
' 
I 
I 

THRUSTS, MELANGES , FOLDED THRUSTS AND DUPLEXES 

IN THE TACONIC FORELAND 

WILL IAM BOSWORTH 
Marathon Interna tiona l O i l  Company 

P . 0 .  Box 3 128 
Hous ton , Texas 77253 

WILLIAM S .  F .  KIDD 
Department of Geol ogi cal Sciences 

S . U . N . Y  of Al bany 
Al bany , New York 12222 

INTRODUCTION 

The western marg i n  of the al l ochthonous c lastic  rocks of the Taconi c  
Orogen has 1 ong been recogni zed a s  a fundamenta 1 tectonic  and s tructura 1 
feature i n  the geol ogy of eas tern New York . Fi rst i nterpreted as the trace 
of a major unconformity ( Emmon s ,  1844) between foss i l i ferous Cambri an and 
supposedly ol der and unfos s i l i ferous ''Taconi c '' rocks , i t  soon was correctl y  
i denti fied a s  the outcropping o f  a surface of  regi onal overthrusti ng 
(Logan , 1861 ) .  "Logan ' s  L i ne"  pl aced earl iest Cambrian through Ordov ic ian  
deep-water sedimentary rocks above the l ate Cambrian and Ordovi c i an shal l ow 
water clastic and carbonate " s tandard" sequence of eastern New York . The 
actual faul t contact is genera l l y  between Tacon i c  1 i thologies and medial  
Ordovi cian graywackes , s i l tstones and shales known as  the Taconic  flysc h .  
The flysch was deposi ted duri ng the empl acement o f  the Tacon i c  Al l ochthon 
onto the North American conti nenta l shel f i n  a vol cani c  arc-conti nent 
col l i s ion ( Chappl e ,  1973 ; 1979 ; Rowl ey and Kidd ,  1981 ) . The 
flysch-Al l ochthon contact i s  rarely exposed , al though one quarry does cros s 

. the boundary and i s  desert bed be 1 ow . More commonly the western Taconic  
thrust i s  seen at exposures where the contact is  with  Ordovi c i an shel f 
carbonates . These masses of shel f carbonate are demonstrably not rooted,  
vary i n  s i ze from ki l ometers to pebbles , and have been variously 
i n terpreted as ol i s tos tromes ( Zen , 196 1 ;  196 7 ;  Rodgers and Fi sher,  1969) 
and fau l t  s l i vers (Wa l cott , 1888 ; Ruedemann , 1914; Zen , 196 7 ;  Bosworth , 
1980 ; Bosworth and Vol l mer,  1981 ) .  

Sparsity of outcrops throughout much of the Tacon i c  reg i on has 
d i scouraged deta i l ed s tructural analys i s  of the Taconi c  boundary thrusts . 
The authors and coworkers have compl eted deta i l ed maps ( 1 : 6 ,000 to 1 : 12 , 000 
sca l e )  of most of the Al l ochthon boundary from Schaghti coke , New York , to 
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i ts northern l im its i n  western Vermont ( Fi g .  1 ) .  These efforts have 
revea 1 ed severa 1 1 oca 1 i ti es where the geometri c deta i l s  of the Al l ochthon 
boundary can be di scerned , and a corresponding  empl acement h i s tory 
proposed . Most s ign ificantl y ,  work by Rowley at the northern extrem i ty of 
the A l l ochthon ( Rowl ey , 1983a , 1983b ) has shown that the present western 
thrust of the Tacon i c s ,  referred to as the "Tacon i c  Frontal Thrust" ( Rowley 
and Ki dd,  1982 ) ,  i s  not the surface a l ong whi ch the conti nental r ise rocks 
of the Taconi cs were thrust upon the conti nental shel f .  The i n i t i a l  
empl acement structure , the "Tacon i c  Basal Thrust" ( Rowl ey and Kidd , 1982 ) ,  
was subseouentl y fol ded during the ma i n  generation of fol d ing i n  the 
Tacon i cs ,  as ori g ina l l y  suggested by Zen ( 1961 , 1964 and 1967)  and Rodgers 
( 1952 and unpubl . ms ) .  Further shorten ing  of the orogen produced a new 
thrust system inc l uding the Taconic  Frontal Thrust .  These structures cut 
the fo 1 ded Basal Thrust and dominate the geometri c  confi guration of the 

· western Tacon ics and adj acent flysch terrane.  Deta i l s  of the 
obduction -empl acement h istory of the Tacon i c  Orogen are di scussed e l sewhere 
( Rowl ey and Kidd , 198 1 ;  Bosworth and Rowl ey , 1984 ) . 

Some previous workers have suggested that devel opment of the Tacon i c  
Frontal Thrust ,  o r  i n  general the empl acement of the Tacon i c  rocks onto the 
continental she l f ,  was a gnw i ty-driven , soft-sediment event ( Rodgers , 
1 951 ;  Zen , 1967 , 1972;  Bird and Dewey , 1970 ; Potter,  1972 ) . The presence 
of ol i stos tromes west of the Al l ochthon boundary (wi th i n  the Tacon i c  
mel ange) has l ong been ci ted as evidence i n  favor o f  th i s  i nterpretation  
( Zen , 1967 ) . Other workers have favored a hard-rock empl acement h i s tory 
based on structural characterist ics of the Frontal Thrust fau l t  zone 
( Ruedemann , 1914;  Bosworth , 1980 ) , the i nternal structure and strati graphy 
of the Al l ochthon and adj acent Tacon i c  flysch ( Rowl ey et al . ,  1979 ; Rowley 
and Kidd , 198 1 ;  · Bosworth and Vol lmer, 1981 ) ,  and through anal ogy with 
modern convergent orogens ( Rowl ey , 1980 ; 1983a ; Rowley and Ki dd , 1 981 ) .  
Th i s  l atter group has depicted the Frontal Thrust as part of a l arge scal e 
imbri cate thrust system ( see cross-sections i n  Rowley et a l . ,  1 979 , for 
exampl e ) ,  s imi l a r to that envi s i oned for other external fo l d-thrust bel ts 
( Bal ly  et al . ,  1966 ; Dah l s trom , 1970 ; Price and Mountjoy , 1970) . Recent 
geophys ical  studies in the Taconi de Zone of Quebec ( Segu i n ,  19B2) and 
western New Engl and ( Brown et a l . ,  1983 ) support this  view.  

The purpose of th i s  tri p i s  to examine several rel ati vely  good exposure 
of structures immedi ately bel ow ,  at and a bove the western boundary of the 
Taconic Al l ochthon.  We wi l l  attempt to i l l us trate the fol l owi ng poi n ts or 
opinions : 

1 .  Movement of the Tacon i c  Al l ochthon across the coeva l  l ower 
Pal eozo i c  continental shel f took pl ace through a comp lex ,  mul ti -staged 
series of events . 

2 .  During empl acement on the continental shel f ,  both the Al l ochthon 
and underlying she l f  material  were wel l - i ndurated sedimentary rocks . 

3 .  Small- and i ntermedi ate-sca l e  structures 
Al l ochthon empl acement are typi ca l  of hard-rock ,  
thrust systems i n  other wel l -studied orogens .  
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4 .  Much of the di spl acement during Tacon i an overthrusting  occurred 
a long mel ange zones at the base of the Al l ochthon and withi n the Tacon i c  
flysch , but that this  was a deci dedl y bri ttl e ,  "hard-rock" event 
i nvolv ing  i ncorporation (overriding  and imbri cation ) of previ ous l y  soft 
ol i stostromes . The presence of o l i s tostromes of and in i tsel f does not 
i ndi cate gravity s l i ding or soft rock empl acement of the Al l ochthon . 

