Cadyville on
the divide between the Saranac and Salmon rivers where they are associated with outflow channels from
proglacial lakes in the Saranac Valley (Denny, 1974).

Diamictons

Diamictons deposited by glacial (till) and nonglacial processes have been recognized in the Champlain
Lowland and northeastern Adirondack Mountain region. Subglacial lodgement or meltout till (Dreimanis,
1976; Lawson, 1979) typically consists of massive to crudely stratified, gray to reddish brown, clast-rich
diamicton. The texture and composition of till deposits in the region are variable and reflect local
provenance {Denny, 1974; Craft, 1976). Massive, over-consolidated till deposits typically form the basal
glacial unit in the Champlain Lowland where they often observed overlying striated bedrock. Till occurs
primarily as a discontinuous (1 to 3 meters) veneer over bedrock on hill slopes and upland areas.

Nonglacial diamictons consist primarily of intercalated diamicton and stratified deposits. The
diamictons occur as lenticular to planar beds that range from a few centimeters to a few meters thick.
Individual beds consist of massive to crudely graded, light gray, clast-rich, sandy diamicton. The lateral
continuity of individual diamicton beds ranges from a few decimeters to tens of meters. Stratified interbeds
range from thin, discontinuous sand, silt and clay lamina to massive, planar bedded, and cross-stratified
sand and gravel beds about a meter thick. The bedded diamicton facies is commonly associated with
proglacial lake and ice-marginal deposits and landforms. A greater relative proportion, thickness, and
continuity of diamicton to stratified beds are generally associated with ice-proximal or valley-side
environments,

Ty
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Stratified Deposits

Stratified deposits are associated with fluvial, glaciofluvial, subaqueous outwash fan, deltaic, beach,
lacustrine, and marine environments. The texture and structure of these deposits is variable and depends on
the nature and energy conditions at the site of deposition. Fine-grained sediment, typically associated with
low-energy glaciolacustrine and marine environments, include turbidites, pelagic laminites, and varves.
Lacustrine deposits of Adirondack provenance are generally less calcareous and coarser grained than those
of Champlain Valley provenance (Diemer and Franzi, 1988).

Deltas and beaches provide important evidence for reconstructing the extent of former proglacial lake
and marine shorelines. Deltas commonly occur as gently sloping sandplains at the mouths of tributary
valleys. The deposits generally grade upward from ripple cross-laminated to planar bedded, fine to
medium sand to planar bedded and trough cross-stratified, poorly sorted, coarse sand and gravel (Diemer
and Franzi, 1988). The deltas may have been fed by meteoric streams from deglaciated upland areas, ice-
marginal or proglacial meltwater streams, or by outflow streams from proglacial lakes in adjacent valleys.
Large lacustrine delta plains, deposited primarily by meteoric streams, are commonly found where major
rivers entered Lake Vermont. Multiple delta terraces attest to the regrading of inflowing streams as
proglacial lake levels dropped.

The Ingraham esker in Clinton County (Figure 2) is a 17 km long, roughly north-south trending,
sinuous ridge composed primarily of stratified sand and gravel (Woodworth 1905a, 1905b; Denny, 1972,
1974; Diemer, 1988). The ridge ranges from 100 to 300 meters wide and rises 3 to 10 meters above the
surrounding terrain (Diemer, 1988). The esker deposits are interbedded with fine-grained lacustrine
deposits, including varved clays, and discordantly overlain by fossiferous gravel, sand, and fine grained
marine deposits (Woodworth 1905a, 1905b; Denny, 1972, 1974; Diemer, 1988). Denny (1972, 1974)
believed that the ridge formed as an esker in a subglacial tunnel and that its present low relief was due to
reworking of the esker deposits by waves and currents in Lake Vermont and the Champlain Sea. Diemer
(1988) conducted a detailed sedimentological study of the esker deposits and concluded that the ridge is
composed primarily of subaqueous fan deposits. He suggested that the present relief of the esker might be
more a primary consequence of subaqueous fan deposition than later resedimentation.

Moraines

Denny (1974) mapped and described several recessional moraine deposits in the northeastern
Champlain Lowland. The largest and most extensive moraines in the region are located in the Saranac
Valley near Cadyville and in the Great Chazy River Valley near Ellenburg Depot (Figure 2). The
Cadyville Moraine consists of a north-trending belt of linear till ridges and knolls and kame sand and gravel
bodies that spans the Saranac Valley. The ridges are typically composed of pebbly, sandy till with
interbedded sand and gravel (Denny, 1974). Local relief between ridge crest and adjacent swale ranges
between a few meters to approximately 20 meters and ridge crests are commonly spaced 60 to 260 meters
apart. The length of individual ridges typically ranges from a few hundred meters to about 0.5 km (Denny,
1974). The swales that Denny described in northern part of the moraine are part of a meltwater channel
system that extends from Cadyville northward to Jericho (described above). Small sand bodies at the
southern end of the channel system may represent small deltas built into proglacial lakes in the Saranac
Valley. The southern portion of the Cadyville Moraine terminates against the northeastern flank of Burnt
Hill. The rock pavements and channel system south of the moraine were probably formed by outflow from
proglacial lakes in the Saranac Valley at the time the moraine was built.

The Ellenburg Moraine consists of a single north-trending ridge that ranges between 300 and 500
meters wide and rises 25 to 30 meters above the surrounding terrain (Denny, 1974). The moraine is
composed of sand, gravel and diamicton that are commonly deformed and offset by normal faults,
primarily on its eastern flank. Diamicton interbeds are generally massive to crudely stratified and range
between a few decimeters to a few meters in thickness (Denny, 1974; Franzi et al,, 1993). The moraine
rises to the north where it intersects a low-relief, east-trending recessional moraine north of Clinton Mills
(Denny, 1974). Denny (1974) considered a small segment of recessional moraine south of Miner Lake to
be contemporaneous with the Ellenburg Moraine,
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LATE WISCONSINAN STRATIGRAPHY AND GLACIAL, LACUSTRINE, AND MARINE
HISTORY IN THE CHAMPLAIN LOWLAND

Proglacial Lake and Marine Water Bodies in the Champlain Lowland

Late glacial ice flow and deglacial sedimentary environments in the Champlain Lowland and ,
northeastern Adirondack Mountain region were influenced by regional physiography. Deglacial drawdown T3
of ice into the Champlain and St. Lawrence Lowlands caused thinning of the ice sheet in upland areas and
lobation of the ice front. The Champlain Lobe blocked northward drainage in the lowland and created
proglacial Lake Vermont, which drained southward into the Hudson River drainage basin. Lake Vermont
expanded with northward recession of the Champlain Lobe.

The names Lake Vermont and Champlain Sea refer to all freshwater and marine phases or levels, =
respectively, in the Champlain Lowland, The highest phase of glacial Lake Vermont is the Coveville Phase
of Chapman (1937), which we shall refer to as Lake Coveville. Denny (1967, 1974) traced the Lake
Coveville shoreline northward to the Saranac River near Platisburgh. Our investigations indicate that Lake
Coveville probably extended to Cobblestone Hill and Altona Flat Rock, approximately 12 km farther north
than mapped by Denny (1967, 1970). We recognize two lake levels between Lake Coveville and highest -
marine level, which we refer to as Upper and Lower Lake Fort Ann. The elevations of the lowest two '
freshwater levels in the St. Lawrence and Ontario lowlands, Belleville and Trenton, (Pair et al., 1988; Pair
and Rodrigues, 1993) lie close to the projected elevations of Upper and Lower Lake Fort Ann, which
suggests that the Belleville-Upper Lake Fort Ann and Trenton-Lower Lake Fort Ann wader bodies were -
confluent and controlled by Lake Vermont thresholds.

We have observed that in most cases, the Lower Lake Fort Ann deltas at the mouths of the AuSable
and Saranac rivers are notable exceptions, the Lower Fort Ann features are poorly represented in the
Champlain Lowland. Because of this, and the fact that both Fort Ann levels occur in the Lake Ontario
Basin, we conclude that the Lower Fort Ann level was relatively short lived. Chapman’s (1937) Fort Ann
shoreline data points are primarily Upper Fort Ann features, however his proposed Fort Ann outlet
threshold corresponds to the Lower Fort Ann level. Denny’s (1967, 1970) shorelines also correspond to the
Upper Lake Fort Ann shoreline.

Stratigraphy

Stratigraphic sections at Plattsburgh Air Force Base Marina, Keeseville Industrial Park and along the
Salmon River in South Plattsburgh and Rae Brook in Beekmantown contain complete or nearly records of
late glacial, lacustrine, and marine events in the Champlain Lowland. Two of these exposures, the
Plattsburgh Air Force Base and Keeseville Industrial Park sections, will be visited as part of this field trip.
The stratigraphy of an exposure along Town Line Brook near Burlington (Bierman et al., 1999) is similar to
the Plattsburgh Air Force Base and Salmon River sections, however a measured section is not available.
Three key stratigraphic marker horizons are observed in these stratigraphic sections; the contacts between
bedrock and diamicton (till), diamicton (till) and lacustrine deposits, and lacustrine and marine deposits,
The freshwater proglacial lake and marine laminites and rhythmites at these locations have distinctive -
sedimentology and fossil assemblages that are consistent with similar deposits in other parts of the
Champlain Lowland (Hunt and Rathburn, 1988) and the St. Lawrence Lowland (Rodrigues, 1988; Pair et -
al., 1988; Pair and Rodrigues, 1993). Ostracodes have been recovered from both lacustrine and marine .
sediment in the basin (Hunt and Rathburn, 1988; Cronin, 1977, 1979, 1981) and provide biostratigraphic o
information. Terrestrial pollen and plant macro-fossils have also been recovered from lacustrine and
marine sediment in one of the study area exposures (Raybum et al., 2002), which should provide
biostratigraphic information, as well as material for '*C dating. We have identified other potentially
significant stratigraphic markers in our preliminary investigations including an abrupt change in sediment
texture and bedding at the Keeseville section corresponding to a drop in proglacial lake level and a thick
(~0.5 meter) sand layer in the lacustrine rhythmites at the Plattsburgh Air Force Base exposure, which may
correspond to a large sediment influx into the basin. Finally, a unique bed of red clay has been identified at
the same stratigraphic position at the Plattsburgh Air Force Base and Salmon River exposures (Rayburn et



FRANZI, RAYBURN, YANSA, AND KNUEPFER A5-9

al,, 2002), which is similar in nature and stratigraphic position to a red clay bed observed in cores taken
north of Montreal, Canada (Jan Aylsworth, pers. comm.).

Glacial lacustrine and marine sediments observed and sampled from exposures at the former
Plattsburgh Air Force Base bluff and the bank of the Salmon River have shown that there is good
correlation between sites, and that there is sufficient terrestrial polien and plant macrofossil preservation to
produce a paleoecological study during the time of the lacustrine to marine transition, as well as viable
AMS C ages (Raybumn et al., 2002). The till-lacustrine contact has been observed at Keeseville and Rae
Brook, NY. Based on these exposures, we have estimated the ice retreat rate through the study area was
about 0.45 km/year. Late marine sands cap the Air Force Base bluff, Salmon River and Rae Brook sites,
indicating that they contain a complete post-glacial lacustrine and early marine record. The sediment
sequences at the Air Force Base and Rae Brook are about 15 meters and 9 meters thick, respectively.
Observed couplet thickness at these locations ranges from about 2mm to 5 cm.

A 4.57 meter-long core was obtained from Long Pond, between Willsboro and Keeseville (Stop 9,
Figure 1), in March 2002. Long Pond was flooded by Lake Coveville immediately following ice recession
from its valley. Proglacial lake water receded from the Long Pond valley when water level in the
Champlain Lowland dropped to the Lake Fort Ann level thus creating an early version of modern Long
Pond. The Lake Coveville to Lake Fort Ann drainage event may be recorded in the core by a contact
between rhythmically laminated glacial lacustrine silty clay and lacustrine fine sand and silt. A wood
sample collected 1 cm above this contact yielded a date of 10.9 + 76 '*C ka B.P. (Wk -10957).

Cobblestone Hill Ice Margin

Cobblestone Hill forms a conspicuous, elongate ridge on the northern flank of Cold Brook at the
southeastern margin of Altona Flat Rock where the ice-marginal breakout flood river from Lake Iroquois
entered glacial Lake Vermont, The ridge is more than 15 meters high, 500 m wide, and 2.5 kilometers long
and is composed of angular boulders, almost exclusively Potsdam Sandstone, that range from 0.5 to about 3
meters in diameter. The average size of surface boulders decreases to the southeast. The position of the
ice-front at the time of the breakout is marked by large kettle holes on the northern flank of Cobblestone
Hill. The ice front extended northwestward toward Covey Hill where it corresponds closely to ice-front
position No.11 of Denny (1974) (Figure 3).

The Cobblestone Hill deposits occur in crude terraces at elevations of approximately 230 m and 205 m,
which lie close to the projected water planes of glacial lakes Coveville and Fort Ann (Chapman, 1937;
Denny, 1967, 1970). The highest deposits on Cobblestone Hill correspond to similar deposits at Bear
Hollow, approximately 1 km south across the present valley of the Little Chazy River. We believe that
these data indicate that the ice front lay along the norther flank of Cobblestone Hill as the Lake Iroquois
breakout began. The flood discharge initially deposited large boulders of Potsdam Sandstone, most of
which were quarried locally from the sandstone pavements, into Lake Coveville. Glacial Lake Vermont

“ dropped during the later stages of the breakout flood and the lower portions of Cobblestone Hill boulder

deposit were graded to the Lake Fort Ann level. It is possible that the large influx of floodwater from the
Lake Iroquois breakout overwhelmed whatever dam was impounding Lake Coveyville and initiated erosion
of the outlet to the Upper Fort Ann threshold. We have also observed that the southern extent of the
Ingraham Esker, which extends 27-km northward from Beekmantown to Champlain (Figure), lies close to
the reconstructed ice margin at the time when the ice front stood at Cobblestone Hill. We believe that it is
also possible that the 30-meter drop in lake level between lakes Coveville and Fort Ann steepened the
hydraulic gradients of meltwater within the ice mass and initiated the formation of the Ingraham Esker
tunnel system. Cobble and gravel terraces on the northeast flank of Cobblestone Hill represent beach ridges
formed in Lake Vermont (Woodworth, 1905a; Chapman, 1937; Denny, 1974) following retreat of the ice
from the Cobblestone Hill ice margin,
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' Figure 3. Map of the Champlain Lowland depicting the Cobblestone Hill ice margin and the breakout of
glacial Lake Troquois near Covey Hill.
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PALEOCLIMATIC IMPLICATIONS

Ocean/atmosphere general circulation model (GCM) experiments by Rehmstorf (1995, 2000) predict
that moderate changes in the flux of freshwater input into the North Atlantic, perhaps less than 0.06 Sv (1
Sv=10°m®s™), can lead to disequilibria in the North Atlantic Deep Water (NADW) circulation, producing
substantial changes in regional climate, such as the Younger Dryas event (Broecker et al., 1989). Recent
efforts to model freshwater drainage from the North American continent during the last deglaciation by
Licciardi et al. (1999) and Marshall and Clarke (1999) estimated that flow changes into the North Atlantic
during deglaciation were approximately the same magnitude as those necessary, according to climate
models, to affect NADW production, There were three major routes for freshwater discharge into the
North Atlantic during the last deglaciation; through the Hudson Strait via Hudson Bay, through the St.
Lawrence River, and through the Hudson River. While Licciardi et al. (1999) model recognize all three
drainage routes, they acknowledge that the actual duration of southward drainage through the Hudson River
is not well constrained. The Marshall and Clarke (1999) model does not have sufficient resolution to
distinguish between discharges through the St. Lawrence River and the Hudson River paths (Marshall, pers.
comm.).

The northern end of the Lake Champlain Basin is located at the junction of two of these three drainage
routes. During the interval between the retreat of the ice margin from the northern slopes of the
Adirondack mountains, and deglaciation of the lower St. Lawrence River Valley, all meltwater from the
Great Lakes, St. Lawrence Lowland, and Champlain Valley regions that entered the North Atlantic had to
pass through the Hudson River Valley via Glacial Lake Vermont in the Champlain Valley (Clark and
Karrow, 1984; Pair et al., 1988; Pair and Rodrigues, 1993). When ice margin retreat opened the drainage
route through the lower St, Lawrence Valley the southern Lake Vermont outlet was abandoned, and all
freshwater drainage from the Great Lakes, St. Lawrence Lowland, and Champlain Valley was re-routed
from the Hudson River Valley to the Gulf of St. Lawrence via the Champlain Sea (Clark and Karrow,
1984; Pair et al., 1988; Pair and Rodrigues, 1993).

We estimate that the drop from the Coveville to the Upper Fort Ann level released about 108 km’® of
water (Rayburn et al., 2001). The exposure at Keeseville Industrial Park indicates that this transition
occurred within one-half varve year. We have therefore concluded that the discharge from this event was
between 0.011 and 0.045 Sv, based on a one to four month event (Rayburn et al., 2001, Rayburn et al,, in
review). This discharge, about the smallest of the large freshwater discharge events, would have entered
the North Atlantic through the Hudson Valley. We estimate the freshwater discharge that entered the North
Atlantic through the St. Lawrence Valley during the lacustrine/marine transition was at least four times as
farge (Rayburn et al., 2002; Rayburn et al.,, in review). Estimates for water volume change between the
Upper and Lower Fort Ann levels, the Main and Frontenac levels of Lake Iroquois, and the Frontenac and
Upper Fort Ann levels in the Lake Ontario Basin are currently underway.

Our mapping has indicated that there were three large discharge events associated with transitions
within the basin 1) the Coveville to Upper Fort Ann level transition, 2) the Upper Fort Ann to Lower Fort
Ann level transition, and 3) the Lower Fort Ann to Champlain Sea level transition, Three other large scale
discharge events that passed through the basin have also been recognized 1) the transition from the Main
Lake Iroquois to Frontenac level which discharged through an outlet at Covey Hill and entered Lake
Vermont at Altona Flat Rock, 2) the confluence of Lake Frontenac and Lake Vermont (the water in Lake
Frontenac was roughly 110m higher than the water in the Lake Vermont before the confluence), and 3) at
least one large discharge event from Lake Agassiz that was directed to the region through the Great Lakes
{Clayton, 1983; Teller, 1987).
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ROAD LOG

Description

0.0

0.2

0.8

0.2

0.9

2.7

1.5

4.0
0.8

0.5

0.4
0.1

1.1

0.1

0.0

0.2

1.0

12

2.1

4.8

6.3

10.3
111

116

12.0
12.1

13.2

13.3

Assemble at the west parking lot of Hudson Hall on the SUNY Platisburgh
campus. Leave the lot and turn right (west) onto Broad Street.

Turn right (north) at the second traffic light onto Prospect Street. Continue
north on Prospect until it ends at a traffic light on Tom Miller Road.

Turn left (west) onto Tom Miller Road and proceed across the I-87 overpass to
the traffic light at Quarry Road.

Turn right (north) onto Quarry Road and proceed north to the traffic light at the
Cadyville Expressway (Rte 374).

Quarry Road ends at Cadyville Expressway intersection. Continue straight
(north) through the intersection onto Rte 22.

The Rae Brook exposure lies on the east side of the small stream valley to your
right. The base of the section consists of dark gray, calcareous diamicton
(till). The diamicton is overlain by 1.0 o 1.3 meters of thinly laminated
rhythmites, which are in turn overlain by marine clays. The faunal
assemblages described by Cronin (1977, 1979, 1981) represent the late
glacial transition from lacustrine to marine environments in the Champlain
and St. Lawrence Lowlands approximately 11.6 to 12.0 '*C ka. B.P. The
bottom water temperatures and salinities at this time probably ranged from —
2°C to 10°C and 0 to 18 ppt, respectively (Franzi and Cronin, 1988).

Continue north on Rte. 22 to the blinking traffic light at Beekmantown Four
Corners.

Turn left (west) onto O'Neil Road. O"Neil Road bears right at 0.4 miles from
the Rte 22 intersection. Continue north on O’Neil Road until it ends at the
West Church Street intersection in Chazy.

Turn left (west) onto West Church Street.

Turn right (north) onto Barnaby Road. Barnaby Road crosses the Little Chazy
River 0.1 miles north of the West Church Street intersection.

Denny (1970, 1974) mapped low-relief marine beach ridges on the right (east)
of Barnaby Road. The hummocky topography for the next 0.5 miles was
mapped by Denny (1974) as recessional moraine,

Continue straight (north) on Barnaby Road past the Slosson Road intersection.
Barnaby Road and the pavement end at this point. Continue straight (north) on

Blaine Road. Blaine Road makes a sharp left turn at 0.9 miles, Continue
west on Blaine Road.

Blaine Road makes a sharp right turn at the gate to the entrance to the Altona
Flat Rock property owned by the William H. Miner Agricultural Research
Institute. Leave Blaine Road and continue straight (west) through the gate,
It is a good idea to open the gate before completing this step.

The Altona Flat Rock access road rises onto the northeastern flank of
Cobblestone Hill.

Park at a clearing near a sharp turn in the access road.
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STOP 1. COBBLESTONE HILL BEACHES. (20 minutes) The beaches at this location were first
described by Woodworth (1905a) and later by Denny (1974). The deposits consist predominantly of
moderately rounded to well rounded, cobble gravel in multiple, low relief ridges or terraces that extend
along the northern and eastern flanks of Cobblestone Hill at elevations between 206 and 175 meters above
sea level. The highest ridges lie near the projected highest shoreline of the Upper Lake Fort Ann.
Individual ridgess are typically I to 2 meters high and 10 to 20 meters wide, and often extend laterally for
more than 400 meters (Denny, 1974). The gravel is almost exclusively composed of Potsdam Sandstone
that was presumably derived from the alluvial cobble to boulder gravel that composes Cobblestone Hill.

- The large (0.2 to 1.4 meter diameter), angular boulders that comprise the core of Cobblestone Hill can
. be seen along the road a short distance above the highest beach ridge. The boulders of Cobblestone Hill
represent material washed into Lake Vermont from the sandstone pavements by ice-marginal streams from
the breakout of glacial Lake Iroquois (Woodworth, 1905a; Denny, 1974; Clark and Karrow, 1984; Pair et
al., 1988). Reworking of these alluvial deposits by wave action with relatively litfle longshore transport
probably formed the beach deposits (Denny, 1974).

Miles

Cum, .
Between ! Description
Points Mileage
13.3 Continue up the access road and turn right at the fork just past the highest beach
ridge.
0.1 13.4 Bear right and onto a concrete road (Scarpit Road) at Miner Dam. The Scarpit

Road presents many hazards, especially for those driving it for the first time.
Please drive slowly and cautiously. The road lies on the southwest flank of
Cobblestone Hill following the abandoned shoreline of the former reservoir
behind Miner Dam.

Miner Dam was part of a failed hydroelectric project initiated by William
Miner in 1910 (Gooley, 1980). By the time of its completion in March, 1913,
the concrete dam, known locally as the "Million-Dollar Dam", had a maximum
height of over 10 meters and stretched more than 700 meters across the Little
Chazy River valley.” The design capacity of the reservoir was more than 3.5
million cubic meters.

The inadequate flow of the Little Chazy River and ground water seepage
through Cobblestone Hill, which formed the eastern flank of the reservoir,
proved to be major design flaws for the project. A 10 to 15 cm layer of concrete
grout was spread over more than 100,000 m? along the flank of Cobblestone Hill
(the Scarpit) to mitigate the seepage loss. A deep trench was excavated at the
base of Cobblestone Hill behind the dam for the purpose of pouring a grout
curtain to the underlying sandstone and thereby, presumably, sealing the
northeastern flank of the reservoir. The dam and generating station were
completed in 1913 but it took almost two years to fill the reservoir to capacity.
The grouting effort was partially successful and the power generating plant
began operation on January 21, 1915, more than four years from the beginning of
the project (Gooley, 1980). The power plant produced electricity intermittently
for seven years before mechanical problems forced the abandonment of the
project.

Construction of a second dam, the Skeleton Dam (Gooley, 1980),
approximately 1.5 km upstream was begun in 1920 to provide supplemental flow
to the main impoundment. The Skeleton Dam project, however, ended with the
failure of the Miner Dam generating station and was never completed.

0.5 139 Park near the Scarpit weather station.
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STOP 2. COBBLESTONE HILL ICE MARGINAL DEPOSITS. (40 minutes) The Cobblestone

Hill boulder deposits occur at two distinct elevations at this location. The upper level lies between 225 and

232 meters above sea level and may correspond to cobble and boulder deposits at a similar elevation near -
Bear Hollow, on the southwestern side of the Little Chazy River valley. The elevation of these deposits is -
close to projected elevation of the Coveville Stage if the Coveville shoreline is extended northward from =
where Chapman (1937) and Denny (1974) mapped the northernmost Coveville shoreline deposits in the :

Saranac River valley, assuming a northward isobase gradient of approximatelyl.2 m/km. The lower level 3
lies between 206 and 215 meters above sea level and corresponds to the boulder deposits observed at Stop 8
1. The lower level boulder deposits lie close to the elevation of the Upper Lake Fort Ann high stand o
shoreline (Chapman, 1937; Denny, 1970, 1974).

The northeastern flank of Cobblestone Hill contains several large depressions that we interpret to be
kettle holes. The northeastern ends of the kettles rise onto a broad terrace composed of beach deposits
(Denny, 1970, 1974) at elevations between 201 and 204 meters above sea level. These beach deposits
correspond closely to the elevation of Lower Lake Fort Ann,

We believe that these data indicate that the ice margin stood at Cobblestone Hill at the time of the Lake
Troquois breakout and that proglacial water levels in the Champlain Lowland dropped during deposition of
the Cobblestone Hill boulder deposits deposition of the Cobblestone Hill boulder deposits.

Miles

Cum. .
Between . Description -
Points Mileage ‘
13.9 Return to the vehicles and continue northwest on the Scarpit Road.
0.3 14.2 Note the outcrop of Potsdam Sandstone on your left. The largest boulders on
Cobblestone Hill have long dimensions that exceed 3m,
0.2 144 The Scarpit Road makes a sharp right turn and the concrete pavement ends. The
road emerges onto Altona Flat Rock within 30 meters of the turn. The
transition from the northern hardwood forest on Cobblestone Hill to the jack
pine barrens on Altona Flat Rock is abrupt at this location.
0.1 14.5 Park at the USGS observation well.

STOP 3. ALTONA FLAT ROCK SANDSTONE PAVEMENT AND JACK PINE BARRENS.
(20 minutes) The large areas of sandstone pavement provide habitat for some of the largest jack pine 3
(Pinus banksiana) barrens in the eastern United States (Woehr, 1980; Reschke, 1990). Jack pineis a
relatively short-lived (<150 years), shade-intolerant, boreal species that maintains communities on the
sandstone pavements because of its adaptations to fire and ability to survive in an area with thin (or absent),
nutrient-poor soils.

A large proportion of the pine barrens in northeastern New York are owned by a few public and private
sector organizations. The William H. Miner Agricultural Research Institute is the largest landowner of pine
barrens with almost 1000 ha (hectares) of jack and pitch pine barrens on Altona Flat Rock. New York State
owns an additional 600 ha of the Altona Flat Rock barrens, approximately 100 ha of the Gadway barrens
and 200 ha of pine barrens at The Gulf near Covey Hill. The Adirondack Nature Conservancy owns 222 ha
of the Gadway jack pine barrens at Blackman Rock.

Plattsburgh State University and the William H. Miner Agricultural Research Institute have
collaborated in research and teaching initiatives in the Altona Flat Rock pine barrens for more than 30
years. The hydrogeological equipment and instrumentation at Stops 2 and 3 are part of the Ecosystem
Studies Field Laboratory (ESFL), a field station dedicated to undergraduate teaching and research in
geology and environmental science. The field site offers an excellent geological, hydrological and



FRANZI, RAYBURN, YANSA, AND KNUEPFER A5-19

ecological setting for illustrating the interdependence of natural processes and the effects of human
activities on natural ecosystems. For the past three years the ESFL site has been the focus of the
Plattsburgh Research Experiences for Undergraduates program, which is funded by the National Science
Foundation and the William H. Miner Agricultural Research Institute. The reader is referred to Franzi and
Adarns (1993, 1999) for a more detailed description of the Altona Flat Rock pine barrens and the
Ecosystem Studies Field Laboratory Project.

Miles

Cum, L
Between . Description
Points Mileage
14.5 Turn back onto the Scarpit Road and proceed back toward Miner Dam.
1.1 15.6 Bear left at the end of the Scarpit Road at Miner Dam and continue toward the
gate at the entrance to the property.
0.1 15.7 Continue straight through the gate onto Blaine Road and continue to Slosson
Road.
1.2 16.9 Turn left (east) onto Slosson Road. Please drive cautiously and watch for
children and farm animals as you pass the Parker Farm at 17.1 miles.
0.3 17.2 A marine beach ridge can be seen in the field on the right (south) near the
intersection with Vassar Rd. Continue east on Slosson Road to the
intersection with Rte. 22,
1.5 18.7 Continue straight (east) on Slosson Road across the Rte. 22 intersection to the
Rte. 348 intersection.
1.5 20.2 Continue straight (east) on Slosson Road across the Rte. 348 intersection to the
Ashley Road intersection.
0.7 209 Turn left (north) onto Ashley Road.
0.5 214 Turn right {east) into the Kalvaitis gravel pit.

STOP 4. INGRAHAM ESKER AT THE KALVAITIS GRAVEL PIT. (40 minutes). The Ingraham
Esker is one of the most conspicuous glacial landforms in the northern Champlain Lowland. This pit
contains esker fan deposits, such as described by Diemer (1988), and deposits resedimented by wave action
in the Champlain Sea as described by Denny (1972, 1974). Most of the pit is cut into proximal to medial
subaqueous fan gravel and sand. The resedimented deposits consist primarily of fossiliferous gravel that
occur as dipping bedsets on the western flank of the esker, Individual beds are several centimeters to a few
decimeters thick and are laterally continuous for several meters.

Miles

Cum. -
Between . Description
Points Mileage
214 Leave the gravel pit and turn left (south) onto Ashley Road.
0.5 21.9 Turn left (east) onto Slosson Road.
0.5 22.4 Turn right onto Esker Road. A gravel pit containing esker tunnel and proximal

subaqueous fan gravel and sand can be seen on the right (west) side of the
road at 22.5 miles.

0.8 23.2 Park beside the road near the head scarp of a gravel pit.
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STOP 5. INGRAHAM ESKER AT ESKER ROAD. (10 minutes) This location is the “West Pit”
section of Diemer (1988), Most of the sediment consists of coarse-grained channel fill deposits. These
deposits generally occur lenticular beds that are meters thick, tens of meters wide and may be traceable
for tens of meters in the flow direction (Diemer, 1988). Marine reworking of the esker deposits at this
location is restricted to a thin layer (1 to 2 meter) of interbedded sand and gravel near the top of the pit.

Miles

Between " Description
Points Mileage
232 Continue south on Esker Road to the Stratton Hill Road intersection.

1.2 24.4 Turn left (east) onto Stratton Hill Road and cross the I-87 overpass. The esker
was removed in the 1-87 corridor but the ridge can be seen on the right (south)
side of Stratton Hill Road east of I-87.

02 24.6 Stratton Hill Road makes a sharp right turn at the stop sign. Turn right (south)
and continue on Stratton Hill Road.

0.9 25.5 Turn right (south) onto Rte. 9. The esker ridge parallels Rte. 9 on the right-hand
(east) side of the road. The ridge crosses the Rte 9 at 26.2 miles and continues
its southward trend on the left-hand (west) side of the road.

6.2 317 Enter the City of Plattsburgh on Rte. 9. Continue south.

0.9 326 Continue straight through the lights at the intersections of Tom Miller Road and
Sailly Avenue near the Georgia-Pacific Paper Mill.

0.2 32.8 Turn left (south) onto Miller Street.

0.5 333 Turn left (east) at the end of Miller Street and proceed to the stop sign at City
Hall Place near the MacDonough Monument. Turn right (south) onto City
Hall Place.

0.2 33.5 Turn right (east) at the stop sign onto Bridge Street and cross over the Saranac
River,

0.1 336 Turn right (south) at the traffic light onto Peru Street.

0.1 33.7 Continue Straight (south) through the first traffic light and turn left (east) onto
Hamilton Street at the second.

0.1 33.8 Continue straight (east) through the MacDonough Street intersection.

0.1 339 Turn right (south) onto Club Street and enter the former Platisburgh Air Force
Base. Club Street becomes US Oval West and continues south past the former
officers quarters.

0.9 34.8 Continue straight (south) at the stop sign onto Ohio Avenue East.

0.2 35.0 Turn left (east) on the marina access road.

0.1 35.1 Cross the railroad overpass to the parking lot.

STOP 6. PLATTSBURGH AIR FORCE BASE MARINA SECTION AND LUNCH STOP. (80
minutes) The bluffs along the shore of Lake Champlain extend for more than 1 km north from the former
Plattsburgh Air Force Base marina. The bluffs probably contain a complete late glacial stratigraphic
section, however, no single location contains all of the stratigraphic units. A massive gray diamicton lies
at the base of the glacial section. The diamicton is exposed at the north end of the bluffs where it overlies
striated bedrock. The upper contact is not exposed.
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The base of the section near the marina consists of more than 3 m of dark gray clayey rhythmites, which
were probably deposited as varves in glacial Lake Vermont. The rhythmites occur as clay and silty clay
“couplets that range from a few centimeters thick in the lower part of the section to thin couplets that rarely
exceed a few millimeters in thickness near the top of the unit. Soft-sediment deformation structures are
common. Rock and sediment clasts are distributed throughout the unit as individual clasts and in discrete
layers along bedding planes. A deformed bed of medium sand that is 0 to 0.2 m thick occurs near the base
of the exposed section. The lateral extent of this unit is not known. A thick reddish brown clay lamina
occurs near the top of the rhythmite unit. This lamina is similar in nature and stratigraphic position to ared
clay bed observed in cores taken north of Montreal, Canada (Jan Aylsworth, pers. comm.).

