
























































































































the absence of calcalkaline magmatism of that age. On the other hand, the Himalayan-Tibetan

analogue provides a strikingly c-onsistent model, including the rather limited amount of associated

-"g-"tlra. Because no suggestion of a suture exists between the Green Mts. of Yermont ald the

GrJnville Tectonic Front, and because of the dominance of tectonic vergence to the northwest

throughout the region, the Ottawan plate margin has been placed east of the Grenville inliers of
the A-ppalactrians and assigned an eastward dip. Although highly speculative, this possibility,

together with other plate tectonic reconstructions are shown in figure 17.
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Fig. 18. Geologic map of lhe soulhem and cenlral Adirondacks with lield trip stops 1-9 indicated (McLelhnd and lsachsen 1986).
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Figure 9. Cross section along A-A' of Figure 2. Several
units have been omitted for sake of clarity',
iit - Spruce Lake Anticline; (b) - G'lens Falls
ifrclinb, (c) - Piseco Anticline, (al - Glovers-
viite svnciine. Patterned rock unit symbols as

in Figure 3.
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Introduction

Metannrphism of rocks in the Adirondack highlands has been investi-
sated'.itJniiu.iy io" !!e-p.it^!!fte91 -y9ar:-(:"t 9.9' q{9inglgn' 1e63'

i965; igeO; Ae Wiara, ig6+i, 1965a, 196Eb,_1967,. 1969, 1971; !'lhitney-and
r,lirlirina,'rgig;-Miiet iina ind whiin ey, t977; Bohl en and Essens, L977;
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Figure 11. Hypothetical structural framework for Adirondacks. Al4A-Arab
Mt. Anticline.

I

Essene and others, 1977; Boone, 1978; Boone and others, in prep.; Val'ley
and Essene, L976; Jaffe and others, 1977; Stoddard, 1976). Engel and
Engel (1962) made an early and fundamental contribution when they deli.neated
in part the orthopynoxene isograd in the nortluestern Adirondacks (see
Fig. 12). Orthopyroxene is the diagnostic mineral of high-grade metanpr-
phism and its regional stable occurrence with plagioclase and garnet de=
monstrates that metamorphic conditions of the granulite facies were attained
to the east of the orthopyroxene isograd.

de I'laard (1971) proposed a three-fold subdivision of the granulite
facies in the Adirondack highlands (Fig. tzl. The three zones, in order
of progressive metarnrphism, are the (1) biotite-cordierite-almandite
subfacies, (2) hornblende-orthopyroxene-plagioclase subfacies, and (3)
hornblende-il inopyroxene-alrnandite subfacies. de Waard (1971) bel ieved
the subfacies represent three stages of increasing granulite-facies meta-
norphism constituting an Adirondack Type of metamorphic series. A'll stops
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Figure 12. 0utline lgp (rnodified after de l{aard,. 1971) of precambrian ter_fane Of Adircndack Mountai.. ini ltnnrhraa* r^.-.r--r^ ^L^-,.ack Mountains and ttoritnrisi't-owtinai-;h;wilg
j:^y.l*i,'_ !Ig?o'gg .'yF i yi s i on 

-oi - s;;;iit;-;#;; #"i;'i;on _

tii n"H:ll :lj:' ^J ll _tiel! !;ie,t i "i! 
t;:;i ;ilii"=iuii.Hli:

f ll"l*lf:9s::*Isdeli;il;i ;;i i+-$;;;i:' :'ill' i 5i
ll:':1,:lg:-:l lypll"i*lpniiie- s,uii"iil. --itii""iloiijo,
il:^ih::i t.n*';if.iiogflgrer: r'appea-6v-;. il;ff i#ii:
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Figure 13. Petrcgenetic Arid (rpdified after de Waard, 1969, p. 129) com-
posed of stability boundaries for solid-solid rcactions in-
volving anhydrous phases only. Curved line is geothermal gra-
dient representing P.,^,,r-T conditions of metanorphism favored
by de l,laard. Grid '"'" is based upon following experimentally
derived curves: reaction orthopyroxene + plagioclase s+
clinopyroxene * almandite + quartz after Rinryood and Green
(t900); triple point of aluminum silicates after Gilbert, Bel'1,
and Richardson (1968) and Holdaway (1968); kyanite-sillimanite
boundary after Richardson, Bell, dnd Gilbert (1968); cordierite
and almandite stability fields after Hirschberg and Winkler
(1968); and solvus temperature maximum of alfali teldspars
after 0rvi1]e (1953).
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on this fie'ld trip are located in zone (3)' to the east of the garnet-
clinopyroxene isolrad. This isograd, Iu" from sharpiy defined,-is based
upon t-fre first reiognition, in the field, of garnet in quartzo-feldspathic
(lharnockitic) rocki (de Waard, 1971). Thus, al'l rocks in the field-trip
area have been subjecied to P-T condit'ions appropriate for the hornblende-
ci inopyroxene-almandite subfacies of the granuiite facies.

In addition, the area of the biotite-co.rdierite-almandite subfacies
has greater areal extent than exhibited in Figure 12 (P.R. Whitney,.1977,
persl conm.). Cordierite and garnet-bearing pe'litic gneisses.have been
ieported by Stoddard (1976) to occur north-northeast of zone (1)' It can
be'inferred from these locations that zone (1) now extends north-northeast'
-parai1el to the orthopyroxene isograd, a'lmost to the Precambrian-Paleo-
zoic boundary.

0n1y rock types that have yielded information about P-T conditions of
metamorphism are discussed in the following section. M'ineral-name abbre-
viations used are: al - almandite; and'l - andalusite; an - anorthite; bi
biotite; ca - calcite; co - cordierite; cp - clinopyroxene; Kf - K-rich
alkali feldspar, chiefly microcline, usually perthitic; ky'- kyanite; ma -
magnetite; op - orthopyroxene; pf - plagioclase feldspar; qu - quartz; sc -
scapolite; si - sillimanite.

Charnockitic and Granitic Gneiss

Hornb'lende-clinopyroxene-almandite subfacies: de l,Jaard proposed
(196aa) that with inciLasing metamorphic conditions the typomorphic ortho-
pyroxene-plagioclase associition of the granulite facies becomes imcom-

bitiUte and is replaced by the higher density almandite-c'linopyrcxene asso-
i:iat'ion. This reblacement marks the start of the hornblende-clinopyroxene-
almandite subfacies, and de Waard proposed (196aa) the following reaction
to account for the garnet-clinopyroxene formation:

6 orthopyroxene + 2 anorth'ite;=+clinopyroxene +

2 almanditg+2 quartz (1)

Reaction (1) has a positive P-T slope (see petrogenetic grid, Fig..fl)._-Oe
Wii"O (fgOZ) considbred two manners-in which reaction (1) proceeded to tt?

"igni.'-in on. instance, the reaction progression nay indicate a gFAEI
.inirease in both T and Pr^-,, during progressive rcgional -tarPhisr in
which the central and touo eastein-Adirondacks rere subiected to hort-
UtenAe-ctinopyroxene-almandite-subfacies conditions. In the second in-
stance, the i,.laction may have been prcduced by a decrrease in T rith little

i:i:g:;'tl!'..0 
iliill rlufl::Tl"i"ffiH* t*, ffi"i*f?s1s?:l

;;;;;;,--(f ) the clinopyroxene-gartrct-quartz '*' assetlage has a higher
d;aiit thin the orthopyrixene-an6rttrite.assedlage ?!d- represants a reduc-
tion in molar vof une o?- -f+.pe"iettt' tlurs favoring higher Pl.r..t,.and (2)

cordierite, considered indicaiive of-relatively lorer Pt.r"a '"o: (or higher
ij,-ii-p"Ji"nt in-peittic geisses in the norttrestern ''o'portion of the
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but absent in gneisses of comparab'le composition to the SE (Fig.

tt'lartignole and Schrijver (L977) contended that reaction (1) proceeds
to the right as a consequence of de Waard's second instance: decrease in
T with'little change in Pr.,,r. They believe the formation of garnet and
clinopyroxene does not ''o' represent a reaction due to progiess'ive re-
gional. metarnrphism,_but, rather, represents a retrograde metinprphic reac-
tion during slow cooling at relatively constant Pr^^,. They base'their in-
terpretation on field and petrographic ''o' observations asso-
ciated with their work in the I'brin anorthosite complex of southern Quebec,located -120 km north of the Adirondack highlands portion of the Grenville
Province. In their field area, the garnet-quartz-ciinopyroxene assemb'lageis restricted virtually to norites, ferrogabbros, jotunites, and mangerites
that surround the anorthosite mass. Martignole and Schrijver believe this
areal restruction suggests the garnet-forming reaction is genetically linked
to the anorthosite complex. In addition to de Taard's reaition (1),'they
propose reaction

orthopyroxene + plagioclase r=; Ca-Fe-Mg garnet +,quartz (Z)

and imply (1S7t, p. 700) that reaction

oithopyroxene + plagioclase + Fe oxide a:=} garnet +

quartz + c'linopyroxene (3)

involving reduction of Fe3+ from left to right, also was active in the
forrnation of garnet-quartz synplectites.

Rare occurrences of cordierite (l'rtartignole and Schrijver, 1971, p. 701)
are present_at the irmediate contact between the anorthosite complex and
supracrustal rocks. ltlartignole and Schrijver believe this rare occurrence
of cordierite precludes using an increase of Pr^,,-T near the complex to
expl.ain garnet formation as de l{aard does for ''o' the Adirondack'high-
lands. Their alternative explanation for the association of garnet-{uartz
symplectites and the anorthosite complex is that the anorthosite comileted
solidification under high load pressure and retarded regional cooling.
This retarded regional coo]ing permitted reactions (1),-(2), ana (3)-to
prcceed slowly to the right as retrcgrade reactions in the ud.y" environ-
ment of granulite-facies metamorphism. Thus, llartignole and Schrijver con-
tend the highest grade of metarprphism in the Adirondack highlands is pre-
served as the hornblende-orthopyrcxene-plagioclase subfacies, zone 2 in
Figure 12. Zone 3 (Fig. 12) is considered-by them representative of retrc-
grade metamorphism associated with close spatial relationship to anortho-
site complexes.

McLelland and tlhitney (L976, 19771 studied the origin of garnet in the
anorthosite-charnockite suite of rocks in the Adirondacks. Their analysis
of textural and chemical relationships suggests that the onset of the horn-
blende-clinopyroxene-almandite subfacies of de hlaard (196aa) is marked by
the following reaction: '
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2 CaAlZSi20S + (6-o)(Fe, Mg)SiO, + oFe-oxide +

(a-2)Si0, * Ca(Fe,Mg)5Al45i60?4 + Ca(Fe,Mg)Si206

where a is a function of the distribution of Fe and Mq between the severa'l
coexisting ferromagnesian phases. Reaction (4) is a general garnet-form'ing
reaction for saturated rocks. It differs from de Waard's reaction (1) in
that (a) quartz is a reactant instead of a product and (b) Fe-oxjde is a
reactant, as it is for reaction (3) of Martignole and Schrijver. McLelland
and Whitney (L977) consider reaction (1) to be a special situation of reac-
tion (4) where there exists, in charnockitic aneiss, a relatively high Mg/
(Mg + Fe) ratio. An interesting feature of their study is that most garnet-
quartz symplectites are actually garnet-plagioclase symplect'ites on the
basis of microprobe analysis.

P-T Conditions of Metamorphism: de Waard {1969) and Bohlen and Essene
(lgTZ etarnorphism for the Adirondack high-
'lands.

Figure 13 is the petrogenet'ic grid used by de l'{aard (1969) in arriving
at the garnet-ci inopyroxeneat P" - ,-T conditions of - 7.8 kb and 770"Cloao isograd (see Figure 12). de Waard

ditions to be perhaps * 8.3 kb and 800"C to
clinopyroxene isograd (see de Waard, 1969,

Bohlen and Essene (1977 ) report that pressure estimates increase from
6 kb at Baimat (northwest Adirondacks, in zone 2 of Fig. 12) to 8 kb in
the central Adirondack highlands. Temperature estimates are almost 800oC
in the central highlands as detennined by plagioclase-orthoclase and
ilmenite-magnetite thermometers (see Bohlen and Essene, t977, for a fuller
di scussion ) .

McLelland and Whitney (tSll1 have estimated equilibrium
for one charnockite from the Adirondack highlands assuming a

kb. The temperatures range frorn 610oC by the method of l,lood

(4 )

estimated maximum Pr^^r-T con-
the east of the 'to' garnet-

for a fuller discussion).

temperatures
Proad 

?lrlli
to 792"C by the method of Wood and Banno (1973). The temperature
are based on the distribution:of Mg and Fe between clinopyroxene,
pyroxene, and garnet as functions of temperature and pressure.

methods
ortho-

Metagabbro and l4etadiabase

0riqin of corona structures: tlhitney and ikLe'lland (1973) studied the
origi tagabbros of the Adirondack lbutains. In
the-southern Adirrndacks, Area I, two types of coronas ane obsetred: (1)
olivine-pyroxene-spinel coronas and .(2) oxide-hornblende cononas. In the
central iia easterir nairondacks, Area II, tr types ar..e also obsened: (l)
ol ivine-pyroxene-garnet coronas and (2) oxide-a4hibole-garnet coronas.

Whitney and tlcLelland (1973) propose thr'ee partial
place in thb formation of olivine-corned coronas in Area

ol ivine + orthopyrlxene + (lh,Fe)#

rcactions took
I:

(a)



Reaction (a) occurs in the inner shell of the corona structure adja-
cent to olivine. Reaction (b) occurs in the outer shell and reaction (c)
occurs in the surrounding plagioclase, giving rise to spinel clouding in
plagioclase. Sunrned together these partial reactions are equivalent to:

olivine + anorthite + a'luminous orthopyroxene +

aluminous clinopyroxene + spinel (5)

Garnet develops in o'livine-cored coronas of Area II by the following
partial reactions proposed by l'lhitney and McLelland (1973):

orthopyroxene + Ca+++ clinopyroxene * (Mg,Fe)++ (d)

clinopyroxene + spinel + plagioclase + (Mg,Fe)#+

gai'net*C.**+Na+

plagioclase * (Mg,Fe)# +

sodic plagioclase + Ca#

c7

plagioclase + (Mg,F.)** + Ca+++clinopJroxene +

spinel + Na+

plagioclase + (Mg,Fe)++ + Na++ spinel + more

sodic plagioclase + Ca#

Na++ spinel * more

(c)

(b)

(e)

(f)

(7)

1
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These partial reactions t(d)-(f)l invo'lve the products of reactions
(a)-(c) and (5). Balanced, and generalized to account for aluminous pyro-
xenes and variab'le An content of plagioclase, partial reactions (d)-(f)
are equivalent to:

orthopyroxene + anorthite + spinel + garnet (6)

l,lhitney and McLelland (1973) propose the following net reaction to
account for oxide-cored cononas:

olivine + anorthite + albite + ilmenite + diopside +

HrO + hornblende + hypersthene + spinel

- The garnet shell observed in oxide-amphibole cononas of Area II is be-
lieved (Whitney and Mclelland, 1973,.p. 93) to have formed by a complex
reaction consuming hornblende, spinel, and plagioclase, yielding garnet,
clinopyroxene (as inclusions in garnet), and a bright red, titaniferous
bi oti te.

,- __-?-T Conditions of Corona-Structure Fonrntion: l.lhitney and McLel'land(1973) P-T-conditions of corrna-structure for-
mation. Reactions (5) and (6) have been studied experimentally by Kushiro
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and Yoder (1966) and Green and Ringwood (1967), respectiveiy. Figure 14
is modified after Whitney and McLel'land (1973, fig. 5, p. 95). They cite
several reasons for exercising caution in applying experimental results to
natural systems. l.Iith those reservations, Whitney and McLelland are able
to give a general estimate of Pr^-, and T of corona fonnation. Broken
lines A and B in Figure 14 ruou illustrate two possible metar,prphic
histories for corona-structure formation. For garnet-bearing rocks, both
paths must pass through the pyroxene spinel field prior to entering the
garnet field. Path A is the prograde-metamorphic path in which gabbrt and
diabase intruded at shallow depths prior to maximum P-T conditions of meta-
morphism. Path B 'is the retrograde metamorphic path in which gabbro in-
truded at depth and cooled at constant, or increasing, pressure. A.path
similar to path A is favored for metagabbro of Area I (but at lower pressure
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Figure 14. Stability fields'of corona-strucbre cineral assedlages (md-- ified afier l{hitney and l{cLelland' 1973' P- 95' fig- !)r Bg-
action boundaries isclid) are frur Kushirc and Yoder (1966);
dashed reaction boundaries ane extrapolations of their rcrk.
A - path for prograde-origin of garnet-bearing, olivine-cored
coroiras. B - paitr for retrograde origin of garnet=bearing,
ol i vine-cored coronas-
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because no garnet formed) whereas path B is favored for metagabbro of Area
II, which is in close spatial association with the Marcy anorthosite com-
p'lex. Regard'less of the path followed, min'imum pressure of - 8 kb and min-
imum temperature of - 800"C were necessary for fonnation of garnet-bearing
coronas (see Whitney and McLelland, 1973, for a complete discussion).

Kyanite - Sil'l imanite-bearing A'luminous Gneiss

Description: Boone (1978) and Boone and others (in prep.) have de-
termiiffiTiEFET-composi ti ons i n si 1 I iman i te-ri ch, quartz-fe1 dspar gnei ss
at Ledge Mountain. The gneiss is situated in the core of a south-facing,
recumbent antiform, and is structural'ly - if not also stratigraphica'l1y -
the lowest unit exposed in the centra'l Adirondack highlands (Geraghty,
i978). The gneiss consists predominantly of microciine perthite, plagio-
clase, quartz, sillimanite, biotite, magnetite, garnet, and minor hercy-
nite. Lenses and alternating layers of sillimanite, magnetite, and quartz
with minor garnet and hercynite, make up the r6maining 20 to 30 percent of
the gneiss in the central part of the rpuntain. Abundance of these lenses
and layers decreases westward toward Route NY 28-30. 0n1y two sma'll patches
of kyanite have been found; these occur as relatively coarse-grained, blue
crystal aggregates in the feldspathic portions of the gneiss. Pegmatite
'lenses and discordant bodies abound.

P-T Conditions of Metanprphilm: The following relationships are of
inter (b) biotite-magnetjte-fejdspar; (c)
FelMg distribution between biotite and garnet; and (d) Ca-contents of gar-
net and plagioclase. Almandine-hercynite-magnetite-quar'uz relationships
are puzzling, and may not conform to other reaction relationships in the
gneiss perhaps owing to low reaction rate. The preponderance of silliman-
ite effective'ly argues against the notion that the gneiss equilibrated on
the kyanite-sil l imin'ite rlnivariant boundary (or divariant field in Al -Fe).
Insofar as kyanite is presgnt, however, the following enquiry was made:
Taking into account the Fe3+, F- and Cl- contents of biotite, the reaction

Biotite (0.4VIf"2*) + Quartz+K-rich feldspar + Sillimanite + Magnetite

+ Hro + H,, * F + Cl ,LI
(8)
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was examined with reference to the redox equation of Czamanske and Wones
(tgZg) across the temperature range of 650o - 800oC using a range of fn
compatible with the coexisting impure phas.es magnetite and hercynite -z
(Turnock and Eugster, 1962). Values of calculated Pr H20 range from
120 bars at approximately 700oC to 600 bars at L L 770"C. These
and volumetrit'data for the reaction abbreviated in equation (8) were
applied to Greenwood's (1961) modification of Thompson's (1955) equation
for the projected s'lope on P. and T coordinates of a dehydration reaction
boundary under steady-state ' outward diffusion conditions of H20 with
effective HzO "presslre" less than total pressure. The resu'ltiilg steep
biotite dehldration boundaries are shown in Figure 15; inasmuch as_!h_ey
are nearly baral'le'l to the pressqre axis, the values of 695"C and 790oC
may be tai<eh as minimum and maximum for the temperature of granulite facies



70

700

T'C

Figure 15. Petrrgenic arid for Ledge Mountain aluminous gmeiss stwing bio-
tite-K-rich feldspar-magnetite redox gqgjlibria at PgH20 = 120
bars (left) and 600 bars (right) unlabelled I

boundaries. bg: biotite-garnet-Al2Si05-Kf fgltE eqrilibriun
at PpH20 = qqg bars. 'p'l-gt: 

-Plagiocl.ase-garnet' ' equilibria. gr: muscovite granite solidus at 0.5 rgt.
percent H20 (PgHj0=-200 bars) fron Huang and tlyllie (1973).
At2siO5 

b tr ' phase boundaries afber ]loldamy (197r). In-- tersection of boundaries gr and Pl-gt are interpreted' as nepresenting upper Ps-T linits for gnanulite facies rptarpr-
phism and anatexis of - Ledge lbuntain geiss- Cf- text and
road log (stop 2) for additional explanation-

P. (rg)
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metamorphism. FelMg ratios for garnet,. a.nd.flo!!te external to-garnet por-
phyroUlasts, when applied to Schmid and Wood's (tgZS) equation 1l''_9ive
leiutts shown by cui^ve b-g (Fig. 15) for which PrHZO = 500 bars. The lack
of agreement beiween curves b-g and Prn2A: 690 ' - bars for equation
(8) (tney should be closer) proUaUiy ' ' it ]argely due to tf,g lack of
iiieit tirermochemical data for the Mg end-member reaction: phlogopite +

Sillimanif,g + Quartz+ pyrope + Kfeldspar + H20-

Limiting values for tota'l pressure were sought via the anhydrous min-
eral reaction relation involving p'lagioclase and garnet:

3 anorthite* Grossular + 2 AlZSi0s + Quartz. (9)

Based on the estimation of mixing parameters for pairs of garnet end-members
(Henson, Schmid, and Wood, 1975;-Ganguly and Kennedy, 1974), grossular
activity coefficients, 1^.Gt1 , across the above temperature range were
taken bitween 1.23 and tY6"r 1.37. Values of y for anorthite in pla-
giociase were taken from 0rville (1972). These and data for *.P1 and

" 
gt were applied to the van't Hoff equation - 

^Anncr 
-10,300 + 31'83T -1 '274.(p-t) = -Rrz' tsl:t"lt't#l (r0)u\r_ri, _ _,\,_, 

Lrxoll v)3 J

to obtain the reaction boundaries colIectively 'labelIed P1-Gt surunarized
in Figure 15. It can be seen that within the temperature.r?ngg.of inter-
est sfiown in Figure 15 that the plagioclase-garnet equilibria.'lie within
the sillimanite-field of stability.- (0ne which does not is discussed in
ine irip i;g under Stop 2. ) ThesL intersect the biotite oxidation equi-
librium'bouidaries at ippr6ximately 7.3 and 9 kb. 0wing to !lt9 set of
assumptions which lead ib the calculation of the biotite equi'librium
boundary P.u^n = 500 bars, the temperatures along this curve are thought
6-il t-oo t"z" high, and therefore the value of P" = 9-kb' also too high'
Some confirmation oi ttris view is that, iwith - reference to the curve
iii:-il,.'u;gil;i;si ot metting of aluninous granite (Huang and t,Iyllie, 1973)'
labelled gi on Figure 15, ii is unlilely that temperatures much.above 750oC

were mainlained dilring the metamorphismibecause much of the feldspathic
po"iions of the Ledge-tbuntain gneiss-iS of granitic composition, and

ineretore ought to 6ave been removed largel.y a!-anatectic alanitic magma-

fnis-aipect 5t the problem presently is under. fie'ld and ana'lytical inves-
tigition-Uv iflen MLtzger of Syracuse. For these reasons,.the_upper limit
of-load prLssure is talen at aiproximately 8.2 kb (Table 1). Paths of P-T

change ai'e discussed under the heading of Stop 2.