The Tacon i c  Mounta ins  were one of the first North American orogen ic  
bel ts to be studied , and  th i s  tri p i ncl udes l oca l i ties  central to  many of 
the "Taconi c  Controvers i es " .  We hope that parti c ipants wi l l  freely present 
their own i deas about the rel ationsh i ps we wi l l  see i n  the fi e l d ,  as 
structural geol ogy is sti l l  rea l l y  onl y  i n  i ts i n fancy in the Tacon i cs . 
For those fol l owi ng th i s  tri p  on the i r  own , we woul d  ask that hammering at  
outcrops be kept to an abso 1 ute  minimum ( i n  many cases , it  must be 
compl etel y restrai ned from ) , and that due respect be g iven to the friendly 
and hel pful l and owners of the area . 
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STOP DESCRIPTIONS 

STOP 1 .  Gently- inc l i ned strata of the autochthonous 
sequence , not fol ded or thrust-fa u l ted . E i ther la . or l b .  
depending on the s i ze of the group and mode o f  transport . 
on Fi g .  1 .  

Pa leozo i c  shel f 
wi l l  be v i s i ted , 

Locations shown 

STOP la . Quartzi tes , aren i tes and dolomi t i c  micrites of the Potsdam 
Formation (medi a l  Cambrian ) . Wi l l i ams Street i n  Whitehal l .  

Grenv i l l e  gnei sses are exposed i n  the ri verbed di rectly bel ow th i s  
outcrop ; a l though the unconformity i s  not exposed here , i t  i s  e 1 sewhere 
a l ong stri ke north and south . The ma i n  purpose of th i s  stop i s  to see that 
the strata i n  th i s  outcrop show no promi nent s i gns of deformation , be i n g  
part o f  a gently east-dipping  regi onal  homoc l i ne .  Al though not a ma i n  
focus of th i s  f ie ld  tri p ,  the evidence for both sha l l ow mari ne to beach 
facies ( promi nently cross-bedded and rippled c l ean areni tes and quartzi tes ) 
and l agoona l  suprati dal -fl at fac i es ( do l omiti zed micrites and th i n  sha l es , 
l ami nated i n  p l aces with smal l stromatol i tes a�d l ocal l y  with sand-fi l l ed 
verti cal burrows ) are wel l  d i s p l ayed here . Some l ayers , with pebbl es of 
dol omi ti zed micrite,  may wel l  be storm depos i ts .  

STOP l b .  L i mestones of the Wh i teha l l Formation ( l ate Cambri an ) . Sc i ota 
Road 1 . 6  mi l es from Whi teha l l .  

These strata a l so are part of the reg ional  gently east-d i pping  homoc l ine 
of au tochthonous she l f  strata ( typical l y  5-10  degrees east di p ) . No fol ds 
or cl eavage are v i s i b l e  i n  these strata , and ool i tes wh i ch are l oca l l y 
abundant i n  some beds do not appear strai ned to any s i gn i fi cant extent . 
Styl ol i tes do occur i n  some beds but they are beddi ng-para l l e l , presumably  
compactional in  ori g i n .  Lam i nated a l gal  mi cri tes , l oca l l y  stromatol i ti c , 
can be seen , a l ong  with mi cr ite edgewise breccias w i th ool i tes , . a l l  
evi dence o f  sha l l ow marine to i ntert i da l /suprat ida l  faci es . Nodul ar chert 
l ayers occur l ocal l y i n  th i s  outcrop .  It shou l d  be emphas i zed that mos t of 
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the vol ume of the pre-medi a l  Ordov i c i an autochthonous s he l f  sequence i s  
dol ostone . L imestones form an overa l l  sma l l  proportion and th i s  uni t ( part 
of the Whi teha l l  Formation)  i s ,  �.fter the med i a l  Ordov i c i an l imestones , the 
mos t promi nent l imestone in the early Pal eozo i c  she l f  sequence . Dol ostones 
occur at the east end of the quarry where the outcrop nears the roa d  - we 
wi l l  not examine these . 

STOP 2 .  Thrust of medi al  Ordovi c i an I s l e  l a  Motte (or M iddl ebury) 
l i mestones over med i a l  Ordov i c i an shaly mel ange . Loca l i ty i ndi cated with 
an ' 'X '' on Fig . 2 .  

Carbonate exposures such as this  one form l enticu lar  bel ts bounded by 
med i a l  Ordov i c ian shal es and fine-gra ined wackes ( flysch ) i n  a zone near 
this  v i c i n i ty a few k i l ometers wide between the western edge of the Taconic  
Al l ochthon and  the eastern edge of  gently east-d i pp i ng , unfol ded strata 
that rest with i ntact uncon forma ble re l a tionsh ip  on crysta l l ine Grenv i l l e  
basement ( such as those exposed a t  Stops 1a and b ) . 

Where contacts are exposed , such as here , and Stops 6 and 9 ,  evi dence 
for fau l ted l ower contacts of l imestone over sha l e  are seen . I n  
particu l ar ,  the unders i de o f  the l imes tone i s  coated with fi brous vei n-type 
s l i cken s i de s ,  the l i neation p l ung ing c l ose to down-d i p .  Truncation of 
stratif ication in the l imestone is seen l ocal l y .  An abundance of veins i n  
the l i mestone with i n  about 50cm o f  the thrust surface suggests 
hydrofracturing and h i gh fl u i d  pressures duri ng thrusting .  A crude , 
l enticular  c l eavage i n  the underlying shal es i s  defl ected adjacent to the 
fau l t  surface . A sma l l  horse of sha l e ,  i sol ated above the mai n  thrust 
surface by a duplex mechan i sm , can be seen approximatel y  ha l f  way a l ong 
the exposure of the thrust ( F i g .  3 ) .  Towards the western l im it  of the 
overlying carbonate sheet a detached s l i ver of carbonate about a meter l ong  
l i es i n  the c leaved sha l e  just bel ow the promi nent fau l t  surface . This  may 
be a s tru ctura l ly detached p i ece or ( l ess l i kely because of i ts shape ) an 
ol i stol i t h .  Simi l ar l ozenge-shaped pi eces of med i um-gra i ned graywacke up 
to about 1/2 m l ong occur sparingly in the phacoi dal ly-cl eaved sha l e  in the 

F i g .  2 .  Prel iminary geol ogical  map o f  a portion of the western boundary 
of the Tacon i c  A l l ochthon between Whi tehal l ,  N .  Y . , and Fai rhaven , Vt . ( see 
F i g .  1 for l ocation ) .  Brick  pattern - carbonates , l argely  medi a l  
Ordovi c i an l imestones ; bl ank areas - med i a l  Ordov i c i an sha l es , i n  part 
me l ange ; dotted pattern - l i thol og i es of the Tacon i c  Al l ochthon : 1 
Bomoseen Formati on ;  1a - Truthvi l l e s l ate ; 2 - Brown ' s  Pond Formation ; 3 -
Middle  Granv i l l e  sl ate ; 4 - Hatch H i l l  Formation;  5 - Poul tney Fromation ; 6 
- Mt .  Meri no Formation ; 7 - Pawl et Formation . Thrusts shown with teeth i n  
di rection of d i p ;  teeth black  for thrusts cutting Tacon i c  Al l ochthon 
l i thologies , teeth open for other thrusts . 

