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ROCKS AND PROBLE�S OF THE SOUTHEASTERN ADI RONDACKS 

PH I L I P  R .  WHITNEY 
G e o l o g i c a l  S u rvey , New Y o r k  S t a t e  M u s eum* 

Purpose of the Trip 

Th i s  t r ip is a roadcut t o u r  of the e a s t e r nmost f a u l t  b l o c k  
of P r o t e r o z o i c  r o c k s  i n  t h e  S o u t he a s t e r n  Adi rondack s ,  and h a s  
two m a j o r  purpo s e s . F o r  beg inne r s  in A d i rondack g e o l o g y , the 
t r i p w i l l prov ide an i n t r o d uc t i on to the ma j o r  r o c k  ty p e s  o f  
the a r e a ,  as wel l a s  to many of t h e  cha r ac t e r i s t i c  s t r u c t u r al 
f e a t u r e s . F o r  t h e  a d v a n c e d  s t u d e n t  o r  p r o f e s s i o n a l , t h e  
emph a s i s  w i l l  b e  on the nume r o u s  u n s o l v ed o r  pa r t i a l l y  s o l v ed 
p r o b l ems p r e s ented by t h e s e  e x t r eme l y  comp l e x  r oc k s . 

Introduction 

Th i s  a r t i c l e  i s  not a r ep o r t  on a f i n i sh ed p r o j e c t ,  b e c a u s e  
t h e  w r i t e r  b a s  n o t  d o n e d e t a i l e d  m a p p i n g  i n  the a r e a . The 
d i s c u E s ion th e r e f o r e  con s i s t s  l a r g ely of p r e l im ina ry de s c r i p
t i v e  m a t e r i a l ,  b a E e d  o n  a few r econna i s sance t r av e r s e s  by the 
w r i t e r  a n d  c o l l e a g u e s , p l u s  m o r e  d e t a i l e d e x am i n a t i o n  o f  
t h e  r o c k s  a t  t h e  s c h e d u l e d  s tops , and s ome very prel i m i n a ry 
pet r o g raph i c  wo r k .  P r e v i o u s  w o r k  in the a r ea i n c l u d e s  mapp i ng 
by H i l l s  ( 1 96 5 )  i n  tbe s o u t h e r n  p a r t  o f  the P i n n a c l e  Range , and 
by Be r ry ( 1 9 6 1 )  in the p o r t i o n s  of the W h i t e h a l l a n d  P u t n am 
q u a d r a n g l e s  W and N of the t r i p · a r e a . 

Location 
The r o c k s  seen on th i s  t r ip a r e  e xposed in r o ad c u t s  a l o n g  

R o u t e s  4 a n d  2 2  i n  t h e  F o r t  A n n  and W h i t e h a l l  7 1/2 m i n ut e  
q u a d r a n g l e s . T h e y  a r e  p a r t  o f  a t i l t e d f a u l t  b l o c k  o f  
P r e c a m b r i a n  r oc k s  at the s o u t h ea s t e rn e d g e  of the Adi rondack 
H i ghlands , wh ich h a s  been c a l l ed the P i n n a c l e  Ra n g e  by B i l l s  
( 1 9 6 5 ) . The e a s t e r n  s i d e  o f  t h i s  b l o c k  i s  c l o s e  to the contact 

w i. t b  ove r l y i n g  P a l e o z o i c  r o c k s ;  the u n c o n f o r m i t y i t s e l f  i s  
exposed at s top 3 .  

*Con t r ibution numbe r  4 6 2  o f  the New Y o r k  S t a t e  S c i e nce S e rv i c e  
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Rock Types 

1 .  "Gray Gneisses" .  This is  an ext remely hete rogeneous group 
of gnei s ses in wh ich the characteris tic mineral assemblage 
is  bioti te-qua rtz-plagioclase , with widely va rying amounts 
o f  K f e l d spa r , h o r nb l end e , py r o xene , ga rnet and s i l l i 
manite . Retrograde chlorite i s  l ocally presen t .  The g r ay 
g n e i s s e s  f o r m  a c o n t i n u um r a n g i n g  f r om e s s e n t i a l l y  
g r a n i t i c  o r  cha rno c k i t i c  gne i s s e s  a t  o n e  e x t r e m e  t o  
a l uminum- r i c h  metap e l i t e s  a t  the oth e r . M o r e  work i s  
needed before these rocks can b e  subdivided into consis
tent mapping u n i t s . The r o c k s  have cha racte r i stically 
strong c ompo s i t iona l , b a n d i n g  and a r e  dominantly g r ay .  
Most are migmat ites with varying amounts of whit e-to-pink 
quartzofeldspathic l eucosome . Whe t h e r  t h e s e  m i g ma t i t e s  
o r iginated by partial melt ing o r  by metamo rphic d i ffe ren
tiation , they appear to be early s ince the l eucosomes have 
b e e n  i n v o l v e d  i n  a l l  r e c o g n i z e d p h a s e s  of f o l d i ng . 
Garnet-bea r ing g ray gne isses are  refer red to as k inzigites 
in some of the Adi rondack literatu r e .  

2 .  Metapelites . In add ition to the aluminum- r ich ( ga rnet + 
s i l l imanite bearing) gray gne isse s ,  a still  mo re aluminous 
metapel i t e  a l s o  is common in the s o u t h e a s t e r n  A d i r o n 
dack s .  The dominant m i n e r a l s  a r e  q ua r t z , K f e l dspa r ,  
s i l l iman ite and garne t ,  the latte r hav i n g  a d i s t inct ive 
l av e n d e r  c o l o r . B i o t i t e  and p l a g i o c l a s e  a l s o  may b e  
present i n  small amounts . Graphite c ommonly i s  present , 
l o c a l l y in m a j o r  amounts . Th is roc k ,  cal led the "Hague 
Gne iss"  in All ing ' s  ( 1 9 2 7 )  init ial attempt at stratigraphy 
in the Ad i rondac k s ,  is often associated with a graphite
r ich unit cal led the "Dixon s ch i s t " , wh ich has been m ined 
for graphite at nume rous locations in the SE Adi rondacks . 
Wh i l e  c ommon i n  the S E  Ad i r ondack s ,  t h e s e  a l u m i no u s , 
g r aph i t i c  metape l i t e s  a r e  o n l y  known i n  spo r adic thin 
laye rs elsewhe r e  in the Adi rondack Highlands and No rthwest 
Lowland s .  

3 .  Ma rbles . Marbles in the southeastern Adi rondacks compr ise 
both calcitic and dolomitic  varieties , both commonly with 
numerous tectonic inclus ions . Cal c s i l i cate m ineral assem
b l a g e s  gene r a l l y  a r e  cons i s t ent w i t h  g r an u l i t e  facies 
m e t am o r ph i s m ,  b u t  s o m e  d o l o m i t i c  m a r b l e s  r e g i s t e r  
anoma l o u s l y  l ow metamo rph i c  tempe r a tures . The ma rbles 
exposed at stop 7 a r e  o f  t h i s  type , and may b e  e i t h e r  
Precambr ian marbles tectonically remobi l i z ed a t  relat ively 
low temperatu res , or Paleozoic dolostones inte r leaved with 
P r e c a m b r ian g n e i s s e s  du r ing  the T a c o n i c  even t .  T h i s  
problem c u r r e n t l y  i s  u n d e r  inve s t i ga t i o n , and w i l l  b e  
d i s c u s s e d  a t  s t o p  # 7 . The marble laye rs , based on the 
abundance of rotated inclus ions and local crosscutting of 
f o l i a t i on in the ad j acent sil icate rocks , may have been 
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z o n e s  o f  s ub s t an t i a l  s h e a r  d i s p l a c eme n t , " l u b r i c a ted"  
by the easily rec rystal l iz ed carbonates . I t  is signi f i 
c a n t  that t h e  c a r bonate r o c k s  r a r el y  s how the extreme 
grain s i z e  reduction frequently obse rved in almost all of 
the sil icate rock s .  