The rhythmites are conformably overlain by 1.5 to 2.0 m of laminated to thinly bedded, fossiliferous
marine mud. The mud facies coarsens upward to horizontally bedded silt and fine sand. The silt and sand
unit is approximately 7 m thick and the unit coarsens upward. Individual beds range from a few
centimeters to a decimeter or two thick and are generally normally graded. These deposits probably record
the incursion and gradual regression of the Champlain Sea in the region,

Miles Cum. .
Betv_veen Mileage Description
Points
351 Turn back across the railroad overpass to Ohio Avenue East.
0.1 35.2 Turn right (north) onto Ohio Avenue East,
0.2 354 Turn left (west) onto New York Road and exit the Former Air Force Base.
0.1 355 Turn left (south) at the light onto Rte 9. Continue south on Rte. 9 to Keeseville,

The road passes Clinton County Community College at 37.6 miles, crosses
the Salmon River at 39.2 miles, and crosses the AuSable River at 44.2 miles.

9.1 44.6 The road rises onto a marine delta deposit built by the AuSable River into the
Champlain Sea. The upper surface of the delta is at an elevation of about 70
meters above sea level.

1.1 45.7 The road rises onto a higher (elevation = 106 m) marine delta,
1.0 46.7 Cross the AuSable River at AuSable Chasm and turn right into the parking lot
on the south end of the bridge.

STOP 7. AUSABLE CHASM DISCUSSION AND PHOTO OP. (15 minutes) AuSable Chasm is
one of the most unique scenic spots in the Champlain Lowland. The AuSable River has carved a
spectacular gorge that exposes a 135 m thickness of the Keeseville Member of the Potsdam
Sandstone. The AuSable River also cuts through the upper marine delta noted in the road log, and
thus, the cutting of the chasm postdates the Champlain Sea interval.

Miles Cu
Between MileI:‘e Description
Points g
46.7 Continue south on Rte. 9.
1.5 48.2 Tumn left at the traffic light and follow Rtes. 9 and 22 south. The road crosses
the AuSable River and then bears right (south) into the village of Keeseville.
0.4 48.6 Rte. 9 rises out of the AuSable River Valley and onto the surface of a delta that

was built into Lower Lake Fort Ann. The delta surface elevation is
approximately 156 meters above sea level.

0.9 49.5 Turn right (west) onto Augur Lake Road.,
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Miles Cum A
Between Milea.e Description
Points . g
0.2 49.7 Tum right (north) onto Industrial Park Road
03 500 Park beside the road.

STOP 8, KEESEVILLE INDUSTRIAL PARK EXPOSURE. (40 minutes) The Keeseville Industrial
Park section is exposed in a landslide scar on the south bank of the AuSable River. The river is deeply
incised into a deltaic terrace graded to Lower Lake Fort Ann. The surface elevation of the delta surface

. is approximately 155 m.,

A massive to crudely bedded, dark gray diamicton forms the base of the section. The diamicton is
overlain by approximately 2 m of thythmically laminated silt and clay couplets. Clay laminae are generally
1 cm or less thick and the silt laminae or beds range from about 0.5 to 4 cm thick. The silt beds are
commonly internally laminated. The rhythmite section contains about 67 couplets. The rhythmite section
is conformably overlain by approximately 7 m of deltaic silt and sand that coarsen upward to sand and

gravel,

The sediments at Keeseville Indusirial Park record ice recession from the AuSable Valley. The basal
diamicton is interpreted to be a till and thus represents ice cover. The rhythmites are probably varves and
thus record inundation of the lower AuSable Valley by proglacial Lake Coveville. Assuming that the entire
varve sequence represents proglacial Lake Coveville and the overlying silt and sand record the drop of
proglacial lake level to Upper Lake Fort Ann, then Coveville occupied the lower AuSable Valley for
approximately 67 varve years before proglacial lake levels dropped to the Upper Lake Fort Ann level. The
ice front may have receded about 30 km north to the Cobblestone Hill Ice margin over this time interval at
an average retreat rate of approximately 0.45 km/yr,

Miles Cum
Between Mile 'e Description
Points a8
50.0 Follow Industrial Park Road back to Augur Lake Road.

0.3 503 _Turn left (east) onto Augur Lake Road.

0.2 50.5 Turn left (north) onto Rte. 9 and proceed back toward Keeseville.

0.9 514 Turn left (east) at the base of the hill onto Clinton Street.

1.5 529 Turn right (south) onto Highlands Road. Highlands Road offers spectacular

, views of Lake Champlain. Burlington, Vermont lies directly across the lake
at this point and is visible on a clear day.

2.1 55.0 A series of marine terraces lie to the left (east) side of the road.

0.3 553 A prominent Upper Lake Fort Ann sand and gravel spit parallels the right (west)
side of the road. Chapman (1937) identified this feature and measured its
surface elevation as 161 meters above sea level.

58 61.1 Turn left (south) onto Rie. 22. Long Pond is on the right (west) side of the road
at 61.6 miles.

1.6 62.7 Turn right (west) onto Reber Road North.

0.6 63.3 Pull off the side of the road adjacent to Long Pond.
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STOP 9. L.LONG POND CORE. (40 minutes) The Long Pond basin was a deep embayment in Lake
Coveville. The drop to the Upper Lake Fort Ann level, however, left proglacial water levels in the
Champlain Lowland below the threshold of Long Pond. The bottom sediment of Long Pond was vibra-
cored in March, 2002. Wood obtained 1 cm above a horizon that may represent the drainage of Lake
Coveville at this site yielded a date of 10.9 + 76 '*C ka B.P. (Wk - 10957). These discussions will
continue at the Pok-O-MacCready Outdoor Education Center 0.5 miles (63.8 miles) west of this location
where a portion of the Long Pond Core will be displayed.

Miles Cum. >
B;(t;;’net:n Mileage Description
63.8 Continue west on Reber Road.

5.1 68.9 Turn right (west) onto Deerhead Road.

L7 70.6 The Deerhead Road traverses an Upper Lake Fort Ann delta built by the North
Branch of the Boquet River,

1.0 71.6 The road rises to the top of a large Lake Coveville delta, known locally as “The
Plains”, The “The Plains” delta was built by North Branch flow that was
augmented in its early stages by outflow from proglacial lakes in the AuSable
River basin to the west via the “Channel Belt” (Kemp and Alling, 1925;
Diemer and Franzi, 1988).

0.6 72.2 Deerhead Road crosses over I-87. There is a good view of “The Plains™ delta to
the right (south). Continue west on the Deerhead Road to the Rte 9
intersection.

0.9 73.1 Turn left (south) onto Rte.9 and proceed to the intersection with Pulsifer Road.

2.7 75.8 Turn right (west) onto Pulsifer Road. The road makes a sharp right 0.3 miles
from the intersection. Stay on Pulsifer Road.

0.6 76.4 Turn left (west) and proceed through the gate to the NYCO wollastonite quarry

at Oak Hill. The road crosses a series of channeled kame terraces and
eventually rises to the quarry. Park well off the haul road.

OPTIONAL STOP 10. NYCO WOLLASTONITE QUARRY. (40 minutes) The quarry operators have
excavated deeply into ice-marginal stratified drift and diamicton on the flank of Oak Hill. The
composition, stratification and texture of these deposits is highly variable. The stratified sediment
probably represents sedimentation by ice-marginal streams flowing from the “Channel Belt” (Kemp and
Alling, 1925) and local impoundments. The diamicton are probably till or sediment flow deposits.

Miles Cum
B;uf(een Mileage Description
oints
76.4 Return to the gate at the entrance to the quarry and turn right (south) onto
Pulsifer Road.
0.6 77.0 Turn right (south) at stop sign onto Route 9.
1.0 - 780 Turn left (east) onto County Route 12 and proceed to 1-87.
1.6 79.6 Turn right (south) onto the 1-87 access ramp and proceed to the NEIGC-

NYSGA conference center in Lake George.

End of Road Log
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THE CHAMPLAIN THRUST SYSTEM IN THE WHITEHALL-SHOREHAM AREA: INFLUENCE OF
PRE- AND POST-THRUST NORMAL FAULTS ON THE PRESENT THRUST GEOMETRY AND
LITHOFACIES DISTRIBUTION,

Nicholas W. Hayman, Department of Earth and Space Sciences, Box 351310, University of Washington, Seattle,
WA 98195, nickh@u.washington.edu
W.S.F. Kidd, Department of Earth and Atmospheric Sciences, University at Albany, SUNY, Albany, NY, 12222

Introduction

The Taconic foreland is an exemplar of collisional tectonics and the Charoplain Valley of West-Central
Vermont is a pivotal region for mapping and reconstructing this system (figure 1). This is because between the
latitudes of Middlebury, VT and Whitehall, NY, the shelf sequence gives way to the foredeep and rise sequences
along the strike of the eastward dipping range (Stanley, 1987; Kidd et al., 1995} (figure 2). Although many
significant contacts between the sequences have been recognized as faults, the accrued transport on these faults, and
the relationship between them in : )
time and space, is ambiguous.
This is partly due to the
difficulty in determining the
map frace of significant faults
across regions of poor outcrop
and sharp contrasts in
stratigraphic units and
sedimentary facies.
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Figure 1, Map of New England
illustrating the relationship
between geologic provinces. All
of the faults depicted are normal
faults except for the major
thrusts of the Taconic thrust
belt. The Hartford and Newark
grabens (the latter is not
depicted) are Mesozoic
structures. Many of the normal
faults west of the Taconic thrust
belt that cut the southern margin
of the Adirondacks, and those in
Quebec, are demonsirably
medial Ordovician age, without

subordinate paleotrench normal
orientations (inset detail from
Mohawk Valley; location
outline shown by outline box).
Dashed lines indicating
extensions of normal faults are
beneath the Silurian-Devonian
cover, and do not cut it.

significant earlier or later slip, ‘ L e oston
and in paleotrench parallel, and A Hartford ﬂ)\'
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This field trip visits outcrops along the Champlain thrust system (CTS), including the Metzawee (River)
fault, a late normal fault that significantly truncates thrusts of the CTS. These outcrops are from the areas discussed
in Hayman and Kidd (2002), a synthesis of our work in the region. Our mapping focused on the CTS, which was
responsible for large (>80 km) transport of the shelf section (Rowley, 1982). A cornerstone of our interpretation is
that many abrupt changes in map units along-strike, and problems in restoration of cross-sections across the map
area, are the consequence of reactivation of preexisting faults. The early (prethrust) faulting occurred in response to
extension along the synconvergent flexural forebulge. Other significant lithic changes are the result of late
(postthrust) normal faulting associated with one of the several phases of extension that affected the region. The
thrust system projects to depth and thus is dynamically related to the overlying Taconic thrusts, and collectively
forms a decollement beneath the Green Mountain crystalline core of the Taconic orogen (Rowley, 1982).

The Taconic Sequence allochthonous

rocks

Building on the early work identifying “g
the major faults and unconformities in the 47

- . jautochthonous
Taconic sequence (e.g. Dale, 1899; Keith, ~- .| shale
1932; Zen, 1967), several workers refined the
allochthonous stratigraphy, related the units g | [[”" | autochthonous
to Cambrian-early Ordovician rise and J 177" | shale and melange

middle Ordovician foredeep sedimentary
facies, and recognized that most of the :

deformational fabric in the rocks post-dated ag | 5 g;“;?ghthmws
lithification (Delano et al., 1979; Rowley and ]
Kidd, 1983; Bosworth and Rowley, 1984). par-

These observations and inferences provide a :ggghotg::us
restoration of these rocks to their depositional

site that requires far-traveled tectonically
rooted thrusts such as are found in modern
arc-continent collisions (Rowley and Kidd,

| par-

%

{,\\‘/\\ ~

ALY

autocthonous
1983) (Figure 3). The simplest model of shelf rocks N
such a foreland thrust system predicts a “3 X
forward-propagating system wherein, for the o

Taconic foreland, thrusts young to the west.

However, many of the fold patterns,

deformational fabrics, and cross-cutting “2

relationships of thrusts found in the Taconic

foreland require at least some late

deformation (Zen, 1972; Rowley and Kidd,

1983; Stanley and Ratcliffe, 1985). “
One explanation for late deformation

derives from observations of cutcrop

structures, fabrics, and map patterns in the

Taconic foreland requiring at least one out- “0

of-sequence thrust towards the front of the

Taconic thrust system. This thrust was

awkwardly named the Taconic frontal thrust

Grenville

Stop number

f:ﬁ:{itiorKE)o

ERARE A

due to its position at the western frontof the  #g |, 10 km
Taconic Allochthon near Whitehall, NY U5y Fort Edward @ &
(Bosworth et al., 1988). P L [ o oy TT P

Figure 2. Regional map of west-central Vermont to the upper Hudson River valley of New York illustrating the
trace of the Champlain thrust system. The Mettawee fault, in a dashed line, places deformed and low grade
metamorphosed shale and flysch, and to the north of Whitehall, imbricated upper shelf carbonates, against the
parautochthon. South of the disappearance of the parautochthonous carbonates, it is unclear precisely where the
trace of the Mettawee fault or Champlain thrust run.
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The Taconic frontal thrust cuts the Taconic basal thrust, the thrust responsible for the initial transport of the
rise-facies Taconic sequence (Bosworth and Rowley, 1984). Most of the deformational patterns at both the outcrop
and map scale can be explained with this model of Middle Ordovician forward propagating thrusting with a
component of out-of-sequence thrusting. Two possible, but not preferred, alternative hypotheses for the causes of
late foreland deformation are that: (i) they resulted from Devonian age tectonics such as the Acadian collision
between Laurentia and Avalon (Zen, 1972), or (#i) that the system underwent a phase of retrocharriage (back- and
hinterland-propagating- thrusting) with late Taconic deformation in the internal, eastern portions of the belt (Stanley
and Ratcliffe, 1985).
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Figure 3. Schematic profiles of the pre- and syn-collisional shelf. The change in sedimentary facies across the shelf
is indicated; the Monkton-Cheshire, Providence Island, Middlebury-Orwell, and Hortonville, are distal equivalents
to the Potsdam, Whitehall, Black River-Trenton, and Stony Point facies, respectively. Facies transitions between the
medial Ordovician units (Black River-Trenton limestones and overlying shales) are partly dependent upon the
development of the foredeep, the migration of the forebulge, and syn-depositional normal faulting. Deposition of the
younger shales continued after this normal faulting.

The Champlain thrust system

A structure of considerable historic significance, the Champlain thrust is the westernmost thrust in New
England with significant transport (Keith, 1932; Rowley, 1982; Stanley, 1987). However, at the latitude of
Shoreham, VT, the trace of the Champlain thrust has been uncertain because south of Shoreham there is poor
oufcrop in the extensive fields separating widely-spaced and densely-forested ridges with better outcrop, and there
are several significant along-strike changes in stratigraphic units and sedimentary facies. In this area the Champlain
thrust was proposed (Coney et al., 1972) either: (i) to splay into a system of several thrusts with a main thrust
continuing south as the Taconic frontal thrust or (if) reach a point of zero displacement in the region south of
Shoreham. Our mapping determined that thrusts could adequately be traced through the region provided that the
stratigraphy was defined on a purely lithologic basis and that some of the along-strike facies changes were localised
* by reactivation of an earlier generation of faults (Hayman and Kidd, 2002).
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Stratigraphy

One of the challenges in mapping the lower Champlain Valley is reconciling outcrop-scale observations of
lithologic characteristics with the published stratigraphy. The Centennial map of Doll (1961) and numerous
publications {e.g. Cady, 1945; Welby, 1961; Cady and Zen, 1960) define an accepted stratigraphy of the pre-Chazy
shelf sequence that includes:

. two massive quartzite/sandstone units (the Cheshire & Monkton/Danby/Potsdam)
. an intermediate dolostone (Winooski) %
. a rather complex interfingering of several Beekmantown Group dolostones (Ticonderoga, Whitehall,

Cutting, Bascom, & Providence Island, the latter belonging to the Chipman formation)

In contrast, the stratigraphy proposed for the equivalent section in New York (e.g. Fisher, 1985) includes:

. Basal clastics (Potsdam sandstone, Ticonderoga dolomitic sandstone)

. Massive dolostones (Whitehall formation; and which includes a limestone unit, Warner Hill limestone, the
cliff forming limestone near Whitehall, NY)

. A second sequence of mixed carbonate and clastic units (Great Meadows formation; which includes

Winchell Creek arenite/siltstone, Fort Edward dolostone, & Smiths Basin limestone)
A second mostly dolostone unit (Fort Ann formation; which includes many impersistent thin limestones)
. A second sequence of mixed carbonates and clastics (Fort Cassin formation; which includes the Ward
siltstone, Sciota limestone, & the Providence Island dolostone).

Many of the stratigraphic units in adjacent areas undergo an along-strike facies change when they enter the
Champlain lowlands (Cady and Zen, 1960). This complication is compounded by the problem that some of the
stratigraphic section does correlate between northern Vermont and New York, but with the unpleasant result that
physically similar units have two different names in the literature (Cady, 1945; Welby, 1961; Fisher, 1985). It is our
proposal that the stratigraphy of the portion of the Champlain Valley we focus on in this trip is best kept simple — a
basal quartzite, an overlying dolomitic section, capped by a Chazy and younger limestone section. Though there
may be local exceptions to this simplest passive margin sequence, our mapping of the area between Shoreham and
Whitehall has revealed little complication. One notable exception to the simple stratigraphy is that there is a
structurally contiguous set of rocks within the Beckmantown Group that contain silty to sandy cross-beds, burrows,
and thin limestone members indicative of a proximal shelf facies, and an equivalent section that contains massive
dolostones with only one thin (less than ten meters) limestone and one thin siltstone horizon (figure 4). We have
named the proximal sequence the Whitehall facies after the most prominent autocthonous and parautocthonous
carbonate formation in the stratigraphy of Fisher (1984). In contrast, we interpret the massive dolostone with few
clastic or limestone horizons to be a distal facies of the Whitehall. We named this the Providence Island facies as
almost all of it most closely resembles descriptions of the Providence Island formation (Fisher, 1985) and is
associated with a thin limestone and thin siltstone that closely resemble Sciota limestone and Ward siltstone. While
the Sciota and Ward are defined in the autochthonous shelf near Whitehall, the lithic equivalents in the transported
thrust slices near Shorcham appear to transgress stratigraphically (relative to the autochthon) and were probably
transitional units forming channels and/or uneven platforms across the shelf.

Our stratigraphy differs from the “official” stratigraphy of Vermont or New York and should best be thought of
as a lithologic classification to which we have provided names. This avoids reverting to Brainerd and Seeley’s
(1890) divisions a-e, a difficult terminology to use in field discussions, but rather relates the lithologic traits and the
relative stratigraphic position of the rocks to a passive margin sequence of quartzites, dolostones, and limestone. The
complicated along-strike facies changes and across-strike repetition of units, such as the basal quartzite, are
adequately explained by structural processes of thrust faulting superposed on a phase of prethrust normal faulting.

Reactivation of prethrust normal faults

The middle Ordovician outer trench slope was the site of normal faulting, between the synconvergence flexural
forebulge and the trench (Cisne et al, 1982; Bradley and Kusky, 1985; Bradley and Kidd, 1991) (figure 3). We
propose that these prethrusting faults localised many of the along- and across- strike lithic unit changes within the
thrust sheets (Hayman and Kidd, 2002). Reactivation of these faults by thrusts compounds the difficulty in mapping
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Figure 4. Stratigraphic sections and lithologic criteria for distinguishing map units within the platformal sequence.
The solid gray is the Beekmantown Group that is dominantly dolostone but contains many limestone and siltstone
horizons. These horizons are assigned formation (fm.) and member (mem.) names (Fisher, 1985). The Whitehall fm.
is the characteristic formation of the Whitchall facies and includes the Warner Hill limestone, the cliff-forming
limestone in the greater Whitehall region. The Ticonderoga sandstone, Ward siltstone, Whitehall dolostone (within
the Pinnacle slice), and Sciota limestone have uneven distribution. The thickness of map units within the different
thrust slices is measured from cross-sections; a direct measurement of section is not possible due to inadequate
outcrop and limited topographic relief. No age correlation is implied by this diagram.

this region because many of the prethrusting stratigraphic contrasts coincide with ramps in the thrusts. Our study is
one of a growing number of examples of thrust-reactivation of synconvergence normal faulting (Blisniuk et al.,
1998; Scisiani et al., 2001). A clear example of reactivation of early faults by thrusting occurs near Shoreham, VT
(ﬁgure 5, 6) where there are three prominent thrusts, each of which transports a slice of shelf section. The three
thrusts are the Main Champlain (also known as the Orwell), the Shoreham, and the Pinnacle thrusts (Coney, 1972).
Each locally transported Potsdam quartzite, though the thrusts climb from north to south resulting in the
disappearance of the quartzite in map-view. Along the Lemon Fair River, the Lemon Fair fault, a northwest-
southeast striking cross-fault, cuts all of the thrusts and bounds the southern extent of a densely thrust-imbricated
region containing the Shoreham duplex (Washington, 1985, 1987).South of the Lemon Fair, however, the thrust
sheets consist of broad,, flat panels of structurally intact shelf sections. Additionally, north of the Lemon Fair there
are several thin carbonate map units that are difficult to trace south of the Lemon Fair. An inescapable conclusion is
that there is a subtle change in sedimentary facies across the Lemon Fair fault, and a rather striking contrast in
structural style of the thrust system. Part of this change in structural style corresponds to an increase in displacement
on some of the thrusts from north to south as local thrust-duplexes and zones of thrust-imbrication with hanging-
wall anticlines are replaced by broad, flat thrust sheets with no hanging-wall cutoffs — horses and imbricates
generally restore to a nearer position than broad, flat thrust sheets. We propose that the dual stratigraphic and
structural control of the Lemon Fair is due to its origin as a cross-fault along the prethrusting flexural forebulge.
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ROAD LOG

Participants arriving early Friday from MA, CT, R1, Quebec, VT, NH, ME and points farther east should choose
their own direct way to the meeting point of the field trip, in Shoreham, VT, at the Mobil station at the
intersection of Routes 22A and 73 east. For those staying Thursday night in Lake George, take Route 9

south to the intersection with 149; turn left.

From south: take Exit 20 northbound ramp from Interstate 87; turn left at light at end of exit ramp; go north ~0.4mi

to intersection of Route 9 and Route 149 at light turn right onto 149

From north: take I-87 Exit 20 southbound ramp, turn left at end of ramp; go ~0.1mi to intersection with Route 9;

turn left at light; go north ~0.5 mi to light at intersection of Route 9 and Route 149; turn right.

Mileage
“Increment
Intersection of Route 9 and Route 149 at light; go east on 149 0.0
Intersection with Route 4 in Fort Ann; turn left onto Route 4 at light 11.5

Follow Route 4 across intersection (with light) with Route 22 (east/south) at Comstock 3.8
Turn half right at light in Whitehall following Route 4 at junction with Route 22 (north) 6.7

NY-VT border (Poultney River) 6.3
Take Exit 2 ramp from Route 4 1.5
End of exit 2 ramp; intersection with Route 22A; turn left onto 22A north 02
Intersection with Route 73 by Orwell; continue north on 22A 14.3
Intersection with Route 74 (west) in Shoreham; continue north on 22A 6.2
Intersection with Route 74 (east) in Shoreham; turn right into Mobil station , 0.4

STOP 0 - Meeting Point of Field Trip A-7

From intersection of Route 74 (east) and Route 22A, turn left and go south on 22A

Intersection with Route 74 (west); turn right onto 74 (west) 04
Leave Route 74, going straight ahead onto Watch Point Road 04
Park on right at Slateledge Farm. 0.7

Mileage
Total
0.0
11.5
153
220
283
29.8
300
4.3
50.5
509

513

51.7
524

STOP 1 - Orwell/Main Champlaih Thrust at Shoreham - ASK PERMISSION AT SLATELEDGE FARM

Continue west on Watch Point Road to intersection with Basin Harbour Rd; turn right 0.5

Turn to half right onto N. Cream Hill Road 1.2
Intersection with Lapham Bay Road; turn right 1.8
Intersection with Route 22A; turn right 0.8
Park on right at end of driveway - PARK COMPLETELY OFF THE HIGHWAY 1.1

52.9
54.1
55.9
56.7
57.8

STOP 2 - Potsdam/Ticonderoga quartzites/arenites at base of Shorcham Thrust Duplex — ASK PERMISSION

AT THE GARAGE, OR AT THE HOUSE ON THE CORNER OF THE 74/22A INTERSECTION

Continue south on Route 22A into northern part of Shoreham village;
turn left into vast parking area 100 yards before Route 74 (east) intersection. 12

STOP 3 - Middlebury Limestone in the Shoreham Duplex

From the parking area, turn left out onto Route 22A

Pass intersections with Route 74 (east) [0.1 mi] and Route 74 (west) [0.5 mi]; then

turn left at intersection onto Richville Road 0.9
Junction with N. Orwell Road on the right; parking area on the left, opposite the junction 2.1
STOP4A - Potsdam quartzites of the Pinnacle Thrust slice adjacent to the Lemon Fair Fault

Continue east on Richville Road; across the bridge, turn sharp left onto Buttolph Rd. 0.1
Park at roadside next to the roadcut 0.1

59.0

59.9
62.0

62.1
622
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STOP 4B - Carbonates adjacent to the Lemon Fair Fault, and just beneath the Pinnacle Thrust

Continue along Buttolph Road; turn right at intersection to follow it

Turn right onto Philion Road

Take half left returning to Buttolph Road

Turn right onto Richville Road

Intersection with Route 22A; turn left

Intersection with Route 73 by Orwell; turn right onto 73
Go straight onto Mt Independence Rd, leaving Route 73
Turn left at intersection onto Bascom Road

Turn right at intersection with Stevens Orchard Road
Park at roadside by house and barn

STOP 5 - Champlain/Orwell Thrust at Stevens Orchard
Continue to end of road at orchard buildings,and turn around
Continue straight, past Bascom Road junction on left

Park on right, before curve to right and roadcut

STOP 6 - Shoreham Thrust near Orwell

Continue to intersection with Old Stage Road; turn right

Junction with Singing Cedars Road; turn right
Park on right near house and barns

STOP 7 - Orwell/Main Champlain thrust sheet at Benson Bay/Blue Ledge

Go down to end of road at Benson Bay boat launch; turn around

Return to Old Stage Road; turn right

Junction with Frazier Hill Road (and N. Cross Road); turn right

At bottom of hill, left turn at junction with Turkey Farm Road
Junction with N. Lake Road; turn left
Park on roadside; enter field on south side through gate

0.2
0.1

02

0.05
2.2
57
0.4
1.3
05
1.0

0.4
14
03

0.2
1.8
12

0.1
1.3
0.7
1.5
0.9
83.9
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62.4
62.5
62.7
62.75
65.0
70.7
71.1
72.4
72.9
73.9

74.3
757
76.0

76.2
78.0
79.2

79.3
80.6
81.3
82.8
83.7

STOP 8 - Shoreham Thrust and end of Orwell/Main Champlain Thrust near Benson Landing —~ AFTER

GETTING PERMISSION AT FARM ON N. LAKE ROAD 0.4 MILES WEST OF FRAZIER HILL. ROAD

JUNCTION

Continue east/south on N. Lake Road to intersection with Lake Road;

Go across and continue south, now on Park Hill Road; this changes name again to Best Road before coming to:

Junction with Main Road (aka West Haven Turnpike); turn right

Junction with Book Road in West Haven; turn left
Park on right near entrance to private unpaved road

STOP 9A - Shoreham Thrust at West Haven, and

STOP 9B - Mettawee River Fault at West Haven - ASK PERMISSION AT BOOK FARM BEFORE

ENTERING - FIND BOOK FARM ALONG BOOK ROAD 1.1 MILES SOUTH OF STOP

Continue south along Book Road; pass Book Farm

Poultney River Bridge; NY-VT border; road changes name to Sciota Road

Junction with County Route 11; turn right

Junction to left with Stalker Road [no sign]; turn left

Junction with Fair Haven Turnpike [no sign]; turn left

Park just before junction on right with Buckley Road [no sign]

1.8 85.7
3.7 89.4
0.9 90.3
0.3 90.6
1.1 91.7
0.6 92.3
25 94.8
2.0 96.8
0.5 97.3
1.0 98.3
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STOP 10 - Pinnacle/Comstock Thrust, and Mettawee River Fault, at Fish Hill - OBTAIN PERMISSION
FROM HARMONY HILL FARM [0.5 MILE DOWN BUCKLEY ROAD FROM JUNCTION; enter field to north
through gateway/over electric fence

Turn right onto Buckley Road, pass Harmony Hill Farm 0.5 98.8
Junction with Route 4; turn right L3 100.1
Junction at light with Williams/S. Williams Street; turn left 0.7 100.8
Continue straight onto Upper Turnpike, leaving County Route 12 (turns sharp left) 1.6 1024
Mettawee River Bridge [slowly!!] 0.3 102.7
Follow paved road - Upper Turnpike - sharp left, blind hill crest, sharp right 0.7 103.4
Follow paved road - sharp left at junction with dirt road 0.7 104.1
Follow paved road - sharp left, blind hill crest, sharp right 2.5 - 106.6
pavement ends 0.2 106.8
Pull into parking area on left, just beyond low point in road 0.3 107.1

STOP 11 - Mettawee River Fault at the type locality - NO HAMMERS/SAMPLING - NYDEC REGULATIONS

Continue south on Upper Turnpike; pavement resumes ' 0.6 107.7
Turn half-right at intersection [NOT 3/4 right] onto Sheehan Road Extension 03 108.0
Junction with Route 22; Stop, then cross onto Route 40 0.3 108.3
Intersection onto County Route 17 [no name; direction sign to West Granville]; turn right 0.5 108.8
Junction with Dewey's Bridge Road; tarn right 1.1 109.9
Park at roadside; Tyler Farm, house on right, barn on left. 1.7 111.6

STOP 12 . Pre-thrust normal fault in Comstock/Pinnacle Thrust slice at Tyler Farm - ASK PERMISSION AT
TYLER FARM

Continue west on Dewey's Bridge Road; follow sharp left bend near Champlain Canal =~ 2.1 113.7

Bridge over Champlain Canal : 2.6 116.3

Railroad crossing at grade 0.1 1164

Crossroads junction with Route 4 and Route 149 in Fort Ann; go across onto Route 149 0.1 116.5

Junction of Route 149 with Route 9; turn right for Lake George Village; end of log 11.5 128.0
STOP DESCRIPTIONS

STOP 1 - Orwell/Main Champlain Thrust at Shoreham

ASK PERMISSION AT THE FARMHOUSE to visit this outcrop. Unplanned encounters with an unfriendly bull
may result if you ignore this instruction.

From Slateledge Farm house, walk east along the road passing the track to the barn nearest the house, and take the
next track which heads toward the low ridge extending north from the second barn. About 100 meters from the road,
small exposures of dark grey shales/slates occur at the side of the track. After passing a fence line (and maybe
crossing an electric fence across the track, small exposures of steeply east-dipping calcareous dark shale, and more
extensive loose material, occur on the western slope of the ridge [43” 53.740'N, 73° 19.723'W). Based on lithic
correlation, these are mid-Ordovician in age, termed Stony Point Formation in this region. They represent the
transition to deep-water deposition from the previous shallow passive margin carbonate sedimentation as the
Laurentian margin subsided rapidly on entering the Taconic subduction system. On top of the ridge here are
outcrops of pale tan-weathering, grey quartzite, gently east-dipping at this position, becoming flat and then
moderately west-dipping in a small ramp anticline on going north along the ridge. This quartzite is identified as
Potsdam Fm., of mid-Cambrian age. The westernmost major thrust of the Champlain Thrust System at this latitude
is located between the quartzite and the dark shale. This fault to the north of the Shoreham area is termed the
Champlain Thrust; in the area of Shorcham, where several major splays occur, this one has been called the Orwell
Thrust, although we have placed the name "Main Champlain Thrust” on it. The fault surface itself is not exposed
here, although the position can be constrained to an interval less than 10 meters wide.
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Figure RL-1. Outcrop and geologic maps of the Shoreham and Benson regions with field trip stops 1-8 indicated.

Looking east from the ridge towards Shorcham village, no outcrops occur in the lowlands, but extrapolation from
outcrops along strike imply that this belt is underlain by Cambrian-early Ordovician Beekmantown carbonates,
largely dolostones, which are stratigraphically above the Potsdam. In Shoreham Village, and farther east, imbricate
slices of the Shoreham and Pinnacle Thusts occur, which are examined in subsequent stops. To the west, the
Champlain lowlands, under the blanket of Quaternary lake clays, contain a few outcrops of mid-Ordovician shaly
strata which are the Taconic trench/foredeep sediments. Walk back to the road, and slates, siltstones and fine-
grained greywacke arenites of these mid-Ordovician flysch sediments can be seen in outcrops by the road opposite
the farmhouse, and in the small quarry adjacent [43° 53.639'N, 73° 19.832'W]. A well-developed moderately east-
dipping slaty cleavage cuts moderately NW-dipping bedding, and excellent slate pencils formed by this oblique
intersection weather out. The bedding strikes obliquely towards the N-S trace of the Main Champlain Thrust. We



HAYMAN & KIDD A7-19

infer from the strong cleavage and down-plunge lineation that this is probably an imbricate thrust slice attached to
and considerably transported by the Main Champlain Thrust; more autochthonous flysch west of the Champlain
Thrust in this region tends not to have prominent cleavage.

STOP 2 - Potsdam/Ticonderoga quartzites/arenites at base of Shoreham Thrust Duplex

This stop has DANGEROUS TRAFFIC CONDITIONS (high speeds and limited sight distance) - please park as far
off the paved road as possible, be extremely careful crossing the road, and do not stand on or step into the pavement
when contemplating the outcrop.

