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INTRODUCTION 

The Helderberg Group ( Lower Devoni a n )  of New York State 
i ncl udes eight thi n ,  but extens i ve formations  that compri se two 
transgressive cycles separated by a minor regression ( Rickard , 
1 962;  Head , 1 969 ; Laporte , 1 969 ; Ebert , 1 982,  1 983) .  The l ower 
cycle  exhib its the classic  deepen ing upward sequence of forma­
tions : Rondout, Man l i u s ,  Coeymans , Kal kberg , New Scotland 
( Table 1 ;  Rickard , 1 962;  Laporte , 1 967 , 1 969 ) that has been 
widely cited as an example  of epeiric  sea (ramp ) sedimentati on .  
The regression i s  recorded by an upper tongue of the Kal kberg 
Formation and the l ower portion of the Becraft Formation (Head , 
1 969 ; Arif,  1 973; Ebert , 1 982, 1 983 ) .  The upper transgress i ve 
cycle  i s  comprised of the Becraft , Al sen and Port Ewen forma­
tions and has been assumed to represent a repeti tion of Coey­
man s ,  Kal kberg and New Scotl and l i thol ogies and environments 
( Ri ckard , 1 962; Laporte , 1 967 ) .  Gross simil ari ty i n  outcrop 
appearance had been the only basi s  for this  assumption .  Recent 
descriptions of the upper cycle  ( Ebert , 1 982,  1 983,  1 985,  1 986;  
Mazzo , 1 981 , Mazzo and LaFl eur, 1 984) have i ndicated significant 
departures from the characteri stics of the l ower formations . 
Compari son of upper and l ower cycles ( Ebert , 1 982,  1 983, 1 985 )  
has resul ted i n  improved understanding  of  the processes that 
operated on the Hel derberg ramp . 

Tidal sand waves are recognized i n  the Becraft Formation . 
Thi s  formation and other s keletal gra instone un its have previ­
ously been i nterpreted as shoal deposits that accumulated above 
wave base. The predominance of .wave acti on has always been 
assumed i n  these interpretations ; however , ana l ys i s  of sed i­
mentary structures c learly i ndicates the dominance of tidal 
currents . 

Tidal sand waves occur i n  a variety of modern environments , 
from estuarine channel s  to the open shel f. The simpl i sti c ,  and 
poss i bly erroneous , i nterpretation of wave dominance in many 
coarse carbonates probably has l ed to inaccurate reconstructions 
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of envi ronments and pal eogeography, espec ia l ly  when adjacent 
facies are poorly exposed . 

The occurrence of tidal sand waves i n  a sequence that has 
been interpreted as representing sedimentation in an epeiric  sea 
( Laporte , 1 969) rai ses important questions about the processes 
that operate in such seas . Tradi tional epeiric  sea mode ls  
( Shaw , 1 964; Irwi n ,  1 965;  Ahr, 1 973)  have treated these seas as 
being tideless (Hal l am,  1 981 ) .  These model s  regard the posi tion 
of wave base as the primary factor governi ng the di stri bution of 
facies .  Tides are considered to be absent or  of negl i g i bl e  
effect. 

Si gnificant tidal exchange in epe 1 r1 c  seas has been di sre­
garded because of the supposed fri ctional diffi cul ty of moving 
the tidal pri sm across such wide , sha l l ow shel ves (Shaw, 1 964; 
Irwi n ,  1 965; Mazzul l o  and Friedman , 1 975 ;  Hal l am ,  1 981 ) .  
Despite this bias,  a tidal ori gin has been demonstrated for many 
quartz areni tes from epeiric  sea settings ( e . g .  Kl e i n ,  1 970,  
1 97 1 , 1 975 ,  1 977 ; Thompson , 1 975;  Johnson , 1 975;  Swett, Kl ein  
and Smi t ,  1 971 ; Chafetz , 1 977 ; Barwi s and Makurath , 1 978; 
Recently,  Sl ingerl and ( 1 986)  has developed a numerical  model 
that supports the hypothesi s  ( Kl ei n ,  1 977 ; Kl ein and Ryer, 
1 978 ) that some epe i ri c  seas could  have been tide-dominated . 
Thi s model for the Upper Devonian Catski l l  epeiric sea i ncl udes 
the geographi c  area of the present study. Tidal sand waves of 
the Becraft Formation and the model of S l i ngerland suggest that , 
at l east , the shal l ow portions of the northern Appa l achian Basin  
may have been tida l l y  dominated throughout the Devon ian .  It 
should be pointed out , however, that deeper portions of the 
bas i n ,  especi a l ly  duri ng the Middl e Devon ian , were storm­
dominated (for examples ,  see Brett , 1 986 ) .  

Biogeni c  processes pl ayed an important rol e  i n  the Helder­
berg sea , as wel l .  The Al sen Formation displ ays a predomi nance 
of biogenical ly-di srupted fabrics , al though remnants of phys ical 
structures are a l so preserved . The overlying Port Ewen Forma­
tion a l so shows evi dence of the importance of biogeni c  acti vity. 
A variety of i chnofossi l s  are present in this uni t .  These 
traces provide a detai l ed record of subtle changes i n  water 
oxygenation on the deeper portions of the Hel derberg ramp . Of 
particular i nterest are the cycl i c  variations i n  the d istri bu­
tion of Zoophycos , Chondrites and Hel mi nthoida and asso -
ci ated l i thologies.  These cycles record fl uctuations i n  the 
posi tion of the pycnocl ine and its i ntersection wi th the 
sediment-water i nterface . These fl uctuations occurred in re­
sponse to regional transgression and record the shoreward shift 
i n  the l ocation of the pycnoc l i nal i ntersection . Both symmetric 
and asymmetri c cycles are recorded . Al though PAC-l i ke i n  sca l e ,  
these cycles do not seem to fit the PAC motif  of shal l owi ng 
upward. Deepening upward and sha l l owing fol l owed by deepening 
seem to be the more typical  pattern for these cycles.  
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PREVIOUS WORK 

New York ' s  Helderberg carbonates have been studied since 
the · l840 ' s ;  however, few of these works have been sedimentologic  
in  nature. The vast majority of early research was concerned 
with paleontology and biostratigraphy. Research prior to 1 962 
has been succinctly summarized by Ri ckard ( 1 962 ) .  

The detailed stratigraphic analysis  of Rickard ( 1 962) has 
provided an excel lent standard for eval uation of earl ier paleon­
tologic and biostratigraphi c  efforts . It has al so served as the 
framework upon which al l subsequent work is based . Outcrop 
designations in thi s report fol low Rickard ( Fi g .  1 ;  e . g .  R-44 = 
Ri ckard ' s  section 44) . Most subsequent study of the Helderberg 
Group has concentrated upon the l ower formations .  Si9nificant 
contributions incl ude Laporte ( 1 967 , 1 969 ) ;  Anderson ( 1 967 , 
1 971 , 1972,  1 974 ) ,  Head , Harper ,  Laporte and Andersen ( 1969 ) ,  
Belak  ( 1978, 1 980 ) and Epstein ( 1 968 , 1 969 , 1 971 ) .  Numerous 
detai led stratigraphic studies have al so been undertaken by E .  
J .  Anderson and. P .  W .  Goodwin and their  students i n  the devel op­
ment and testing of the hypothesis of Punctuated Aggradational 
Cycles ( PACs ) .  

Paleogeographic reconstructions of the northern Appal achian 
Basin during Helderberg time ( Laporte , 1 967 ; Head , 1 969 , 1974) 
show the bathymetric axi s of the basin trending northeast­
southwest and intersecting the New York outcrop bel t  in  the 
vicinity of Kingston ( Rickard ' s  section 24 and STOP 3 of thi s  
tri p ) .  These maps al so demonstrate the near coincidence of 
Lower Devonian depositional stri ke and the trend of the modern 
outcrop bel t  through most of New York State . 

Upper Hel derberg units have received considerably less 
attention. A cursory account of the Becraft Formation is in­
cl uded in  Anderson ( 1 972) . Arif ( 1 973)  studied Becraft petrol ogy. 
Mazzo ( 1981 ) and Mazzo and LaFleur ( 1 984) descri bed l i thologies and 
cycl icity in  the Port Ewen Formation . Ebert ( 1 983) i s  the only 
comprehensive treatment of the upper units. 