Roadcut expos i ng a thrust of l imestone over shale  ( Stop 2 )  i s  marked by 
"X"  ( see F i g .  3 for deta i l ) .  A fol ded pre-s l aty cl eavage thrust surface i s  
exposed a t  Stop 3 ,  P l ude ' s  Quarry ( P )  - see Fi g .  4 for deta i l . The Tacon i c  
Frontal Thrust ( TFT ) i s  i nterpreted to pass at the base of th i s  exposure . 
The easternmost thrust shown (with a dashed l i ne) may be the one exposed , 
just to the east of the area of th i s  map , at Wi l l i am Mi l l er Chapel fenster 
( see Fi s . 1 ) . Location of the Del aware and Hudson ra i l road cut,  Stop 4 
( F i g .  5 ) , g iven by "R" . Mapp i ng by C .  Ste i nhardt ( 1982 ) ,  K idd , Bosworth , 
M .  Ross , J .  Pi edra and D .  Wol f ( 1983 ) .  
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western part of the cut.  S l i c kens ided surfaces suggest that they too are 
products of s tructural d i s ruption ( " structural s l i c i ng" ) ,  a l though an 
o.l i stol i th ic  ori gin  cannot be di scounted .  The sha le  and s i l tstone i s  
l ocal l y  bedded , with minor fol ds i n  part o f  the outcrop.  Most i s  
pervas ively di srupted by the phacoi dal c l eavage whose m i crostructural 
character, wi th abundant evi dence for shear offsets , is cl early re l ated to 
faul ting ( Bosworth and Vol l mer,  1981 ; Bosworth , 1982 , 1984) . Th i s  carbonate 
and other exposures l i ke i t  are shown on the New York State geol ogi cal map 
and by Fi sher ( 1985) as giant  o l i stol i th i c  bl ocks . We find  this  
i nterpretation Of the outcrops to be  unconv i ncing  and prefer an  
i nterpretation , as shown on Fi g .  2 ,  where the carbonates and 
strati graph ical l y  overl ying sha les form thin thrust sheets accreted beneath 
the Taconic Al l ochthon . Demonstrab le  ti ght fol ds and i nternal duplex 
faul ts wi th i n  these carbonate sheets account for the many pl aces where 
strati graph ic  conti nu ity i s  d i srupted whthin  them. 

STOP 3 .  Pre- to syn-cl eavage thrust of Poul tney Formation over gray 
s l ates , above Tacon i c  Fronta l Thru s t .  Loca l i ty marked "P"  on Fi g .  2 .  

P l ude ' s  Quarry ( Fi g .  4 )  pro v i  des one of the few known exposures of 
Taconi c  conti nental rise rocks ly ing d i rectly upon the underlying 
Jllel ange/flysch sequence . Several complexities of Tacon i c  thrusting  are 
evident at th is  stop . Al ong Carl eton Road the shal es and graywackes of the 
Ta.coni c fl ysch are broken i nto a me 1 ange fabri c ,  that grades up i nto the 
quarry wi th progress i vely l ess d i srupti on , unti l a pl anar s l aty c l eavage i s  
found . Th i s  i s  the Tacon ic  Frontal Thrust , and can be mapped as i n  F i g .  2 .  
Within the quarry a second , earl i er fau l t  i s  present , separating eas i l y 
i dentified Lower Poul tney s l ates and thin  areni tes from an urderly i ng gray 
s l ate. The regi onal s l aty cl eavage cuts the fau l t ,  suggesting that this  
structure may be of the  same generation as Rowley and Kidd .' s ( 1982) 
"Tacon ic  Basal Thrus t" . The gray s l ates are i nterpreted to be a u n i t  
wi th i n  the Midd l e  Ordovi c i an Tacon ic  Fl ysch ( a l l ochthonous ?  
parautocththonous ? ) , and hence the fau l t  i s  i nferred to be a thrus t .  

STOP 4 .  Del aware and Hudson Rai l road cut 300m NE  of cross i ng 
Whi teha l l -Fa i rhaven Turnpi ke . Loca l i ty shown with "R "  on Fi g .  2 .  

At the east end of the cut ( F i g .  5 ) ,  both s i des expose thinly l aminated , 
brown fi ne-gra i ned areni tes i n  dark s l ate bel onging to the upper Hatch Hi l l  
or l owermost Poul tney Formations ( Cambrian - earl iest Ordovician )  of the 
Tacon ic  Al l ochthon . These are i n  contact across a steep fau l t  with thicker 
bedded coarse dol om it ic  ( l oca l l y cal careou s )  quartz areni tes and quartzi tes 
i n  b lack s l ate of the midd l e  to l ower Hatch Hi l l  Formation ( early Cambrian 
or ol der) . At the western end of the cut , the l ast exposure con tai ns a 
fol d  i n  Hatch H i l l  s l ate and aren i tes such that bedd i ng surfaces i n  the 
s 1 ate form the face of the exposure on one 1 imb of the synforma 1 fa 1 d ,  
This western end i s  c l ose to but not qu i te at the Frontal Thrust seen at 
Stop 3 .  On the h i l l  to the north a southward-th i nning  thrust sheet of 
s hel f l imestones occurs between shaly melange bel ow and . Tacon i c  rocks 
above , such as are seen in this  cut and at Stop 3 .  A uni t of shaly mel ange 
up to a few meters thick occurs between the l imestone and the Tacon ic  
rocks , and  was seen at  Stop 3 .  The western part of  this  exposure , with  the 
complex s l ic ing  and phaco i da l  cl eavage i n  the b l ack argi l l i te ,  can be 
regarded as trans it iona l ,  i n  a structura l sense , to the mel ange . The 
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di s pos i tion of the Hatch H i l l  and Bomoseen can be i n terpreted as an  earl ier 
thrust that has been fol ded and cut by younger,  more s teep l y  incl i ned 
thrust faul ts .  F i g .  2 s hows that the occurrence of a Bomoseen-deri ved 
s l i ce immedi atel y above the Tacon ic  Frontal Thru s t ,  fol l owed by a Hatch 
H i l l /Poul tney-deri ved s l i ce ,  i s  characteri s t i c  of much of the Tacon i c  area 
bounded by the fol ded thrust that occurs near the Al l ochthon boundary i n  
th is  region . 

Structures i n  the rai l road cut that we connect with the empl acement of 
the thrust sheet are faul t-related features , particul arly s l i cken s i des , 
summarized i n  F i g .  6 .  A Riedel and anti -Riedel fau l t  set are i n tetpreted 
to be present and are con s i s tent with thrust  movement towards the 
west-northwest .  We emphas i ze the brittle nature of th is  deformation . 

STOP 5 .  Parautochthonous fl ysch i n  contact with autochthonous { ? )  shel f 
carbonates . Lunch s top ; l oca t i on g i ven i n  F i g .  7 .  