» From the parking place specified, cross the road and walk north to the roadcut [43° 55.241'N, 73° 18.743'W].
Pale tan-weathering, grey, well-indurated quartzites and local dolomitic arenites dip gently east. These can be
identified as either the upper part of the Potsdam and/or the arenite-rich part of the overlying unit, the Ticonderoga
Fm. Small-scale cross-bedding occurs locally. Mapping shows that they form an imbricate slice on the Shoreham
Thrust. In this area near Shoreham, the Shoreham Thrust Slice is a complex imbricated stack of slices, forming the
Shoreham Dupiex. '

STOP 3 - Middlebury Limestone in the Shoreham Duplex

ASK PERMISSION to park and view this outcrop AT THE GARAGE, OR AT THE HOUSE ON THE CORNER
OF THE 74/22A INTERSECTION. ,

From the east side of the parking area, walk to the north-east corner, then go east to the nearest outcrop. This is
massive limestone, showing a fairly well-developed steep east-dipping cleavage in places. About 50 meters east of
the first outcrop, another ridge of limestone [43° 54.144'N, 73° 18.377'W] contains locally prominent large coiled
gastropod fossils, probably Maclurites, which is common in autochthonous sections of Chazy Group mid-
Ordovician limestones. In these transported rocks this limestone is usually termed Middlebury Limestone. These
outcrops map as imbricate slices within the Shoreham Duplex. Recent expansion of the parking area has
unfortunately resulted in the best ountcrop being buried by bulldozed trees, soil and trash. If time is short, or
permission is refused, a smaller roadcut outcrop of this limestone can be viewed just east of the Mobil Station
parking lot on Route 74 east, but the gastropods are not clearly seen there.

STOP 4A - Potsdam quartzites of the Pinnacle Thrust slice adjacent to the Lemon Fair Fault

From the parking place, cross the road, and view tan-weathering, grey indurated quartzites, locally dolomitic, of
the Potsdam Fm. East of the intersection [43° 52.386'N, 73° 16.321'W] they dip steeply southwest; in the outcrop
west of the intersection, they dip gently southwest. The monoclinal fold outlined by this dip change, and the oblique
strike, we interpret as due to proximity to the Lemon Fair Fault, and the lateral ramp it defines in the thrust
geometry. These quartzites are regionally part of the Pinnacle Thrust Slice; this thrust is not exposed here, but its
position can be constrained by mapping to the south. The Lemon Fair Fault runs here along the river; looking across
from the parking place, limestones on the other side of the fault can be seen at the base of the old bridge abutment.
The outcrop of Stop 4B is just beyond this through the trees.

STOP 4B - Carbonates adjacent to the Lemon Fair Fault, and just beneath the Pinnacle Thrust

Roadcut outcrop [43° 52.398'N, 73° 16.280'W] of limestones, dolomitic limestones, and minor dolostones which
are adjacent to the Lemon Fair Fault. The generally rather fractured appearance, and the common presence of calcite
veins, are indicative of this proximity. The dominant fractures and veins strike NW, dipping steeply north to vertical,
subparallel with the Lemon Fair Fault. One vein shows prominent steeply pitching slickensides. These rocks are part
of a slice of early-mid Ordovician limestone-dominated carbonates localised immediately under the Pinnacle Thrust
in the area north of the Lemon Fair Fault, but not present to the south. This and other substantial changes in
structural geometry that occur across the Lemon Fair Fault show that it was used as a major lateral ramp structure by
the thrusts of the Champlain System. Because facies and stratigraphic thickness variations only occur in mid-
Ordovician units across this structure, we infer that it was generated as a mid-Ordovician cross-strike "flexural”
normal fault, and then converted to use as a lateral ramp in the Champlain Thrust System.
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STOP 5 - Champlain/Orwell Thrust at Stevens Orchard

Walk up the road from the parking place by the house and barn/garage. On the east side, an outcrop of
calcareous dark shale/slate, with a local phacoidally cleaved fault zone, i$ mid-Ordovician Stony Point Formation.
Farther up on the same side just above a driveway there is a smaller outcrop and loose material of the same unit.
About 20 feet above this, seen in the roadcut and the ridge going south from it, are dolostones of the Beekmantown
Group forming the base of the Main Champlain (or Orwell) Thrust here. A little farther up on the north side of the
road [43° 47.077'N, 73° 20.586'W], similar dolostones, showing not very prominent medium to thick-bedding and
homogeneous brown-weathering, are exposed. This outcrop also shows the characteristic "fretted” weathering
pattern produced by differential removal of abundant narrow calcite veins that are ubiquitously and abundantly
developed in these transported dolostones, but are not usually seen in autochthonous dolostone sections in areas to
the south. Dolostones like these form all of the body of both the Main Champlain (Orwell) and Shoreham Thrust
Slices at this latitude; the Potsdam quartzites are absent because the thrusts have ramped up laterally to within the
late Cambrian-early Ordovician carbonate section. Rocks like these are conventionally termed "Providence Island
Formation", but we have little confidence that this is stratigraphically meaningful in the sense of strict correlation to
the type section on Providence Island. The map pattern of the Main Champlain Thrust in this local area shows that it
is very gently east-dipping, or almost flat.

STOP 6 - Shoreham Thrust near Orwell

On the corner with the roadcut outcrop [43° 47.439'N, 73° 19.236'W], east of the parking spot specified, -
deformed calcareous shales ("Stony Point Fm") make up most of the exposure, although at the western end a contact
can be observed with fractured tan-weathering Beekmantown (late Cambrian/early Ordovician) dolostone above the
shales. This dolostone forms a low ridge in the woods that parallels the road westwards to beyond the Bascom Road
junction and, back along the road in this direction, smaller outcrops of both calcareous and non-calcareous deformed
shales can be found locally, with dolostones near or in contact above the shales. The thrust fault defined by this
contact is the Shoreham Thrust; the local map pattern demonstrates that this fault also is near flat-lying here. As for
the Main Champlain Thrust, the absence here of Potsdam Fm is due to the thrust climbing section southwards, in
part across the lateral ramp structure of the Lemon Fair Fault. A much better, even excellent outcrop of this fault
exists 20 meters west into the woods near the end of Wilcox Road, about 1.0 mile SW of this outcrop, but the
current landowner is most unwelcoming and is quick to display a gun.

STOP 7 - Orwell/Main Champlain thrust sheet at Benson Bay/Blue Ledge

ASK PERMISSION AT THE HOUSE.

The main part of the outcrop visible from the parking area is now only accessible through the pig mud wallow,
unfortunately. We recommend viewing it from the road, from where the nearly flat-lying well-defined planar
bedding in the dolostones is clearly seen. To see rocks closer up, walk east along the road, to a large oak tree on the
corner [43° 45.889'N, 73° 20.399'W}, and then go into the bushes a short distance where the same well-bedded
sugary-textured dolostones continue to outcrop. Here the existence of common dark chert as nodules and patches in
the dolostones can be seen, both in the outcrop and in the talus fragments. This unit is clearly identifiable in the
Beckmantown stratigraphy of Fisher (1985) as the Whitehall Formation. Nearby, on White Ledge, the cliff visible to
the east of the road, more Whitehall Formation is exposed; above it one can find in the woods good outcrop that
shows overlying Beckmantown units matching those of Fisher (1985), including the unmistakeable Winchell Creek
cross-bedded arenites. Structurally, we are back down in the Main Champlain Thrust slice (the fault is well-
constrained by outcrop on Blue Ledge a few hundred meters to the northwest of this outcrop), yet the whole section
catried by the Thrust here is utterly different from the homogeneous, poorly-bedded, veined dolostones at and just
south of Stop 5, no more than 1-2 km. away. We identify this change to occur across a NW-trending valley just to
the northeast of this stop location, and interpret this to be a lateral ramp in the thrust system inherited from a flexural
Ordovician normal fault. The change in the sheif facies that occurs in the "Main Champlain” Thrust sheet here is by
far the most pronounced anywhere, and it must represent a very substantial relative distance (we think many tens of
kilometers) between the sites of detachment of the stratigraphic sequences north and south of this change. Because
the sequence in the MCT slice from here south so closely matches the autochthonous stratigraphic sequence defined
by Fisher (1985), we think it is unlikely to have been displaced very far (<10km?). Because it is likely the MCT to
the north has significantly larger displacement (at léast several tens, and perhaps >80km - Rowley, 1982) we think
there must be a large displacement transfer here from the MCT north of this site, along the lateral ramp fault up to
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the next thrust, the Shoreham Thrust. Not only is there a substantial change in the MCT hanging wall here, but the

footwall also contains a similar (and we think closely related) feature about 1 km. SW of this stop. There is an

abrupt change, from mid-Ordovician shales and calcareous shales of the Stony Point Fm as the footwall strata, to an

autochthonous shelf carbonate/clastic section of the "Whitehall” sequence. This change takes place across a mapped

cross-fault which affects the MCT as a small-offset lateral ramp/tear fault, but which has a much larger

stratigraphically-defined offset in the footwall. We think this is also a mid-Ordovician normal fault used soon after
to localise a ramp in the lowest part of the thrust system. )

STOP 8 - Shoreham Thrust and end of Orwell/Main Champlain Thrust near Benson Landing

GET PERMISSION AT FARM ON N. LAKE ROAD 0.4 MILES WEST OF FRAZIER HILL ROAD JUNCTION
This stop may be omitted if time becomes short.

Enter field on south side of road [43° 43.781'N, 73° 20.562'W] through gate [OPEN AND CL.OSE IT BEHIND
YOU - PLEASE DON'T CLIMB OVER IT]

About 50 meters from gate [43° 43.751°N, 73° 20.599'W] dark calcareous shales of Stony Point Fm. Follow the
track on the east side of the valley for another 50 meters or so; small outcrops of calcareous shales occur at the foot
of the ridge to the east, while massive fractured dolostones occur up the slope and at the crest of the ridge. This
defines the Shoreham Thrust here (to the south this has been called the Shaw Mountain Thrust). On the hillsides and
tableland to the west of this valley, on a longer walk than we have time for, flat-lying shelf strata of "Whitehall
facies” that map in the MCT slice are sparingly exposed; there has to be a normal fault bounding these against the
Stony Point Fm. shales which continue down this valley in and near the stream. The Main Champlain Thrust
terminates against this normal fault, and is not present farther south. We think that this normal fault originated as an
Ordovician "flexural” normal fault, and was subsequently reactivated with reverse displacement sense and used by
the Champlain Thrust System as a "terminal ramp" including the transfer of the residual displacement on this
southernmost part of the MCT up to the Shoreham Thrust,

If desired by those on independent schedules, continue walking down the valley until the stream enters a
continuous section exposing dark calcareous shales [43° 43.575'N, 73° 20.934'W]. Outcrops of near flat-lying
dolostones (Fort Edward) or cross-bedded arenites (Winchell Creek) are found on the northwestern slope of the
valley, e.g. dolostones at [43° 43.636'N, 73° 20.895'W], at an elevation significantly above the shales in the stream

STOP 9A - Shoreham Thrust at West Haven

From the parking place [43° 38.727'N, 73° 20.888'W] walk about 120 meters south along Book Road [43°
38.663'N, 73° 20.929'W] to roadcut on east side. In the center portion of this exposure, black non-calcareous shale
(mid-Ordovician) up to 1 meter thick, with a pronounced phacoidal cleavage indicative of large shear strain, occurs
below a sharp contact with highly fractured massive dolostones ("Providence Island” lithology). This is the
Shorecham Thrust, and mapping of the surrounding area shows uneguivocally that it is here the westernmost thrust in
the Champlain System - in other words that the "Main Champlain Thrust" farther north has disappeared. To the
south across the Vermont-New York border at the Poultney River, the Shoreham Thrust too disappears as a discrete
mappable structure, although minor folding and incipient ramps can be detected in shelf rocks at its expected
position as far south as the latitude of Whitehall. A major WSW-ENE cross-fault passing north of this outcrop cuts
and displaces the autochthonous shelf section and the Champlain Thrust System stack, crossing Book Road at the
parking spot. The Shoreham Thrust is offset by this structure with an apparent left lateral displacement of about 2
kilometers. Two other faults like this one pass through the next valley north near West Haven hamlet. These cross
faults are discussed in the description of Stop 9B below.

STOP 98 - Mettawee River Fault at West Haven
ASK PERMISSION AT BOOK FARM BEFORE ENTERING - FIND BOOK FARM ALONG BOOKROAD 1.1
MILES SOUTH OF STOP

From parking place [43° 38.727'N, 73° 20.888'W], enter field on east by walking between the two fences,
opening the gate if necessary. Follow the grassed-over track into the edge of the woods (about 100 meters), then
along the edge of the woods (about another 200 meters), then angle down the crest of a low ridge in the meadow
(about another 100 meters) to the edge of the woods crossing the low ridge [43° 38.850'N, 73° 20.513'W]. Outcrop
of fractured tan-weathing dolostone ("Providence Island" lithology) is found just inside the woods at this point. Use
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the sketch map below to navigate and understand the geology from this point on. About 200 feet east of the first
dolostone outcrop, in the bed of the stream near the south end of the small ravine, dark slates ("Hortonville"), of
presumed mid-Ordovician age, are exposed in contact with the dolostones [43° 38.853'N, 73° 20.473'W]. This
contact is clearly a steep (60°) east-dipping fault, truncating the moderately east-dipping thick bedding in the
dolostones, and the cleavage in the slates. Given the regional context, with no thick dark slates occurring west of this
point, but rather the carbonates of the Shoreham Thrust slice, then the underlying autochthonous Cambro- :
Ordovician "Whitehall facies" sequence, with Potsdam sandstone/quartzite at its base lying unconformably on
Grenville Basement, this fault must be a normal fault, and is in fact the Mettawee River Fault first proposed by
Fisher (1985) in New York. It is the only complete exposure of this fault, although our mapping demonstrates that it
runs continuously from the Mettawee River (o be seen at stop 12) north through this locality at least as far north as
the latitude of Shoreham, and all along this length it regionally truncates the thrust stack of the Champlain Thrust
System. We suspect that it extends significantly farther north and south than this, but this falls outside our mapping
area, and there is a lack of clear truncation of components of the Champlain Thrust System beyond these extents.
One reason for suspecting a larger along-strike extent is the minimum displacement, which can be constrained from
accurately drawn cross-sections, and which demand at least 1000 meters of throw, and perhaps more than 1500
meters. This fault cuts out very significant parts of the Champlain Thrust stack, and is one of the main reasons why
previous attempts to trace the major thrust faults of the System failed. What age is this normal fault? We have no
direct younger age limit in the mapped area, other than the observation that it is cut and displaced by the WSW-ENE
faults which also cut the Shoreham Thrust. In fact this set of local outcrops (see sketch map) shows that relationship
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directly, with a smaller splay of the larger WSW-ENE fault
displacing in an apparent left-lateral sense the dolostone-
slate contact (the Mettawee River Fault). Despite the
prominence of the WSW-ENE faults, we have seen no direct
evidence in outcrops near the fault valley indicating whether
they are really left-lateral strike slip faults or whether the
displacements are created by dip slip movement (in this
case, it would require north side down) working on
consistently east-dipping strata and faults. Thus these ENE-
WSW faults, and the Mettawee River Fault, could be
Taconic in age, although they might be younger, e.g.
Acadian, or even Mesozoic, and they do not necessarily
have to belong to the same orogenic episode.

Figure RL-2. Outcrop and geologic map of Stop 9B ~the Mettawee fault at West Haven.

STOP 10 - Pinnacle/Comstock Thrust, and Mettawee River Fault, at Fish Hill

OBTAIN PERMISSION FROM HARMONY HILL FARM [0.5 MILE DOWN BUCKLEY ROAD FROM

JUNCTION]

Enter field to north of parking point through gateway/over electric fence. Go round pond on western side, loop
round north end, crossing dry bouldery bed of stream, and head NE up slope toward outcrops just into the woods.
[Cross electric fence at edge of woods]. Find contact between grey indurated quartzites above and tan-weathering
crudely bedded dolostones below [43° 33.942'N, 73° 21.398'W), all dipping gently east. About 1 meter below the
base of the quartzites, there is a projecting ledge exposing a bedding-parallel surfaceof fractured and veined
dolostones, smears of limestone, and loose fragments of dark shale coming from the 10-30 e unexposed interval
between the dolostone above and the ledge with limestone smears below. This is the Comstock Thrust, which we
maintain corresponds with the Pinnacle Thrust to the north of Orwell (or more precisely here it is the lowest fault
surface in a zone which places imbricated Potsdam and Ticonderoga/Whitehall quartzites and dolostones over Fort
Asn and Providence Island dolostones). Walk east along the base of the hillside outcrop; an ~10 meter section
mostly of quartzites is conformably overlain by dolostones which extend to near the west end of the bamn, where
there are some dark cherty patches in the dolostones, Climb up on the outcrop to avoid the manure piles and to find
another imbricate fault contact placing the quartzites back on top of the dolostones, with truncation of the dolostone
bedding in the footwall as a thrust ramp. Near the east end of the barn [43° 33.920'N, 73° 21.305'W], the quartzite
outcrop ends, with locally steep and folded bedding probably reflecting accomodation to the ramp/imbricate
geometry underneath. Walk north up into the field over quartzite outcrop, then curve to the east across exposure gap
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of about 40 meters to outcrop of dark and strongly deformed, melangy mid-Ordovician shales [43° 33.957'N, 73°
21.281'W]. You have just crossed the Mettawee River Fault, which again must have substantial normal, down to
east displacement. You may find the evidence here for the existence of the Comstock/Pinnacle Thrust not wholly
compelling, but raise your eyes to the view towards the southwest, where, in the hills south of Whitehall, the map of
Fisher (1985) unquestionably demonstrates a) the existence of the Pinnacle/Comstock Thrust duplicating most of the
Cambrian-Ordovician shelf stratigraphy from the Potsdam upward, and b) the unquestionable fact that this thrust is
truncated on a large scale by the Mettawee River Fault.

To the east of the shale outcrop, up the slope of Fish Hill, limestones and dolostones of early-mid Ordovician age
form another of several thrust slices involving only the upper part of the outer Laurentian shelf and the overlying
mid-Ordovician dark shales. These slices rest below the westernmost fault bounding the Taconic Allochthon, which
outcrops only about a kilometer to the east.

STOP 11 - Mettawee River Fault at the type locality

[NO HAMMERS OR SAMPLING PLEASE - NY DEC REGULATIONS]

From parking area [43° 28.259'N, 73° 22.153'W], walk from northeast corner along path which quickly
descends to a bouldery small stream bed. If wet, the path down can be slippery since it passes through well-rounded
fluvial pebble gravel and underlying lake clays; the sloping bedding surfaces of the carbonate outcrops can also be
treacherous in places. Cross the stream bed near/at the Mettawee River bank and get onto the outcrop along the west.
bank of the River [43° 28.283'N, 73° 22.103'W]. These carbonates are mapped by Fisher as Providence Island
Formation, and dip about 10-20 degrees east. The lowest part of the section here consists of dolostones; the upper 4
meters contains substantial limestones; we think it is possible that the part of the section containing limestones is
either basal Chazy or Black River. This shows some bedding surfaces with well-developed ripples, and small
mudcracks, and selectively dolomitized burrows. Local meter-scale folding of periclinal type affects these beds near
this end of the section. Walk north along the west bank on the outcrop; mostly dolostones are exposed farther north.
About 70 meters north, dark highly deformed mid-Ordovician shales extend from the east bank across the river to an
almost complete section at the small rapids. Depending on the streamflow, it may or may not not be possible to
examine the shale closely. The contact of the deformed shale with the dolostone beds at the west side of the stream
is not quite fully exposed (even at the lowest water we have seen, there is a gap of 10 cm or so), but is clearly sharp,
and parallel with bedding in the dolostones. This is somewhat surprising, for a contact which maps out a short
distance to the north as a sharp fault that unquestionably truncates strata of the carbonate shelf stratigraphy, as well
as the major thrust fault which duplicates this sequence (see the map of Fisher, 1985). Also surprising, for a fault
that must have substantial normal sense displacement, is the fact that most or all quartz fiber slickensides in the
shale here give thrust sense of displacement!

We infer either that the normal fault mapped to the north passes east of this outcrop within the shale belt, or that
the motion is confined to a surprisingly narrow zone along the contact; the full exposure at Stop 9B suggests the
latter possibility is more likely than one might be inclined to think based on this outcrop at Stop 11 alone.

STOP 12 - Pre-thrust normal fault in Comstock/Pinnacle Thrust slice at Tyler Farm

ASK PERMISSION at Tyler Farm house [43° 26.849'N, 73° 24.432'W] before going into fields to north of road. If
visiting the western part of the ridge, also ask at the old stone house about 0.2 mi west of Tyler farmhouse.

This stop may be skipped if time runs short.

Refer to the outcrop map to navigate. Outcrops on the slope above the Tyler farmhouse, and above the old stone
house 0.2 miles west of this, begin with mid-Ordovician limestones of Black River and/or Trenton age; the thin-
bedded shaly ones are termed Glens Falls Fm, the more massive ones siratigraphically below are Orwell Fm. They
strike about E-W and dip steeply south. Units of the upper Beekmantown ( Providence Island, Sciota Limestone, and
Ward Siltstone) are found on and near the crest of the first ridge, with decreasing dips towards the valley to the north
in which a fault is located. The zone of steep dips is interpreted as a bend fold [“"drag fold"] against the hanging wall
of (inferred from its straight trace, and the limestone maximum dips) a steeply south-dipping normal fault, and
perhaps also is partly an accomodation to the lateral ramp this fault has provided to the Comstock Thrust. North of -
this ~E-W striking fault, various units of the older parts of the Beekmantown are found forming mostly a moderately
east-dipping panel truncated at the normal fault. These strata are in the hanging wall of the Comstock Thrust
(=Pinnacle Thrust), which here is the last and only thrust fault in the exposed part of the Laurentian shelf sequence
between the autochthonous Grenville basement and mid-Ordovician shales of the Taconic foredeep. The Comstock
Thrust is included on the map of Fisher (1985), although he shows its continuation by joining it to the E-W fault



Hayman & Kidd

A7-24
referred to above, which we think is geometrically and kinematically unlikely. Our map (based on mapping by Y.
Pan and W, Kidd), instead interprets the E-W normal fault to intersect the Comstock thrust and to be truncated by it.
In addition, we interpret the Comstock Thrust to continue south across the point of this truncation, and the map
pattern requires that it abruptly climb stratigraphic level from the Ticonderoga or Potsdam sandstone to near the base
of the mid-Ordovician limestones despite no change in its structural level. This requires the thrust to have truncated
an existing normal fault that had a throw of several hundred meters, nearly the full thickness of the shelf sequence.
Since there is no indication approaching the E-W fault of any thickness or facies change in the pre-Black River '
section, we infer that this normal fault too is a mid-Ordovician age structure, generated during flexure of the
Laurentian continental margin as it approached the Taconic trench and subduction system. (As a additional note on
the structure of the local faults, we find no evidence of the existence of the rootless klippen of Potsdam-Whitehall
Fm strata shown not far southwest of this locality on Fisher's 1985 map. We think he confused gently dipping
autochthonous Winchell Creek and stratigraphically conformable dolostones with the lower units here; there is in
our view no stratigraphic or structural evidence requiring this peculiar object to exist).
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Figure RL-3. Outcrop and geologic map of Tyler farm, stop 12,
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GECLOGY AND GEOCHRONOLOGY OF THE EASTERN ADIRONDACKS
By

James McLelland, Dept. Geology, Colgate Univ. and Skidmore College, Saratoga Springs, New York, 12866
M. E. Bickford, Department Earth Sciences, Syracuse University, Syracuse, New York, 13244-1070
Frank Spear and Lara Storm, Department Earth and Environmental Sciences, RP1, Troy, New York, 12180

INTRODUCTION

Geologic background and detail for the Adirondack region is summarized in the introduction section of trip
A-1, “Geology and geochronology of the southern Adirondacks” by McLelland, Storm, and Spear. The reader is
referred to that section for relevant background information. Here we summarize broad considerations
pertaining to the eastern Adirondacks.

The eastern Adirondacks contain a wide variety of rock types, and this trip aims to visit representatives of
the major lithologies. Stops include units recently dated by U-Pb geochronology including multi- and single-
grain TIMS and SHRIMP I analyses. Results of these investigations are presented in the text of trip A-1, to
which the reader is referred. Broadly, the various lithologies fall into the following groups: 1300-1350 Ma
tonalites and granodiorites; 1150-1160 Ma anorthosites, mangerites, charnockites, and granites (AMCG suite);
1090-1100 Hawkeye granite; and 1035-1060 Ma Lyon Mt Granite (LMG). The two major orogenic events
associated with these are the Elzevirian and Ottawan Orogenies (Moore and Thompson, 1980). The former falls
into the interval ca 1350-1170 Ma and involves protracted arc magmatism and accretion capped by a
culminating collisional orogeny from ca 1200-1170 Ma (Wasteneys ef al, 1999). The latter refers to the
Himalayan-type collision of Laurentia with Amazonia during the interval ca 1090-1000 Ma. Most of the
metamorphic and structural effects present in the Adirondacks are the result of the Ottawan Orogeny, but
Elzevirian features can be recognized locally. Both the AMCG suite and the LMG are thought to be late- to
post-tectonic manifestations of delamination of overthickened orogens.

Structurally, the eastern Adirondacks are dominated by the same large, recumbent fold-nappe structures (Fy)
as found in the southern Adirondacks, and with fold axes oriented dominantly ~E-W parallel to lineation. As in
the southern Adirondacks, the fold-nappes are thought to have sheared-out lower limbs, but this has yet to be
demonstrated on a map scale. At least two distinguishable upright fold events are superimposed on the nappes:
F; with shallow plunging ~E-W axes and F, with shallow-plunging NNE axes. All of three fold sets affect
Hawkeye and older units, and thus must be of Ottawan age. This also the case with the strongly penetrative rock
fabric, including strong ribbon lineations, that are present in these rocks and are associated with the large fold-
nappes. Intense fabric of this sort is largely absent from the Lyon Mt Granite and this is interpreted to reflect its
intrusion in late, post-nappe stages of the Ottawan. In the northern portion of the eastern Adirondacks the NNE,
F4, folds become quite tight and have a strong lineation associated with them. This may be the result of rock
sequences being squeezed between large, domical prongs of anorthosite. Finally, we note that there exists
abundant local evidence of small isoclinal F, folds that pre-date F,. These, and their associated fabrics, are
thought to be Elzevirian in origin, and in 2 few cases this can be shown to be the case.

A dominant feature of the eastern Adirondacks is the great Marcy anorthosite massif that underlies almost
all the High Peaks. Over two-dozen zircon age determinations demonstrate that the anorthosite was emplaced at
1150 + 10 Ma (Table 2, Trip A-1) and that associated granitoids and coronitic metagabbros are coeval with it.
These relationships make it clear that thermal energy from the anorthosite had nothing, whatever, to do with the
granulite facies that characterize the Adirondack Highlands and post-date the AMCG suite by 60-100 million
years. The specifics of Adirondack P,T relationships and uplift history are discussed trip A-1 and its appendix
AA-1. It is likely that most of the region experienced peak temperatures on the order of ~800° C and pressures
of ~8 Kbar. Based upon extensive isotope work by John Valley and his students, it appears most likely that this
metamorphism proceeded under fluid-absent conditions (Valley et ol., 1983). Note, however, that this does not
exclude the presence of late, post peak, fluids assoeiated with the emplacement of Lyon Mt Granite,
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ROAD LOG

0.0 Start in the parking lot of the Fort William Henry Motel and Conference Center, Lake George, NY. T
Turn left (south) on Rt. 9.

0.5 Pass Prospect Mt entrance on right.

1.0 Junction with 9N, Turn right at light,

1.2 Turn right (niorth) on Northway (Rt 87). Note exposures of pink granite along Northway.

4.0 Sulfidic staining on NNE fault in granite.

55 Exposure of hornblende granite on left,

59 Pegmatite on right.

6.0 Pass metagabbro

6.7 Homblende granite on both sides.

1.0 Hornblende granite

72 Homblende granite with metagabbro

7.4 Metagabbro, pegmatite, and metasediments on right.

7.5 Take Exit 23 off of Northway

8.0 Turn right at stop sign

8.4 Turn left (north) onto Schroon River Road,

83 Junction with Wall St on right. PARK

STOP 1. MEGA-GARNET AMPHIBOLITE. (20 MINUTES). This small roadcut at the intersection of
Schroon River Road and Wall Street is an example of what is referred to as a “Poor Man’s Gore Mt.”. The
roadcut contains large (up to 8” across) almandine-rich garnets rimmed by black hornblende and set into an
amphibolite matrix that can be shown to have formed from metagabbro. The assemblage is reminiscent of the

- famous deposits at the Barton Garnet Mine on Gore Mt where garnet growth has been dated at ca 1050 Ma
(Mezger et al, 1990) using Sm-Nd techniques. The northern contact of the present exposure is characterized by
a deformed hornblende-biotite-quartz-oligoclase pegmatite that also crosscuts the interior of the gametiferous
amphibolite. Several other examples of “Poor Man’s Gore Mt” oceurrences are present in the Adirondacks, and
all ~ including Gore Mt- share in common proximity to high angle faults that host pegmatites, quartz-veins, etc,
We propose that the faults served as plumbing systems for hydrous magmas that provided water to the
amphibolites at temperatures of ~700°-800° C. This anomalous circumstance resulted in elevated diffusion
rates that enhanced garnet growth at a small number of nucleation sites. The homblende rims represent the
excess of hornblende constituents in the area of local garnet growth. Post peak decline in the activity of H,O, or
continued increase of T, caused reactions between gamnet and hornblende to produce calcic plagioclase (ANS0)
and orthopyroxene.

126  Bridge across Schroon River
12.7  Stop sign. Turn right (north)
17.7  Park on shoulder of road.

STOP 2. ca 1300 Ma TONALITE. (20 MINUTES). These outcrops consist of tonalitic rocks dated
elsewhere as ca 13001350 Ma by U/Pb zircon. Their chemistry is calcalkaline, and, together with associated
granodiorites, they are interpreted as having formed in one, or more, magmatic arcs during the Elzevirian events

-, of ca 1400-1220 Ma. Locally these units contain xenoliths of, or crosscut, metasedimentary rocks, thus

establishing a minimum age for most, if not all, of these units in the Adirondacks. (See Step 4, Trip A 1-1)
19.7  Junction with Northway (Rt 87). Enter northbound ramp.

313  Exit Northway at Pottersville. ’

316  Stop sign. Tumn right (north) at junction with Rt 9.

31.7  Continue right on Rt 9.

323 Turnright (east) on Glendale Road by Word of Life Bible Camp.
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C 50 microns )

Fig. 2 CL images of zircons from Lyon Mountain Granite at Stop 3.

Note the euhedral morphology and sharp terminations as well as -
the presence of oscillatory zoning in mantling zircon indicative

of magmatic growth. Half grains such as B,C yielded 1049 + 2 Ma.

066 +/- 13
1049 +/- 8

100 microns

Fig. 3 CL images (A,B) and transmitted light (C,D,E) of typical Lyon Mt
Gran2ite. In all cases corroded AMCG cores are surrounded by thick
mantles of ~ 1050 Ma zircon that commonly shows excellent oscillatory
zoning (E) indicative of magmatic growth.
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340  Quartz-sillimanite nodules in Lyon Mt Granite.
342  Roadcut of Lyon Mt Granite on left (north) side of Road. Park on right next to Smith Pond.

STOP 3. ca 1050 Ma LYON MT LEUCOGRANITE. (30 MINUTES). The medium grained, pink
“leucogranite is characteristic of the main quartz-microperthite unit of Lyon Mt Granite that occurs in broad
tracts across the Adirondack Highlands. The classical low-Ti Kiruna-type magnetite deposits of the
Adirondacks are closely associated with the granite, either occurring within it or in rocks (usually
.metacarbonates) immediately adjacent to it. Magnetite mineralization is commonly accompanied by sodic
alteration manifested by checkerboard albite and by quartz-albite (Abeg) replacements of the original quartz-
microperthite rocks (McLelland et al., 2002). A total of six occurrences of Lyon Mt Granite from across the
Adirondacks have been dated by U/Pb techniques including single and multigrain TIMS and SHRIMP II (Fig.
2). All of these fall into the interval 1050 + 10 Ma (McLelland et al., 2001). The present roadcut was dated by
single grain TIMS methods and yields an age of 1049 + 2 Ma (Fig. 3). Staining of the roadcut reveals that it
contains several sheets and layers of quartz-albite one of which is associated with a irregular veinlet of
magnetite, Locally, quartz-sillimanite nodules are present in these rocks and are attributed to leaching by high
temperature hydrothermal fluids (McLelland et al., 2002). Pegmatites and quartz veins are common.
349  Turn left (north) on Short Street
354  Turn left (north) on Adirondack Road.
37.3  Turnright (northeast) on Pease Hill Road.
38.2  Stay left at intersection
40.9  Tum left (north) at intersection with Palisades Road.
41.6  Quartz-sillimanite nodules in Lyon Mt Granite included by Walton and deWaard in their “Basement
Complex™.

43.0  Junction with Rt 8. Tum left (northeast) at stop sign.
43.7  Metapelites assigned by Walton and deWaard to their “Older Paragneiss™.
443 Marble, calcsilicate of Walton’s “Paradox Lake Formation in near continuous outcrop for 2.6 miles.
46.9  Long roadeut of migmatitic metapelite assigned by Walton to the “Treadway Mt Formation”, Park.

