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CHEMICAL AND PETROLOGIC TRENDS IN THE ANOR-
THOSITE-CHARNOCKITE SERIES OF THE SNOWY

MOUNTAIN MASSIF, ADIRONDACK HIGHLANDS
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Syrocuse Unitersil,y, Syracuse, New Yorh 13Zl0.

AssrRAcr

Anorthosite in the core of Snowy Mountain massif is closely associated with, and partly
transitional into, rocks that form a shell around the anorthosite core. These rocks range
from leucocratic norite near the core to charnockite near the margin of the massif. Modal
analyses show a gradual increase in K feldspar and quartz from core to margin. chemical
analyses further show a gradual decrease in the normative anorthite percentage and an in-
crease in Fe-Mg ionic proportion.

The completely gradual compositional sequence of members of the anorthosite-
charnockite series favors an origin by difierentiation from one magma, or formation of part
of the magma by anatexis, rather than an origin involving two magmatic events.

fwrnooucrrou

The core of snowy Mountain dome in the south-central Adirondack
highlands consists of coarse, leucocratic anorthosite. The anorthosite is
closely associated with, and partly transitional into, the overlying suite
of rocks that forms a shell around the anorthosite core, and which varies
in composition from leucocratic norite near the core to charnockite near
the margin of the massif. No boundaries between members of this grada-
tional series have been observed. Foliation, considered to have been
formed during a period of deformation and high-grade metamorphism
that came after anorthosite formation, is weakly developed in the anor-
thosite core, becomes more prominent in the surrounding rocks of noritic
and jotunitic composition, and is strongly deveroped in the farsunditic
and charnockitic rocks of the outer shell.l Relict magmatic textures are
present in anorthosite, norite, and jotunite, but in the outermost far-
farsunditic and charnockitic rocks they are entirely lacking. The exist-
ence of metamorphic conditions at some time after the formation of the
anorthosite and associated rocks is also indicated by the general presence
of garnet in all members of the anorthosite-charnockite suite.

Details of geologic and petrologic relationships in the Snowy Moun-
tain massif have been described in previous papers (de waard and
Romey, 1963,1969; Romev and de Waard, 1964, tg66);in this note the
results are presented of 14 chemical analyses of rocks of the anorthosite-

I The rock names jotunite, mangerite, farsundite, and charnockite refer to orthopy-
roxene-bearing magmatic or metamorphic focks, chemically the equivalents of monzo-
diorite, monzonite, adamellite, and granite, respectively (see also Fig. 4).
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charnockite suite. The chemical analyses and field work in the Snowy

Mountain area have been made possible because of financial support oi

the National Science Foundation.

Rocr CouposrrroNS

It was shown by mapping in the field and by petrographic examination

of the samples that there is a gradual change in rock composition fronr

the center to the periphery of the Snowy Mountain dome. In the core

of the massif rocks consist predominantly of intermediate plagioclase and

pyroxene in varying proportions, giving rise to anorthosite in the center

and to leucocratic norite surrounding it. Potash feldspar and quartz,

being absent in the anorthosite and norite, are found in increasing

amounts in rocks towards the periphery of the massif. The gradual in-

crease in K feldspar and quartz is shown in Figure 1 by isopleths indicat-

ing zones of  less than 5,5 to 35,35 to 65,  and more than 65 percent  K

feldspar of total feldspar, and of less and more than 5 percent qtartz, oI

qrartz and feldspar, in the rock.
The variation in composition is further i l lustrated by the group of 14

analyzed rocks in Table 1, and Figures 2,3, and 4. The group is represen-

tative of the common rock t1'pes of the anorthosite-charnockite series in

the Snowy Mountain massif.
The rocks in the table are arranged in order of decreasing value of the

molecular normative ratio AbfAn/Q+Or+Ab+An. This order is

correlative with the relative position of the samples, from the center of

the complex outward, and is reflected in the modes of the rocks by de-

creasing plagioclase, and increasing quartz and K-feldspar contents' This

order also reflects a relationship of decreasing age between members of

the anorthosite-charnockite suite as evidenced by transgressive relation-

ships observed in the Adirondacks and elsewhere. The same order has

been adopted for purposes of plotting the variation diagrams of the series.

The variation diagram given in Figure 2 shows the gradual increase in

Si -and K, and decrease in Ca and Mg throughout the series. The femic

content in this group of rock samples decreases generally, though there

is a distinct increase in the middle of the series. The number of samples is

too small, however, to establish the detail of this trend as characteristic:

for the Snowy Mountain massif. Most of the variation curves in Figure 2,

particularly those of Fe2+, Al, and Si are noticeably affected by the higher

femic cont-ent in the middle of the series. The variation diagram given

in Figure 3 demonstrates trends in the series expressed by cation ratios'

Figure 4 further illustrates the serial nature of the rock suite of Snowl'