The Mettawee R i ver here prov ides  a superb series o f  exposures that cross 
from autochthonous ( ? )  shel f carbonates (where we wi l l  s top for 1 unch ) , 
through al ternati ng zones of fl ysch and mel ange , to a l arge s l i ver of 
Chazyan carbonate , and on i nto a l l ochthonous Tacon i c  l i thol ogies  ( Fi g .  7 ) . 
The only area that i s  poorly exposed i n  the r i ver i s  the eastern edge of 
the carbonate s l i ver,  but mapping demonstrates that th i s  fau l t  contact ( the 
Tacon i c  Frontal Thrust )  cuts obl i quel y across Taconic  s trati graphy and 
l a rge-sca l e  fol d axes , and i s  therefore a post-s l aty c l eavage generation 
structure ( Fi gs . 7 , 8 ) . 

As at Stop 2 ,  some workers are of the opin ion that the a l l ochthonous 
carbonate at  th is  l oca l i ty ( D . W . F i s her,  pers . comm . , 1983 ) and a l ong the 
western edge of the A l l och thon i n  general ( J . Rodgers , pers . comm . , 1983 ; 
Rodgers and Fi sher , 1969 ) i s  better i nterpreted as  b l ocks - i n -shal e ( i . e . , 
o l i s tol i th s )  thar as coherent .fau l t  s l i vers . Th i s  l ocal i ty prov ides an 
excel l en t  means to test these t�10 hypotheses . The carbonate/mel ange 
contact can be wal ked from po i n t  "X" to poi n t  "Y"  ( F i g .  7 )  wi th l i tt l e  
d i fficu l ty ( after wading  across the Mettawee • . . .  access a t  " Y "  i s  l i m i ted by 
bucks hot ) .  The carbonate i s  seen to be conti nuous , essenti al ly  unbroken 
a l ong stri ke , with i n ternal fol d  axes approximately paral l el to the general 
contact trend ( see Sel l eck and Bosworth , 1985 , P l ate 1A) . The carbonate 
mus t  be i n  the form of a l arge s heet , or compos i te sheet , wh i ch · cou l d  be 
cal l ed a s i ng l e  '' b l ock" . Minor d i s ruption near · i ts margins  i s  undoubtedly 
present,  but the s tructural s tyl e i s  domi nantly detachment of underlying 
autochthonous s hel f rocks and the i r  imbrication at  the base of the 
advancing  al l ochthonous thru s t  p i l e .  It i s  mi s l eading  to descri be the 
geometry of the l arge carbonate bodi es a l ong the western edge of the 
Al l ochthon as '' b l ocks-i n-sha l e " , and i t  i s  very unl i kely  that they arose as 
sedimentary s l ump features ( further d i scussed i n  Rowley and Kidd , 1982 ) .  

STOP 6 .  Imbricated medial Ordovi c i a n  carbonates , shal es and mel ange just 
be 1 ow the Tacon i c  Fronta 1 Thru s t .  Vermont Route 22A 6 .  5 km north of 
Fa i r  Haven . Location shown wi th arrowhead on F i g .  9 .  

The part of th i s  roadcut to be examined i s  i l l us trated i n  F i g .  9 ,  and 
con s i s ts of the outcrop oppo s i te the park i ng area and i ts conti nuation to 
the north . A thrust-repeated section of medi a l  Ordov ic ian s trata i s  
di scernab le  from medi um-bedded l i mestone ( foss i l i ferous cal caren i tes to 
cal c i s i l t i tes )  wi thout sha le  - Orwel l Limestone , pas s i ng up abruptly i nto 
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thin-bedded 1 imestones (mi  cri tes ) i nterbedded with dark sha 1 e - Gl ens Fal l s  
L imes tone , overl a i n  by dark sha l e ,  i n  part mel ange - here referred to as 
Hortonvi l l e  sha l e  ( and the mel ange perhaps as Forbes H i l l  ' 'congl omerate " ) .  
I t  i s  important to recogn i ze that the dark shal e ,  i n  the fi rst i nstance , i s  
a s trati graph i c  member of th i s  s uccess i on ,  just  a s  i t  i s  i n  the au tochthon 
to the wes t  ( e . g . , in the Mohawk Val l ey ) . That s ome of i t  has been 
structura l l y  damaged by the imbrication and dupl i cation of the sequence i s  
a secondary effect ,  reflected i n  the l enti cu l ar ( phacoidal ) c l eavage 
v i s i bl e  espec i a l l y  i n  the shal e cl osest to the base of the succeed ing  
1 imestone . Two of the e i ght sections 1 ack the bas  a 1 Orwel l L imes tone , 
probably because of  l ocal ramping  of the active thru s t ,  or ori g inal  
i rregul ari ties in  the depos i ti oPal  arrangement .  It is  not val i d ,  in our 
v i ew ,  to regard th i s  exposure as  "a l l  mel ange" with bl ocks of l i mes tone 
fl oati ng i n  s ha l e .  Rather , i t  i s  a thrust-i mbri cated repeated l i thic 
sequence , probably forming a thru st "dupl ex" above more extens ive  shaly 
mel ange , not conta i ning  l imes tone cl asts , that i s  exposed on the s l ope to 
the wes t  of the park ing l ot and i n  the separate road cut on 22A a bout 100 m 
north of th is  outcrop . The duplex i s  bel ow the Frontal Thrust of the 
Tacon i c  Al l ochthon wh ich comes to the surface about 50 m east of th i s  road 
cut ;  wackes of the Bomoseen Formation of the Al l ochthon form the promi nent 
topograph i c  feature of "the Great Ledge" v i s i b l e  to the east from the 
parki ng l ot .  More extens i ve mas s i ve l imestones (Orwe l l ,  and perhaps 
Middl ebury Limes tone as well ) that form road cuts al ong 22A just  to the 
south are thought to be l arger s l i ces in the duplex zone . Noteworthy i n  
the narrow ( l ess than 1 m )  zones of  shaly me l ange beneath each s l i ce of 
1 imestone in the cut are a few bl ocks and cobbles of  green mi caceous 
arenite i dentical to the Bomoseen Formation of the Al l ochthon . The l argest 
of  these ( approx . 1 m acros s )  occurs at  the very northern end of  the 
outcrop , but other sma l l er ones occur within  the outcrop near 30-40 m on 
the di agram. These we do interpret as ol i stol i th i c  c l asts s hed from the 
front of the Taconic  thrust  s heet during i ts motion , and they requ i re that 
the acti ve thrust  outcropped on the sea-fl oor ,  at a deep-sea trench-type 
feature . A s imi l ar ,  but l arger ( severa l m across )  ol i stol i th of Bomoseen 
wacke occurs i n  the outcrop of mel ange to the north . It i s  our 
observation , however,  that there i s  a 1 imit of a few meters to the s i ze of 
these bl ocks that are c l early i dent if iab le  as o l i stol i ths . Truncated 
bedd i n g ,  s l i ckens i des and other features characteristic  of ramp-fl at  thrust 
geometry can be seen in this outcrop . The present atti tude i nferred for 
the Tacon i c  Frontal Thrust ( about 10° east d i p )  and the steep east d i p  of 
these l imestone-shale imbri cate s l i ces are consi s tent with the i r  
i dent if ication a s  duplex structures . The i r  atti tude i s  not consi stent with 
a model of tabu lar  ol i s tol ith ic  s l abs l ying  in the bedd ing  orientation .  

STOP 7 . . Boss Hogg ' s  Quarry . Marked "H" on  F ig .  9 .  Perm i s s i on must  be 
obtai ned from the owner to v i s i t  thi s l ocal i ty .  