4 .  Qua r t z i tes . L i k e  the metape l i t e s ,  qua rtz ites also are  
mo re common in the southeastern Ad i r ondack s  than elsewhe r e  
i n  the region.  These quartz ites a r e  commonly quite pure 
(:> 9 0 %  q u a r t z ) w i t h  m i nor fel dspa r ,  garnet , s i l l iman i te , 
biotite,  chlor ite and muscovite . They occ u r  both as thick 
units ( 3 0- 1 0 0  m ,  e . g .  Step 1 0 )  and also as thinner bands 
inte rlayered or inte rleaved with other rock s .  

5 .  Grani t i c  and Cha rnock i t ic Gnei sses . Qua rtz ofeldspathic 
gne isses of g rani tic  ( sensu lato)  c omposition are abundant 
in the supracr ustal rocks throughout the Adi rondack H i gh
lands 1 volumetr ically they are  relatively less impo r t an t  
i n  the BE . These rocks can b e  roughly divided into f ive 
catego r i e s :  

( a )  H o r nblende g r anitic  gne i s se s :  qua r tz - 2 feldspa r  -
h o r n b l e n d e  ± b i o t i t e  ± c l i n o p y r o x e n e  ± g a r ne t  
gne is ses 1 commonly pink , g ray o r  wh i t e .  

( b )  C h a r n o c k i t i c  g n e i s s e s :  q u a r t z  - 2 f e l d s p a r  -
ho rnblende - c l i nopy roxene - or thpyroxene ± biotite ± 
ga rnet rocks . Except for  the presence of opx and a 
gene rally sl ightly lowe r quartz  content , these rocks 
closely resem b l e  the h o r nb l ende g r a n i t i c  g n e i s s e s  
m i n e r a l o g i c a l l y .  T h e  difference i n  some cases may 
result fr om no mo re than a difference in the metamo r
p h i c  fluid phase ,  with co2-r ich fluids favo r ing the 
cha r no c k i te a s s em b l a g e  ( N ewton and H a n s e n  1 9 8 3 ) . 
O u t c r op-scale g radations between the two a re common 
in the Adi rondacks . Charnock ites have a character is
t i c  g r e e n i � h  c o l o r ,  p r ob a b l y  r e s u l t i ng f r om l a t e  
development o f  chlorite along g r a i n bound a r i e s  and 
m i c r o c r a c k s  in the f e l d s pa r s  ( O l i v e r  and S c h u l t z  
1 96 8 )  • 

( c )  B i o t i t e  g r an i t i c  gne i s s e s : q u a r t z  - 2 f e l d s p a r  -
b i o t i t e  ± h o r n b l e n d e  ± g a r n e t  g ne i s s e s .  W h e r e  
st rongly fol iated , these may g r ade into K-fel d s p a r 
r i c h  g r ay gne i s s e s  and migmat ites . Among the more 
mass ive biotite granitic gn e i s s e s , one d i s t i n c t i ve 
fac ies conta ins abundant K-feldspa r  megac ryst� , wh ich 
have been i n t e r p r e t e d  e l s ewhe r e  as e i t h e r  r e l i c t  
phenocrysts o r  a s  porphyr obl ast s .  

( d )  L e u c o g r a n i t i c  g n e i s s e s . T h e s e  a r e  q u a r t z  - K 
f e l dspar gne is ses with a va r iety of minor accessory 
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minerals , commonly including magnetite . Thes e  rocks 
o f t e n h a v e  a s u g a r y  g r a n o b l a s t i c  t e x t u r e a n d  
p r om i nent amph i b o l i t e  i n t e r:laye rs . An albite-ri.ch 
facies , pos sibly or ig inating as an analc i te tuf f ,  is 
present local ly . 

Among the above , on this t r i p  we will  see a st rongly 
deformed, leucocratic biot ite granite gne iss ( stop 5 )  and 
a charnockitic gneiss ( s top 7 ) . 

Anorthosite Suite . Meta-ano rtho s i t e ,  ano rthosite gne i s s ,  
gabb r o i c  ano r t h o s i t e  gneiss , and assoc i ated gneisses o f  
ferrog rabbro and fer r o d i o r i t e  c ompos i t i on a r e  o f  w i de 
s p r e a d  o c c u r r e n c e  i n  t h e  A d i r o n dac k s .  P o c k s  of the  
ano rthos ite su ite unde r l i e  much of the H i g h  P e a k s  a r e a ,  
a n d  a l s o  a r e  abundant i n  the  C e n t r a l  H i ghlands n e a r  
Speculator and Indian Lake . Smal le r , sill-like bodies and 
l e n s e s  of meta-ano rthosite occur l ocally throughout much 
of the Adi rondacks . The larger bodies are mar ked by large 
n e g a t i v e  g r av i ty a n oma l i e s . In the  S E  A d i r ondac k s ,  
scatter ed outc rops of h i ghly deformed ano rthositic gne iss 
occur along the west s ide of the Pinnacle Fange , and near 
Fort Ann ( stop 1 ) . A larger meta-ano rthosite body exists 
j ust to the W en Buck Mtn . adj acent to Lake George . The 
pr esence of a gravity low cent e r ed near Wh i t eha l l ,  w i t h  
d i m e n s i o n s  c ompa r a b l e  t o  tho s e  a s s oc i a t e d  w i t h  l a r g e  
anorthosite bod i es el s ewhe r e ,  s u g g e s t s  t h e  p r e s en c e  o f  
ano r thos i t e  i n  t h e  subsurface i n  this region . Anortho
s ites are plagiocl a s e- r i c h  r o c k s  ( an o r th o s i t e  s t r i c t l y  
def ined contains 90%  o r  mo re o f  plag ioclase)  with varying 
amounts of cl ine- and o r t ho-py r o x e n e , g a r n e t  and ho r n 
bl ende , as  w e l l  as  occas ional minor quart z .  Felatively 
undeformed meta-an o r t h o s i t e  o f t e n  c o n t a i n s  a b u n d a n t  
andesine megacrysts : these are only rarely present i n  the 
hi ghly defo rmed anorthositic gne isses in the t r ip area . 

Ol iyine Metagabbros . These rocks occur in numerous bodies 
t h r o u ghout the Eastern and Cent ral Adi rondack Highlands , 
rang ing from a meter or  two up to seve ral kilome t e r s  i n  
l a r g e s t  d imen s i o n .  They common l y  s how r e l i c t  igneous 
( cumulate or diabas ic)  textures in the in t e r i o r s  o f  the 
larger bodies . Primary igneous minerals are  plagioclase , 
olivine and inte rcumu lus cl inopy roxene. Under hand l ens 
o r  m i c r o s c o p e , t h e y  e x h i b i t  " c o r o n a "  s t r u c t u r e s  o f  
metamorph ic m ineral s .  These multi laye r reaction r ims are  
of two general types . One cons ists of  layers of py roxene 
and ga rnet between olivine and plag ioclas e :  the other of 
layers of biotite,  hornbl ende and garnet betweeen ilmenite 
and plag i oclase (Whitney . and McLelland 1 97 3 , 1 9 83 ) . The 
l a t t e r  type appea r s  as  p r o m i n e n t  d a r k  spots on b o th 
weathe red and broken sur faces . These rocks , many of which 
are actually metatroctol ites , appear quite mafic at f i r s t  
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g l a n ce , but  n o r ma l l y  c o n t a i n  5 0 - 8 0 %  p l a g i o c l a s e . The 
p l a g i o c l a s e  i s ,  howev e r , d a r k  w i t h  a c h a r a c t e r i s t i c  
gray-green color  result ing f rom fine-grained ( 1-5 micron)  
s p i n e l  i n c l u s i o n s . T h e s e  i nc l u s i on s  f o rm w i th i n  t h e  
p l a g i oclase dur ing metamo rph ism acco rding t o  the partial  
reaction . 

Plagioclase + Mg2+ + Fe2+ + Na+ = 

Spinel + �o r e  Sadie Plagioclase + ca2 + . 