Plagioc'lase-Scapol ite Phase Relations

phase relations in the systems plagioclase-calcite-hal ite-scapolJt.'
nigft aibii.-iliit.-marialite,-anorthite-calsite-meionite, and anorthite-
infiva"ii.-iulfate meionite hive been studied experimentallV (0rville' 1975;

lrerion inO Goldsmith, 1975, !976; Goldsmith ' !976; Goldsmith and Newton'
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Table 1. Sumrnary of inferred and calculated P-T conditions of meta-
morphism for Adirondack highlands.

Charnockitic and
granitic gneiss

Metagabbro

Kyanite and
si I I imani te-beari ng
granul ite
lvlarbl e

I
>770"C<8000c

>7000c<7500c

-800"c

6950-770"C

6500-7560C

>7.9<9.3 kb

-8.0 kb

- 8.0 kb

de Waard (1969)

Bohlen and Essene
(1e77)

l,lhitney and
McLelland (1973)

Pl 
oad Source

>7.4<8.? kb Boone (1978)

Gerashty (1978)

L977). Newton and Go'ldsmith (1976), in a'll instances, and ,Orvil'le (1975),
in most instances, observed that scapoiite is stable in preference to pla-
gioclase, calcite, and halite at high temperatures and pressures. This is
in marked contrast to earlier discussions that gave the impression that
scapolite is a metamorphic mineral resulting from retrogreisive processes
(see, €.9., Fyfe and Turner, 1958)

The assernb'lages plagioclase-ca'lcite-scapol ite and plagioclase-
scapoiite are observed in several thin sections of calc-silicate rock and
marble from the mapped area (see Fig. 16). Compositions have been detennined
by microprobe. in addition, plagioc'lase compostions were determined opti-
cally, using the zone rBthod of Rittman. The compositions of coexisting
scapolite and plagioclase are presented graphically in Figure 17.

0n the basis of analyzed compositions, it is believed the idealized
reacti on

Albite + anorthite + calcite + halite+ scapolite

took place in samples 116, 130, 215, and 289.

( 11)

Direct textural evidence that reaction (11) took place is ery:ssed
in a thin section of sample 116 by the spatial associatim of rcactants
(except for halite) and product of (11). It is inferred tlnt hlite ns
present originally in smal'l arnunt based on r=latively lc oteat of Cl
in scapolite of sample 116. Textural evidence for reactim (U) is rpt
as pronounced in other thin sections. Usually, r=actants (ercept for
halite) and product coexist in close spatial associatim rit'hout t{re de-
velopment of reaction rims or conona stnrctur.e. Calcite is absent in mny
samples, indicating that it could have been cost-d in reaction (ll).

Microprcbe analyses Hene not nde for all sineral phases in thin sec-
plagioclase-cal cite-scapol ite or plagiocl ase-tions containing asseablages

scapolite. Thus, it is not
equil ibrium was attained in

possible to analyze in detail whether chemical
these rocks. lhwever, it is possible to
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Location of samples used in discussion of plagioclase-scapolite
phase relations' (A - assenblage sc-ph-ca, O --gssemblage (sc-
bt) ana in calcite-dqlomite geothermometry O ). l-ulap is SE k
bf'gtue Mountain 15' quadrangle; contacts between major rock
units are shown for reference.
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2 An.Ab.CaCCa
!{aCarAl5SiTC r 4CO,

llarial ite
3 Ab'tlaC

Albtte
NaAlSi308

i1e ioni te
3 An.CaC0,

Anorth i te
CaAl2Si206

Figure 17. Conposition tetrahedron albite-anorthite-halite-calcite. Sca-
polite composition plane 3 (albite + anorthite) : 1 (tralite +
calcite) is shown with solid line representing scapolite solid
solution suggested by Evans and othei-s (1969)i aashea line re-
presents-previous stoichiometry. Plagioclase and scapolite
compositions for analyzed samples are plotted.

Sample #

116
130
t76
2t5
189

' 71.6
45.4
69.0
60.0
60.0

l4e % An7
30.9
29.7
2L.0
35.0
36.7

ir
tl
tltl

t,rl
I
I
I
1 liaCl

i-/
-.{.-i/- -

=5-'" --' '

investigate if !19 pairs plagioclase-scapolite rere in eqrilibnirr drrlq
retamorphism. This is attempted by examining ttre distritutian of lla, Ca,
and Al among coexisting plagioclase and scapolite fra selcs 116, lal,
215, and 289 (see Fig. 18). Unfortunately, only four disti-ihrtion points
are plotted and the clustering of points &es not allor a distrihrtion
curve to be drawn. Equilibrium is suggested if the distrlhrtiqr curve is
a straight line or sil)oth curye as defined by the distrifution points.
However, excluding data fron sa4le 116 and using data fi-o 130, Zl5, and
289, a straight line passing tlirough or near theie Utr€e sarples and
through the origin could be constnrcted for all tJrree distribution diagrams.
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Figure 1,8. Distribution of calcium, sodium, and al
clase and scapolite.
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uminum between plagio-

This meager evidence argues for equilibrium between plagioclase and scapo-lite in these samples. The data points for sample 1i6,-a marble, lie off
the hypothetical distribution curves for data frnm samples 130, 215, and
289' calc-silicate rpcks. The difference between sample 115 and samples
130' 215, and 289 also is expressed in Figure 1.7. Crossing tie lines are
exhibited between two groups of samples: (t) samples 130, 215, and 289
form one group that exhibit near'ly parallel tie Iines between coexisting
scapolite and plagioclase, (2) samples 11.6 and 176 exhibit tie lines be-
lwgen coexisting scapo'lite and plagioclase that cnoss tie lines of group(1). Group (2) samples contain calcite (see Fig. 17) and the scapolites
exhibit relative]y low contents of chlorine. One possible explanation for
these relations between samples 116 and 176 and samples 130, 2L5, and 289
is that reaction (11) proceeded to the left upon falling temperature fol-
lowing the thermal peak of metamorphism in sarnples 116 and 176.

No estimate of rretamorphic temperature and pressure can be mtrde from
coexisting scapolite and plagioclase, with or without calcite, of the
mapped area. Newton and Goldsmith (1976) have determined experirnentally
the stability relations of anorthite, calcite, and rneionite. However,
their data can be used confidently to estimate metamorphic temperature-only
where the plagioclase composition is >AnrO (Goldsmith and I'lewton, L977).
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Based on the experimental work of
sence of rel ativei,v sodic pl agioc'lase

:9lpoll1" (Meou-l4er2) arsues.fgr a
compared -e
of the mapped area.

to l,laCl in scapo'l'ite

.Orvi l'le (1975, p. 1104), the pre-
(Anrt-An,7) yilll !"llliygll :ir:l:, higher activity of CaC0.

and piagioclase'bearing rocks -

Cal ci te-Dol omi te Geothermometry

The amount of MgCO" in solid solution with calcite coexisting with
separate do1omite phase"can be used to estimate temperature of metamor-
phism (Goldsmith and Newton, 1969). Graf and Goldsm'ith (1955, fig. 4)
showed that the higher the temperature, the greater the amount of MgCO,
that can be accommodated in the calcite structure. In order to use J

this geothermometry effectively, C0, pressure must have been high enough
to prevent decomposition of ' dolomite.' If noncarbonate, Mg-
containing phases also are present under equiiibrium conditions, they will
have no effect on the Mg content of the calcite as long a.s dolomite is
present (Gojdsrnith and others, 1955).

0n1y two of 2? thin sect'ions of marble examined from the mapped area
contain discrete grains of dolomite coexjsting with calcite (see Fig. 16,
samp'les 3 and 161). Temperature est'imates for samples 3 and 161 are 650oC
and 756oC, respectively. The estimated temperature recorded from sample
161 compares favorab'ly with temperature estimates made by other methods
(see Table 1).

CONCLUDING SPECULATIONS

The ultimate origin of structural and petro'logic features of the
Adirondacks remains obscure. A possible clue to the mechanisms involved
is Katz's (1955) determination of 36 km as the present depth to the M-
discontinuity beneath the Adirondacks. Because geotherrnometry-geobaroretry
place the peak of the Grenville metamorphism at 8-9 kb (24-36 km), a double
continental thickness is suggested. Such thicknesses presently exist in
two types of sites, both plate-tectonic related. The first is beneath the
Andes and seems related to magmatic underpiating of the South Arrerican
plate (James, 1971). The second is beneath the Himalayas and Tibet and is
due to thickening in response to collision (Dewey and Burke, 1973) orGCr-
tinental underthrusting (Powel'l and Conaghan, 1973).

Because of the wide extent of the Grenville rctamrphic belt, E prF
fer the Dewey-Burke model of crustal thickening in nespmse to a cmtinent-
continent collision accompanied by reactivation of basstt ncks- lbbil-
ization of the lower crust could l.ead to the ufrd displac-tt of large,
recumbent foldi in a manner sirnilar to sore of Raderg's (f57) scaled cen-
trifuge experiments. This nrcdel is shosr diagranatically in Figure 19.

Although it seems that the tectonic style and framrk of the Adiron-
dacks are explained satisfactoriiy by the Tibetan rcdel, there are no good
candidates for even a cryptic Indus-type suture in the area or within the
Grenville Province itself. Oeney and Burke (1973) suggest that the col-
lisional suture is rmst likely hrried beneath the foldeci Appalachians. The

the
A
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Figure 19. Himalayan type collision and associated tectonic elenents.
GTF - Grenville Type Front.

r-\ ^---./,/</--

Grenville Front itself cannot be a suture, and, as shown by Baer (1977r'-
it has a large component of right lateral nption associated with it. l'le
suggest that-the Grenville Front is analogous to features such as-the Altyn
Tagh Fault in northern Tibet (l"lo'lnar and Tapponier, 1975)r_irdr similar to
the Altyn Tagh, accormodates the sideways displacement of largg crustal
blocks by stiike-slip motions (Figs. 19, 20). i In places thq 4!tyn.Tagh
Fault libs some 1000 km distant from the Indus Suture. A similar distance
measured southeast from the Grenvi'l'le Front would place the corresponding
suture beneath the Appalachians. Perhaps it is this buried suture that
gives rise to the New York Alabama aeromagnetic'lineament of Zietz and
King (1977).
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CUMULATIVE MILES FROM
MILEAGE LAST FOINT

0
1.3
1.5
1.8

ROAD LOG
(See fig. 18 for stop locations)

ROUTE DESCRIPTION

Junction of Willie Road, Peck Hill Road, and NY Rt. 29A
Mud Lake to northeast of NY Rt.29A
Peck Lake to Northeast of NY Rt. 29A
STOP l. Peck Lake Fm.

1.3
1.8
3.6

0 sroP r.

This exposure along Rt. 29A just north of Peck Lake is the type locality of the sillimanite-
garnet-biotite-quartz-feldspar gneisses (kinzigites) of the Peck Lake Fm. in addition, there are
exposed excellent minor folds of several generations. Note that the F' folds roate an earlier
foliation. The white quartzo-feldspathic layers in the kinzigites consist of quartz, two
feldspan,and garnet and ar believed to be anatectic and have been folded by F., indicating pre-F,
metamorphic events. Typical whole rock compositions are shown below. Spinel has been found
enclosed in garnets at this outcrop. The similarity of the Peck Lake Fm. to the Major Paragneiss
of the Lowlands suggests that the Adirondacks were contiguous at the time of deposition of the
rocks' 

Table 4.
Conrosrnoxs or Rtlrgsgxtenw Lzuccoxe exo

Hosr Rcx SeresreD Cur"mcs

Lcucosornc

LLI 9t7-2A

Host Rock Avet"ge
Grcywackc'

lG29-18 9-ll-{B G=23)

Avcragc
PC Slarcb
(! = 33)

AYcragic
Slate'

(! = 36)

sio: 7s-5t i4.6
AI:Or t3.15 t3.49
Tio, -92 .t9
Fc1O1 Jl 1.47
MEO -ll 51
CaO .36 1.64
NalO 2.t9 3.U
Kp 6jfr2 4.69
MaO .@ .04
PzOt .@ .og
LOI .3t .25
TOTAL 9.78 tm.2{

68.04
t3.93

.E6
6.(a
t.45
1.65
LU
3J'7
.06
-tt
.6

9.E0

a-24
16.r6

.q)
7.4
tJ7
3.4t
310
252
.(B
.t7
.6

99.75

64.70
t4.E0

JO
4.10
2:0
3.r0
3.10
1.90

.10

.?0
2.{O

l0l.00

J6.30
17,24

.n
1r1
2.54
r.00
r.23
3.79

.10

.14
3.70

9t.?0

60.64
17.32

.7t
4.El
2.60
r.20
1.30

l:i'
{-10

9&$

6.1
8.0
8.6

2.5
1.9
.6

Junction l.IY RL 29A and NY RL l0
Nick Stoner's Inn on west side of I{Y RL 294-10
STOP 2. Irving Pond Fm-, 5 nib Dor6 of fG Es
Inn, Canada Lake. Very near hinep tiDc dF Qlal I -b
isocline.

@ sroP2.

The outer portion of the Irving Pond Fm. is expced in bs cc .lm3 6c ca sib of RL 29A
just prior to the crest in the road heading nortb.

At the southern end of thc cut tlrpic.l 'n*sive qgrrig of thc Irvisg Pond are seen-
Proceeding Dorth the quartzitcs beomc 'dirticr'util tbcy dcvclop sillidanite-9iluet-biotite-
feldspar (kinzigites) layers dong with quareie.

hcklbh'l t /UrccA /??(



At the northern end of the cut, and approximately on the lrving Pond/Canada Lake Fm. contact
there occurs an excellent set of F, minor folds. Polished slabs and thin sections demonstrate that
these fold an earlier foliation defined by biotite flakes and flattened quartz grains.

At the southern end of the outcrop dark, fine grained metadiabase sheets crosscut the quartzite.
Near the telephone pole erosional remnants of diabase appear to truncate approximately horizontal
foliation in the quartzite suggesting that the diabase was emplaced after an early metamorphism.
At the north end of the cut a diabase sheet of variable thickness is folded in the F.' fold. The
folding is interpreted as Ottawan, the diabase as AMCG in origin, and the early foliation as
Elzevirian. This is consistent with the presence of quartzite xenoliths in the ca. 1300 Ma tonalites.

The Irving Pond Fm. is the uppennost unit in the lithotectonic sequence of the southern
Adirondacks. Its present thickness is close to 1000 meteni, and it is exposed across strike for
approximately 4000 meters. Throughout this section massive quartzites dominate.

STOP 3. Canada Lake Charnockite (>1233 Ma, table l,
sample AM-E7-13. Now fixed at l25lt43)

8.8

1
7
I
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@ sroP 3.

Large roadcuts expose the type section of the Canada Lake charnockite. Lithogically the
charnockite consists of 20-30% quartz, 40-50% mesoperthite, 20-30% oligoclase, and 5-10%
nafics. The occurrence of orthopyroxene is sporadic. These exposures exhibit the olive-drab
coloration that is typical of charnockites. Note the strong foliation in the rock. Farther north
along the highway there are exposed pink leucogragitic variants of this unit. The chemical
composition of these is given in table 3 (ab-6). The whole rock chemistry of the charnockitic
phase is similar to AM-86-17 in table 3. The lateral continuity of the Canada Lake is striking
(fig. 2) but the presence of xenoliths reveals an intrusive origin.

1.2 STOP 4. Royal Mt. Tonalite (>t30I Ma, table I, sample
AM-E6-12, now fixed at I307t2 Ma).

sToP 4.

Steep roadcuts, exposed across from the Canada Lake Store, expose typical examples of the
early tonalitic rocks that occur within the southern and eastern Adirondacks and that manifest the
presence, throughout the region, of collisional magmatic arcs of calcatkaline chenistry that existed
dong the eastern margin of Laurentia from ca. 1400-1200 Ma. Amalgamation of these arcs
culminated in the Elzevirian Orogeny at ca. 1250- 1220 Ma.

The whole rock chemistry of the tonalitic rocks is given in table 3 and important chemical
trends are portrayed in figures 8,9, and 10. Figure 7 shows the cnocharacteristics of these rocks
and emphasizes their petrologically juvenile character, i.e., they are not derived from any crustal
rocks with long-term crustal residence but are essentially mantle derived (including derivation
from melting of basaltic rock derived from the inantle at ca. 1300-1400 Ma). The eno

characteristics are compared with those from Lowland tonalites and granitoids of similar age, and
the similarity suggests that they are essentially the same, strongly suggesting contiguity across the
entire Adirondacks at that time (-1300 Ma).

r0
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A disrupted layer of amphibolitic material runs down the outcrop to road level at the east end
of the outcrop. This, and other mafic sheets in the outcrop, are interpreted as dikes an sheets
coeval with the tonalite. In the easten Adirondacks it has been possible to document mutually
crosscutting relationships between these rock types. Also documented there are xenoliths of
kinzigitic rock in the tonalites. IVithin the southern Adirondacks xenoliths of quartzite similar
to the lrving Pond Fm. have been found in the tonalite.

I1.8

t7.5

1.8

5.7

Pine Lake, Junction NY Rt.29A and NY Rt. 10. proceed
north on NY Rt. 10.
STOP 5. Rooster Hill megacrystic gneiss at the north end of
Stoner Lake (1156*8 Ma, table l, sample AM-86-tZ).

6 sroP 5.

This distinctive unit belongs to the AMCG suite and is widespread in the southern
Adirondacks. Here the unit consisg of a monotonous series of unlayered to poorly layered
gneisses characterized by large (l -4") megacrysts of perthite and uiicrocline perthite. For the most
part these megacrysts have been flattened in the plane of foliation, however, a few megacrysrs
are situated at high angles to the foliation and show taits. The groundmass consists of quara,
oligoclase, biotite, hornblende, garnet, and occasional orthopyroxene. An igneous rock analogue
would be monzonite to quartz-monzonite (see tabte 3 for chemical composition) and the presence
of orthopyroxene makes the rock mangeritic to charnockitic.

The contacts of the_Rooster Hill megacrystic gn'6iss are everywhere conformable, but the
presence of xenoliths of kinzigite indicate its intrusive nature. Rocks such as the Rooster Hill are
interpreted as derived from melting of ca. 1300 Ma tonatitic and lower crustal granitoid rocks
with heat derived from large AMCG gabbroic intrusions that would ultimately differentiate to
anorthosite. This suggestion is consistent with the eno trends of AMCG and tonalitic rocks ia
figure 7a and with the REE distributions shown in figure 19, where it appean that melting of
tonalite so :ls to leave a plagioclase-rich residue can give the AMCG REE-trends.