The quarry exposes part of  the early Ordov i c i an Provi dence I s l and 
Formation , ma i n l y  dol ostones with some l imestone , not far bel ow the 
overlying Middl e Ordovician l i mes tones (Middl ebury) that outcrop to the 
east ( see F i g .  9 ) .  The purpose of th i s  s top i s  to see the s tructural 
cond i tion of carbonates w ith in  the area l l y  exten s i ve thrust  sheets that 
exi s t  at th i s  l at i tude between the Frontal Thrust  of the Tacon i c  Al l ochthon 
and the autochthonous shel f s trata . On the south s i de of the entrance to 
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the quarry a c l ose synforma l fol d  d i s p l ays wel l -devel oped sol ut ion c l eavage 
and marked changes i n  thickness from the s hort , west-d i pp ing  l imb to the 
l ong , east-di pping l imb due to more homogeneous ly  di s tri buted ducti l e  s hape 
change . A compl ementary anti form i s  exposed on the north s i de of the 
entrance 1 i nked to a synform that trends a 1 eng the northeast face of the 
quarry. A wrench fau l t  pass ing  through the qua rry entrance must offset the 
fol d h i nges in a l eft-l ateral sense . The contras t  between the substanti a l  
duct i l e  s trai n  shown i n  th i s  outcrop and the l ack of such features a t  Stop 
lb in the autochthon i s  a refl ection of the thrust trans l ation of these 
carbonates and deformation duri ng act ive movement on 1 ower thrus ts . The 
c l eavage at th i s  stop i s  rough l y  para l l el w i th that i n  Tacon i c  rocks 
exposed to the eas t .  Howeve r ,  thi s  does not neces sari ly  make the cl eavages 
the same age ; evi dence exi sts to s ugges t  that they are not ,  and that the 
Tacon i c  rocks were cl eaved and fol ded before empl acement over th i s  port i on 
of the shel f carbonate terrane . 

STOP 8 .  Scotch H i l l  syncl i ne at G l en Lake . Permi s s i on must be obtai ned 
from the owner ( i n  the house across the road ) .  NO HAMMERS ALLOWED . 
Locati on shown on F i g .  1 .  

Th i s  outcrop exposes early Ordov ic ian  strata o f  the Poul tney Formation , 
probably about the same age as  the carbonates of Stop 7 ,  but a very 
di fferent facies  deposi ted i n  deep mari ne condi tions on the conti nental 

F i g .  6a . Schematic structura l evol ut ion i nferred for a wacke bl ock or 
s l i ver exposed in the Tacon i c  Frontal Thrust fau l t  zone at  the Del aware and 
Hudson Rai l road cut ( Fi g .  5 ) .  

A .  b l ock d i s rupted from coherent a l l ochthonous mas s , overidden and 
attached to base of Al l ochthon . Conjugate shear fractures i n i ti ated at 
30 to 45° from i ncremental s horten ing  d irect i on .  

B .  rotation of fractures a s  b l ock beg ins  to break u p  and become 
i ncorporated i nto mel ange . 

F i g .  6b .  Stereograms of s tructural data col l ected i n  l arge wacke b lock  
at the Del a�1are and Hudson Ra i l road cut i l l u strated i n  F ig .  5 .  Lower 
hemi sphere , equal  area projecti ons . 

A .  pol es to sma l l -sca l e  fau l ts ( n=76 ) .  Fau l ts i n  set "A" are 
north-di pping , l eft l atera l , s tr i ke-sl i p  faul ts ; those in set " B "  are 
east-di pping normal fau l ts .  

B .  striations on sma l l -sca l e  faul ts ( n=83 ; a few fau l ts possessed 
mul ti p l e  s l i p  d i recti ons ) .  Great c i rc les  g ive average fau l t  
ori entati ons . Fault striations c l uster at  po ints rough ly  90° from 
the i ntersecti ens of fau l t  sets A and B ,  the case to be expected i f  
pl ane stra i n  i s  domi nant . Das hed great c i rc l e  i s  p l ane perpend i c u l ar 
to A-B intersecti on .  

C .  i nterpretation of pri nci pa l  s horten i ng d i recti ons gi ven average 
fau l t  orientations , s l i p  d i rections and s l i p  senses of shear. 

D.  rbtati on of s 2 d i rection to the hori zonta l . The trends of � and 
S� now paral l e l  the inferred west-northwest transport d i rection of the 
Tacon i c  Al l och thon . Fau l t  set A corresponds to Ri edel s hear 
orientati ons , and fau l t  set B to anti -Riedel orientat ions . 
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Fi g .  7 .  Geol ogical  map of the Tacon i c  Al l ochthon boundary i n  the v i t i n i ty 
of North Granvi l l e ,  N . Y .  A l arge s l i ver of Chazyan carbonate rock l i es at  
the contact between a l l ochthonous Tacon i c  sequence rocks (numbered 1-8)  and 
parautochthonous fl ysch ( unornamented ) and mel ange ( sca l y  pattern ) .  Two 
generations of mel ange are observed i n  th is  area,  one devel oped a l ong the 
base of the carbonate fau l t s l i ver and one i mbri cated within  the flysch . 
Structural rel ations h i ps at the contact between autochthonous ( ? )  shel f 
carbonates ( 1 imestone pattern ) and the fl ysch are poorl y constrai ned but 
bel i eved to i nc l ude both normal faul t ,  depos i ti onal and probably thrus t  
contacts . 1 = Bomoseen Wacke and Truthvi l l e  S l a te ;  2 = Browns Pond Fm . ;  3 
= Middl e Granvi l l e  Sl ate ;  4 = Hatch H i l l  Fm . ;  5 = Poul tney Fm . ;  6 = Indi an 
R i ver S l ate ; 7 = Mt . Merino Fm . ;  8 = Pawl et Fm . ( from Sel l eck and Bosworth , 
1985 ) . 
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\\\\\l\\\'\.\un S h e a r  Z O n e s  & t h i n  M e l a n g e  