STOP 4. HIGHLY DEFORMED MIGMATITIC METAPELITES (> 1300 Ma). (30 minutes). The
southern and eastern Adirondack Highlands, as well as the Northwest Lowlands, contain a significant thickness
of dark garnet-biotite-quartz-oligoclase -+ sillimanite metapelite accompanied by a garnet-bearing white quariz-
feldspar leucosome. McLelland and Husain (1986) interpret the leucosomes as in situ anatectic products of the
original rock and the dark fraction as restite. Greywacke is a likely precursor. The presence of armored spinel,
and rarely corundum, are consistent with this interpretation. In regions of low strain the leucosomes are present
as crosscufting, anastamosing, irregular sheets, dikes, and veins of clearly coarse-grained pegmatitic material.
As strain increases, the pegmatitic material gets pulled into psuedoconformity, disrupted, and grain size reduced
so as to yield porcellaneous layers that are commonly parallel but locally retain their original crosscutting
‘configurations. In short, the apparent layering in these rocks is almost wholly tectonic and has nothing to do
with original stratigraphic superposition. They are, in fact, mylonitized migmatites, of the variety referred to as
“straight gneiss”. As indicated in stop 2, these metapelites are crosscut by the ca 1300 Ma tonalitic suite, and
therefore post-date these rocks. Our interpretation is that their current reintegrated compositions are best
accounted for by a greywacke-shale precursor, and that these were arc-related, flysch-type sediments
approximately coeval with the Elzevirian tonalites. This would also help to explain the relative proximity
between these lithologies. The age of anatexis is currently being investigated, but a pilot SHRIMP i1 study on a
leucosome from near Speculator reveals a complicated pattern of zoning and inheritance with cores of age ca
1240 Ma and metamorphic overgrowths of 1010-1040 Ma. S8andwiched between these are mantles with
oscillatory zoning and ages of 1170-1180 Ma, We interpret these mantles as zircon grown during anatexis and

--dating this event as Elzevirian. The absence of further significant anatexis in the granulite facies Ottawan
Orogeny (1090-1030 Ma) is thought to be the result of earlier dehydration of the migmatites during the
Elzevirian anatexis. Both mafic and granitic sheets can be traced across the roadcut face and reveal the
presence of fault offsets, Note that the name “Treadway Mt Formation™ assigned to this unit by Walton suggests
that it has stratigraphic characteristics and continuity. This assumption is no longer considered to be correct and
is, at best, is a lithotectonic assignation.

47.2 Granite and gabbro.
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479  Large isoclinal fold in quartzites and metapelitic rocks.
48.1  Undeformed gabbro.
484  Marble. Park in parking area.

STOPS5. SWEDE MT SEQUENCE. (60 MINUTES INCLUDING LUNCH). The metasediments
exposed along the Rt 8 at Swede Mt provide an exceptional opportunity to closely examine both the rocks and
structure. At the southwestern end of the sequence (mile 48.9) a well-exposed isoclinal fold can be seen in the
large roadcut on the south side of Rt 8. Folded units include marble, quartzite, sillimanite-garnet-quartz-feldspar
(khondalite) gneiss, and rusty sulfidic Dixon Schist. The latter is thought to represent a sheared, altered, and
graphitic variety of the khondalite. The fold axis trends ~E-W at a low angle of plunge about the horizontal, and
its axial plarie, which dips from ~50 degrees SW to horizontal, has been folded about upright E-W axial planes.
The fold is typical of refolded isoclines in the Adirondacks. Similar rocks at Dresden Station, on the east side of
Lake George, are intruded by a metagabbro dated at 1144 + 7 Ma. At this locality the metagabbro truncates
foliation and even individual garnet grains in the khondalite. These relations indicate that the khondalite was
deposited and first metamorphosed in Elzevirian times. Early workers considered the khondalite to be a
stratigraphic unit (Hague Gneiss or Spring Hill Pond Formation), but regional mapping suggests that individual
units are continuous over distances of miles. Both Dixon schist and the khondalite were mined for flake graphite
during the early part of the century. The region around Swede Mt is known as the Dixon National Forest and the
former mining hamlet of Graphite is located at mile 49.8.As Rt 8 is followed eastward, an undeformed dolerite
dike is encountered. The dike strikes parallel to the highway and has caused brecciation and alteration of the
countiry rock that consists principally of marble at this locality.. At the top of the hill, and across from Swede
Pond, a long roadcut exposes typical Adirondack marbles. At the eastern end of these exposures, a thick bed of
quartzite is wrapped around the nose of an isoclinal fold. Note the linear features along its axis.

49.7  Elephaunt rock. Consists of leucocratic sillimanite-garnet-quartz-feldspar gneiss (khondalite).

498  Khondalite, Dixon Schist and graphite. Park on right side of road in area leading to old graphite mines.
542  Stop sign. Turn lefi (north) at junction with Rt 9N.

61.2  Charnockite of the Ticonderoga Dome. Park on right side of road.

STOP 6. TYPICAL AMCG CHARNOCKITE OF TICONDEROGA DOME (15 MINUTES). These
outcrops were dated at 1113 + 10 Ma by Silver (1969) but are certainly ca 1150 Ma member of AMCG suite.
Silver’s “young” reflects the fact that air abrasion was not yet in use when he did the analyses. Note the strong
fabric that is typical of AMCG granitoids.

63.7  Rotary. Bear left (north) on Rt 9N.

64.4  Stop light. Junction with Rt 74. Tun left (west).

65.5  Complex roadcut of marble, calcsilicate, and gabbro.

759  Park on right hand (northern) shoulder of Rt 74. DANGEROQOUS SPOT! USE EXTREME CARE!!

STOP 7. LOW-TI MAGNETITE ORE IN LYON MT GRANITE WITH QUARTZ-ALBITE
FACIES. (30 MINUTES). Old magnetite mine workings are located a few hundred feet uphill from the
highway and are defined by the excavation of magpetite ore along meter-scale layers dipping ~ 45 degrees
north. A meter-thick pillar of magnetite-apatite ore was left in place to support the hanging wall. The area below
is strewn with waste rock from the 19™ century mining operation. The hanging wall of the mine consists of the
quartz-microperthite facies of Lyon Mt Granite (Fig. 2). Thin section study (Fig. 4) reveals that for about 150 fi
uphill the perthite is progressively replaced by albite with replacement, and checkerboard albite, increasing in
the direction of the mine opening. As the mine opening is approached the amount of K;O in the rock decreases,
and below the mine pillar, the rock consists of quartz-albite rock with magnetite and small quantities of
aegerine. McLelland et al (2002) have interpreted both the magnetite and quartz-albite rock to be the result of
metasomatic replacement due to the percolation of regional fluids at high temperature. It is thought that the
fluids were derived from evolved surface brines rich in Na, Cl, and scavenged iron. Heat from Lyon Mt Granite
drove these hydrothermal cells as they penetrated into the outer margins of Lyon Mt Granite plutons shortly
after crystallization. This is consistent with oxygen isotope results (McLelland et al, 2002). SHRIMP 11
geochronology demonstrates that the quartz-albite rock contains cored zircons with mantles showing good
oscillatory zoning and ages of ca 1050 Ma. These grains are interpreted as unreplaced zircons remaining from
the original quartz-microperthite precursor.
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Fig. 4 Photomicrographs (crossed polars) of representative samples of LMG fromSkiff Mt traverse. Photos were
chosen to illustrate the progressive replacement of original microperthite (a) by albite leading to

checkerboard texture (b). In ‘(c) most of the dark grain is checkerboard albite and only asmall remnant of
microperthite remains (arrow).By (d) only a ghostly remant of microperthite is visible in the checkerboard albite.
The grain in (¢) thick albite rims have engulfed most of a perthite grain that also shows checkerboard twinning.
The end result of this replacemnt is represented by the quartz-albite rock in (f)
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764  Marble

770  Marble then granitic gneiss,

75.5  Marble for next 2.3 miles. Note disrupted amphibolite forming “tectonic fish™).

756  Junction with Rt 9. Turn right (north) on Rt 9

75.7  Junction with Northway (Rt 87). Turn right on to northbound lane,

83.1  Exit Northway at North Hudson.

83.2  Tum left (west) at stop sign and proceed towards Tahawus and Newcommb on the Blue Ridge Highway.
93.2  Roadout of anorthosite on right (north) side of highway. Park on shoulder.

STOP 8. MARCY ANORTHOSITE MASSIF DATED AT ca. 1155 Ma. (30 MINUTES). This outcrop
has yielded a relatively large volume of remarkably well-formed euhedral zircon grains exhibiting excellent
oscillatory zoning. Two of these graing are shown on the guidebook cover. A summary of all Adirondack zircon
dating appears in Fig 3 and Table 2 of trip A-1 where it may be seen that that 14 anorthosite suite samples from
across the Marcy massif have now been directly dated by SHRIMP I techniques. These cluster tightly about
1155 Ma, which corresponds, almost exactly to the 15 ages for AMCG mangerites and charnockites also shown
in Table 2. These results leave little doubt that the Marcy anorthosite and its granitoid envelope were emplaced
at ca 1155 Ma. The results also emphasize that the other AMCG complexes in the Adirondacks were emplaced
atca 1155 Ma as well. Attempts to assign a ca 1040 Ma age to the Marcy anorthosite are inconsistent with this
geochronology and with field evidence as well. The characteristics of Adirondack massif anorthosite, and a
model for its origin and evolution, are presented in Trip A-1 to which the reader is referred for these
discussions. The present outcrop is typical of much of the Marcy facies and much of the Marcy massif. Large
blue gray andesine grains account for most of the outcrop, but a finer grained matrix is also present. Whether
this represents grain size reduction or a distinct magma has not yet been investigated (see Stop 8, Trip A-1). The
outcrop contains numerous narrow veinlets of ferrodioritic material that are interpreted as filter-pressed late
interstitial magmas from the asorthosite (Mcl.eland et a/, 1994, see Trip A-1).

96.2 Roadcuts in Whiteface facies of the Marcy massif.
99.2 Large roadcut in coronitic olivine metagabbro, Park on right (north) shoulder.

STOP 9. CORONITIC OLIVINE METAAGABBRO DATED AT 1150 + 10 Ma. (20 MINUTES).
This roadcut is typical of Adirondack coronitic metagabbros that have been described by McLelland and
Whitney (1977, see Trip A-1). Under the microscope these rocks display remarkably well-preserved igneous
textures most of which are sub-ophitic. Superimposed on these are coronas of garnet and clinopyroxene formed
between olivine or pyroxene and plagioclase. During the reaction, the olivine is transformed to orthopyroxene
and therefore may be totally exhausted. Excess Fe, Mg, and Na from the reaction site migrates out into
surrounding plagioclase to form green hercynitic spinel while, at the same time, Ca displaced from the
plagioclase migrates back to the reaction site to form garnet. The effect is to cloud and impart a distinctive
pistachio green color to the plagioclase and to reduge its anorthite content, As a consequence, most plagioclase
in these rocks has An~32% although normative plagioclase is An~65% (rarely preserved in cores of large
grains). The reaction appears to halt at An~28, presumably because plagiogclase this sodic no longer participates
in the garnet-forming reaction. As of late-August, 2002, this metagabbro had not yet been dated by SHRIMP I1.
However, an identical metagabbro near the intersection of the Northway and the Blue Ridge Highway yielded
abundant zircons many of which were of excellent igneous morphology and showed good zoning. These gave a
well-constrained age of 1150 + 14 Ma, and we expect that the same age will be found for the metagabbro at this
stop. Coronitic metagabbros of this type occur throughout the Adirondacks but are notably concentrated near
the anorthosite massifs, This, coupled with the similarity in age, indicate that these bodies represent batches of
the magma that ponded at the core-mantle interface to form plagioclase-rich crystal mushes that ascended to
form anorthosite (See trip A-1). The difference is that these gabbroic magmas did not pond but broke through to
the upper crust at an early stage. A spectrum of continuous compositions does exist among the metagabbros and
suggests that tapping off of these magmas took place at different stages of differentiation.

END OF FIELD TRIP. RETURN TO NORTHWAY AND LAKE GEORGE VILLAGE
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GEOLOGY AND MINERAL DEPOSITS OF THE NORTHEASTERN ADIRONDACK HIGHLANDS

by : L
Philip R. Whitney, New York State Museum, 3140 CEC, Albany NY 12230
James F. Olmsted, 48 Haynes Road, Plattsburgh, NY 12901

INTRODUCTION

On this trip we will examine three of the most notable features of the Adirondack Highlands. The first stop
is at the NYCO wollastonite mine at Oak Hill near Lewis, where wollastonite-garnet-pyroxene skams preserve a
record of a giant Proterozoic hydrothermal system that was fed by meteoric waters and driven by heat from the
nearby Westport Dome anorthosite intrusion. The following two stops, at Arnold Hill and Palmer Hill near Ausable
Forks, are in the granitoids and felsic metavolcanics of the enigmatic Lyon Mountain Gneiss, host to numerous low-
titanium magnetite deposits that were the basis of a flourishing iron mining industry in the late nineteenth century.
The remaining three stops, one at Jay and two near Elizabethtown, are in metamorphosed anorthosite and its mafic
derivatives, and illustrate the structural complexity and lithologic diversity of these rocks which ordinarily appear on
maps as undifferentiated blobs.

BRIEF GEOLOGIC HISTORY OF THE ADIRONDACK HIGHLANDS

The oldest known rocks of the Adirondack Highlands are metasedimentary rocks with interlayered
metavolcanics. The age of deposition is not well established, but those in the southeastern Adirondacks are intruded
by 1330-1307 Ma tonalitic rocks (McLelland and Chiarenzelli 1990) and must therefore be at least 1300 Ma old.
Elsewhere in the Highlands they may be as young as approximately 1150 Ma. In the west-central and northeastern
regions, the metasediments are dominated by calcsilicates, marbles, and guartzites with minor metapelites. Several
features of these rocks indicate hypersaline depositional environments and the former presence of evaporites
(Whitney and Olmsted 1993; Whitney et al. 2002). Relative amounts of pelitic and semipelitic gneisses in the
metasedimentary section increase toward the southeast. Evidence for an early (pre-1150 Ma, Elzevirian?) tectono-
metarmorphic event has been found by McLelland et al, (1988) in the southeastern Highlands.

Voluminous igneous rocks of a bimodal anorthosite-mangerite-charnockite- granite (AMCG) suite
(McLelland and Whitmey 1990; Whitney 1992) intrude the metasedimentary rocks. Multiple episodes of intrusion are
likely, with intervening extensional deformation (Fakundiny and Muller, 1993). U/Pb zircon dating indicates that
maximum intrusive activity probably took place in the interval 1160-1130 Ma, (McLelland et al. 1996). Similar
AMCG complexes are found throughout much of the Grenville Province, and those in the Morin, Lac St. Jean, Lac
Allard, and Atikonak River areas have ages close to those of the Adirondack suite (Emslie and Hunt, 1990). Oxygen
isotopic evidence from contact-metamorphosed calcsilicate rocks favors a relatively shallow (< 10 km) depth of
intrusion for the anorthositic rocks (Valley and O'Neil 1982; Valley 1985). The mafic and felsic portions of the
AMCG suite, while approximately coeval, are probably not comagmatic (McLelland and Whitney 1990). Olivine
metagabbro bodies scattered throughout the eastern and central Highlands are also approximately coeval with the
AMCG magmatism. Slightly younger granitoids, lithologically and geochemically similar to those of the AMCG
suite, were emplaced in the interval 1103-1093 Ma (McLelland et al. 2002). Another suite of felsic rocks, the Lyon
Mountain Gneiss complex, is discussed in detail below.

Frost and Frost (1997) have proposed that large volumes of reduced, potassium- and iron-enriched type A
granitic magmas may be derived from partial melting of underplated tholeiitic basalts and their differentiates in an
anorogenic or extensional intraplate setting. They cite the Wolf River Batholith of Wisconsin, the Pikes Peak Batholith
of the Colorado Front Range, and the Sherman Batholith of Wyoming as examples of granites that originated in this
manner. Each has associated mafic and anorthositic rocks, consistent with the bimodal character of rapakivi and other A-
type suites worldwide (Haapala and Ramo, 1999). AMCG granitoids have type A geochemical signatures (McLelland
and Whitney 1990) and locally show rapakivi textures (Buddington and Leonard 1962; Whitney et al. 2002); they
may be the deformed and metamorphosed equivalent of such intraplate complexes. Subsidence associated with
underplating may give rise to intracratonic basins (Stel et al., 1993), which suggests that at least part of the
metasedimentary suite in the Adirondack Highlands may be coeval with AMCG magmatism.

Regional granulite facies metamorphism of Ottawan age in the Adirondack Highlands occurred at
temperatures of 700-850°C and pressures of 6.5-8.5 kbar (Bohlen and others, 1985; Spear and Markussen, 1997).
Early stages of cooling may have been nearly isobaric (Spear and Markussen, 1997), and there is little evidence for
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sudden orogenic collapse. These conditions, recorded in rocks of supracrustal and relatively shallow intrusive origin
require tectonic thickening of the crust, possibly by SE-over-NW thrusting associated with a collisional event
{Whitney, 1983; McLelland and Isachsen 1985). Ottawan deformation is characterized by both large-scale folding
and the development of extensive, locally mylonitic, ductile shear zones. Many of the anorthosite bodies have a
domical configuration that may reflect either the initial shape of the intrusions or later gravity-driven vertical
tectonics following crustal thickening (Whitney 1983). The age of the Ottawan in the Adirondack Highlands is not yet
clearly established. McLelland et al. (1996, 2001) place it in the range 1090-1030 Ma, based on extensive U-Pb zircon
studies of AMCG suite rocks. Florence et al. (1995) suggest a slightly younger age of 1050-1000 Ma based on U-Pb
zircon and monazite ages from nelsonite and metapelites in the western Highlands. The latter interval is in agreement
with the 1026-996 ma ages measured by Mezger et al. (1991, 1993) on metamorphic garnet and zircon in the central
Highlands. Numerous other concordant or near-concordant zircon U-Pb ages in the 1040990 Ma range indicate a high-
temperature metamorphic event in the Adirondack Highlands after 1050 Ma (Silver 1968; Mclelland et al. 1988; and
unpublished N.Y. State Geological Survey data from zircons in anorthosite). A 995 + 19 Ma Sm/Nd mineral isochron
from a garnetiferous oxide-rich gabbro dike within the Marcy anorthosite massif (Ashwal and Wooden, 1983) also
suggests a late date for Ottawan metamorphism. Davidson (1995) reports Ottawan high-grade metamorphism in the
ca. 1060-1020 Ma range throughout much of the Grenville Province.

ROCKS OF THE NORTHEASTERN HIGHLANDS

The map of the Ausable Forks Quadrangle (Figure 1) illustrates the mode of occurrence of the major rock
units of the the northeastern Adirondack Highlands. Structurally lowermost are the domical metanorthosite bodies,
here represented by the Jay and Westport Domes. Smaller amounts of mafic gneisses and granulites ranging in
composition from ferrogabbro to monzodiorite are associated with the metanorthosite. Gabbroic metanorthosite also
occurs as sheetlike bodies within the overlying metasedimentary section.

Metasedimentary rocks overlying the domical anorthosites consist principally of diopside-rich calcsilicate
granulites, impure quartzites, and calcite marbles, with lesser amounts of phlogopite and biotite schists and
metapelites, rare dolomite marble, and the economically important wollastonite ore skarns of the Willsboro-Lewis
district. The metasedimentary rocks are interlayered with amphibolite and mafic and felsic gneisses of indeterminate
ancestry, and contain intrusive bodies of olivine metagabbro and granitoids of the AMCG suite. In the central part of
the Ausable Forks quadrangle west of Black Mountain, prominent marble "dikes" crosscut a stratiform body of
anorthosite gneiss, illustrating the ductile behavior of the marble relative to that of anorthosite during deformation.
These dikes led Emmons (1842) to conclude that marble was the only clearly igneous rock in the Adirondacks!

Several features of these metasedimentary rocks suggest the former presence of evaporites. The
preponderance of diopside-rich calcsilicate rocks, the metamorphic equivalent of silicious dolostones, is significant
in that dolomite is commonly a product of hypersaline depositional environments (Friedman, 1980). The calcsilicate
rocks locally contain major amounts of microcline, possibly the metamorphic equivalent of authigenic or diagenetic
adularia. Magnesium-rich metasedimentary rocks, in particular phlogopite schists and enstatite-diopside-tremolite-
quartz rocks, are likely granulite facies equivalents of evaporite-related talc-tremolite-quartz schists, such as those
found near Balmat in the northwest Adirondacks, in stratigraphic association with diopside-rich rocks and bedded
anhydrite (Brown and Engel, 1956). Magnesite-dolomite-chlorite-quartz rocks are a possible sedimentary protolith.
Granulite facies metasedimentary rocks similar to those of the Ausable Forks quadrangle occur in the Caraiba mining
district of Brazil (Leake and others, 1979), and in the Oaxacan Complex of southern Mexico (Ortega-Gutierrez,
1984); in both localities anhydrite is present in the subsurface.

The metasedimentary complex is overlain in turn by heterogeneous, predominantly felsic gneisses known
informally as Lyon Mountain Gneiss, host to local concentrations of low-titanium magnetite ore that were the basis
for a flourishing iron mining industry in the late nineteenth century, This trip includes stops in the wollastonite skarn,
LMG, and metanorthosite, each described in more detail in the following section.
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Figure 1. Geologic map of the Ausable Forks 15° Quadrangie, after Whitney and Olmsted (1993)
DESCRIPTIONS OF LITHOLOGIC UNITS

Wollastonite skarns (Stop 1). The presence of wollastonite near Willsboro in the northeastern Adirondacks (Figs. 1,
2) has been known since the early nineteenth century. The earliest reference to it in the geologic literature is by
Vanuxem (1821). For over a century, the wollastonite was of little interest except as a mineralogical curiosity. Mining
on a small scale began at Fox Knoll near Willsboro in 1938, with the wollastonite being used as a flux for arc welding,
In 1951, the Cabot Corporation gained control, and began underground mining in 1960. Interpace Corporation took over
and expanded operations in 1969. Product development resulted in uses in ceramic bodies and glazes, as a reinforcing
filler in plastics and resins, and as a substitute for short-fiber asbestos. The operation, was purchased in 1979 by a
subsidiary of Canadian Pacific (US), Processed Minerals Inc. Open pit mining at the Lewis Mine, ten miles southwest of

Willsboro, began in 1980 and in 1982 the underground operation at Willsboro was closed. Development of the Oak Hill
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orebody is currently under way. All three properties are now owned by NYCO Minerals, Inc., a subsidiary of Fording
Coal Company of Calgary, Alberta.

The Willsboro deposit was mentioned briefly by Buddington (1939, 1950) and Buddington and Whitcomb
(1941); the geology is given in more detail by Broughton and Burnham (1944). Putman (1958) described several
occurrences of wollastonite in the Au Sable Forks and Willsboro quadrangles, including those at Willsboro, Deerhead,
and Lewis (Figure 2). De Rudder (1962) studied the mineralogy and petrology of the Willsboro ores, and attributed
them to contact metamorphism with localized alumina metasomatism. Oxygen isotope work by Valley and O'Neil
(1982) demonstrated extensive metasomatism involving meteoric water,

WESTPORT
DOME

Figure 2. Willsboro-Lewis Wollastonite District. 1. Anorthosite 2. Olivine Metagabbro
3. Mixed gneisses (gabbroic anorthosite, amphibolite, charnockite, granite,
metasedimentary rocks) 4. Ore-bearing zone (OBZ) 5. Skarn 6. Paleozoic

Geologic setting: The Westport metanorthosite dome (Figures 1 and 2) is located east and north of the Marcy Massif. It
is overlain on its north and west flanks by interlayered granulite facies metaigneous and metasedimentary gueisses,
marbles, and calcsilicate rocks. The wollastonite deposits at Willsboro, Oak Hill, and Lewis, as well as the undeveloped
prospect at Deerhead, occur within a mappable zone up to 2000 feet thick that extends for at least 14 miles along strike
(Figure 2). This ore-bearing zone (OBZ) is characterized throughout by strong to intense foliation and locally prominent
lineation. Along the northern flank of the Westport Dome from the Willsboro mine to Deerhead, the OBZ directly
overlies the metanorthosite of the dome, foliations dip NNE away from the dome, and lineations plunge NW.
Southwestward, near Oak Hill and the Lewis mine, dips flatten and lineations become parallel with the regional NNE
trend (Whitney and Olmsted, 1993). Foliation and compositional layering in both skarn and host gneisses is roughly
parallel to the contact of the underlying metanorthosite. The skarns are nowhere far from the projected anorthosite
contact in the subsurface. ‘

Metaigneous rocks within the OBZ occur as sheets and lenses parallel to foliation, emplaced either as sills or as
tectonic slivers. They include gabbroic and anorthositic gneisses, amphibolite, and minor charnockite. Interiors of thick
gabbroic layers may display relict igneous textures. In addition to the skams, metasedimentary rocks consist chiefly of
diverse suite of granular-textured garnet-clinopyroxene-plagioclase rocks, calcite marbles, and minor amounts of
quartzite and metapelite.

The ore at all four known locations occurs as tabular bodies ranging from a few feet up to as much as 80 feet
thick. Multiple wollastonite-bearing horizons, separated by gabbroic or anorthositic gneisses and amphibolite, are -
present at Willsboro (DeRudder, 1962) and at Oak Hill. The orebodies consist of wollastonite-rich ore with layers and
lenses ranging from less than an inch to several feet thick of garnet-pyroxene skarn (GPS). This compositional layering
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is ordinarily straight and sharply defined; it is probably not an original sedimentary feature but rather a result of
tectonically induced metamorphic differentiation during or subsequent to ore formation. More diffuse compositional
layering and foliation within the ore locally exhibits complex folding. Where layering is less prominent, garnet and
pytoxene may occur in clusters or lenses up to 2 inches across.

Mineralogy: The ore layers contain the high-variance assemblage wollastonite-grandite garnet-clinopyroxene. Traces
of retrograde calcite occur as thin films replacing wollastonite along fractures and grain boundaries. GPS layers within
the ore consist chiefly of garnet and clinopyroxene with or without minor wollastonite. Another type of GPS, containing
up to sgveral percent of titanite and apatite, occurs at contacts between ore and metaigneous gneisses or amphibolites
and, less commonly, as sill- or dike-like bodies within the ore. Minor and trace minerals occurring locally in GPS
include scapolite, plagioclase, clinozoisite, vesuvianite, and zircon. Discontinuous layers up to several feet thick of
pearly pure garnet, or garnet with minor plagioclase and quartz are present at some ore/gneiss contacts. These
"gametites" pinch and swell along strike or form detached lenses that resemble boudins. '
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Figure 3. Garnet and pyroxene compositions in wollastonite skarns. Data from Willsboro and
Lewis Mines. Hd = Hedenbergite. Ad = Andradite. For explanation of skarn types see text.

The pyroxenes in ore and GPS lie close to the diopside-hedenbergite join, containing >93% (Di + Hd), with
acmite (up to 3.2%) as the most common minor component. The garnets are grossular-andradite mixtures, with > 93%
(Gr + Ad); almandite (up to 4.9%) and schorlomite (up to 3.1%) are the dominant impurities, Figure 3, after Whitmey
and Olmsted (1998), shows the range of garnet and pyroxene compositions for the ore and GPS. Compositional
variation among grains within a sample can be as great as 20% Ad and 10% Hd for gamet and pyroxene respectively.
Individual grains lack detectable internal zoning that may have been initially present but was homogenized by the
subsequent granulite facies metamorphism.

Geochemistry: Whitney and Olmsted (1998) describe three distinct types of wollastonite ore and skarn, based on
mineralogy and distinctive rare earth element (REE) patterns {Fig. 4a). The most common, type C of Whitney and
Olmsted (1998), includes most of the high grade wollastonite ore and consists of wollastonite-garnet- pyroxene and
garnet-pyroxene skarns with relatively iron-rich andraditic garnet. Type H, much less abundant, is similar but with
generally less wollastonite, more pyroxene, and relatively iron-poor garnet. Both type C and type H appear to be
infiltration skarns involving large-scale metasomatic replacement of carbonate protoliths.
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Figure 4, a. Average REE distributions in Willsboro-Lewis wollastonite skarns and in northeastern Adirondack
marbles. b. REE in garnet-pyroxene layers in type C ores compared to garnet-pyroxene skamns from Adirondack
Highlands magnetite ore deposits.

A third variety of skarn (Type L} occurs at contacts of wollastonite ore with intrusive rocks and as thin
layers, possibly dikes, within and locally crosscutting wollastonite ore. Type L skarns contain variable amounts of
titanite, apatite, and, less commonly, plagioclase or scapolite in addition to garnet and pyroxene; wollastonite is
scarce or absent. Their limited extent and localization at igneous contacts suggest localized Ca metasomatism of
igneous precursors, All three types lack primary calcite, quartz, and oxide minerals, A fourth distinct skarn type,
“garnetite” (G) occurs as layers, lenses or boudins of nearly pure, relatively grossularitic garnet at or near contacts
of ore with anorthosite or mafic gneiss; it is especially abundant at the Oak Hill deposit (Stop 1). Note that all skarn
REE patterns are substantially different from that of the assumed marble protolith.

The origin of the distinctive REE patterns is discussed by Whitney and Olmsted (1998}, Briefly, type C
results from uptake of REE from solution by metasomatic gamnet, with the maximum in the distribution
corresponding to the closest match between the REE*" ionic radius and the size of the dodecahedral (Ca) site in the
garnet, The strong positive Eu anomaly may result either from prior interaction of the metasomatic fluid with nearby,
Eu-positive anorthosite, preferential uptake of Eu®* on gamet growth surfaces (Whitney and Olmsted 1998), or
preferential solubility of Eu relative to other REE during water-rock interaction by complexation (e.g. as EuCl,?) in
chloride-rich solutions (Haas et al. 1995). Note the contrast in Eu anomaly and REE abundance with skarns
associated with Adirondack Highlands magnetite deposits (Fig. 4b).

Hydrothermal dissolution of LREE-enriched calcite from marble containing contact-metamorphic garnet
and pyroxene previously equilbrated with the calcite may be a significant mechanism in the origin of type H patterns
(Whitney and Olmsted 1998). However, pyroxene and garnet in most type H skarns are more iron-rich than those in
marbles, and although the shape of the REE patterns are very similar, gamet in most type H samples contains
significantly more total REE than does garnet from marble. This suggests metasomatic addition of HREE, in
addition to Fe. Fluid composition, pathways, temperature, and oxidation state may have differed substantially from
those giving rise to type C. .

Type L REE distributions in sphene- and apatite-bearing GPS probably result from localized Ca metasomatism
of mafic igneous rocks in contact with ore; compare the L pattern in with that of mafic gneisses from the ore zone
(“mafics” in Fig. 4a). In these rocks, LREE are retained in sphene and apatite while the heavy rare earths (HREE)
remain in the relatively grossularitic garnet. The middle-REE-enriched pattern (G in Fig. 4 a) found in the gametites has,
as yet, no satisfactory explanation.

Average major and trace element concentrations for the four skarn types are shown in Table 1. Relative toa
hypothetical marble protolith, types C and H are enriched in Si, Ti, Al, Fe, Zr, and Ga while Mg, K, Sr, and Ba are
strongly depleted. Type H also shows enrichment in Y, Zn, and V relative to both the assumed protolith and to type
C. Some of these enrichments may result from concentration of detrital silicates and their metamorphic reaction
products; others, such as Fe, Ga, Y, Zn, and the REE are probably largely of metasomatic origin.
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TABLE 1

AVERAGE COMPOSITIONS OF SKARNS
type c H L G
n 23 7 9 3
Si0,; '46.33 44,38 42,84 38.10
TiO, 023 043 1.94 0.83
ALO, 341 9.69 9.22 16.59
Fe,05(T) 8.77 8.39 9205 8.49
MnO 0.17 0.28 0.21 0.24
MgO 1.53 241 376 0.52
CaO 3899 3394 31.61 3392
Na,0 Q.16 0.09 022 0.17
K0 000 0.00 0.01 0.04
0, 0.02 0.05 097 0.19
Rb <1 <l <1 <1
8r 34 24 45 30
Ba 2 4 2 <«
Zr 57 3 319 121
Y 8 79 61 56
Nb 2 2 13 11
Ga 11 15 15 27

Metasomatic origin of the ores: Wollastonite commonly occurs as a contact metamorphic mineral formed by reaction
of calcite and quartz. However, the Willsboro-Lewis ores show metasomatism on a large scale. The evidence includes:

a. Mineral assemblages and compositions. If the wollastonite ore had been formed by isochemical contact
metamorphism, the absence of either quartz or primary calcite would imply a protolith with precisely the right balance of
quartz and calcite. This highly improbable requirement, together with the high variance of the ore mineral assemblage,
indicates that metasomatism has occurred (Valley and O'Neil, 1982).

b. Oxygen isotopes. Valley and O'Neil (1982) determined oxygen isotopes in both the Willsboro and Lewis
deposits. They found 3"®0guow in the wollastonite ore from -1.3 to 7.0%s; as rmich as 25%o lower than typical
Adirondack marbles. Sharp gradients occur between ore and wall rocks. They (Valley and O'Neil, 1982) showed that the
8'°0 data could not be explained by isotopic fractionation during devolatilization reactions, but required cxchange with
large volumes of heated meteoric waters at the time of anorthosite intrusion.

¢. Depletion of Na, K, Rb, Ba, and Sr.  Only those elements that can be accomodated in the structures of
wollastonite, garnet, and pyroxene are present in significant concentrations in the ores and GPS (Table 1). This is
particularly clear for the large-ion lithophile elements (LILE) K, Rb, and Ba, which are present in only negligible
amounts compared to a hypometlcal matble protolith. This is best explained by metasomatic removal. Strontium is also
depleted although to a lesser extent,

d. REE distribution. Assuming a carbonate protolith for the ore, comparison of the REE distributions in ore
and GPS with those of noitheastern Adirondack marbles (Fig. 4a), confirm substantial metasomatic redistribution of
REE.

