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of our papers Keith and Friedman (1977, 1978) . 

INI'ROOOCriON 

On this field trip, instead of tracing formations, we shall study 
sedimentary facies. We plan to hop fran the products of one envirol'llrerlt 
to those of another. At each exposure we shall study the rocks in terms 
of lithology, gearetry, sedllnen.tary structures, and fossils, and concen­
trate on the pattern of deposition which created the facies that we shall 
examine. Remember that the various exposures of Cambrian and Ordovician 
rocks to be visited are not tinE correlative. Each field stop will stand 
on its own; facies analysis will proceed within the boundary conditions 
of a single exposure. On this field trip the ncure of the formation bea::lres 
secondary; hence this field trip has been designed irreverently; it pays 
no heed to formation boundaries. 

The fascination of tJ-.2 area around R.P.I. is its diversity of secli.nen­
tary geology: in one day of field trips we can examine sedimentary facies 
of Cambrian-ordovician age which originated in shallc:M as well as in deep 
marine waters. Few other areas can match this diversity of sedinentary 
facies. The geologic ooincidence for this diversity of sedimantary environ­
ments in the area of the R.P.I. Campus is its unique location: fran Early 
Cambrian through Early Ordovician R.P.I. ~uld have been on a carbonate 
shelf. Between Early Cambrian and Early Ordovician tirres the shelf to basin 
transition was east of Rutland, Ve:rm:::>nt. Tectonic novanents shoved Cam­
brian and Ordovician rocks of slope, rise, and basin facies across the 
shelf facies so that today the exposures on and near the campus of R.P.I. 
are basin or basin margin (rise) facies with shelf facies of Cambrian and 
Ordovician age occurring to the west (Friedman, 1972) (Fig. 1). 
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Figw;e 1. Diagramnatic sketch map showing dep::lsi tional environments and characteristic sedinents of Proto-Atlantic 

(Iapetus) Ocean for eastern New York and western Verrront during the Early Paleozoic (Keith and Friedman, 
1977, Fig. 2, p. 1222). 



During Carnbrian-<:>rdovician tirre, rrost of the North American continent 
was a shallow epeiric shelf sea, l ike the present-day Bahama Bank. At the 
eastern edge of this s hallow sea, i.e . at the eastern edge of this conti­
nent, a relatively s teep s lope existed down which caroonate sedirrent moved 
by slides, slumps, turbi dity currents, mud flCMS, and sandfalls to oceanic 
depths to ~ to rest at the deep-water basin margin (rise) , where a 
shale facies was deposited (Sanders and Friednan, 1967, p. 240-248; Friedman, 
1972, p. 3; Keith and Friedman, 1977, 1978; Friedman and Sanders, 1978, p. 
389, 392) • Shale also fomro nruch of the basinal facies in the deep water 
beyond. Because allochthonous transport has been inferred for large blocks 
of rocks presentl y exposed on and near the R.P . I. Campus, the evidence on 
the ground shows that the campus is the site of Cambrian and Early Ordo­
vician rocks of basin margin (rise ) and deep basin facies (shales deposited 
in the Middle Ordovician (Schenectady ) ~Nest of Campus are autochthonous 
basin facies). Thus deep-wat er basin margin (rise) and basinal facies 
can be visited on and near the R.P.I. Campus, whereas to the 'NeSt carl::onate 
shelf facies are exposed that are analogous to those of the ~Nest shore of 
Andros Island on the Great Bahama Bank (Fig. 1). The paleoslope was 
probably an active hinge l ine between the continent to the west and the 
deep ocean to the east , s imilar to the Jurassic hinge line of the eastern 
~ terranean between carl::onate shelf facies and deep-water shales (Friedman, 
Barzel, and Derin, 1971). Such hinge lines in the early geosynclinal his­
tory of rrountain belts are fixed by contenp:>raneous da-m-to-basin no:onal 
faulting (Rodgers, 1968, quoting Truempy, 1960), as probably occurred with 
the rocks of the area near R.P. I. Later thrusting t o lift the deep-water 
facies across the shelf f ac ies along hinge-line faults resulted in the con­
tiguit y of the two facie s . This later displacerent was so great that the 
Cambrian and Early Ordovi cian deep-water sediments v.Jere shifted far west 
of their basin margin. 

This field trip has been divided into two parts, each part correspond­
ing to half a day. In the rrorning and early afternoon we shall study fac­
ies of deep-water origin and in the late afternoon those of shallCM epeiric 
origin. Each of the two depositional settings will now be explained. 

DEEP-WATER SEITING: A SIDPE-FAN- BASIN-PIAIN ~.Q)EL 

The strc:ta of deep-water setting are part of the Taconic Sequence 
(Fig. 3). These rocks have received the attention of geologists for rrore 
than 150 years, and because of their exceedingly canplex structural and 
stratigraphic relations have been the object of considerable debate. In 
fact approximat ely 150 years ago Ebenezer Enm:>ns ' advocacy of the Taconic 
System (1842, 1844, 1848 , 1855) and the division of thought on this problem 
resulted in the f arrous duel between Jarres Hall and Enm:>ns which ultimately 
forced Enm:>ns to leave New York State. A court decision involving several 
of the rrost well-knc:Mn geol ogists of the last century assured Hall's vic­
tory by forcing Enm:>ns out of New Yor k; he s ettled in North carolina C:MaY 
fran his Taconic r ocks. 

Strata of the Taconic Sequence extend fran north to south approxi­
mately 150 miles (Fig. 2), and for the rrost part 'l.v:ithin New York State, 
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Figure 2. Generalized geologic map of Taconic 
area sho.ving general rock types and 
localities visited on field trip. Local­
ities are SH = South of Hudson (Stop 1); 

JP = Judson Point (Stop 2); NH = Nutten Hook (Stop 3); SL = Schodack Landing (Stop 4); 
TY Troy area (R.P .I . Campus) (Stops 5- 7) (after Keith and Friedman, 1977, Fig. 1 , p. 1221). 
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Figure 3. Stratigraphic correlation chart. Deep-water dep:>sits 
seen on field trip are of West Castleton Fonna.tion 
(I.aver Cambrian). Hachured areas represent faunizones 
not represented in rocks sh:Jwn on chart (Keith and 
Friedman, 1977, Fig. 3, p. 1222). 

are <JallfX)Sed of shales and sandstones. Carbonate rocks are minor by a:m­
parison, but are i.Jntx:>rtant as they reflect dep:>sitional conditions. Al­
though the stratigraphy and tectonics of the area have been the subject 
of considerable controversy, a debate that has bea:::1re knCMn as the "Taconic 
Problem," stratigraphic succession and structure have rrore recently been 
clarified (Bird and Rasetti, 1968; Zen, 1967). 

Enviro11ll'el1.tal reconstruction for the Cambrian part of the Taconic 
Sequence in eastern New York State indicates a dep:>si tional enviro11ll'el1.t 
analogous with a rrodern continental rise or rrore specifically with a 
slope-fan-basin-plain rrodel (Fig. 10) (Keith and Friedman, 1977, 1978). 
Carbonate sediment and generally coarse quartz sand were rEmJVed. fran the 
Carrbrian shelf and dep:>sited with muds of the slope, IlCM slates and silt­
stones, by a variety of processes at work on the slope and within sub­
marine canyons. 'Ihe shelf-derived sediment can be divided into six main 
lithofacies, each bearing the i.rrprint of the principal process or pro­
cesses involved in its dep:>sition. 'Ihese include : (1) carbonate-clast 
conglanerates (inferred products of debris flow), (2) massive, coarse 
sandstones (apparent dep:>sits of fluidized sediment flow and grain flow), 
(3) graded. sandstones and l.ilrestones (pres\..llred turbidites), (4} parallel.­
larninated sandstones and limestones (probable turbidites), (5} thin, 
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structureless micrites (inferred dep:>sits of vertical settling-out 
of suspension) , arrl ( 6) current-ripple-laminated lim=stones and sand­
stones (thought to be the products of reworking by contour-following 
l:ottan currents or sul::marine overbank levee deposits). All of these 
processes ~e working together or in OPPJsition. Analysis indicates 
that only the lower slope and base-of-slope portion of the early Paleo­
zoic continental margin has been preserved in the Taconic Sequence 
(Keith and Friedman, 1977, 1978). 

we shall discuss briefly these lithofacies. 

cartonate-clast Conglanerate (Figs. 4 and 5) 

funanictic ca.rl:lonate to p:>lymictic carbonate conglarerates occur 
throughout the Taconic Sequence; a significant percentage of sandstone 
c l asts may be present in sane beds. 'Ibe clasts have a general preferr ed 
orientation parallel to the bed l:otmdaries, where they are exp:>sed, but 
sane clasts in a bed will be oriented up to 900 to the general trend . 