This pa rtial r eac t i on i s  a p a r t  o f  the  c ompl ex m u l t i 
var iate react ions responsible for the coronas (Wh itney and 
�cLelland 1973 , 1 9 83 ) . These rocks a r e  best displ ayed at 
s t o p  8 ,  but finer grained , pa rtly rec rystal l i z ed equ i va
lents form the large lenses at stops 4 and 5 .  Photom i c r o
g r aphs o f  t h i n  s e c t i o n s  o f  t h e s e  r o c k s  w i l l  be pas sed 
a round dur ing the t r i p .  

B . Mafic granulites and amphibolites . This dive rse group of 
r o c k s  i s  c ompo s e d  l a r g e l y  o f  p l a g i o c l a s e  a n d  m a f i c  
m i n e r a l s ,  the l at t e r  i n c l u d i n g  v a r y i n g  p r o po r t i ons of 
h o r n b l e nd e , b i o t i t e , c l i nopy r o x e n e , o r thopy r ox e n e  and 
g a r n e t . L e s s e r  amo u n t s  of qua r t z  and K f e l d spa r a r e  
locally pr esent. The r e l a t i v e l y  c ompetent behav i o r  of  
these r o c k s , espec i a l l y  the q u a r t z -f ree va r ieti es , has 
resulted in their common presence as boudins and lenses as 
w e l l  as l aye r s .  Note the c o n t r a s t i n g m i n e r a l ogy and 
texture of diffe r ent maf i c  b od i e s  even w i t h i n a s i n g l e  
o u t c r op ( s tops 2 ,  4 ,  7 ) . These may represent different 
ages of ma fic in t ru s iv e s . R e l i c t  i g n e o u s  tex t u r e s  a r e  
c ommo n l y  p r e s erved i n  the la rge r bodie s .  Some of these 
mafic  rocks a r e  visi bly gradational into olivine metagab
b r o s .  T h o s e  a m p h i b o l i t e s  a n d  m a f i c  g r an u l i t e s  n o t  
clearly assoc iated with the ol ivine metagabbros may repre
s e n t  m a f i c  v o l c a n i c s  in t h e  s u p r a c r u s t a l  s e q u e nc e ,  
pr e-metamorphic dikes or  si l l s ,  or  maf ic memb e r s  o f  the 
ano rthosite suite . 

Ductile Deformation 

The rocks of the P innac le Range , l i k e  many in the south
e a s tern Adirondack s ,  show abundant evidence of seve re duct ile  
deformat ion . At least three gene rat ions of  folds that fold an 
e a r l i e r  fol i a t ion have b e e n  r e p o r ted i n  t h i s  p a r t  o f  t h e  
Adi rondac ks ( M c L e l l a nd and I s a c b s e n  1 9 8 0 ) . T h e s e  c ompr i s e  
isocl inal , ove rtu rned t o  recumbent folds with E t o  SE t r ending 
a x e s  ( F 2 )  i n c l u d i n g  l a r g e , r e g i on a l  nappe l i k e  s t r u c t u r e s . 
Th ese  a r e  f o l ded by m o r e  o pen , gene rally upr ight folds (F3 ) 
w i th axes parallel or subparallel to F2 . A later gene ration of 
open , upr ight folds ( F 5 )  has N to NE-trending axes . Ca refu l ly 
o b s e r v e  evi dence f o r  f o l d ing o n  t h i s  t r i p ,  and de t e r m i n e  

51 



whethe r i t  can be f itted into this gene ral conceptual frame
wo r k .  

A t  l e a s t  the e a r l i e s t  f o l d s  have been ov e r p r i n t e d  by 
intense ductile  shea r ing that r e f l e c t s  a p e r iod o f  r eg i o n a l  
r o t at i o nal s t r a i n .  Th i s  i s  r e c o r ded i n  the  r o c k s  b y  t h e  
development of enhanced f o l i a t i o n , g r a i n  s i z e  r e d u c t i o n  
( my l o n i t e  z o n e s  a r e  a bundant i n  the S E  A d i rondack s )  and 

wi despread occ urrence of stretching l ineat ions . These l i nea
t i ons a r e  most commonly expres sed as quartz r i bbons ( e . g .  at  
stop 5 ) , but l ineat ions def ined by streaks of mafic m inerals or 
by o r iented elongate minerals ( e . g .  s i l l imanite at s top 6 )  also 
are  common.  The l ineations gene rally are  par al l el to F2 fold 
axe s ,  possibly as a result of rotation of the folds into the i r  
present positions during the . rotational strain event ( McLel land 
1 9 8 4 ) . A ma j o r  t h r u s t  f a u l t  mapped by B e r ry ( 1 9 6 1 )  in the 
Pu tnam quad r angle j u s t  NW of the  t r i p  a r e a ,  p r o b a b l y  i s  
assoc iated with this event.  Another ma j o r  th rust ( o r  the same 
one downfaulted by l a t e r  no rmal f a u l t s )  h a s  been mapped by 
T u r n e r  ( 1 9 8 4  pe r s .  comm . ) in the Silver Bay quadrangle j u s t  
west o f  Lake George . In  both places charnoc k itic gne isses have 
been thrust over metasedimentary rocks similar to those seen on 
t h i s  t r i p .  S t r a i n  i n d i c a t o r s  s u c h  a s  r o t a t e d  f e l d s p a r  
porphy r o c l a s t s , s u g g e s t  a S F -ove r-NW sense of rotat ion .  No 
unambiguous indicators have been found to date in the immedi ate 
t r i p a r ea , but e l s ewhere in the SE Adi rondacks the sense is  
clea r .  This maj o r  strain event may have coinc ided in time with 
the devel opment of the Carthage-Colton mylonite zone in the �� 
A d i r o nda c k s ,  and both may be a s s oc i a t e d  w i t h  a d o u b l i n g 
of the cont in ental c r u s t  by the thru sting of one ( o r  mo r e )  
t h i c k  s l abs of c r u s t  o v e r  t h e  t e r r a i n  n ow exposed in the 
Cent r a l  Ad i r ondack H i gh l ands (Wh itney 1 9 83 ) . There is also 
evidence of a later period of shear ing at much lower tempe ra
t u r e s ,  po s s i b l y  co inc iding with Tacon ic deformation wh ich is 
recorded in the Paleozoic rocks j us t  to the Fas t .  Th is later 
movement , wh ich may have remob i l i z ed pre-ex isting shear zones , 
will be discussed at stops 4 ,  7 and 1 0 .  

Metamorphism 

Ve ry prel iminary obse rvations point to the super imposition 
of at least three per iods of metamorphism in the southeastern 
Adi rondacks . The f i rst is an ea rly , shal l ow contact metamor
phism ( B o hl e n ,  et al . 1 9 85 )  associ ated with the intrusion of 
the ano rthosite suite.  This is represented by the cal c s i l i 
c a t e s  a d j a c e n t  t o  t h e  m a f i c  g n e i s s  ho r i z on a t  s top # 7 .  
T h e  i n f e r r e d o r i g i n a l  a s s e m b l a g e  g r o s s u l a r - d i o p s i d e 
wol lastonite in thi s rock is  the same as that wh ich occurs in 
much larger deposits close to the contacts of the main anortho
s i t e  m a s s i f  i n  the n o r t h e a s t e r n  Ad i r onda c k s . The s econd 
metamorphic event was the reg ional hornblende gr anulite facies 
metamorph ism which has affected the ent i r e  Adi rondack region.  