Sequence of ore-forming evenis. Origin of the ores by hydrothermal metasomatism requires a heat source to provide
the minimum temperatures (ca. 450°C) for formation of wollastonite and to drive the hydrothermal circulation. This
requirement, and the close spatial association between the ores and the Westport Dome (Fig, 2) strongly indicate that the
ore is coeval with emplacement of the anorthosite, in agreement with the conclusions of earlier workers (Buddington
1939, 1950; Broughton and Burnham 1944, DeRudder 1962). Moreover, access of large volumes of dominantly
meteoric fluids implies a relatively shallow depth of emplacement (Valley and O'Neil 1982, Valley 1985). Access of
fluids would also be facilitated in an extensional tectonic setting, Massif anorthosites are widely believed to be
associated with extensional tectonics (Ashwal, 1993). Whitney and Olmsted (1993) have argued that the Adirondack
anorthosites were emplaced in an extensional setting that included large listric or detachment faults, We speculate that
the present OBZ was the locus of one or more such faults, A similar association of extensional faulting with magmatic
doming has been proposed by Lister and Baldwin (1993) for some metamorphic core complexes. Major low-angle
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extensional faults can provide channels for circulating hydrothermal fluids (Reynolds and Lister, 1987; Kerrich and
Rehrig, 1987). When the Westport Dome was emplaced, hydrothermal circulation driven by heat from the intrusive may
have followed the low-angle faults, fed from the surface by meteoric water penetrating along associated high-angle
normal faults (Fig. 5; arrows show hypothetical fluid pathways). Where the faults intersected or followed reactive
carbonate units, infiltration metasomatism produced wollastonite and andraditic garnet, accompanied by exchange of
REE and oxygen isotopes. Ongoing or later deformation produced the foliation in the ore and concentrated garnet and
pyroxene into conformable GPS layers and lenses by mechanical metamorphic differentiation. Subsequent granulite
facies metamorphism during the Otfawan orogeny had little effect on the mineral assemblage in the skams but probably
resulted in intra-grain homogenization of initially zoned garnet (Whitney and Olmsted 1998).
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Figure 5

Lyon Mountain Gneiss (Stops 2 and 3)

Description. 'The Lyon Mountain Gneiss comprises several distinct facies of felsic gneisses, classified by Postel
(1952} in terms of the dominant feldspar present (microperthite, microcline, microantiperthite, or plagioclase).
Feldspar in the plagioclase facies, i.e. the leucocratic albite gneiss (LAG) of Whitney and Olmsted (1988), is nearly
pure albite (Abgs-Abgg). Table 2 shows representative chemical analyses for the several facies. Note the extreme
variation of Na and K, far outside the normal igneous range and indicative of extensive alkali metasomatism. Apart
from the variation in alkali metals, two geochemically distinct types of LMG are present (Fig. 6). One is enriched in
high field stength elements and REE relative to the other, and has significantly higher Ga/Al ratios and more
pronounced negative Eu anomalies indicating a more fractionated igneous source. This high-HFS group may be the
volcanic equivalent of the fayalite granite exposed at Bailey Hill, within the LMG complex (Whitney and Olmsted
1993; X’s in Fig. 6)).

Mineralogy of the gnelsses varies widely, not only with respect to the variety of feldspar but also in relative
proportions of quartz and feldspar (Fig. 7), and the type and amount of mafic minerals. The latter include nearly
ubiquitous magnetite which in some samples is the only dark mineral. The microcline and mesoperthite facies
ordinarily also contain accessory to minor amounts of clinopyroxene, biotite, brown hornblende, or, rarely, fayalite.
Clinopyroxene in in the antiperthite and plagioclase (LAG) facies commeonly contains up to 40% acmite component
and is locally accompanied by a blue-gray sodic amphibole (Whitney and Olmsted 1993). In both sodic and potassic
facies, titanite occurs as discrete grains and rims on magnetite, and andraditic garet is present very locally as narrow
rims on clinopyroxene or as clusters of small grains. In the vicinity of the Palmer Hill Mine (Stop 3) fluorite is a
locally abundant accessory in the gneiss and ore.

Fine- to medium- grained granoblastic textures are the most common, but considerable amounts of coarser-
textured gneisses are also present. The latter ordinaily have intermediate alkali metal ratios and may be intrusive
rocks that have escaped extensive metasomatic alteration due to lower permeability. In the finer-grained rocks,
prominent compositional layering or gneissosity is nearly ubiquitous, although foliation sensu stricto is ordinarily
subdued due to scarcity of minerals with dimensional anisotropy. Lineation, where present, is defined by streaks of
mafic minerals or polycrystallme quartz.

The felsic gneisses are locally mterlayered with lesser amounts of metasedimentary rocks and amphibolite.
The former include clinopyroxene skarns, rarely with garnet, and a peculiar albite-clinopyroxene gneiss, the mafic
albite gneiss (MAG) of Whitney and Olmsted (1988, 1993), with feldspar and pyroxene compositions and accessory
minerals similar to those of LAG. MAG is commonly fine-grained, with a sugary granoblastic texture. In some
outcrops, it displays a prominent pinstripe layering, with alternating mm-scale pyroxene- and albite-rich layers.
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Megacrysts of nearly pure albite, up to S cm across, are present locally; quartz content is normally less than 5
percent. MAG probably originated by Na-metasomatism of a calcsilicate protolith.

TABLE 2.
REPRESENTATIVE CHEMICAL ANALYSES
LYON MOUMTAIN GNEISS
ABS460 AF356 AF470 LMS4B DAS01 PXS10 PVS01 PVS07 AF664 AF781A AF658

Facies P P | 4 P M M AP AP Ab Ab MAG
Sio, 7072 69.58 7430 66.70 6867 7066 71.12 6585 71.07 7456 6225
TiO, 056 ~ 0.50 0.42 0.82 0.54 042 0.76 0.58 043 0.36 1.01
ALO, 1224 1220 1188 1325 1297 12,04 1337 1334 1313 1200 1337
Fe, 04t 5.71 7.00 542 439 6.42 6.01 493 594 5.57 548 5.11
MnO 0.01 0.09 0.04 0.09 0.01 0.01 0.03 0.04 0.03 0.01 0.05
MgO 0.17 0.09 0.06 0.75 0.20 0.16 0.64 1.83 0.34 0.15 2.89
CaO 0.49 1.86 1.27 3.06 0.19 045 1.39 3.96 2.57 047 7.29
Na,O 2.96 3.88 4.57 4.06 097 1.06 591 6.64 7.63 6.80 7.89
K;0 6.49 4.63 2.23 5.18 9.71 8.90 1.70 1.94 0.11 0.31 0.21
P,0; 0.11 0.05 0.03 021 0.11 0.06 0.21 0.03 0.07 0.03 0.07
Total 99.58 99.70 10021 9866 9986 99.79 10045 10030 10091 10040 99.83
Rb 192 98 6! 167 272 227 45 34 2 4 3
Sr 57 62 28 79 39 21 107 29 25 18 36
Ba 644 526 88 718 1822 905 182 93 27 10 27
r 515 1172 1229 635 612 641 582 858 1084 1006 315
Y 82 59 200 94 61 53 72 83 121 111 85
Nb 28 21 53 22 20 20 17 35 38 36 17
Ga 21 25 33 28 17 19 26 27 27 " 31 18
' MOLECULAR NORMS
qz 2409 2220 3215 1596 2160 2556 2324 9.14 1850 28.14 1.32
or 3952 2805 1343 3136 5952 5465 1009 1137 0.64 1.84 1.21
ab 2139 3573 4183 3736 9.04 989 5334 5913 6763 6136 69.29
an 097 226 542 2.70 0.23 1.88 4.96 0.36 1.24 1.31 0.44
ac 000 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
hy 512 ..3.94 4.70 0.90 6.31 595 5.36 2.65 1.31 4.96 0.00
di 063 _-.5.50 0.64 9.16 0.00 0.03 048 1475 8.72 067 2276
wo 000 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 242
il 080 0.71 0.60 1.17 0.78 0.61 1.06 0.80 0.66 0.50 1.38
mt 1.23 1.50 1.15 0.94 1.3 1.31 1.04 1.23 1.15 1.15 1.04
co 0.00 . 0.00 0.00 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.00
ap 024 - 0.1 0.06 0.45 0.24 0.13 044 0.06 0.14 0.06 0.14
Facies: ‘ P = Perthite AP = Antiperthite MAG = Mafic Albite Gneiss

M =Microcline  Ab = Plagioclase
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Figure 6. Filled squares: Microcline facies. Triangles: Figure 7. Diamonds: High HFS group. Squares:
Perthite facies. +’s: Antiperthite facies. Circles: MAG Low HFS group. X’s: Metasedimentary rocks.
X*s: Fayalite granites. Outline: Range of AMCG granitoids. QOutlines: 85% (inner) and 100% (outer) of

AMCG granitoids.

Structure and metamorphism: 1LMG has been interpreted as a late- to post-tectonic plutonic rock (Foose and
McLelland 1995; McLelland et al. 2001). However, it exhibits deformation similar in style, intensity, and trend to
that in other northeastern Adirondack rocks. Well-developed foliation, lineation, and complex tight to isoclinal minor
folds (Stops 2 and 3) are common throughout although locally obscure in the more leucocratic facies. The foliation,
lineation, and major structures are concordant with those in the underlying metasedimentary rocks, mafic and
granitic gneisses (Postel 1952, 1956; Whitney and Olmsted 1993). Magnetite ore occurs as tabular bodies parallel to
foliation and as cigar-shaped “shoots” parallel to lineation and regional fold axes (Postel 1952). Locally LMG
contains numerous pegmatites and quartz veins (Postel 1956). Some of these are undeformed and crosscut structure
in the gneiss, indicating minor late- or post-tectonic magmatic activity. Fluids associated with the pegmatites may
account for localized remobilization of magnetite and secondary albitization of feldspars.

Evidence of metamorphism in the LMG is scarce because the composition of the dominant metaluminous
felsic rocks is unsuitable to the development of diagnostic metamorphic assemblages. Nevertheless, pyralspite garnet
and sillimanite occur locally, and metamorphic textures are ubiquitous,

Origin: Whitney and Olmsted (1988) postulated that LMG originated as volcanic ash with interlayered
metasedimentary rocks deposited in a hypersaline environment and diagenetically altered to yield the wide range of
K/Na ratios. This hypothesis, despite good actualistic credentials, fails to provide a plausible explanation for the
magnetite concentrations unless they too are of volcanic origin. Alternatively, LMG may have originated as a
volcanic-sedimentary complex including substantial volumes of subvolcanic intrusives. Barton and Johnson (1996)
have proposed that circulation of fluids, driven by heat from the intusives and enriched in alkali and alkaline earth
halides and sulfates mobilized from subjacent evaporites, may account for both alkali metasomatism and deposition
of the magnetite ores in geologically similar regions worldwide, This is an attractive explanation for the LMG in
view of the evidence for the former presence of evaporites in the underlying metasedimentary rocks. It is likely that
metasomatism and ore deposition were largely confined to the more permeable volcanics; most coarse-grained,
igneous-looking LMG lacks extreme K/Na ratios.

Age: Zircons in these rocks commonly consist of relatively small cores with robust overgrowths. U/Pb dating using

the ion microprobe (McLelland et al. 2001) shows two distinct clusters of ages corresponding to the cores and
mantles. The cores yield ages of 1152411 and 1141+16 Ma for the microcline and plagioclase facies respectively;
mantle ages for both facies are 1055+7 Ma. McLelland et al. (2001) conclude that the younger dates represent the
age of igneous emplacement, with the older cores attributed to inherited zircons from assimilated AMCG-suite
rocks. Other interpretations are possible under the assumption that LMG represents, at least in part, volcanics and
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shallow intrusives associated with the ca, 1150 Ma AMCG suite. In that case, the older zircon cores yield the
igneous age, with the mantles being metamorphic or metasomatic overgrowths. The later (1055 Ma) age of
emplacement has the advantage of providing, at least in the northeastern Highlands, a magmatic heat source for the
subsequent Ottawan metamorphism. It requires, however, that Ottawan deformation and metamorphism occurred
after 1055 Ma.

Metanorthosite and related mafic rocks (Stops 4, 5, and 6). Metamorphosed anorthositic rocks underlie large
areas in the central and northern Adirondacks. These rocks, together with subordinate mafic rocks ranging from
monzodiorite to ferrogabbro, comprise the mafic part of the bimodal Anorthosite-Mangerite-Charnockite-Granite
(AMCG) intrusive suite (McLelland and Whitney, 1990) in the Adirondack Highlands. In the northeastern
Highlands, metanorthosite forms large domical bodies as well as smaller, stratiform intrusions within supracrustal
rocks, While Adirondack metanorthosites have in common the presence of intermediate plagioclase (Ang.¢0) as the
dominant (70-98%) mineral, they are quite diverse and detailed description presents formidable complexities. Early
Adirondack workers distinguished two facies, the "Marcy" facies, which is megacryst-rich, leucocratic, and
undeformed to slightly deformed, and the "Whiteface" facies, megacryst-poor, mafic, and more deformed relative to
the "Marcy". This classification is difficult to use consistently, because the three variables (abundance of megacrysts,
abundance of mafic minerals, and extent of deformation) are at least partially independent. In a single outcrop each
of these factors may vary over a wide range; moreover numerous distinct blocks and/or layers may be present.

a. Abundance of plagioclase megacrysts, Gray sodic labradorite to calcic andesine megacrysts are a
prominent feature of most Adirondack anorthosites. Size of the megacrysts ranges from one or two cm to giant, 1/2
m "breadloaf” crystals and fragments. Faint to strong parallelism of the megacrysts is locally present, suggesting
either cumulus texture or flow foliation. The proportion of megacrysts in the rock ranges from nearly 100% to nil.
Where megacrysts are abundant and closely spaced in the rock, varying amounts of fine-grained, clear, recrystallized
plagioclase may border the megacrysts and occupy small fractures within them. This is referred to in the older
literature as "protoclastic” texture (Miller, 1916; Balk, 1931; Buddington, 1939). Where megacrysts are more widely
spaced, interstitial volumes are commonly occupied by a medium-to coarse grained (up to several mm) groundmass
- of light gray, white or buff plagioclase together with pyroxenes and oxides. This groundmass locally displays
igneous textures and may have crystallized from a gabbroic anorthosite magma or crystal mush in which the
megacrysts have been entrained.

b. Abundance and type of mafic minerals. Hypersthene, augite, titaniferous magnetite, and ilmenite or
hemo-ilmenite are the chief primary mafic minerals in the anorthositic rocks. Metamorphic garnet is common, and
forms reaction rims around both hypersthene and oxide minerals, except in strongly deformed anorthosite where it
tends to occur as porphyroblasts. Garnet is absent from anorthosites where the MgO/(MgO + FeOt) ratio exceeds
roughly 0.4. Metamorphic hornblende and biotite are locally present. The color index varies from one or two percent
up to as much as 30% in some anorthositic gabbros.

¢. Extent of deformation. Adirondack metanorthosites range from nearly undeformed, igneous-textured
varieties to anorthositic gneisses with intense foliation and well-developed lineation. As the degree of deformation
increases, megacrysts change from blocky to lenticular in shape, and generally decrease in size and abundance.
Rocks near the margins of metanorthosite domes and massifs ordinarily are more deformed than those in the
interiors, where deformation is conunonly confined to relatively narrow shear zones.

Anorthositic xenoliths in anorthosite are common. This "block structure” suggests multiple intrusions. The
blocks may be rounded or angular, and more or less mafic and finer-or coarser-grained relative to the host.
Individual xenoliths or megacrysts may be surrounded by a zone enriched in mafic minerals. Xenoliths of
metasedimentary rocks, ranging from centimeters to several meters in size, are found in all facies of the anorthosite.
Most of these are pyroxene-rich calcsilicate rocks, but rare quartzite and metapelite xenoliths also occur.

Associated mafic rocks: Fractionation of plagioclase during crystallization of anorthositic magmas yields mafic
residual liquids enriched in Fe, Ti, and P (Owens et al. 1993, McLelland et al. 1994, Mitchell et al. 1996). These
“FTP rocks” have been given a variety of names; Owens et al. (1993) have suggested that the general term jotunite
be used these rocks except where extreme concentration of Fe, Ti, and P leads to oxide-apatite gabbronorites
(OAGN’s). Jotunites in the Adirondack Highiands fall roughly into two groups. One occurs primarily in dikes and
sheets external to large anorthosite bodies; it is commonly monzodioritic in composition and gneissic in texture, The
other type forms dikes within anorthosite, usually near contacts with surrounding rocks, The latter is ferrodioritic to
ferrogabbroic in composition and igneous-textured or granoblastic with little or no foliation; it is known as “Woolen
Mill Gabbro” (WMG) after the best-known locality (Stop 6). There is some overlap in composition between the two
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types (Fig. 8), which may result from fractionation of a single residual liquid (Mitchell et al. 1996) or possibly from
liquid immiscibility. Some WMG approaches OAGN in composition.

Figure 8. Diagram illustrating the compositional differences between “Woolen Mill Gabbro”
(circles), other Highlands jotunites (squares), and olivine metagabbros (outline).
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ROAD LOG

Begin road log at Exit 32 of Interstate 87

Total Miles

0.0

0.45
1.55
2.6

2.85

3.15

4.1

Increment Miles

0.0

0.45

1.1

1.05

0.25

0.3

0.95

Route Deseription

Exit 32, I-87. If you are coming from the south turn L. at Essex Co. 12 and
proceed to the southbound exit intersection to zero your odometer. If you have
come from the north zero your odometer at the intersection of the exit 32 road
and turn R on Essex Co. 12

Traveling west, “Betty Beaver’s” Truck Stop on L.
Turn R. onto NY Route 9; Proceed north.

Turn L. onto Pulsifer Road.

Sharp R, l;end; continue on Pu]sifer Road.

Turn L. at blue gates onto Oak Hill Mine Road. This is NYCO property; if
following this trip on your own, be sure to get permission at the NYCO office in
Willsboro.

Stop 1. OAK HILL WOLLASTONITE MINE, At the first small quarry on L,
park on the R well off the road. From here we will walk through the entire mine
complex observing and describing the rock units. As yon can see the mine is
under development so there may be dangerous situations for which care must be
exercised. Please use caution and follow instructions with care.

The Oak Hill Mine was discovered by accident during a logging,
operation, when a skidder exposed white rock which the logger recognized as
wollastonite. It is located at a sharp bend in the OBZ, where the structural trend
changes from NNE with a gentle W dip to nearly EW with a gentle to
moderate S dip. As of June 2002, mine is being actively developed. Two test pits
have been blasted in ore, and work has begun removing overlying rock and
glacial deposits in order to begin open-pit mining, Additional exposures may be
available at the time of the trip, but others may have been removed or covered.
Figure 9, constructed from drill core data, shows the complex nature of the ore
body.

The lowermost exposures are knobs of skamn consisting largely of
orange-red grossularitic garnet, locally with abundant green, diopsidic
clinopyroxene and/or veins and patches of sodic plagioclase and quartz. The
garnetite encloses blocks of gabbroic anorthosite gneiss, metagabbro, and
pyroxene granulite. Some of these blocks have narrow alteration haloes but
otherwise are in sharp contact with the garnetite. They appear to be fragments of
disrupted layers in what was probably a marble-hosted tectonic breccia, since
metasomatically transformed to garnetite (other interpretations welcome!).
Garnetite is much more abundant here than at either Lewis or Willsboro, Drill
core data indicate that the the proportion of gametite to ore increases toward the
NE, eventually forming a layer of nearly 200°, without ore.

Proceeding upsection, several layers of ore are exposed, separated by
septa of mafic gneiss and/or garnetite. Garnetite layers are discontinuous; some
appear to be megaboudins.

The hanging wall of the exposed ore consists of strongly foliated and
lineated gabbroic anorthosite gneiss. This is overlain in turn by a chaotic marble
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melange with detached blocks of intricately folded calcsilicates. The marble also
contains masses of crumbly-weathered skarn consisting largely of black (dark
orange-brown in transmitted light) garnet and dark green clinopyroxene. This
skarn resembles those associated with magnetite deposits elsewhere in the
Adirondack Highlands rather than the garnet-pyroxene layers in the ore. The fact
that this marble has apparently escaped extensive metasomatism suggests that the
metasormatizing fluids that foemed the ore were strongly channelized.

Overlying the marble is mafic gneiss with interlayers af charnockite and
coarse, leucocratic augen gneiss, the latter an extreme L-tectonite. Above the
gneiss complex, coronitic olivine metagabbro is exposed. The section in the
mine is cut by several E-W, nearly vertical faults, one of which exhibits
slickensides plunging steeply E. On the N side of the mine road, at the time of
writing, bedrock is concealed beneath a thick section of varved glacial lake
sediments interlayered with boulder tiil.

5.05 0.95 Exit NYCO property at the blue gates.
5.6 0.55 Tum L on NY Route 9, going north.
8.3 2.7 Intersection with Deerhead-Reber road; continue on Rt.9.

Section of Oak Hill Mine Development

98-16 DRILL RECORD KEY
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Crossing north branch of the Boquet River.

Spectacular fault breccia on L. This is one of the numerous NNE- to NE-
trending faults that occur throughout rouch of the eastern and central Adirondack
Highlands. Movement on these faults, possibly associated with the opening of
the Iapetus Ocean, began in the latest Proterozoic and continued at least into the
Ordovician,

Pokomoonshine State Park. The prominent cliff is mostly granitic gneiss of the
AMCG suite, containing several layers of mafic gneiss that are probably
transposed dikes.

The prominent white spot in the roadcut on the R is a marble xenolith in jotunite
and badly contaminated gabbroic anorthositic gneiss. The marble contains
abundant graphite, phlogopite and diopside and lesser amounts of chondrodite,
grossular, and sulfides. Wollastonite is absent.

Turn L at caution light at the intersection with NY 22 adjacent to I-87 Exit 33.
Turn R at [-87 on ramp.

1-87 Exit 34. Turn R onto ramp.

Turn L onto NY Route 9N Toward AuSable Forks.

Cold Spring Road. Continue on 9N

Enter hamiet of Clintonville. Reportedly, in the late 19th century this was a town
of 10,000 miners, wood cutters, iron forge workers and their families.

Bear R on Clintonville Rd.

Bear R on Harkness Road.

Turn L on Amold Hill Road.

Cross Allen Hill and Thomasville roads.

Stop 2A. LYON MOUNTAIN GNEISS; Albite gneiss facies. Park off the
road on R, The recently blasted low cuts on the L are largely albite gneiss with
about 30% quartz, 65% plagioclase (ca. An,AbgsOr,) with minor magnetite
and/or hematite, and traces of biotite, clinopyroxene, titanite, apatite, and zircon.
The fine-grained, equigranular texture is typical of this facies of the LMG. Note
the small, nearly isoclinal Z-folds, N 10-20° E lineation, and numerous
crosscutting quartz-albite pegmatites and quartz veins. The pegmatites locally
contain masses of partially martitized magnetite, possibly remobilized from
nearby orebodies.

Step 2B  FOLDING IN LYON MOUNTAIN GNEISS, These flat outcrops
at the intersection of Arnold Hill Road and a logging road on the L show
complex folding in albite gneiss similar to that at the last stop. Abrupt color
changes in the rock crosscut the folding and appear to be contacts of more and
less oxidized rock, suggesting a post-deformation oxidation event. This arca is
not far from the site of the Arnold and Nelson Bush Mines, opened in 1830 and
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operated sporadically until 1906 (Kemp and Alling 1925; Postel 1952). The ore
at Amold Hill occurs as three foliation-parallel layers from 3-25’ thick in albite
gneiss. The layers were known to the miners as the gray, black, and blue “veins”.
The gray and black veins consist of magnetite, quartz, plagioclase, chlorite, and
hornblende; in the blue vein the ore mineral is martite (Postel 1952).

. Turn around here and head back down the hill.

Turn R on Thomasville Road.

Small exposure of LMG on R side of road.

Bear L at fork; then cross over the Little AuSable River.
Bear R on Harkness Road

Continue straight on Palmer Hill road.

Coughlin road on R.

Turn R on Tower Road.

Road turns L at intersection with three unpaved roads. Park off road on R, Walk
around the iron gate and proceed S along the unpaved road furthest to the R.

Stop 3. PALMER HILL. Follow the road approximately 0.3 miles to the top of
Palmer Hill. Along the way are several small pavement outcrops exposing
heterogeneous LMG showing complex folding and containing numerous small
clots of magnetite ore. Were these formed in place, or are they disrupted
fragments of a vein of ore emplaced before deformation? At the top of the hill
are several large boulders of Potsdam Sandstone (middle to late Cambrian). The
Potsdam unconformably overlies the Proterozoic rocks around much of the
perimeter of the Adirondack Dome, and is exposed at the surface less than 6
miles to the NE. An abandoned firetower here has been converted to a cellphone
relay. We will then follow a powerline for about 0.1 mile S to the ‘

old mine workings. USE EXTREME CAUTION, especially in wet weather.
Cross a narrow rock bridge over the open cut and turn L to view the mine
workings. Do not go down into the cut; samples of ore will be available. The
ore here occurs in a discontinuous layer up to 20 feet thick, striking NE and
dipping NW, roughly parallel to foliation on the SE limb of a NE-plunging
synform (Postel 1952). It consists of magnetite with quartz, feldspar, and,
locally, apatite, fluorite, and andraditic garnet. The host rock is predominantly
the microperthite facies of LMG, although drill cores show almost the entire
range of LMG lithologies (Postel 1952). Fluorite is a common accessory in the
gneiss, and andraditic garnet occurs locally. Mining at Palmer Hill began in 1825
and continued until 1890 (Newland, 1908).

Return to vehicles, turn around, and head W on Tower Road.
Turn R on Palmer Hill Road.

Turn L on Silver Lake Road.

Turn R on N, Main Street at bottom of hill.

Proceed straight through caution light, now on NY 9N.
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Bear R continuing on NY 9N.

“Lake Placid Granite” quarries entrance on R. The “granite” here is actually
anorthosite.

Stickney Bridge road on L.
Tum L on Mill Hill Road in Hamlet of Jay.

Cross one-lane bridge over the East Branch of the Ausable River, turn R, and
park in sandy area on the R side.

Stop 4. ANORTHOSITE OF THE JAY DOME. Walk back across the bridge
(Beware of traffic!) and descend the steep bank on the L. to outcrops in the
river. The river is usually quite low this time of year affording us good looks at
several facies of anorthosite and a variety of structural features, Both leucocratic
and gabbroic anorthosite are present, as well as a block of coarser gabbroic
anorthosite. In one location, a thin layer of pyroxene- and oxide-rich ultramafic
rock separates two anorthosite facies, and is offset by parallel small faults. The
latter may have formed at relatively high temperatures; foliation in the
anorthosite locally shows the effects of drag along the faults. They are
subparallel to later, NE-trending brittle faults, some of which are occupied by
unmetamorphosed diabase dikes. One such fault-cum-dike offsets a shallow-
dipping mylonite zone in the anorthosite. A xenolith of calcsilicate rock in the
anorthosite consists largely of diopsidic clinopyroxene. Numerous potholes are
present in the outcrop surface.

Walk back across the bridge and, if time permits, up the road beyond
the parking area to a glacially polished and striated outcrop showing rouded
blocks of coarse gabbroic anorthosite in finer grained, more leuococratic
anorthosite.

Return to vehicles and proceed S.
Ward Lumber Co. mill and store.
Turn R on Valley Road.

R again on Trumbel’s Corners Rd.

Tumn L on NY 9N in Upper Jay. Several exposures, of calcsilicates, mafic
gneiss and contaminated anorthosites may be seen along Rt. 9N between Upper
Jay and Keene.

Turn L at intersection of NY 9N and NY 73 at the Elm Tree Inn in Keene.
L on NY 9N going E toward Elizabethtown.

Stop 5, JOTUNITE WITH XENOLITHS. Park on R beyond the guard rails;
cautiously cross the road and walk back to a small outcrop on the N side. The
rock here is a jotunite containing numerous metasedimentary xenoliths and one
xenolith of anorthosite. The metasedimentary rocks are diopside-rich
calcsilcates, some with fine, millimeter to submillimeter-scale layering consisting
of alternating pyroxene- and plagioclase-rich layers. The layering is normally
straight but locally shows irregular folding or chaotic disruption. The general
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appearance of the rocks is similar to that of stromatolite-bearing
metasedimentary rocks in the Balmat area on the northwest Adirondack
Lowlands. Is it possible that the layering here is of organic origin? What other
processes might be responsible?

Carefully observe the foliation in the jotunite near the anorthosite
xenolith. If this is, as it appears, a metamorphic foliation then it suggests that
peneirative deformation may affect some rocks and not others. Beware of
assuming that a rock that crosscuts foliation in another rock is necessarily
younger!

Interestingly, jotunites in the Adirondack Highlands commenly form
intrusion breccias, whereas granitoids, olivine metagabbro, and ferrogabbro do
not. Why?

Stop 6: “WOOLEN MILL” GABBRO, ANORTHOSITE, SYENITE,

Park on the L (north) side. The best exposures are the stream N of the road near
the remains of an old dam. This stop provides another opportunity to study the
characteristics and complexity of Adirondack metanorthosite and its associated
lithologies. Fine-grained mafic granulites consisting of granoblastic plagioclase,
clino- and orthopyroxene, garet, ilmenite, and magnetite are of ferrogabbroic
composition. This rock has been informally called the “Woolen Mill Gabbro”.
Here it intrudes the anorthosite as a network of thin, discontinuous dikes. At the
upstream end of the outcrop, one of these terminates in a small bulb, More
extensive exposures of this lithology are found in the roadcut on the S side of 9N
just across from the parking area. A

slightly coarser version of the same rock is exposed upstrearn on the opposite
bank, in sharp contact with the anorthosite.

Also present are small dikes of coarse syenite, some with rows of
pyroxene crystals along their contacts with anorthosite. Both these and the
ferrogabbro appear to be intruded along fractures in the anorthosite, sometimes
in the same fractures! (Which came first? Or are these composite dikes formed
from two immiscible liquids?).

Intersection of routes NY 9 & 9N. The fastest way south is to turn R and go
south on Rt.9 to Exit 30 of 1-87. If you are going north, turn L on route 9N,
north then east to exit 31 of 1-87.
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GEOLOGY AND MINING HISTORY OF THE BARTON GARNET MINE, GORE MT.
AND THE NL ILMENITE MINE, TAHAWUS, NY WITH A TEMPORAL EXCURSION
TO THE MACINTYRE IRON PLANTATION OF 1857

William M. Kelly
New York State Museum
3140 Cultural Education Center
Albany, NY 12230

Robert S. Darling
Department of Geology
SUNY, College at Cortland
Cortland, NY 13045

INTRODUCTION
, This field trip examines the geology and history of mining at two types of ore deposits, one a metal and one an
industrial mineral. Both are strongly identified with the Adirondack Mountains of New York and both have histories
that extend for more than a century. While mining activities began at both in the nineteenth century, only the Barton
garnet mining venture has remained in continuous operation. Attempis, successful and unsuccessful, to exploit the ore
at Tahawus occurred sporadically through the nineteenth and twentieth century. During this time the minerals that were
the target and gangue at Tahawus essentially reversed roles.

BARTON GARNET MINE, GORE MT.

The Barton Mines Corporation open pit mine is located at an elevation of about 800 m (2600 ft) on the north
side of Gore Mountain. For 105 years, this was the site of the world's oldest continuously operating garnet mine and the
country's second oldest continuously operating mine under one management. The community at the mine site is the
highest self-sufficient community in New York State. It is 16 km (10 mi) from North Creek and 8 km (5 mi) from NY
State Route 28 over a Company-built road that rises 91 m (300 ft) per mile. This road, like others in the vicinity, is
surfaced with coarse mine tailings. About eleven families can live on the property. The community has its own water,
power, and fire protection systems, On the property are the original mine buildings and Highwinds, built by Mr, C.R.
Barton in 1933 as a family residence.

The garnet is used in coated abrasives, glass grinding, metal and glass polishing, and even to remove the red
hulls from peanuts. Paint manufacturers add garnet to create non-skid surfaces and television makers use it to prepare
the glass on the interior of color picture tubes prior to the application of the phosphors. Barton sells between 10,000
and 12,000 tons of technical-grade garnet abrasive annually. About 40% of the company's shipments are to foreign
countries. All current U.S. production of technical-grade garnet is limited to the Barton Mines Corporation. The
product is shipped world wide for use in coated abrasives and powder applications {Austin, 1993a,b).

Garnet has been designated as the official New York State gemstone. Barton produces no gem material but
collectors are still able to find rough material of gem quality. Stones cut from Gore Mountain rough material generally
fall into a one to five carat range. A small number of stones displaying asterism have been found. Gamets from this
locality are a dark red color with a slight brownish tint. Special cutting schemes have been devised for this material in
order to allow sufficient light into the stone.

HISTORY

The early history of the Barton garnet mine has been compiled by Moran (1956} and is paraphrased below.
Mr. Henry Hudson Barton came to Boston from England in 1846 and worked as an apprentice to a Boston jeweler.
While working there in the 1850's, Barton learned of a large supply of garnet located in the Adirondack Mountains.
Subsequently, he moved to Philadelphia and married the daughter of a sandpaper manufacturer. Combining his
knowledge of gem minerals and abrasives, he concluded that garnet would produce better quality sandpaper than that
currently available. He was able to locate the source of the Adirondack gamet stones displayed at the Boston jewelry
store years before. Barton procured samples of this garnet, which he pulverized and graded. He then produced his first
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garnet-coated abrasive by hand. The sandpaper was tested in several woodworking shops near Philadelphia. It proved
to be a superior product and Barton soon sold all he could produce.