Conglarerates resanbling those described here have been mentioned 
in the literature extensively (Walker, 1970; fuuntjoy et al. , 1972; 
Walker and Mutti, 1973; Walker, 1975; Friedman and Sanders, 1978) . 
Walker (1975, 1976) has prop:>sed descriptive nodels for conglarerates 
of turbidite association (resed.i.roonted conglarerates) based on the pre­
sence or absence of grading (inverse or normal), stratification and im­
brication. The conglarerates seen on this field trip wi-::h their lack 
of grading and stratification and local imbrication fall closest to Walker's 
disorganized-bed rrodel. 'Ihe recognition of a debris-flow rrodel for many 
of these conglarerates having a lack of organized internal structure 
has becare well established (Dott, 1963; Johnson, 1970; Cook et al. , 1972 ; 
Hampton, 1972; Middleton and Hampton, 1973; Walker, 1975, 1976; Fri edman 
and Sanders, 1978). A debris flow is defined as a flowing muddy mixture 
of water and fine particles that supports and transports abundant coarser 
particles (Friedman and Sanders, 1978, p. 95, 558). 'Ihe rrechanics of 
m::>tion in any sediment gravity flow are cx:mplex, and a simple debris 
flow rrodel cannot fully explain the features in the conglarerates of 
the Taconic Sequence (Keith and Friedman, 1977, 1978). 

SUch a rrodel does fit well with the large clasts in a clay matrix , 
the lack of size grading, and the poor to nonexistent sorting. The 
range of CCJTltX)Si tion of the clasts can be easily accounted for , as 
being derived fran the shelf buildup and the basin-margin beds . Sare 
conglanerates appear to be quite local in origin, and interbedded with 
beds similar to the source beds for the clasts, which also seans can­
patible with a debris-flow m::>del. The up.-~ard decrease in clasts in 
sane beds, with the pervasive preferred orientation and local imbrication 
all are puzzling as they indicate m::>varent and settling of the individual 
clasts within the flow. 'Ihe smaller grain size and presence of sane de­
gree of rounding, especially for clasts derived fran the shelf, suggest 
sane degree of transport. With increased transport, progressive dilution 
of the debris flow would take place (as suggested by Hampton, 1972), 
producing m::>re fluid-like behavior and transition towards turbidity 
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Figure 4. Cart:x:mate-clast conglanerate of shallCM-water origin displaced 
by debris flCM fran shelf edge into deep water. Fran exposure 
south of Hudson (Stop 1; SH on Fig, · 2) • 

Figure 5. Rubble of incoherent slump or debris flow cx:rnposed of ooulders 
of l.in'estone, sandstone, and chert. This rubble, kn£::Mn as 
brecciola, originated in shallCM water behind shelf edge airl 
was displaced into deep-water, dark-colored shales. Note 
calcite-healed fractures in view. Boulder in center is approx. 
30 an across. campus of Rensselaer Polytechnic Institute (Stop 5). 
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current flew. I:icMever, none of the conglarerates discussed here shcM 
features indicative of turbidity-ctLrrent activity such as grading and. 
stratification. At this p:::>int all b'lat one can say is that the dePJsi­
tional Ireehanism appears to be closer to debris flew than to any other 
{Keith and Friedman, 1977, 1978). 

It is not clear whether the conglanerates of the Taconic Sequence 
were der:osi ted as sheets or were confined to channels. Serre of the 
congl<::~rerates are associated with turbidites, which are generally con­
sidered to be confined to sul:marine canyons or to channels on a sul::marine 
fan . Thus, these conglarerates might have been similarly confined. 

In sunmary, the carlxmate-clast conglarerates appear to be the 
products of der:osi tion by debris flew. '1lle question of 'Whether they 
are channel der:osits or sheet flCMS is not fully resolved, and roth 
types may well be present {Keith and Friedman, 1977, 1978). 

Massive, Coarse Sandstone 

These beds of massive sandstone shew no bedding, lamination, or 
grading. The beds sean to fall into two groups, "Which are: (l) coarse­
grained sandstone, and (2) thicker, coarse- to very coarse-grained 
sandstone. The beds are generally very coarse grained, with no internal 
features other than a few rnicri te pebbles. In places the beds contain 
either rnicri te pebbles, or wisps that stand out on the weathered surface 
which appear to be concentrated zones of sand that are m::>re resistant 
to weathering than the bulk of the bed (Keith and Friedman, 1977, 1978). 

The massive beds corresr:ond to beds described extensively fran 
turbidite sequences in the literature (Friedman and Sanders, 1978; 
Walker, 1967, 1970). Beds generally fitting this description have been 
called "fluxoturbidites" after the original description by Dzulynski et 
al. (1959). This tenn has beccrne of limited usefulness due to the 
vagueness of the description and resulting misuse. Walker (1970) found, 
after extensive literature study, that there does exist a facies with 
certain features including: (l) unusually thick beds; (2) coarse grain 
size; (3) grading that was repetitive, r:oor or absent; (4) erosional 
bases with the finer interbeds being thin, irregular or absent; (5) 
pebbles cxmronly present; and (6) tops that may be sharp, rather than 
gradational. Walker (1970) canpared these beds to classical proximal 
turbidites campiled from the literature and found no significant dif­
ferences (Keith and Friedman, 1977, 1978) • 

A der:osi tional Irechanism that appears to fit these thick coarse­
grained, generally structureless sandstone beds is fluidized sedin's1t 
flew. This rrechanism works when a loosely packed sand is subjected to 
an initial shock, destroying its fabric, so that water is incorl_X}rated 
and the sand liquifies, i.e., the grains are supp:::>rted by excess PJre 
pressure. Since the sand is not sealed, p:::>re fluid loss is rapid, and 
the flav short-lived. As the p:::>re fluid escapes the viscous properties 
of the mass disappear and the sedirrent canes to rest. Because the con­
centration of sedirrent relative to fluid is high, features associated 
with traction der:osits, such as different types of lamination, cannot 
form (Keith and Friedman, 1977, 1978). 
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Generally, the beds of this lithofacies appear to fit a nebulous 
category of thick, ooarse-grained massive sandstones "prox:imal '' in na­
ture (or possibly channel deposits). They were deposited by one or 
rrore processes, involving fluidization of the sediment (Keith and 
Friedman, 1977, 1978) . 

Graded Sandstones and Limestones 

The graded beds are found associated with beds of other li thofac­
i e s. These beds are praninent except south of Hudson, where they are 
only a minor constituent of the exposed section. Shales are inter­
bedded with this lithofacies at all exposures, except for Judson Point, 
where sandstone beds are ccmronly in depositional contact with each 
other, or with only a very thin shale parting between them (Keith and 
Friedman, 1977, 1978). 

The graded beds r ange in cantX>Si tion fran pure sandstone to li.Jre­
stones , with little or no sand. There are sare beds that are half 
sand and half ca.r}:X)nate. Generally, within one exposure the lithology 
will be fairl y constant. At Judson Point, the beds of this lithofacies 
are essentially pure s andstone. South of Hudson the beds all contain 
nearly equal anount s of carbonate and sand. Carbonate is present as 
rounded intracl asts, individual grains, and as a matrix in the sandy 
beds. The rounded intraclasts are cx:mronly found near the base of the 
bed. The intraclasts are CCitlp)Sed of pelmicrite, pelsparite or micrite. 
One intraclast of ocroicrite was seen. Sparite and pelmicrite occur as 
matrix for s andy carbonates (Keith and Friedman, 1977, 1978). 

Beds of this litho facies display many kinds of sedim:mtary struc­
tures. Gr aded beds, parallel lamination, and cross-lamination (ccmronly 
ripple lamination) are all ccmron. Grading takes on several fonns in 
the beds s tudied. Many beds at Judson Point show delayed grading 
(Dzulynski and Walton, 1965), where rrost of the bed is coarse- or 

zrediurn-grained sand, unifonul y distributed, up to the very top, where 
the bed quickly becanes argillaceous with essentially no int.e:rmadiate 
grain sizes. The grading then takes place in a na.rrav zone at the 
top , rather than throughout the bed. Beds at the locality south of 
Hudson ccmronly s hc:M coarse birrodal sand at the base in a ca.r}:X)nate 
matrix, with the sand decreasing in am::mnt u~, leaving only the 
carbonat e at the top. 'Ihis would be a type of discontinuous grading 
with no zrediurn-grained portion (Keith and Friedman, 1977, 1978) . 

Parall e l l amination is quite ccmron. It appears to be especially 
well deve loped in the rredium-grained sandstone and the ca.r}:X)nate beds. 
The laminae are generally less than 1 mn in scale, and in the li.Jrestone 
the lamination is ccmronly due to fine-grained quartz being concentrated 
along the l aminae. The coarse-grained sandstones, as seen at Judson 
Point, shc:M only faint l amination, if any at all. Ripple lamination 
i s quite well devel oped in sane beds, but is not ccmron. Not seen else­
where was l arger scale cross-lamination that could be considered cross­
bedding in a bed south of Schodack Landing. Many ex.arrples of the var­
i ous internal structures, alone or in ccmbination with others, can be 
seen (Keith and Friedman, 1977, 1978). 
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Beds of sand-sized material, displaying grading and lamination 
in a systenatic order (Bouna. Sequence) and which are interbedded with 
basinal shales are turbidites (Fig. 6) • 

SOU MA DIVISIONS 

E 

D 

c 

8 

A 

Figure 6. Vertical sequence in sedirrents deposited by gravity-powered 
oottom flCMS. 'Ihis sequence oonsists ideally of five divisions, 
labeled A, B, C, D, E, and named the Bouna sequence after A. 
H. Bouma (1962) : 

A. Either a graded sandstone in which the particle size decreases 
systematically ut:Wcrrd or a massive sandstone; the original sand 
of this "high-speed" depositional layer has a sharp base that 
divides it fran the underlying "lCM-speed" shaley layer of the 
preceding sequence. A. typically is a product of liquefied oo­
hesionless-particle flow. 
B. Parallel-laminated sandstone that represents conditions of 
upper-flCM regirre, hence is likewise a "high-speed" structure. 
C. Ripple cross-laminated fine or "'ilery fine sandstone that rep­
resents the lc:Mer-flow regirre, hence is a "low-speed" structure. 
D. Faint parallel laminae of mudstone. 
E. Shaley layer at top of sequence. At the oontact between E 
and the overlying sandstone A of the next sequence, abundant 
sole marks may be present. The fine-grained fallout fran the 
tail of a turbidity current ma.y be difficult or impossible to 
distinguish fran pelagic seclilrents. 