Description of the sedimentology of the upper units with a 
revised model for epei ric sea sedimentation and a slightly 
revised stratigraphy are incl uded in Ebert ( 1983) . Significant 
aspects of the revi sed stratigraphy i ncl ude : 1 )  recognition of 
the upper tongue of the Kal kberg Formation between the New 
Scotland and Becraft Formations in  the Hudson Val l ey, 2 )  demon­
stration of partial temporal equivalence of the Kal kberg and 
l ower Becraft Formation in the east-west portion of the outcrop 
bel t ,  3) demonstration of stratigraphic convergence of the 
Becraft Formation with l ower units toward the western end of the 
Becraft outcrop bel t ,  4) recogni tion of four di stincti ve sub­
facies within the Becraft Formation,  5 )  ampl ification upon 
earl ier correl ations of the Minisink Formation of eastern Penn­
sylvania,  and 6 )  description of a clear exposure of the Port 
Ewen-Glenerie contact at Bl oomington , New York. Thi s  work i s  
summarized i n  Ebert ( 1 982, 1 985) and deta i l s  of Becraft sedi-
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FIGURE 1 .  - Port ion af Hel derberg outcrop bel t i n  eastern New 
York and l ocation of stops . Upper Hel derberg formations 
occur from R-92 ( ? )  through Section BL ( Bl oomington ) .  I -88 " 
roadcut on i nterstate , AC = Atl ant ic  Cement quarry at Ravena , 
BMI = Becraft Mounta i n  Independent Cement quarry ,  RB = 

Rhi necl i ff Bridge , Rt. 1 99 roadcut: Modi fi ed from Ri ckard 
( 1 962 ) .  
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mentology are presented in Ebert ( 1 986 ) .  This  paper i l l ustrates 
some of the major aspects of the sedimentology of the upper 
Hel derberg Formations .  

BECRAFT FORMATION 

Sand waves are common bedforms in  modern , si l i ciclasti c ,  
estuarine and shel f-sea envi ronments . In recent years , sand 
waves have been widely documented in  ancient si l icicl astic rocks 
(e .g .  Al len and Narayan , 1 964; DeRaaf and Boersma , 1 971 ; 
Narayan , 1 971 ; Pryor and Amarel , 1 971 ; Johnson , 1975;  Anderton , 
1976; Nio ,  1976; Button and Vos ,  1 977 ; Hobday and Tankard, 1 978 ; 
Lovel l ,  1980 ; Vi sser, 1 980 ; Al len,  1 98l a ,  b ,  1 982; Homewood and 
Al len,  1 981 ; A l len and Homewood , 1 984; Kreisa and Moiola ,  1 986 ) .  
These sandstone examples commonly di spl ay meter-scale or larger 
cross-bedding that i s. arranged in sigmoidal tidal bundles 
(Boersma and Terwindt , 1 981 ) as defined by s i lt  or mud drapes . 
Erosional reacti vation surfaces and ri pples or smal l scale 
(<0 .04m) cross-stratification produced by the subordinate flow 
are also common features . Paleocurrents tend to be nearly uni ­
directional , which Al l en { 1 980 ) attributes to strong tidal asymmetry. 

Tidal sand waves are al so common bedforms in  modern carbon­
ate envi ronments , especial l y  in  ool itic  facies and one would  
suspect that they should be  common in  ancient carbonates ,  as 
wel l .  Tidal sand waves have only recently been reported from 
ancient carbonate rocks ( Ebert, 1 983, 1 986; DeMicco , 1 986 ) .  
This  field trip wi l l  examine features of tidal sand waves from a 
skeletal l imestone , the Becraft Formation . The interpretation 
of this unit as a complex of sand waves is based upon an assem­
bl age of sedimentary structures that i s  simi lar to those 
reported from modern ool itic sand waves (Hine , 1 977 ) and simi l ar 
to the theoretical suite of structures model l ed by Al l en ( 1 980 ) .  
Many structures reported from si l i cicl astic rocks are present as 
wel l .  The suite of structures described impl ies a greater 
degree of tidal symmetry for these carbonate sand waves than i s  
typical ly indicated i n  the s i l i cic lastic examples cited above . 

Internal stratigraphy of the Becraft Formation 

Four di stinct subfacies are recognized wi thin the skeletal 
grainstones of the Becraft Formation ( fi g .  2 ;  Ebert, 1 983) . 
Subfacies 1 and 2 comprise the tidal sand waves that wi l l  be 
examined on this tri p .  Subfacies 1 makes up the lower hal f of 
the formation in the central Hudson Val l ey and i s  absent west of 
Ravena , N .Y .  as a result of thinning and facies change . Thi ck­
ness ranges from 0 to 7 . 5  met.ers (24.6 feet ) .  Thi s  unit was 
originally recognized by Rickard ( 1 962) and used by Arif ( 1 973)  • 

Subfacies 2 i s  present throughout the outcrop bel t  of the 
Becraft . This  subfacies thins from 9 . 2  meters ( 30 . 2  feet) i n  the 
Hudson Val ley ( sections R-44, R-47 ) to di sappearance just east of 
Cherry Val ley ( R-94) via truncation along the pre-Oriskany di scon­
formity. Rickard and Arif also noted the occurrence of thi s  uni t .  
Subfacies 1 and 2 wi l l  be examined at several stops on this fiel d trip .  



::-! 
I 

, -

NORTH_. SOUTH 
4 7  4 4  IMI 4 0  3t:J7 U. Ill I L  
I I I I I I I I I 

\ : 
GLENERIE 

Cross Section of Upper Helderbergian Formations : 

------ PORT EWEN - - - - -::: _ _ _ _  - GLENERIE ---- - P.E. I\ 
� � I '"" -- - -/.s_o��-��LEN� 

ALSEN 
I - - - : ---- 3 ALSEN --- ---._!-"" 

�' BECRAFT-2 -- - - -- -<-4 BECRAFT· 2 - - -- -

� 

KALKBERG 

BECRAFT-1 � ��::_; _ _ : ? - - _a:_c�A..:-.:.· � - - - - � - - - - - - - - - - - -
- - - -

- - - - - - - - - - - - - --

1 · ) /'- LEGE NO 
!'-�_.// L. SEOTIOH LiliES 

'-""" ......- � COHTINOOUS EXPOSU!!.E --
" 

NEW SCOTLAND I t&  �� NW�� DISCOHTiHUO\JS EXPOSUfi.E --- - - -

1 U \ �{ ., '"" VERTICAL - v D • DICOELOSIA ZONE � EXAGG�RATION 
NY BECRAFT J •  INTERBEODEDo CROSS· BEDDED � 

&ECRA F T 4 ·  POORLY SORTEO,GYPIDliLIDS KM 
PA �s BECRAFT2.- "NASSIVE",CRDSS·BEDDEO $ 536 X 

BECRAFT J- BURROWED ,  GYPIOULIDS,Hot.DFASTS 

KALKBERG . NJ I y MODIFIED FROM RICKARD ( 19621 
I �IL(S� 4 

L-�---------------------------t------ ------------------------------------------------------�·=·�- ·�··�"�----------1 0 0 �--

---- -- ---- ----- ----

FIGURE 2 .  - Cross secti on of upper Hel derberg formati ons and subfacies i n  the central Hudson Val l ey .  
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Subfacies 3 and 4 are thin (<1 .6m ,  5 .2  ft. ) and more 
l imited in  di stribution than subfacies 1 and 2 .  Subfacies 3 

. occurs at the top of the formation in  the central Hudson Val l ey 
only between Catski l l  Creek and Cementon ( Fig .  2) and wi l l  be . 
seen at stops 1 and 2.  It is compri sed of wel l -sorted , sub­
rounded, medium-to-coarse skeletal grainstone (crinoidal debris  
- 34% , brachiopod val ues - 23%, bryozoans - 1 6% ,  micritized 
grains - 1 6% ) . Thi s unit  i s  readi ly  recognized by an abundance 
of disarticulated val ves of the pentamerid brachiopod Gypidula 

seudo aleata and root-l i ke holdfasts of the crinoid Cl ono­
crinus ? . Planar erosional surfaces separate beds that show 
few physical sedimentary structures .  Asymmetrical ripples and 
herringbone cross-l amination are present , but are not common . 
Bioturbate fabrics predominate . Subfacies 3 represents inactive 
sand waves that were transitional between the active sand waves 
of subfacies 1 and 2 and the open shelf (Al sen Formation ) . 