5 2  

i .  

l 

l 
i 
Leo r 
r l .  
l . 

r r 



Tempe ratures and pressures in this event ranged from about 6 5 0° 
and 6 . 5 to 7 kb in the northwest lowlands to close to 8 0 0° and 
7 .  5 to 8 kb in the Central Highlands ( B oh l en , e t  a l . 1 9  8 5  l . 
Few spec ific data a r e  ava ilable for  the SE Adi rondacks , but the 
general patte rn of pressures and tempe ratures in the  A d i r on
d a c k s  as a whole  as o b t a i n e d  by B o h l en a n d  c o-wo r k e r s  i s  
consi stent with P and T in the SE Adi rondacks s omewhat l owe r 
than in the Central Highlands but still  wel l  within granu l i t e  
fac ies l imits . Fecent work by Glass ley (pe r s .  comm . 1 9 8 5 , see 
di scussion under  Stop 5 )  indicates that metamo rphic temperature 
here may have been as high as 8 1 0  � 4 0° c at pressures of  7 . 5  ± 
0 . 5  kb .  Th is is  consistent w i th the mineral assemblages found 
in the anorthositic gnei sses ( s top U l , charnoc k itic gne i s ses 
(stop # 7 ) , oliv ine metagabb r o s  ( s t ops # 5  and # 8 )  and met a 

pel i t e s  ( s tops # 6  and # 9 ) . A thi rd , retrograde metamo rphism 
has af fected some , but not a l l , o f  the r o c k s  in t h i s  a r ea . 
G r een  g n e i s s e s  i n t e r l a y e r e d  w i t h  t h e  q u a r t z i t e  a t  s t o p  1 0  
locally conta in chlor ite , epidote , and muscovite . Qua rtz ofeld
spathic my l o n i t e s  on W e s t  M o u n t a i n  conta i n  abundant , well
crysta l l i z ed chlo r i te pa rallel to  the fol i a t i o n . U l t r a ma f i c  
l enses i n  the maf ic gnei s ses a t  stop 4 contain a relativel y low 
temperature mineral assemblage (chlor ite-act inol ite-serpentine
tal c )  also suggesting ret rograde metamo rph ism.  Other rocks , 
however ,  show no clear evidence of retrogres s i o n , a s i d e  f r om 
l o c a l  devel opment of chlor ite . If the retrograde effects a r e  
not attr ibutable t o  hyd rothe rmal activity n e a r  l a te , b r i t t l e  
f a u l t i ng ( a n  hypothes i e  that needs to be tested by detailed 
mapping ) they may r eflect a second pe r i od of movement at l ower 
tempera tures , in the high strain zones . This movement may have 
been loca l i z ed in the qua rtz- and carbonate- r i c h  r o c k s . On e  
c u r i o u s  f a c t  which supports the latter  interpretation is  the 
presence of dolomi tj c ma rbles a.t stop 7 wh ich conta in angular 
fragments , some of them polyc rys tal l i n e ,  of quartz in unreacted 
co n t a c t  w i t h  d o l om i t e .  Th i s  c o u l d  b e  e x p l a i ne d  by a l a te 
s t r a i n  e v e n t  l o c a l i z e o in the ma r b l e ,  at r e l a t i v e l y  l ow 
tempe rature , dur ing which f r agments of qua r t z - r i c h  r o c k  w e r e  
en t r a i n e d  i n  the rapidly defo rming marble . Elsewhere i n  the 
area where less ma rble was ava i l a b l e s t r a i n  a s s o c i a t e d  w i t h  
t h i s  l a t e ,  po s s i b l y  Ta c o n i c  event may have been l o c a l i z ed 
instead in qua rtz-r ich uni ts , with simultan e o u s  f o r m a t i on o f  
retrog r ade chlor ite pa ra llel o r  subpa rallel t o  the pre-exis ting 
fol iat ion . 
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Miles 
from 
Start 

0 

ROAD LOG 

E x i t  2 0  on N o r t hway . E x i t  and t u r n  L ( No r th )  on 
Route 9 .  

0 . 6  Jet .  of 9 and 1 4 9 . Take R ( East)  on 1 4 9 .  

1 0 . 6  Outcrops of Camb ro-Ordovic i an Beekmantown ca. rbonates . 

1 2 . 4  J e t . o f  1 4 9  a n d  . 4  i n  F o r t  Ann V i l l age . T a k e  L 
(North) on 4 .  As you leave the vil lage , notice the 
range of hills straight ahead . The eastern slope is 
a dip slope on a fau lt bl o c k  of P r e c amb r i an r o c k s  
( k nown a s  the Pinnacle Range)  bounded on the West by 
the Welch Hol low Fault ( H il l s ,  1 9 6 5 ) . The Paleoz oic 
r o c k s  p r e v i o u s l y noted a r e  on the  down t h r own (W)  
side . Th is is  the easternmost of several such fault 
b l o cks , all  showing a gentle , reg ional eastwa rd dip 
of 1 0 - 1 5 ° on the P r e c amb r i a n  r o c k s  and ove r l y ing 
Paleoz oics . The eastern s lope of th is block is  a dip 
surface close to or at the unconformity , wh ich will  
be  seen in  outc rop at Stop 3 .  Is  the tilt  of  t h i s  
su rface a result o f  a rotation of the fault blocks , 
or a reflect ion of the Te rtia ry-Recent doming of the 
Adi rondacks ( I sachsen 197 5 ) ?  

13 . 2  Stop U .  Turn into pa rk ing area on R ( S E )  side of 
r o a d  a n d  c a u t i o u s l y  c r o s s  r o a d  to o u t c rops on 
opposite side.  A plaque on the face of the outc rop 
commemo rates the Battle of Fo r t  Ann (July 8 ,  1 7 7 7 ) . 
The rocks here are  intensely foliated and f r actu r e d  
r e p r e s e n t atives o f  the anor thos i te suite . Although 
the c h a r a c te r i s t i c  and e s i n e  megac r y s t s  f o u n d  i n  
anorthosites elsewhere in the Adi rondacks are absent 
h e r e ,  t h e y  c a n  b e  f o u n d  s po r a d i c a l l y  i n  o t h e r  
outc rops al ong the West s ide of the Pinnacle Range . 
Minerals in the anorthos ite at th is stop cons ists of 
r e c ry s t a l l i z e d  and s e r i c i t i z ed p l a g i o c lase , horn
b l e nde , c l i nopy r ox e n e  and g a r n e t . L a r g e  g a r n e t s  
(please do not sample )  are  sur rounded by leucoc r atic 
haloes which locally obl iterate the fol iat ion , which 
suggests that the ga rnet g rew at the expanse of maf ic 
m i n e r a l s  which d e f i ne the f o l i a t i on , and that it 
pos tdates at least the f i rst deformat ion . 

At the  e a s t e r n  end o f  the  outcrop is  a l a rge 
mass of gabbroic r ocks (pl a g i oc l a s e -c l i nopy r ox e n e -
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g a r n e t-i lmenite ) wh ich displays l i ttle o r  no fol i a
t i o n , a n d  a r o u n d  w h i c h  t h e  f o l i a t i o n  i n  t h e  
a n o r t ho s i t i c  gne i s s  is  def lected . Al s o  pres ent in 
the outc rop are a b r eccia z on e  and nume r ou s  closely 
spaced f ractu res with a gene ral northeaste rly trend ; 
a maj o r  high angle fault may exist r oughly paral lel 
to the r oad. 

1 3 . 4  Outcr ops in woods to L of road are  coarse  marble with 
numer ous detached and rotated blocks of amph i b o l i t e  
and gneiss a round wh ich the fol i ation o f  the marble 
is  wrapped . 

1 3 . 9  Flat Rock Rd . on R .  

1 4 . 0  Stop # 2 .  Foadcut on R ( S E )  s ide of road . St rongly 
f o l i at ed q u a r t z - 2 f el d spa r-py r o x en e - h o r n b l e n d e
g a r n e t  g n e i s s e s ,  ± b i o t i t e . L e u c o c r a t i c  bands 
contain numerous pyroxene megac rysts , both cline and 
o r tho , t h e  l a t t e r  s h o w i n g  c h a r a c t e r i s t i c  r u s ty 
w e a t h e r ing c o l o r . T h e s e  r o c k s  a r e  c l o s e  to t h e  
cha r n o c k i t i c . e nd o f  the  m i g m a t i t i c  g r ay g n e i s s  
spectrum . Note the pr esence of at least two types of 
amph i bo l i t e . One i s  r e l a t i v e l y  co a r s e  g r a i n e d , 
b o u d i naged and i n j e c t e d  with leucoc ratic veinlets . 
The foliat ion with in the boudins is locally t runcated 
b y  t h a t  i n  t h e  e n c l o s i n g  g n e i s s e s . T h e  o t h e r  
amphibol ite i s  da r k ,  f ine-gra ined,  biot ite-r ich , and 
lacks the leucocratic veining and prominent fol iation 
o f  the c o a r s e r  amph i b o l i t e . The f i n e - g r a i n e d ,  
m a s s ive amph i bolite  fo rms a megaboudin or recumbent 
fold (which is  i t ? )  near the center of the cut . Do 
these amph ibol ites r ep resent one , two , or mo re gener
at ions of maf ic int rusives? 