Sequences of turbidites cx::IlllOnly oonsist of m::motonously inter­
bedded alternating and laterally persistent layers of sand­
stones and shales. 

Not all divisions of the Bourra sequence need always be present; 
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sa:ruences may consist of any <Xnbination of the five eli visions, 
such as B-C-E, A-E, A-B-c-D-E, E-c, or others. The character­
istics of gravity-powered l:x::>ttcm flCMS incltrle (1) sharp base 
with sole marks, (2) divisions of Bouma sequence, (3) graded 
layer or massive sandstone, and (4) rronotonously interbedded 
alternating and laterally persistent sandstones and shales (Af­
ter Bouma, 1962; Walker, 1976, Fig. 1, p. 26; Friedman and 
Sanders, 1978, Fig. 12-52, p. 393). 

'Ihere is a considerable l:x::>dy of literature on the problem of prox­
imal versus distal environrrents in turbidites. A proximal turbidite 
has : (1) sharp and flat based beds, (2) thicknesses of 10 ern to 1 m, 
(3) a sand/shale ratio of about 5:1, (4) amalgamation of sandstone beds 
present, but unCCIT'llOn, (5) unCCIT'llOn parallel and cross-lamination, and 
( 6) the typical bed is an AE sequence where the intervening a::D eli visions 
are missing (Walker and Mutti, 1973). The graded beds at Judson Point 
fit these characteristics fairly well, although the sand/shale ratio is 
not as high. A distal turbidite has (1) sharp and flat based beds, (2) 
thicknesses of 1 ern to 10 ern, (3) a sand/shale ratio of 1:1 or less, 
( 4) praninent grading, ( 5) grain sizes fran fine sand to silt, and ( 6) 
base-cut-out sequences, usually a::DE, BDE, and CDE (Walker and Mutti, 
1973). The graded beds seen at localities other than Judson Point gen­
erally fit the first four criteria fairly well, but are coarser grained 
and generally do not have base-cut-out sequences with the y;ossible ex­
ception of certain laminated beds to be discussed in the next section. 
In general, these graded beds bear rrore resemblance to distal, rather than 
proximal, turbidites, but may be transitional (Keith and Friedman, 1977, 
1978). 

Parallel-Laminated Sandstones and Li.Irestones 

Beds identified as belonging to this lithofacies cx::mprise a sig­
nificant arrount of the lithofacies at all of the major sections to be 
seen on this field trip and are ~~e major lithofacies at Nutten Hook. 
They are also the only lithofacies besides the conglarerates fonnd in 
the city of Troy area, especially on and near the R. P. I. campus. 

The beds of this lithofacies range frau medium-grained, parallel 
laminated sandstones {60%), to medium-grained sandstones with parallel 
lamination and sane cross-lamination {22%), to li.Irestones (9%), and 
coarse-grained sandstones (9%). MJst of the coarse sandstones occur at 
Judson Point. The limestone beds are pelmicri tes with the lamination 
due to the concentration of fine quartz sand and silt along the laminae. 
In places a bed will contain fossil fragments. Most of the sandstone 
beds are ccmp::>sed of medium-grained quartz sand with a variable arronnt 
of carl:x::>nate matrix fanning the laminae. S<:lre of the sandstone beds 
will contain fossil fragments, and, in fact, nearly all the identifiable 
trilobite fauna recovered by Bird and Rasetti (1968) frau Judson Point, 
and Nutten Hook, and used by than for dating, carre frau beds identified 
in the Keith and Friedman (1977) study as belonging to this lithofacies. All but 
one of the sandstone beds and all of the li.Irestone beds of this lithOfacies sl'x:M 
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lamination of sore sort, Ccrm'only, only parallel laxnin.a,tion is present 
m the sandstones, rot sane sandstone beds and rrost of the li.Irestone 
beds shav sare cross-lamination. 

The beds here probably represent channel-edge equivalents of the 
coarser, probable channel deposits represented by the conglanerates, 
massive sandstones and turbidites. For the m:::>st part, the beds of 
this lithofacies ~uld appear to be single beds of division B of the 
Bouma Sequence. 

In sumnary, beds of this lithofacies are intimately associated 
with turbidites and may even be types of turbidites themselves (Keith 
and Friedman, 1977, 1978). 

Thin Structureless Micrites 

This lithofacies is CClllpJSed of beds of dense, texturally simple 
micrite that does not show any features in thin section other than 
nEarorphism where the original l.ilre rruJd has becone recrystallized (Fig. 
7). Beds of this lithofacies are formd at several of the sections 
seen on this field trip and comprise a significant amount (approximately 
20%) of all the lithofacies south of Schodack Landing and Nutten Hook. 
Single and rrn.lltiple beds are found interbedded with beds of other lith­
ofacies. At other localities isolated stringers can be found in places. 
South of Hudson and Nut ten Hook even beds of micrite are interbedded 
with shale (Fig. 8) and beds of cross-laminated and parallel-laminated 
pelmicri te. These beds shav sane pul l-apart or ooudinage structure 
and, locally, sltmlp folds. South of Schodack landing the micrite beds 
are not associated with any coarser beds and make up 70-75% of that 
part of the section. Pull-apart is ccmron in these beds. The beds 
south of Schodack Landing change 'llfMard to lenses and stringers of 
micrite in shale gradually becaning thin and disoontinuous. A local oon­
glanerate is present in part of the exposure at Schodack Landing (Keith 
and Friedman, 1977, 1978). 

Thin interbeds of fine-grained l.ilrestone (usually micrite) inter­
calated with dark shale, as described for this lithofacies, have been 
noted fran a number of areas (Sanders and Friedman, 1967; Wilson, 1969) . 
These beds are generally referred to as hEmipelagic, because they are 
a cx::mbination of terrigenous sedi.Irent and pure pelagic sed.ilrent. 

The beds discussed here do not contain pelagic microfauna, thus, 
the only source of abrmdant l.ilre nul is very shallow water (< 30 m) 
envirornnents. Shallow-water production of l.ilre nul can be quite high, 
a:ming fran a variety of sources. Once produced, currents can m:::>ve 
the l.ilre mud quite easily fran the shelf into deeper water. This pro­
cess ~uld seem to be the only plausible explanation for the micrite 
beds of this lithofacies. The l.ilre mud was probably carried in dilute 
suspensions, either by contour currents, nepheloid layers, or dilute 
turbidity currents (Walker and Mutti, 1973) . Isolated beds of micrite 
oould conceivably be attributed to single or an episode of several di­
lute clouds of l.ilre rmrl being carried into deeper water. A problan 
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Figure 7. Interbeds of micrite w:ith. shale partings, The abtmdant line 
nud was derived fran very shallCM-water ( < 30 rn) environrrents. 
Currents rroved the l:i.Ire Irud into deep water. On left is 
the well-known Polish geologist S. Dzulynski whose ~rk on 
deep-water dep:>si ts is rJ::M classical. Schodack Landing 
(Stop 4; SL on Fig. 2). 

Figure 8. Interbeds of micrite and shale, 'Ihl.s micrite is rrostly a pel­
micrite. The original lime mud was derived frcm very shallCM­
water envirorurents. South of Hudson (Stop 1; SH on Fig . 2) . 
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arises, ~ver, with rhythmic succession of micrite and shale beds 
of very oonstant and even thickness. Sanders and Friedman (1967) 
stated that the environrrental interpretation of such sequences may be 
extranely difficult, for similar sequences are seen in near-shore en­
vironrrents. 

To surtrnarize, these beds are cx:rnposed of structureless rnicri te 
that is camonly associated with beds or laminae of pelrnicrite. This 
fine-grained material was picked up in s uspension on the shelf and 
carried into deeper water, possibly by oontour currents, nepheloid lay­
ers, or dilute turbidity currents. 'Ihe r esulting deposits are thin 
beds of carbonate interbedded with fine-grained terrigenous material 
(Keith and Friedman, 1977, 1978), 

CUrrent-Ripple-Laminated L:i.Irestones and Sandstones 

This facies consists of thin beds generally ranging fran 1. 3 an 
to 10 an, with the average thicknes s of 4 .1 an. This average is con­
siderably less than that for the graded beds (about 19 em) and l ess 
than that for the parallel-laminated beds (about 7 an) , both of which 
are sirnilar in tenns of sedimentary structures. As with the graded 
sandstones and linestones and thin, structurel ess micri tes, the best 
exposures of these beds are in the cuts, south of Hudson, Judson Point , 
and Nutten Hook. No beds of this litho facies were f ound south of 
Schodack Landing . South of Hudson and at Nut ten Hook, beds of this 
lithofacies occur with the thin structure l ess rnicrites (Keith and Friedman ,' 77, 
I 78) • 

Lithologicall y , these current - r i ppl e-l aminated beds sean to fall 
into t\o.D types -- pelletal linestone with fine-grained quartz sand, 
or fine-grained quartz sandstones to siltstones. These beds are al­
ways laminated with either parallel l aminae or striking cross-laminae. 