. 

Subfacies 4 overl ies and interfingers with subfacies 2 at 
sections I-88, R-66 and AC and i s  not present in the field tri p 
area . Subfacies 4 of the Becraft has been regarded in  the past 
as Port Ewen ( see references in  Rickard , 1 962 , p .  91 ) and out­
l i ers of the Al sen Formation ( Rickard , 1 962,  1 975 ) . Textural 
and faunal criteria i ndicate strong simi l arity to the Becraft 
and marked differences from the Al sen and shoul d ,  therefore , be 
regarded as a subdi vision of the Becraft ( Ebert , 1 983) . Thi s  
unit  consists of very poorly-sorted , cross-bedded crinoidal 
grainstones interbedded with bioturbated skeletal packstones .  Gypidula is again abundant . Peloids are common and rare 
ooids are present . Subfacies 4 occupies a more shoreward 
position and i s  interpreted as l agoonal sediments (packstones ) 
interbedded with washovers (grainstones ) derived from the sand 
waves of subfacies 2 .  

SEDIMENTOLOGY OF BECRAFT SAND WAVES 

SUBFACIES 1 AND 2 

Becraft sand waves are recorded by two distinctive sub­
facies ( 1 and 2 ) of skeletal grainstone.  Both subfacies record 
nearly symmetrical tidal regimes ; however, s l ight variations in  
tidal dominance and symmetry occur between subfacies . Most 
exposures of these subfacies are essential ly two-dimentional ; 
so detai led study of paleocurrents was not possi bl e .  Estima­
tions of tidal directions , dominance and symmetry are based upon 
apparent dip data from these two-dimensional exposures and are 
regarded as representing general trends . 

Both subfacies are subtidal i n  origin  as suggested by the 
presence of a normal marine fauna (e . g .  echinoderms , brachio­
pods , bryozoans and rare coral s ) and pai red si l t  drapes , a 
sedimentologic criteria of subtidal deposition ( Vi sser, 1 980 ) . 
Depositional and diagenetic features of i ntertidal or supratidal 
origin are absent from both subfacies.  
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Subfacies 1 

The l ower subfacies ( 1 ) i s  a heterol i th ic  sequence compris­
ing the fol lowing l i thologies : a )  very coarse , crinoid and 
brachiopod grainstones to rudstones , b )  medi um quartz s i l tstones 
to very fine sandstones ,  and c )  fine pelo idal gra instones .  
Cri noidal debris (35%} , di sarticul ated brachiopod val ves (25% } ,  
and bryozoan fragments ( 24%) are the major parti cles i n  gra i n­
stones and rudstones . The distinctive hol dfast of Aspidocrinus 
scute l i formi s i s  abundant and diagnostic of thi s  un i t  at most 
l ocations . Al l grains are sub-angu l ar and poorly to moderately 
sorted . Finer-grained l i thologies di spl ay a complete range of 
compositions from nearly pure quartzose s i l tstones and very fine 
sandstones to nearly pure peloidal  gra instones . Quartz gra i ns 
are angular to sub-angul ar .  Pel oids are typi cal ly sub-spherical  
to s l i ghtly ovoid  and average 0 .001 m in  diameter ( very fine 
sand ) .  These finer grains are typica l l y  moderately- to wel l ­
sorted. 

Skel etal grainstones and rudstones occur as tabular  bed s ,  
0 .05-0 . 35 m in  thi ckness or a s  l enses defined by the finer­
grained l i thologies . S i l tstones and pelo idal  gra instones occur 
as thin ( 0 . 005-0.05 m) i nterbeds that separate beds of skel etal 
grainstone or as si gmoidal drapes ( Krei sa and Moio l a ,  1 986} that 
define the forms of dunes in s keletal gra instones ( F ig .  3 ) .  
Preserved duneforms i n  thi s  subfacies are typical l y  0 . 2-0 . 3  m in  
ampl i tude , wi th wavel engths of  1 . 3-3 .0  m. Drapes commonly spl i t  
into pairs· a long dune foresets . The l ateral spacing o f  drapes 
in the downcurrent d irection may define neap-spring tidal 
bundles (F ig .  3 } ,  however thi s  is diffi cul t to determine because 
of the l imited width of most exposures . 

Skeletal grainstones exh ib it  herringbone and unidirec­
tional cross-bedding in decimenter sca l e  cosets . A s l i ght 
majority of the sets are genera l l y  oriented toward the south­
west. Indi vidual sets overl i e  planar or undulose erosional 
surfaces or thi n i nterbeds of the finer-grained l i thologies . 
Within cross-sets , s ingle  and pai red drapes of the finer 
l i thol ogies are common . These drapes define the duneforms 
descri bed above . 

Interbeds of s i l tstone and pel oidal grainstone are commonly 
cross-laminated. Asymmetrical ripples are l ess commonly pre­
served.  Ripples and/or cross- lamination that ascend foresets 
i n  grainstones have been noted ; however,  these structures are 
rare . These structures indicate apparent paleoflow that was 
opposi te to that recorded by cross-beddi ng i n  underlying and 
overlying gra instones . Cross-laminations without reversal of 
paleoflow have a l so been observed . Some interbeds appear to be 
structurel ess or vaguely l aminated.  

Subfacies 1 represents sl i ghtly asymmetrical , subtidal sand 
waves . The tidal regime was s l ightly ebb-dominant,  toward the 
southwest . Heterol ithic  bedd ing records unsteady flow and 
deposi ti on from both bedl oad and suspens ion . Drapes were . 
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FIGURE 3 .  - Sketch of duneform and s i l ty/pel oidal drapes and i nterbeds 
i n  Becraft subfacies 1 from fi eld photograph , taken at R-44 ( STOP 2 ) . 
Pai red drapes occur at A and B .  Drapes are separated by thi n l enses 
of skel etal grainstone that may represent rippl es . Lateral spaci ng  
from A to· B may define a neap-spri ng-neap tidal bundl e .  Note also 
rippl es at the crest of the dune that i ndi cate pal eocurrent reversal . 
Sca l e  bar = 0 . 1  meters. 
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deposited from suspension duri ng slack  water periods . Pai red 
drapes record two sl ack water periods wh ich can only occur i n  a 
compl etely subtidal setting ( Vi sser , 1 980 ) . Ri pples and cross­
l amination in fine-grained l i thologies indicate current 
reversal and reworki ng by the subordinate tide . 

Subfacies 2 

Very coarse skel etal gra instones and rudstones make up 
subfacies 2. The d istincti ve fine-gra ined drapes and i nterbeds 
of the subfacies 1 are absent from thi s unit .  However ,  some 
fine quartz and pel oids are present as geopetal sediment i n  
shel ter pores . Crinoidal debris ( 40% )and brachiopods val ves ( 30% ) are the dominant particles . Both are s l i ghtly more 
abundant than i n  subfacies 1 .  Bryozoan fragments are common ( 1 4% ) , but less abundant than i n  the l ower uni t .  Skeletal 
grai ns are sub-angul ar to sub-rounded . Sorting i s  moderate to 
poor. Grainstones of subfacies 2 exh i b i t  improved sorting and 
roundness rel ative to subfacies 1 .  

Grainstone beds of subfaci es 2 range from 0 . 05 to 1 . 0 m i n 
th ickness , but are typical ly 0 . 2-0 . 4  m .  These beds are gener­
a l ly  tabul ar or broadly l enticular.  Duneforms have been observed 
and one l oca l i ty ( I-88 ) displays a tra in  of three s l i ghtly 
c l imbing forms ( Fig .  4) . At thi s l ocation , lenti cul arity of 
bedding can be attri buted to the geometry of whol e  or partly 
preserved duneforms . 

Pl anar and trough cross sets are the dominant type of 
i nternal stratification i n  subfacies 2 .  Herringbone and un i ­
di rectional cosets are present ,  with herri ngbone cosets bei ng 
s l i ghtly more common ( Fig .  4) . Sl i ghtly more than half of 
these sets are oriented toward the northeast. Sets are ero­
s ively based by genera l l y  pl anar to very broadly undul ose 
surfaces . Within sets , numerous l ow-angl e ,  erosional reacti va­
tion surfaces are apparent ( Fig .  4 ) . 