1 4 . 2  

Nume rous complex minor folds are  present within 
the  gn e i s s e s ; a l s o  o b s e r v e  t h e  w a r p i n g  o f  t h e  
fol iation by large r ,  open folds . Measu r e  and r ec o rd 
l ineations and attempt to r e l a t e  them to the f o l d  
a x e s  o f  both type s .  I s  mo r e  than o n e  l i nea t i on 
present in these rocks? 

Th i n , f o l d ed dark bands near the N end of the 
cut are  a peculia r , f ine g r a ined carbonate-rich rock 
with poorly o r iented bioti t e .  

Stop #3 . Tu rn o f f  m a i n  road and pa rk on dead end 
road which leads downhi l l  towa rd the Champlain Canal . 

The outc rop on the R s i de of Rte . 4 j u s t  beyond the 
i n t e r s e c t i o n  e x p o s e s  t h e  u n c o n f o r m i t y  b e tw e e n  
Proterozoic and Paleozoic r o c k s  ( m i s s i n g : r o u g h l y  
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500  million years of the geologic reco r d ,  and 2 0-25  
km of  Proterozoic r oc k ) .  The Pal eoz o i c  r o c k s  h e r e  
a r e  c o a r s e  a r k o s i c  s a n d s t o n e s  and q u a r t z -pebb l e  
c o n g l ome r a t e s  o f  the Camb r i a n  P o t sdam F o r ma t i on , 
l o c a l l y  w i t h  ca rbonate cement . Measu r e  the s t r i k e  
and d i p  of the unconformity surface , and c ompar e  thi s  
with the 10-15° easterly s lope o f  the fault block as 
obse rved driv ing N out of Fort Ann . 

Observe the lack of evidence for deep weather ing 
of the Precambrian rocks beneath the contact , and the 
a b s e n c e  o f  a pa l eo s o l  l a ye r . T h i s  s u g g e s t s  d e ep 
eros ion and scour ing ( by waves? ice? ) shortly before 
deposition of the Potsdam . 

Wa l k  a few m e t e r s  a l o n g  the  S f a c e  o f  the  
o u t c r o p , t owa r d s  t h e  c a n a l . N o t e  t h e  c omp l e x 
f r a c t u r ing o f  the gnei s se s ,  and the f i l l i ng of the 
f ractures with d a r k , f i ne - g r a i n e d  dolomi t i c  r o c k . 
The s i gnif icance of this featu r e  is  unclea r ,  and it  
will be disc ussed in more detail on the trip.  Note 
t h e  d e eply weathe r e d  z on e  whe r e  t h e s e  r o c k s  a r e  
exposed at the su rface . 

A f t e r  e x am i n i n g  the  unco n f o r m i t y , c a u t i o u sly 
c ross the road to the cut in complexly deformed g r ay 
g n e i s s e s  o n  the oppo s i t e  s i d e . Mea s u r e  s eve r a l  
l ineations here and compa re with what you saw a t  Stop 
# 2 . Note n o t  only d i fferences in orientati on,  but 
also in the natu re of the l ineat ion . 

1 4 . 4  Outcrops at edge o f  woods on R are  f ine-grained white 
arkosic Potsdam sandstones . 

15 . 7  O u t c rops on L a r e  e x t e n s i v e l y  f r a c t u r e d  g r a n i t i c  
gneisses close to a NS b r ittle fau l t .  

15 . 8  

15 . 9  

Road crosses small pond . 

Stop # 4 .  Pull off on R side a s  close to the guard
r a i l  a s  pos s i b l e .  The r o c k s  i mme d i a t e l y  to t h e  
R are  st rongly fol iated b iot i te-qua r t z - 2  f e l d s p a r 
garnet gneisses . This vers ion o f  the gray gneiss is  
commonly referred to as  " k inzigite " . Present in th is 
o u t c rop a r e  t h i n  q u a r t z o-feldspath ic pegmati tes in 
v a r i o u s  s t a g e s  of t e c t o n i c  d i s i n t e g r a t i o n  a n d  
r e o r i e n ta t ion . The l a r g e  K - f e l d spa r s  survive the 
tea r ing-apart process better than quartz , and rema in 
visible as l a rge porphyroclasts , e ither in s t r ings or 
as  isolated individua l s .  Be ale r t  for evidence of 
tectonic rotation of these feldspa rs , which can be a 
useful indicator of the sense of shea r . 
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A l s o  observe the va r iable shape and appea r ance 
of the g a r n e t s : s o m e  a r e  r o u n d e d  a n d  o t h e r s  
e l l ipt i c a l 1 s ome a r e  n e a r l y  i n c l u s i on-f r ee w h i l e  
othe rs are " spongy " . Careful study o f  th is var iat ion 
m i ght , if comb i n e d  w i t h  p r obe a n a l y s i s  of g a r net 
composit ions , yi eld inform�t ion on the inter r elat ion 
of metamorphism and deformation of these rocks . 

From here ,  walk nor thwa rd along the road past a 
gap in the outc rop, then enter the s end of a long 
c u t . The f i r s t  r o c k s  a r e  s t r o n g l y  f o l i a t e d  a n d  
l i n e a t e d  g r a y  g n e i s s e s  w i t h  l en s e s  and pods of 
calc s i l icates . Roughly 3 0  m .  nor thwa rd and uphi l l , 
these ove rlie amph ibol itic r oc k s ,  which compr ise mo st 
of the rema inder of the cut . The bulk of these rocks 
a r e  s t r ongly fol iated garn et amph ibol ites and mafic 
gne isses . Nume r ou s  lenses and pods of cal c s i l i cates , 
g a r n e t  h o r n b l e n d i t e ,  a n d  u l t r a m a f i c  r o c k s  a r e  
present . (Students : the coa rse g ra ined u l t r ama f i c 
pods a r e  a f i n e  o ppo r t u n i ty to t e s t  y o u r  m i ne ral 
recognit ion skill s ) . About 90 m .  northward along the 
cut a large pod of cal c s i l icate granulite ( g rossular
diops ide-quartz ) is  v i sible in the maf ic gne isses an 
the opposite s i de of the r oad . Near the N end of the 
cut , s t i l l  on the  R ( E )  s i d e ,  two l a r g e  pods o r  
megaboudins o f  m a s s i v e , r e l a t iv e l y  f i n e  g r a i ne d , 
ga rnet- r ich m e t a g a b b r o  a r e  s u r r ounded by s t r ongly 
f o l i a t e d  a mp h i b o l i t e s . The t r a n s i t i on b e tween 
fol iated and unfoliated rock is  very ab rupt . Patches 
of tourmal ine- bear ing pegmatite are present at the 
broken ( ? )  end of one of the megaboudins . 

16 . 3  Jet . of Rtes . 4 and 2 2 1 Rte .  2 2 8  cros ses canal j us t  E 
of here and goes past the State Pr ison at Comstock 1 
Continue N en combined 2 2N and 4 .  

16 . 7  Stop # 5 . s end of next ma j or road c ut . Pul l  ove r  
close to guardra i l .  Cross the road and walk N along 
the "\-7 side.  At the s end a r e  m o r e  g r ay gne i ss e s ,  
here with a dist inct reddish tinge caused by an abun
dance of ga rne t .  The g r ay gne isses he re are  nearly 
devo i d  o f  K f e l d s pa r .  They be come m o r e  s t r ongly 
f o l i a ted towa rd the  c o n t a c t  with over l y i n g  p i n k 
g r a n i t i c  gneis ses . The contact itself is  ext remely 
s h a r p  ( b ut n o t e  the  l a t e  s p h e r i c a l , u n d e f o r m e d  
garnets , some o f  wh ich a r e  s ituated di rectly o n  the 
contact ) . The pink granitic gne isses , which conta in 
biotite,  chlor ite and garnet , are s t rongly fol i ated , 
approaching mylonitic texture in places ,  and d isplay 
prominent qua rtz r ibbon l in eation . The less defo rmed 
parts of these gne isses conta in K-fel dspa r megacrysts 
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( phenoc rysts? porphyroblasts ? )  in var ious stages of 
defo rmat ion and recrysta l l i z at ion . 