These current-ripple-laminated beds do not shCM the variety or 
orderly sequence of f eatures a s sociated with average turbidites. 
They are also f iner grained and thinner bedded than the graded beds 
described earlier. The laminated beds of this lithofacies probably 
were deposited by one of three separat e processes: sul:marine overbank 
levee deposits associated with turbidity currents, distal turbidites, 
or possibly oontour-follc:Ming botton currents (Fig. 9). For a IIDre 
detailed discussion see Keith and · Friedman (1977, 1978) • 

fuvironrrental Reconstruction for Deep-Water Deposits 

The rocks of the Taoonic Sequence studied here are clear 1 y the 
products of deposition in a slope environrrent (Figs. 1 and 10). The 
depositional nechanisms that were active (debris flCM, sediment flow, 
turbidity currents, hemipelagic sedinentati on, and contour currents) 
appear to be characteristic of the l CMer part of the slope and the 
base of the slope. All of these pr ocesses, except the oontour currents, 
fonm a continuum s uch that one sediment gravity flCM oould act as a 
debris flCM, sedirrent flCM, turbidity current, or suspended cloud de­
pending upon its ti.rre and spatial pos ition on the slope. 
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Figure 9. PhotogTaphs of m:x:lern.- and ancient contourites. 
A. Core of nndern contourite raised fran Caicos OUter Ridge, 
Bahamas, western Atlantic Ocean. This sedirrent is a well­
sorted, rrediun-grained skeletal sand; note horizontal 
laminae (E. D. Sclmeider. ) 
B. Polished slab of inferred contourite of Cambrian age (West 
Castleton Formation sampled near campus of Rensselaer Polytechnic 
Institute, Troy, New York. This inferred contouri te is a 
current-ripple cross-laminated pelletal linestone; quartz silt 
accentuates the laminae. (B.D. Keith,) 
(Friedman and Sanders, Fig, 12-51, p, 392). 
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There are many problems associated with the reconstruction of 
the slope environment of the Taoonic Sequence. Forenost is the tecton­
ic canplexity that has been superiropJsed since deposition of the sedi­
ments. Details of physiography carmot be compared with rrodern slopes, 
but the general type and rate of sediment input and the transport rrech­
anisms that -were active can be ccmpared with m:x:lern analogs. The 
rrodern example that fits very nearly with the lithofacies described 
in the Taoonic Sequence is the slope-fan-basin-plain systen that is 
fed by sul:nlarine canyons. The oonyon is incised into the slope and 
acts as a conduit for the rroverrent of shelf sed.irrents into deep water. 
The fan built out from the rrouth of the canyon is then primarily can­
posed of shelf-derived sediment. The fan can be divided into several 
rrorphologic features. The inner (or upper) fan has one major channel 
with praninent levees to either side. '!his leads to the mid-fan area 
(or supra-fan) CCillp)Sed of many distributary channels and interchannel 
areas. The outer (or lower) fan is characterized by no defined channel 
systen and rrerges into the basin plain (Keith and Friedman, 1977, 1978). 

The relationship between the rrodel in Figure 10 and the lithofacies 
described in this guidebook can be put together. The ooarsest and 
least structured sed.irrents (conglanerates) ~uld fonn thick deposits 
at the base of the slope, possibly represented by sc:xre of the thicker 
conglanerates in the area of the R. P. I. Campus. Conglanerates ~uld 
also be found in the lower canyon and inner fan, associated with ooarse 
sands, as products of debris flaw and fluidized sediment flCM, respect­
ively. Farther out into the fan, turbidity-current deposition becares 
daninant, as channel and interchannel deposits. OVerbank levee deposits 
could be found associated with any channel in the inner fan or mid-fan 
area. The hemipelagic micrite beds could be found at any location on 
the slope and fan where they were not subsequently destroyed by current 
activity. Contourite beds could also be found at any location, depend­
ing up:m the position of the current at any particular t:i.Ire (Keith and 
Friedman, 1977, 1978). 

The test of this rrodel is whether it can be used to explain sare 
of the exposures seen on this field trip. The exposed sections (South 
of Hudson, Judson Point, Nutten Hook and Schodack Landing) ~uld best 
serve to illustrate the application of the rrodel. The first example 
is the section south of Schodack Landing, shown in Figure 15. The base 
of the section is canpJSed of considerable thickness of shale, and at 
least one conglC'I'lerate bed~ overlying the shale is a sequence of thin 
micrite and shale beds, possibly the product of transport fran the 
shelf. The conglanerate overlying these beds is probably the result 
of local slumping, since the clasts all appear to be derived fran the 
underlying limestone beds. The next higher conglarerate indicates that 
feeding fran the shelf has started, producing coarse sand and biosparite 
clasts, but only as an isolated event. HCMever, the subsequent presence 
of channel and interchannel turbidites and a conglanerate, follc:Med by 
massive sandstones and rrore turbidites shCMS active feeding fran the 
shelf and fan developrent. The beds show' definite mid-fan developrent 
and possibly an inner fan channel as well. Abruptly, the system appears 
to have been abandoned, as shCMn by the resumption of shale deposition, 
with only a local thin limestone (Keith and Friedman, 1977, 1978). 

The section at Judson Point (Fig. 13) is daninated by turbidite 
beds and several massive ooarse sandstone beds. The presence of 
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@ARINE C"ANYO'-I) / -- --· 

/ '· 

CHANNEl WITH LEVEES 

Figure 10. Diagramnatic block diagram of sul:rnarine canyon arrl fan ccm­
plex, showing major rrorphologic features. Vertical relief 
exaggerated (Keith and Friedman, 1977, Fig. 19, p. 233). 
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several AE beds of the Bouma Sequence is characteristic of "proximal" tur­
bidites. . The rnassi ve beds are ccmron in the lower part, but uncarrron 
in the upper part of the section. The presence of thick massive sands 
and local conglarerates and thin-bedded laminated sands suggests channel 
and levee der:osits of the inner fan area with the main channel periodically 
changing its course. Two of the conglarerates are sanewhat lenticular in 
nature and truncate sare underlying bed, suggesting channel deposition. 
For reasons that are not entirely clear, the only carbonate present is 
a 2 m--thick section at the top of the lo.ver half of the exp0sure. The 
beds appear to be fine- to medium-grained hemipelagic and contourite 
beds, with a conglarerate near the top that contains clasts of the beds 
below. Possibly the section at Judson Point was influenced by locally dan­
inant sand source. A nnre likely r:ossibili ty is that the inner fan area 
is generally characterized by sands and that carbonates are generally 
carried farther out by nnre mature turbidity currents (Keith and Friedman, 
1977, 1978). 

The section at Nutten Hook is nnre difficult to interpret, because 
it is faulted in several places (Fig. 14). The interval below the covered 
zone is quite sandy and probably represents an enviro:ni'rent similar to 
that just discussed for Judson Point. The section above this zone is 
daninated by thin interbeds of lilrestone of hemipelagic type. The lower 
fault interrupts the section, but the rocks above and belCM are quite 
similar. In places thicker laminated beds are distributed that are 
probably a "distal" turbidite. This was a local area of quiet sedilrenta­
tion, with virtually no interruption by sedilrent gravity flows. The 
section above the upper fault contains several carbonate conglarerate 
beds in which the thin lilrestones, and the top of the section contains 
conglarerates, thick, coarse, laminated sandstones, and graded sandstones. 
It VK>uld appear that the environiTV2nt shifted at sane point in a "proximal" 
direction, with the influx of a considerable arrount of coarser-grained 
debris. This shift might be due solely to reactivation of a channel sys­
tem that was not in use during der:osi tion of the lower part of the section, 
or due to the buildup of a new channel systan~ probably in the mid-fan 
area. The alternative is that the sediments above the fault were brought 
in tectonically fran a nnre proximal area (Keith and Friedman, 1977, 1978). 

The section south of Hudson, New York, contains the highest percent­
age of shale of any of the exp0sures (Fig. 12) . It is characterized by 
intenni ttent, thin turbidite beds, nnst of which contain coarse sand 
and even micrite pebbles in the basal portions. Laminated and current­
ripple-laminated probable "distal" turbidites also are ccmron and in 
places associated with thin micrite beds. The middle of the exp0sure 
contains a regularly bedded sequence of these tw:> types. The uppenrost 
part of the section is marked by a thin conglarerate bed. This section 
is nnre difficult to interpret. It was a site of only intermittent 
coarse sedimentation, possibly in the mid-fan area. Hemipelagic beds 
of alternating limestone (micrite) and dark shale are present at the 
section south of Hudson; currents nnved lime mud and terrigenous rrud fran 
the shelf into deep water (Keith and Friedman, 1977, 1978). 

SHALIL:W-WATER SEI"I'IN:; 

Repeating fran the Introduction, during the cambrian and Ordovician 
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periods, a shallCM epeiric sea covered roost of the North .American conti­
nent. At the then-eastern edge of this sul:merged continent, shallow­
water li.Irestones and do los tones accumulated. Those which -we shall study 
on this field trip are part of the Tribes Hill Formation of lowermost 
Ordovician age (Fisher, 1954) . The steep paleoslope, which marked the 
transition fran the sul::Jrerged continent to the deep sea, lay about 35 
miles east of the present Tribes-Hill eJqX>sures which we shall visit. 