Fig. 19. Chqr<tle nc@d EE
concentalirs b tt Affi
highhnds. lfnbqsr*b*i
tabi€ 1 dlldyrrd facl-d O-f]

l
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Low roadcut in kinzigites.
Avery's Hotel on west side of NY Rt. l0
Long roadcuts of pink quartzofeldspathic gneisses and
metasedimenB of intruded metagabbro and anorthosite
metagabbro. The igneous rocks are believed to belong to the
AMCG suite.
Roadcut of anorthositic metagabbro and metanorite of
AMCG suite.
Roadcut on n'est side of highway shows excellent examples
of anorthositic gabbros iq.trusive into layered pink and light
green quartzofeldspathic gneisses.
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23.6

23.9
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s?p ts. Lake. Durant and sacandaga Fms. intruded by anorthositlc
gabbros and gabbroic anorthosftes.

These roadcuts are located on Rt. Ny l0 just south of shaker
Pl ace.

The northernmost roadcut consists of a variety of metasedimentaryrocks. These lie direcily above the piseco aiticline andare believed to be stratigraphically eguivalent to the
sacandaga Formation. The outcrop displays at least two phasesof fol.ding. anq their related fabi-ic eiemlnts. itrese are'be-lieved,to be.F2 and-F3. A pre-F2 foliation is thought to bepresent. Both axial plane folialions ane well deveiooed here.
l.yg"?l examples-of_forded F2 closures are present-ani-F2-'-: --
foliations (parallel to layeFing) can be sein-ueing rolo6d
about upnight F3 axial planes. -

Farther to the south, and overlooking a bend in the west branchof.the Sacandaga River, there occurs a long roadcut consiiti;bprincipalU of.pilk.and light_gree! quartzlperthite gneiss - '

belonging- to the Lake Durant rm. Abdut hal?-way down this
roadcut there occurs a large boudin of actinoliiic anadiopsidic.gneiss. To the north of the boudin the quartzo- i

fe]dspathic. gneisses ane intruded pervasively by anorthositic
gabbros, gabfp!9 anorthosites, and various 6ttrlr retaiea igneousvarieties. At the. north end of the cut and prior to the meta-
stratified-sequences these intrusives can be'seen toroea ui -
upright_fold axes. They are crosscut by quartzo-fetospittric
material

within this general region the Lake Durant Fm. and other quartzo-
feldspathic aneisses seem to have undergone.substantial anatexis.
This is suggested by the ',nebular,, aspeit of the rocks.
Good examples of this are seen in the manner in which green
and pink portions of the quartzo-feldspathic aneisses tix.
Note also the clearly cross-cutting relationsfiips between
quartzofeldspathic aneiss and mafii layers at the south end of
the roadcut. Here it seems that mobilized Lake Durant is
cross-cutting its own internal stratigraphy. Also note that thequantity of pegrmatitic material is griater than usual. This
increase in anatectic phenomena corierates closely with the
appearance of extensive metagabbroic and metanorthositic
rocks in this area. It is believed that these provideb a
substantial portion of the heat that resulted iir partial fusionof the quartzo-feldspathic country rock.
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Roadcug of quaraites and other metasedimens of the
Sacandaga Fm. Mezger (1990) obtained a U-Pb garnet age
ofca. Il54 from these rocks-
Red-stained AMCG quartzofeldspathic gneisses that have
been faulted along NNE fractures.
Junction of NY Rt. l0 and NY. Rt. 8. End Rt. 10. Turn
east on NY Rt. 8.
STOP 6. Core rocks of the Piseco anticline (lt50t5 Ma,
able l, sample AM-86-9).

This stop lies along the hinge line of the F, Piseco anticline near irs domical culmination at
Piseco Lake. The rocks here are typical ofthe granitic facies ofquartzofeldspathic gneisses such
as occur in the Piseco anticline and in other large anticlinal structures, for ixampte Saowy Mt.
dome, Oregon dome.

- The pink'granitic" gneisses of the Piseco anticline do not exhibit marked lithologic r"fi",ioo.
Locally grain size is variable and in places megacrysts seem to have been largeiy graia sizc
reduced and only a few small remDan8 of cores :ue seen. The open folds at this localiiy-ate -inotfolds of t!" f, event. Their axes trend NTOW and plunge 10-15" SE parallel to the arb of thc
Piseco anticline.

_ Ttt: most striking aspect of the gneisses in the Piseco anticline is their well-devetopcd riaeatfrrr
This is expressed by rod, or pencil-like, structures which are clearly the result of Custile crcosin
of quartz and feldspar grains in a granitic protolith. The high temperature, grain sia redurtb
that has occurred results in a mylonite. Where recogoizable, early Fl boctinl fold arcs rnlhl
the lineation.

These rocks are similar in age and chemistry to other AMCG granites and are coosilcred to bc
part of that suite.

Smooth outcrops of Piseco Core rocks showing exceptionally str,ong mylonitic ribbon lineations-
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47.9

43.5
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Junction NY Rt. 8 and NY Rt. 30 in Speculator. Head
southeast on NY Rt. 8-30.
STOP 7. Northern intersection of old Rt. NY 30 and new
Rt. NY 30, 3.3 miles east of Speculator, New York.

Extensive roadcuts in lower part of marble. euartzites,
kinzigites, and leucogneisses dominate. Minor marble and
calcsilicate iock is present.
Large roadcuts in well-layered, pink quartzofeldspathic
gneisses with subordinate amphibolite and calcsilicate rock.
The layering here is believed to be tectonic in origin, and
the granitic layers represent an intensety deformed granite.
The calcsilicate layers may be deformed xenoliths.

Typical Adirondack marble is exposed in roadcuts on both sides of the highway. These
exposures show examples of the extreme ductility of the carbonate-rich units. The south wall of
the roadcut is particularly striking, for here relatively brittle layers of garnetiferous amphibolite
have been intensely boudinaged and broken. The marbles, on the other hand, have yielded
plastically and flowed extensively during the deformation. As a result, the marble-amphibolite
and marble-charnockite relationships are similar to those that would be expected between magma
and country rock. Numerous rotated, angular blocks of amphibolite and charnockite are scattered
throughout the marble in the fashion of xenoliths in igneous intrusions. At the qutern end of the
outcrop tight isoclinal folds of amphibolite and metapelitic gneisses have been broken apart and
rotated. The isolated fold noses that remain "floating' in the marble have been aptly termed
'tectonic fish'. The early, isoclinal folds rotate on earlier foliation. The garnltiferous
amphibolites have typical igneous compositions and are interpreted as flows or sills.

Near the west end of the outcrop a boudin of charnockite is well exposed. Mclelland and
others ( I 987) have presented evidence that boudin represents a local example of charnockitization
by carbonic metamorphism. However, granites of similar composition outside the marble do not
develop orthopyroxene, demonstrating the local nature of the process and the limited permeation
of the fluid phase.

Exposed at several places in the roadcut are crosscutting veins of tourmaline and quartz
displaying a symplectic type of intergrowth. Other veins include hornblende- and sphene-bearing
pegmatites.

Almost cerainly these marbles are of inorganic origin. No calcium carbonate secreting
organisms appearto have existed during the time in which these carbonates were deposited (>1200
Ma ago). Presumably the graphite represents remains of stromatolite-like binding algae that
operated in shallow water, intertidal zones. This is consistent with the presence ol eviporitic
minerals, such as gypsum, in Lowland marbles.

At the ealtern end of the outcrop coarse diopside and tremolite are developed in almost
monomineralic layers. Valley et al. (t983) showed that the breakdown of almost Mg-pure
tremolite to enstatie, diopside, and quartz in these rocks requires low water activity at the regional
P,T conditions. Similarly, the local presence of wollastine requires lowering of CO, activity,
presumably by HrO. These contrasts demonstrate the highly variable composition of tne nuid
phase and are consistent with a channelized fluid phase within a largely fluid-absent region.

2.5



8r

49.0 I .l STOP 8. One half mile south of southern intersection of old
Rt. 30 and with new Rt. 30. Anorthositic rocks on the SW
margin of the Oregon Dome.

STOP 8.

On the west side of the highway a small roadcut exposes typical Adirondack anorthosite and
related phases.

t0
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Fig. 20. Chondrite normalized REE concentatlons lor
seueral AdLondacktenogsbbrcic occunences. PercentaEe
lraaionalion ol plagiodase and dinopyroxene are shown for
a starting composition givan by Carthage fenogabbro
(tdanges). The Diane occurence coresponds to sheets ol
brecda{earhg rn86c'msterisl refened to by Buddngton
(193!l) as shonkhile. The brcccia consists ol K-fddspar
lragrnents tom lhe host p!,roxene syenite ol lhe Dinna
compler

The glacially smoothed upper surface of the roadcut reveals the presence of three major igneou
phases: I ) a dark, pyroxene-rich dike that crosscuts the anorthosite, contains aoorthositi xenlolitns,
and contains a large irregular, disrupted mass of sulfidic calcsilicate; 2) a coarse grained, Marcy-
type anorthosite facies with andesine crystals 6-8" across; and 3) a fine grained anortlositic ptas".
Some of the coarse grained facies has been crushed and these portions bear some resemblance o
the finer grained phTe (note, for example, those places where fractures cross large anrr,<i,,
grains and produce finer grained material). However, close inspection of the fiier graincd
material reveals the presence of ophitic texture with pyroxenes of approximately the sanc sbe
as the plagioclase, and this texture and association are much better explained as igmus i! oigin-
Therefore, the texture of the fine grained phase is interpreted as igneous in dsin rnO niUe
due to chilling near the contact of the Oregon Dome ma-qsif. By con-trast, large (i-l ca) r.f; of
coarse grained, ophitic gabbroic anorthosite seem to be'flaf in tbe fine gaircd pbc. Analyes
of typical anorthositic rocks are shown in Table 5.

The pyroxene-rich ferrogabbro dike shows 'soff contacts sith rhe eorthsite ald b
interpreted as essentially coeval. Zircons from it give a rninirnnrn age of IOEZ l11a and, by
comparison with other Adirondack anorthositcs, i6 emplacenent age b sct at ca- I135 lr/fa- Th;
composition of the ferrogabbro is shown itr table 5 vherc it is seen to be rich in TiOz and prOr.
Similar rocls occur together with other Adirondack anorthcites and are interpreted is tate, 

-fe--

enriched differentiates of a Fe"ner-typc fractbmtlm uend (see fig. la). ti is sugg€sted that
further differentiation within tbesc rocks can rcsult iD liquid innisciUrutv aad thJproduction
of magnetite-ilmenite liquids.
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The upper, weathered surface of the outcrop affords the best vantage point for studying the

texiuies a-nd mineralogy of the anorthositic rocks. In several places there can be_seen excellent

e=mples of garget colrlnas of the type that are common throughout Adiroadack anorthosites.

These coronas are ch:rracterized by garnet rims developed around iron-titanium oxides and

pyro*"n.r. Recedtty Mclelland-anO Wnitoey (1977) have succeeded in describing the

ieretopment of theseioronas according to the following generalized reaction:

Orthopyroxene + Plagioclase + Fe-bearing oxide + Quartz = Garnet + Clinopyroxene'

This reaction is similar to one proposed by de Waard (1965) but includes Fe-oxide and quartz

as nece$sary reactaat phases. The prolucts are typomorphic of the garnet-clinopyroxene subfacies

;;;;;;ril" raciei (ae waard iges). The apptication of various seothermometers to the phases

pro"ni.oggests thai-the p,T conditions of metamorptrism were approximately 8 kb and 700t50"C

respectively.

51.0

52.0

52.5

54.E

2.0

t.0

Minor marble, anphibolite, &d calcsilicate rock'
Predominantly very light colored siilimanite-garnet-quartz-
feldspar leucolneissesinterpreted as minimum-melt granitic

due to anatexG of kinzigite near Oregon dome anorthosite'
Enclaves of spinel- and sillimanite-bearing metapelite are

present.
iunction to NY Rr 8 and l*tY Rt. 30- Continue south on NY
Rt. 30. To the west of the intersection are roadcus in
garnetiferous metasediment. A large NNE normal fault
i.ss"s through here and fault breccias may be found in the

roadcut and the woods beYond.
Entering graaitic-charnockitic gneiss on northern limb of
the Glens-Falls syncline. Note that dips of foliation are to
the south.
Entering town of lVells which is situated on a downdropped
bmck Jf bwer Paleozoic sediments. The minimum
displacemEnt along the NNE border faults has been

.5
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58.3

60.3

60.8
62.0

sToP 9.

3.5

2.0

determined to be at least 1000 meters.
Silver bells ski area to the east. The slopes of the ski hill are
underlain by coarse anorthositic gabbro that continues to the
west and forms the large sheet just south of Speculator.
Entrance to Sacandaga public campsite. On the north side
of NY Rt. 30 are quartzo-feldspathic gneisses and
calcsilicates. An F., recumbent fold trends sub-parallel to
the outcrop and along its hinge line dips become vertical.
Gabbro and anorthositic gabbro.
STOP 9. Pumpkin Hollow.

.5
r.2

Large roadcuts on the east side of Rt. 30 expose excellent samples of the Sacandaga Fm. At the
northern end of the outcrop typical two pyroxene-plagioclase granulites can be seen. The central
part of the outcrop contains good light-colored garnet-microcline-quartz gneisses (leucogneisses).
Although the weathered surfaces of these rocks are often dark due to staining, fresh samples
display the typical white vs. grey color of the Sacandaga Fm. The characteristic and excellent
layering of the Sacandaga Fm. is clearly developed. Note the strong flattening parallel to layering.
Towards the southern end of the outcrop calc-silicates and marbles make their entrance into the
section. At one fresh surface a thin layer of diopsidic marble is exposed.

At the far southern end of the roadcut there exists an exposure of the contact between the
quartzo-feldspathic gneisses of the Piseco anticline and the overlying Sacandaga Fm. The hills
to the south are composed of homogenous quartzo-feldspathic gneisses coring the Piseco anticline
(note how ruggedly this massive unit weathers). The Sacandaga Fm. here has a northerly dip off
the northern flank of the Piseco anticline and begins its descent into the southern limb of the
Glens Falls syncline.

The pronounced flaggy layering in the Sacandaga Fm. is not of primary sedimentary or volcanic
origin. Instead it is tectonic layering within a'straight'gneiss. Hand specimen and microscopic
inspection of the light layers, particularly, reveals the existence of extreme grain size reduction
and ductile flow. Long quartz rods consist of rectangular compartments of recovered quart and
annealed feldspar grains occur throughout. The rock is clearly a mylonite with its mylonitic
fabric parallel to compositional layering.

The chemistry of the light colored layers in the Sacandaga Fm. indicates that they are minimum
melt granites. As one proceeds away from the core of the Piseco anticline, these granitic layen
can be traced into less deformed sheets and veins of coarse granite and pegmatite. In the mct
illustrative cases the granitic material forms anastamozing shees that get grain size reduced aDd
drawn into parallelism as high strain zones are approached. The Sacandaga Fm. is interpreted as
an end result of this process and represents a mylonitized migmatite envelope devcloped ia
metapelites where they were intruded by AMCG granites at ca. lt50 lvlaand then iscnsfy
strained during the Ottawan Orogeny at ca. 1050 Ma. This interpretation is consistcat rit fEb
relationships, the presence of spinel and sillimanite restites in the leucosomes, aDd ritl & f-t
that similar metapelitic rocks are crosscut by ca. 1300 Ma tonalites. The lattcr obccrverin r.b
the Sacandaga Fm. protoliths older than the ca. I 150 Ma granitic rocks in thc Piscco tuifc d
makes an intrusive relationship obligatory despite the conformable conaatthc$d..d dtc
roadcut.

62.5-67.0 All exposurres art sithin 6c bcsd gA'fcldspethic
gneisses at the core of fu Pirco q''tiflircL
Re-enter the Sacandagt Fm- Dbc tte ms southcrly.
In long rudcuts of sourhcrty dbpitrg pialq quartzo-
feldspathb grisses rith cctonb byering. Thc cmrse grain
size of the gneissic precrrrsors can be scen in many layers.
Cross bridge ovcr Sacaodaga River.
Bridgc crossing east ooroer of Sacaadaga Reservoir into
Northville, N.Y.

END LOG

67.0
68.0

.5-4.5

4.5
1.0

2.4
4.0

70,4
74.4
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?2.9- Passing through thick charnockite layer in the upper Marble.
30.2

30.2 Passing through units of the upper Marble. Generally 1ow dips
have resulted in broad exposure of this unit. Note irorizontalfo'liation in some roadcuts. At 32.9 cross contact with Blue Mt.
Fm. which cores a local F, syncline.

34.3 contact of Blue Mt. Fm. with-upper lilarble. passing into the
southern limb of the F, syncline.

T

t
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34.7 Long roadcuts of garnetiferous amphibolite
garnets attain diameters of 5-6',. A largesent. Note that this outcrop sites astride
F, anticl ine.

Contact of Upper Marble

Junction of Routes Ny30

amphibol ites and Bl ue l4t. Fm.

and 8 '!n center of Speculator.

in Upper Marble. Sonre
pegmatite is also pre-
the hinge I ine of an

uP A 34.8

| ,u.o

0

1. 5-
2.8

= 
3.4

Head southeast on Rt. NY30

Charnockites of Blue Mt. Fm. At 2.8 cross into Upper Marble.
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Itqp !, Northern intersection of old Rt. Ny30 and new Rt. Ny30,3.3 miles east of Speculator, New york.

The.upper Marble Fm. is exposed in roadcuts on both sides of the
!ighryg.y. These exposures show typical examples of the extremeductility of the carbonate-rich units. The south wall of the
roadcut is particularly striking, for here relatively britile
layers of garnetiferous amphiuorite have been intensity uouainageo
and broken. The rnarbles, on the other hand, have yieliea piaiii-
cglly alq f'lowed with ease during the deformation.- As a rlsult
the_marble-amphibolite relationsFips are simiiar to those that
Toylg be expected between magma and country rock. Numerous ro-tated, lnguJar_blocks of amphibolite are slattered throughout the
marble in the fashion of xenoliths in igneous intrusioni. At
the eastern end of.the outcrop tight isoilinal folds of amphibo-
ljt..and metapelitic gneisses have been broken apari and rbtated.
The isolated fold noses that remain "floating,'in the marble have
been aptly terned "tectonic fish.,'. The earl!, isoclinal folds
rotate on earlier foliation.

Features such as those seen within this roadcut have led this
writer to question the appropriateness'of assigning an unconfoym-ity to the base of the Lower Marble Fm. Tectonic fhenorena in
rocks of high viscosity contrast can account for the fact that
the marbles are able to come into contact with a variety of lith-
ol ogies.

-- Side trip, no cumulative mileage --
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?L.2 Charnockites of the Snowy Mt. Dome.

These.type "a" quartzo-feldspathic aneisses tend to be rpre mas-sive than charnockites highei in th6 sequence.--mey irio ioniitnxernocrysts of andesine. de waard and iomey (1969)-uerievea irraitheSe ChafnOCkitgS Wefe comaomatic with fha-annnrhnei+ae a€ *h^were comagmatic with the anorthosites of the
ddington (1953) has arqued that thev are tati :lg!y_f!. h*g; Buddington ltge:) has arsued ir,"t tnev-uo r"L"than the anorthosites. -I.sachsen, -McLe'ltano, -anJ-nr,ilniv-tigiSi-

suggested that these, and similar, chanroctitei arc the-p;auiisof melting-accompanying intrusion of the anorthosites intoquartzo-feldsoathic countrv r^ock< Dh/en ,.,h^r^ srt. --^- -r
fl 
y?il.l;j"l ::g:!:.,,.Sylt"I. Tg t:-l?/^sr _whor : lsgr, .e.., oot"i ned byHills and Isachsen (1g7S) Vieta resutts o? -i.;6y d;i6";int I rs ans tsacnsen (lyl5 ) yield results of -L.2 by and do not

suggest that these charnockites are part of an "olier. laserent
compl ex.

State Campsite.

Mason Lake Parking Area. The lower Lake Durant Fn. and the Lower
Marble are exposed in this general vicinity.
Contact of the Lower llarble with the Lake Durant Fm.

.Contact of the Lake Durant Fm. with the Upper lrlarble.

23.2

?7.4

27.9

28.7

t
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thangg was prograde along a geothermal gradient which penetrated the kyan-ite field, follory99 by partial melting and decrease of'lithostatic pres-
sure into the si'liimanite field and retrograde cooling within that'field,
with res-idual kyanite be'ing trapped within feldspar-rich (solidus?) por-
tions of the gneiss.

11.3 Intersection of Routes NY 28 and 30 in hamlet of Indian Lake.
Head south of Rt. NY30.

L2.5 Stop 3: Scenic overlook on east side of Route Ny30.

Mountainous area to the southeast is part of the Thirteenth Lake com-
plex.o cored. by anorthosite and charnockite. Over'lying gneisses dip to the
north (left) and west (towards us) off the complex. To-the south metasedi-
meltgry rocks d'ip to the northeast off of Snowy Mountain dome (not vis'ible),
which also is cored by anorthosite and charnockite.

l'.lalk south on highway NY30 to roadcut on west side of road. This
roadcut is composed of a distinctive "diopside-clot" gneiss and is situated
close to the axial core of the Crow Hi'll synform. The rock is a zircon-
a pat i telp1 agi oc1 asetca I c'i tetgarnet- sphene- sca pol i te-cl i nopyroxene-quartz -
micvocline granulite. It is part of the distinctive basa'l portion 'of 

the
Lake Durant Forrnation.