H_.H. Barton began mining at Gore Mountain in 1878 and in 1887, bought the entire mountain from the State
of New York. Early mining operations were entirely manual. The garnet was hand cobbed i.e. separated from the
waste rock by small picking hammers and chisels. Due to the obstacles in moving the ore, the gamnet was mined during
the summer and stored on the mountain until winter. It was then taken by sleds down to the railroad siding at North
Creek whence it was shipped to the Barton Sandpaper plant in Philadelphia for processing. The “modern” plant at Gore
Mountain was constructed in 1924. Crushing, milling, and coarse grading was done at the mine site. In 1983, the Gore
Mountain operation was closed down and mining was relocated to the Ruby Mountain site, approximately 6 km (4 mi)
northeast, were it continues at present.

‘ MINING AND MILLING

The mine at Gore Mountain is approximately one mile in length in an ENE-WSW direction. The ore body
varies from 15 m (50 ft) to 122 m (400 ) and is roughly vertical. Mining was conducted in benches of 9 m (30 f)
using standard drilling and blasting techniques. Oversized material was reduced with a two and one-half ton drop ball.
The ore was processed through jaw and gyratory crushers to liberate the garnet and then concentrated in the mill on
Gore Mountain. Garnet concentrate was further processed in a separate mill in North River at the base of the mountain.

Separation of gamet was and is accomplished by a combination of concentrating methods including heavy media,

magnetic, flotation, screening, tabling and air and water separation. Processes are interconnected and continuous or
semi-continuous until a concentrate of 98% minimum gamet for all grades is achieved (Hight, 1983). Finished product
ranges from 0.6 cm to 0.25 micron in size.

CHARACTERISTICS OF GORE MOUNTAIN GARNET

The garnet mined at Gore Mountain is a very high-quality abrasive. The garnets display a well-developed
tectonic parting that, in hand specimen, looks like a very good cleavage. This parting is present at the micron scale.
Consequently, the gamets fracture with chisel-like edges yielding superior cutting qualities. The garnet crystals are
commonly 30 cm in diameter and rarely up to 1 m with an average diameter of 9 cm (Hight, 1983) The composition of
the garnet is roughly 43% pyrope, 40% almandine, 14% grossular, 2% andradite, and 1% spessartine (Levin, 1950;
Harben and Bates, 1990). Chemical zoning, where present, is very weak and variable (Luther, 1976). The garnet has
been so well analyzed isotopically that it is frequently used as an O / **0 standard (Valley et al., 1995). Typical
chemical analyses of the gamet are presented in Table 1. Hardness of the garnet is between eight and nine and the
average density is 3.95 gm/cm’,

Table 1. Electron Microprobe analyses of Gore Mt. garet (almandine-pyrope) normalized to 8 cations and 12 anions. *
Calculated by charge balance (Kelly and Petersen, 1993).

Oxide Weight Percent #29 #41

Sio, 39.43 39.58
ALO, 21.40 21.20
TiO, 0.05 0.10
FeO* 22.80 24.45
Fe,0,* 1.44 0.72
MgO 10.65 9.60
MnO 0.48 0.74
Ca0 385 3.97
Na,0 0.00 0.00
K0 0.00 0.00

Total 100.09 100.36
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GEOLOGY
The garnet mine is entirely hosted by a homblende-rich garnet amphibolite unit along the southern margin of
an olivine meta-gabbro body (Fig. 1). The garnet amophibolite grades into garnet-bearing gabbroic meta-anorthosite to
the east. To the south the garnet amphibolite is in contact with a meta-syenite; a fault occurs parallel to this contact in

Figure 1. Geologic maps of Barton garnet ming
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The olivine meta-gabbro bordering the ore
zone is a granulite facies lithology with a relict
subophitic texture. Preserved igneous features, faint
igneous layering, and a xenolith of anorthosite have
been reported in the meta-gabbro (Luther, 1976).
Prior to metamorphism, the rock was composed of
plagioclase, olivine, clinopyroxene and ilmenite.
During metamorphism, coronas of orthopyroxene,
clinopyroxene and garnet formed between the olivine
and the plagioclase and coronas of biotite,
hornblende and ilmenite formed between plagioclase
and ilmenite (Whitney & McLelland, 1973, 1983).
The contact between the olivine meta-gabbro and the
garnet amphibolite ore zone is gradational through a
narrow (1 to 3 m wide) transition zone. Garnet size
increases dramatically across the transition zone
from less than 1 mm in the olivine meta-gabbro, to 3
mm in the transition zone, to 50 to 350 mm in the
amphibolite (Goldblum and Hill, 1992). This
increase in garnet size coincides with a ten-fold
increase in the size of homblende and biotite, the
disappearance of olivine, a decrease in modal
clinopyroxene as it is replaced by homblende, and a
change from green spinel-included plagioclase to
white inclusion-free plagioclase (Goldblum and Hill,

1992). Mineralogy in the garnet '

amphibolite ore zone is mainly
hornblende, plagioclase and garnet
with minor biotite, orthopyroxene,
and various trace minerals. In both
the olivine meta-gabbro and the
garnet amphibolite, garnet content
averages 13 modal percent, with a
range of 5 to 20 modal percent
(Lauther, 1976; Hight, 1983;
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Goldblum, 1988). The gamet
amphibolite unit is thought to be
derived by metamorphism of the
southern margin of the granulite
facies olivine meta-gabbro. Atthe
west end of the mine, a garnet
hornblendite with little or no feldspar
is locally present. This rock may

represent original ultramafic layers in the gabbro (Whitney et al., 1989). In the more mafic portions of the ore body, the
large garnet crystals are rimmed by hornblende up to several inches thick. Elsewhere, in less mafic ore, the rims
contain plagioclase and orthopyroxene. Chemical analyses of the olivine meta-gabbro and garnet amphibolite show
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Travel to end of Barton Mine Road : 5 31.8

Note: the intersection of Barton Mine Road and Rt. 28 is marked by a small cluster of buildings. Among these are a
Mom 'n’' Pop general store with gas pumps and Jasco's mineral shop. On the east side of Rt. 28 facing south there is
a sign opposite Barton Mine Road indicating the Barton Mine (Gore Mt.) mineral shop.

STOP 1. BARTON MINES, GORE MT. (1.5-2 hours) Note: there is a charge of $1.00 per pound of

material collected, payable at the mineral shop.

Travel back to Rt. 28 ‘ 5 36.8
Turn right at stop sign, go to Rt 28N at North Creek 6.6 43.4
Turn left on Rt 28N, go straight at 4-way stop 0.1 - 43.4
Turn right at Blue Ridge Road 21.5 64.9
Note: Sign for NL Ind., MacIntyre Development and sign for High Peaks Wilderness Area

Turn left at Tahawus Road 1.1 66

Turn left at Upper Works Road 6.5 72.5
Proceed to dirt road to Cheney Pond 0.6 73.1

Boulders on right, gate on left

STOP 2. KRONOS, INC., CHENEY POND DEPOSIT (1.5-2 hours)

Proceed north on Upper Works Road 2.0 751
Furnace stack is on the right, by the edge of the road, wheel house is close to the river.

STOP 3. ADIRONDACK IRON AND STEEL CO. "NEW" FURNACE (1 hour)
Please take only photographs at this stop. Do not take artifacts as souvenirs.

e
I
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NEW VIEWS ON FAULTING, FABRIC DEVELOPMENT, AND VOLUME STRAIN IN
THE TACONIC SLATE BELT, WESTERN VERMONT AND EASTERN NEW YORK

by

Jean M. Crespi, Jonathan R. Gourley, and Christine M. Witkowski, Department of Geology and Geophysics,
University of Connecticut, Storrs, CT 06269

INTRODUCTION

Slate belts provide an important window into tectonic processes, because they preserve bedding despite the
penetrative character of the deformational fabric. The reference frame given by bedding, together with information
from strain markers, permits quantitative understanding of the deformation since deposition of the strata. Although
the complete deformational history can rarely, if ever, be determined, approaches that involve the integration of
different types of data are more likely to advance understanding.

The northernmost part of the Taconic Allochthon
(Fig. 1) in western Vermont and eastern New York is one
of the best studied slate belts in the world. Geological
studies (Dale, 1899) accompanied the development of the
quarrying industry, which began in the area in the 19th
century, and the Taconic orogenic belt was one of the first
ancient orogenic belts to be interpreted in the context of
plate tectonics (Chapple, 1973). An arc-continent
collision interpretation still stands for the origin of the
orogenic belt (Chapple, 1973; Rowley and Kidd, 1981;
Stanley and Ratcliffe, 1985); however, debate centers on
whether the colliding volcanic arc was the Bronson Hill
arc or the more inboard and older Shelburme Falls arc
(Karabinos et al., 1998, 1999; Ratcliffe et al., 1998,
1999). Geochronologic and biostratigraphic data (Zen,
1967; Laird et al., 1984; Sutter et al., 1985; Ratcliffe et
al., 1998) indicate that collisional orogenesis occurred
during Middle to Late Ordovician time. The Taconic
Allochthon formed as Cambrian?/Cambrian to Middle
Ordovician slope and rise strata were thrust west onto
approximately coeval strata of the carbonate platform.

The strata within the slate belt of the northernmost
Taconic Allochthon were deformed into a series of west-
vergent, tight to isoclinal folds during the main phase
(D,) of deformation. The slaty cleavage (S,) is parallel or
lies at a very low angle to the axial planes of the F, folds.
Although Zen (1961) proposed that the slate belt is
characterized by recurnbent and downward-facing folds,
implying an earlier D, phase of deformation, Bosworth
and Rowley (1984) showed that F; folds are relatively
rare. Locally, S, is overprinted by a weakly to moderately
developed crenulation cleavage (S,). Recently obtained
“Ar/*Ar ages from closely packed S, domains are .
Devonian and are interpreted as consistent with Acadian
rather than Taconian orogenesis (Chan et al., 2001).

This field trip guide builds on a previous NEIGC
guide to the area (Goldstein et al., 1997): several outcrops
from the 1997 trip are reexamined on this trip in light of
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Figure 1. Index map to Taconic Allochthon.
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new data from a variety of strain markers. In particular, we compare results from markers that record the total strain
with those from markers that record different portions of the total strain. Aspects of the deformation that we focus
on include evidence for prelithification tectonic deformation; volume change associated with 8, development; and
variations in S, orientation and state of sirain with structural level. We also present new observations of meso- and
microscale structures within the Bird Mountain slice. Specifically, we focus on the information that these structures
provide on the movement history of the Bird Mountain fault with respect to regional deformational events.

STRAIN MARKERS: PREVIOUS AND CURRENT WORK

Strain markers have been analyzed in three stratigraphic units in the Taconic slate belt (Fig. 2). Black slates of
the Cambrian Hatch Hill Formation and Ordovician Mount Merino Formation contain strain fringes around pyrite
framboids and graptolites.
o Analyses of strain fringes in the
Lithologic symbals Hatch Hill Formation are
B black siate interval presented in Chan (1998); current

q sity q.iortzi'bs research focuses on those in the
PAWLET E ' ?uurtz arenites Mount Merino Formation.

p ‘ml natic clasts Because graptolites are not

T siicic tutfs abundant in the Hatch Hill

MY MERING = ¢ chert Formation, strain analyses have
Zonetl/i2 C g
) lesser occurrence been conducted only on those in
INDIAN RVER s limestone type-sea text  the Mount Merino Formation.
Goldstein et al. (1998) used thecal
spacing meashrements to extract
strain values from the graptolites,
“ 3 POULTNEY Two alternative approaches are the
"2 ‘ subject of current research:
reconstruction of the fractured and
displaced pyrite blocks forming
the graptolites and determination
of the surface separating the
HATCH HILL extension and shortening fields of
: the instantaneous strain ellipsoid.

Bonnig—-l. {W. Castleton) Finally, maroon slate of the
100+ Lp ‘j I"METI"AWEE . BlockjGreen 2 Cambrian Mettawee Formation
o contains reduction spots. These
““““““ North Brittain Cgl. have been studied by Wood

< BROWNS POND pyorte Asteh /Eddy Hill Grit (1974), Hoak (1992), and
Ouartzite Goldstein et al. (1995).

m

L00- Zone 6

Strain Fringes

-100 Chan (1998) analyzed strain
fringes around pyrite framboids in
the Hatch Hill Formation along a
transect in the vicinity of Route 4
(Fig. 3). The strain fringes are

, .composed of quartz and

,/./v-"‘ phylositicate fibers, and fiber

-0 growth is inferred to be antitaxial

on the basis of the marked

Figure 2. Stratigraphy of Taconic sequence (from Rowley et al. (1979)). compositional difference between
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the fibers and core object. Along the transect, S, dips about 30° to the east, and the mineral lineation (L) plunges to
the east-southeast. Strain fringes were sampled from four upright and one overturned regional-scale F, fold limbs.

In S,-parallel thin sections (XY
sections; X>=Y>=7), the strain fringes
indicate plane-strain deformation: the
fibers are straight and parallel to L,,
and the strain fringes, which
completely bracket the pyrite framboid,
do not change width with distance from
the framboid. In thin sections cut
perpendicular to S, and parallel to L,
{XZ sections), the fibers are curved and
the sense of curvature is consistent
along the transect. Viewed to the
north-northeast, individual fibers curve
counterclockwise when traced from the
portion closest to the framboid to the
portion furthest from the framboid,
i.e., from youngest to oldest
increments of fiber growth. In
addition, the youngest increment of
fiber growth, which is inferred to lie
parallel to the maximum instantaneous
stretching axis, is oriented at an angle
to S,. Chan (1998) used these and
several other characteristics to infer
that fiber growth occurred only during
S, development and that §,
development was within a zone of top-
to-west-northwest, non-coaxial flow.

Because no strain analysis
technique for strain fringes has been
designed specifically for fibers that
form during non-coaxial flow, Chan
(1998) applied the Durney and Ramsay
(1973) technique to strain fringes in
XZ thin sections to make comparisons
along the transect of fiber shape and
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Figure 3. Simplified geological map of northern Taconic Allochthon

and surrounding region. GBS--Giddings Brook slice; BMS--Bird
Mountain slice; CP, SH, QA, QB, QC, QD, and QF--reduction spot
sites from Wood (1974), Hoak (1992), and Goldstein et al. (1995);
SR, P1, QHR, RR, and THS--graptolite sites from Goldstein et al.
(1998); thick gray line--transect from Chan (1998); unpatterned
area--carbonate platform.

length. Both are relatively uniform. In particular, the mean maximum principal finite stretch (1 + e)) calculated
from the fibers using the Durney and Ramsay (1973) technique ranges only between 2.1 and 2.4 for the sites. Chan
(1998) used this result as well as the nearly constant orientation of S, to infer that the transect lies along the same
structural level within a regional-scale shear zone that formed in the pressure-solution regime.

Strain fringes around subspherical core objects in the Mount Merino Formation have been analyzed at three sites
around a regional-scale F, fold (Fig. 3): on the overturned limb where S; and S, are essentially parallel (site SR1); on
the upright limb where S, and S, lie at a moderate angle (site SR3); and in the hinge zone where 8, and S, are
perpendicular or nearly so (site SR5). Site names are after Goldstein et al. (1998). The sites lie about twenty
kilometers south of the transect studied by Chan (1998). S, shows little variation in orientation between the three

sites and dips about 45°-50° {o the east.
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. difference in degree of fiber curvature between the SR sites and the transect in the vicinity of Route 4 suggests that
the degree of non-coaxiality may be less at relatively high structural levels within the shear zone, although this is

difficult to quantify. The presence of flattening as opposed to plane strain at the SR sites implies a change in
boundary conditions with structural level.

This interpretation of the Taconic slate belt in the context of structural levels is consistent with regional
structural and stratigraphic relations. The Taconic Allochthon and underlying autochthonous strata of the carbonate
platform are gently folded to form the Middlebury synclinorium. The synclinorium plunges gently to the south
(Zen, 1967), as implied by the northern closure of the Taconic Allochthon. This results in the exposure of
systematically shallower structural levels from north to south within the Allochthon. In addition, units higher in
the Taconic sequence are more common at Earth’s surface in the south than they are in the north (see, for example,
geological maps of Zen (1961) and Rowley et al. (1979)).

Graptolites

Strain values have been determined for the SR sites using three techniques: thecal spacing of graptolites, strain
fringes around subspherical core objects, and reconstruction of pyrite blocks composing the graptolites. Direct
comparison of the strain fringe and graptolite results can be made only along directions that S, and S, have in
common, i.e., in the §4/S, plane at site SR1 and along the S,-S, intersection lineation at sites SR3 and SR5. For
site SR1, the graptolite thecal spacing analysis yields values for 1 + ¢, and 1 + ¢, of 1.24 and 0.57, respectively
{Goldstein et al., 1998). The strain fringes, in contrast, yield values for 1 + ¢, and 1 + ¢, of 1.65 and 1.3,
respectively. The values obtained from the two approaches not only do not agree, but, for the Y-axis, the thecal
spacing measurements indicate shortening, whereas the strain fringes indicate extension. The value for 1 + ¢ along
the S,-S; intersection lineation determined from graptolite thecal spacing for sites SR3 and SRS5 is 0.97 in both
cases (Goldstein et al., 1998). The strain fringes give higher values for 1 + e along the 3,-5; intersection lineation
for sites SR3 and SR5 of 1.15 and 1.30, respectively.

Although the thecal spacing of the graptolites and the strain fringes record different amounts of strain, the
microstructure of the graptolites agrees with the strain fringes. At site SR1, the pyrite forming the graptolites has
undergone chocolate tablet boudinage. This is consistent with the radial character of the strain fringes. Thus,
shortening is indicated for the Y-axis by the graptolite thecal spacing, and extension is indicated for the Y-axis by the
graptolite microstructure and strain fringes.

Comparison of strain values obtained from the strain fringes with those obtained from reconstruction of the
pyrite blocks composing the graptolites shows that the strain fringes record more extension than the displaced pyrite
blocks. As noted above, average values for 1 + ¢, and 1 + ¢, determined from the strain fringes for site SR1 are 1.65
and 1.3, respectively, whereas preliminary values for 1 + e, and 1 + ¢, determined from pyrite block reconstructions
for site SR1 are 1.35 and 1.2, respectively. In addition, as noted above, average values for 1 + e along the 5,-S,
intersection lineation for SR5 determined from the strain fringes and from the pyrite block reconstructions are 1.3
and 1.15, respectively.

The discrepancies in strain values suggest that the various strain markers record different portions of the total
strain undergone by the strata. The spacing of the graptolite thecae is affected by any deformational event that
occurred after deposition of the graptolite-bearing strata and changed length in the S, plane. The displaced pyrite
blocks, in contrast, record the deformation that occurred after pyritization of the graptolites. The strain fringes, as
noted above, record the strain related to S, development. The strain values obtained using graptolite thecal spacing,
therefore, imply that the strata underwent shortening parallel to the Y-axis prior to the formation of the strain fringes
and the pyritization of the graptolites. Subsequent extension was not sufficient to recover the shortening undergone
by the strata during this early event, resulting in net shortening of the graptolites along the Y-axis. The strain
values obtained by reconstruction of the pyrite blocks composing the graptolites, which are consistently lower than
those obtained from the strain fringes, imply that pyritization of the graptolites occurred during low-grade
metamorphism accompanying S, development.
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The F, folds in the Taconic slate belt are interpreted as flexural folds (Crespi and Byrne, 1987). In theory,
flexural folding does not result in changes in length in the S, plane, which acts as the shear plane during rotation of
the fold limbs. In the absence of direct evidence pointing toward deformation in the S, plane during folding, a
deformational event other than folding is sought as the cause of early shortening of the strata along the Y-axis. Pre-
F, layer-parallel shortening is a candidate. Unfolding of S, at site SR1, which lies on the overturned limb of the
fold, rotates the Y-axis from north-northeast trending to northwest trending (Fig. 7). This is consistent with the
inferred convergence direction during Taconian orogenesis and supports the possibility that the strata underwent layer-
parallel shortening during initial incorporation into the Taconic accretionary wedge.

The Mount Merino Formation directly underlies the N
Pawlet Formation (Fig. 2), which is correlative with the
Austin Glen Graywacke and widely accepted to be Taconic
flysch. Although many workers (Zen, 1961, 1964, 1967,
Shumaker, 1967; Steuer and Platt, 1981; Platt and Steuer,
1982) have inferred an angular unconformity at the base of
the Pawlet Formation, Rowley et al. (1979} and Bosworth
et al. (1982) concluded that the Pawlet Formation
conformably overlies the Mount Merino Formation and
that stratigraphic omission between the Pawlet Formation
and underlying units in the Taconic sequence, in most
cases, 18 structural. Regardless, the Mount Merino and
Pawlet formations contain graptolite fauna belonging to
the same zone (Berry, 1962), implying that deposition of
the Mount Merino Formation occurred shortly before the
formation of synorogenic deposits.

The preceding suggests that the Mount Merino
Formation was only partially lithified when it was
incorporated into the Taconic accretionary wedge. The

proposed early layer-parallel shortening, therefore, may Figure 7. Stereoplot showing rotation of SO/S2 and
have resulted in tectonic consolidation of the strata such X- and Y-axes to hortzontal for site SR1. Equal-
that the volume loss calculated from graptolite thecal area, lower-hemisphere projection.

spacing reflects, at least in part, loss of porosity rather

than rock mass. A minimum value for the amount of shortening related to early layer-parallel shortening can be
obtained using data from site SR1 by removing the strain recorded by the strain fringes from that recorded by the
graptolite thecal spacing along the Y-axis. This results in approximately 55% shortening.

Strain values determined from reconstruction of the pyrite blocks composing the graptolites can be used to
estimate the volume change during S, development, because pyritization of the graptolites is inferred to have
occurred during S, development. Minimum and maximum values for the volume change are calculated as a result of
cut-effect problems in strain estimation, as discussed above. Minimum and maximum estimates using the
preliminary values for 1 + ¢;, 1 + ¢,, and 1 + ¢; are 0% volume change and 30% volume gain. Because the cut-effect
problems result in overestimation of the stretch, we suspect that the minimum volume change estimate is closer to
the actual volume change undergone by the strata during S, development. These data, therefore, point to
approximately constant-volume deformation during S, development. Note that the results do not dependon 1 + ¢,
values calculated from the hinge zone of the fold and that the results support the possibility of minor volume gain in
fold limbs (see interpretation of reduction spots below).

Geometric relations at site SR3 permit an alternative approach to the understanding of volume change during S,
development. Graptolites at this site show evidence of imbrication and boudinage, indicating that they have rotated
from the instantaneous shortening field into the instantaneous extension field. The following analysis (Fig. 8)
describes geometries viewing to the northeast. In the XZ plane, the graptolites lie 39° counterclockwise from S,.
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NW

max ISA
iscw

Figure 8. Schematic diagram of S0-82 relations at site SR3 drawn for XZ plane. Graptolites in SO
show evidence of imbrication and boudinage, indicating that they have rotated from instantaneous
shortening field into instantaneous extension field. Geometry implies angle between maximum
instantaneous stretching axis {max ISA) and line separating extension and shortening fields is at
least 39° Instantaneous strain ellipse on far right shows extension {e) and shortening (s} fields
for plane-strain, constant-volume deformation. Instantaneous strain ellipse is not oriented with
respect to geographic reference frame. Note geometry, i.e., presence of graptolites that have
undergone shortening and extension at an acute angle counterclockwise from S$2, is inconsistent
with simple shearing (see, for example, Ramsay (1967) and Passchier and Trouw (1996)).
Photomicrograph is approximately 350 microns long. Plane polarized light. See text for discussion.

Because the sense of shear is top-to-northwest, S, rotated counterclockwise with respect to the shear plane as S,-
related strain accumulated. For plane-strain, constant-volume deformation, the lines of no infinitesimal strain lie at
45° to the maximum instantaneous stretching axis. The maximum instantaneous stretching axis lies clockwise from
S,, because of the counterclockwise rotation of S, during strain accumulation, i.e., S, initiated parallel to the
maximum instantaneous stretching axis. Therefore, the angle between the graptolites and the maximum
instantaneous stretching axis in the XZ plane is at least 39°. Given that S, has rotated to some extent and that the
graptolites have rotated past the line of no infinitesimal strain, these geometric relations are consistent with
constant-volume deformation. They are also consistent with volume-gain deformation (see, for example, Fig. 7 of
Passchier (1990)). We are currently extending the analysis to include flattening strain in order to determine the
extent to which the geometric relations preclude volume-loss deformation.

Reduction Spots

In using the reduction spot data to infer a deformation path, Goldstein et al. (1995) noted that there is no clear
difference between the shape of the strain ellipsoid for limb sites and hinge sites. This is the case only if the sites
are viewed as a whole. Because the strain fringe and S, data imply relatively low structural levels to the north and
relatively high structural levels to the south, the reduction spot data (Fig. 6) can be divided into two domains. Sites
SH and CP, which are located north of the transect studied by Chan (1998), are inferred to lie at a relatively low
structural level, and sites QA through QF, which are located south of the transect studied by Chan (1998) and north
of the SR sites, are inferred to lie at an intermediate structural level. When grouped by domain, there is a distinction
between limb sites and hinge sites such that YZ axial ratios are greater for hinge as opposed to limb sites. In
addition, YZ axial ratios, overall, are higher for the SH/CP domain than for the QA-QF domain, which is consistent
with the structural level interpretation. These observations suggest that inference of a deformation path requires
separation of the data by domain.
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If the reduction spot data are grouped by domain and weighted means are used, then approximately 15% volume
Joss is required to derive the strain ellipsoid for the hinge site CP from that for the limb site SH and approximately
35% volume loss is required to derive the strain ellipsoid for the hinge site QD from that for the limb sites QA-
QC/QF (50% from QA and 30% from the mean of the other three). These values are lower than the 55% volume
loss calculated by Goldstein et al. (1995). Unlike Goldstein et al. (1995), who proposed that the 55% volume loss
is a minimum estimate for the volume loss undergone by the strata during S, development, we propose that the
calculated 15% to 35% volume loss is the total amount of volume loss undergone during S, development and applies
only to hinge zone strata. This interpretation is based on absolute changes in length recorded by strain fringes
around pyrite framboids in black slate of the Taconic sequence. The strain fringes show that the strata were
undergoing extension along the X-axis during S, development and that the amount of extension along the X-axis was
relatively uniform at a given structural level. Thus, if the strata are, for example, undergoing plane-strain
deformation, then the XY axial ratio of the reduction spots will increase during S, development and the increase will
be the same across a fold. The greater YZ axial ratio for hinge as opposed to limb sites results from greater
shortening along the Z-axis at the hinge sites. We note that calculaton of the volume loss values given above
assumes constant-volume deformation for the limb sites. The data are also consistent with regional-scale, constant-
volume deformation, if fold limbs underwent volume gain, in which case less volume loss is required for fold
hinges.

On the basis of geochemical data, Brslev (1998) concluded that the Mettawee Formation did not undergo large
nonvolatile volume loss during S, development. He used two lines of evidence. First, compositional data for the
Taconic slate belt, most of which is from samples of the Mettawee Formation, show that the Si0,/AL0, and
Si0,/TiO, ratios of the slates, on average, are higher than those of Paleozoic shales (see Fig. 10 of Erslev (1998)).
This pattern does not indicate large volume loss during S, development, unless the protolith of the Mettawee
Formation was anomalously high in silica. And second, samples of Mettawee Formation from the Cedar Point
quarry have low Zr (see Fig. 12 of Erslev (1998)), which is not consistent with enrichment in this relatively
immobile element during S, development.

Our interpretation of the reduction spot data is broadly consistent with Erslev’s (1998) inference of minimal
nonvolatile volume loss during S, development. Although we suggest volume loss during S, development for the
Mettawee Formation, the amount of volume loss is relatively low and occurs only in the hinge zones of the F,
folds. Hinge zones in the Taconic slate belt are tight, and so most of the strata occupy limb positions. We also
note that geochemical data suggest that large element fluxes can occur between the hinge and Jimbs of a fold or
between the inner and outer arcs of a fold, in some cases the hinge or inner arc undergoing volume gain and in other
cases volume loss (Gratier, 1983; Erslev, 1998). These data, however, are for mesoscale folds rather than regional-
scale folds. Erslev (1998) analyzed samples from the same stratigraphic horizon around the fold hinge exposed in the
Cedar Point quarry and noted uniform SiO,/Ti0, and ALO,/TiQ, ratios for samples described as being from the hinge
and from the limb. He inferred no significant flux of silicate components. Because the Cedar Mountain syncline is
aregional-scale fold, the samples from the quarry are all effectively in the hinge zone of the fold and so large fluxes
would not be expected. Although it may not be statistically significant, the quarry samples show a slight overall
decrease in Si0,/Ti0, in the hinge compared to the limb (see Fig. 11 of Erslev (1998)), which is consistent with the
proposal of localization of volume loss in fold hinge zones.

THE BIRD MOUNTAIN FAULT: PREVIOUS AND CURRENT WORK

The Bird Mountain fault is a west-directed, low-angle thrust that bounds the Bird Mountain slice (Fig. 3). The
fault is well exposed along and near the eastern shore of Lake St. Catherine in Wells, Vermont, and along Route 30
south of Wells. Excellent exposures within the fault zone provide evidence for its movement history in the context
of the tectonic evolution of the Taconic Allochthon. Previous structural interpretations have addressed the Bird
Mountain slice in a regional context, focusing in particular on the stacking order-of the various Taconic slices and
the relative timing of their emplacement. We review past research related to the Bird Mountain slice and present a
detailed description of structural features observed within the Bird Mountain slice and Bird Mountain fault zone. The
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meso- and microscale structural features support a synkinematic relation between thrusting along the Bird Mountain
fault and the development of S,.

Zen (1961) mapped the Bird Mountain slice as a recambently folded, west-directed klippe. The slice lies
structurally above the Giddings Brook slice, a slice of similar stratigraphy and structural style. Since Zen (1961),
opposing interpretations of slice stacking order, timing of S, development relative to slice emplacements, and
general tectonic interpretations of the Taconic Allochthon have been proposed by subsequent researchers.

Zen (1967) was the first to propose a west-to-east stacking order such that higher slices to the east were
emplaced after an initial gravity-slide emplacement of the Giddings Brook and Sunset Lake slices. In addition, Zen
(1967) described the nature of the contact between the Bird Mountain and Giddings Brook slices as a sharp, low-angle
fault. The Edgerton half-window within the Bird Mountain slice exposes the Giddings Brook slice and controls the
topographic expression of the Bird Mountain fault. Shumaker (1967) mapped the southern Bird Mountain slice
within the Pawlet quadrangle and described a slice emplacement history similar to Zen (1967).

Further developing his slice theory, Zen (1972) modified his previous implicit interpretation that S, formed
during the emplacement of the Giddings Brook slice. Evidence from mapping in the higher slices (Zen and Ratcliffe,
1971) indicated that F, folding accompanied or immediately followed emplacement of the highest slice.

Development of S,, therefore, was inferred to postdate emplacement of the Giddings Brook slice on the basis of the
west-to-cast stacking order and axial planar character of S, to the F, folds. Implicit in this interpretation is the
assumption that S, developed simultaneously throughout the Taconic Allochthon. Zen (1972) speculated that S,
developed as the higher slices were emplaced above the Giddings Brook slice but concluded that S, probably postdated
emplacement of the Allochthon.

In contrast to Zen’s interpretations, Rowley et al. (1979) and Rowley and Kidd (1981) proposed an east-to-west
stacking order on the basis of the stratigraphic position of the flysch within individual thrust slices and modern
subduction/accretionary wedge analogs. They described faults in the Giddings Brook slice as syn to late D,/S,,
noting that the cleavage within the fault zones is parallel to subparallel to the regional S, cleavage (Rowley et al.,
1979) (Rowley et al. {1979) define S, to be the regional slaty cleavage here defined as S,). Bosworth and Rowley
(1984) maintained the east-to-west stacking order but reinterpreted the D, faults of Rowley et al. (1979) as D, faults.

Stanley and Ratcliffe (1985) supported Zen's interpretation. They argued that the emplacement of the Bird
Mountain slice predated S, and associated metamorphism on the basis of the observation that S, cuts across the Bird
Mountain slice. Goldstein et al. (1995) also supported the view that thrusting predated S,, noting that S, cuts across
the Bird Mountain fault without changing orientation. Because the fault truncates F, folds, they inferred a sequence
of events described by F, folding, followed by thrusting, followed by S, development. Most recently, Ratcliffe
(1999) correlated the Bird Mountain slice with the Chatham slice to the south and maintained the view that the
emplacement of younger slices was eastward toward the hinterland. '

Metamorphism of the Taconic Allochthon may have been time transgressive (Karabinos, 1988). This has
implications for interpretations that consider the formation of S, across different slices of the Allochthon to be a
single event. S, may have formed at different times spatially and so is potentially not a reliable time marker.
Another approach to understanding the structural relations within the Taconic Allochthon is to examine meso- and
microscale structural features within the slice-boundary faults and the relations of these features to the different
. cleavages.

New observations suggest that movement along the Bird Mountain fault was coeval with the S, cleavage event.
Abundant boudined quartz veins form a network, parallel and subparallel to S,, and are concentrated along the thrust.
The veins have been observed at the outcrop, hand-sample, and thin-section scales (Fig. 9). Locally, fibrous quartz
within the veins is parallel to S,. Fragments of slate with a well-developed S, are rotated within the fibrous quartz
matrix. In addition, chlorite inclusion bands fringe the fragments of slate. The chlorite forms bands parallel to the
fragment walls and interfingers with the fibrous quartz. The veins are interpreted to be associated with thrusting
along the Bird Mountain fault, because they are spatially associated with the fault. The boudins imply that the veins
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formed before or at the same time as S,. The fragmented and rotated slate suggests that the veins postdated S,. The
chlorite inclusion bands suggest a crack-seal mechanism (Ramsay, 1980; Cox and Etheridge, 1983) that operated
during or post S,. These observations indicate an intimate relation between S, and vein formation: the veining is
not exclusively pre-S, aniid not exclusively post-S,, and so is interpreted as syn-S,.