The caroonate rocks of the Tribes Hill Formation shCM many features 
that suggest that they were subjected to repeated shoaling and intennit­
tently were eJqX>Sed subaerially. These features include mud cracks, 
birdseye textures, tmdulating strana.toli tic structures, roottles, lumpy 
structures, scour-and-fill structures, flat pebbles, cross-beds, and, 
as a lithology, syngenetic dolostone (Friedman and Sanders, 1967; Friedman 
and Braun, 1975). Features identical to these are kno,.m fran roost Paleo­
zoic shallow-water caroonates that tmderlie much of North Arrerica. The 
site of accumulation of the Tribes Hill caroonates, hc:wever, differed 
markedly frc:m that of roost other Paleozoic caroonates that stretch across 
North Arrerica. The Tribes Hill caroonates were deposited c lose to the 
edge of the continent. Hence diurnal or semi -diurnal fluctuations of the 
waters of the deep ocean should have left their mark on the Tribes Hill 
deposits. If so, such deposits can be classed as tidal. 

In rrodem tidal sedi.Irents perhaps the roost obvious of the roorphologic 
features are tidal channels. In the rocks of the Tribes Hill Formation, 
what may be ancient tidal channels can be observed. Such channels have 
not been reported fran the Cambro-ordovician caroonate-rock sequences in 
other parts of North Arrerica. 

The sizes of the channels in the Tribes Hill Formation are canparable 
to the sizes of rrodem tidal channels. Sharp basal truncations are typical. 
The material filling the channels consists roostiy of caroonate skeletal 
and intraclastic sand (biosparite and intrasparite) a high energy facies. 
These channels cut into a roottied dolan.itic micrite and bianicrite, a 
lCM energy facies. Large blocks of micrite, up to 1 rreter in diameter, 
which are lodged in the fills within the channels, are thought to have 
been derived by tmdercutting of the banks (:Fig, 19) . Hence, to acccmplish 
such undercutting, the currents in these channels must have flCMed fast. 
The contrast between the high-energy facies filling the channels and the 
lCM-energy facies in the flats adjacent to the channels likewise suggests 
that currents in the channels flCMed swiftly. 

Although in Paleozoic limestones the products of shoal waters are 
ubiquitous, tidal deposits may have been restricted to the margins of 
the continents where the epeiric shelf faced the deep ocean. The caroon­
ate rocks of the Tribes Hill Formation may be an example of such a tidal 
sequence. 

Authigenic feldspar is an essential constituent of the caroonate 
rocks of the Tribes Hill Fonnation. The high concentration of feldspars 
caused strana.tolitic laminae to weather in positive relief. Such feld­
spars ccrmonly are the end products of the alteration of zeolites. How­
ever, zeolites are unkncMn frcrn sedimentary rocks as old as Early Ordo­
vician. In rocks older than mid-Paleozoic, any original zeolites probably 
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have changed to feldspars. In volcaniclastic rocks of Cenozoic age, 
authigenic feldspar is known to be the end product of volcanic glass 
whose initial alteration product was a zeolite (Sheppard and Gude, 1969; 
Goodwin, 1973). 

'Ihe feldspars in the Tribes Hill Fo:rmation are interpreted as wind­
trans:p:>rted tephra that accumulated at the margin of the Proto-Atlantic 
(Iapetus) Ocean. The active volcanoes resp:msible for such tephra may 
have been parts of ancient island arcs. 

ITINERARY 

Figure 11 is the road log and shows the location of all the seven 
stops. 

Depart fran parking lot of R. P, I. Houston Field House, take People's 
Avenue west past Samaritan Hospital (on right) downhill to Eighth Street. 

Miles 

0 . 7 

1.2 

5.8 

19.0 

20.4 

23.7 

24.3 

25.6 

27.7 

29.3 

30.0 

34.6 

35.4 

36.0 

Distance 
between 
:p:>ints 

0.7 

0.5 

4.6 

13.2 

1.4 

3.3 

0.6 

1.3 

2.1 

1.6 

0.7 

4.6 

0.8 

0.6 

Proceed for one block to Federal Street, turn 
right and cross bridge across Hudson River ~ 
oontinue to Interstate 787 south 

Enter Interstate 787 south 

Take Interstate 90 east; cross Hudson River 

Take Exit 12 (sign U.S.9 south) and follow route 
to Hudson 

Enter Colurrbia County 

Junction with Route 9H; oontinue on U.S. 9 

Enter Valatie 

Enter Kinderhook 

Town of Stuyvesant 

Enter Stuyvesant Falls 

Enter Columbiaville; Junction with Route 9J 

Enter Stottville 

Town of Greenp:>rt 

Enter Hudson; continue south on U.S. 9 through 
Hudson 
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Fort Hunter 
Schenectady • 

STOPS 
Lester Park 

in Troy 

STOP 3--1--e 
Nutten Hook ~-STOP2 

0 12 

~~~~m 
one inch=approximately 12 miles 

Figure 11. Road log with stops 
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Judson Point 

\TOP1 
South of Hudson 



Miles 

41.4 

42.2 

Distance 
between 
points 

5.4 

0.8 

Junction with U.S.23; continue south on U.S.9 

STOP 1 EXPOSURE ON FAST SIDE OF U.S.9 (across 
fran a white house) (SEX:"I'ION SOUTH OF HUDSON) 

Figure 12 shows and describes the lithofacies exposed at this stop, 
and interpretes its depositional setting. The rocks are of deep-water 
mid-fan origin (Figs. 1 and 10), Note especially the interesting "hemi­
pelagic" interbeds of fine-grained li.Irestone (micrite) and dark shale 
(Fig. 8) and the carbonate-clast conglarerate (Fig. 4). Read carefully 
the material covered under the heading of "Deep-Water Setting: a Slope­
Fan-Basin-Plain Model" so that you understand the objective of making this 
stop. 

Section 

..:=;)~<C"~c:: 

:5,~~1 
5+6 

.::'"' ------ -- , . 3 
I 

·.-.: = - -- -- ~ 
3 

~ 

3+4 

3,5+6 

.. - . -- I 
3+4 

. - . - - - - 5m . 

Lithofaciea and 
Description 

Carbonate-clast con­
glo...,rate (l). 

Generally to bottom of 
sect ion: thin beda of 
graded limestones and 
sandstones (3), micrite 
beds (5), and laminate d 
limestones (4 and 6) 
with shale. 
Regularly bedded sequence 
of mi cr ite (5) and 
laminated limestone ( 6) 
and shale. 

Interpretation 

Hore 11diatal11 environ­
ment of probable mid­
fan area. Generally 
low rate of sedimenta­
tion. 

Figure 12 . Section south of Hudson Stop 1 (SH on Fig. 2) 
(I<eith and Friedroanr 1977, Fig. 23, p. 1237). 

Miles 

Distance 
between 
points 

Make a U-Turn and head north on U.S.9 

43.0 0.8 Junction with U.S. 23; continue north on U.S. 9 
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Distance 
between 

Miles IX?ints 

46.4 3.4 

50.1 3.7 

52.3 2.2 

53.5 1.2 

54.5 1.0 

54.6 0.1 

Enter Hudson; continue through Hudson north on U.S. 9 

Enter Stottville 

Enter Columbiaville 

Junction of U.S. 9, Route 9J, and an unmarked 
asphalt road identified by sign "Dead End." Turn 
sharp left onto asphalt road and head west towards 
Hudson River 

At fork take lower road marked 11Dead End" 

S'TOP 2. JUDSON POINI' 

Figure 13 illustrates the section seen at this stop and describes 
the lithofacies; it also provides an interpretation of the def?si tional 
setting. The rocks are of inner- to mid-fan origin (Figs. 1 and 10) . 
The section is daninated by turbidite beds, and several massive coarse 
sandstone beds. The presence of several AE beds of the Bo1.1Il'a Sequence 
is characteristic of proximal turbidites. -The occurrence of thick massive 
sands and local conglanerates and thin-bedded laminated sands suggests 
channel and levee def?sits of the inner fan area. 'lWo of the conglaner­
ates are sanewhat lenticular and truncate an underlying bed, suggesting 
channel def?sition. Again review the section entitled "Deep-Water Setting: 
a Slope-Fan-Basin-Plain M:xlel" for a better understanding of the features 
observed at this stop. 

Miles 

55.8 

57.4 

58.2 

58.5 

Distance 
between 
IX?ints 

1.2 

1.6 

0.8 

0.3 

Return to Rte. 9J 

Head north on Rte. 9J 

Town of Stuyvesant 

Cross railroad tracks at F~ Road (on left) ; 
note historic marker. Head west on Ferry Road. 

S'IOP 3. NU'ITEN HOOK 

Figure 14 gives details on this section, including an interpreta­
tion of def?sitional envirorurent. 

Return to Rte. 9J 

58.9 0.3 Head north on Rte, 9J 

60.8 1.9 Enter Stuyvesant 
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Sec ti on 

4 

4 

L-.---, 3{AE) 

~:;·." 
r------- -..J 

~~i 
~-= = '-,.l I 

5+6 

4 
3 
I /6 

F======l ; 
- - - - 3 {AE) 

~4 
2 

§~2+3 
f--------1 4 

2 

____ :_ 3{AE) 

Lithofacies and 
Description 

Lamina t ed shale and 
s iltstone. 

Dominan t ly thin , medium­
grained, laminated sand­
stone beds (4) v!th some 
A£ graded beds (J) and 
laminated fine-g r ained 
s andstones (6). Thin 
sha l e inte rbeds present 
throughout (not shoon). 

Fint"-gra l ned. lallli nated 
beds (6) . 
Thin micrite beds (~). 

Carbonate-clast con­
Rlomerate (l). 

Sandstone-clast con­
~:lomer ate pinching 
ou t (l/6). 
Dominantly graded beds 
()) , often~ with 
massive. coar&e s and­
stone beds ( 2). 
Occas i onal ~dium­
grained. lami nated 
s andstone bed (4) . 

