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ABSTRACT .

A series of plutons in west-central Alaska defines the
Hogatza plutonic belt which extends for about 200 miles in an east-
west direction from the northeastern Seward Peninsula to the
Koyukuk River. The plutonic récks have an aggregate area of about
1,200 square miles and their composition, distribution, and pos-
éible petrqgenesis_are discussed for the first time in this report.

Field, petrographic and chemical data supported by K/Ar
age dating indicate the plutonic rocks are divisible into two
suites differing in age, location, and composition., The western
plutons are mid;Cretacéous (~100 m.j.) in age and consist of a
heterogeneous assemblage of monzonite, syenite, quartz monzonite.
Associated with these granitic rocks is a group of alkaline subw
silicic rocks that form a belt of intrusive complexes extending
for a distance of at least 180 miles froﬁ west-central Alaska to
the Bering Sea. The éomplex at Granite Mountain shows a rare
exanple of zoning from an alkaline rim to a quartz~bearing core.
The occurrence of 2 similar complex at Cape Dezhnev on the eastern-
most tip of Siberia suggests the alkaline province may extend into
Siberia; 'The easternmost plutons are Late Cretaceous (~80 m.y.)
in age and composed primarily of granodiorite and quartz monzonite
similar to calc~alkaline plutons found through;ut the North

America Cordillera.



The plutons are epizonal and intrude deformed but unmeta-
morphosed Lower Cretaceous andesitic volcanics and volcaniec
graywacke which constitute the highly mobile Yukonnxoyukuk
volecanogenic province of west-central,Alaska. 'No older rocks have
been found within the cénfines of this vast tract; the occurrence
of a bounding ophiolite sequence has lead to the suggestion that
the pro§ince was formed by large~scale rifting and is underlain by
oceanic crust. |

The possibility of no juvenile sialic crust over much of
the area suggesté that the potassium—rich magma now répresented by
the alkaline rocks originated in the mantle. The distribution of
the alkaline rocks appears to be related to regional structural
features, particularly the boundary between the Mesozoic volcano- |
genic province of west-central Alaska and the thrust~faulted
province of metamorphic-plutonic and aediméntary rocks of Paleo~
zoic and Precambrian age that forms the eastern Seward Peninsula.
This boundary may have heen a zone of structural weakness glong
which alkaline magma was generated. Modal and chemical trends sug-
gest that the potassium-rich magma influenced the composition of
more granitic magmas forming at higher levels. The latter may have
been forming as a result of anatexis of andesite and mixing of
mantle~derived mafic magms. The result is the heterogeneous assem-
blage of generally potassium~rich plutonic rocks that forms the

west end of the Hogataza plutonic belt,



The loci of magmatism in west-central Alaska shifted east
in Late Cretaceous time and the eastern plutons show 6n1y local
signs of potasﬁium enrichment. They are compositionally homo~
geneous and differences within plutons appear due to local

pontamination.

xi



INTRODUCTION .

GENERAL REMARKS

A belt of Mesozoic plutons of diverse composition, known as
the Hogatza plutonic belt, crops out over a large part of west-
central Alaska {fig. 1) but has received little petrologic atten-
tion until the present study. There are 16 principal intrusive
bodies in this belt and they range in size from a few square miles
to o&er 300 square miles, with'an aggregate area of about 1,200
square miles. The plutonic rocks range from calc-alkaline grano-
diorite and quartz monzonite in the east to a suite of monzonite
and syenite, quartz monzonite, and alkaline subsilicic rocks in
tye west, The‘present stﬁdy entailed reconnaissance mapping of
all the plutons and more detailed mapping of several of the larger
plutons. Petrographic, chemical, and geochronologic studies were
made on many of the piutonic rocks., This work was part of the
U. S, Geological Survey's investigations in Alaska.

The purposes of this report are: (1) to give the general
characteristics and distriﬁution of all the plutoniec rocks, (2) te
present the geology and petrology of several of the larger plutons,
and (3) to discuss the possible petrogenesis of the different
suites of plutonic rocks and their relationship to each other.

The part of west-central Alaska under discussion is bounded

on the north by the Brooks Range, on the west by the Seward
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Figure l.: Index map of Alaska showing location of Hogatza plutonic belt (shaded).




Peninsula, and on the south and east by the Kokrines-Hodzana
Bighlands (fig. 1). It includes parts of the Hughes, Shungnak,
Candle, Kateel River, Selawik and Melozitna 1:250,000-scale
quadrangles.