F l y s c h  

A ut o c h th o n o u s ?  Shelf  C a r b o n a t e  

F i g .  8. I n terpretive cross-section from A to A '  on F i g .  7 .  The i n terna l  structure of the l arge 
carbonate faul t  s l i ver i s  schematica l l y  shown to con s i s t  of fau l t-bounded packets , probably defi n i ng a 
duplex structure of some form ( i nterna l  fol d ing  of the carbonate i s  not d iagrammed for c l ari ty ;  from 
Sel l eck  and Bosworth , 1985 ) .  
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r i se .  These rocks cons i st o f  green mudrock ( s l ate)  a l ternating w i th 
th i nner l ami nated l ayers of f ine sand to s i l t  s i ze areni tes  and quartzi tes 
that are interpreted as contouri te depos i ts ,  and b l ack/gray mudrock ( s l ate)  
l ami nae . The bl ack mudrock l ayers are probably  pel agi c ;  the green are 
l i kely mud contouri tes . The syncl i ne expose here i s  the s i ngl e major h i nge 
of a fol d  that i s  i n  a set with wavel engths of the order of 1 to 3 km and 
ampl i tudes of s imi l ar amount .  The fol ds are t i gh t  to near i socl i na l  i n  
form . Th i s  outcrop does not g i ve the impres s i on that the fol ds are th i s  
t i ght s i nce the ful l trans i t i on to the fol d  l imb bedd i ng atti tudes , 
particul arly on the overturned l imb , are not seen i n  t h i s  exposure . Th i s  
particular  fol d can be traced north for 3 km and south for 8 km from th i s  
pl ace ; another s i ng l e  fo l d  i n  thi s set i n  the northern Taconi c s  can be 
traced for at l east 50 km a l ong i ts axi s ,  characteri st ic . o f  thei r  
subhori zontal to gent l e  p l unges . The overturned nature of th i s  fol d ,  w i th 
i ts moderately east-d i pping ax ia l  s urface and near-axia l  p l anar cl eavage i s  
a l s o  typ ical  of the structure of the l ow Tacon i cs ( G i dd i ngs Brook S l i ce ) . 
In deta i l , sma l l  paras i t i c  fol ds i n  the quartz i tes i n  th is  outcrop can be 
seen to be transected by the s l aty c l eavage , s uggesting that buckl i ng of 
thin l ayers in res ponse to s horten ing  took pl ace , as  is  usual ly  the case , 
before thi cker compos i te l ayers that generate l onger wavel ength fo l ds . 
Thus the cl eavage may be axial  pl anar to the l arge-scale fol ds but not to 
the sma l l er ones . Exampl es of c l eavage refraction can a l so be seen , and 
c.l eavage paral l e l  quartz veins ( ?  post-cl eavage ) are a l so present . We 
emphas i ze the coherent ducti l e  deformat i on seen in thi s outcrop , 
characteri stic  of a l l  the western Tacon i c s  i n  the northern part of the 
Al l ochthon . In our v i ew i t  does not support the idea of the emplacement of 
the Al l ochthon as a grav ity s l i de of unconsol i dated sediments . Compari son 
of s tructures here with those in the thru s ted carbonates ( Stop 7) and at 
the western edge of the Al l ochthon ( Stop 3) a re con s i s tent only wi th thrust 
empl acement of coherent , consol i dated roc k ,  undergo ing  rel ated ducti l e  
deformat i on ( fol ding and c l eavage formation )  at d i fferent times  i n  
di fferent pl aces duri ng the overa l l  assembl y  o f  the thrust s heets . . 

F i g .  9 .  Profi l e  of roadcut ( Stop 6 )  on east s i de of Vermont Route 22A ,  
6 . 5  km north of Fa i r  Haven , Vt .  ( see F i g .  1 for general l ocation ) .  Roadcut 
shows imbri cated sequence of midd l e  Ordov ic ian Orwel l L imestone ( bri cks ) ,  
overl a i n  by Gl ens Fa l l s  L i mestone ( l i nes ) ,  wverl a i n  by bl ack sha l e  and 
mel ange ( Hortonv i l l e  shale/Forbes H i l l  congl omerate dashes ) .  Two 
profi l es shown overlap  - the upper one continues to the ri ght in  the l ower 
one . Major thrusts shown by thick l i nes ; other fau l ts not emphas i zed . 
L i ne wi th meter sca l e  i s  road surface , wh i ch s l opes to the north , and i s  
not fl at a s  impl i ed by the di agram . D ips  shown are those exposed a t  the 
outcrop surface - true d ips  are cons i derably  s teeper,  typ ica l l y  50-80° E .  
Location of roadcut (Stop 6 )  s hown by arrowhead on map .  The i mbri cated 
zone i s  shown schematical l y  on the map .  

Map uni ts :  coarse bricks Provi dence I s l and dolostones ; fine 
horizontal bricks - Mi ddl ebury l imestone ; fine vertical  bri cks - imbri cated 
Orwe l l  and Gl ens Fal l s  l imestones ; b lank  - Hortonv i l l e  sha l e  and Forbes 
H i l l  congl omerate (mel ange ) .  Taconic Frontal Thrust  shown wi th bl ack 
teeth ; other thrusts with open teeth . Location  of Stop 7 shown by l etter 
"H" . Mappi ng by C .  Steinhardt . 
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STOP 9 .  She l f  carbonate dupl ex beneath the Taco n i c  Frontal Thrust at  B a l d  
Mounta i n ,  N . Y .  Location g iven i n  F i gs . 1 and 1 0 .  

B a l d  Mtn . has been a perenn i a l  favori te for s tops i n  f ie ld  guide books 
of eastern New York , and several excel l ent descri ptions of the l oca l i ty are 
avai l ab le  i n  the o l der l i terature (Wal cott , 1888 ;  Ruedemann , 1914 ) . More 
recent d i scu s s i ons can be found  i n  P l att ( 1960 ) , Sanders , et a l . ( 1961 ) ,  
Zen ( 1967} , Bosworth ( 1980) and Rowley and Kidd ( 1982 ) .  

We have i ntenti ona l ly pl aced the B a l d  Mtn . quarries at the end of  our 
tri p ,  desp i te the i r  prox im ity to Saratoga Spri ngs . We have been 
emphas i z i ng processes rel ated to frontal imbri cat ion , mu l t i p l e  generat ions 
of thrust ing and the formation  of dupl exes throughout the day.  We feel 
that the exampl es we have presented are fa i rl y  conv i nc i n g .  Bal d Mtn . ,  
however , i s  shrouded wi th h i stori cal overtones , and i s  a l so exceed i ng ly  
complex .  The general p i cture i s  qu i te c l ea r :  the uppermost porti ons of  
the quarries are composed of a l l ochthonous Tacon ic  l i thologies , these 
overl.)l a th i n  zone of phaco i dal ly  c l eaved sha les , which i n  turn overly 
d i sconti nuous masses of s he l f  carbonate ( some qu i te l arge ) and more 
phaco i da l ly  c l eaved shal e .  But the deta i l s  are not s o  c l ear .  Are the 
carbonate b l ocks fau l t  s l i vers , or are they ol i stol i ths with in  a 
l arge-sca l e  sedimentary s l ump mas s ,  s ubsequently overri dden by the Tacon i c  
thrus t  s heets ( Rodgers , 1952 ; Rodgers and F i sher, 1969 ) ?  

We recogn i ze some i n terna l  order i n  the d i s pos i t i on of l i thol ogies i n  
the area of the Ba ld  Mtn . carbonates , wi th s i mi l ar l i thol ogies a l i gned 
a l ong stri ke ( F i g .  10 ) . Several of the carbonate b l ocks are probably 
hundreds of meters in  l ength , not unl i ke the Chazyan s l i ver on the Mettawee 
R iver ( Stop 5 ) . As at Stops 5 and 6 ,  sma l l  rounded cobbl es of l imes tone ( i n  th i s  case ) wi thin  the phaco i da l l y  c l eaved shal e zones may i n  fact be 
ol i s tol i ths , probably deri ved at subaqueous l y  emergent fau l t  scarps from 
the ma i n  masses of carbonate themsel ves ( Rowl ey and K idd , 1982 ; Bosworth 
and Vol l mer , 1981 } . However,  we aga i n  feel that the s tructure at Ba l d  Mtn . 
can reasonably be i n terpreted as a fau l t  duplex ( F i g .  1 1 ) , as  was fi rst 
proposed by Ruedemann ( 1932 ,  p.  134 ) . We encourage a l l  partici pants to 
s hare their  thoughts with the res t of the group ! 