~~~~ ~ {AE) 5m 
3{AE) 

f----,--i 3 { AE) 

In terpretat ion 

Area of inner fan channels 
and levee depositst with 
s poradic reworking by 
contour currents. (No 
very coarse debris 
brought in . ) 

Influx of carbona te 
sedimentt dominantly 
lime mud. 

Dominantly channe ls of 
i nner to ~id-fan. 

Figure 13. Section at Judson Point (Stop 2 i JP on Fig~ 2) 
(Keith and Friedman, 1977, Fig. 21, p. 1235) . 

70 



Sec tton 

Figure 14. 

5m 

L 

Lithofacies and 
Desc rip cion 

Oomdnantly thinly 
interbedded micrite (~) 

and la~nated limestone 
(6) with occas i onal 
beds of ca rbonate­
clast conglomcr.te ( l) 
and ~and~tone (4). 
Section is inlerrupted 
by tvo f au 1 t s . 

llomln.lntly thinly 
Interbedded rnl c n te ( ~) 
and l.1o t nat "·rl ltmc-c;tone 
(6) wl th ,h,> lo. 

Th in '.11\dstonc bt:dc; (4), 
one groldod 0). 
Sec ahov~ . o ften sh,~­
in~ small scale slump 
fold,. 

Thin congloreratt' ( J). 
Oom.Jn.ant lv !>.hale v!t h 
occas1onal thin s.md­
stonc bed (4), rare 
laminated S.lnd s tonc (6), 
and one mass ive sand­
s t one truncated by a 
fault at the top (2?). 

Thin. medium-grained, 
la.ml natod sandstone (4) 
and sandstone-clast 
conglomerates (l), Occas­
i onal shale partings 
(not shown). 

Interpretation 

Possibly add-fan channe 1 
and interchannel 
sedimentat ion ~ith 
periods of hemipela gic 
sedimenration and 
rework in~-

Relationship betveen 
sections above and 
belO'IJ st"cond fault 
uncertain. 

Oom.in.1.ntly an art',, o r 
h<'mip<'L1)'1r !·wdimt.•nta­
t ion. 

Ar e."\ o f un l y spor.:tdic 
coarser s~dirnentation. 

Inne r fan Cn . 

Section at Nutten Hook (Stop 3; NH on Fig. 2) 
(Keith and Friedman, 1977, Fig. 22, p. 1236). 
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Distance 
between 

Miles p?ints 

62.5 1.7 Overpass, New York Central Railroad 

63.5 1.0 Railroad overpass 

65.4 1,9 S'IDP 4, EXPOSURES SOOTH OF SCHOOACK LANDTIK; 

Bus parks on dirt road east of highway. 'We shall first examine 
the road cut on the east side of the highway and then walk on dirt road 
across the railroad tracks to view roc>re fine exposures. 

Figure 15 describes and illustrates the section seen and provides 
interpretation of the depositional setting. Note exposures of bedded 
micrite with shale partings. This micrite represents llire mud which 
was derived fran the shelf and probably settled fran suspension. The 
conglarerate overlying the bedded micrite is probably the result of 
slumping, since the clasts appear to be derived fran the underlying 
limestone beds. The strata at this stop shOW' mid-fan developrent and 
possibly an inner fan channel as well. Again review the earlier section 
entitled "Deep-Water Setting: a Slope-Fan-Basin-Plain 1-bdel" for addi­
tional interpretation of depositional setting. 

66.3 0.9 

66.8 0.5 

69.1 2.3 

70.6 1.5 

77.9 7.3 

78.1 0.2 

78.5 0.4 

79.2 0.7 

86.0 6.8 

86.5 0.5 

87.1 0.6 

Continue north on Rte. 9J 

Enter Rensselaer County 

Enter Schodack Landing 

2 overpasses; New York 'Ihruway and railroad 

Enter Village of Castleton on Hudson 

Overpass of U.S. 9 ; junction with U.S. 9 ; follow 
U.S. 9 -west (labelled. north) 

Enter Rensselaer 

Enter bridge to cross Hudson River 

From bridge take Interstate 787 north 

Take Troy-u.s. 7 Exit (23rd Street, Watervliet, 
Green Island) 

Cross Hudson River bridge to Fed.eral Street, Troy 

Proceed east uphill on Federal Street to '87 
GymnaSium of R.P. I. Campus -

S'IDP 5. RENSSEI.AER POLY'I'OCHNIC INSTI'IUTE, 1 87 
Gym. Exp.)sure behind fence adjacent to gym. 
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Section 
-

- - - - 5 

? 7 

i : 
f-- - --- - -
-- --
----- - - -
r~s~~ 

-= -=- --=--

5m 

1.1 thof acies and 
Description 

Shale with thin beds 
of mi crite (5). 

Graded beds (3) and 
mass ive, coarse s and­
stone beds with pebbles 
(2). 

Covered. 
Fine-grained, thin, 
laminated graded beds 
( 3). 

Thin conglomerate (1). 
Laminated, medium­
grained sandstone (4). 
Graded bed (3) • 

Carbonate-c last con­
glomerate (1). 

Shale vi th lenses and 
nodules ·of mi crite (5) . 
Micrite-clast con­
glomerate (1). 
Micrite (5) with 
shale partings. 

Interpretation 

Abandonment o f the 
system. 

Mid-fan or possibly 
inner fan channe l. 

Mid-fan inte rchanne l 
depos ition. 

Mid- fan channe 1. 

Possible start of 
channel development 
as an isola ted event . 

Local slumping. 

Influx of lime mud 
in suspens i on from 
s helf. 

Figure 15. Section at Schodack Landing (Stop 4; SL on Fig. 2) 
(Keith and Friedman, 1977, Fig. 20, p. 1234). 
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Ruedanann (1930, p, 114; also fig. 64} described and photographed 
this exposure as a good ex.arrple of a "cliff of mylonite," one of the 
"excellent exposures of a fault breccia" on the campus of Rensselaer 
Polytechnic Institute. According to Ruedemann and reconfinned by Elarn 
(1960} a thrust fault follows part of this street (Sage Avenue) and 
Ruedernann mistook this congl~rate for a fault breccia. Perhaps the 
presence of criss-crossing veins in this ext:asure led to his interpreta­
tion of a "cliff of mylonite." Jack G. Elarn (1960; unpublished Ph. D. 
thesis at Rensselaer Polytechnic Institute) assigned the rocks at this 
exposure to the Schodack lithofacies of Early cambrian age . CUshing 
and Ruedemann (1914, p. 69) had introduced the "Schodack Fonnation" 
which according to Fisher (1961, p. DB) has n<:M fallen victim to a ncm:m­
clatorial "snafu." Zen (1964) has renarred this fonnation the West 
castleton Fonnation. 

Ia-.man (1961) recognized that the boulders are a congl~ate 
and not a breccia, and following Kuenen and Migliorini (1950), he intro­
duced the tenn brecciolas. The term brecciolas refers to graded 1~­
stone breccia beds that alternate with dark-col ored shales (Iavma.n, 
1961, p. B6; Sanders and Friedman, 1967, p. 242; Friedman, 1972, p. 25; 
Friedman and Sanders, 1978, p. 390, 395). 

The l~stone- sandstone- and chert boulders which are anbedded 
in shales at this ext:asure range fran angular to rounded and sh<M con­
siderable variation in size (Fig. 5) • Sare boulders are coarse-grained 
fossiliferous l~stone fragments with a micritic dolomite matrix. The 
rocks above the brecciolas are greenish-gray shales. 

The boulders are those of rocks that fonred under shall<M shelf 
conditions. Their eroplacerrent as boulders into shales, which are con­
sidered to be offshore deep-water sedi.Irent, indicates that the boulders 
noved d<MnSlope. The enviro11ITel1t of deposition inferred for the brec­
ciolas at this stop is that of the lONer slope or base of slope (Fig. 1) . 
Although the boulders cam= fran the west down the slope, shelf carbonates 
(their source) extend many miles east of Troy (and presumably underlie 
Troy at depth) . 

Brecciolas which formed along the original east edge of the car­
bonate shelf parallel to the depositional strike for hundreds of miles 
define the site of the basin margin (rise) in cambrian-ordovician ~. 
This Cambrian-ordovician basin margin was located east of Troy near the 
present site of the Green Mountain axis. A relatively steep slope must 
have existed between the shelf edge and the basin margin with resultant 
instability that helped initiate slides, slumps, turbidity currents, 
mud flows, and sand falls. 