Horizontal or very gently incl i ned (<5  degrees ) planar 
strati fication is common throughout subfacies 2, but i s  most 
common in the upper third of the uni t .  Sets of planar strat­
i fi cation are typical l y  underlain  and overl a in  by nearly fl at 
erosional surfaces . These beds occur in stacks up to 0 . 1  m 
thick or as compos i te sets with cross-stratified cosets . Most 
planar-strati fied beds show uni form distri bution of grai n  
s izes , but normal and inverse grading have a l so been observed . 
Interbedding of rel ati vely finer gra instones and coarser rud­
stones i s  one of the most conspicuous features of this type of 
strati fi cation . Fi ner grainstones may display vague cross� 
l amination ( ? ) in these i nterbedded associations ; however,  
structures are difficult to recognize owi ng to the coarseness 
of the skeletal gra ins .  

Asymmetric ripples and obvious ripple cross-lami nation are 
rel ati vely rare in subfacies 2 .  Ri pples occur as di sti nct ive 
caps on the crests of duneforms at the roadcut on I-88 near 
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FIGURE 4 .  - Sketch of cross-stratifi cation and bedforms i n  Becraft subfacies 
2 from field photograph of weathered joint surface taken at the roadcut on 
I-88. Herri ngbone and unidirecti onal cosets are apparent , as are end-on 
views of troughs . Three , sl i ghtly cl imbing duneforms extend from D to the 
lower end of the scal e bar. One dunef<irm ( D )  exhi bi ts several reactivat i on 
surfaces with in  its cross-strat ifi cation and a di stinctive ri ppl e cap ( R ) . 
These features record a s l i ghtly subordi nate , reversed tidal fl ow .  A 
stri kingly simi l ar array of structures was model l ed by Al l en ( 1 980) for 
nearly symmetrical and symmetri cal sand waves .  Sca le  bar = O . S _meters . 

I 

I l f-



K- 1 3  

Central Bridge (Fi g .  4) . Ripple caps exh ib it  opposed orienta­
tions to the pa leoflow indi cated by the underlying cross­
stratifi cation. 

Biogeni c  structures are rare i n  subfacies 2 .  Minor bio­
genic  disruption of fabric occurs near the top of the unit near 
the contact with subfacies 3 or the Al sen Formation.  

Subfacies 2 records subtidal sand waves that were s l i ghtly 
flood-dominant toward the northeast and more symmetri cal than 
the sand waves of subfacies 1 .  Herringbone cross-strati fica­
tion i ndi cates the near equal i ty of fl ood and ebb tidal cur­
rents in this  subfacies . Erosional reacti vation surfaces and 
ripple caps record the reshaping of bedforms by opposed cur­
rents. Erosional reworking , rather than depos ition of drape s ,  
i ndicates the presence of a stronger subordinate tide and , 
therefore , i ncreased tidal symmetry. 

A strong subordi nate flow i s  a l so i ndicated by the absence 
of the fine-grained drapes that were present i n  subfacies 1 .  
The occurrence of fine i nternal sediment i n  shel ter pores 
suggests that materi al  capable of forming drapes was ava i l able  
during deposition of th i s  subfacies . Fine sediment remained i n  
suspension or  was deposited and resuspended by the subordinate 
flow and was perhaps transported i nto adjacent deeper envi ron­
ments ( e . g .  Al sen Formation ) .  

· Coarse , pl anar-stratified gra ins·tones and rudstones represent 
upper stage pl ane beds that formed during maximum vel ocity of 
the tidal flow. Interbedded finer gra instones may record flow 
reversal and/or accel erating and wan ing fl ow, especi a l l y  i f  
they are i ndeed cross-l ami nated . These planar- and cross­
l aminated ( ? )  cosets are interpreted as vertical ly accreted 
tidal bundles ( Krei sa and Moiol a ,  1 986) . Al ternation of dom­
inantly vertical ly accreted i nterva l s  wi th dominantly l atera l l y  
accreted intervals  may record neap-spring variations i n  tidal 
regime or vari ations in the rate of production of skeletal 
sediment relative to rates of reworking of thi s  sediment by 
tidal currents .  

l . 

L .  
r . 

ALSEN FORMATION [ .  
The Becraft Formation i s  overlain  by the Al sen Formation 

( 0-9. 5m )  i n  the central Hudson Va l l ey. The Al sen thins to the 
north as a consequence of pre-Tristates beve l i ng and i s  absent 
from Ravena westward. Skeletal gra instones and skeletal , pelo idal  
grainstones are the dominant l i thol ogi es . Skeletal packstones 1 
with abundant peloids (average 1 1 %) are loca l l y  common , especi a l ly l .  
at section RB (STOP 3 ) .  These packstones are typical ly more 
argi l l aceous than other l i thologies . Particles are medium to r 
coarse grained and moderately to poorly sorted . Skeletal L� 
grains are di sarticul ated , fragmented and h i ghly micri ti zed , 
but not rounded . Mi critized gra ins constitute 22% of particl es r as a formational average . Peloidal  l i thologies are very fi ne , to fine sands and i ncl ude much coarser skeletal components . 
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Bedding i n  the Al sen i s  thi n ,  di scontinuous and irregular,  
commonly giving the appearance of a network of fitted nodules . 
These nodules probably originated through non-sutured seam 
pressure sol ution (Wanless , 1979) operating upon thin ,  vaguely 
rippled and bioturbated beds ( Ebert , 1 983 ) .  Physical sediment­
ary structures are rare in  this unit owing to extensive bio­
turbation . Most fabrics consist of swi rled or randomly 
oriented skeletal grains.  Di screte burrows ( 0 . 5  to 2 .0  mm 
diameter) are quite common and are usual ly  fi l led with fine 
peloidal sediment, showing concentri c ,  back-fi l l  structures . 
Remnant physical structures incl ude sma l l -scale herringbone 
cross-l amination , asymmetric and symmetri c ripples.  Physical 
structures are more common in  the base of the formation in 
close proximity to the Becraft Formation . These remnant struc­
tures and grai nstone textures suggest the action of weak tidal 
currents ( Ebert , 1 983,  1 985 ) .  

The fauna of the Al sen Formation i s  a diverse array of 
epifaunal suspension feeders and infaunal deposit feeders . 
Encrusting , ramose and fenestrate bryozoans are the dominant 
constituents . Brachiopods ( 1 1 %) and crinoidal .debris ( 1 9%)  are 
al so common . This fauna i ndicates ample oxygenation and rela­
tive stabi l ity of the substrate . 

Textural , faunal , i chnofaunal and structural evidence 
suggest that Al sen deposition took place on an open shelf where 
water circulation was sufficient to maintain oxygenation and 
occasional ly stir the substrate . Currents were sufficient to 
winnow the sediment periodical ly to produce grainstone textures 
and physical structures . However,  the substrate was probably 
relatively stable and burrowing organi sms were able to destroy 
most of the physical structures . The high percentage of micri ­
tized grains and the l imited abrasion of these particles i s  
additional evidence of substrate stabi l i ty.  

· 

PORT EWEN FORMATION 

The Port Ewen Formation overl ies the Al sen Formation from 
Catski l l  Creek (R-44, STOP 2) south through the Hudson Val ley.  
From Catski l l  Creek to Cementon ( R-36 } the Port Ewen i s  less 
than 2 meters thick as a result of pre-Tri states erosion.  From 
Cementon to Kingston , the Port Ewen thickens rapidly,  attaining 
a maximum thickness of roughly 24 meters ( Fi g .  2 ) .  The di scon­
formable upper contact i s  clearly marked by phosphatic nodules 
at Catski l l  Creek ( STOP 2) . El sewhere , the contact is poorly 
exposed or covered . However, at Bloomington , New York ( section 
BL) ,  the contact is reasonably wel l -exposed and appears to be 
conformable (see Ebert , 1 983 ) .  

Fi ve l i thologies make up the Port Ewen Formation:  1 )  s i l ty,  
argi l l aceous ,  skeletal packstone to wackestone , 2 )  si lty, 
argi l laceous , peloidal packstone to wackestone , 3)  nodular to 
i rregularly bedded peloidal grainstone , 4) dark grey to black 
shale , and 5)  nodular to i rregul arly bedded chert . 
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Lithologies 1 and 2 comprise most of the formation ; 
Bryozoans ( 1 2% ) ,  brachiopods (9% ) ,  ostracodes ( 6% ) , tri l obites 
( 5%) , sponge spicules ( 2% )  and crinoid fragments ( 2% )  are 
present .  Most skel etal gra ins are hi ghly micriti zed and com­
pacted , making them nearly uni dentifi able  (average 18% of 
grains ) .  Skel etal particles are typica l l y  i n  the fine to 
medi um sand range. Peloids are sl ightly ovoid in shape and 
average 0 . 1  mm in di ameter .  Quartz i s  present as medi um to 
coarse s i l t .  