Mountain massif, and also shows the correlation between normative and

modal ratios of the leucocratic components in the rocks' The difference
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lirc. 1. outline map of SnowyMountain dome, south-centralAdirondack highrands, New
York, showing locations of analyzed rock samples, gradational textural boundaries, and the
approximate and simplified trend of K-feldspar and quartz isopleths. Based on rock tex-
tures are the following: 1. approximate boundary between predominantly coarse-grained
anorthositic rock and finer-grained rocks with recognizable magmatic textures, 2. approxi-
mate limit of well-developed foliation, 3. approximate limit of the occurrence of relict
plagioclase augen, and 4. boundary of the anorthosite-charnockite complex. Based on
modal rock compositions are the folloiving isopleths; A:50/6K feldspar of total feldspars,
B: 35/6 K feldspar of total feldspars, C: 5!6 quartz of quartz and feldspars, and D: 6S!s K
feldspar of total feldspars. These limits are the same as those used to define the rock terms
in Figure 4. Hence, within isopleth A rocks termed anorthosite and norite predominate,
between isooleths A and B, there is jotunite, between B and c: mangerite, between c and
D: farsundite, and outside D: charnockite.
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Because of the close association of these rocks with anorthosite masses
they have been interpreted as products of the process of anorthosite
formation. Bowen (1917), Balk (1931), and Buddington (1931) inter-
preted the rocks of the anorthosite-charnockite suite in the Adirondacks
as differentiation products of a gabbroic or diorit ic magma. Later, Bud-
dington (1936, 1939,1961) advocated the involvement of two differenr
magma series, a gabbroic-anorthosite magma which produced the
anorthositic and noritic rocks, and a quartz-svenite magma which gave
rise to a differentiation series of its own. The quartz-s-yenite magma is
believed to have been intruded distinctly later, ancl to have formed tran-
sitional rocks by injection and assimilation of anorthosite.

Besides possible origins of the anorthosite-charnockite suite by means
of one or two magmas, a third possible origin was 6rst propcsed for the
Allard Lake anorthosite massif in euebec by Hargraves (1962). He pos_
tulated that intrusion of hydrous gabbroic-anorthosite magma in a kata-
zonal environment of predominantly salic gneisses rvould cause anatexis
of the surrounding rocks. Reciprocal reaction between the crystallizing
anorthosite mass and the anatectic magma would thus produce the inter-
mediate members of the anorthosite-charnockite suite.

considering these three possibilities for the origin of the rock suite,
neither the concentric distribution of the associated rocks around an
anorthositic core, nor the variation diagrams showing a completely
gradual compositional sequence of members of the series, appear to
favor an origin involving two magmas of distinctly different age. An
origin of the suite by difierentiation from one magma, or the formation
of part of the magma by anatexis appear to be possibilities which agree
with the chemical, modal, and field data of the snowy Mountain massif.

RtrnnrNcos
Berx, R. (1931) structural geology of the Adirondack anorthosite, a structural study of

the problem of magmatic difierentiation. Minerol petrogr. Mitt.,4l,30g_434.
BownN, N. L. (191 7) The problem of the anorthosites. J. G eol, ZS, 2Og-243.
BuDDrr.rcror.r, A. F. (1931) The Adirondack magmatic ste m. l. Geol. 39,240-263.
-- (1936) origin of anorthosite in the Adirondacks and in general. Am Geophys. Ilnion

Trans. 1936,25-J-256.
- (1939) Adirondack igenous rocks and their metamorphism. Geol. soc. Amer. Mem.

7, l-354.
- (1961) The origin of anorthosite re-evaluated. Geol.. suro. Ind.ia Rec. 86, 421-432.
ne wAeno, D. (1969) The anorthosite problem: the problem of the anorthosite-char-

nockite suite of rocks. In:Y. w. Isachsen, ed,. origdn oJ anorthosi,te anil related rocks,
N. Y. State Mus. Sci.. Scn. Mem.18 (in press).

W. D. Rowv (1963) Boundary relationships of the Snowy Mountain anor-
thosite in the Adirondack Mountains. proc. Kon. Ned. Akot. wetensch., Amsterilam,
866,251-2f/'

(1969) Petrogenetic relationships in the anorthosite-charnockite series



538 DIRK DE WAARD AND WILLIAM D. ROMEY

of snowy Mountain dome, south-central Adirondacks. InY. w. Isachsen, ed. origin

oJ anorthosi'te and. relateil rocks, N. Y. State Mus. Sci'. Serzt. M em. 18 (in press) '

HARGRAVES, R. B. (1962) Petrology of the AIIard Lake anorthosite suite, Quebec. Geol

S oc. Amer. Bud'd,i'ngton V ol'., 163-189.

Itounv, W. D. exo D. or Weero (1964) Evolution of anorthosite and associated rock

suite in the Snowy Mountain dome, Adirondack highlands. (abstt.) Geol. Soc. Ama.

SPec. PaP.76, l4o.
(1966) Petrogenetic relationships between anorthosite and metanorite

(gabbroic anorthosite) in the Adirondack highlands (abstr.)' Geol. Soc. Ama ' Spec

PaP .87 ,147 .

trIanuscri,pt reeei.ved., April 23, 1968; aceepted. Jor publication, December 8, 1968