« Dy structures are also present within the Bird Mountain slice. S, which is typically a crenulation cleavage but
may also be a disjunctive cleavage, is observed within the slice. These structures strike north-northeast and dip
steeply to the east, and are parallel o the regional D; structures mapped by Chan (1998) to the north along Route 4.
Parallel to the crenulations are asymmetric chevron folds of meter to centimeter scale that intensify close to the fault
zone. These chevron folds are observed in outcrops along the topographic expression of the fault and within the
interior of the slice. Similar D, structures were observed by Rowley et al. (1979) to the west of the Bird Mountain
fault. Figure 10 shows the D, and D, structures recorded within the Bird Mountain slice.

The outcrops along the Bird Mountain fault near and south of Wells, Vermont, are interpreted to be within a
pressure-solution shear zone, in which S, cleavage formation and large-scale thrust faulting occurred simultaneously.
The fault zone is at least several hundred meters thick
and contains both ductile and brittle deformational
structures at a variety of scales. Preliminary
observations at outcrop, hand-sample, and thin-section
scales indicate that the Bird Mountain fault was active
during S, development. Reactivation of the fault may
have occurred during the D, event considering the
spatial pattern of chevron folds within and near the
fault zone, but this relation is not clear.

Figure 9. Photomicrographs of (top) rotated slate
fragments (F) in a matrix of fibrous quartz that grew
parallel to S2 (crossed polarized light) and (bottom)
chlorite inclusion bands within S2-parallel fibrous
quartz (plane polarized light).

Figure 10. Stereoplot of structural elements associated
with Bird Mountain fault. Solid circles represent
poles to §2. Triangles represent poles to S3.
Boxes represent F3 fold axes. Equal-area, lower-
hemisphere projection.
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ROAD LOG

Mileage

0.0 Trip will begin in Fort William Henry Conference Center parking lot.

3.5 Turn left onto Route 149 east.

15.1 Turn left at light in Fort Anne onto Route 4 north.

25.5 At Whitehall turn right, continuing on Route 4 north (see Fig. 11 for trip route).

30.0 STOP 1. Turn left into driveway just before billboards on hill to left and park in overgrown lot.
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Figure 11. Location map for northern part of field trip. Highlighted roads indicate trip route. Numbered circles
indicate stop localities; circled L. is lunch stop.

STOP 1. ABANDONED QUARRY. (45 MINUTES) This quarry, which exposes the Cambrian Hatch
Hill Formation, lies on the upright limb of the Mount Hamilton syncline, a regional-scale, west-vergent F, fold. S,

lies at a low angle to S,, which dips about 30°-35° to the east. Fibrous calcite veins are abundant in the strata and
lie in a variety of orientations.

The outcrop was included by Chan (1998) in his transect of the Taconic slate belt in the vicinity of Route 4.
Strain fringes around pyrite framboids in the strata record top-to-west-northwest, non-coaxial flow. Passchier and
Urai (1988) used veins in the exposure to estimate the kinematic vorticity number of the flow. They inferred that
the dominant vein set formed at some point during S, development; however, these veins and others display
characteristics that suggest that they are early pre-folding veins, which were reactivated during S, development
(Crespi and Chan, 1996). Determination of the flow type required estimation of volume change, which Passchier
and Urai (1988) accomplished through geochemical analysis of a sample with a variably developed S,. They
determined a volume loss of 50%. Ersiev (1998), in contrast, analyzed samples from the quarry with a penetrative S,
and concluded, on the basis of geochemical data, that large volume loss occurred only at the scale of individual
cleavage domains.
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30.0 Turn left back onto Route 4 north.

31.9 Cross Vermont State line (Poultney River) and begin four-lane highway.

33.3 Take exit 2 off Route 4 (Fair Haven/Vergennes).

33.5 Take right off ramp onto Route 22A south.

33.8 Turn left onto Fourth Street.

34.4 Turn left at blinking red light onto Dutton Road (becomes Scotch Hill Road after cmssmg Route 4).
38.8 Scotch Hill syncline (Stop 3} on left. Bear right, staying on main paved road.

39.0 AtBomoseen State Park entrance take hard left onto Cedar Mountain Road (dirt road).

40.3 STOP 2. Cedar Point quarry. Road ends here. Park in pullout or on north side of road. Do not block
driveway opposite quarry entrance. Refer to Fig. 12 for trail map of quarry.

STOP 2. CEDAR POINT QUARRY. (1 HOUR 15
MINUTES) The hinge zone of the Cedar Mountain syncline, a regional- approximately quarry wall
scale, overturned, west-vergent, isoclinal F, fold, is exposed at this stop. 100 meters <
The folded strata consist of the Cambrian Mettawee Formation. The
dominant cleavage in the exposure is S,, which dips about 25° to the east slate —
and is parallel to the axial plane of the fold. A moderately developed S; is pile ~- 0= m—
also present. t"’-‘.’l’-‘

Green ellipsoidal reduction spots are common in the maroon slate and
can readily be seen in the abandoned blocks on the quarry floor. Irregularly
shaped areas of reduction and bands of reduction subparallel to S, are also lake
common. Measurements of the ellipsoidal reduction spots have been made ] overlook
by Wood (1974), Hoak {(1992), and Goldstein et al. (1995). Minimum
volume losses during S, development of 55% determined from the
reduction spot data (Goldstein et al., 1995) are in conflict with
geochemical data from the quarry, whxch are consistent with minimal

nonvolatile volume loss (Erslev, 1998). é é

trail

b=

40.3 Return back along Cedar Mountain Road.

41.6 AtBomoseen State Park entrance take right onto Scotch Hill Road.
41.7 Bear left, staying on main paved road.

41.8 STOP 3. Scotch Hill syncline. Turn left into driveway of white
house opposite syncline and park on grass to right of driveway.
Additional parking on grass on either side of road.

parking

Figure 12. Trail map of Cedar Point
quarry. Climb to top of slate pile

STOP 3. SCOTCH HILL SYNCLINE. (45 MINUTES) from east side.
This is a well known exposure in New England. The property owner asks that hammers not be used on the outcrop,
so please leave your hammer in your vehicle. Also, poison ivy may be dense at the base of the exposure.

This exposure of the Ordovician Poultney Formation lies in the hinge zone of the Scotch Hill syncline, a
regional-scale, west-vergent F, fold. S, dips about 30° to the east and is axial planar to the fold. En echelon,
sigmoidal quartz veins provide evidence for flexural folding of the strata with pinning at the hinge. The veins are
present on both limbs of the fold but are more systematic on the vertical limb and, thus, provide a better example of
vein development within shear zones. (In this context, S, acts as the shear plane.) The veins are easily found on the
vertical limb of the fold. To observe the veins on the gently dipping, upright limb, go around the small shed and
climb to the base of the exposure behind the shed. Veins on both limbs of the fold are folded and/or boudined. On
the vertical limb, the veins have a Z-shaped asymmetry (viewed to the north), indicating east-side-down sense of
shear along S;. On the gently dipping, upright limb of the fold, the veins have an S-shaped asymmetry (viewed to
the north), indicating top-to-west sense of shear along S;. Prefolding veins, which are not coaxial with the fold, can
also be observed in the exposure. These appear approximately parallel to S, on the fold profile plane on both limbs
of the fold, but three-dimensional exposures show that the veins lie at an angle to S,. The prefolding veins lie in



B4-19
CRESPI, GOURLEY AND WITKOWSKI

approximately the same orientation on both limbs of the fold. This results because shearing within layering
effectively cancelled the change in orientation from rigid rotation of the fold limbs.

41.8 Return back along Scotch Hill Road toward Fair Haven.

46.2 After crossing Route 4 go straight at blinking light to center of Fair Haven.

46.6 LUNCH STOP. Fair Haven green. Trip continues from here on Route 22A south to Middle Granville (see
Fig. 13 for trip route).

58.5 Turn left off Route 22A and immediately cross bridge onto Washington County 24.

58.6 Turn left onto Depot Street (opposite Chapman’s General Store).

59.3 Turn left onto Stoddard Road.

59.8 STOP 4. Stoddard Road graptolites. Park on right, opposite drained beaver pond under conversion to pasture.
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Figure 13. Location map for southern part of field trip. Highlighted roads indicate trip route.
Numbered circles indicate stop localities.

STOP 4. STODDARD ROAD GRAPTOLITES. (1 HOUR) The first exposure (SR1) that we will
visit at this stop is located immediately east of the road. The second exposure (SR2) is located on the small hill in
the middle of the drained beaver pond and, if the area is marshy, can be reached by crossing the small stream at the
south end of the drained pond. Both exposures are rather small. Please be kind to them with your hammers so that
geologists on trips in the future can also enjoy the graptolites and structural featores.
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The two exposures are of the graptolite-bearing Stoddard Road Member of the Ordovician Mount Merino
Formation. Exposures of the Mount Merino Formation in the vicinity of Stoddard Road are in the core of a
regional-scale F, syncline. SR1 is located on the overturned limb of the syncline, and §; and S, are essentially
parallel. Sy/S, dips about 45°-50° to the east. Graptolites are readily observed in place on the underside of the
overhanging Sy/S, surfaces and in numerous pieces of float. The hinge zone of a mesoscale fold is exposed at the
north end of the outcrop where graptolites can be observed on an S, surface at a very high angle to §,. Mesoscale
folds, which cannot be recognized using stratigraphic relations, may be common in the generally poorly exposed
slates of the region. SR2 is located in the hinge zone of the regional-scale F, syncline. Well-preserved graptolites B
are present but more difficult to find at the exposure. §; lies at very high angles to S,, which dips about 45°-50° to
the east, and the exposure provides good examples of using S4-S, relations to determine whether strata are on the
upright or overturned limb of a fold. The axial-planar character of S, can be observed in the hinge of the fold, which
is exposed on the north side of the hill in a small block that is probably slightly out of place.

59.8 Continue north on Stoddard Road.

60.8 Turn right onto New Boston Road.

62.3 Go straight at intersection with stop sign.

63.3 Turn right onto Route 25 south. Continue to center of Granville.
64.2 At Granville center turn left onto Route 149 east. -
65.9 Turn left onto Ronte 30 north and continue to Wells.

66.7 Turn left onto North Street (Lakeside Realty) just before center green of Wells.

68.1 STOP 5. At top of grassy hill park on right.

STOP 5. BIRD MOUNTAIN FAULT OVERLOOK. (20 MINUTES) From this vantage point, the
Bird Mountain fault is clearly expressed as the abrupt topographic transition between the valley containing Little
Pond and Lake St. Catherine and the hills to the east. Good exposures of the fault can be viewed in a large roadcut
along the east shore of Lake St. Catherine on Route 30, but access is limited and the orientation of the exposure is
parallel to strike. To the east of the fault in this region, the Mettawee (St. Catharine Formation of Shumaker
{1967)) and West Castleton/Hatch Hill formations underlie the hills of the Bird Mountain slice. Slate quarries are
absent from the Bird Mountain slice despite the abundance of the Mettawee Formation. Zen (1967) noted that the

Mettawee within the Bird Mountain slice is siltier than Mettawee to the west and, therefore, is unfit for roofing
material.

68.1 Continue north on North Road.

68.4 At intersection with West Lake Road drive around traffic island and return past overlook.
70.1 Turn left onto Route 30 north.

70.2 At Wells green go straight onto East Wells Road as Route 30 tums to left.

70.4 Bear left up hill onto Sawmill Hill Road.

71.2 Stop 6. Park on right, opposite small roadcut.

STOP 6. BIRD MOUNTAIN SLICE. (45 MINUTES) This small outcrop records several
deformational events to affect the Taconic Allochthon. The rocks are within the Mettawee Formation. S, is folded
and the fold axes trend northwest. A variably spaced, axial planar S, cleavage cuts S;. S, is well defined along
limbs of folds but nearly absent in the hinges. A weak spaced cleavage, steeper than the pervasive S, cleavage, is i
interpreted to be S;. Refer to Fig. 10 to see the local relation between S, and S;.  S,-parallel veins are present at the -
south end of the outcrop.

71.2 Continue up Sawmill Hill Road to first driveway on left,

71.3 Turn around in driveway on left. Drive down Sawmill Hill Road.

72.1 Tum right onto East Wells Road. '

72.3 At intersection go straight onto Route 30 south.

77.4 STOP 7. Tum into driveway of white hounse (3723 on mailbox). Park in driveway. Outcrop in backyard,
northwest of house.
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STOP 7. BIRD MOUNTAIN FAULT. (45 MINUTES) Outcrops in the yard behind the house, in the
woods above, and along Route 30 (beware poison ivy!) contain abundant veins that are parallel and subparallei to S,.
This is the prominent S, cleavage that dominates the Allochthon from here west, but is folded in this manner only
near the Bird Mountain fault. In addition, the S, surface and veins are deformed into asymmetric chevron folds. The
green and purple rocks exposed here are the Mettawee Formation. The orientation of S, is highly variable due to the
intense chevron folding.
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MIDDLE ORDOVICIAN SECTION AT CROWN POINT PENINSULA
by

Charlotte Mehrtens, Department of Geology, University of Vermont, Burlington, VT 05405
Bruce Selleck, Department of Geology, Colgate University, Hamilton, NY 13346

INTRODUCTION

The Chazy, Black River and Trenton Groups are a well known sequence of fossiliferous limestones
and sandstones in the Champlain Valley of New York, Vermont and southern Quebec. These rocks recoxd
cyclic sedimentation in shallow water environments on the flanks of the Iapetus Ocean during the Middle
Ordovician transgression. This field trip reviews the stratigraphy of these units and the evidence for their
depositional environments.

CHAZY GROUP

The intemal stratigraphy of the Chazy Group in the Lake Champlain Valley was defired by Oxley and
Kay (1959). Welby (1962) provides a compmrhensive synopsis of stratigraphic relationships between
exposures in New York and Vermont. Hoffman (1963) presented a regional lithestratigraphic framework for
the Montwral-Ottawa area. Fisher (1968) presents desciiptions of Chazy Group strata in the northem Lake
Champlain Valley. Biostratigraphic corrdations of the Chazy Group have been attempted using brachiopods
(Cooper, 1956), trilobites (Shaw 1968) and conodnts (Raring, 1973). Speyer and Selleck (1986) summaize
major lithostratigraphic trends in the Chazy Group and the appropriateness of biostratigraphic corrdation.

The Chazy Group is nearly 250 metess thick in the northern Champlain Valley (Oxley and Kay, 1959)
but thins to the south (appoximately 90 metes at Crown Point peninsula; less than 15 metes at
Ticondkeroga, absent at Whitchall). In the typeareain the northern Champlain Valley, a threepart subdivision
into Crown Point, Day Point and Valcour Formaions is applied The classic biostromes largdy occur within
the Day Point Formation. Significant biostromal buildips are absent in the southern exposures. In the
vicirity of Crown Point, the entiee Chazy Group is placad within the Crown Point Formaion (Oxley and
Kay, 1959), although there is considerable lithologic variaion.

The Chazy Group marks the resumption of shallow marine sedimentation following partial emergence and
subagrial erosion of the undedying Beekmantown Group during early Medid Ordovician time. In the southern
Lake Champlain Valley, the basal Chazy units are cleady in unconformable contact with tilted, eroded upper
Beckmantown Group strata. In the northern Champlain Valley, basal Chazy Group beds are in appaently
conformable contact with the Providence Island Dolostone of the Beekmantown Group (Speyer, 1982).
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Figure 1 — Location map. See text for location desciiptions

Rapid northto-south thickness and facies changes, and variaions in the nature of the basal contact suggest
that the Chazy was deposited during or just after a periocd of block faulting which disnpted earlier
Beekmantown and older rocks in some areas. The presence of coarse, angular quartz and feldspar grains within
the Chazy Group suggests that Proterozoic basement may have been exposed close to the areas of Chazy
deposition (Selleck, et al, 1985) In the Ottawa area, basal Chazy consists of coarse sandstones and pebble
conglomerates of braickd stream origin, indicating uplified source terrains in that area (Hoffiman, 1963)

The Chazy Group contat with the overlying Black River Group is abrupt, but evidence for significant
erosion is genemlly absent. At Chazy, New York, the contact is apparently confomable (Fisher, 1968;
Raring, 1973) The contact is well-exposed on the Crown Point Peninsula and is marked by a coarse quartz
sandstone with scattered large, angular feldspar grains.

The Chazy Group at Crown Point consists largdy of fossiliferous bioclastic wackestones, packstones and
grainstones, with varying degrees of post-depositional dolomitization. Shaley, nodular limestones are present
in the sequence, but are rarely exposed at the surfae. Envionments of deposition varied from subtidal, storm-
dominated shelf settings to inshore sand shoals and lower tidal flats. Muddy peritidal facies are genemlly
absent, but intervals of penecontemporaneous cementation and karstic erosion may mark intervals of subaerial
exposure (Selleck, 1983)
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Cements within the Chazy Group at Crown Point typically consist of an early equant to prismatic lo-Mg
calcite followed by later coarse calcite spar. Dissolution and chert replacement of aragonitic bioclasts is
common. Dolomitization of Crown Point carbonates is widespread, and is highly seledive in some facies.
Varigtions in primay minenlogy (lo-Mg calcite vs. aragonite) appear to have contwolled the dolomitization of
some bioclastic materials; grain size, sorting, porosity, intersity of burrowing and distibution of ealy
cements (and thus permeability of materials during burial diagenesis) seem to best explain the highly varidle
patterns of dolomitization (Selleck, 1988)

Stop 1- Redoubt

Approximately 6 m of variously burrowed, slightly dolomific, thin to medium bedded bioclastic
packstone and grainstone is exposed in this section. Some beds are relatively well-sorted grairstones with
sharp bases and are intempreted as storm deposits, Notethe large intraclasts in the base of one umnit in the low
ledge at the southeast comner of the ditch. These indicate rip-up of cemented grainstone, apparently by a storm.
Abundnt "Girvenella” algal oncolites are present in beds approximately three metes from the base of the
section. Rounded, dark calcite grairs (abraded gastmpod fragments?) form the cores of the oncolites, and are
scattered in other beds. Fossils are relatively abundhnt, and are best seen on slightly weathered bedding
surfaces, Trilobite fragments, brachiopods, bryozans, pelmaozoan plates, nautiloids and large Maclwrites
magnus are present. Dolomite occurs in shaley weatbering laminae and in burrow fills.

The relatively high faund diversity, genenl biotwbation, and storm-related sedimentation point to a ‘low
energy’, shallow subtidd envionment at depths slightly below normad wave base. The abundmt algal
oncolites and discrete calcareous algal fossils (e.g. Hedstromia) suggest depths well within the photic zone. A
possible modem analogue is foundin the mixedmud and sand shelf to the west of the emergent tidal flats of
Andros Island, Bahamas, as desciibed by Bathwrst (1971) and Purdy (1963).

The wavy, irregular dolomite laminae result from dolomitization of lime mud, followed by compaction
and pressure solution of calcite that produced imegular, clay- and dolomiterich stylocumulate seams.
Preferential dolomitization of burrows is due to contrasts in permeability of burrow-fill versus burrow-matrix
sediment. The burrow-fill material retained permeability longer during diagenesis and allowed more pervasive
dolomitization. In similar facies exposed on Bullwagga Bay (west shore of penirsula), nodular limestone with
shaley dolostone seams and stringers are present (Fig. 2). The limestone nodules appear to have been
cemerted prior to significant burid compaction, whereas the shaley dolostone mateiial was compacted around
the cemented limestone. The early-cemented limestones were resistant to dolomitization. This sort of fabric
selective dolomitization is common in the Chazy and Black River Groups throughout the Champlain Valley.
Can you findother evidence of early cementation in this outcrop. Are there hardprounds?

Stop 2 ~ Ridgeoutcrop extending NE from near entrance Gate

Cross-stratified coarse bioclastic grainstones are well-exposed near the main gate along the entrance road
and adjacent ridge Nearly three meters of section form a prominent belt parallel to strike extending from the
entrance road to the main highway. Foreset cross-strata show bipolar dip directions. Angular quartz and
feldspar grairs are concentrated in some laminae. The carbonate particles are dominately sub-ounded, abracd
pelmaozoan plates with gastiopod and brachiopod fragments. Large Maclwites fragments and grainstone
intraclasts are present on the upper bedding surfaces of the ledges northeast east of the entrance road
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Figure 2: (previous page). Nodular limestone in shaley dolostone matrix. Note apparent truncation of
some nodules by stylolites. Dark fragments are Maclurifes bioclasts. This fabric suggests early
cementation of portions of the sediment by calcite, followed by burial, compaction and dolomitization. The
disrupted appearance may be due to burrowing and rotation of cemented nodules, plus later soft-sediment
deformation of the cemented nodules while the matrix was still uncemented. Scale is centimeters.

Stop 2 - continued from previous page

We envision the envionment of deposition of this facies as a shallow subtidal wave and cument reworked
sandshoal. Active transport of abracd grains may have been accomplished by tidal currents (as suggested by
bipolar cross-strata), or by storm-generated currents that produced complex, anastomosing pattems of cross-
strata and intervening reactivation surfaces. The lack of burmowing and well-preserved wholeshell body fossils
may be due to the inhospitable shifting sandsubsirate. This environment
likely resembled the unstable sandshoal envitonment of the Bahamas Platform (Bathurst, 1971; Ball, 1967)
The scale and style of cross-stratification here are similar to that predicted by Ball (1967) from study of the
bedforms present on Bahamian Platibrm sand bodies. Similar Chazy Group facies in the northern Lake
Champlain Valley are oolitic {Oxley and Kay, 1959).

Note that these grainstones are essentially undolomitized Does this indicate early cementation or
diagenetic stabilization prior to deeper burial?

Stop 3 - Low ledges adjacent to entrance road (Picnic Pavilion Ridge) approximately S0 meters north of Stop
2' .

Brown-weathering, slightly shaley dolostone exposed here contains lenses and stringers of fossiliferous
lime packstone and wackestone. As at Stop 1, trilobites, small brachiopods and Maclwites are common.
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The envionment of deposition is assumed to be subtidal shelf, with less storm activity than at Stop 1.

Note that some of the fossils are almost entizly encased in dolomite, which is assumed to be of
replacement origin here. Why are some of the fossils so well-preserved, and not dolomitized?

Stop 4 - SE moat of Fort Crown Point:

Approximately 3 meters of thickly laminated limestone and dolostone are exposed in the southeast ‘moat’
of the British Fort. The domirant facies here is altemating 0.5-2.0 cm thick lamimae of limestone and
dolostone ~ commonly termed ‘ribbon rock”. The limestone ribbons are very fine peloid grairstones or
‘caldsiltites” and appea bluegrey on slightly weathered surfaces, and are indentations on more deeply
weathered surfices.  The dolostone ribbons weather tan-brown, and consist of an intedocking mosaic of 20-
300 micron dolomite crystals of replacement origin. Quartz silt grairs are present in the dolostone ribbons,
verss medium to fine quartz sand in the limestone, suggesting that the limestone ribbons were slightly
coarser than the dolostone when originally deposited.

Figure 3: Typical ribbon rock facies with limestone (caldte) layes more resistant and dolomite layes
weathering in.  This surface is exposed to wind abrasion, and the granular. sugary-textured dolomite is less
resistant than the well-cemented limestone. Note the scalloped surface of some limestone layers, perhaps due
to burrowing or corrosion of cemented layers. Irregnlar wisps and knots of limestone in dolostone matrix are
‘probably due to deformation of cemerted limestone within soft matrix material that is now dolomitized Scale
in centimeters.

An erosional surface with 10-20 cm relief is exposed near the base of the south wall. Similar erosional
surfaces occur within this facies in other exposures, and appear to represent micro-karstic solution surfaces on
a tidal rock platform that developed during subaerial exposure of cemented limestone (Fig. 5). Typiclly, the
rock below the surface is mostly calcite limestone, suggesting that cementation and diagenetic stabilization of
the limestone occumred prior to development of the erosional surfaces. Overlying rock contains more dolomite.
Maclwrites shell hash can be found in pockets on the erosional surfxce, suggesting wave transport
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of shells onto the rocky platfrm of the erosional surface. Dolomitized burrows cut across the limestone
ribbans in some parts of the outcop, and trough cross-strata that appear to fill low scouss are also visible.

Figure 4: Burrowed ribbon rock on weathered surface shows prefarential dolomitzation of burrow-fill matedal
and section through Maclwites. On this surface, dolomitized material weathers out in relief becase dolomite
is moreresistant to chemical dissolution.

On the less weathered prominence on the SE corner of the moat, shallow scours containing brachiopods
and gastropod debris are seen. Intraclasts or pseudoclasts of limestone in dolostone are also present. Some
‘clasts’ appear to be cored by dolomitized burrows.

We interpret this sequence as a tidal flat to shallow subtidal facies. The alternating limestone/dolostone
‘ribbon rock’ may represent rhythms of slightly coarser {limestone) and slightly finer (dolostone) sediment
deposited on the lower reaches of a tidal flat, similar to the bedding described by Reineck and Singh (1980)
from the mud/sand tidal flats of the North Sea. These coarse-fine alternations might also reflect storm-
related, ebb-surge deposition. Early cementation of the slightly coarser limestone ribbons made this
lithology less susceptible to later dolomitization, which affected the finer, muddy ribbons that are now
dolostone. Variations in intensity of burrowing reflect subtle differences in duration of subaerial exposures
of the flat and/or extent of reworking by tidal currents. Limited in situ faunal diversity is expected in a
stressed tidal flat setting. The absence of muderacks and evaporite minerals may indicate that only the lower
portion of a humid climate tidal flat system is preserved here.

Stop 5 - Paade Grounds near Baracks:

As weenter the parade ground from the southwest corner of the moat, note the array of carbonate rocks
usedin construction of the bammacks. Chazy, Black River, and rare Trenton lithologies can beidentified
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Restaration of the barracks began in 1916, More recently, starting in 1976, the New York State Division for
Historic Preservation undirtook protection and stabilization of the ruins.

Figure 5: Limestone (dark) forming sharp, scalloped erosional surface beneath dolostone above. The
limestone was cemented prior to deposition of overlying sediment. Later dolomitization altered only
burrow-fill material in dark limestone, whereas sediment above was thoroughly dolomitized. Scale in
inches.

Stop 5 - continued

The low rock pavement just north of the barracks is within the upper part of the ‘ribbon rock” unit seen at
stop 4. Immedately up-section, cross-stratified grairstone beds are visible. Coarse quariz and feldspar sand is
easily seen on weathered surfaces. Trough cross-strata and ‘heningbone’ co-sets of plana-tabular cross-strata
are visible on the low vertica faces. Large angular clasts of slightly dolomitic grainstone and Maclurites are
present on bedding surfaces. We intempret this facies as a current~dominated sand shoal envimnment similar to
that seen at stop 2.

Note the polygpnal pattern on some outcrop surfaces. Are these mudcracks?
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BLACK RIVER GROUP

The Black River Group in the Champlain Valley is a relatively thin unit (85-90 feet thick) consisting of
massively-beddad wackestones to packstones representing deposition in lagoomal to shallow subtidal
envionments. The gradwl decpening characterizing this unit and continuing into the Trenton Group and
overlying shales is intempreted to represent foreland basin subsidence during the Taconic Orogeny. This gradual
deepening was punctuated by both shallowing and deepening evenis on macroscopic (meter) as well as
microscopic (centimeter) scales, the latter visitle only in thin section. The Black River Group is so
lithdlogically varidble in New York/Ontario/Vemmont that stratigraphic names have proliferated, however the
Pamelia, Lowville (House Creek and Sawyer Bay Membars) and Chaumont Formaions can be recognized in
the Champlain Valley. Bechtel (1993) summarizes the evolution of nomenclature applied to this unit.

Stop 6 - West parads grounds

Bechtel and Mehrtens (1993) suggested that the sandstone unit in the westernmost parad ground is the
basal sandstone of the Black River Group, an intempretation which diffes from that of Speyer and Selleck
(1988) who suggested that this unit was part of the undedying Chazy Group. In thin section this sandstone
is a quartz arenite in composition, very poorly sorted, contdining fewer lithic fragments and phosphatic
fragments than Chazy sandstones. Visible at the very easternmost portion of this ridge an overlying buff-
colord dolomite bed containing pockets of quartz sand (burow infills?) is exposed The sandstone and
dolomite lithologies are very similar to those described by Walker (1972) for the Pamelia Formation at the
type locality in New York. Altematively, placement of the sandstone within the Chazy Group is consistent
with the common presence of coarse quartz and feldspar sand within the Chazy here, whereas silidclastic
matedal in the Black River Group at Crown Point is mainly fine silt and clay. Whatever the stratigraphic
placement of this unit, it marks an interval when sands were transported from a nearby (Adiondack?) source
area. This period of subaerial exposare of the shelf was followed by marine reworking of the sand, and
deposition of the muddy carbonates of the basal Black River Group.

Stop 7 - Northeastern moat

There is approximately 4 feet of coverd interval between the parad grounds and moat exposures. The
wall of the northeasternmost moat exposes severl feet of the lower Black River Group (Lowville Formaion,
House Creck Member). At the base of this exposure a series of styldlitized gastiopod-bearing (Liospim)
wackestone beds are overlain by thick beds of Phytopsis-burrowed aphanitic mudstones. This sequence can be
intempreted as an example of a “classic” shallowing-up cycle consisting of subtidal to peritidal lagoonal muds.
Examine the sharp contact of the aphanitic mudstone with the overlying wacksstones, a contact which in thin
section appeas to be a firmground (Bechtel, 1993).

Examination of Phytapsis burrows in thin section (Fig. 6) reveds that many are filled with graded (fining-up)
geopedal silt, evidmee of cementation in the metemic vadose zone as shown below.

Continuing upsedtion, seveal thick packstone beds are exposed More detailed examination of these beds
reveds that they consist of altemating one to three inch thick intraclast and oncolite-rich packstone horizong
interpreted as tempestites, intebedded with fossiliferous wackestone/packstone horizons. The tempestites, or
storm-generated deposits, consist of gradd and cruddy imbricated intraclasts and skeletal fragments. Note the
natuie of the upper and lower contacts of these horizons, Horimns of tempestite beds within in sifu
fossiliferous muds is a second motif which occurs throughout much of the Black River Group.
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FRigur 6. At otherlocalities in the Champlain Valley, sevenl of these cycles compiise the base of the Black
River Of the three motif of repetitious bedding in the Black River Group, these cycles occur at the largest,
macroscopic scale and are interpreted to represent 4th order (10,000 to 100,000 years) or smaller cyclss.

It is instructive to spend seveml moments sketching (following page) the basal six feet of the moat
exposure. Your sketch could illustrate the basal SUC’s as well as the upper and lower contacts and intemal
fabric of the tempestite-rich beds.

SKETCH HERE
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The uppemnost thirdof the outciop appeas to be a massive bed of limestone, however closer examination
alsoreveds small scale “cycles™ of altemating wackestone/packstone and grairstone, the third motif of bedding
in the Black River These are charxcterized by a base of thinly laminated or cross lamimated grainstone
horizons 1 to 2 inches thick, overlain by fossiliferous wackestones and packstones. In thin section the bases
of the grairstones can be identified as firmgrounds, recognizable by the truncations of allochems and cements
in the undedying mud. '

Figure 7 illustrates the nature of the contact between a peloidrich grainstone of the baseof a cycle and the top
of the undedying packstone. The scalloped surface and truncated grains and allochems are characteristic of
these contacts.

Figure 7. The very top of this exposure (best seen at the next outcrop) exhibits a burow mottled fabric with
selected dolomitization of many burows. Tetradium occurs in life position in these horizons.

Stop 8 - East-west ridge

A black chert layer near the top of Stop 7 provides the corrdlation to Stop 8, the outcrop across the
service road

The limestone beds on this ridge commonly consist of altemating wackestone/packstone and plana to
cross laminated grairstone beds as seen at Stop 7, however bedding plane exposures permit identification of
many fossils in these, the most faundly diverse beds in the Black River Specimens of gastiopods (Liosping,
Lophospira, Homnaiomd), Lambaphyllum, Tetralium, stromatoporoids, the bivalve Cynadonta,
Strophomena sp. and cephdopods are recognizable.  This ridege is most notable for its bedding plane
exposures of Tetrabum and Lanbephyllum and is intempreted as recording a wave baffle margin lithofacies
described by Walker (1972) at the type section.

A sketch of the thirdtype of cycle, laminated grainstone overlain by biotirbated wackestone, with special
attention paidto the natur of the contacts between cycles, would be appropriate. These sequences are
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interpreted to represent smaller scale 4th order ‘micmo-cycles’ that could be the result of facies mosaicing and/or
small scale base level changes. '

~ SKETCH HERE

There are at least two distinct types of chert occumences in the Black River. One appeas to be fabric
selective: infilling horimntal burrows, for example (many other burrows are dolomitized). The other chert
occumrence is less frequent and consists of broad bedding parallel sheets. The uppemnost chert horizon on this
ridge, traceable down to the shordine, is of this latter variety. Cleady, there was a significant source of silica
available for chert formaion, perhaps a combination of silica derived from sponges (Tefradium?) and bentonite
alteration (the Ordovician sequence in the Champlain Valley is notodous for the paucity of bentonites
compared to equivalent strata in cental New York and Quebec). In thin section the chert cross cuts all
previous cements, including late fracture-filling calcite, and is thercfore the youngest, latest example of
diagenesis in these rocks.

Stop 9 - Quarry

Be extremely careful around the quarry - the thick algal scum in the quarty water obscures where the grass
. begins and the quarty wall drops off.