Compactional and pressure solution fabri cs are common i n  
l i thologies 1 and 2 .  Depositional textures and fabrics are 
difficult to assess and are further obscured by l ocal develop­
ment of structural cleavage . Primary structures are rare and 
poorl y preserved . Fine l ami nation , rare , th in  beds of graded 
packstone and burrows interpreted as Helminthoida are the only 
structures found in these l i thol ogies . 

Nodular and irregul ar beds of l i ght grey, purer carbonate 
are one of the most stri king features of the Port Ewen Forma­
tion . Nodules range from 0 . 02 m to 0 . 25 m i n  thickness and 
from 0 . 4  m to nearly 1 . 0 m i n l ength . Al l nodules and irregu­
l ar beds are compri sed of pel o i dal  gra instone with variabl e ,  
minor quantities of skel etal debri s .  Microspar pelo ids , aver­
agi ng 0 . 1  mm in diameter , show indi sti nct boundaries with the 
enclosing sparry cement . The skeletal elements within  the 
nodules are s l i ghtly coarser than the fauna in surrounding 
l i thologies , but are not different taxonomical ly. 

Nodules are thoroughly burrow-mottled , except where recog­
nizable ichnogenera are present , typica l l y  Chondrites and Zoo­
phycos . Bioturbation i s  more i ntense wi thin  nodules than � 
the surrounding lithologies ( 1  and 2 ) .  Most nodules  have sharp 
boundaries . However ,  some nodules have been observed that 
exh i bi t  a gradual decrease in the degree of bioturbation into 
the surrounding l i thol ogies . 

The formation , geometry and di stri bution of nodules are 
the result  9f early cementation contro l l ed by bioturbati on and 
pel letization of sediment .  Organi sms responsible  for Chon­
drites and Zoophycos pel leted the sediment i n  loca l i zed areas 
and thereby generated a more open fabric and greater permeabi l ­
i ty. These areas were cemented early,  perhaps on the sea floor 
and thus preserved from subsequent compaction . Addi tional 
evidence for early cementation i s  provided by synsedimentary 
fractures in some nodules that are partia l l y  cement-fi l led , 
wi th sediment overlying cement .  

Comparable rel ationshi ps i nvol vi ng bioturbation , early 
cementation and differential  compaction have been reported from 
chal ks by Mi l l iman ( 1 966 ) ,  Furi sch ( 1 972) , Noble and Howe l l s  
( 1 974) , Hattin ( 1 971 , 1 97 5 ,  1 981 ) ,  Bathurst ( 1 975 ) , and Garri ­
son and Kennedy ( 1 977 ) .  Nodul es i n  some Cretaceous chal ks , 
a l though sma l l er and less wel l -defined than Port Ewen nodul es,  
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display Chondrites , Planol ites , and Zoophycos (Garrison and 
Kennedy, 1977 ) , 

Mazzo ( 1981 ) and Mazzo and LaFleur ( 1 984) have suggested 
that nodules in  the Port Ewen Formation are the result of soft­
sediment deformation of a l lochthonous flows of carbonate sedi­
ment into the deeper portions of the basin . These workers have 
not noted any biogenic  structures within nodules . Indeed , they 
suggest that burrowing infauna avoided these carbonate-rich 
horizons (Mazzo , 1 981 , p. 51 ) .  The geometry of nodules and the 
intimate association with clearly in  situ i chnofossi l s  argue 
against this interpretation .  The present attitude of some 
nodules might possi bly suggest transport or reorientation , but 
this is more l i kely the resul t of shearing and/or rotation 
during Acadian tectoni sm than synsedimentary processes . 

Periodic exhumation of some nodul ar horizons and the 
development of patchy hardgrounds may have taken place , al­
though the evidence is  not concl usive .  At several horizons , 
the upper surfaces of nodules are encrusted or replaced by fine 
pyrite. These pyritic zones contain sharp-sided biogenic  
structures that may be borings . Associated with these zones 
are pebbly, phosphatic  and/or pyritic clasts that contain simi­
lar biogenic structures .  Pyritic zones are most commonly over­
lain  by dark, barren shales . Thi s  association of l i thologies 
and structures col lectively i ndicate l ow rates of sediment 
accumulation and quite probably non-depositional hiatuses . 

Chert in the Port Ewen i s  present as rinds that centripe­
tal ly replace nodules of peloidal grainstone and as continuous 
beds that were origina l l y  peloidal . These features tend to be 
more common in  the upper five to eight meters of the formation . 
Thi s  distri bution may reflect greater avai l abi l i ty of si l ica i n  
proximity to the quartz-rich l i thol ogies of the Glenerie and 
Connelly  formation s .  

Biogenic structures , i n  addition to those mentioned above , 
i ncl ude Planol ites and three rarer forms that are questionably 
identified as Paleodictyon , Teichichnus and Terebel l ina . The 
Port Ewen ichnofauna is assignable to the Nereites and Zoo­
phycos associations (Se i lacher , 1 967 , 1 978) that define deep­
water assemblages . These traces , coupled with the sparse 
shel ly fauna , i ndi cate dysaerobic conditions at or near the 
pycnocl ine in a stratified basin .  

Cyclic  di stri bution of l i thol ogies and i chnofossi l s  

Mazzo ( 1 981 ) and Mazzo and LaFleur ( 1 984) noted the 
presence of cyclic  variation of l i thol ogies in  the Port Ewen 
Formation . They describe asymmetric cycles that are l i ghter 
colored and more nodular at the base and become progressively 
darker and shal ier upward . Burrows ( probably Helminthoida )  are 
noted only in the top , shaly parts of cycles.  Cycles are 
interpreted as recording fluctuations in  the supply of al l och­
thonous carbonate during regi onal transgression .  Carbonate 
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i nput i s  interpreted to have i ncreased when the aerobic­
dysaerobi c pycnocl ine shifted basi nward and decreased during 
shoreward shifts wh i ch would  decrease upslope production of 
carbonate . 

In addition to variations i n  l i thologies and col or,  dis­
tri bution of ichnofauna must be taken i nto consideration i n  any 
interpretation of Port Ewen cycles .  Wi thin cycles , ichnofos-
s i l s  vary in a regular fashion wi th l i thol ogy ( Fi9. 5 ) . A typical 
asymmetric cycle  consi sts of: 1 )  a sharp , but genera l l y  non­
erosive basal surface overl a in  by thin (a few centimeters ) dark 
sha l e .  These horizons are commonly zones of bedding pl ane s l i p  
duri ng deformation . 2)  Thick ,  l i ght grey , conti nuous beds or 
nodules of peloidal gra instone wi th abundant Zoophycos and/or 
Chondrites . 3) Smal l er and sparser nodules of peloidal  
grainstone with greater amounts of skel etal wackestone or  pack­
stone between nodu les . Chondrites and Zoophycos are l ess 
common than below and a few Helmi nthoida tubes are present.  4)  
Dark, l aminated , h ighly argi l l aceous , ske l etal wackestone and 
packstone . Helminthoi da i s  the domi nant trace . Pl anol i tes may 
be common and Chondrites are rare . 

Symmetrical cycles a l so occur i n  the Port Ewen Formation 
( Fi g .  5 ) .  In such cycles , the sequence descri bed above i s  
inverted i n  the lower hal f  o f  the cycle and un i t  2 ,  the thick 
beds or nodules , occur in the center of the cycl e .  