Chemical compositions of scapolite and clinopyroxene from this unit
at another location were determined by electron-probe microanalysis to be
Me59, (Nat.!7,caz.o:)s.gg(At 4.67,si7.ss)te.oo0zq((c03)0. 97,clo.os)r.oo
and salite, (Cao.93,Na0.oo)0.99(M90.62,Fe0.39,Mn'.01,A.|0.02)t.o+(sit.go

Alo.o+)z0G' respectively. Plagioclase composition is ollgoctase, An21,

based on petrogiaplric determinations using the zone method of Rittman.

17.2 Stop 4: Described by de Haard (fg6+ ) as follows: "Large road-
cut on the hill 0.4 miles southwest of the intersection of highway 30 with
the lake shore road through Sabael. Anorthosite at the lower end of the
outcrop is overlain by metanorite (unfol iated andesine-pyrcxene-hornblende
gneiss) which is in turn overlain by streak andesine-pyrcxene-hornblende
augen gneiss. Both "Marcy-" and "Whiteface-" type anorthosites are pre-
sent. The grain size of metanorites ranges from coarse to fine, and the
original texture of the rock is preserved to various degrees in differerit
parts of the exposure. Several small amphibolite (metadolerite) lenses
may be observed in the streak gneiss. Foliation is nearly horizontal.
}{alk up the steep hillside above the road to see massive ledges of anortho-
site, metanorite, and a rock which is texturally and compositionally in-
termediate between these two types."

The origin of, and relationships within, the anorthosite-charnockite
suite of vpcks has been debated for decades. Those favoring a comagmatic
association have tended to postulate a dioritic parent magma which yields
piagioc]ase (anorthositic) cumulates and charnockitic residua (de l,laard
and Romey, 1969). Those who do not accept a comagmatic relationship be-
tween these vtcks, have genera'l.ly postulated a paient of gabbroic anortho-
site composition (Buddington, 1972). A variant of the gabbroic anorthosite
parent is the high-alumina basalt of Morse (1975)

I

I

I

I
I
I
I
I
I
T

T

T

I



qt

The snowY Mt. Dome is the tYPe area
comagmatic diiferentiation process. By

core-of the dorne, they showed that there

of de Waard and Romey's (1969)
detailed mapping beginning at the
exists an outward gradation from

to noritic augen gneiss, to char-centra'l anorthosite through metanorite,
nockitic Aneisses (see Fig. 22). This
differentiation sequence and variation
tray these trends.

they interpreted as refiect'ing a
d'iagrams were constructed to por-

A critical aspect of the composit'iona1 variation within this suite is
that grains (xenoci^ysts) of andesine occurs within the charnockitic rocks.
These-xenocrists increase in abundance as the anorthositic core rocks are
approached. Concomitantly the amount of K-feldspar and quartz decrease.
Aiinougn these changes do-result in g gradation-of rock lypes, the transi-
tion i6ems to be meihanical rather than chemical. This 'is suggested by

the constancy of xenocryst composition and the widespread presence of
cross-cutting relationship between end-member rock types.

Based upon fie'ld and chemical data Buddington (1939 , lg7?), suggested
that the chai-nockitic rocks are distinctly later than, and unrelated to'
the anorthositic rocks. He presented variation diagrams of,major oxides
dernonstrating that the anorthositic and charnockitic rocks follow separate
differentiation trends and that discontinuit'ies ex'ist between their_paths.
5i*ons (1.311) and Goldberg (1977) have studied trace element and REE pat-
ierni in'AOirondack anorth6sjte-charnockite'l'ithologies and concur with
guAalngton that the two are unrelated. They also show that a.gabbroic
anorth6site parent is consistent with thejr trace-element studies. Sinrnons

suggeits thai such a parent can be produced from.dry me'lting at-h_igh load
pi6iiu". of a gabbroic source rock.' Fjgure 23 showi Emslie's (1971) re-
iults for such-a system at P, = 15 Kb and at I' atm. The minimum melt
generatea at 45-50 km is essbntially a gabbroic.anorthosite. As it rises
lne tietd boundaries move so as to en'large the domain of plagioclase crys-
tallization. In this manner anorthositei may result from reasonable petro-
genetic processes.

I The origin of the charnockitic rocks in the suite remains largely un-

resoived. Aiddington (L97?) suggests that they represent an independent
magma series in which contamination of granitic magma by.-garnet'lferous
amphlbol ite has U"en itnportant. Husch,-Kleinspehnl and- I'tit-elland (1975) ';;';!ii "i-iiiinren, 

Mclelland, and 14hitney (1975), have-suggested that
ine ina"nockite-mangerite envelope results from fusion of quartzo-
ieiOtpiilric couniry"iocks of the' intruding anorthositic mag-ma (crystal
ilrh-?i. iariV in-the process the anorthositic rocks attain gonplete
l"Vltiii lzitioi and are' subsequently.intrug.ga. UV,the lorer nnlting tery-

""iiuie 
quartzo-ieldspathic titnologies. ltiebe.(1975) has suggelled a

similar niechanism for'adamellites n6ar Zoar (Nain),_Labrador. All fusion
moOeti of this sort depend critically on the initial temperature of the
lhirnockltic rocls and'the heat budglt within the system. Although tl:tg

lack of data on neai iapacities, heits of fusion, etc., preclude detailed
iailuiations, it Joes sbem possible that at 8-10 Kb anorthositic intrusives
with temperaiures of 1200-1300"C can relt substantial quantities of quartzo-
iiiJtiithic gn.isses initially at 80fC. llhether or not this mechanism

aituiiiV opeiatei is a ques_ti6n desgrring of extensive research. It is
l."liiniv tons.isient widn tietd eviience suggesting that.stratigraphically
iontinuoirs units undergo increasing anatexii as_anorthositic rocks are
ipp"oiinia. Some examfiles of this anatexis will be seen at Stop 7'
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Figure 22. Textural and compositional boundaries and gradations in central
part of Snowy Mountain dome. Arbitrary textural I ines from
center outward: (A) indicates the approximate location of
transition from deformed blastonoritic texture to augen-gneiss
texture; (B) indicates approximate zone in which number of an-
desine augen decreases to less than one per squane meter. Com-
positional boundaries and isopleths: solid line indicates boun-
dary zone between ansrthosite and metanorite; dashed lines av'e
isobleths of 10 and 25 percent modal K feldspar, and 5 and 10
percent modal quartz. Intersection of structura'l 'i'ine A with
inorthosite-metanorite bouhdary zone reflects occurrence of
finer grained and foliated Hhiteface-type anorthosite developed
along this part of the boundary (from de Waard and Romey' 1969
and de l'laard, 1964b).
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parkirq Errea on R. Get Pelmisglgn at
office.

SICP 28. Banton C,arnet Mine l}risgarrnetaepeit@
betreen 1882 ard 1924, and contir:nro:sly
frcrn 1925 to 1983. In 1984, tlre Bartcn
llines Corporation transft:=ed its
operations to the nea:by R*V lbrrrtairr
deposiQ at the tjme of its closirg the
Barton ![ine ras t]e oldest contirnro:sly
opq3ated, fanily cnrned mine irl the lfiited
States. The mine prodr:ced higf! quality
abrasive garnet, hrtrich ores its
e<ceptional abrasive Froperties
well-derreloped orbic partilg in
garnet c4rstaLs.

the elongate open pit, oriented
rcudlly EliIE-trS!{, is located in a snall
olivine retagabbro body, r.ltrich is in
contact with gabbroic anortlosite gneiss
on tbe nolt}l, witll a fault @ntact
against quartu nrargrerite on tJle sor:th
(Fig. 23) . Alorg tJre north rvall of the
pit, tlpical olivine retagabbro with
well-presenred igneor:s te*U:res is
exposed. Faint igneous layerirg is
Leaj.ly visjlrle, and a :enolittr of
foliated anortlrosite was reported by
Lutlter (1976). Tlre igneous mineralogy of
this rock nas plagielaserlivine-
c linoplnrcnrene-ilmenite. Drrirq
netffDrphisn, co:toiLls of tilo pyro<ercs
ard garnet have fcr:md betrleeD olivine
ard plagielase, and co:ionas of biotitc,
hornblende and garnet lrave brrted betrreen
plagielase and ilnenite (ltritney ard
llclellard, 1973, 1983). As a part of tJte
coron*fo:mirg process, the plagielase
has beccne clouCed rrit-h a host of minrte
(1-10 micron) grains of green spirel
(l[ritne1z, 1972'l .

Goiry S acres t}e pit, the gabro
urdergoes a rearly isoclsrdcal t:ansitiqr
(colunns P and Q, Table 1) into garnet
arphibolite, with garnet porptryrebsts
ccmnotly lp to 0.3 n and rarely lp to 1 m
in dianeter. It'is this ga!'net
anphibolite t}rat constitutes tle orei
interestirgly, t}e nodal garnet in tlte
ore is appro<irnately ttre sane (rcu$r1y
15-201) as in the oronitic gabbros. I?te,
ccrposition of the garnet (Lerrirr, 1950)
is appro<imately 43t plprope, 40t
alnwrdite, 14t gnosstrlar, 2l ardradite
ard 1* spessartitei zorLS-tE, where
present, is ve4r reak ard varj-able
(Int}ter, 1975). ltcnnrd tlte w err of the
pit, garnet hornblendit€ h''ittr Iittle or
no plagioclase is locally Fesent,
probably representirq ultraafic layers
or pods in the orj.ginal gabbro. In t}te

toa
the

Bor{on 6"wre+ /'lin"

EIqtFE 23 Geologic nq of tlE vichity.
of the Barton garnet uine. (after
Barttplese, 1956)

ncre nafic zones of tlre orre body, garnet
porpntfrOfasts atre rimed witlr qp to
several qn of tpnblende; rrttcre tlE G'is less nafic, the garrets trarrc
plagielase (r hrcerstlsre) rias. Ite
details of tbe-ore-fulsiry goess ae
not r€11 understooil, lue€r, & cre
Uody proUaUfy reprcserrts a ae ritniD
the gabbro r*rere @2O ras roealry bi$Er
&:rilg ctarcrdds, Acifitatiry
diftusicn ant ttre gurtb d t;b iEF
ga,rnets ard faqrciry tb steasiedanelgt of Mlaaa d & Gr1-
of pyroecs d pfaqicfa-. Se Jnff
of the pit is &d by a ttrin re dme lwatic, garEt biq roOc('lidtt crE't, r*ri.n is i.D fuli o-ra{sitlt UE djacellt qEntz rglrrite. lhislencatic aaeo l€lly furs &ctile
dafprrrstian d chrel.-'t d btiaeicrr
pcaUef b tlE f;inlt.

Ftrra to pctcirg G, UlrD aclrrd
ard re{ergi to REe. 28 via Bartan !{i-res
bd-

Tl5lt

I^ll,{tt/ 'f ^It 2€f1 Tc', ngl
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Road Log

Intersection of Routes NY28N-30 and NyzS-30 in Brue Mt. Lake.
Head south on Rt. 28-30.

1.6 - ASSEMBLY POINT IN ROADSIDE PARKING AREA, E, END, NORTH SHORE
0F LAKE DUMNT. ASSEMBLY TIME 7:30 AM, SATURDAY, 23 SEPTEMBER.

Stop 1: Large roadcut on north shore of Lake Durant. This location is
the type section of Lake Durant Formation (D. de Waard, 1970, pers. conrn.).

This stop has been described by de waard (1964b) as follows: ,,The
section of diverse, layered metamorphic rocks includes pink and greenish
leucocratic Aneisses with thin metabasic layers, marble, ana cali-si'licaterocks. The section fonns part of the supracrustal sequence which overl iesthe'leptites of the Wake'ly nappe exposed in the hills visible towards the
south across the lake, and which underlies the Blue Mountain charnockite
sequence towards the north. Lineations on foliation planes indicate a 30"
IE ptunging_fold axis. The intrusive nature of marblb into boudinaged
layered gne'iss is shown on the west end of the nortll side of the rcid cut."

0utcrop mapping to the east and south has revealed that the Lake
Durant Formation contains 'large amounts of hornblende granitic gneiss and
biotite-hornblende granitic aneiss both above and beioil the welT-layered
sequence exposed in the type section at Lake Durant. In addition, i dis-tinctive rock sequence of biotite granitic aneiss (bottom), calc-iiticate
rock,_and platey-quartz gneiss (top) makes up the basal portion of the
Lake Durant Formation in areas to the south.'

8.0 Trail-side parking area (soutfri on Route NY28-30. (This is about
1.25 mi north of intersection of Rt. NY28-30 and the Cedar River
Road. )

!!op, z-i Ledge_Mt. Hike 1 mi east through open woods, to we'il-exposed
south-facing cl iffs. This is on the southward culmination of the' recum-
bent Ledge Mountain antiform. Quartz-sillimanite lenses increase in size
and relative arnrunt from west to east, until they assume the proportions
of major 1a_yering in the gneiss. Kyanite occurs here in two ieldspar-rich
portions of the gneiss. l^le have sought more, without success. If'you
should discover additional kyanite, PLEASE OBSERVE PETR0LOGIC ETIQUETTE 0F
PHASE PRESERVATION: NOTIFY TRIP LEADER, HHO t.lILL OFFER SUITABLE REWARD.
I'lote.different proportions of rnagnetiter gaFn€t1 and biotite in feldspathicportions of gneiss, as well as in pegmatite. The structural relationihipsof pegmatite to host gneiss also differ. Note in Figure 21A that biotitb
compositions within garnet porphyroblasts are Mg-richer and Al-poorer than
"Free" matrix biotite. Also, of the four p'lagioclase - garnet Lquilibria
shown in Figure 218 (representing. five pairs), all repreient 'probed rimsof grain pairs each.of which is ih mutual contact. The highesi-P boundaryis that calculated for a relatively ]q"g. plagioclase grain within a garnit
porphyroblast; the others are of small plagioc'lases within garnet porphyro-
blasts, and of "free" plagioclases against garnet rims.

It is deduced from these rblationships, and from ubiquitous but small-
scale late corona structures of albite on magnetite, that the path of p-T
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Buck I'{ountain Fold Complex
This stop offers the opportr:nlty to see

the dlopside augen quartz gnelss and other quartz
rlch gnelsses and well exposed exanples of eecond
and thtrd phase folds.

Road Cutsr Glassy quartzites and dlopslde
augen quartz gnelss wlth sma1l sparse dlopslde
augen are exposed on the western slde of Route30. The small ouccrop on che eastenil slde of the
highway concains a few large dark green dlopsldeporphyroblasts. .

1-A. ) Buck l'lountain Syncllne. -r{alk east
frora the highway 600 feet down che logg,lng road.
Bear left at a sma11 cabin onto an overgrown
skidder trail. t{aLk 1000 feet approximately
N45E along a contour. The outcrbp on the steep
slope to the southeast exposes the hlnge of the
Buck l'lountaln Syncline, a Large thlrd phase fold
(see figs. 8 ani 9). inis is'a tight iold whlch
plunges moderately to che southeast on a northwest
trending, sceeply souch dipping axlal surface.

1-8. ) Proceed west frbn the highway
on an overgrorrn trall from che south end of the
western road cut for about 1000 feet. TuEn norttr
and cllnb the h111 to a large pavenent outcrop.

The rock ts typlcal dtopside augen quartzgneiss. The augen whlch have weathered out, glvlng
the rock this distinctive texture, are large slngle
crystals or agrregates of smaller gralns of green
to whlte dlopslde. Seapolite is connon. Mlnor
K-feldspar, and traces of calclte, sphene, and
zoisite are present. I

A second phase lsocltnal foldr outLlned by
a thln anphlbolite, ls refolded by a tlght thlrd
phase fold, foming a hook Lnterference pattern.
Note the lack of an axlal plane follation tn the
hinge of the second phase fo1d. A more promlnent
axial plane feature ls .present ln tlre hlnges of
third pfrase folds. Other folds, and a nlce vlew
to the southr are vistble htgher on the h111.
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DAY #4

Jct. of Rtes. 30 ard 28 in Blue Mtn.
Lake Village. koceed N cn 30.

Ent:ance to lbadcrtrrook Conference
Certer on L.

Ertrane to lAirordack ltrsersr on L;

0.0

0.6

1.0

q7

10;7 Jc{. d Rtes. 30 ad 2&t irr Iorg Iake
Village; qrtinre N dl 30.

11.4 eoseirg Lrgr Lake. Itris lake is the
Hestertrtcst of everal large adiEqrdack
lakes tbat erpy prcdnerE NE-trerdirg
line-rnrrts (see disanssiqr of iBrittle
Structure").

17.8 bd to Sabattis cr t. Oontinre qr
ff- ac.

,r.{!!}r* ,r. rrrarerir€ nposea in a tors
roadsrt qr tle-ffist side of t}re

higtrirdy are epicat, olive_grreqr
nargeritic roc*s of the n4pen-Saranac
Ccrplex. The nrargerites ons:.st
priaeipally of resoperttrite,
clinorplzcocer:e, ort!rcp1rroreni, and niaorFeJIi o<ides, qoatu, apatite aoa 

"i'tlorr.fgmeo:s teErtr:res ha\E been pardafly
preseffed ard $ggest a c.rrarhrs originfor at least ccsre of Ure resogerttri[e.
Sote lornblende i< puresent arli rnay be
secordaqr. Xtanosrysts of plagielase
zoned fron enSO to An2g oco::r and !E\re
cores clotded with ciented inclusiqrs oJFe-Ti o<ides.. Ttre rcnoorysts are U:cuErtto be &rived frcra aprttrositic roc*s-t*dch qrtain *Afarfy cbuted andesirc.
Several late dikes,cnCttre cirtcrcp. Greof t}rese-i". a pyrr:nrelri@ cirnilar lo tfre
orttropyrin"enitL- ai*es ass5E*ila riUrarprthosite at barfurg Broolc (Stcp 23).
Salples of urargerite Aqr tfris roaasrtyieJd a tit'rtly cd,strcaired u/pU zirccn
age of 1134+4 !,ta.

33.0 Jct. of Rtes. 30 ant 3 in $ryper IaleViUage; pnrcceed E an 3.34.4 ht€ring series of roaderts i! d=d
lEEgetrite and ancttrosite.

tz.@sr@ tg.****rroffi"
Errtt cross to a slatl gatef rd o L
Walk qg tlds toad 19 ! srerr rlrrrrarr;garry. badcrrts alq| hrte 36 6ia *,
Erarry ent&!te, as reLL as rlrFaglrtr tjt}te quary, sh, tigbq ot.tea'raq-r-
crossattiry utbite, yieldiry
anctlpsite rrnrirhe aS rcU c gfu|g!
ardesire @ysts i.u & ryite-Stainirg of the-oltcp s#,-i i! equaEy sfi! +e*rr c"r.kirdf_i.te
dawrstnarEes tbat & qe-ite rc*estlE arEtbstE, rirling ide!.stie3
bellrF€n e pbgd.clre-gai.u. eisqgests tiat lb rytbsiE e dtdaffy $tid{cia'r r{a intrrbd !ry ftqEriE, ,tir tiat & b riodcs eesseaHafl1l qlcaeors. Se rfule
roOc_a*-'tstry d tbe ryfe is
s.lrn|' r.f to tn* of tb rcdc at Stcp lg, ,

F- SiO2 is fffi :rrd RO 
"rrl-C"d "rnrg[r.? at the quaqf slte, as Eidrt be

€spectecl if se nii,j.q ft taG plae
betrreen nilrgesj.te anil a late--
.'1 ttelrentiaiEe of tne andlrosite.

this rock is tf/pical of t}re hornblende
granitic Aneises of tie fdirorda,ck
hi$1anCs. Ttre principal feJdryar is
resoperthitb ard the drief nafic mineralis a hastirgsitic bornblende.
Geodte$ically, these rccks appear to be
r:ear tlre ftlsic erd of a continun tflictr
also irr}rdes clrarrrcclci.te (Stcp 17) ard
possibly nrarqerite (S@ 19) (l*ritney,
1986; llclelland ard ?hitne,y, 19BZ). An
anallris of the roct< at this cutolo,p is
sts*n in Iable 1 coluqr E. Bot}r *rii roct
ant the drarrrcclci.te at S@ 17 are
nj.cnatites; tle tectrrre can le lest
obse6/ed qr the glaciated lryper srrface
of tlte <rrt. tre coarse to locallypggatitic lscoscures are generally
comdarrt, with tlre foliaticr hrt locally
msscut it, strggestirg syrtectonic
pareiaf Eltir€r. ALuost aff granitoids in
tne edirqdack higrlanfs are miguratites,
a f,asE e'oily overlooked qr erestr
srf,aces &re to tbe (usua[y) ml1
cqrtrase irr colc inden between 1etroscue
arrt rost.