Continu ing N ,  pass a l a rge gabbr o  pod , broken at 
the base and inj ected with g r anitic material , in  pa rt 
pegmat i t i c . L o o k  s ac ross the road ; the similarly 
shaped body of gabbroic rock in the pink gne isses is  
probably the same pod . Then r e-enter g r ay gneis ses , 
here with somewhat more K feldspa r ,  wh ich is  concen
t r a t e d  i n  the  l e u c o s ome s .  No t i c e  the  p r om i nent 
discont inu ity in the fol iat ion wh ich is  v i s ible f o r  
some d i s t ance a l ong t h e  c u t .  Even though l i tt l e  
textural ev idence ( e . g .  g r a i n s i z e  r e d uc t i o n )  f o r  
s h e a r  d i splacem e n t  ex i s t s  along the discontinuity , 
othe r explanations f o r  t h i s  f e a t u r e  a r e  even m o r e  
di fficult to defend . Towa rd the N end of the cut i s  
another body o f  gabbroic r oc k ,  wh ich also appea rs to 
c o n t i nue on the oppo s i t e  s i de of the road . These 
mafic rocks , wh ich i n t r ude both the g r ay and p i n k  
gnei sses , a r e  gene rally f in e  grain ed and mass ive with 
a distinct rel ict i gneous textu r e . Much g a r n e t  i s  
p r e s en t  i n  the f o r m  o f  i n d i s t i n c t  coronas . These 
rocks are  the equi v a l e n t  o f  �he c o r o n i t i c  o l iv i n e  
metagabbros , a mo r e  typical example o f  which wi l l  be 
seen at Stop # 8 .  These gabbroic bodies (several a re 
p r e s e n t  h e r e )  a r e  l e n s o i d  to s i g m o i da. l i n  c r o s s  
sect ion but appa r ently e l on g a t e d  i n  a r oughly N-S 
d i r e c t ion . The i r  c r u d e l y  s i gmo i d a l  shape y i e l d s  
oppo s i t e  e s tima t e s  o f  s h e a r  s e n s e  d e p e n d i n g  o n  
whether they a r e  pre- o r  syn-tectonic i n  o r igin . 

C r o s s  the r o a d  to the  E s i de , and no t e  t h e  
prominent minor folds i n  the migmatitic g r ay gne i s ses 
n e a r  the N end o f  the c u t . A l s o  note the open , 
upr ight f o l d s , wh i c h  wa r p  the f o l i a t i on o f  t h e s e  
rocks , then compa re the o r ientation o f  these w i t h  the 
r e c um b e n t , i s o c l i n a l  m i n o r  f o l d s  a n d  w i t h the 
l ineation . Then walk s along the E s ide and return 
to the starting poin t .  The p e t r o l ogy of the rocks 
at this outc rop has been studied in detail by W i l l i am 
G l a s s l e y  a n d  s t u d e n t s  a t  M i d d l e b u r y  C o l l e g e .  
D r .  G l a s s l e y ( p e r s .  c o m m . 1 9 8 5 )  r e p o r t s  t h e  
fol lowing : 

" G a r n e t - c l i n o py r o x e n e  a n d  g a r n e t - b i o t i t e  
t empe r a t u r e s  w e r e  computed f r om m i c r op r o b e ,  da t a .  
Ave r a g e  tempe ratu r es from e i ght samples r anged f rom 
7 7 0  c t o  8 5 0  C ,  w i t h a s t r o n g  m o d e  a t  8 1 0  c .  
P r e s s u r e s ,  c a l c u l a t e d  f r o m  t h e  a s s e m b l a g e s  
g a r n e t - p l a g i o c l a s e - c l i n o p y r o x e n e - q u a r t z  a n d  
g a r n e t -p l a g i o c l a s e - o r thopy r o x ene-qua r t z  u s i ng the 
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method of Newton and Haselton , ave raged 7 . 5  k b  + . 5  
kb . 

Two unusual as semblages can be found along the 
contact between the two gne iss units . Within 5 0  em 
of the contact occur 1-3 em l ong augen which contain 
the a s s emb l a g e s  c l i n opy r � x e n e - g a r n e t - r u t i l e  a nd 
b i o t i t e - s i l l i m a n i t e - h e r c y n i t e - k s pa r - g a r n e t . The 
former assembl age i s  a typical ecl ogit e assemb l a g e . 
G a r n e t s  f r om t h e s e  eclog itic lenses are  similar to 
those reported f rom basal gne iss eclogites in Western 
No rway . The c l i no py r o x en e s , howev e r ,  are poor in 
j adeite component , w i t h  only 5% of t h i s  compon ent 
present . The s i l l iman ite- spinel-bear ing as semblage 
is  clea rly consumed and biotite and s i l l iman ite a r e  
being generated . The s igni ficance o f  this as semblage 
for P-T conditions r emains obscure , in that we do not 
yet have compos i t ional data for all ' of the minerals 
in the a s s e m b l a g e s  nor do we have wat e r  fugac i ty 
v a l ues that would allow calculation of the equil ib
r i um conditions . "  

1 7 . 0  Stop #6 . (Optiona. l )  Pull onto R shoul der and b r iefly 
examine the outc r ops . 

T h e  r o c k  h e r e  i s  a p a l e  g r a y b i o t i t e -q ua r t z - 2  
feldspar-ga rnet-s i l l iman ite-g raph ite pa ragnei s s  w i th 
thin layers and lenses of calcsil icates . Compared to 
the previously examined " k inz i g i t e s " ,  t h i s  r o c k  i s  
f i n e r  g r a i n e d ,  m o r e  a l uminous , and has dis tinctive 
l avender garn e t s . The abundant w h i t e  l aye r s  l ook 
l i k e  l e ucosomes in a m i gmat i t e , but they c o n t a in 
s i g n i f i cant amounts  of s i l l iman i t e  a n d  a r e  t h u s  
p r obably mo r e  a l um i nous  than minimum-melt gran i t e .  
Note the flattening o f  the quartz i n  t h e s e  l aye r s .  
Look carefully for l ineations def ined by s i l l iman ite 
and quartz . 

The p r o t o l i t h o f  t h e s e  r o c k s  must have had a 
s i gnif icant ar gil laceous component ,  as i n d i c a t e d  by 
the p r e s ence of b o t h  g a r n e t  and s il liman ite .  The 
lavendar-col o r ed ga rnets are  typical of many Adi ron
d a c k  metape l i t e s , a m o r e  e x t r eme example of wh ich 
will be seen at Stop # 9 .  

17 . 4  South end of next set of roadcut s .  

1 7 . 6  Stop #7 . No rth end of roadcut . 
and cautiously cross  to outc r ops 
west side;  walk S along outcrop. 
way to app r e c i a t e  t h e s e  r o c k s  
rapidly to t h e  S end , s c anning 

5 9  

Pul l  off  road on R 
at N end of cut on 

Pr obably the best 
is to move r a t h e r  
the  r o c k s  o n  both 



s i des  a s  you g o  f o r  ma j o r  l i thologic changes , and 
then return northwa rd look ing at the rocks in deta i l .  

The sequence o f  rock types going S on the W side is  
as  follows : 

A Inter laye red ( o r  interleaved? ) 
ma rbles and paragneis ses 

B G a r n e t i f e r o u s  q u a r t z o f e l d s p a t h i c  g n e i s s e s  
int ruded by unmetamorphosed mafic dikes 

- Gap -

c Charnocki tic g_neiss 

D Thin marble with nume rous exotic blocks 

E Mafic gne i s s  

F Calcsil icates and marble 

G rnterlaye red ( interleaved? ) Pa ragnei s s ,  charnoc
k i t e , m a r b l e  and ca l c s i l i c a t e  w i t h  a m p h i b o l i t e  
boud i n s . An unmetamo r ph o s e d  m a f i c  dike fo rms the 
face of much of this s ection of the cut . 