A reg i onal compi l at i on of presently i denti fi ed s tructures bel ieved to be 
associ ated wi th the Tacon i c  Frontal Thrust System (youngest Tacon ian  
deformation ) i s  presented i n  F ig .  1 2 .  

Acknowl edgements Numerous i n d i v i dua l s  have contri buted to recent 
s tructural s tudies of the western Tacon ics , and we woul d l i ke to espec i a l l y  
acknowl edge col l aboration wi th D . B . Rowl ey , F . W . Vol l mer, S . Ch i s i ck and 
B. Sel l eck . 
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F i g .  10.  Geo logical  map of the Ba ld  Mtn . "schuppen " or faul t dupl ex , 
�Jash i ngton Co . ,  N . Y .  ( see F i g .  1 for l ocation ) .  -€ 1  = Bomoseen Wacke and 
Truthv i l l e  S late ;  -E RP = Browns Pond and prob�bl e  Hatch H i l l  Fms . 
Incompl ete exposure prevents i n terpretati on of the entire s tructure with i n  
the duplex i tsel f .  Duplex l i thologies are i denti fied as : a = hard quartz 
aren i tes and mica-speck l ed quartz wackes ( i n  part pos s i b l y  Bomoseen 
l i thol ogies ; E l am,  1960) ; b = l i mestone and dol ostone pebbl e/cobbl e 
congl omerate wi th sandy dol omi tic  matrix ( Rysedorph H i l l  Comgl ornerate ; 
Ruedemann , 1914) ; c = th i n -bedded 1 imestone and dark gray sha l e ;  d = 

undi fferenti ated l imestones and l es ser dol ostones , often th ick-bedded or 
mas s i v e .  Numerous mel ange zones are present with i n  the duplex 
(anas tomos ing  pattern ) and phaco ida l l y  c l eaved sha l e is  present between 
mos t  i ndi v idual  horses . Geo logy modi fi ed from P l att , 1960, and Bosworth , 
1980 . 
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Fi g .  1 1 .  Interpretive cross-section throu�h the Bal d  Mtn . fau l t duplex ( F i g .  10) . Format i on symbol s  
are the same as i n  F i g .  10 .  No verti ca l  exaggeration . Inset i l l ustrates the compl ex nature of the 
duplex roof fau l t  ( fau l t  zone ) , as exposed at the quarries (Stop 9 ) . 
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TACONIC FRONTAL 

THRUST SYSTEM 

Post-cleavage Thrusts � i 
HAT-Hudson R. Thrust  

S H T - S n a k e  Hill  T h r u s t  

LRT-Lee Road T h r u s t  

MGT-Middle Granville T h r u s t  

S K T - S t a r k s  Knob Thrust 

WMT-Willard Mtn. Thrust 

BMT-Beagle Mtn. T h r u s t  

P r e - C ambrian and 

A u t o c h t h o n o u s  

SILURIAN

DEVONIAN 

) 

NKG--

Normans K i l l  Gorge 

1 0  km. 

F i g .  12 .  Comp il ati on of faults bel i eved to be l ong to the Tacon i c  Frontal 
Thrust  System . These fau l ts accommodated l ate hori zontal s horten ing  of the 
Orogen and transport of the Al l ochthon across the autochthonous cont i nental 
she l f .  Tota l displ acement during th i s  generat ion of thrus t ing  for 
a l l ochthonous rocks at the present trace of the Frontal Thrust i s  therefore 
on the order of 50 k i l ometers . Reg ional geol ogy from Fi sher , et al .. , 1970 . 



ROAD LOG FOR THRUSTS , MELANGES , FOLDED THRUSTS 
AND DUPLEXES IN  THE TACONIC FORELAND 

CUMULATIVE MI LES FROM 
MILEAGE LAST POINT 

o . o  

19 . 9  

20 . 4  

32 . 4  

43 . 1  

43 . 5  

44 . 05 

44 .65  

45 . 25 

45 . 65 

47 . 8  

48 . 1 5  

48 . 25 

19 . 9  

0 . 5  

12 . 0  

10 . 7  

0 . 4  

0 . 55 

0 . 6  

0 . 6  

0 . 4  

2 . 15 

0 . 35 

0 . 1  

ROUTE DESCR I PTION 

Intersection of  NY Rt .  50 w i th I -87 , 
Adi rondack Northway . Go north from th i s  exi t 
( #15 )  on the Northway. 

Take exi t #20 . At l i ght at end of ramp , turn 
l eft onto NY Rt .  9 .  

Turn right at next l i ght onto NY Rt . 149 . 

Turn l eft at l i ght i n  Fort Ann onto US R t .  4 
going north . 

Turn hal+"  right at l i ght in  Wh iteha l l ;  fo l l ow 
US Rt .  4 .  Cross Hudson-Champl a i n  canal . 

At next l i ght ( Stewart ' s  shop on ri ght) turn 
l eft onto Wi l l i ams Street .  Fol l ow Wi l l i ams 
Street to second bri dge to l eft over canal . 

Park on Wi l l i ams Street just before or a fter 
entrance to bri dge . 

STOP 1A - GENTLY D I PP ING QUARTZI TES OF 
POTSDAM FORMATION . 

Go north on Wi l l i ams Street to i ntersection 
of Wash i ngton County Rts . 9 and 10 .  Turn 
l eft ( north ) onto Rt . 10 ( Doig  St/Sciota Rd ) .  

Road makes sharp right turn . Continue on Rt . 10 

STOP 1B - GENTLY EAST-DI PP ING L IMESTONES OF 
\�H I TEHALL FORMATION.  Outcrop extends from 
4 5 . 6  to 45 . 75 .  At east end overlying 
dol ostones are exposed . 

Conti nue NE on County Rt.  10 ,  Sci ota Rd . ,  to 
T-intersection  where Sci ota Rd. turns l eft 
( N )  sharply at i n tersection with County Rt .  
1 1 .  Go stra i ght , fo l l owing Rt .  1 1  up  h i l l .  

STOP 2 - THRUST OF  MI D-ORDOV ICIAN LMS . OVER 
MI D-ORDOV IC IAN SHALY MELANGE .  

Continue u p  h i l l  to T- intersect i on . Turn 
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49 . 3  

50 . 0  

50 . 7  

50 . 8  

50 . 9  

51 . 45 

52 , 45 

53 . 2  

54 . 85 

55 . 95 

56 . 3  

56 . 95 

57 . 65 

60 . 25 

right .( south) onto Westcott Road , 

1 . 05 T-intersection. Turn right (west) onto 

0 . 7  

0 , 7  

0 . 1  

0 . 1  

Carlton Road . 

At next intersection ( a  Y ) , where Carlton 
Road curves to left ( south) , park just 
before or after intersection . 

STOP 3 - PLUDE ' S  QUARRY - EXPOSURE OF 
TACONIC THRUST . 

Continue south on Carlton Road . At 
intersection with Whitehall-Fairhaven 
Turnpike (County Rte 9 ) , shortly after 
sharp right turn in road , turn lef t .  

Go down hill and park just before or after 
the railroad crossing , Walk northeast 
along the railroad tracks for about 300 
meters to 

STOP 4 - D & H RAILROAD CUTTING - TACONIC 
LITHOLOGIES JUST ABOVE TACONIC THRUST .  

Walk back t o  vehicles . 