JFqlrln to Rte. 30 ard qrt'inre N.

r.nUE/srtp rz. charrcrcite pa* bff
road b ttre R arxl@-a brg,
dad< cutcrop of dlarneleite
(ortlogryro<ern:cUrcryrocene.
homlrtendealagielase-quartz -
nesopertnite greissl. Aopare the
anafysis 6r this rock (tab1e 1,
CoI. Il sitf! tho6e fcr the
hornbl,este Sanitic aneiss of Stcp
16 (Col. E) ant nargerite of Stcp 18
(CoI. fl. Als Fesert in this
outc!€p are seral layers of
aryU:-toUte. Foliaticr in t}le
auphibolite is rangrly parallel to
that in the dtarrrelcite, but lrt
a&ays to tlE etltacts, srggestirg
t}lat t}te 4hibolites nay be pare
tectorric mfic diJes. at' flrst
glane tln dnnodcite lodGs
relatively Uqeoess, hrt tb
glaciatd srrf,ae at ttE tcp sbrs

SrcP 16. bsibl€nde Granitic Greiss
to c-uts dt the W side of Rte. 30.

tb. tek to be a ulgnatite.

W/,i(aey ef n1,,, \€fl bc, rcn
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38.55 _ Rte. 30 brand:es N; srEinp E ct 3.

no.@o ,0. r€tanorthosire of tlre nare'
E-ssif Par*
id5ffina t€lk E to firsc ortelcps. Sris
€arse gained andesire loclc is typical,
in bottr ccnpositicn and relict igneors 45.5

: 40 tenctu:re, of tte rDst \rolaincus nesber of
tle arprthosite series. Itris exposrrc
cdrtrasts with the gabbroic (noritic in
part) rctanort}osite of t$e "border
facies" in tra\rjJg <10 perent rnafic
nirerals ant in beiag oarsernnnired.
adaington (19391 ircerpretea the fircr-
Faircd border facies to be a relatively
chilled saple of tlre pare$ tnaga.

fhe porfunry uinerals are ardesine
{counnty en46An5g anf bcally
antipertldtic), angite, trlpersthene,
ilrerrite, nrynetite and apatitet actrrts
arrt relative Frqorticrts of the mfic
ninerafs va4r otstderably. O:a3tz is a
rF'nEtive ninetnl (up to 5t) hrt is crly
oeasioalty een in tttin sec€icrt. lfie
ardesine ecurs in tso fc::ns, as bluistr-
g|:3:dlr rrEgac!)rsts drsted witi eraiarEly
fine i,zon, tiialiun corides, and as a
cLear, finer grained, :recrletallized
groun&nass. l€taDlphic minerals inclrde
garnet (locally present as cororEs arcund
tryperstlene, otides, ani -rarely-
apatite, ard as discnete porpfryroblasts
$tEre the anortlnsite has been 49.8
extensivefy &fo!iled and recystallized) r 53.8
seordarT cUrc1l;gcnrene, anphibole, an:l,
less ccruonly, biortit€, c'linsoisite, and
scapolite. 60.5

Zirens erE:aeted ftiqn tlre anorttrosite
at this location are sall anil clear, and 52.8
yield an age of 1040+43 l€ (Criarerze1li
asf o'tfrers, 1987). fiiis srggests eitber 53.4
that ttle anontlpsite ras erylaced at tlris 63.8. tirns ard is tirus 4prodnatefy 65.8
qzruetancrpfric, or ttrat tie ziron itself.57.0
i9 a natrcrphic rtireral. tnequivocal
evidence of the crystallizatiqr age of 70.2
the anourthosit€ is *ift lackirg.

:Ihe oqgen isotcpic ocnpcitidt of t)e 72.2
Itar<At arpntbosite i.s - 2.5 pe!ilril beavier
tlran o'ther on6nal' arprfbosites; t}is
arsnaly rps ascribed bV Sryfor (1969) to
ercharge with penzasive rqO-enrj.ched C-G
B fluids Arrirg regioal nretanc4*lisn.
Borever, lb:risgq ard Vall€y (1988a) trarrc
stsrn t$at tbe rEo errriciusrt is a
nrynatic ftattre that ras aquired beforre
tle anortlosite intn:ded ttte cust at
shallcrr Levels. Values of 5 180 in tne
netarnrthoSite in ttre l*f 1&e otr ttle
ilarcY-!'lassif are ertrrety tsmg:ecr:s
( 5 18O = 9.3 + 0.2), whieh in -
curjr:nciion wi$ ttre preservaticrr of
nagatic features (Davis, L9691,
irdicates ttrat tbe oqtsEn isotryic
ccnpeiticr reflects nryatic rralues
ratler ttan exclnrge witlt rctaorphic
fluids.

??

SK)P 21. C\mrlus-texfirred
metanorttrosite@irg
ffiof hitt; G:*back
uphilI to cr:tccrps cr N side. In contrast
with tlre previcus st p, tle plagioclase
in the anortbosite at this stcp shcrs a
stnong preferzed ciertaticrr, rrith latlr-
shaped cystals haviry their lcrg ares in
tle horizcntaL plane, We irrterpet this
as aur adsmrhrs tsrbEe. Note ttE faint,
nearly horizsrtal, igneors layerirq
visible qr t}e reatjeced s:rface at the
tNest end of this cotElp. Preferred
orientatisr of igneols plagioclase is
rarely this prua:nced in ldirurdack
arnrtbosites, lrlre\rer a realcer prcferred
oriertaticn is ccmonly cbselred, and has
usually been attributed to flcrp
differentiation Fdeinqton, 1959) .
Zircors frqn tlre arprthosite at ttuis
erqlos:r€ resstble tlose at the previols
stop, ard give an essentially identical
date (1054+20 !,!a; Chiarenze'lli and
oi:hers, 19E-7) .
Contin:e E qr 3.

eoss Saranac Ri\rer.
Jct. of Rtes. 3 ard 86'in Saranac lake

Vil1age. Oontirue straidt ahead, tur qr
85.

Jct. of Old uj-titarfz bad; qrtirn- cr
Rort€ 3.

strarP ridlt trlrrr at bot@ of bill ia
Lake Plasid Village.
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GRENVILLE CAL-C.SILTCATE, ANORTI{OSITE. GABBRO, AND IRON-RICHSYENITIC ROCKS FROM THE NORTHEASTERN ADIRONDACKS

By

ELIZABETH B. JAFFE and HOWARD W. JAFFE
Department of Geology and Geography
Univcrsity of Massachusetts, Amhersl

INTRODUCTION

Thc Marcv anorthosite massif is delineated by a major NW-SE-trcnding tobe anda smaller N-S-trendinglorb..which coalescc to tt. s toiorrn. i"oir-rr,upio ou,"roppattern covcring 5000km2. (Fie. l). In section , the major Nw-,r.no-i-ig-iou.approximates a piano bench or slab 3-4.5 km ttrict wittr two legs or feeder pipesextending at reast l0 km down according to the g.oplvri""r model of simmons(1964)' whereas Buddington (1969) favorld 
"n "r'y.-"irical domical shape based onextensive field mapping and other considerationr. fit. massif consists of acoarscly crystalline core of apparently undeformea feisic andesine anorthositethrust over a muttiply dcformed roof-facics 
"""ri"r"g "f 

gabbroic_noriticanorthosite, gabbroic anbrthosite gneiss, una quarir-uluri"i i.rr*y;;;;;--ferromonzonite facies (Pitchoff G-neiss). n.-n"ois oil siriceous carbonate- andguartzite-rich metasedimentary sequence and associatcd garnet-pyroxene_micropcrthite granulitcs form discontinuou, r"ir"nr-"ia *.notiths in the rooffacies' Xenoliths of any kind are very rare inside the felsic anorthosite of thecore, bur abound in thb gabbroic anorihosite of the ,oot facies.

we will visir tcn outcrops which incrude alr of the major rock types (Fig. r) ofthc massif, and that tie principaily in its rnuttipiv-l.ior*.d roof facies.

That regional m.ctamorphism took prace at high pressure, in the range of g-10kbar at about 8000, is indicated by thc occurrencc of orthoferrosilite, Fs95 +quartz' and thc absence of any vcstiges of fayalite in itr" fcrrosyenite facies of thcPitchol'f Gneiss (Jaffe et al., igzs). -8"."u." 
i"".ot smiaz-No 143 agedating yields1288 M'Y' for the age of magmatic crystallization oi the Marcy anorthosite(Ashwal and \yooden, l9g3), and oldei.pb-,u 
"e" 

duti"giy silver (r969) yierdsabout I130 M-V- for crystallization and abour-t 100-t021 for metamorphism, theGrcnville orogcny may have spanned as much as 200 tv{.y. and it is difficult to fixthe peak of mctamorphism with a specific thcrmal or-tectonic event within thistime span.
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Stop l. FAYALITE-FERROHEDENBERGITE GRANITE, AUSABLE FORKS
AREA, t5' At'SABLE FORKS QUADRANGLE, t-OCALn'y AF-l-A

lron-rich granitic-syenitic-quartz monzonitic rocks, ascribed to a charnockitic
gneiss series, are abundant in the northeastern and central Adirondacks, whcre
they occur in close association with anorthositic and mctasedimentary calc-silicate
rocks in the Marcy Massif. Most of these contain iron-rich orthopyroxene (eulite
or orthofcrrosilite) with quartz, an assemblage stabilizcd at the high operable
rcgional metamorphic pressure of about 8 kbar, with T = 700-770oC (Jaffc,
Robinson, and Tracy, 1978: Bohlen and Boettcher, l98l). Other membcrs of this
alkali-feldspar-rich series contain fayalite and quartz in place of orthoferrosilite
and quartz. From tables l, 2, 3,4, and Fig. 9 and Table 7 from Jaffe, Robinson
and Tracy (1978), (Appendix I) it is rcasonable to assume that both of these rock
types were recrystallized under similar metamorphic conditions. Work by Bohlen
and Esscne (1978) and by Ollilla, Jaffe, and Jaffe (1988) indicate that these rocks
had igncous precursors that crystallized above 9000.
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llcrc. at Storr l. wc will visit outcrops of thc fayalitc-fcrrohcdcnbcrgitc granitc

",.,.r-l"i"i,'at 
Siop 4, wc will visit a culitc-lcrrohcclcnt:crgitc sycnitc gnciss on

Pitchoff Mt. in the l5' Mt. Marcy quadrangle'

A circular outcrop area, about I km in radius from the center of Ausable Forks

village, was mapped by Kemp and Alling (1925) as an olivine-bearing quaftz

nordirarkite. They loiated several quarries within this outcrop area. On a fresh

break, thc rock shows the greenish cast typical of the ferrosyenites and

charnockitic rocks of the northeastern and central Adirondack rcgion. It is a
medium-grained (l-5mm) hypersolvus granite, in places gneissic, with a color index
of 5-15. Simitar fayalite-biaring granitic rocks were described by Buddington and

Leonard (t962) from the Cranberry Lake quadrangle, near Wanakena, from the St.

Lawrence Co. magnetite district of the central Adirondacks. At rilanakena, and
very likely at Ausable Forks, eulite- or orthoferrosilite-ferrohedenbergite granitic-
quurtr-rnonzonitic gnciss is closely associated with the fayalite-ferrohedenbergite
granitic rock. fayatitc and ferrosilite, together with quartz, have not thus far
bccn found in the same spccimen; if they were it would provide a precise

geobarometric value for the pressure of regional metamorphism- From Fig. 9 and

iable 7, Jaffe, Robinson and Tracy, (197S) (see Appendix I) it wilt be seen that thc

asscmblage orthoferrosilitc + quartz gives a minimum P, whcreas fayalite + quartz
givcs a mlaximum P. A range-of 7-9 kbar at 6000 or l0-12 kbar at 8000 outlines the

c*tr".cs of the mctamorphic P-T conditions. Recent work by Ollila, Jaffc and

Jaffc (198S) indicates thar the orthoferrosilite in Pitchoff Mt. syenite gneiss is

actualiy an inverted pigeonite crystallized from a magma abovs 9 kbai and 900oc,

conditions in excess of those accepted for the regional metamorphic peak.

In the Ausable Forks area, fayalite-ferrohedenbergite granite contains only trace
amounts of hornblende: in outcrops where hornblende becomes abundant, fayalite
is pseudomorphously altered to a brown fibrous serpentine or talc. The granitic
rocks are cut by dikes of hornblendc granite pegmatite and diabase.

The fayalite-ferrohcdenbcrgite granite differs from the orthoferrosilite-
ferrohedenbergite granitic-syenitic gneisses in several important aspects:

l) thc fayalite granite is massivc to poorly foliated, while the ferrosilite
granitic gnciss is wcll foliatcd.

2) thc fayalite granitc is hypersolvus, carrying only a nstrip'or "striied'
micropcrthiic ttrat is slightly unmixcd to sodic plagioclase and orthoclase, whcrcas

thc ferrosilite granitic gneiss is subsolvus, containing blebby and patchy
micropcrthite more unmixed to sodic plagioclase and partly invcrted to microclinc,
and this microcline microperthite coexists with an intermediate plagioclase,

3) the fayalite granite does not
intermediate plagioclase, whereas
garnct-

contain garnct because of thc absencc of
the fcrrosilite granitic gneiss always carries

thc fayalite granite might be younger than thc
tile concur with Buddington and Lconard (1962) who
granite could havc originatcd from the fractional

rcntclting at dcpth ol'tIc pyroxcnc grcnitic gncisscs, with its intrusion occurrtng

during tf,c *aning stages of deformation'

All of this suggests that
ferrosilite granitic gneiss.
suggested that the faYalite
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Stop 2. ANoRTHost-rE NEAR covERED BRIDGE AT JAy, t5, AUSABLEFORKS QUADRANGLE

-outcrops 
just beyond a covered bridge about 0.32 km E of Ausable Forks cenrershow the characteristic textures of anorthositic rocks along the margins of theMarcy Massif- In the roadcut, anorthositic block ,,ru"tur" shows up to 2m blocksol coarse, cumulate-textured andesine .anorthosite, and 

"ourr" 
hypersthene (to 25 xl5cm) cncloscd in a gabbroic anorthositc. Dark il;;;, uo ro 2.5cm thick, occurwithin the country rock. outcrops in the East Branctr'oi the Ausable River areprincipally of coarse andesine anorthosite r"itrr 

" 
i"g"rtvr, index of about 20-30and a color index of only l- Numerous shear veinteti crisscross the anorthosite,trcnding N40E and Nl0W for the most part.

GRENVILLE.ANORTHOSITE HYBRID GNEISS 3.4 KM S OFUPPER JAY ON RTE 9N IN THE I5,LAKE PL;Ci;'
QUADRANGLE

@
Stop 3.
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we arc located in a 6-4 x l-6 km north-trending scction of Grenville strataconsisting largcly of calc-silicate-amphiuotite-maiute-asslnruragcs. Graphiticmarblcs occur across the Ausable River to thc w of this roadcut. Ail thcse havebcen intrudcd and pcrvadcd by sitls of gabbroi. 
"io"iioritic composition, resultingin the formation of_Grenvilte-inorthosi[-nvurio ;;.lr;;r. Subsequentry these wereintrudcd bv a sill of gabbro ttr"t iorir the center-or ii. E side of the large roadcut on Rte. 9N (Fie. 2).

Thc section may be divided into three parts:

l) a lower unit consists principally of a mottled granular black and whitesphcnc-augite-andesjnc. calc-silicaic gneiss cisconiin,iou.rv int.rraycred with blackhornblendite-amphiboritc rcnses pr.r-uruutv ;i;;;;; origin. The granularmottled host rock consists of white andesinc, e"si_3;,ilct augite, and 5-r0% ofrcd-brown to vcilow-brown sphene- Thc tlack ;rp;ib"t;;ic tavJrs-c""i"i" mosttybrown hornbrendc arong with white plagiocrasc 
";;-;r;;;;; ;;';;;;#" *.|carcite.

2) a ccntral unit is a biotitc-hornblcnde-hypcrsthcne-augite-garnct-plagioctasc
rrlct:lg:lbl)ro sill. Thc abundancc of Barnct, zil,lt,, suggcsts that thc gabbro sill mayhavc bccn olivinc-rich. Thc sill shows sharp 

"ontu"ii.Uo"" and below with thcanorthosite-calc-silicate-hybrid gneiss.
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Figurc 2. Grenville calc-silicatc anorthositc hybrid.

3) abovc thc uppcr contact of thc gabbro silt, thc rock is augitc-andcsinc An39-
40 gabbroic anorthositc gnciss intcrcalatcd with dark amphibolitc and calc-silicate
laycrs.

Sporadic large garncts up to 6 cm in diarnctcr occur along contacts of
anorthositic and mafic laycrs.

Thc outcrop on the W sidc of the road shows a wcll-developed high strain pencil
lincation, oriented N25E.
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Stop 4. THE PITCHOFF GNEISS - FERROSYENITE FACIES, pO-2

Turn right (north) on Route 73, and go through Kcene Village. where Route 73
turns west. Follow it about 4.5 miles (7.2 km) to the foot of Lower Cascade Lake.
Perk at the lakeside in the second parking area on the left, just past a sign
FALLEN ROCK I l/2MILE Be very careful cuttingacross traffic: this is a busy
high-spccd highway. Rccross thc road on foot, again with grcat caution. Walk
back toward thc FALLEN ROCK sign, to a rough trail up thc tatus just short of
thc sign. Thc talus and cliff arc both stccp and full of loosc rocks: be considcratc
of thosc bclow and bchind.

Thc prominent, southcast-facing ctiff wc arc climbing to is a ferrosyenite gnciss
that crystallized from a melt prior to its metamorphism. It is one of a grouplf
quartz-poor, alkali-feldspar- and ferroan-pyroxene-rich igneous rocks that acquired
thcir gneissic fabric during an episode of isoclinal and recumbent folding
associated with the Grenville orogeny at about I100 M.Y. The persistent proximity
and intimate intercalation of these gneisses with "Grenville" supracrustal rocks
suggcsts that they may have initially been iron-rich felsic volcanics, or perhaps
sills, interlayered with siliceous dolomites, calcareous quartzites, marls and basaltic
flows comprising a Protcrozoic series of rocks deposited aQo,qt l35Q-lty. This
Grenville age is cstimated from Ashwal's (1983) recent smla/-NdI4J date of l2gg
M.Y. bclicvcd to rcprcscnt thc age of crystallization of the Marcy anorthosite
massif-corc facics. Following thc modcl of Mclclland and Isachsen (l9EO) for the
southcrn Adirondacks, we suggest that, in the High pcaks Region of the
northeastern Adirondacks, a "typical' Grcnville supracrustal scquence corrclativc
with rocks of the Ccntral Mctascdimcntary Bclt (Wynne-Edwards, lg72') was buried
in a platc-tcctonic cvcnt or evcnts to a dcpth of about 70 km (42 mi), that of a
doubly thickencd crust. Following Emslic (1977), wc cnvisagc thc birth of an
anorthositic magma from thc fractionation of copious amounts of orthopyroxene
from an already-fractionated Al-rich gabbroic magma. Under these deep-seated
conditions, the high pressures and temperatures plus the availability of Grenville-
strata-derived CO2-rich fluids initiated the formation of potassium- and iron-rich,
rclatively quartz-poor, melts of syenitic to monzonitic composition (Wendlandt,
l98l). Ascent, intrusion, and emplacement of the syenitic melt at levels on the
order of 25-35 km (15-21 mi) and temperatures of E00-900o induced deep contact
metamorphism of appropriatc Grenville rock types. Here, at the easternmost part .

of the PO-2 outcrop, designated PO-2Gv (Fig. 3), a calc-silicate sequence infoldcd
with thc fcrrosyenite contains the assemblage: wollastonite-diopside-grossular-
quartz. Because anorrhosite is abscnt, the contact-metamorphic origin of the
wollastonitc must be attributcd to the intrusion of syenitic melt. Furthcr, because
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thc l'crrosycnirc contains rclict invcrtcd pigconite, which now consists of host
orthofcrrosilitc, l00Fc/(Fc+Mg)=tJ-92, thc mclt must havc crystallizcd at
rcmpcraturcs of 850-9000 (Lindslcy, 1983 and Ollila, Jal'fc and Jaffc, 1988).

Altcrnativcly, shallow emplacemcnt with

ff3urc 3. Po-23v. toldad ehtboltt.' srtlc, &d vollutctlF
- Uceiiq ctlr.lllc.tc tocl ltr fcrrory6l!' FGfu'' Pttchoff
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crystallization of fayalite and quartz, later decply buried and converted toorthofcrrosilitc and quartz, is conceivablc, yet unlikcly, because no relict otivine,whatsocvcr. has bccn obscrvcd by Jaffc or by Ollila in quartz-bearing syenitic
rocks of thc Mt- Marcy and thc Santanoni quaclranglcs. Fayalitc (FaJ.)'plus
quArtz' but with orthopyroxcnc abscnt, has bccn dcscribed ftom quai#rycnitic
rocks in thc Cranberry Lake quadranglc to the west (Buddington and LeonarO,
1962, Jaf f e et al. 1978) and in the Ausable Forks quadranglelo the northeast(Kemp and Alling, tgzs and Jaffe et a-1, lgzg). A deep emplacement with highpressure crystallization is consistent with field observationi anO 

"*peri.enial datafor :ll of these rocks.