The older, weathered south walls of the quarty show, by color differentiation, two cycles. Closer

examination of the more accessible north wall reveds more occumences of the third motif of Black River

* bedding: 8 to 10 inch thick beds of planar laminated skeletal and peloidal hash overhin by burrowed

wackestones overlain by an intraclast-rich horizon. Intetbedded with these cycles are also tempestite couplets

of mudstone/wackestone and fossil hash layers in which brachiopod-rich layes are abundint (Jook for ‘nested
pockets of shells). ' '

Sketch the interbedding of the two cycles below:
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Befor leaving the quarny area, note the numemus quaried blocks stacked between the quarry and the shordine.
See if you can recognize cycles, and from these, topping diretions.

Stop 16 - Shoreline

Uppemost horizons in the quarty can be tracal down to the shordine to the north where the Black River
section continues (Chaumont Formaion of the Black River Group) with small covered intervals up to the
Trenton Group limestones. Shordine bedding planes exhibit horizontal burrows of Chondites, operaula of
Maclurites, and polished surfaces also reved large intraclasts, in other words the same intemal stratigraphy that
could be viewed in cross section on the quany walls. Note: exposures may only be visible at low water
levels.

Cement Stratigraphy of the Black River Group

There are multiple types of cements present within the Black River limestones which record a complex
diagenetic histary. The geneml cement stratigraphy pattern recoxds early nonluminescent cemert assodated
with precipitation in oxidizing waters of the shallow metecric phredic zone. With incresing redudng
conditions, bright and dul! luminescent cements represent precipitation in shallow burid conditions. Ferrcan
calcite with duil to nonluminescence represents precipitation in a late burid situation from high temperature
* burid fluid. Early marire Black River Group micritic cement is ferroan and very dull luminescence
representing deposition in a redudng, lagoonal envionment. Subsequent cementation took place in the
shallow meteoric phreaic zone, with nonluminescent cements with bright rims representing oxidizing
conditions becoming slightly more redudng with burid. These obsetvations are consistent with those of
Mussman, et al. (1988) who intepreted such pattemns to be related to a cratonward-dipping meteoric water lens
beredh tidal flats. Tectonic upliff wouldleadto stagnation of the aquifer and increasingly reduding conditions.
Within this general patten, however, there are many varizions in the Black River limestones which record
frequent base level changes assodated with sea level fluctuations and block fault movements in the Taconic
foreland basin.  These base level changes have prodieed numerus firmgrounds (at all Black River localities) as
well as beachrock (at Amold Bay) and paleo-karst (at Arnold Bay, Chippen Point and Sawyer Bay localities)
horizmns.

Fractures are common throughout the Black River and their cemerts record evolving burid conditions.
Figures 8 and 9 illustrate some of the obsetved pattems. The cement stratigraphy of the fractures indicates that
their formaion occumed throughout the diagenetic histary of the Black River, from early syndepositional
events assodated with karst and beachrock formation, through to deep burid.

TRENTON GROUP

The contact between the Trenton andBlack River Groups is covered & most logalities in the Champlain
Valley, probably because the thinner-bedded and finer-grained Trenton is essily weathered. At Amold Bay, to
the northeast of Crown Point, the contact is exposed and is interpreted to be a disconformity. The dark gray
colord, massive homogenous beds of the Black River are in sharp contact with the rubbly, laterally
discontinuous beds of the Trenton. Here at Crown Point the Trenton is thinner than dsewhere in the Valley
(28 fet), which MacLean (1987) suggested might reflect deposition on a down thrown block in the Taconic
foreland basin. Maclean measured 50 feet of Glens Falls in the section at Button Bay (a few miles to the
north of Crown Point) which, because it includes both the upper and lower contacts with the Black River
Group and Cumberland Head Formation, respectively, represents the only complete exposure of this unit in
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the Champlain Valley. Bechtel (1993) summarized the vaiable nature of the Black River/Trenton contact
around the Champlain Valley, New Yok and Ontario and noted that the regiomal variation seen would be
expected in a foreland basin actively undergoing syndepositional block faulting.

Figure 8 (field of view 1.Bcm): Two cement events are visible in the fracture. The first consists of nonferroan
scalenohedral aystals extending outwand from the fracture wall. These are interpreted to have been predipitated

- in the meteoric phreatic zone. The later large ferroan equant blocky crystals in the center of the fracture
represent a late burial cement precipitated under redudng conditions.

Stop 11 - Shordine of eastem Bulwaga Bay

Continuing up the shordine from the uppemmost outcrops of Black River a thin covered interval (4)
occurs before the basal beds of the Glens Falls Formation. The Glens Falls is characterized by thin, nodular to
wavy bedded wackestones, mudstones and rare grainstones, a very different type of bedding style and faund
assemblage from the undedying Black River Bedding planes along the shordine contan mostly Chondites and
Helmenthopsis burrows, however as one moves up section recognizable pieces of Crypwlithus, Isordus, orthid
brachiopods, Stictoporms, and Prusopora simulatrix  can be found the latter is important becaise it permits the
comrdation of the lower Glens Falls here in the Champlain Valley to the lower Denley Limestone at the Trenton
typesection in central New York.

MacLean (1987) intepreted the lithofacies of the basal Glens Falls to represent sedimentation in a shallow
subtidal envionment periodically influenced by storm activity. In thin section the nodular and wavy beddod
wackestones appea thoroughly biotubated, a process which would influence and enhance subsaquent differential
compaction. Graimstone beds exhibit more planar bases with basal skeletal fragment lags or finely crushed debris
of brachiopod, trilcbite and crincidal matedal capped by mud (see Fig. 10). MacLen intepreted these as
tempestite deposits.
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Figure 9. (field of view 0.5 mm) Photographed under cathodoluminescence so the zoning of rhombohedral
crystals infilling a fracture can be seen. The very symmetrical zoned patterns starts (from the interior outward)
with a nonluminescent nonferroan core, a dull rim, a bright orange rim, another dull rim, to another bright
rim and fading to nonluminescent outer rims. The nonferroan to ferrcan zonation is indicative of increasing
redudng conditions during cementation.

Basedon lithologies, fossil assemblages and sedimentary structures, or the lack thereof, the Glens Falls
Formaion is interpreted to represent sedimentation in a deeper water, subtidal setting relative to the Black
River deposits. For those familiar with lower Trenton localities in centml New York the paucity of
fossiliferous bedding planes here at Crown Point is noteworthy. The overdl fine grain size and ichnofauna
suggest that bathymetry increased significantly and rapidy from the Black River into the Glens Falls a
transition which might reflect not only rising sea level but base level changes as well. The sedimentologic
and fauna transitions from the Glens Falls to the overlying Cumberland Head Argillite and Stony Point Shale
are much more gradational that that of the Black RiverGlens Falls contact.

LOCATION

All the stops for this trip are within the Crown Point Reservation State Histaric Site. From the west,
take NY Route 22 north from Ticonderoga, continuing north through the Village of Crown Point  Tum east
approximately five miles north of the Village of Crown Point, following signs to the 'Bricge to Vermant',
From the east, take VT Route22A north from Fairhaven, or south from Burlington area, and follow signs to
‘Bricge to New York'. Stop locations are keyedto the aerid photo. Stop 1 is in the ditch and wall of a small
outpost fort (the Redoub®) on the east side of Route 8, immediately across the highway from the historic site
entrance road. We will enter the historic site and pakk near the main entmnce, then walk back to stop 1. No
collecting is permitted in the historic area. Note that groups should register at the main gate upon entty to the
site.
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Fxguxe 10. A large (3x5 mch) thin sed.lon 111ustratmg the hthologlc change within a single bed of the Glens
Falls Limestone.
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EARLY PALEOZOIC SEA LEVELS AND CLIMATES:
NEW EVIDENCE FROM THE EAST LAURENTIAN SHELF AND SLOPE

by
Ed Landing
New York State Museum, The State Education Department, Albany, NY 12230

INTRODUCTION
Purpose

) Field studies undertaken in eastern New York in the early 1800s by Amos Eaton and others led to the birth
of American geology (see review by Friedman, 1979). With this early work, geology continued as an important
applied discipline, but it developed into an important intellectual and cultural activity that provided the first
empirical explanations of physical and biotic change through earth’s “deep time.” Although almost two centuries
have passed since Eaton’s first work, “everything isn’t known and decided” either about the geology of eastern New
York or its significance in opening a window into “deep time.”

This field trip (Figure 1) will illustrate recent published syntheses of eastern New York geology that help
reconstruct Early Paleozoic sea-level and climate changes. The salient features of these recent syntheses are the
following:

A new sequence stratigraphy. A sequence stratigraphy has been developed for the eastern New York-western
Vermont shelf (Landing et al., 2003} that shows sequence boundaries at the Cambrian-Ordovician boundary (Stops
6, 7), the Tremadocian-Arenigian boundary (Stop7), and in the middle and terminal Arenigian (Figure 2). As all
evidence indicates that this part of Laurentia was a passive margin until within the Late Ordovician (see Mitchell et
al., 1997, for the new international convention that mandates that the Chazy, Black River, and Trenton Groups and
“Knox unconformity” be assigned to the Late Ordovician), these sequence boundaries correspond to eustatic
changes (e.g., Ross and Ross, 1995). '

Ending “New England stratigraphy.” Our work in this part of the east Laurentian shelf (Landing et al., 2003)
has integrated standard lithostratigraphic descriptions from well exposed sections with new macro- and microfossil
(primarily conodont) biostratigraphic data to evaluate the areal extent of shelf depositional sequences and formation-
and member-level units. This has led to the recognition of regionally extensive stratigraphic units and the
abandoning of many formation-level names as junior synonyms following the North American Stratigraphic
Commission (1983) rules for nomenclatural priority. Work in Cambrian-Ordovician slope facies of the Taconic
allochthon also shows that multiple names have long been used for the same lithologic units along the length of the
allochthon. The demonstration of close lithologic similarity in “units” of the same age allowed a reduction of .
Taconic stratigraphic names to about one third by synonymy (Landing, 1988b; Landing and Bartowski, 1996).
Ending “New England stratigraphy,” in which each county seems to have its own stratigraphic nomenclature (see
Appendix), helps in the reconstruction of geologic history by more accurately and simply recording the areal extent
of lithofacies and their depositional environments.

Reconstructing Early Paleozoic paleoclimates and eustasy and correlating enhanced deep-water fossilization
potential with greenhouse intervals, Slate colors in the Taconic allochthon are a proxy for Early Paleozoic
changes in sea level, in climate, and in relative oxygenation of the mid-water mass on the continental slope.
Macroscale alternations of black and green-dominated siliceous mudstones in the external slices of the Taconian
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allochthons of New York and Québec (Stops 8~11) reflect paleo-oceanographic changes. Black, organic-rich mud
was deposited under a more intense and thicker dysaerobic slope water mass with sea-level rise, resultant climate
amelioration (greenhouse intervals), and reduced oceanic circulation. Green (and purple and red) mud deposition
reflected improved mid-water oxygenation, climate minimum (icehouse intervals), and increased deep-water
circulation (Landing et al., 1992, 2002). The bedded limestones characteristic of black mudstones reflect off-shelf
transport of active and prograding carbonate platforms with sea-level rise, while the abundant trace fossils in green
slates reflect higher boftom-water oxygen levels. The linkage of green and black mudstone deposition to sea-level
fall and rise, and thus to shelf sequence stratigraphy, will be discussed on this trip. The black mudstone and
limestone alternations have supplied the majority of biostratigraphic information through the Taconic succession

because the limestones yield Cambrian macro- and microfaunas transported from the shelf margin (Landing and
Bartowski, 1996; Landing et al., 2002). Similarly, latest Cambrian-Ordovician black shales and limestones yield the
majority of the graptolites (e.g., Ruedemann, 1902, 1903; Berry, 1960, 1962) and conodonts (Landing, 1976, 1977,
1994) known from the Taconic allochthon. Taconic black shale intervals are equated with improved deep-ocean
taphonomic conditions during greenhouse intervals—with improved preservation of biologic materials transported
into a deep-water environment largely devoid of larger
organisims.

‘While macroscale black—green alternations appear to
reflect sea-level and climate changes with a periodicity of
3-5 m.y. (Landing et al., 1992), shorter duration climate
cycles in the Milankovich band seem to be recorded by
asymmetrical, mesoscale Logan cycles in the green-
dominated mudstones (Stop 12). Logan cycles, up to 5 m-
thick cycles that show an upward decrease in organic
content and a corresponding upward increase in carbonate
content, are redox cycles known through the Phanerozoic.
The significant feature of the macro- and mesoscale color
alternations in Taconic slates is that continental slope
facies appear to be more sensitive to recording climate
changes than adjacent carbonate platform facies.

Adirondack
Massif

Mountains

Route

The route of this field trip (Figure 1) helps
emphasize the wealth of geologic history and geologic
provinces that are displayed by eastern New York bedrock.
The trip originates in Proterozoic basement of the southern
Adirondacks (deformed and metamorphosed ca. 1.1 Ga in
the Grenvillian orogeny) and ends in the overthrust belt of
the Taconic allochthon. This ca. 40 km W-E transect is
comparable in geologic content to an excursion beginning
in the Proterozoic of the Black Hills massif of South
Dakota and ending in the Roberts Mountain allochthon in

central Nevada. By this analogy, the route (see geologic Figure 1. Generalized locality map showing locations

map in Fisher, 1984) passes out of the Proterozoic of field trip stops (1_13):‘)14(3” is Lake c}eorge

Adirondack basement south of Lake George; crosses the village; major slices of the Taconic allochthon
include A, Sunset Lake; B, Giddings Brook; C,
Bird Mountain; D, Chatham, E, Rensselaer
Plateau; F, Dorset Mountain—-Everett; G,
Greylock. Map modified from Zen (1967).

Berkshire Highlands
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essentially flat-lying (albeit block-faulted) Laurentian Cambrian~Ordovician shelf of southern Warren and western
Washington Counties; and then crosses N- and NE-trending block faults that uplift the Proterozoic-Lower Paleozoic
in the Whitehall area into a ridge comparable to the Rocky Mountain front range. The narrow belt of deformed
autochthonous Cambrian-Ordovician shelf sedimentary rocks east of Whitehall and the Champlain Canal is
comparable in geologic position to the Paleozoic succession of the Great Basin. Thrusting of these
Cambrian-Ordovician shelf rocks upon themselves on a thrust comparable to the Champlain thrust in the Whitehall
area (see mile 31.9 discussion) has an analog in the Sevier belt of central Utah. Finally, the transport of slope and
rise facies of the Taconic allochthon onto Laurentia is analogous to the history and facies of the
Devonian-Carboniferous Antler orogen of central Nevada-Idaho.
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grant EAR76-10601 and then by the N.Y.S. Museum. The section in the Appendix titled “Revisions in stratigraphic
nomenclature—Cambrian-Ordovician platform” is adapted from Landing et al. (2003).

ROAD LOG

A useful map for the route of this trip is the Washington County map published by JIMAPCO (Round
Lake, NY), which is available in local gas stations and convenience stores. Fisher’s (1984) geologic map is
particularly useful. However, some of the stratigraphic names used for Cambrian-Ordovician platform and Taconic
units in Fisher (1984) have been subsequently abandoned in favor of older synonyms which help emphasize the
regional extent of formation- and member-level units in the Hudson, Mohawk, and Lake Champlain valleys and in
the Taconic allochthon (Landing, 1988b; Landing et al., 2003; see also field trip stop discussions and Appendix).

Mileage

0.0  Depart Fort William Henry Resort parking lot. Turn right (South) onto Rte 9. Travel south on Rte. 9 through

village of Lake George kitsch. Small road cuts in Grenvillian Proterozoic at south end of viilage.

3.8 Intersection with Rte 149 at traffic light. Turn left (East).

5.3  Atcrest of low rise at south end of Proterozoic of French Mountain, note first view of high ridges in Taconic

allochthon directly in front of vehicles.

6.5 Road sign shows that vehicles are re-entering Adirondack Park.

8.0 Pass Queenbury Country Club on left. Underlying less resistant Cambrian-Lower Ordovician explains lack of
relief.

8.9 Enter Washington County,

9.5 Low road cuts on left (North) in Grenvillian at south end Sugar Loaf Proterozoic inlier.

10.5 Low road cuts in Grenvillian inlier east of Hadlock Pond fault.

13.1 Clear crest of hill and see spectacular view (if weather is clear) of N-S-trending ridges in Taconic allochthon

across pastures developed on glacial outwash.

145 View to left (NE) of last ridge of Adirondacks east of Welch Hollow fault. East slope is nonconformity

surface with lower Upper Cambrian Potsdam Formation eroded off.

14.8 Cross bridge over small creek with medium-massively bedded dolomitic limestone and replacement
dolostone. The locally oolitic, thrombaolitic, intraclast pebble facies exposed here are more suggestive of the
Upper Cambrian Little Falls Formation, rather than the Lower Ordovician Tribes Hill Formation (e.g., “Fort
Edward Dolostone™ as mapped by Fisher, 1984).

164 Enter village of Fort Ann.
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16.5 Turn left (North) onto Catharine Street,

16.6 T-junction with Charles Street; turn left (NW) and follow west bank of Halfway Creek.

17.7 Stop and park in unimproved parking lot ca. 75 m south of bridge over Halfway Creek. Walk ca, 90 m to
NNE on dirt track to Kane Falls on Halfway Creek.

STOP 1. LOWER ORDOVICIAN AT KANE FALLS: AGE AND LITHOSTRATIGRAPHIC
REINTERPRETATIONS. (30 MINUTES). A stratigraphic section for Kane Falls will be distributed on this field
trip; this section is available in Landing et al. (2003, fig. 5).

Mazzullo (1974) and Fisher and Mazzullo (1976}, respectively, termed the upper part of the Kane Falls
sequence a “reference section™ for the lower part of the lowest Ordovician “Cutting Formation” and “Great
Meadows Formation™ (abandoned designations). A planar-laminated silty dolostone 9.55-10.75 m above the base of
this 23 m-thick section (Landing et al., 2003, fig. 5) at the top of the falls was regarded as a thin or condensed
“Winchell Creek Siltstone” (abandoned term, now Sprakers Member of Tribes Hill Formation; Landing et al., 2002;
see Appendix). This interpretation meant that Kane Falls is near the western feather-edge of this lowest “member”
of the “Great Meadows” and that a disconformity separated the silty dolostone from the underlying “Whitehall
Formation” {(abandoned designation, now Little Falls Formation; Landing et al., 2003, see Appendix).

Re-investigation of the Kane Falls section (Landing et al., 2003) led to its re-interpretation. 1) There is no
physical evidence for disconformity at the base of the silty dolostone. 2) The medium-gray thrombolitic dolostones
and dolomitic limestones of the lower 9.55 m of the section do not resemble the light gray or white thrombolites of
the upper Little Falls Formation (“Whitehall”) at Steves Farm (Stop 6) or elsewhere in the Lake Champlain
Lowlands, These medium-gray thrombolitic facies resemble those in the middle “Fort Ann Formation.” 3) Diverse
conodonts in the thrombolitic facies and rarer conodont elements in the higher laminated dolostones at Kane Falls
are significantly younger than those from the Tribes Hill Formation (=""Cutting”/Great Meadows,” designations
abandoned by Landing et al., 2003). The conodonts from Kane Palls are all referable to middle Lower Ordovician
conodont Fauna D of Ethington and Clark (1971), and are comparable to those of the “Fort Ann Formation”
elsewhere in the Lake Champlain lowlands.

The “moral” of this stop is the following: Mapping and stratigraphic syntheses on Lower Paleozoic
carbonates on the New York Promontory require a combination of a detailed familiarity of lithofacies with adequate
micro- and macrofossil investigations to allow age discrimination of broadly similar carbonate platform units.

17.6 At end of stop, return to Fort Ann on Charles Street, pass intersection with Catharine Street.

18.6 T-junction with Rte. 4; turn left (N) and continue on to Whitehall,

19.3 Cross onto uplifted (Proterozoic) block of Welch Hollow Fault and pass by ca. 1 mile of Grenvillian road cuts.
20.3 Stop along road side just south of north exit of Flat Rock Road.

STOP 2. PROTEROZOIC-TERMINAL MIDDLE CAMBRIAN NONCONFORMITY AND THIN
LOWER PALEOZOIC SHELF SUCCESSION. (10 MINUTES). Approximately 4 m of east-dipping,
medium~—coarse grained, slightly dolomitic quartz arenite of the Potsdam Formation nonconformably overlie
Grenvillian gneiss with east-dipping exfoliation surfaces. This photogenic locality records the absence of ca. 600
million years of earth history at this planar nonconformity. Flower {1964, p. 156) reported a trilobite fauna
(presently unillustrated) approximately 5-6 m above the base of the Potsdam in this area, which he said includes a
possible Crepicephalus with Komaspidella, and Lonchocephalus. Following the recent decision (January 2002) of



LANDING B6-5

[Brainerd & | Rodgers | Wheeler | Cady | Welby | Flower | Fisher& | Fisher )
Seely (1890) | (1937) | (1942) | (1945) | (1961) | (1964) [Mazz. (76)| (1984) | Lendingetal. 1986, this report
E. Shoreham, | Whitehall, | Whitehall, |Champlain | westems | FortAnn, | Fort Ann, | Whitehall,] Mohawk | Saratoga, |Champlain
VT NY,area | NY, area | thrust, VT VT NY,area | NY area | NY, area | Valley, NY | NY, area | lowlands
- Bridport | Bridport [P Providence i Bridport
E_dol Dol.* Dol | Is.Dol* | 1s. 0ol | |PhD Fo
£ .
Ist. ) 1‘*‘* £
Dy & £| Sclota t| sciota
sh. g Cassin | Fort Fort |8l “yap 3| Mor
Cassin O] . ]
— -1 Fm. Cassin Em. = &
5 Bascom Fm* . A4 =
D Ds 'st., 2 Fmn.* [+
thin % Ward | wand
p,dol,| & . «|n . . .
- B wt| E 7Cutting FortAnn® | "Fort Ann' ort Ann
Dy st ] Dol? [ Fort Ann . B. $.B.
—ar| £ Benson aB" | :

' Ly & g Dol.” ., e £ E © Canym
R T . { s B [Elen (] o (R
5 = £ oo, % Fort |5Eowerd (Bl W | EE (5] Mor
5 F| Fort Summt™ 12| edwara |8 DO | €y |2
3.0 & Ll o 8 g\ Eedig) T |2 £s [z

C dol 21 Lste Cutting Cutling |Qf e e =T Dol. it e I ':Eg @
m— ,E--—T Dol.* Dol. g g gl Wﬁ Wolf -g‘y’ éww
Cy dol, 3| Skene |G (5] '“'Wm 2| Hollow | = | Holtow
1 = 4,’ = '
N&rttgn &| Mbr, Mbr. Ay Mbr.
01 sst. JEEG T— o B e e
g £3 v .
dol, | Skene §§G: £ g & £
[ »
B & | whitehan |Sf DOL | SREBNTE | yypohay | §_<§E_d§ = a 2
tgray| ™ § Fm. [ 15— & &
gray Hoyt Whitehall |= -1 3|2 W.H Fm. g 2
Fm. — F.D’ =
dol. [itde Falls | Litte Fals | C.S.D. = ] = 57 5[ oyt | |unnamed
dk. gfﬁy Theresa | Theresa E W.M. | Ticond.*! | DeweyBr* | Ticond, | Ticond. | Galway | Galway | Gaiway
Potsda Polsdam | Potsdam |} o .4 not Potsdam | Potsdam | Polsdam | Potsdam | Polsdam | Polsdam
Sst. Sst, Fm. | exposed |  Sst Sst. Sst. Fm. Fm. Fm.

Figure 2. Uppermost Cambrian—Middle Ordovician stratigraphic nomenclature of the Laurentian platform in eastern
New York and western Vermont. Cambrian-Ordovician boundary is in hiatus between the Little Falls and
overlying Tribes Hill Formations. Presence of Paraprioniodus costatus-Chosonodina righyi-Histiodella
holodentata Interval conodonts (Ethington and Clark, 1981, = conodont Fauna 4 of Sweet et al., 1971) in upper
Bridport Formation (E. Landing, unpub. data) indicates that the traditional Beekmantown includes Middle
Ordovician. International agreement means that he overlying strata of the Chazy, Black River, and Trenton
Groups are now referred to the Upper Ordovician, and the “Knox unconformity” is the lower bracket of the
Upper Ordovician, Symbols: asterisk (*) is first proposal of stratigraphic name; superscript 1, inadequate
location of type section or description of lithology or contacts; superscript 2, no type section, lithologic
description, or contacts provided; superscript 3, unit is junior synonym of earlier named unit, quotation marks,
unit not formally recognized in this report. Abbreviations: C, S. D,, Clarendon Springs Dolostone; Dewey Br.,
Dewey Bridge Dolostone; F. D., Finch Dolostone; M. S., Mosherville Sandstone; P. L. D., “Providence Island
Dolostone;” R., “Rathbunville School Limestone,” Ri., Ritchie Limestone; S.B., Smith Basin Limestone; S.F.,
“Steves Farm Limestone;"” Ticond., Ticonderoga; V, Van Wie Member; W. Ck., Winchell Creek; W. H.,
Warner Hill Limestone; W. M., Wallingford Member. Figure modified from Landing et al. (2003, fig. 2).
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limestone (Canyon Road Member; = “Fort Edward” + “Smith Basin™ Members of Fisher [1977] and Flower
[1968b]) extend to the top of the Tribes Hill. The top of the Tribes Hill Formation forms the crest of the 132 m (440
foot) hill, and has a paleokarst surface with 30 cm of relief overlain infilled by arenaceous dolostone of the “Fort
Ann Formation.”

Conodonts from the Tribes Hill Formation comprise a low diversity, restricted marine assemblage that
persists unchanged through the formation. This Rossodus manitouensis Zone assemblage is referable to the lowest
Ordovician (middle-upper Tremadocian-equivalent), and shares no taxa either with the underlying Little Falls
Formation or the overlying “Fort Ann Formation.” The total replacement of the Upper Cambrian, upper Cordylodus
proavus Zone fauna of the top Little Falls Dolostone (Stop 6) at the base of the Tribes Hill reflects the duration of
the trans-Laurentian Camibrian—-Ordovician boundary hiatus on the east Laurentian shelf. Similarly, the total
replacement of the Tribes Hill Formation conodonts by Fauna D conodonts at the base of the “Fort Ann Formation”
reflects the duration of the trans-Laurentian, intra-Lower Ordovician hiatus that occurs in the
Tremadocian~Arenigian boundary interval.

Giddings Brook slice, New York
46.0 At end of stop, turn back (East) on Rte 22. gg 2 v :‘..‘.:.' . R |
48.3 Intersection with Rte 17A on right (South). il PRIV
48.5 Enter Town of Granville. g SE

groen
48.8 Intersection with Rte 40. €6l  ==———— |  Bacchus slice, Quebec
o '
green
green

49.5 Enter village of North Granville and cross into > » »
Taconic allochthon. - red ‘..d

50.7 Intersection with west exit of Washington Co. Rte oroen
12A, rocks immediately ahead are probably Lower
Cambrian Bomoseen Member (argillaceous lithic
arenites). g

Pd.iM. Fm,

— |

o, green

ORDOVICIAN

Figure 3. Correlation of proximal (Bacchus slice)
and distal (Giddings Brook slice) slope facies
in Taconian Quebec and New York,
respectively. Figure shows regional extent of
dysaerobic black shale-limestone intervals (in
black) and more oxygenated, green, purple,
and red shale and sand-dominated {dot
pattern) facies. Abbreviations: “A.M.”, “Anse
Maranda Formation;” LR. Fm., Indian River
Formation; M.M. Fm., Mount Merino
Formation; P.d.LM. Fm., Point de la
Martiniere Formation; R. Fm., Rensselaer
Formation; VGC, Bicella bicensis interval at
Ville Guay. Black shale-limestone intervals in
Point de la Martiniere Formation with middle
and upper Arenigian faunas (Rasetti, 1946, p.
698; Landing and Ludvigsen, 1984; Landing
et al., 1992), Figure modified from Landing et
al, (2002, fig. 3).
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51.3 Intersection with east exit of Rte 12A, turn hard left (North).

51.5 Turn right onto Rte 12 in hamlet of Truthville.

51.7 Cross bridge over Mettawee River.

51.8 Turn right (East) onto Middietown Road (dirt).

53.0 Y-intersection with Loomis Road (right), bear left and continue on Middletown Road.
53.3 Intersection with DeKalb Road (paved), turn left (NW) onto DeKalb,

53.4 Intersection with Holcombville Road, turn right (North) onto Holcombville.

54.1 Drive past slate scrap heap and quarry {on left, West) in North Granville Slate.

54.8 Pass Tanner Hill Road on left (West) and continue North.

55.5 Stop just south of Browns Pond at low road cuts on both sides of road.

STOP 8. BROWNS POND: PALEO-OCEANOGRAPHIC CHANGES IN THE LATE EARLY
CAMBRIAN. (15 MINUTES). This section may be regarded as the “type locality” for the late Early Cambrian
Browns Pond dysaerobic interval on the east Laurentian slope (Landing et al., 2002). The Browns Pond dysaerobic
interval is recognized throughout the external thrusts of the Taconic allochthon in New York—Vermont and in
Taconian Québec (Figure 3).

This overturned section in the upper Browns Pond Formation shows several meters of dark gray, fine-grained
sandstones and slates with thin {decimeter-thick), lensing, sandstone pebble debris flows on the east side of the cut.
Small-scale current cross-bedding in the orange-weathering, dolomitic quartz aenites shows that the section is
overtumed. Although centimeter-wide grazing trails can be found on the top of some of the sandstone beds, burrows
are rare, and fine lamination and other primary structures are not disturbed in these rocks. Rare burrows, absence of
a shelly fauna, and dark gray (carbonaceous) sediments are all consistent with deposition under dysaerobic
conditions (e.g., Sagemann et al., 1991).

The west side of the road cut is dominated by a thick limestone pebble to (rare) boulder clast debris flow with
local dark argillaceous matrix. Trilobites, archacocyathan, mollusk, and calcareous and phosphatic problematica of
the lower Elliptocephala asaphoides assemblage (see Landing and Bariowski, 1996) appear in the limestone clasts
at this locality (Theokritoff, 1964). None of these clasts show derivation from the carbonate platform, and they
include nodular lime mudstones and bedded fossil packstones that are interpreted as allodapic clasts that
accumulated as limestone on the upper slope. Pyrite-infilled and phosphate-replaced, calcareous conoidal fossils in
these clasts (E. Landing, unublished data) is consistent with the deposition/lithification of these limestones in a
strongly dysaerobic environment that developed on the upper slope (see Landing and Bartowski, 1996; Landing et
al., 2002).

Debris-flow conglomerate lenses are common as the cap unit of the Browns Pond Formation, and some have
received local stratigraphic names (e.g., Ashley Hill Conglomerate in Landing, 1984). Locally, allodapic fossil hash
packstones and decimeter-thick debris lenses are the cap unit of the Browns Pond (e.g., Landing and Bartowski,
1996). In either case, the conglomerates or bedded limestones are directly overlain by a green/green gray or locally
purple or red siliciclastic mudstone unit in the Taconic allochthon. This black—green transition in the late Early
Cambrian is seen here at Stop 8 immediately above the conglomerate with the abrupt transition into the lower green
slates of the Middle Granville Slate. These green slates form low outcrops in the pasture to the west. Stop 10 further
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illustrates this interval of improved oxygenation on the east Laurentian slope and relates the improved oxygenation -
to the latest Early Cambrian Hawke Bay regression of Palmer and James (1979). Sea-level still-stand and
progradation of the shelf margin or sea-level fall at the onset of the Hawke Bay regression are mechanisms to
explain the carbonate clast debris flows and allodapic limestones at the top of Browns Pond dysaerobic facies.

55.5 At end of Stop 8, turn south on Holcombville Road.
56.2 Intersection with Tanner Hill Road, turn right (west).
56.4 Park at foot of hill at lowest cutcrop of brown-weathering sandstones.

STOP 9. TANNER HILL SYNCLINE:PALEO-OCEANOGRAPHIC CHANGES IN THE LATEST
EARLY CAMBRIAN-MIDDLE ORDOVICIAN. (40 MINUTES). The superb Tanner Hill section was first
described by Rowley et al. (1979). The walk up hill crosses the overturned east limb of a large syncline.

Delomitic quartz arenites and interbedded, minor dark gray and black siltstones and shales form the lowest
part of the section. The coarse, lensing (apparently channelized), conglomeratic sandstones become thinner bedded
and finer grained higher in the section, and black shales become dominant. This entire interval up to an abrupt
transition into green-gray mudstones of the overlying Deep Kill Formation is the Hatch Hill Formation. The Hatch
Hill records a long interval of persistent dysaerobic deposition on the east Laurentian continental slope (terminal
Early Cambrian-lowest Ordovician [early Tremadocian] Hatch Hill dysaerobic interval) (see Landing, 1993
Landing et al., 2002). However, the changes in relative oxygenation of slope waters through this long interval are
admittedly poorly known at present. Indeed, the development of three important Upper Cambrian “Grand Cycles”
on the northeastern Laurentian shelf (Chow and James, 1987) should have been accompanied by sea-level and
climate fluctuations recorded by changes in relative oxygenation on the continental slope. One explanation for the
lack of any apparent record for changes in relative oxygenation through this interval may be that the transport and
deposition of the thick sandstones that characterize the lower Hatch Hill served to erode and obscure much of the
record of relative oxygenation that is recorded elsewhere in the Taconic succession by mudstones of various colors.
Even with a maximum estimated thickness of 200 m (Rowley et al., 1979), the 20 m.y. interval bracketed by the
Hatch Hill Formation indicates that it is a condensed unit that may have a number of unconformities produced
during the transport and deposition of thick sand sheets. These sand sheets may have been emplaced primarily
during eustatic lows.

Sandstones disappear in the upper Hatch Hill in the Tanner Hill section. The upper Hatch Hill corresponds
to the interval of earliest Ordovician dysarobic mudstone deposition that has been term