In general , cycles  tend to contai n shal l ower water ichno­
foss i l s  of the Zoophycos association at the base wh ich are 
gradual ly replaced upward by deeper water forms of the Nerei tes 
association (F ig .  5 ) .  Thi s  progress i on i s  i nterpreted to repre­
sent abrupt shal lowi ng ( base of cyc le )  fol l owed by gradual deepen ing 
i n  response to regional transgression .  These variations occur 
as a response to shoreward shi fts of the pycnocl ine during 
transgression.  Variations i n  oxygenation at the sediment-water 
i nterface are recorded i n  a very detai led manner by the 
assemblages of trace fossi l s .  Duri ng these shoreward shi fts of 
the pycnocl ine , reduction in water oxygenation is responsible  
for reduced biogen i c  activity and hence there i s  l i ttle subse-
quent cementation and nodule formation . Al though sti l l  a func-
tion of pycnocl inal shifts , thi s  expl anation of cyc l ic ity dif-
fers s ignifi cantly from that of Mazzo ( 1 981 ) and Mazzo and 
Lafleur ( 1 984) . 

It is  i nteresting to note that Port Ewen cycles are of the 
same order of magni tude as PACs , yet they record deepening­
upward rather than the uni versal sha l l owi ng predi cted by the 
PAC hypothesi s  (Goodwin and Anderson , 1 985 ) .  In the case of 
symmetrical cycles , gradual sha l l owing fol l owed by gradual 
deepeni ng are recorded . Thi s  symmetry and gradual variation 
are a l so at odds with the tenets of the PAC hypothesi s .  

' " 

r , 

r '  

r "  I 

f "l 

l '  

' ; 

1. ' 

l I 

[ ' 
i l ' 

r .  [ "  
L 
l 
1 
[ 



' . 
i 

I , 

r 
! 
r ' 

r . 

I I l . 

I 
i 

r I 
l . 

I 
I . 

l 
l. 
l 
L 
[ 
1 l 

K - 1 8  

PORT EWEN CYCLES 
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fiGURE 5 .  - Schemati c representation of asymmetrical and 
symmetri cal cycl es i n  the Port Ewen Formation .  Cyc 1 ici ty 
i s  most apparent i n  the di stri bution of pel oidal grainstone 
nodules.  Detai l ed descri ptions of .1 i thol ogies are in text.  
Verti ca 1 1 i nes show d.i stri but ion and abundance of· the four 
common i chnofoss i l s  of the Port Ewen . Arrows at the top 
of each col umn i ndi cate rel ative abundance i ncreasing to the 
1 eft. · 
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FIGURE 6 .  - Cartoon representation of upper Hel derberg envi ronments 
duri ng the upper cyc l e  transgress ion .  From l eft to  right envi ron­
ments are : deep , dysaerobic  shelf (Port Ewen ) ,  open shel f (Al sen 
and Becraft-3 ) ,  subtidal sand waves ( Becraft-2 ) , shel f l agoon 
( Becraft-4 )  and· hypothet i ca l  tidal flat ( l i ned pattern ) .  Dashed 
l i ne on l eft represents the pycnoc l i ne . Sp i ra l s  = Zoophycos , 
branch i ng symbol = general bioturbation , ova l s  i n  cross-section = 
burrow-generated nodul es , brush- l i ke symbol = cri noids . Near­
shore envi ronments (presumably simi l a r  to the Manl i us Formation)  
have been removed by subsequent eros ion .  
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ENVIRONMENTAL MODEL OF THE UPPER HELDERBERG RAMP 

Figure 6 summarizes the distri bution of environments on 
the upper Helderberg ramp . Thi s  ramp was characterized by an 
extremely low slope as in the traditional epeiric-sea models  of 
Shaw ( 1 964) and Irwin ( 1 965) . However ,  wave base was not the 
primary factor that governed the di stri bution of facies on the 
ramp . The depths at whi ch tidal currents began to affect the 
bottom and the position of the aerobic - dysaerobic pynocl ine 
were the primary factors that control l ed the nature and 
di stri bution of facies . 

Subtidal sand waves were molded from loose skeletal debri s 
in  the shal l ow depths that were affected by tidal flow. Only 
robust brachiopods , crinoids , and a few bryozoans could 
tolerate this turbulent sand-wave envi ronment. These organi sms 
provided additional coarse sediment for the maintenance of the 
sand waves. 

The sand-wave shoals dissipated much of the tidal flow and , 
therefore , reduced turbulence on their  l andward side . Thi s  
faci l itated the deposition of finer sediment in  the more 
shoreward areas . Tidal flats simi l ar to those of the Manl i us 
Formation may have existed along the shorel ine.  Between the 
sand-wave shoals  and the shore , a sha l l ow shelf lagoon exi sted 
that supported a di verse assemblage of suspension feeders . 
Washovers or spi l l over lobes from the shoal s periodical l y  • 

advanced over the finer sediments of the shelf l agoon . 

A wel l-oxygenated , open shelf lay seaward of the sand-wave 
complexes.  This  open shelf supported an abundant and diverse 
assemblage of bryozoans , brachiopods , crinoids and abundant 
ichnofauna . Weak tidal currents aerated the shelf and 
occasional ly winnowed the finer sediment or produced minor 
bedforms and perhaps l ow-ampl itude sand waves . Substrate 
mobil ity was relatively infrequent and burrowers were able to 
destroy most physical sedimentary structures . 

' . 

Deeper portions of the shelf were below the infl uence of 
tidal currents and waves .  Micrite , clay and fine shel ly debris 
were deposited on the deep shelf by d i l ute turbidity flows and 
by the settl ing of fine material that was winnowed from the 
sand waves and open shelf .  

Bottom waters were poorly oxygenated and restricted the 
biota to a moderately diverse ichnofauna and sparse shel ly 
fauna . Burrowers responded to subtle changes in  water 
oxygenation on the deeper portions of the ramp and were thus 
infl uenced by the position of the aerobic - dysaerobic pycno­
cl ine . 

The burrowing acti vity of organisms increased the porosity 
and permeabi l ity of the sediment in  l ocal areas . These areas 
experienced early cementation and becam� nodules of peloidal 
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grainstone . The spati al and temporal di stri bution of organi sms 
directly control led the subsequent di stri bution of nodul es . 

Periodi c exhumation of some nodul ar hori zons by submarine 
erosion may have resul ted i n  the exi stence of patchy hardgrounds 
on the sea floor . 
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ROAD LOG FOR TIDAL CURRENTS , BIOGENIC ACTIVITY 
AND PYCNOCLINAL FLUCTUATION ON A LOWER DEVONIAN RAMP 

CUMULATIVE 
MILEAGE 

0 .0  

0 . 1  

0 .7  

1 . 5 

1 .8 

1 . 9 

2 . 2  

2 .5  

3 .6  

4. 1  

4.4 

6 . 25 

6 . 5  

7 .9 

8 .0  

8 . 1  

MILES FROM 
LAST POINT 

0 .0  

0 . 1  

0 .6  

0 .8  

0 . 3  

0 . 1  

0 . 3  

0 . 3  

1 . 1 

0. 5 

0 . 3  

1 .85 

0 . 25 

1 .4 

0 . 1  

o .  1 

ROUTE 
DESCRIPTION 

Exit 21 tol l  plaza on I-87 

Turn l eft on Ol d State Rt . 23 

Turn east ( left ) on Rt . 23, 
outcrop on left di splays 
Taconi c  unconformity 

Jet. Rt. 9W south 

Jet. Rt . 9W north 

Steel deck bridge over 
tri butary to Hans Vosen Ki l l  

Jet . Rt . 385 

Rip Van Win kl e  Bridge tol l  
plaza , outcrops on both sides 
of road show chevron folds in the 
Austin Glen Formation , cross 
Hudson River 
$0 . 50 tol l for passenger vehicles 

Jet. Rt . 9G, Rts . 23 and 9G run 
concurrently, continue east on 23 

Jet. Rt. 23B, continue east on 23 

Entrance to Columbia - Greene 
Community Col lege 

Jet . Rt . 9 ,  turn north ( l eft ) 
on Rt . 9 ,  outcrop on corner is  
in  Manl i us Formation 

Smal l outcrop of Normanski l l  
Formation , the h i l l  to the right 
of the road is Becraft Mountain ,  
an outl ier of the Hel derberg Group 

Entrance to inactive Independent 
Cement Corporation plant 

Conveyor over road 

Entrance to quarry, STOP 1 ,  bus 
wi l l  park on opposite side of road. 
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STOP 1 .  BECRAFT MOUNTAIN 

Location :  Inactive quarry of the Independent Cement Corporation 
on Becraft �1ountain outl ier ( " Becraft Hi l l s " ) ,  l ocated i n  north­
east quarter of the Hudson South , New York 7 . 5  minute quad­
rangl e ,  just east of Rt . 9 ,  approximately 1 mi le  south of Hudson . 