Continue on County Rte 9 to intersection, 
Turn right ( south) onto County Rte 9B 
(Beckwith Road) , 

0 . 55 Go to intersection with US Rte 4 at stop 
sign . 

1 . 0 

0 .  75 

Cross Rte 4, continue south on Beckwith 
Road . At T-intersection with NY Rte 273 , 
turn left ( east) , 

Go east 
Road) , 

to next 
Turn right . 

intersection (Beckett 

1 , 65 Go south and west to next T-intersection . 
Turn right (west) onto County Rte 1 2 .  

1 . 1  At next intersection turn left ( south) onto 
Upper Turnpike . 

0 . 35 Cross Mettawee River . 

0 . 65 Long bend to left followed over hill by 
sharper bend to right . 

0 . 7  

2 . 6  

Left bend - follow paved road. 

Left bend at intersection with Rathbunville 
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60 . 65 

60 . 8  

65 . 3  

65 . 65 

67 . 25 

Road . Follow Upper Turnpike , which becomes 
a dirt road at top of hill . 

0 . 4  Start of steep hill down to south. 

0 . 15 Park on left at bottom of valle y .  

STOP 5 - METTAWEE RIVER SECTION AND LUNCH . 

Turn around and go back north on Upper 
Turnpike. 

4 . 5  Cross Mettawee River . 

0 . 35 Intersection with County Rte 
straight, north to Whitehall . 

1 2 .  

1 . 6  Intersection at light with US Rte 4 .  
right . Follow Rte 4 .  

Go 

Turn 

73 . 4  6 . 15 Cross Poultney River (NY - Vt border ) .  

74 . 75 

75 . 05 

7 7 . 65 

78 . 15 

78 . 65 

79 . 0  

79 . 25 

79 . 5  

79 . 85 

1 . 35 

0 . 3  

2 . 6  

0 . 5  

0 . 5  

Beginning o f  ramp for Exit 2 
Vergennes ) .  Take this exit . 

(Fairhaven , 

Turn left at stop sign onto Vt Rte 22A 
going north. 

Pass junction ( to left , we.st) with West 
Haven Road. 

Drive into parking area on WEST side of 
road and park. 

STOP 6 - IMBRICATED MIDDLE ORDOVICIAN 
CARBONATES AND MELANGE. 

Turn and go back south on Vt 22A to West 
Haven Road . 

Turn right onto West Haven Road. 

0 . 35 Turn right at dirt road with saw mill sign 
at corner . 

0 . 25 Drive to quarry entrance - park before 
entrance . (Permission REQUIRED - ask at 
house halfway along dirt road ) . 

STOP 7 - BOSS HOGG ' S  QUARRY - DEFORMATION 
IN PROVIDENCE ISLAND FORMATION CARBONATES . 

0 . 25 Return to West Haven Road . Turn left. 

0 . 35 Stop sign at intersection with Vt Rte 2 2A .  
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82 . 45 2 . 6  

Turn right . 

Pass under US Rte 4 .  
Rte 22A. 

Continue south on Vt 

82 . 8  0 . 35 Turn left just before Getty gas station. 
Follow street east . 

83 . 4  0 . 6  Stop sign at flashing red light . Turn left 
onto Scotch Hill Road.  

83 . 75 

87 . 75 

87 . 95 

0 . 35 Pass over US Rte 4 .  

4 . 0  

0 . 2  

Road reaches bottom o f  hill next to south 
shore of Glen Lake . 

STOP 8 -' SCOTCH HILL SYNCLINE - POULTNEY 
SLATES . PERMISSION REQUIRED . NO HAMMERS . 
ASK · AT HOUSE DIRECTLY ACROSS THE ROAD FROM 
THE OUTCROP . 

Return to the flashing light at the end of 
Scotch Hill Road in Fairhaven either by 
retracing the route above , or by continuing 
along the paved road without turning 
aroun d ,  as detailed below. 

88 . 1  0 . 1 5 Pass entrance t o  Lake Bomoseen State Park. 

89 . 55 

9 1 . 55 

92 . 05 

1 . 45 Sharp right turn . Road runs from here 
along the shore of Lake Bomoseen . 

2 . 0  

0 . 5  

Pass under US Rte 4 .  

T-intersection with Rte 4A ( old US 4) . 
Turn right . 

93 . 6  1 . 55 Flashing red light at end of Scotch Hill 

94 . 35 

95 . 95 

104 . 14 

106 . 3  

106 . 65 

Road . Turn left , following Rte 4A.  Go 
through centre of Fairhaven . 

0 . 75 At bottom o f  hill , branch onto Vt Rte 2 2A ,  
which goes up a short , steep slope t o  a 
railroad crossing . Continue south on Rte 
2 2A .  

1. 6 Cross Poultney River - NY-Vt border . 

8 . 2  Cross Mettawee River . 

2 . 15 Intersection in Middle Granville . Continue 
straight on Rte 22A. 

0 . 35 Intersection at stop 
light with NY Rte 22 . 
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109 . 7  

1 10 . 4  

1 1 1 . 1  

1 28 . 2  

136 . 3  

136 . 7  

137 . 0  

138 . 05 

138 . 25 

138 . 35 

139 . 7  

140 . 65 

141 . 65 

144 . 0  

144 . 25 

1 44 . 45 

1 44 . 75 

153 . 55 

3 . 05 North Granville . 

0 . 7  

0 . 7  

17 . 1  

8 . 1  

0 . 4 

0 . 3  

Follow straight onto County Rte 1 7  at fork 
in road where Rte 22 turns to right . 

Intersection with NY Rte 40 . Turn left. Go 
south on Rte 40 . 

Sharp left turn at stop sign and junction 
with NY Rte 197 in Argyle . 

Pass entrance to Sprague Town Road on left 
(east ) . 

Rte 40 enters a gentle curve to the right . 

Turn right into Bald Mountain Road at the 
beginning of the next curve ( t o  the left ) . 

1 . 05 Y-intersection . Bear right onto Lick 

0 . 2  

0 . 1  

Spring Road .  

Dirt track forms entrance to right into old 
quarry . Park on verge before or after 
entrance .  

STOP 9 - BALD MOUNTAIN QUARRY . 

Continue on Lick Spring Road . 

Turn around at junction with dirt road . Go 
back past quarry entrance . 

1 . 35 Return to NY Rte 40 . Turn right . 

0 . 9 5  Junction ( stop sign) with N Y  Rte 29.  
right . 

Turn 

1 . 0 Junction 
south. 
2 9 .  

with continuation o f  N Y  Rte 4 0  to 
Continue straight west on NY Rte 

2 . 35 Cross Hudson River . 

0 . 25 Pass scene of J .  Burgoyne ' s  surrender ( on 
right) . 

0 . 2  

0 . 3  

8 . 8  

Turn right at traffic 
Schuylerville . 

Turn left at traffic light. 
29 . 

light in 

Follow NY Rte 

( Entrance to I-87 North on right , to 
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Montreal) . 

153 . 75 0 . 2  Cross under Northway ( I-87 ) . 

154 . 1 0 . 35 Turn left off Rte 29 to find entrance to 
I-87 South ( or continue west on Rte 29 to 
reach center of Saratoga Springs ) .  

155 . 0  0 . 9  Turn left at junction with NY Rte 9P . 

155 . 2  0 . 2  Turn right onto slip road for I-87 South. 
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