Details (walk ing N )  

G .  

F .  

Note the wide va riety of rock types , including 
c h a r n o c k i t i c  gne i s s e s , amph i bo l i t e s ,  m a r b l e  
( c a r e f u l l y  e x a m i n e  t h e  m a r b l e/ a m p h i b o l i t e 
contac t ) , l in e a t e d  s i l l iman i t e  b e a r ing meta
p e l i t e s , and c a l c s i l i ca t e s .  Note the l oc a l  
sl ickens ides along foliat ion sur faces as 
w e l l  as on vertical fractures . Has there been 
late movement pa rallel to the foliation? 

T h i s  t h i n  c a l c a r e o u s  u n i t  cons ists of marble 
nea r the base and a complex cal c s i l i c ate z on e  
adjacent t o  the contact with the ove rlying mafic 
gne i s s . Major minerals in the cal c s i l i cate z one 
a r e  g r ossula r ,  diopside , qua rtz , cal cite and K 
feldspa r ,  with lesser amounts of plagioclase and 
chlo r it e  as wel l  as several minor phases yet to 
be i den t i f i e d .  S ome e v i d e n c e  i n d i c a t e s  that 
wollastonite was initially present but none has 
yet been pos i t ively ident i f ied .  The ca l c s i l i 
c a t e s  p r obably o r i g i n a t ed by contact metamo r
phism at the time of intrus ion of the i gneous 
p r e c u r sor of the ove rlying maf ic gne is s .  This 
contact is i r regula r and appea r s  to have been 
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f o l d e d . T h e  t h i c k n e s s  o f  the  c a l c s i l i c a t e  
layer va r ies widel y ,  both in this outc rop and o n  
the oppo s i te s i de o f  the road . 

F .  Th is maf i c  gne iss conta ins plagioclase ,  c l i no 
p y r o x e n e , h o r n b l e n d e ,  b i o t i t e , g a r n e t  a n d  
m inor qua rtz and K feldspa r . The compo s i t ion i s  
p r oba b l y  s i m i l a r  t o  a mon z od i o r i t e . S imil a r  
r ocks elsewhe r e  i n  t h e  Ad i r on d a c k s  have been 
cal led " j otunite" and are  assoc i ated with 
the ano r th o s i t e  s u i t e  o f  r oc k s . The r o c k  i s  
w e l l  f o l i a t e d  t h r o u ghou t ,  b u t  becomes m o r e  
s o  towa rds the sharp upper contact . O n  the 
oppos ite ( E )  s ide of the r oad , a detached sl ive r 
of the maf ic gne iss is found in the  ov e r l y i n g  
marbl e ,  and contains ca rbonate-f il led fractu r e s .  

D .  The next unit upwa rd i s  a thin fgenerally < 1 m )  
band o f  marble with nume rous rotated f ragments 
of othe r rock s .  No cal c s i l icates are  developed 
n e a r  the  s h a r p  c o n t a c t  w i th the  mafic gneiss 
beneat h ,  and the  f o l i a t i o n  both i n  the ma f i c  
gneiss and in the overlying cha rnoc k it i c  gne i s s  
is  st rongly developed and pa rallel t o  the ma rble 
band . In the o u tc rop on the oppos ite side of 
the r o a d , f o l i a t i o n i n  t h e  c h a r n o c k i t e  i s  
l o c a l l y  t r u n c a t e d  by the marble . Th is marble 
is  a good example of a pos s ible detachment z one , 
w i t h r e l a t i v e  movement o f  unc e rtain di rection 
and magnitude , between the maf ic gne iss and the 
charnoc k i t e .  The absence of a contact metamo r
ph ic z on e  of cal c s i l icates at the upper contact 
of the mafic  gne i s s  may result f rom its hav ing 
shea red off dur ing di splacemen t .  Alte rnatively , 
t h i s  m a r b l e  m a y  b e  a t e c t o n i c a l l y  empl a c e d  
younger r o c k  ( s e e  d i s c u s s i o n  unde r u n i t  " A " , 
b e l ow ) , .  · C on s i d e r ab l e  d i s p l a c ement may have 
t a k en p l a c e  a l o n g  most o r  a l l  of the m a r b l e  
laye rs in th is outc rop.  

c .  Above the ma rble i s  a thick unit of charnoc k i tic 
gne i s s .  Th is roc k ,  close to granite in compo�?i
tion,  consi sts of qua r t z , m i c r oc l i n e ,  p l a g i o
c l a s e , h o r n b l ende , g a r n e t , c l i nopy r o x e n e  and 
o r thopy roxene . The o r thopyroxene is extens ively 
c h l o r i t i z e d , wh i c h  i s  c h a r a c t e r i s t i c  of many 
Adi r o n d a c k  cha r no c k i t e s . The typ i c a l  g r e e n  
color i s  well developed towa rd the center of the 
uni t .  Near the northern end of the outc rop both 
g r een a n d  w h i t e  va r i e t i e s  a r e  p r e s e n t , w i t h  
diffuse color bounda r ies wh ich c r osscut f o l ia 
tion . 
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Immed iately beyond the charnock ite unit i s  a gap 
in the outc rop,  pos sibly indicating the presence 
of a fault o r  thick marble laye r .  

Following the gap is  a s h o r t  s e c t i o n  of w e l l  
f o l i a t e d , g a r n e t i f e r o u s  q u a r t z of e l dspa t h i c  
gne isses s i m i l a r  to t h e  c h a r n o c k i t e  b u t  w i th 
g r e e n  c o l o r  l e s s  w e l l  develope d .  Note the  
unmetamorphosed mafic d i k e  j us t  b a c k  f r om the  
f a c e  o f  t h e  o u t c r op ,  and roughly pa rallel to  
i t .  A few m e t e r s  f a r t h e r  N i s  a c o mp l e x  
vertical fault with a z one of carbonate-cemented 
brecc i a .  

The last section o f  the outcrop , roughly 1 0 0  m 
l ong , consi sts of in t e r l ay e r e d  ( i n t e r l eave d ? ) 
p a r a g n e i s s  and m a r b l e ,  with minor amphibo l it e  
and th in calcsil icate bands i n  the par agne i s s .  
Contact s u r f a c e s  a r e  f r equently s l i c k en s ided 
and/o r coated with g raphite . At least two types 
of ma rble are  pres ent ; OPe is da rk , relatively 
f ine g ra ined , brown-weather ing dolom ite marble , 
which has a sl i ghtly fetid odor when s truck with 
a hammer ; the o t h e r  i s  c oa r s e r  g r a i ne d , has 
a s o m ewh a t  l i g h t e r c o l o r  a n d  c o n s i d e r a b l e  
c a l c i t e  a s  w e l l  a s  d o l om i t e . B o t h  m a r b l e s  
conta i n  abundant rounded t o  a n g u l a r  s i l icate 
rock and mineral fragmen t s ,  inc l u d i n g  qu a r t z , 
f e l dspar and s e rpent i n e ,  and l a r g e r  r o t a t e d  
b l o c k s  o f  v a r i o u s  r o c k  t y p e s i n c l u d i n g  
a m p h i b o l i t e s , s e r p e n t i n i te ,  p a r agne i s s  and 
calcsil icate g r anu l i t e . Qua r t z , d o l om i te and 
s e r p e n t i n e  c o e x i s t  in t h e s e  r o c k s  w i th no 
evi dence of mutual react ion , indicat ing that the 
r o c k  as presently const ituted has neve r unde r
g o n e  h i g h  t e m p e r a t u r e  m e t a m o r p h i s m .  
Tempe r atu r e s  m u s t  have b e e n  s u f f i c i en tly low 
to p r event r e a c t i o n  o f  q u a r t z  w i t h e i t h e r  
d o l o m i t e  o r  s e rpent i n e .  I t  i s  p r obable that 
these marble z ones , as well as those of units G ,  
F and D ,  a r e  t e c t o n i c  b r ec c i a s  f o r med a l ong 
thrust faults or low-angle normal faults unde r 
c o n d i t i o n s  that p e r m i t t e d  the c a rbonates to 
recrys t al l i z e  and d e f o r m  i n  duc t i l e  f a s h i on , 
w h i l e  s i l i c a t e s  b e h a v e d  i n  a m o r e  b r i tt l e  
man n e r . T h e  i n t e r l e a v e d  p a r a g n e i s s e s , by 
contrast,  are similar to the g r ay gneisses seen 
in previo u s  s tops , have a b i gh-T metamo rphic  
a s s em b l ag e  and show l ittle evidence of  retro
gress ion . 
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The age of the tectonic interleav ing of the 
gne isses and marbles may be e i ther late � rotero
z o i c  o r  T a c o n i c . T h e  m a r b l e s  t h em s e l v e s  
may be Proterozoic with r e t r og r a d e  s e r pe n t i n e  
a f t e r  f o r s t e r i t e  and e n t r a i n e d  f r agments o f  
quartz and feldspa r , or they m a y  b e  P a l eo z o i c  
c a r bo n a t e s  w i t h  e n t r a i n ed f ragments of ult ra
maf ic rock s .  Th is quest ion is  now under s t udy 
and will be discus sed on the outcrop . 