Miles 

Distance 
between 
points 

Continue uphill (east) on Sage Avenue, pass Student 
Union (on right) to Burdett Avenue, cross Burdett 
Avenue, and drive on to Parking I.Dt of Troy High 
School. Keep to extreme left (north end} of Parking 
I.Dt. Walk north to wall of old quarry. 
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Miles 

87.5 

Distance 
between 
IX?ints 

0.4 S'IDP 6. TIDY HIGH SCH:X)L <)JARRY 

The spectacular brecciolas at this exp::>sure consist of three 
menbers with eleven sub-Irembers (I.cwnan, 1961). For details of the 
rocks, refer to Lawman's descriptions (1961, p. Bll-Bl2). The brecciolas 
are Schodack lithofacies of the west Castleton Formation of Early cam­
brian age, as at Stop 5.* 

A thin-section study shows the limestones to consist of biamic­
rites, biointramicrites, and micrites with varying terrigenous quartz 
and clay minerals. The intraclasts are of peJmicri te. Shell fragxrents 
have been selectively dolamitized. 

The observation that the l.imestone boulders are rrostly micrites 
indicates that before removal downslope from their site of defOsition 
the limestones were defOsi ted under lON-energy conditions on the shal­
low shelf to their original west, but at a place nON still far to the 
east of Troy. The abundant fauna sh<:Ms that the shallON waters were 
well aerated. The carbonate secli.rrents must have li thified before their 
displacement downslope. 

88.1 0.6 

88.4 0.3 

Return to Burdett Avenue, turn right (north) on 
Burdett Avenue to Hoosick Street (NY 7) 

Turn right on Hoosick Street for one block and 
turn left on 21st Street to Troy Jewish Ccmnunity 
Center. 

S'IDP 7. TroY JEWISH CXJ.MJNITY CENI'ER 

One large block of ort.hcquartzite, approximately 30 feet by 15 
feet, probably settled in deep-water shale. Although lim:mitic, this 
orthoquartzite is devoid of rock fragrrents, hence is a second-cycle or 
rrul ticycle rock. Note that the exfOSed shales surrounding this erratic 
block shaN that this block occurs singly. This exp:>sure occurs along 
strike of the brecciolas and many rrore exr::osures of the brecciolas occur 
north of here in Frear Park. In a pit about 100 feet or so north of 
this block we exh~ fran the shale a block of dark gray, fractured and 
veined micritic dolomitic limestone. 

The size and shape of the block of orthoquartzite suggests rrore 
than a steep s lope. To detach a block of this dimension required con­
siderable instability near the shelf edge, such as severe shakes as oc­
cur during earthquakes. This block of rock differs in litho logy fran 
the brecciolas which we have seen at the previous t:w::> stops. In con­
trast to the flat limestone boulders of the previous stop this huge 

*Note that the carbonate shelf west of Troy contains no rocks older than 
Late cambrian; sarewhere between west of Troy and the present Green 
Mountains the Middle Cambrian (?) and !..aver Cambrian strata wedge in. 
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block with its irregular outline suggests that solid bedrock of sandstone 
was forcibly detached fran the shelf edge or basin slope. By analogy 
with m:xlern events, turbidity currents, slumps, nru.d flows, and slides 
are usually funneled through su1:rna.rine canyons. Could it be that this 
block was part of the wall of a sul:rnarine canyon which becarre detached 
during one of the slides and was rroved by gravity into the basin or 
basin margin? 

The alternative interpretation 'WOuld be to consider this block to have 
been caught up in fault rrovement. Indeed slicken-sides are present on 
this block. Hc:Mever, the lower ext:QSed contact with the shale is der:o­
sitional and not faulted. Because the orthoquartzite block occurs along 
strike with the other brecciolas, and a limestone block has been found 
arout 100 feet away, the evidence suggests that emplacerrent was by grav-
ity rather than by faulting. 

Convince yourself that this block is not a glacial erratic. 

The shales at this stop have been assigned to the Schodack litho­
facies of the west Castleton Formation of Early cambrian age; the displaced 
orthoquartzite block rna.y be as old as Precambrian. 

Miles 

Distance 
between 
r:oints 

88.3 1.2 

91.6 3.3 

96.0 0.5 

97.9 to 1.9-2.0 
98.0 

98.4 0.4 to 
0.5 

110.9 12.5 

113.1 2.2 

Return to 21st Street and Hoosick Street (NY7) 

'IUrn right on Hoosick Street (NY7) and proceed 
west following NY7; cross Hudson River; continue on NY7 

Latham Circle (continue on NY7) 

'IUrn right (north) ; enter north entrance of North­
way, Interstate 87. 

Note t'WO exposures of westerrurost deep-water sedi­
rnentary facies, consisting of Middle Ordovician 
Normanskill graywacke and shale, in roadcut on right 
(northbound lane) . West of here and underneath the 
Normanskill at a depth of several thousand feet are 
Cambrian-ordovician rocks of shelf faci es. 

Cross Mohawk River on Northway. This beautifully 
designed bridge 'WOn an award in 1958. 

Note exposure of Middle Ordovician Canajoharie 
Shale, a dark gray silty shale of outer shelf to 
slope facies. 

Take Exit 13 N fran Northway (sign: U.S. 9 North 
Saratoga) and follow Route 9 north. 
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Miles 

114.9 

115.9 

116.5 

117.7 

119.8 

121.0 

Distance 
between 
points 

1.8 

1.0 

0.6 

1.2 

2.1 

1.2 

Note on left traffic light to Perfonning Arts 
Center (Main Gate to Saratoga S:pa State Park) , but 
continue straight for another l. 0 mile to traffic 
light for Perfonning Arts Center (sign: Saratoga 
Spa State Park, Sl.llllrer Theater, Roosevelt Bath, 
Golf Course). 

Turn left at traffic light and drive along pine­
and spruce-lined lane through Saratoga Spa Golf. 
Course 

Turn north (right) on NY50. Bear left follc:Ming 
sign to NY29. 

Drive to traffic light and turn left (west) on NY29. 

Turn right (north) on Petrified Garden Street 
where sign on tree says "Petrified Gardens." Drive 
past "Petrified Gardens" to !Ester Park. 

Alight at !Ester Park 

S'IDP 8. LFSI'ER PARK 

This locality is the site of one of the finest dared algal mats to be 
seen anywhere preserved in ancient rocks. On the east side of the road in 
!Ester Park a glaciated surface exposes horizontal sections of the cabbage­
shaped heads ccmposed of vertically stacked, hEmispherical stranatolites. 
These structures, known as Cryptozoons, have been classically described by 
James Hall (1847, 1883), CUshing and Ruederoann (1914), and Goldring (1938); 
an even earlier study drew attention to the presence of ooids as the first 
re!=X)rted ooid occurrence in North America (Steele, 1825). Interest in 
these rocks has been revived as they are useful environrrental indicators 
(logan, 1961; Fisher, 1965; Halley, 1971) . The algal heads are Catp)Sed 
of discrete club-shaped or columnar structures built of hanispheroidal 
strcma.tolites expanding up;vard fran a base, although continued expansion 
may result in the fusion of neighboring colonies into a Collendia-type struc­
ture (Logan, Rezak and Ginsburg , 1964). The stranatolites are part of the 
Hoyt Li.lrestone of Late Cambrian (Tranpealeauan) age. An intertid3.l origin 
has been inferred for these stranatoli tes, 

The evidence for de!=X)sition under tidal conditions for the Hoyt Lilre­
stone at !Ester Park includes: (1) nu.rl cracks, (2) flat-pebble conglarer­
ate, (3) small channels, (4) cross-beds, (5) birdseye structures, (6) 
syngenetic dolanite , and (7) strcma.tolites (for characteristics on recog­
nition of tidal li.Irestones, see Friedman, 1969). 

At Lester Park the heads which are circular in horizontal section 
range in diameter fran one inch to three feet; many are ccmp:lrmd heads. 
The size of the larger heads suggests that they formed. in highly turbulent 
waters. 
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'Ihe line of de:r:osi tional strike along which the clcm:rl stranatoli tes 
occur was probably where the waves were breaking as they carne across 
the dee:r,:er ocean fran the east and impinged on the shallCM shelf. 

Several petrographic observations in these rocks penni t an analogy 
with rrodern algal mats in hypersaline :r:ools of the Red Sea Coast (Friedm:m 
and others, 1973). Mat-fonning algae precipitate radial ooids, oncolites, 
and grapestones which occur in these rocks; inter laminated calcite and 
dolanite which in part C<lllp)se the stranatolites of the Hoyt Lilrestone cor­
res:r:ond to alternating aragonite and high-magnesian calcite laminites which 
rocx:lern blue-green algae precipitate. In m::rlern algal mats the high-mag­
nesian calcite laminites contain abundant organic matter in which magnesium 
has been concentrated to fonn a magnesium-organic canplex. Between the mag­
nesium concentration of the high-magnesian calcite and that of the organic 
matter sufficient magnesium exists in m::rlern algal laminites to fonn dolo­
mite. Hence the observation in ancient algal mats, such as observed in 
the Hoyt Limestone, that calcite and dolanite are interlaminated, with 
calcite probably fonning at the expense of aragonite and dolani te formi.n:J 
from high-magnesian calcite. 

Miles 

122.2 

141.3 

147.6 

149.0 

149.3 

149.8 

150.6 

153.0 

153.2 

154.1 

Distance 
between 
:r:oints 

1.2 

19.1 

6.3 

1.4 

0.1 

0.5 

0.8 

2.4 

0.2 

0.9 

Turn around and drive back (south) to NY29. 

Turn right (west) on NY29. 