References : Grabau , 1 903; Ri ckard , 1 962 

Description : A smal l pit  i n  the Man l i us and Coeymans formations 
can be seen to the l eft of the access road to the main  quarry. 
Before entering the mai n  quarry, exposures in the New Scotland 
Formation are visible  along the access road.  The mai n  quarry i s  
quite extensive ;  however ,  we wi l l  concentrate on the northern 
end. The l ower Helderberg formations are l argel y  submerged , but 
exce l l ent exposures of the upper formations may be studied 
throughout the quarry. 

The upper contact of the New Scotland Formation i s  cl early 
exposed in the northern wal l  of the quarry. Above the New 
Scotland i s  a thin ( 1 .8  m) un i t  that I interpret as the 
easternmost extension of Ri ckard ' s  ( 1 962) upper tongue of the 
Kal kberg Formation . Sl i ghtly l ess than four meters of Becraft 
subfacies 1 overlie  this uni t .  Subfacies 2 ( 8 . 5  m) and 
subfacies 3 ( 1 .8, m) occur above subfacies 1 .  The Al sen 
Formation 2 . 5  m) is the highest un i t  present in the quarry. 

The eastern posi tion of the Becraft Mountain  outl ier pl aces 
this exposure in a more shoreward posi tion rel ati ve to 
l ocal ities in the main  outcrop bel t  of the Helderberg Group . 
Th i s  i s  clearly reflected i n  the character of the upper 
formations . Subfacies 1 ,  for examp l e ,  exhi bits fewer and 
thinner s i l ty i nterbeds and drapes than at other loca l i ties i n  
the central Hudson Va l l ey ,  an  i ndication of  stronger current 
action in sha l l ower water. Hol dfasts of Aspidocrinus 
scutel l iformis are usual ly sparse in th i s  �nit .  El sewhere , this 
hol dfast i s  abundant i n  subfacies 1 .  These two factors combine 
to g i ve subfacies 1 an overal l appearance that i s  simi l ar to 
that of subfacies 2 at other locations west of the Hudson.  
Erosional surfaces and s i l t  drapes within sets of cross 
strati fication are the major features to be observed i n  
subfacies 1 at  this stop. 

Subfacies 2 is clearly exposed in the quarry, but access 
for l arge groups i s  diffi cult and potential ly dangerous . For 
thi s reason , th is  un i t  wi l l  not be observed here . The general 
character of subfacies 2 can be seen from a distance , however. 
Thicker bedding , coarser textures and an abundance of A .  
scutel l iformis and Gypidula  pseudogaleata differentiate-thi s  
uni t  from subfacies 1 .  The relative freshness of the exposure 
and the coarseness of subfacies 2 make observation of 
sedimentary structures difficul t .  Interbedding of rudstone and 
grainstone i s  the dominant structure . Th i s  i nterbedding i s  
i nterpreted as vertical ly accreted tidal bundles.  Unimodal 
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cross stratification i s  common in  the center of  the un i t ,  but 
may also be present el sewhere . 

Subfacies 3 occurs just below the Al sen Formation . Th i s  
unit is  superfi cial ly simi lar to subfacies 2,  but may be 
di fferentiated by the presence of bioturbate fabrics and the 
rootl i ke hol dfast Clonocrinus ( ? ) .  Thi s  unit i s  readily 
observable in  the quarry, but i s  better studied at STOP 2,  owing 
to the weathered character of that exposure. 

By virtue of its position near the pre-quarry ground 
surface, the Al sen Formation i s  better weathered than other 
units in the quarry. Sedimentary structures and textures are 
high l ighted by this weathering. Nodul ar chert al so hel ps to 
di fferentiate this formation. Herringbone cross stratification , 
argi l laceous interbeds , vague grading arid bioturbate fabrics are 
the important features to note . Faunal differences from the 
underlying Becraft are evident in  the decrease in  crinoidal 
debris and brachiopods and the obvious increase in abundance and 
diversity of bryozoans.  The Al sen Formation at this stop 
displays signifi cantly more physical sedimentary structures than 
at other exposures. Thi s is further evidence of a shal lower 
position on the ramp for this l ocation .  
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9.85 1 . 75  

1 1 .9 2 .05 

1 2.6  0 .7  

1 3.85 1 . 25 

1 4 . 2  0 . 35 

1 5. 3  1 . 1  

1 5 .6  0 . 3  

1 6 . 2  0 . 6  

Return south o n  Rt. 9 

Turn west (ri ght ) on Rt. 23 

Jet. with Rts . 23B and 9B, view 
of Catski l l  Front across the Hudson 

Rip Van Winkle Bridge , no tol l 
i n  this direction 

Jet. Rt. 385 

Jet . Rt. 9W north 

Jet. Rt . 238, connector to I-87 , 
excel l ent exposure of the 
Taconi c  unconformity on offramp 

Large outcrop i n  Helderberg 
Group , these exposures continue 
for next hal f mi l e ,  units 
show complex deformation ( see 
Marshak, 1 986 ) 

Bridge over Catski l l  Creek ,  
STOP 2 ,  bus wi l l  park on north 
side of road.  CAUTION: 
TRAFFIC IS  OFTEN HEAVY AND 
FAST-MOVING. 
CROSS TO SOUTH SIDE WITH 
EXTREME CARE. 
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STOP 2.  CATSKILL CREEK IN  AUSTIN GLEN . 

Location : Waterfa l l  and rapids on Catski l l  Creek ,  below and 
just south of the Rt . 23 bridge over the creek ,  approximately 
0 . 35 mi l es northwest of the Rt . 23 bridge over I-87 . The deep , 
narrow val l ey of Catski l l  Creek i s  known as Austin Glen or Leeds 
Gorge i n  thi s area. Northeast corner of Cementon ,  New York 7 . 5  
mi nute quadrangl e ,  1 980 photo revised . 

References : Section 44 of Rickard ( 1 962 ) , Structural geology is  
descri bed by Marshak ( 1 986 ) ,  STOP 2B , see a lso STOPS 1 and 2 .  

Description : The near vertical bedding at this location has 
created a natural dam across Cats ki l l  Creek .  Resi stant beds of 
the Glenerie Formation and the Upper Hel derberg Becraft , Al sen 
and Port Ewen Formations form the dam and subsequent waterfa l l . 
Upstream from this dam, the creek has scoured out the less 
resistant Esopus Formation as it  flows paral lel  to stri ke . In  
addition to  these un i t s ,  the top of the New Scotland Formation 
and the upper tongue of the Ka l kberg Formation are a lso exposed 
just below the fal l s  on the east ban k  of the creek .  

The upper tongue of  the Kal kberg Formation ( 4  m) and 
Becraft subfacies 1 ( 4 . 9  m) are stri kingly simi l ar at th i s  
location . The two are differentiated by the abundance of 
As idocrinus holdfasts in subfacies 1 .  Thi s  des ignation fo l lows 
Rickard 1 962 ) .  Duneforms , s i l ty and pel oidal i nterbeds and 
drapes are the essential  features to note i n  thi s  part of the 
section . Herringbone and unidirectional cross strati fication 
are common , wi th end-on views of troughs less common . Ripples 
and cross lamination occur i n  some of the finer i nterbeds . The 
i ncreased abundance and thickness of fi ner l i thol ogies , rel ative 
to STOP 1 ,  suggest that this l ocation occupied a s l i ghtly more 
offshore or down ramp posi tion . 

Becraft subfacies 2 (approx. 9 . 5  m )  i s  exposed i n  the fal l s  
and on the west bank  of the creek .  Thick  to massi ve-appearing 
bedd i ng and a nearly whi te weathered color set th i s  un i t  apart 
from underlying and overlying units . As at STOP 1 ,  the coarse 
texture of thi s unit makes observation of sedimentary structures 
difficul t .  Crude beddi ng i s  apparent i n  some crinoidal , 
Gypi dul a - Conci nni spi rifer rudstones .  Planar stratifi cation , 
grai nstone - rudstone interbedding,  normal and inverse gradi ng 
are present .  These features are i nterpreted as upper stage 
plane bedding  and vertical ly accreted t idal bundles . Cross 
stratification i s  present,  but i s  difficu l t  to observe . 