At the Po-2 outcrop, we will split into several smaller groups: the footing canbe a bit tricky. Remember not to step back for a better look at tt e outciops. Thelirst or westernmost cliff consists of strongly foliated ferrosyenite gneiss,-'
N45E30w, with a large incrusion of shonkinite granurite (Fig. 4, r"6i" ji. rrr.foliation continues through the inclusion. The iouttr*est end of the inclusion issharply cut off by the gneiss but the northeast end fingers out. The inclusion iscut by a discordant vertical tongue of gneiss which bec-omes a subhorizontalpegmatite vcin. At the northeast end of this cliff, the ferrosyenite gneiss is cut byan unfoliatcd aplite dike. Small amphibolite inclusions can bc seen-in,rr. e*irr.'

wc will procccd cautiously about 300'(91-5 m) aiong the base of thc cliff to thcnorthcast, across a.strcam and a gully. Here we see icveral largcr foldedamphibolite inclusions in the fcrrosyenite gneiss (Fig. 3). The axial planes of thesefolds nrc approximatcty paratlcl to ihc pcrvasivc fot-iation. lVc will now crawl al'cw fcct up thc gully: in its cast watt arc cxposcd nrarblcs and calc-silicatcsintimatcly infotded. in the ferrosyenite gneiss. wollastonitc occurs in these calc-silicate beds (Fig. 3). If we maki allowince for the plasticity of the marble, thescfolds are also approximately parallel to the pervasivi foliation. There i, . l"#jothe marble a little higher up this gully. on itre oppositi side of Lower CascadeLakc, in the anorthosite, another Carre can ue founo a few hundred fect higher up.caves are common in New york State, but these-t*" rn*t be among the few inPrecambrian rocks.
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SIOP 5. GRENVILLE MARBLE.SYENITE.ANORTHOSITE SECTION SOUTHOF KEENE

Drive five miles (8 km) northeast on Route 73 to the first right turn after aGulf gasoline station and almost into Kcene village 
".ni.t. Turn right (south) onthe westernmost of two small roads that parallel both sides of the.East Branch ofthe Ausable River. Drive about 0.75 (1.2 rcml mires s;;i; 

"n 
this western side ofHulls Falls Road an-d,park judiciously a_long the edge of this little travelled road.Dcsccnd about 25'(7-6 m) to the bank of thc rivcr iuttrring out to auoia-sloaingor sitting in Rhus toxicodendron which commonly c;; in Grenvile marbreterrain' A fine rivcr outcrop of fotded Grenvill" ri"iur" consists of calcite (white),diopside (green), fluopargasite (black),.a.nd minor gtistening flakes of phlogopite(brown) along with less abundant graphite. pi"k ;;;rtr leucosyenite and black-streakcd grav-white gabbroic ano.ihoiite gneiss il;t.., dragged into highrycontorted syntcctonic fords enhanced by tie prasticitv oi tte marble and theprobablc mortcn state of the quartz syerrite 

"na 
g"Luroi" unortrrosite (Fig. 5).occasional tongucs of gabbroic anortirosite .ror.--"uilic syenitic rocks. A majorvcrtical fracture zone, the Keene Fault Zone - !rvr'*'w rveA-' A rr

runs parallel to the river in a N-S direction, and is well exposed about one-half
milc (0-8 km) south in a granulated anorthosite outcrop. The Keene Fault has
draggcd the precxisting, gently north dipping, isoclinally folded strata into fairly
stceply plunging folds at this locality. A late, brittle stage of movement on thc
same fault has granulated and retrograded all of the britlle rock typcs. Feldsparin syenite is sericitized, intermediate plagioclase in gabbroi" 

"oortitbrite 
rras u-ein

albitized and veined by calcite, grossular-diopside calc-silicate rocks have bcenprchnitized and chloritized, but marble merely goes along for the glide.
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t'ixrrre $' contorted foldlng ln dlopslde-calclte-pargaslte-carcrte narble, qulrtz leucosyenltet:neiss' and anorchoslte gnelss ln che tJest Erdrci of the Ausable nlvei eouctr of Keene, N.y.A c'tmpconlte dlke cucs the narble-gnelss sectlon. Afcer Keop, 1921. !lB. t{arcy quadrangle.
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At the northernmost end of the outcrop, the diopsidic marbre and thc quartzsvenite are transected bv a 4, (1.2 rnj wide Ngbw-gdiriniioe ramprophyre dike (Fig.5) which disprays good;hiiled'maryins. It is a 
"t"rri" iu-prophyre: a dark, dense,porphyritic dike rock in which th.l"rro-agnesian minerars occur in twogencrations and in which onlv the dark miriei;in;';;e phenocrysts. It consistsof l-5 mm diameter phcnoctvtrt-or p"rtially r"ip.n-iioii"d -"go.rian olivinc, andzoned clinopvroxene with augitc coies and iit"r-""lii.'ii*r, which disprayspectacurar zoning, intense anomalous interrcrence:;H and dispersion, andhourglass structure. The grouna-ass cootuio, 

" 
,""oiJ i.o."",ion of

microphcnocrysts of titanaugitc, kacrsutitc, titanian biotitc and abundant very thinnccdlcs of npatitc in a quasi-isotropic basc'thai r,ur too iieh an indcx of rcfractionto bc-analcimc or lcucitc; it has a mcan indcx ol i"rtu-"tion = 1.525 and is cithcrunrwinncd anorthoclasc or a zeorite. Thc dike r"v o. 
"iussified 

as either acamptonite or a nonchiquite, but exactty conrorms *-n-"i,tr..-

Conee-ld
l:r-;-,dsF"rr d

nedss-

r31r.p.'l+
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Stop 6 THE 1063 MYLONITE

On the west sidc of Route 73, 1.3 miles (2.1 km) south of the village of KeeneValley at BM 1063 and opposite the Bcer Bridge across the Ausable iiver, theanorthosite is cut by a well-developed mylonitic zone about 2, (0.6 m) wide whichtrcnds N55E35NW. Park on the wcst shoulder of the road soutir of tire outcrop andwalk back. Thc anorthosite here appears to bc the normal gabbroic type;-hor"e,,rer,the mafic mincrals occur in clots and_aggregates of augite+ipatir., nruiy or *rri"tarc bent into mini- and microfolds. These clots and the sparse mcgacrysts oflabradorite form a foriation which trends N70w70sw. The coarseli"ii,"J
contaminated felsic anorthosite and thc mafic clots of partially ass]mitatiOaugite+apatite represcnt eithcr remnants of a Grcnville phosphatc-rich calc-silicaterock' or a mafic cumutatc segregated from a gabbroic anorthosite melt. Thc ironcontcnt of the augitc, l0OFe/(Fe+Mg) = 47, whilc too high for felsic anorthosite, isrcprcscntative for anorthositic gabbro. Further, thc pro?usion of "100;"na'OOt"metamorphic pigeonite exsolution lamellae in the hosi augite (Jaffe 

"i "l-lgzslsuggest that the clots may derive from anorthositic gabbro, where such arecommon, rather ihan from a Grenville calc-silicate ilthotogy, where tt.y .r" ,"r".Labradorite megacrysts in this rock are nevertheless higher in anorthite than felsicanorthosites of the Marcy region, and-show Also-s-sa-irather than the tvpicat
\n$-oS, suggesting a probabte assimilatioo or'cXr'ci'um'-from the 

""efl"ilrite-richclots ol xcnoliths- For this reason we classify such rocks as a percalcic subfacicsof thc gabbroic anorthositc facics.

Just north of a small watcrfall, thc,outcrop changcs dramaticauy: the roughfoliation givcs way to finc layering along *tticn th; dark mincrals occur as streaksand schliercn, though. occasional megacrysts have escaped granulation and appearas flascr. The mylonite is focuscd in a i'(0'.a m) zone-*hich dies o"t ir"arr"Ily tothc north aftcr about 20'(6 m) giving way again to percalcic anorthosi-te. 
-just

bcvond a covcred intcrval, the north end of it e outctop 
"oni"int 

;-;;f; rlck, inrudcly vcrtical attitude' but somewhat bent about a sub-horizontal axis.p"rnup,carlier than thc mylonitization. tt has bccn named 'aproxitcn by onc 
"i ;;;authors, in allusion to its bimineratic apatite + pyro*cne compoiition, which isidcntical with that comprising the mafic clots in-anorthosite host rock at the southcnd of the outcrop. The mineralogy thuS suggests that the naproxite' is a foldedlaycr in anorthosite rather than a mafic dik;.
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The myronitic zonc does not retain any of its primary.magmatic or high grademetamorphic mineralogv but is totaily rerrograded to a fin.-;;;;J;i.i"* 
"ralbitc, prehn ite, scricite, quartz, chlorite, p""-p"rrvii!,-.oido,", and calcite.Labradorite is altered by the foilowing probabre ,.trogr-"d. reaction:

4[Nag.5Cag.5Al t.5Si2.506J + KAlSi30g + 2H20

+ Or + Water

= 2[NaA lSi3OgJ + ca2A rlArsi30r0r(oH)2+ KAl2[Arsi30l0](oH)2 +Si02

= 2Ab + prehnite + Sericite + ez

4 Lab

Augitcs have becn drawn out into erongate rcnses, spindles, and schrieren, andtotally rctrograded to a mixture of fibrou-s, iroiropii Jiiotir. and pumpeltyite witha little calcitc' Apatitc, alone, remains unaltercd, .pp"uiing as microflaser in thcmylonitized basc (Fig. 6).

\
R3.'. 

5 . Thc wrg Lonibc

Lonc in gobbroi< anortbcsiFc
N.Y. Rlc ?5 S oF kccne Val,tcg
SEop6. Vc[cyation. \_\ 

__\\

This wet assemblage is inconsistent with deep, ductile shear and suggests that themvlonitizcd zone originated by brittle shcar or'caa;;;;i, in a wer, relativelyshallow crustal setting.

That thc shcar zonc was initiaily a dcep, ductire myronite, later retrograded,rcmains a possibility. "'J 'v'
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SIOP)-HAPEL POND ANORTHOSITE, EAST CENTRAL MARGIN

MT. MARCY QUADRANGLE

outcrops on the E sidc of Rtc. 73 consist of andesine anorthosite
shcar zoncs of scapolite gneiss and a garnetiferous aprite aite teig.detailed description of these outcrops, see Kelly (tgiq.

Most of thc rock hcrc is Marcy facics andcsinc anorthositc.

Figure 7. The dike at chaper pond, after Keily (1974).

OF 15'

containing
7). For a

c)

I

T

It consists of 30-40% dark blue'gray megacrysts of calcic andesine, An45-4g, setin a -matrix of white andesine, hyperstheni, 
"ugi,r, "J a rittle hornblende.Plagioclase makcs up about 90% of the rock- a rinoelin"a apilie aG;; to I m

!hi9k' trends roughly parallel to the road where ii rniv L" seen to crosscut thefoliation marked by alig:red-megacrysts of plagiocraii'io the anorthosite. Theaplite contains about 60% microletti,ite, zsq6 q1;arlz, l0A altered plagioclase, 3%magnetite, and I% each of garnet and aitered i.;;;;g;esian silicates.

Along anorthosite-dike contacts, fracture zoncs in the anorthosite contain clearandesine, An44'47'-abundant scapolite,_Me36-47, ouir.oiiu. hornblende, and a littlehvpersthene. Fruids barrying cr and co2 a,ppar."rr; ;grated into fractures inthe anorthositc to convert ptagiocrase into s"apoti;;.' ---"'-rve "r'v rrsvrurr

The abundancc of thc ptagioctasc mcgccrysts
rock is typical of thc anorth-ositc that forms thc
to thc wcst.

hcrc and thc ovcrail texturc of the
corc of thc Adirondack high pcaks

@
Stop 8. cABBRoIc ANORTHOSITE pRoToMyLoNITIc cNEISs, sourHCENTRAL ELIZABETHTOWN QUADRANGLE

The promineDt outcrop on the w side of Rte. 9 is a gabbroic anorthositeprotomylonitc or straight gneiss locatcd in one of the frominent northeast-trendingfault zones that abound in the NE Adirondacks. Not.-;i;;-;h" il';;;iiilo" unomylonitization of this gabbroic anorthosite are not so intense as that seen at Stop 6,the 1063 mylonite.

Thc rock consists of vcry finc crenulations and streaks of hornblende, garnet,ilmcnitc, and augitc in a finc matrix of white anciesine, An32, and anorthoclase.Rccrystallization took placc undcr dry conditions, and alt mincral, 
"r" 

rl"rrr.
The high strain nature of the-gabbroic-anorthosite gneiss is evident, and isillustrated by the total granulation and virtuat ausenc"e or pragiociaseJ"gl"rvr,r.

An occasional block or xenolith of felsic anorthosite ir pr"r.nt. punky grey vcinsof finely altered rock occur in fracture zones.
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Stop 9. MTJLTIPLY DEFoRMED LAYERED GABBRolc ANoRTHoSITE(;NI;ISS. RTII. 9, 2 KM S OF ET,IZABETIITOWN

Thc prominent cliff on the W side of Rte. 9 is a hydrothermally altered layeredgabbroic anorthosite or leucogabbro located in one oi the prominint northeast-
trending fault zones that abound in the NE Adirondacks-

<:-

1
=-

tl\ 4\
,/: =sraP

\-: zFigure 8. Rcfordcd rayercd gabbroic anorthosite nciss.

ill

Thc rock contains kaolinitized andcsinc, titanian brown hornblende, augite, andgarnct, with a littlc ilmcnitc and apatite. Compositional laycring is markJo, withmorc mafic layers rich in augitc and garnct, and morc felsic taylrs richer-inaltered andesine and hornblcnde and without garnet. Many thin veinlcts of whiteprehnite, calcite, and chlorite crosscut the gneLs. The laycred gneiss wassubsequcntly intrudcd by onc or morc apliti dikcs, composed of altcred albiticplagioclasc, potassium feldspar, and quartz, atong *ith iarnct, and srnalt amountsof apatitc. Garnct is artcrcd to chtoritc- The roit is sticei ;; ; ;;';;;rJ, .ooslickcnsidcd' fracturc surfaccs oftcn bcing coatcd with bright green drt""it".

' -LssAn- ./
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Thc gnciss was rccumbently foldcd under a high strain rate and then subjcctcd
to open folding (Fig. 8). Do the conspicuous opcn folds delineated by the pink
aplite represent:

rcfolding of thc recumbcntly foldcd gneiss?

a sheath fold squeezed or squirted up inside the
gneiss?

3) are there one or two aplite dikes, and does the
aplite layer close into a fold hinge beneath the
road?

Just across Rte. 9 on the E side, the rock has a completely different texture.
About half the rock consists of 0.5-5cm green, euhedral kaolinite pseudormorphs
aftcr plagioclase phenocrysts lying in a foliated matrix of brown hornblende,
quartz, anorthoclase, augite, magnetite, and apatite. The fine black matrix is
unaltered, in contrast to the large plagioclase phenocrysts. The green kaolinite
pscudomorphs show good albite and Carlsbad twinning, but undir the microscope
only trace amounts of unaltered plagioclase remain. Compositionally, the rock is aquartz gabbro or quartz diorite. However, it may represent a porphyritic gabbro
with its groundmass recrystallized to a metamorphic assemblage.

Stop IO. THE wooLEN MILL GABBRo AND AN.RTH''ITE, RTE. 9N,ts, ELTZABETHTOWN QUADRANCL; 
- -

"o:.1T..?)"1?.:l:-16-Ii 
y-"{.the.intersection of Rtes. e and eN at thc

::::X:?, j*,."":,*:,:".!:91.;f ;;#i-,1"il;",::,:''.lfi .'"??;#,"1T'"'
:1",1?:,i:: ::,1n.":i::,:.1: ^"",1 lTq^9i;usgJ ;;".r!1i"J: ;#i;;""Jo1l,,u",ion
::,1"_lLT. and installa tion or 

" 
proito"r-;j;n!. ;;;;ft ili!l.,rver just N of theroad may limit our examination of a firne exposure of anorthosite block structurealong the rivcr.

r)

2)

on thc s side of the road, a promincnt cliff cxposes the very irrcgular contactof a garnet- and magnctite-"i"tt g"bbto with 
"- 

*i;;;;bbroic anorthosite in whichalmost all of the plagioclase megicryrt, h".,. u""tLriiutated. A rudc foliationmay be obscrved in both rocks. -tvtoies of the guuur"o 
"io optically detcrmincdcompositions of plagiocrase, augite and hypersth.* i.o,n tr," gabbro andanorthosite are given in Table o.'rne contrast in Fs content of coexisting clino-and orthopyroxene in gabbro and anorthosite is *a*la. Note that the iron-richgabbro has abundant garnct, while thc rclativelv iron-poor anorthosite has none.Thc prcscncc in the giuu.o of isorated utue-gray, *.il-I*inned (carrsbad andalbitc) labradorite xcnocrysts and occasion"ir"-nlritrrs,-as well as contact rclations,

lj9:tt: that the gabbro has intruded the anortrrosiie ierorc regional dcformation.t oward the center of the roadcut, a pink aprite ;ik; h* intruded both theanorthosite and the gabbro

Thc complexitv of the contact rclations here has led different gcologists todifferent interprttations. K-;;; 
"iJ nu.o.ra"rr-ir'ql0)-ana Kcmp (1921) reportedthat river outcrops showcd 'anorthosite tonguing in to itre dark supposcd gabbro"



lle
and suggcstcd that thc gabbros might rcprcscnt "surviving inclusions of Grcnvillc
scdirncntary gncisscs imprcgnated with mattcr from the anorthosites." They
suggestcd that the Woolcn Mill gabbro was thus an old Grenville rock hybridized
by latcr intrusion of anorthosite. commcnting on this intcrpretation, Miller (lglg)
nssigned thcse plagioclasc-mcgacryst-bcaring glbbros to the k"cnc gneiss, which hcbclicved to be a sycnitic magma containing-assimilatcd anorthositcf Buddington(1962) described the woolen Milt gabbro as a typicat otivine gabbro intruiiue intoanorthosite, in which olivine was extensively converted to garnet during regionalmetamorphic recrystallization. No evidence of relict olivine coutd be found underthe mrcroscope.

How would you interpret the outcrop relations?
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TabLe 6. MODES AND MINERAL COMPOSITION OF GABBRO AND ANORTHOSITE
FROM THE WOOLEN MILL LOCALITY, RTE 9N,1 .6 KM 1{ OF
ELIZABETHTOWN
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in gabbro has O(= I

For optical composition curves, see Jaffe,
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- FIRST LEG

0.0 Field trip starts at end of ramp of northbound Exit 24,
Interstate 87. Turn right toward Bolton Landing. Within 50 meters
turn right again and head south on the River Road.

0.5 STOP tll - Outcrops on right (west) side of road are
largely alaskitic granites with sone strongl-y contolted layers
of faragneiss. ellnough Ehe outcrop is just outside the leaderts
fieia aiea, it was napted at his suggestion by McConnell in L964
and is deemed to be "basenentrr. A two-meter exPosure of an iso-
clinally refolded isoclinal foLd is one of the main features of
this "top. The flrst-formed fold has a:<ial plane foliation and
1s believed to be an F-1 fold. The second-fo:med fold deforms
foliation and is beLieved to be an F-3 fo1d. The other important
feature of this exposure is the strong suggestion that che granite
is an anatectic product of the paragneLsses.

Turn cars around, head back to I87 and continue north
to Exit 25. RESET r"ileage for the second 1eg of the field trip
which begins Effie end of the ranp for northbound E:(it 25 '

MILE - SECOND LEG

0.00 End of ramP, Exit 25. Turn right onto N.Y. Route 8 and
proceed easasard ttrrough the hamlec of Brant Lake and Ehence along
tn" lake of the sane nErIDe (Bolton Landing 15 t qr:adrangle) .

7.3
this turn

Turn left onto Palisades Road. .It is difficult to see
until you are.practicaLly on top of it. Go 1.3 miles



8.7

lte

to the first stop of this 1eg,

STOP /f1 - At the T-intersection wlth the Beaver Pond

on Rt. 8.

r0.3

Turn around and head back to N.Y. Route 8; turn Left

STOP /t2 - Brant Lake Gneiss (informal name) is exposed

I
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Road, an outcrcp of Older Paragneiss (infomal stratigraphic
name) is located on the south side of the road. The outcrop
contains a heterogeneous group of gneisses, quartzites and am-
phibolites. Of particular interest are the rotated (penetracive)
clots of silLinanite and mlnor foLds whose axes plnnge about
20" ln an azimuthal direction of 60o-65o, which is the 1ocal
axis of F-3 folding. This unit is beli.eved to lie r.urconfornably
below the base of the supracrusEal meEasedimentary rocks, and
in the opposite stratigraphic direction grades into granitic
gneisses. A whole-rock, Rb-Sr age of 12101 45 m.y. has been
obtained from this outcrop.

on the south side of the road. This roc! is found throughout a
structural dome to Ehe south of thir exposure. This granitic
gneiss has a very uniform nodal composition of approxirnately
35% quartz, 25% mi.crocline, 30% sodic plagioclase, 37. meso-
perthite, 5-77" biotite and 17" opaques. The granitic rocks of
this dome yleld a whole-rock, Rb-Sr age of 1119t39 Er.|. It has
been proposed that this granitic gneiss is an anatectic producc
of the Older Paragneiss (Bickford and Turner, L97L). This is a
very brief stop.

lO.7 OPTIONAL STOP - (L979 NEIGC-I{YSGA will not stop here)
Older paragneiss in the road cut on the north side of Rt. 8 con-
sists of qr:artzofeldspathic gneisses with accessory biotite and
garnet. It{ost, if not aL1, minor isoclinal folds in this exposure
show axial pLanar foliation. This paragneiss santl,es the struc-
cural dome whose granitic core rock was obsernred at Scop {12, and
may be traced alrcst continuously around the dome (see PLate 2
of accompanying description).