Pass basal Paleozoic quartz-cobble congl<::merate (a 
:r:ossible talus de:r:osi t) on weathered Precambrian 
gneiss 1/2 mi. east of Kimball's Corners (NY147) . 

Turn left (south) on NY30. 

City limits of Amsterdam 

Cross bridge over Mohawk River. 

Take Exit for Amsterdam Anrory; 
Turn right on Florida Avenue and go west. 

Turn right on Broadway. 

Turn right (west) on NYSS. 

Fort Hunter, turn right (north) on Main Street. 

Turn right (east) to Queen Ann Street. 

STOP 9 . FORI' HUNI'ER (pARRY . Alight at slight 
bend in road and walk to Fort Hunter Olarry which 
is across railroad track close to Mohawk River. (Fort 
Hunter Quarry cannot be seen fran road; another small 
quarry visible from road is approximately 0 .1 mile 
farther east, but will not be visited on this trip). 
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Stranatolites in the Fort Hunter quarry consist allrost entirely 
of dolanite in the form of irregularly bedded, finely-laminated, urrlulat­
ing structures. The rocks in this quarry are part of the Tribes Hill 
Formation of earliest Ordovician age (Fisher, 1954). The lithofacies of 
the Tribes Hill Formation have been stooied in detail by Braun and Friedman 
(1969) within the stratigraphic fraiTEWOrk established by Fisher (1954). 

Figure 16 is a columnar section shaving the relationship of ten lithofacies 
to four nenbers of the Tribes Hill formation. At Fort Hunter we will 
study the l~st two lithofacies of the Fort Johnson Marber (see oolllitU1 
at right (east) end of section, in Fig. 16). 

Two lithofacies are observed: (1) lithofacies 1, rrottled felds­
pathic dolc:mite, arrl (2) lithofacies 2 f laminated feldspathic dolanite. 
Lithofacies 1 is at the botton of the quarry, and lithofacies 2 is approx .... 
imately half way up. 
Litho facies 1. This facies occurs as thin dolostone beds, 2 em to 25 em 
but locally rrore than 50 em thick, with a few thin interbeds of black ar­
gillaceous dolostone which are up to 5 em thick. In the field, the dolo­
mite shcMs gray-black rrottling and in places birdseye structures. In one 
sample, the infilling of the birdseyes shcMs a black bituminous rim which 
may be anthraxolite. In the field, trace fossils are abundant, but fossils 
were not noted. Authigenic alkali feldspar (microcline) is ubiquitous 
throughout this lithofacies; its identity as alkali feldspar was detennined 
by x-ray analysis and staining of thin sections with scxliun oobaltinitrite. 
The insoluble residue makes up 22 to 54% by weight of the sedirtalt in sam­
ples studied with rrost of the residue cx:::mp::>sed of authigenic feldspar. 
Lithofacies 2. 'Ihis lithofacies is mineralogically identical to the 
prev~ous facies but differs fran it texturally and structura.lly in being 
irregularly berlded and in containing abundant tmdulating stranatolitic 
structures ("pseudo-ripples") (Fig. 17), as well as disturbed and disoontin.­
uous laminae. In places there are a few thin interbeds of black argillaceous 
dolostone. Tile thickness of the laminites of this facies ranges fran 1/2 rnn 
to 2 or 3 nm; on freshly broken surfaces the color of the thinner laminae 
is black and that of the thicker ones is gray. The insoluble residue, for 
the rrost part cx::mp:>sed of authigenic feldspar, constitutes between 35% and 
67% by weight in sarnples studied. 

These ~ lithof~cies which form the basal unit of the Ordovician, 
were fonred on a broad shallCM shelf. Stranatolites, birdseye structures, 
scarcity of fossils, bituminous material, syngenetic dolani te, authigenic 
feldspar, and rrottling suggest that these rocks were deposited in a tidal 
environrrent (Friedman, 1969). Based on analogy with the carbonate sediments 
in the m:x1ern Bahamas, Braun and Friedman (1969) concluded that these two 
lit}-x)facies formed under supratidal conditions. ~er in ~ Persian 
Gulf flat algal mats prefer the uppenrost intertidal envirorarent, and 
along the Red Sea coast they flourish where entirely i.Irlrersed in seawater, 
provided hypersaline conditions keep away burrowers and grazers (Friedman 
and others, 1973). Hence on this field trip we may conclooe that the 
stranatoli tes indicate tidal conditions without distinguishing between 
intertidal and supratidal, For rrore details on these lithofacies refer 
to Braun and Friedman (1969), 

79 



-WEST- -EAST-

35.6 METERS 

TRIBES HILL 
AND 
FORT 

HUNTER 
QUARRIES 

30 

25 

20• 

15 

10 

CANAJOHARIE FLAT /. .. 
CREEK CR EE K VAN WIE ,..· •. • 

CREEK ~~·· 
y. 

....---.----.---=..,.,-rn, 't.. f.I.Q 

z 
z 0 
<( 1-

<( 
(.) 

~ w 
> 0: (.!) 

0 0 0 

0 
u. 

0: _J 
0 _J 

I 

0: 
w (J) 

3 w 

0 lD 

_J ii: 
1-

IZ=zJ FELDSPHATIC DOLOMITE 

II53 LIMESTONE 

~ DOLOMITIC LIMESTONE 

6:9 LIMY DOLOMITE 

~MOTTLED 
QZT] DOLOMITIC LIMESTONE 

'-./"'oo./ CHANNELS 

--

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

LF.I, 2 ond 3 

.... ..... 

·.·L F 8 

---STRATIGRAPHIC BOUNDARY 

.. ..... LITHOFACIES BOUN DARY 

LF. LITHOFACIES 

INCHES 
1400 

1200 

1000 

800 

600 

400 

200 

0 

Figure 16. ColUlTQ'lar section showing the relationship of ten lithofacies 
to four rrembers in Tribes Hill Fonna.tion (L<::Mer Ordovician) 
(after Braun and Friedman, 1969). 
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Miles 

155.0 

155.1 

155.7 

156.2 

156.6 

156.8 

159.5 

161.0 

162.6 

Distance 
between 
p:?ints 

0.9 

0.1 

0.6 

0.5 

0.4 

0.2 

2.7 

1.5 

1.6 

TUm around and drive back to Main Street, 
Fort ffuriter ·• 

TUm right (north) into Main Street, Fort 
Hunter. 

Cross original Erie Canal, built in 1822. Arros 
Eaton surveyed this route at the request of Stephen 
Van Rensselaer; after this survey Arros Eaton and 
Van Rensselaer decided to found a school for surveying, 
geological and agricultural training 'Which becarre 
Rensselaer Polytechnic Institute. 

FollCM Main Street through Fort Hunter. 

Cross M::>ha.wk Hi ver 

Turn right (east) on Mohawk Drive (tCMn of Tribes 
Hill). 

Turn left (north) on Stoner Trail. 

Cross Route 5 and continue on Stoner Trail. 

TUm right on NY67 (east) • 

Fulton...funtganery Ccmmmity College; continue on NY67. 

S'IDP 10. IDRI'H TRIBES HILL <;:UAHHY (on left) 

Route of Walk. Take the trail towards old abandoned crusher, but instead 
of heading towards the quarry nove ur:hl-11 to the first rock exposures. The 
rocks to be examined are near the edge of steep cliff. 

Descriftion and discussion, In the rocks at this exposure the field rela­
tionships shcM typical Chaimels tnmcated at their bases (Fig. 18) • 
IOOged within the channels are limestone blocks of variable shape ranging 
in diameter fran about one to three feet (Fig. 19) • These blocks resanble 
similar blocks in tidal channels of the Bah.am:l.s 'Which are derived by under­
cutting of the banks of the tidal channels. The blocks at this exposure 
are rounded, suggesting that they have undergone sane transport. 

The rocks c:x::IU{X)Sing the charmel (i.e. the charmel fill) and the 
blocks of rock within the channels have been described as lithofacies 8 
(channel fill) and lithofacies 7 (blocks) of the Wblf HollCM Member of 
the Tribes Hill Fonnation (lCMenrost Ordovician) (see columnar section 
of Fig. 16); column at the right end of the section) (Braun and Friedman, 
1969). The channel fill (lithofacies 8) consists of intrasparite and 
biointraspari te with sporadic ooids, a high-energy facies, whereas the 
blocks (lithofacies 7) consist of rrottled dolanitic micrite and bianicrite, 
a lCM-energy facies of the undercut bank. The micrite blocks 'Which foundered 
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Figure 17. Stranatolitic structures of lithofacies feldspathic 
dolanite), Tribes Hill Fonnation (~ Ordovician). Fort 
Htmter quarry. 

Figure 18. Truncation at base of tidal channel. Rocks in channel consist 
of lithofacies 8 (intrasparite and biointrasparite), Tribes 
Hill Fonnation (L<::Mer Ordovician) • North Tribes Hill quarry. 

Figure 19. Block of lithofacies 7 (rrottled dolanitic micrite a.rrl bianicrite), 
fotmdered in tidal channel (lithofacies 8), Tribes Hill Fonna.­
tion (lJ::Mer Ordovician) . North Tribes Hill quarry. 
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in the channels nust have been indurated peneoontanporaneously, 

Hence during earliest Ordovician time high--ene:rgy tidal channels 
crisscrossed tidal flats at this site. In than water caning fran the 
deep ocean to the east rose and fell with the cban;Jing tides, 

Retum to R.P.I. CanplS via New York Throughway and Interstate 787. 
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