Subfacies 3 ( 1 . 6  m) i s  only subtly different from subfacies 
2 in overa l l  appearance . Thi s  unit i s  recognized by the 
abundance of Gypidula  and Conc inn is  i ri fer and by the p ink ,  
root-l i ke hol dfasts of  Clonocrinus ? • Finer textures and i n  
s itu hol dfasts i ndi cate reduced turbul ence and i ncreased 

-­

sraDi l ity of substrate rel ative to the underl yi ng subfacies . 
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The Al sen Formation ( approx. 1 1  m)  i s  noticeably darker, 
finer-grained and chertier than the underlying Becraft 
Formation . The fauna i s  enriched in  bryozoans relative to 
subfacies of the Becraft Formation . Crinoidal constituents are 
less abundant and finer and brachiopods tend to be thinner­
shel l ed than in  the Becraft. 

Sedimentary structures have been l argely destroyed by 
bioturbation . The increase in  biogenical l y-di srupted fabrics 
and the paucity of physical structures , as compared to the 
Becraft Mountain  exposure , also suggest a s l i ghtly more down 
ramp position for this exposure . 

Approximately two meters of the Port Ewen Formation are 
exposed near the top of the section , just below the Glenerie 
Formation.  The Port Ewen is a moderatel y  fossi l i ferous , 
bioturbate wackestone to packstone at thi s  section . Bryozoans 
dominate the fauna . Tri l obites and ostracodes are also common . 
The Port Ewen is  greatly thinned here by pre-Glenerie erosion.  
Large phosphatic  and/or s l i ghtly pyritic cobbles in  the base of 
the sandy Glenerie mark this disconformity. These features may 
be observed in the beds that make up the upstream portion of the 
11dam11 • 
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0 . 5  
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Jet . Cauterski l l  Rd. ( Greene 
County Rt . 47 ) ,  Sunoco station 
on right , Dairy Queen on- l eft . 

Bus wi l l  turn here to return 
east on Rt . 23 

Catski 1 1  Creek 

Exit from Rt. 23 for Leeds and 
Jefferson Heights 

Proceed left at bottom of ramp 
onto Old State Rt. 23 

Turn right for entrance to 
Thruway, I-87 

Tol l  pl aza for interchange 21 , 
starting point of road log.  
Take I-87 south . Note Helder­
berg outcrops on ramp . 

Outcrops of the Helderberg 
Group , Tri states Group , 
Onondaga Limestone and Hamilton 
Group may be seen along I-87 
over the next 21 . 4  mi les.  

Ul ster Service Area 
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STOP 3. 
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ROADCUT ON ROUTE 199 . 

Exit 1 9 ,  Ki ngston , exi t Thruway 

Tol l  plaza 

Traffi c  ci rcl e ,  fol l ow Rt . 209 
north ( Pi ne Hil l )  for Rhine­
c l i ff Bridge 

Traffi c  l i ght on Rt . 28 , pro­
ceed straight 

Ri ght turn onto ramp for Rt . 
209 , north 

Bridge over Esopus Creek 

Jet . Rt . 9W south , begin  Rt . 
1 99 ,  continue east fol l owi ng 
Rt . 1 99 

Outcrop i n  Tristates Group and 
Onondaga Limestone 

STOP 3 .  Roadcut through anti ­
c l i ne .  Bus wi l l  continue east 
and turn around to park on 
north s ide of Rt . 1 99.  

Outcrops i n  l ower Hel derberg 
Group 

Exit for Rt . 32 , Ki ngston and 
Saugerties 

End of ramp , turn north (right) 
onto Rt . 32 , under bridge 

Turn right onto ramp leadi ng to 
Rt . 1 99 

Outcrops of Austin Glen Forma­
tion on ramp 

Return to STOP 3. 

Location : Roadcut through anticl ine i n  the upper Hel derberg 
Group on Rt . 1 99 ,  the approach to the Kingston-Rhinec l i ff Bridge 
over the Hudson River.  Exposure i s  0 . 7  mi l es east of the junc­
tion of 1 99 with Rt . 9W and 0 . 35 mi les west of the Rt . 32 
overpass .  Northwest quarter of Kingston East , New York 7 . 5  
minute quadrangle .  
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References : STOP l b  of Waines and Hoar ( 1 967 ) ;  STOP 3 of Heyl 
and Sal kind ( 1 967 ) ;  STOP 3 of Toots ( 1 976 ) ;  STOP 9b of Pederson , 
Sichko and Wol ff ( 1 976) ; STOP 7 of Marshak ( 1 986) . 

Description : Th i s  exposure has been v is i ted on several previous 
NYSGA fie ld  tri ps for the purposes of i l l ustrating structural 
features or stratigraphi c  succession.  Thi s  trip wi l l  examine 
the sedimentology of the Upper Hel derberg Formations exposed i n  
this  popular roadcut . 

The Becraft Formation ( 9 . 5  m)  occupies the core of thi s 
anti cl inal exposure . Sl i ghtly less  than two meters of subfacies 
1 are exposed at the base of the section . Subfacies 2 compri ses 
the remaining 7 . 6  meters of the formation . Subfacies 3 i s  
absent ,  al though the uppermost parts of subfacies 2 are somewhat 
simi lar  to subfacies 3. Minor s i l ty i nterbeds may be found i n  
pl aces i n  the lower parts of subfacies 2 .  These i nterbeds are 
commonly cross l aminated and some show paleocurrent reversa l s  
rel ati ve to adjacent cross-bedded grainstone s .  Structures i n  
the grainstones are di fficult to observe on t h i s  relatively 
fresh face . 

The Al sen Formation ( 6 . 3  m)  sharply overl ies  subfacies 2 of 
the Becraft Formation , al though -several beds of Becraft-l i ke 
grainstones are interbedded throughout the l ower few meters of 
the Al sen . Bioturbate fabrics predominate in the grainstones 
and packstones of thi s unit .  The contact with the overlying 
Port Ewen Formation i s  readi l y  recogni zed,  but appears to be 
gradational .  

A l l  fi ve l i thologies that make up the Port Ewen Formation 
( 24 m) are present i n  thi s exposure . Cyc l i ci ty i s  most 
noticeable i n  the di stri bution of the nodules and beds of 
pelo idal grainstone . Asymmetrical and symmetrical cycles are 
present .  

Nodules are thoroughly burrown-mottled,  except where 
recogni zable i chnogenera are present ,  typica l l y  Chondrites and 
Zoophycos . Bioturbation i s  more i ntense wi thin  nodules than i n  
the surrounding l i thologies . Most nodul es have sharp 
boundaries . However ,  some nodules exh i b i t  a gradual decrease i n  
the degree of bioturbation i nto the surrounding l i thologies . 
Di fferential compaction between nodular and non-nodular 
l i thol ogies i s  read i l y  apparent.  Note the absence of evidence 
for soft-sediment deformation which  Mazzo ( 1 981 ) and Mazzo and 
Lafl eur ( 1 984) suggest shou ld  be ubiquitous . 

The di stri bution of i chnofauna wi thin  cycles i s  such that 
Zoophycos and Chondri tes are most abundant i n  the centers of 
symmetri cal cycles . Deeper water forms are present i n  the upper 
and lower portions of these cycle s .  Several nodular beds 
exh ib it  pyri te impregnation of the upper surfaces.  Borings ( ? )  
are associated with these surfaces ,  a s  are pebbly,  phosphati c 
and/or pyritic clasts that contain  simi l ar biogenic structures .  
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Periodi c exhumation of some nodular horizons and the development 
of patchy hardgrounds are suggested by these features .  
Additional evidence for early cementation i s  provided by 
synsedimentary fractures i n  some nodules that are partial ly 
cement-fi l l ed ,  with sediment overlying cement . 

Chert i s  present as rinds that centripetal ly  replace 
nodules of peloidal grainstone and as continuous beds that were 
original ly peloidal . These features tend to be more common 
with in  fi ve to eight meters of the contact with the Glenerie 
Formation.  

Sandy, brachiopod-rich beds of the Glenerie Formation are 
present on the west l imb of the fol d .  A covered i nterval of , 
approximately 5 meters separates th is  formation from the Port 
Ewen below. 

END OF ROAD LOG. CONTINUE ON RT. 199 WEST TO RT. 9W AND RETURN 
SOUTH TO KINGSTON . 
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