17 . 8  Whitehall town l in e  

1 9 . 3  Stop # 8  (Optional ) .  Pa r k  as far off the road to the 
R as possibl e .  Cross with great care to outc rops on 
the L ,  and exam ine them b r i efly.  These are  typi cal 
A d i r ondack ol ivine metagabbro s ,  with wel l  pres e rved 
i gneous textures as well as coronitic reaction r ims 
a r o u n d  o l i v i n e  and i l m e n i t e  ( s e e  i n t r o d u c t o r y  
section ) . The inte r i o r s  of the ol ivine co ronas he re 
have been r e t r o g r a ded t o  c hl o r i t e  and c a r bona t e ;  
othe rwise the rocks a r e  quite fresh . 

2 0 . 7  F l a t  ou tc rops on slopes to the L are  a dipslope on 
fol i a t ion in h i gh l y  s t r a i n e d  g n e i s s e s .  A s h o r t  
d i s tance N ,  on West Mtn . , a my lonite zone close to 
3 0 0  m thick is exposed.  The hills  ac ross the val ley 
t o  the  R ,  and on S k ene Mtn . s t r a i g h t  ahead , a r e  
C amb ro- O r d ov i c i a n  c a r b o n a t e s  o f  t h e  W h i t e h a l l  
Formation, resting on Potsdam sands ton e .  

22 . 6  Enter ing Vi llage of Wh itehall 

23 . 2  Intersection of Rtes . 4 and 2 2 ;  4 goes E to Rutland , 
VT ; Continue N on 2 2 .  

2 4 . 0  Stop # 9 .  P u l l  o f f  r o a. d t o  F c l o s e  to sma l l e r  
outc r o p ,  and c r o s s  t o  l a r ge r  cut on L .  The rocks 
here are  typi cal metape l i tes , consist ing of quartz , K 
f e l dspa r , s i l l im an i t e ,  lavender garnet and varying 
amounts of biotite and g raphite . 

2 4 . 7  E n t e r ing s e r i e s  o f  c u t s  i n  h i g h l y  fractured meta
sed imentary rocks . 

25 . 2  Stop #1 0 .  Ent rance to abandoned qua r ry and Wash ing
ton County Hi ghway Dept . G a r ag e .  This is posted 
pr ivate property;  if fol lowing this road l og on your 
own , a s k  pe rm i s s i o n  at l a r g e  b r i c k  f a rmhouse 0 . 2 
m i l es furthe r along road on R .  Be extremely careful 
cl imbing and hammer ing here - there is much loose 
rock and the quartz ite is yery splintery when harnmer
rul.. 
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T h i s  t h i c k  u n i t  o f  q ua r t z i t e  i s  i n t e rlay e r ed 
with lesser amounts of a g reenish r o c k  w h i c h  f o rms 
bands and streaks from a fraction of a mil l imeter up 
to s everal tens of c e n t imete r s  t h i c k , w i t h  k n i fe
sharp contacts against the qua rtz i t e .  

The quartz ite , wh ich is  v isibly fol iated i n  hand 
spec imen , comp r i s es ove r  95% of s trongly flattened 
quartz : smal l ,  .flattened and elongated g r a i n s  o f  K 
f e l d s p a r  a n d  s e r i c i t i z e d  p l a g i o c l a s e , l e n s o i d  
g a r n ets , g r een b i o t i t e  and c h l o r i t e . The i n t e r 
l a y e r e d  g r een r o c k  r a n g e s  f rom plagioclase-qua rtz
ga rnet- biot ite-hype rsthene gne iss to a r e t r og r aded 
epi dote-chl o r i te-qu a r t z -p l ag ioclase rock with some 
m u s cov i t e  a n d  a t  l e a s t  two m i n e r a l s  y e t  t o  b e  
i d e n t i f i e d . S o m e  we l l  c r y s ta l l i z ed c h l o r i t e  i s  
p r e s ent a s  f l a k e s  p a r a l l e l  t o  the  f o l i a t i on , but 
chlo rite also occu rs locally as an alteration product 
of ga rnet . Distr ibut ion of the retrog r ade assemblage 
within the outc r op has not been determined . If it  is 
r elated to fracture patte rns , it  may be low tempe r
a t u r e  a l t e r at i on along the E-W b r ittle fault which 
parallels the road . If not , it  may be evidence for 
l oc a l i z e d  r e t r o g r e s s i o n  a s s o c i ated w i th r enewe d ,  
layer- paral lel shea r ing during the latest P r o t e r o 
z o i c  o r  d u r ing  the  Tacon i c  even t . S uppo r t in g  the 
l a t t e r  hypo the s i s  a r e  s l i c k e n s i de s  o n  f o l i a t i o n 
surfaces at an acute angle to the l ineation . 

All rocks at this s ite show e x t r eme f o l i a t ion 
and a w e l l  developed l ineation , here close to E-W , 
w i t h  a 0 - 2 0 ° E p l u nge . Nume r o u s  m i n o r  f o l d s  are  
present . These are  of  two distinct type s , b o t h  o f  
w h i c h  a r e  r e c u m b e n t  w i t h a x e s  p a r a l l e l to the 
l ineation . One type con s ists of intrafolial , hi ghly 
asymmetr ic , isocl inal folds def ined by thin micaceous 
layers in the quartz ite . Among folds of this type is 
an apparent s h e a t h  f o l d  s t r on g l y  f lattened in the 
plane of f o l i a t i on . The othe r type i s  not qu i t e  
i s o c l inal , mo r e  s ymme t r i c , a n d  v i s i b l y  f o l d s  the 
f o l i a t i on i n  the  qua r t z i t e . The m i n o r  folds and 
p e t rofabrics  at this outc rop have been descr ibed by 
G r a n a t h  a n d  B a r s t o w  ( 1 9 8 0 ) , w h o  a t t r i b u t e  t h e  
defo rma.tion prima r ily t o  a seve re flattening str ain . 

Leave quarry and proceed N on 22N . 

2 5 . 6  C r o s s i ng S o u th Bay on L a k e  Champl a i n .  The r o c k s  
und e r l y i n g  t h e  v a l l ey to the  No r t h  a r e  P a l eo z o i c  
s t r ata downdropped along a ma j or normal fault which 
here forms the western side of the P i nnac l e  R ange . 
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Towa r d  the s o u t h , t h i s  f a u l t  i n t e r s ects the Welch 
Hollow fault at an obl ique angle . The fault follows 
the s ho r e  of S o u t h  Bay s o u t h  of the b r i d g e ,  then 
str ikes inland and follows the l ine of c l iffs v i sible 
to the  n o r t h . E s t imated v e r t i ca l  d i splacement on 
this fault based on offset of Paleozoic cove r rocks 
i s  in the v i c i n i ty o f  3 0 0  m .  West o f  the bay , 
o u t c r o p s  o f  g e n t l y  F - e i pp i n g , h i g h l y  d e f o r m e d  
Precambr ian rocks resume . 

End of trip . 
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