L4.7 STOP /13 In

t
I
I
t
T

I
I
I
I
I
I
I

is perhaps the simplest
t,ural complex. A large
trast be8ween quartzite
needles just above the
azimuthal direction of
crenulation ph.rnges 20"

the road cut on the east side of the road
.set of fol-ds in the Swede Mountain struc-
isoclinal s5mform is outlined by the con-
and siLlinanitic schists. Sillimanite

quartzite closure plunge about 5" in an
80o. Closer to the. road, a minor fold
in an azimuthal direction of 80". The
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synforrn is thought to be an F-3 fo1d. The isoelinal synform is
clearl-yr refolded. A stereographlc beta diagram of attitudes of
corpositional layers shows an intersection which pI'unges 22o in
an azimuthal direction of 116", which comports with the axis of
F-4 fclding. About 15 meters uphi11 along the road cut, a pair
cf refoided isoclinal folds about 3 meters long nay be obse:rsed.
Measurements of hinges and crenulations in these produce the same
pair of data as fot the l-arge refolded slmform.

L5.4 STOP /t4 - Pull into turn-out area on the right and park,
I,^Ialk back across Rt. 8 and continue east for about 50 meters. On

the south side of the highway is a l-ow road cut about 70 meters
1ong. An isociinal fo1d, whose linbs m:y be traced 55 meters to
its ciosure, is exposed. Crenulations in the hinge plunge about
i0" in the azimuthal directlon of 103'. At least one ninor iso-
,:1ina1- fold within the Larger isocline displays axial plane foLia-
tion. This is probably an F-l fold; In the eastern part of the
road cut, ihe limbs of the isocl-ine have been refolded by an F-4
fold. A beta diagram of the refold shows an axis plunging 30"
in the azimuthal dlrection of 117".

Returrring to the western end of the road cut' and aE
about right angles to the cut, the outcrop portion of the exPosure
concains evidence of three episodes of folding (see Figures !r2
and 3 of accompanying description). A complex F-l isocline has
been isoclinally refolded into an F-? synform, and several s-'ller
!-4 foLds have been superimposed on the refolded m.ess. A:<Lal
piane foliation in the F-l fold has been rotated by F-?, and a
weak F-4 foliation with strong quartz rodding penetrates the out-
crop. A beta diagram of compositional layers in the nose of the
synform shows an intersection ph.urging about 5" in an azimuthal
direction of 110". This does not eorrespond with an F-3 axis,
and nay reptesent an F-2 refold. A beta diagram of the limbs of
the refold shows an intersection plunging L5-2O" in an azimuthaL
di-rection of about L20", whieh cortesPonds with F-4 fold €rxes.
Aithough the beta na:rina are only 10o aPart in azimuth, the dif-
ferenee is believed to be real because measured hinge axes cot-
respond with the 110o beta direction and measured quartz rods with
the L?O" beta direction.

Return to vehicles, continue around turn-out loop back
Eo Rt. 8, turn left and proceed back in a ltesterly direction.

i-6,0 PuLt Lnto turn-out area on 1eft. At this point the
group may wish to split into truo parties. Assuming that t,ime
pe:mits, the leader wiLL take a group of physically abLe parti-
cipants on a 4-kilometer hike (tgtal -distance) to examine evidence
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of large nappe structure in Swede Mountain. Those Persons not
wishing to take the hike are invited to examlne the 1.0 kilometer
of nearly conEinuous exposure of Swede Mountain beside Rt. 8,
which includes the structures seen at Stop #3.

After returning from the hike, if time still peroits,
an attempt wilL be made to ror.rnd up all participants for a final
but optional stop. Proceed westerly on Rt. 8 toward I87.

28.3 Within seeing distance of T87, turn right onto the
Starbuckvill-e Road, continue until a long one-lane bridge is
crossed and look for an intersection.

29.0 Turn left onto the River Road and go 0.25 miles.

29.25 ST0P /f5 (optional) - You are in the northeast quadrant
of the North Creek 15' quadrangle, napped by Geraghty (1973).
The outcrops on the east side of the road are predominantly
qvartzofeldspathic schists and gneisses w'ith abundant biotite,
sillinanite and garnet (kinzigite) and qtrartzite. The author
believes the kinzigite is an iron-rich facies of the basal
khondalite seen in Swede Mountain. Some minor folds display
axial plane foliation and nay be F-l folds. Nunerous axial
traces of minor folds strike 50o-70" in azimuth, a biotite-
sillimanite crenulation shows plunge of about 42o in an azirnuthal
direction of 59o, a beta dLagram of one fold shows an intersec-
tion at pLunge 26o in an azimuthal direction of 53", and one
minor fold hinge plunges 15o Ln an azimtrthal direction of 70".
The foregoing reflect F-3 folding. Several F-4 cross folds are
present and measured lineations and hinges have a range of plunges
of 45o to 55o in azLmuthal directions of 115" to L20". At Least
one F-5 fold is apparent ln the cutctop, and its axial tlace
is about L0" in azimuthal direction.

GOOD LUCK ON YOI'R TRIP HOME:
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174.9 Jct. of Rtes 30 arri 8; turn L (E) qr
hrte 8.

198.6 Jct. of Rtes. 8 ard 2g in ldeverEoi
Continre sb:aight atead on 8.

?02.1 Orossirg Hudssr River at Riparius.
209.7 eoss under Nortbhray (US g7t arri

proc€ed E qr Rte. I tfrough BrarE Lake
Village ant alorg S strore of &ant Lake.22L.L Parking area on R cppositc larye qrt
in nignatitic biortitegarnetqr:artz-
plagioclase grreiss.

3" Jf area- to the L is a gnal1

('pncils") ; . 
trese ard orier,,tJlnoo-iiffia"ffiffiruk222.5 Parking area qt R near Sf,ede !ttn. l5gi*_+_ q,: ;G;,*nffiH."r.=

Pont. Palk here for Stop 32.
ant is nearly&&ff.sffiffi"F.*"*

SIEP 32. Grehitic 'Di:(dl" sddstqruu.cilsry crEss rcad ane wal,k a short
distance dsnhill to roado:ts qr N side.
+li"g (191il rnaFped t}e g:rphite
deposits of ttre eastern adidacks,
prcposed stratigrapDric segnences, and
assigrred unoffieial foumatiqral nanes.
Tbe unit here elpced is his Dir(on Scldst
$hicft ms, in 1917, tlE greatest soure
of flake gSdte in tlre edirqrdacr<s, anil
';resibly in tlle t!r.i'-l Statesr (AUfuq,
1917, p. 431. The b:m:rticr is a quartz
sdrist that ortains abqrt 5 to 7 pelient
gt4hite, 

"16 
cmall aorutrts of biotite

ad pltrite. Its tiidoess rar4res frcm
abotrt 1 to 7 n. Imp'iately orcrlyirg tjre
Di:ldr Schlst is ttte Filqt "l5lestd:e' (=
na$lel, ard above $at the $€de Fotd
qparlzite, atq $nde ltbustain to the
scutlr bf t'le !oad. If tine pemits, re
witt ralk t}:e stDlt trlail to the top of
Srrede lrbuntai.n to eriilire this utit.

Ca6on isotc'Pic analfrsis .latrtrst?atec
an organic, sl4enetLc cigirt 6r mrh of
tte ldirsdad< graenfte. orre gr4:tdte, in
silicious sctrist at Faron M. is
clearly caanic ( 5 13c = -zl..il nhite
otler graphites, 2-4 n ailay :rclcst
striJ<e, ar= ln e*charge equilibrirm wittl
ae5acdt-E$les ( 5 ltt&l = -t!,.) sp -
5.2, 6 rsC(cc) = 4.7 t l{eis ant dhers,
1981). ltle resrlts are €nsist€rrt witlt
other data storirg tiat in ldirqdad<
na$les, gra$dte {td calcite attain
carbqt isotopic eguirihrir,m Oalley and
O'lbil, 1981; Vallgq, 1986). Suclt
e:ccbarye Eises 5 rf,c of garhite ard
dercaes that of calcite s that lcrr
values (<-20 ped.l), inilicative of '

organic Gigrin, are peenzed cfly in
carbcnatepoqp- litlologies. Ilre sbalp
qradient in 5 rlc at Fa:on M (25.1
Pemil/h) dd?Fnst?atFs that carbqr
errcharge is riqrit€d to minerals in close
prcodnifit, srggestirgr fluid-absert
diffusicr as a redanri.s. Clecly, carbqr
rcbility across strihe d qsitictaf
layerirg has been verl, ri'nited.

xirsraaocs t".g. JG zgf .
9.1 __._Ilaffic eircl9 arqnd nunuent inVil]age of rionaeroga, ;ffiie N crr 9N.e.s Jcr. of REes. 9N ;# 22;; R(s) drRoute 22.
!?-7 bke cl,anelain qr L.L.r.t Erteriry !{araen Co.

htt^',hey e{ el', Z€*d'rrc, ft&1

,r.@ 
"rr* 

r, fateozoic/Prorterozoicuncqrarniw@
apprcncimtely 3 reters of the basal
tusable lGrber (nedi-a"f Cadrian?) of the
Potsdan Samlstone, resting rt:oCotreUy
on Eqteruoic ameisses ard
calcsilicates. the Ausable Ucqher tese
srsists of green{niily, mtrix-ridr
ar*osic orglctrelaaf€s a:d sandstoes.
[ridgress patterns and palemr-eC ar+-
*ggest tiat depositiqr of tlE G'neetl'-
tok place in localized basias hcl""H ql
NE-trendirg faults. Setrtrgrdd€ffy, lb
rocll< cosists of aryufar qua-tz =dnicroclire graiDs.set in a 'E*?i- dgEeen chlcite. &e .+rr.rib is iD pct'
seorrlary afEer &trrital lrlr'rbrrr.rr d
biotite. ndditioal rfirzrrie offi':E as a
csrFnt, intesgtrcn uitb ailnigdc
quattz. Etrital "a'.grtt imlq
irEltde nrtil.e, zito, r-=ite,
:rerrtire, d.rrr'rFit+ a[ alricd nu
uea$y EgtiEs iD & Fot-*-oic
ba5rgtt InteO- r+irgn*i../hErrrottE?pf
altesaeica d tu etriAl site bas

. owd, as i.dicated !6z e
chrarririzarion d lie eryrsian
miwals, ild tbe alteaticn d qnetite
4f ilnaaite b atatae anf tr/rite.Artbigic orer3alrorths of :wtire qr
detrital zir..m alrr urzite qr detritaf
mzite als m
Continre S qr Rte. 22.

lg.2 Padcirg :rrrea qr L; pari< lere br Stq
34.
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folds with steeply dipprrg arial planes
ard rypro<j.uately tprizqrtal, Erlil
oriented a<es. Steep +.ial planes are
urcnrrpn in isocfinal fclds in the
adirordacks; this cutcrop affords a riare
look at srch blds in ctes sec€idt. Note
tlat the fulds ryear to ha\re been
flattened. Ttris orErcp is discussed itr
scue det:il by.eanath ancl, BarsEer
(1980) .

4 SIIP 35. thnst f,ault; uctasabho;
xerplith. ttis@
AEEFEFnte. 22 nesr oresaen Statiqr, 29.!
etAdbits se\teral differcrf rock Qpes 29.5

relatiosirips is that at least trro
episodes of defounaticn, atd trrc
rctanorpnisnsr'lrave affected t.he rccl€ at
ttris locality. l\rrt}rer details are grirrcn
bV !.GIeUanf and others (1988).

tp ctagahho at this stcp has
yielded a Uf?b zircon age of 1144+7 lla.
Gris rock is irdistirguishable AEn otler
olivire dagabbros in the eastern
hi$lanfs ad ttre higb peals regicr,
$here tJrry intrtile anctlpeite. If these
GagaL,kos are all of the sc age, tlren
tne 1144 Ma date is a ninimu eqllacmtt
age for the anetlroeite.

Cqttirue S qt Rte. 22.

bd to Clermrs or L, corttirre qt 22.
ROad b rtrtlslfrg rrrdirEr qr Ri

irrlrdirg (ftqn srtlr to norttrl FEEirue qt 22.
garnetiferrnrs errrogah/bEo, assorted (LIU\
metaseatertary rccks, olivine retagabro 32.\!!.6tql 35 ltGta6ralite. ltrre roadcut cn
ard garnet-sirlinarite{uartz-feldgar t t}re L (g), dffiite the jr:nccicr
bio'tite greiss ("lctsrdarite") with oId Rte. 22, elFos€ a grEisi
irterlayered with m$Ie. All rocJcs dip casisting of ardesire, qualtz,
steeply N. Ag,Proaddry its qrtae€ uitlr ortlrpyroere and tDlnlrlenle, whose
t}le retasedfuerreaqr rocks t$e ftr:rogat$ro wtnle-relc a-uistry (CoI.R, :fabk 1)
becccEs first graia-size r€Arced ard cespcts O toalite. ne*arally tne
then nylonitic. This ontact has been rock is lmgenecrs .nd nassi\E €*cept
tnerpretea as tte sle of a large, for q:hjlrlite hterlayers intergeiea
folded tbrust slEet tnat places as disnrpted mfic dikes. Sere is littte
charrrclcite ad ninc ferrogabbro oe errideDe fcr ret-rmrphic fld of ttE b6t
netasedimntary 1cks. the rocks beneath rek berlrreen ttre qtri-Uofite bodins,
r$e thnst display iselinal 61diry sugestiry tnat intansio ad disnpaicn
rdfticft nay be lxe- G qfrr+fmrtiry. of tte diJes er:red eitier pric to

lttrst of the dasedireutary locl<s in cqlete stidificatio of tbe toaalite,
the o:tcrcp ccnsist of iryu:e mSles ard or tiat tne tmalite becc pareiaffy
kMatitei tEar tne rstlern ecd of tbe Etted duiry later ret-'sT:nfso ard
crrt dr the E si& l$e latter ortains a defrroatirn
rusby, $rlfidic zoe reserbtirg the Di:tdt nodcs of bralitic ocnlleiticn are
Schist (Allfuq, 1917; see Ste 32r. At fcnDd in seral locatidrs tn the
the scutleastern end of the roadcut an scut$ern ard srtlcastern ldidadcs,
olivire rEtagabbrc is e4posed in qrtac{ but are abserrt elserr*ere in t}E
with tlre ldrcndalite. Sre retagaEbtp, bigblamts. Sqfes frcn t ris olucp
Hhicb is localty fireateal ard ccatafus yieldl a U/S ziro qe of 1320!i0 !Na,
grararfite fagies gartet colEnisl can be utticb is cf.e to tJte -1300 !'ta Qe of a
seen bqrdinaEed (or islinally fulded ?) siFilr- retatanatite &1m rear Canadaqr the W si.& of the rcad. Ot tcp of tie Lde (see discussict of geclrrunlogy).
outcroP, at tjte SE end' arrcther qttaet In anlt case, these relcs are
is e*posed that stttrs mtagaLbrc sigificanely alder tttan tlE ancf:hosite
tnrgtitg a sfisg fuliatist in the ard narlteritactra:rrrcldte srites. Etey
kMalite, $tridt lee ryears to be a nry lryesent early qogelric rug'latiq
large, inoqeletely enryosed xesplith in tritldn tbe proreedirordadcs, G €rrc
tne leaqatbro. Th€ foli.aticrt in tle n4luatiso in a *paraE tecare lat-er
lctsrdalite is defirEd by ftattened lcctses accretd to t}e groto-tdirudads.
ccntain:rrrt cillinanitei sillimnite is
also preserrt as inclusicns in laqe ftp 34.4 Bridge inrcs South Bay of latie
to 1 cn) rolled garrcts, scnp of rrttidt Ctilplaia.
are trurcated by the cq:ta<;t. the
foliatiqr ard retaryttic uircrals.thts 35.1 nrrn L into Sar6nd elrtary tEar tsm
clearly p8edate tle intrusidr of tJ|e hiSe,ay garqe. Get pelsissicr frcm
gabho. Itre sigrrificare.of tbe lar&mer.

T154: 52



/2?

rrY 22= virurllrElifAl-r- To FOR.T AND{

FTOADD I-OG

Modified fron lJhitney, IIYSGA, 1985

Interval
mileaee

0.0 South Bay on Lake Chanplain. The rocks underlying the va1ley to the
north are Paleozoic strata downdropped along a najor nornal fault
which here forms the rdesterrr side of the Pinnacle Range. To the
south, this fault intersects the Welch Hollow fault at an oblique
angle. The fault follows the shore of South Bay south of the bridge,
then strikes inland and follows the line of cliffs visible to the
north. Estinated vertical displacenent on this fault, based on
offset of Paleozoic cover rocks, is in the vicinity of 300 n. llest
of the bay, outcrops of gently E-dipping, highly deforned Precambrian
rocks resume.

0.2
Farntrouse of owner of property at StoP ; ask pernission.

0.2
'. Entrance to abandoned quarry and Washington County

HighwAfDepartment garage. This is posted private PropertJr; ask
permission at the large brick farnhouse 0.2 niles back up the road on
L. Be extrenely carefirl climbi4g and tra.merir€ here - there is nuch
loose rock ard the qFnrtzite is verT splintery nben hamered.

This thick unit of quartzite is interlayered with lesser
amounts of a greenish rock that forns bands and streaks from a
fraction of a nillimeter to several tens of centineters thick, with
knife-sharp contacts against the quartzite.

The quartzLxe, which is visibly foliated in hand sanple.
conprises over 95% strongly flattened qtre,rtz, flattened and elongated
grains of K-feldspar and sericitized plagiocla'se, lensoid garnets,
green biotite, and chlorite. The interlayered green rock ranges fron
plagioclase -quartz-garnet -biotite -hypersthene gneiss to a retrograded
epidote-chlorite-quartz-plagioclase rock with some Euscovite and at
least two minerals not yet identified. Sone vel1-crysta11ized
ctflorite is present as flakes parallel to the foliation, tnrt ctrl-orite
also occurs 1oca1ly as an alteration product of garnet. Distribution
of the retrograde assemblage within the outcroP has not been
determined. If it is related to fracture Patterns, it nay be 1ow-
temperature alteration along the E-ll brittle fault that para1lels the
road. If not, it nay be evidence for localized retrogression
associated sith reneued, layer-parallel shearing during the latest
Proterozoic or during the Taconic event. SuPPorting the latter
hypothesis are slickensides on foliation surfaces at an acute angle
to the lineation.



0.5

0.7

l2e

A11 rocks at this site show extreme foliation and a well-
developed lineation, here close to E-w, with a o-2o plunge. Numerous
mi.nor folds are present. These are of two distinct types-, both of
which are recumbent with axes pararlel to the lineati;;. one type
consists of intrafolial, highly asymmetric, isoclinal folds definea
by thin micaceous layers in the quartzite. Anong folds of this typeis an apparent sheath fold strongly flattened in the plane of
foliation. The other type is not quite isoclinal 

"nd ror"
sJmnetric, and it visibly folds the foliation in the quartzite. Ttreminor folds and petrofabrics at this outcrop have been described by
Granath and Barstow (1980), who attribute the defonnation prinarily
to severe flattening strain.

' south end of series of cuts in highly fractured metasedimentary
rocks ^

Pu1l off the road close to the snaller outcrop. The
are typical netapelites, consisting of quattz, K-feldspar,
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sillinanite, lavender garnet and varying Fmounts of biotite and
graphite.

0.8
Junction Ny 22 and us 4 in lltritehall; continue s on lily 22

0.6
Whitehall village line on south side of town

1_.9

Flat outcrops on slopes to the R are a dipslope on foliation in
highly strained gneisses. A short distance S, on llest Mtn., a
nylonite zone close to 300 n thick is exposed. Ttre hills across the
valley to the L, and on skene Mtn. straight ahead, are canbro-
Ordovician carbonates of the Wtritehal-l Fornation, resting on potsdam
sandstone

L'4 
*@ Park as far off the road to the L as possibre. Exanine
briefl-y the outcrops on the R. These are typicai eaironaack ol-ivine
metagabbros, with well preserved igneous textures as well as
coronitic reaction rims aror:nd olivine and ilmenite (see introductory
section). The interiors of the orivine coronas here have been
retrograded to chlorite and carbonate; otherwise the rocks are quite
fresh.

1.5
I,lhitehall town line

0'2 
$Top @ North end of long roadcut. puil- off road on right, and
begin exanination at N end of the outcrop and work south. Probably
the best way to approach these rocks is to tnove rather rapidly to the
S end, scanning the rocks on both sides as you go for najor
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lithologic changes; and then work your way back N more slolirly,
looking at the rocks in detail.

The sequence of

A interlayered (or

rock types going S on the !J side is as follows:

interleaved ?) narbles and paragneisses

garnetiferous, quartzo-feldspathic gneisses intruded by
unmetamorphosed nafic dikes

-gaP-

charnockitic gneiss

thin rnarble with numerous exotic blocks

nafic gneiss

calc-silicate and narble

interlayered (interleaved ?) paragneiss, charnockite, marble
and calc-silicate with arnphibolite boudins. An unmetanorphosed
nafic dike forns the face of rsuch of this section of the cut.

DBTAIIJ TALKITTG NORIII:

G Note the side variety of rock types, including charnockitic
gnei-sses, anphibolites, narble (carefully exanine the narble-
anphibolite contact ), lineated sillinanite-bearing metapel ites,
and calc-silicates. Note the loca1 sl-ickensides along
foliation surfaces, as well as on vertical fractures. lJork out
the eASe-gI-EhCeE using the steps on the slickensides. Has
there been late roverent para.llel to tbe foliation? lilben do
wou thiak that novenent corrld have occurred? Ehat could it
have beea related to?

F This thin calcareous r:nit consists of narble near the base and
a conplex calc-silicate zone adjacent to the contact vith the
overlying nafic gneiss. l{ajor ninerals in the calc-silicate
zone are grossularite, diopside, quartz, ealcite and K-
feldspar, with lesser amomts of plagioclase and chlorite as
well as several minor phases yet to be identified. Ttre calc-
siLicates probably originated by contact met€rEorphisn at the
tine of intrusion of the igneous precursor of the overlying
rnafic gneiss. This contact is irregular arrd aPPears to have
been folded. The thicknesi of the calc-silicate layer varies
widely, both in this outcrop and on the opposite side of the
road.

E This nafic gneiss contains plagioclase, clinoPy:roxene,
hornbl-ende, biotite, Sarnet and minor quartz and K-feldspar.
The composition is probably sinilar to a monzodiorite. Sinilar
rocks elsevhere in the Adirondacks have been called jg!gg!i.te.,
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and are associated with the anorthosite suite of rocks. The
rock is well foliated throughout, but becornes more so toward
the sharp upper contact. On the east side of the road, a
detached sliver of the nafic gneiss is for:nd in the overlying
narble, and contains carbonate-filled fractures.

The next wri-t upward is a thin (usually < 1 rn) band of uarble
with nr:nerous rotated fragnents of other rocks. No calc-
silicates are developed near the sharp contact with the nafic
gneiss beneath, and the foliations in both nafic gineiss and
overlying charnockitic gneiss are strongly developed and
parallel to the narble band. In the outcrop on the E aside of
the road, foliation in the charnockite is locally truncated by
the narble. This narble is a good exauple of a possible
detachment zone between the nafic gneiss and the charnockite,
with relative moveuent of uncertain direction and nagnitude.
T:he absence of a contact-metamorphic zone of calc-silicates by
at the nafic gneiss contact nay result from its having sheared
off during displacenent. Alternatively, this narble nay be a
tectonically enplaced yor.rnger rock (see discussion under A
below). ConsiderabLe displacernent nay have taken place along
most or all of the narble layers in this outcrop.

Above the narble is a thick unit of charnockitic gneiss. This
rock, close to granite in composition, consists of quartz,
nicroclirie, plagioclase, hornblende, garrret, clinopyroxene, and
orthopyroxene. The orthopyroxene is extensively chloritized,
which is characteristic of nany Adirondack charnockites. The
typical green color is well developed toward the center of the
rxrit. Near the northern end of the outcrop both green and
white varieties are present, with diffuse color boundaries
which crosscut foliation. Imediately beyond the charnockite
r.rnit is a gap in the outclop, possibly indicating the presence
of a fault or thick narble l-ayer.

Following the gap is a short section of weLl foliated,
garnetiferous qtrartzofeldspathic gneisses sinil-ar to the
charnockite but with green color less well developed. Note the
unnetanorphosed nafic dike just back from the face of the
outcrop, and roughly paral1e1 to it. A few neters farther N is
a complex vertical fault with a zone of carbonate-cemented
breccia.

The last section of the outcrop, roughly 100 n long, consists
of interlayered (interleaved?) paragneiss and narble, with
uinor anphibolite and thin calc-silicate bands in the
paragneiss. Contact surfaces are frequently slickensided
and/or coated with graphite. At least two t)rpes of narble are
present; one is dark, relatively fine-grained, brown-weathering
dolornite narbLe, which has a slightly fetid odor vhen struck
with a hanner; the other is coarser-grained, has a somewhat
lighter color and considerabLe calcite as well as dolonite.
Both narbl-es contain abundant rounded to angular silicate rock
and mineral fragnents, including quaxtz, feldspar and
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serpenrine, and larger rotated blocks of various rock tyPes
including anphibolites, serpentinite, paragneiss and calc-
silicate granulite. Quartz, dolomite and serpentine coexist in
these rocks with no evidence of uutual reaction, indicating
that the rock as presently constituted has never undergone high
temperature metamorphisn. Temperatures must have been
sufficiently low to Prevent reaction of quartz with either
dolonite or serPentine. It is probable that these marble
zones, as well as those of units G, F, and D' are tectonic
breccias forned along thrust faults or 1ow-angle nornal faults
under conditions Lhat pernitted the carbonates to recrystallize
and deforn in ductile fashion, while silicates behaved j-n a
rnore brittle manner. Ihe interleaved paragneisses, by
contrast, ate sinilar to the gray gneisses seen in previous
stops, have a high-T metamorPhic assemblage and show little
evidence of retrogression.

The age of the tectonic interleaving of the gneisses and
rnarbles nay be either late Proterozoic or Taconic. The marbles
themselves tnay be Proterozoic with retrograde serpentine after
forsterite and entrained fragments of quartz and feldsPar, or
they Eay be Paleozoic. nafic rocks. Ttris question is now r:nder
study and will be discussed on the outcrop.

South end of the StoP 7 outcroP.
0.2

o-4
shoulder, gal1g;]ggg$ cross the

outcrops.

The rock here is a pale graY, biotite-quartz-two feldspar-
garnet-sillinanite-graphite paragneiss with thin l-ayers and lenses of
calc-silicate. Compared to previously exanined "kinzigitesn, this
rock is finer-grained, nore aluminous, and tlas distinctLve lavender
garnets. Ttre abgndant white layers look like leucosomes in a

nigroatite, but they contain significant anounts of sillinanite and
are thus probably more alu.uinous than ninimrm-melt granite. Note the
flattening of quartz in these layers. Look carefully for L!gCg1g!g'
defined by silliruanite and guartz.

sropm N end of next rnajor road cut. Italk s along the ,o side.
at ttF""a are more gray gneisses, here rsith a distinct reddish
tinge caused by an abr:ndance of garnet. Ttre gray gneisses,here_are
o."ily devoid 

-ot x e.taspar. Ihey become more strongly foLiated
towarb the contact with overlying pirrk granitic gneisses. The

contact itself is extremely sharp (tnrt note the late spherical,
undeformed garnets, soge of which are situated directly on the
contact). ftre pink granitic gneisses, which contain biotite,
chlorite and garnet, are strongly foliated, approaching nyLonitic
texture in plices, and display prominent qqartz ribbon lineation.
The less defor.ned Parts of these gneisses contain K-feldspar
lEgacrysts (ptrenocrysts? porphyroblasts?) in various stages of
defornation arrd recrystallization.

L. (optional) Pul1 onto
and briefly examine the

0.3
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Gontinuing N, pass a Large gabbro pod, broken at the base and
injected with granitic material, in part pegnatitic. Look S across
the road; the sinilarly shaped body of gabbroic rock in the pink
gneisses is probably the same pod. Then re-enter gray gneisses, here
with somewhat more K feldspar, which is concentrated in the
leucosomes. Notice the proninent discontinuity in the foliation
which is visible for some distance along the cut. Even though little
textural evidence (e.g. grain size reduction) for shear displacenent
exists along the discontinuity, other explanations for this feature
are even nore difficult to defend. Toward the N end of the cut is
another body of gabbroic rock, which also appears to continue on the
opposite side of the road. These nafic rocks, which intrude both the
gray and pink gneisses, are generally fine grained and massive with a
distinct relict igneous texture. Much garnet is present in the form
of indistinct coronas. These rocks are the equivalent of the
coronitic olivine netagabbros, a nore tyPical example of which will
be seen at Stop /18. These gabbroic bodies (several are Present here)
are lensoid to signoidal in cross section, but apParently elongated
in a roughly N-S direction. Their crudely signoidal shape yields
opposite estirnates of shear sense depending on whether they are Pre-
or s)mtectonic in origin.

Cross the road to the E side, and note the proninent minor
folds in the rnignatitic gray gneisses near the N end of the cut.
Note also the open, upright folds, which warp the foliation of these
rocks, then coupare the orientation of these with the recumbent,
isoclinal minor folds and nith the lineation. Then walk S along the
E side and return to the starting point. The petrology of the rocks
at this outcrop has been studied in detail by llil-lian Glassley and
students at Middlebury College. Dr. Glassley (per. conm., 1985)
reports the following:

trGarnet-clinopyroxene and garnet-biotite tenPeratures were
computed frorn nicroprobe data. Average temperatures fron eight
samples ranged from 770 C to 850 C, with a strong mode at 810 C.

Pressures, calculated fron the assemblages garnet-plagioelase-
cl inopyroxene - quar tz and garne t - plagi ocl as e - orthop;rroxene - quartz
using the roethod of Newton and Haselton, average 7.5 kb + 0.5 kb.

Two unusual assenblages can be found along the contact between
the twb gpeiss r:nits. Within 50 cn. of the contact occur 1-3 cn.
long augen which contain the assernblages clinopyroxene-garnet-rutile
and biotite-sillinanite-hercynite-kspar-garnet. The former
assemblage is a typical eclogite assenblage. Garnets fron these
eclogitic lenses are sinilar to those reported from basal gneiss
eclogites in Western Norway. The clinopyroxenes, however, are poor
in jadeite component, nith only 51 of this conPonent Present. The
sillinanite-spinel-bearing assenbl-age is clearly consuued and biotite
and sillimanite are being generated. The significance of this
asseoblage for P-T conditions remains obscure, in that we do not yet
have compositiorral data for all of the minerals in the assernblages
nor do we have water fugacity values that wouLd allow calculation of
the equilibrium conditions. "
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0.4
Junction NY 22 and US 4; NY 22 southbound crosses canal just E of
here and goes past the state prison at Constock. Continue S on 22
and 4.

o'4 
srop6} pull off on R side as close to the guardrail as possible.

:rh;...}F" inuediately to the R are strongly foliated biotite-qvartz-2
feldspar-garnet gneisses. This version of the gray gneiss is
commonly referred to as "kinzigite". Present in this outcrop are
thin quartzo-feldspathic pegnatites in various stages of tectonic
disintegration and reorientation. The large K-feldspars survive the
tearing-apart process better than quartz, and renain visible as large
porphyroclasts, either in strings or as isolated individuals. Be
alert for evidence of tectonic rotation of these feldspars, whieh can
be a useful indicator of the sense of shear.

Also observe the variable shape and appearance of the garnets:
sone are rounded and others elliptical; some are nearly inclusion-
free while others are "spongy". Careful study of this variation
night, if conbined with probe analysis of garnet compositions, yield
infornation on the interrelation of metamorphisn and deformation of
these rocks

From here, walk northward along the road past a gap in the
outcrop, then enter the S end of a long cut. The first rocks are
strongly foliated and lineated gray gneisses with lenses and pods of
calc-silicates. Roughly 30 n. northward and uphill, these overlie
arnphibolitic rocks, which comprise most of the remainder of the cut.
fhe bulk of these rocks are strongly foliated garnet anphibolites and
nafic gneisses. Numerous lenses and pods of calc-silicates, garnet
hornblendite, and gfgaanaflc rocks are present. (Students: the
coarse grained ultranafic pods ate a fine opportunity to test your
nineral recognition skills). About 9O n. northward along the cut a
large pod of calc-silicate granulite (grossular-diopside-quartz) is
visible in the nafic gneisses on the opposite side of the road. Near
the N end of the cut, sti1l on the R (E) side, two large pods or
negaboudins of massive, relatively fine grained, garnet-rich
netagabbro are surrounded by strongly foliated auPhibolites. lhe
transition between foliated and unfoliated rock is very abrupt.
Patches of tourmaline-bearing pegnatite are Present at the broken (?)
end of one of the negaboudins.

Road crosses sma1l Pond.

0.l-
Outcrops on
N-S brittle

1.3
Outcrops at
sarrdstones.

R are extensively fractured granitic gneisses close to as
fault.

edge of rsoods on L are fine-grained white arkosic

0.1
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0.2

ffiP*-lH';:'.il1ilrilio.ll3rl"u on dead end road vhich leads

The outcrop on the R side of Rte. 4 just beyond the
intersection exposes the unconformity between Proterozoic and
Paleozoic roeks (nissing: roughly 500 uillion years of the geologic
record, and 2o-25 krn of Proterozoic rock). The Paleozoic rocks here
are coarse arkosic sandstones and quartz-pebble conglouerates of the
Canbrian Potsdan Fornation, locaIly with carbonate cement. Measure
the strike and dip of the r:nconfornity surface, and corlpare this with
the 10-15 degree easterly slope of the.fault block as observed
driving N out of Fort Ann.

Observe the lack of evidence for deep weathering of the
Precambrian rocks beneath the contact, and the absence of a paleosol
layer. This suggests deep erosion and scouring (by wave? ice?)
shortly before deposition of the Potsd:m.

Walk a few meters along the S face of the outcrop, towards the
canal. Note the conplex fracturing of the gneisses, and the filling
of the fractures with dark, fine-grained dolonitic rock. The
significance of this feature is unclear, and it will be diseussed in
uore detail on the trip. Note the deeply weathered zone where these
rocks are exposed at the surface.

After exanining the unconforuity, cautiously cross the road to
the cut in conplexly deforned gray gneisses on the opposite side.
Measure several lineations here and compare with what you saw at Stop
tl2. Note not only differences in orientation, but also in the nature
of the lineation.

o'2 

srop@ Road.cut on R (SE) side of road. srrongry foriated
qva:tz- 2 feldspar-p)rroxene-hornblende-garnet gneisses, +/ - biotite .

Leucocratic bands contain numerous py:roxene megacrysts, both cLino
and ortho, the latter shoving characteristic rusty weathering color.
These rocks are close to the charnockitic end of the nignatitic gray
gneiss'spectrum. Note the presence of at least two types of
anphibolite. One is relatively coarse grained, boudinaged and
injected rvith leucocratic veinlets. Ttre foliation within the boudins
is local1y truncated by that in the enclosing gneisses. Ttre other
anphibolite is dark, fine-grained, biotite-rich, and lacks the

. leucocratic veining and proninent foliation of the coarser
anphiboJ.ite. The fine-grained, uassive anphibolite forms a
uegaboudin or recumbent fold (which is it?) near the center of the
cut. Do these anphibolites represent one, two, or more generations
of nafic intrusives?

Numerous conplex minor fol-ds are present within the gneisses;
also observe the warping of the foliation by larger, open folds.
Measure and record lineations and attenpt to relate them to the fold
axes of both types. Is uore than on? lineation present in these
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rocks?

Thin, folded dark bands near the N end of
peculiar, fine grained carbonate-rich rock with
biotite.

0. l_

Flat Rock Road, on L.

the cut are a
poorly oriented

0.5
Outcrops in woods to R of road are coarse narble with numerous
detached and rotated blocks of anphibolite and gneiss, around which
the foliation of the narble is wrapped.

o'2 
srop (E rurn into parking area on R (sE) side of road and
cauti&rsfy cross road to outcrops on opposite side. A plaque
face of the outcrop cormemorates the Battle of Fort Ann (July
L777). The rocks here are intensely foliated and fractured
representatives of the anorthosite suite. Although the
characteristic andesine Eegacrysts for.urd in anorthosites elsewhere in
the Adirondacks are absent here, they can be found sporadically in
other outcrops along the l{est side of the Pinnacle Range. Minerals
in the anorthosite at this stop consists of recrystallized and
sericitized plagioclase, hornblende, clinopyroxene and garnet. Large
garnets (please do not sanple) are surror:nded by leucocratic haloes
which locally obliterate the foliation, which suggests that the
garnet grew at the expanse of rnafic minerals which define the
foliation, and that it postdates at least the first defornation.

At the eastern end of the outcrop is a large mass of gabbroic
rocks ( plagioclase - cl inopyroxene - garnet- ilnenite ) which displays
little or no foliation, and around which the foliation in the
anorthositic gneiss is'deflected. ALso present in the outcrop are a
breccia zone and numerous closely spaced fractures with a general
northeasterly trend; a najor high-angle fault nay exist roughly
paral-lel to the road.

0.8
Jct. of NY 149 and US 4 in Fort Anrr Village. Take R (south or west)
on NY 149:

As you leave the village, notice the range of hills directly
behind you. The eastern slope is a dip slope on a fault block of
Precambrian rocks (known as the Pinnacle Range) bourrded on the West
by the Welch Hollow Fault (Hills, 1955). Ttre Paleozoic rocks
previously noted are on the downthrown (!l) side. Ttris is the
easternmost of several such farrlt blocks, all showing a gentle,
regional eastnard dip of 10-1-5 degrees on the Precambrian rocks and
overlying Paleozoics. The eastern slope of this block is a dip
surface close to or at the rmconformity, which will be seen in
outcrop at Stop 3. Is the tilt of this surface a result of a
rotation of the fault blocks, ot a reflection of the Tertiary-Recent
doning of the Adirondacks (Isachsen, 1-975)?

on the
8,
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1.8
outcrops of Ganbro-ordovician Beekmantown Group carbonates.

10.0
Junction NY 149 and US 9. Bear L (east) on Ny 149.

0.5
Entrance to exit 20 on I-87-
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Wodden Seo Tidol FIot Environments

Verticql ond Loterci
SAffi6toil:ffis

Figure 3. Sedimentary env'ironments of the Wadden Sea 'intertidal zone
(after Van Straaten, 1954, p. 27; Johnson and Friedman, 1969,
p. 47?'1.

tion was occurring was a primary structural contro'l. This structure
formed a barrier to terrigenous material that was moving westward front
the source area into the marine basin, making it possib'le for carbonate
sediment to accumulate. The clastic material accumulated in a basin-
margin trough or depression which subsided intermittently as deposition
continued. During the transgressive phase landward migration of the
strandline caused river mouth drowning and resulted in more widespread
estuarine (tidal) conditions as the Tu1ly interval was accumulating.

I TI NERARY

Figure 4 is the road log.

Cambro-0rdovi ci an Shoal ing and Tidal Depos'its

leteral
sedl,nentation

the Performi ng Arts Center and turn north

ROUTE DESCRIPTION

Bear 'left fol lowirrg s'ign to NY 29.

Depart from
on NY 50.

MI LES FROM

LAST POINT

0.6
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I.?

1.8

3.9

5.1

/v

Dr^ive to traffic Iight and turn left
(west) on NY 29.

Turn right (north) on petrified Gardens
Road; drive past "petrified Gardens',to Lester Park.

Alight at Lester park.

@srop 
1- pR.DUcrs 0F TNTERTTDAL ENVTR'NMENT, 

?Bl,,B^airfii^ili1,
This locality is the s'ite of one of the finest dorned algal mats to beseen anywhere preserved in ancient rocks. 0n the east side of the road inLester. Park a glaciated surface exposes horizontal sections of the cab-

!age-shaped heads.composed of vertically stacked, nem.ispnJiiial stromato-I i tes. ( Figure 5 ). These structures, known ai c.vptoloons]-'nuu" beeng]q::icai 1v described bv James Ha'n (1847, 1884 j,-tffiid Ruedemann(1914), and Goldring (1938); an even eailier stuoy drew attention to thepresence of ooids as the first reported oojd occurrence jn North America(stee1e, L825)- Interest jn these rocks hai-been reviyed as they areuseful environmental indicators (Logan, 196i, Fisher, 1965j-Huii"y, 197I).The alga] heads are composeo oi aisciete ciuo-inapeo or iorumnai struc-tures built of hemispheroidar stromato'rites.expanding ,pruio i.;; a base,although continued_ expansion may result in ilre fisibn of neignooringcolonies into a coilen'ia-type _strulture ( Logan, 
-Rezat, ginsouri, 1964).The stromatolites_ai^e parl'of the ttoyt limdstone of t-ite camoiiin (Trem-pealeauanl ug., An'intert'idal origin has been inferred for these stroma-to1ites (Fig. 6,7 and 8).

Top view of algal stromatolites
cabbage-head structureq, Hoyt
ter Park, New York (Stop 1).

showing donad laminae known as
Limestone (Upper Cambrian), Les-

Figure 5.
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Figure 6. Vertical sequence, _lower Lester Park section. The vertical
seguence shown by this section reflects a vertically,continuous
progradational iequence. . The upward increase in lithofacies
irumber suggests progressivly shoreward cteposition. (R. W. Qwen

and G. M.-Friedman, 1984, Fig. 8, p- 230.)

OOLITE SHOAL

Figure 7. Hypothesized depositional model, cross-section view- Note- t-hl s'imilarity ih norizontal sequence of lithofacies and verti-
cal sequence 

-of lower Lester Park section (figure 8).. _Vertical
scale dreatty exaggerated. (n. H. Owen and G. l'1. Friedman,
1984, Fig. 13, p. 233.)