Field work for the present study was done during the
summers of 1963~1969., Helicopters were used extensively owing to
the remoteness and relative inaccessibility of much of the area.
Over 250 thin sections were examined and 265 modes counted. A
‘total of 68 samples were analyzed by chemical and semiquantitative
spectrographic methods at the laboratories of the U. S. Geblogical
Survey. Twelve K/Ar dates from nine plutons were determined by

geochronologists of the U. S. Geological Survey,
PREVIOUS WORK

Little mapping of the p;utonic rocks of west-central Alaska
‘'was done prior to 1958 ;wing. at least in part, to the inaccessi-
bility of the area. ﬁorfit (1905) traversed most of the Kiwalike
Buckland divide in the western part of the area, and made
reconnaissance maps'af the Granite Mountain pluton and parts of
the Hunter Creek piuton (plate 1). He recognized that the plutons
are made up of a variety of rock tyfes including granite, moﬁzonite,
and guartz diorite; he also recognized the occurrence of alkaline
rocks at Granite Mountain. Smith and Eakin (1911) and Harrington
(1919) briafly visited the gold and platinum placer mines of the
Granite Mountain area and made improvements to Meffit's geologie

map of the area.



The Indian Mountain and Zane Hills plutons in the eastern
part of the region were visited briefly in the early part of this
century by Smith (1913) and by Eakin (1916). Smith considered the
Zane Hills and other plutons in west-central Alaska to be pre-Upper
Cretaceous based on relationships he had seen northeast of Granite
Mountain, namely the occurrence of granitic rock c¢lasts in Upper
Cretaceous conglomerate., Eakin presumed the Indian Mountain pluton
to be Late Cretaceous or Early Tertiary in age since it intruded a
unif of 5raywacke and mudstone which he thought to be Upper
Cratéceousg

During the next 40 years no work was done in this part of
Alaska with the exception of a brief report by Gault and others
" (1953) on the occurrence of uranium minerals in stream gravels
near Granite Mountain. In 1958, members of the U. S. Geological
Survey, under the direction of William W. Patton, Jr., began
regional geologic mapping studies in west-central Alaska which
resulted in a series of geologic maps which include the Hogatza
plutonic belt (Patton, 1966; Patton and Miller, 19665 1968; Patton,
19673 Patton, Miller and Tailleur, 1968).' A preliminary report on
the age and composition of the plutonic rocks was prepared by
myselfra'nd others (Miller, Patton, and Lanphere, 1966).

Mineral deposits of the area have been studied in recent
years as part of the Survey's program in Alaska and the results of
these studies are discussed in Miller and Ferrians (1968), Miller

and Elliott (1969), Miller (1969), and Elliott and Miller (1969).



PHYSIOGRAPHY

The part of weat;éentral Alaska discussed in this report
is in the Intermontane Plateaus system of Alaska (Wahrbaftig, 1965).
The region comsists of groups of rounded hills and low mountains
surrounded and interspersed with rolling plateaus and irregular
lowlands., Swamits up to 4,500 feet occur in the eastern part of
the area ﬁut the western part has summits no higher than 3,300
feet and-ig generally more subdued.

Because the entire region is only a few miles south of the
Arctic Cirele, most of the plutoms discussed here are beyond or
above timberline. There are no glaciers in the area now but large
piedmont glaciers emanating from the Brooks Range in Pleistocene
(Illinoian) time reached as far south as the northern flanks of
many of the blutons (Coulter and others, 1965; Patton and Miller,
1968). The alkaline intrusive complexes in the southern Kobuk-
Selawik Lowlands were .covered by these giaciers. Parts of the
“gane Hills and Wheeler Creek plutons were subjected to valley
glaciation at about the same time., Most of the lowland areas are
undérlain by permafrost, Extensive frost action has resulted in
the reduction of most outerops to patches of angular frost-riven
blocks. These are as much as several feet in length when composed'
of granitic rocks but as little as a few inches in length vhen com-
posed of graywacke. The lack of outcrops prevénts structural

mapping of foliation and lineation in the plutonic rocks.



An interesting geomorphic feature in. the region is the
common occurrence of altiplanation terraces, which are especially
\;zell-deveioped in the thermally metamorphosed country rocks sur-
rounding the plutons. In fact, the name was coined by Eakin (1916)
for flat terrace-like features near Indian Mountai#.

Areas of hot spring activity occur at several localities
along the borders of the plutons and are shown on the geologic

maps in this report.



PLUTONIC ROCKS

The plutonic rocks of west-central Alaska are divisible
into two principal suites on the basis of age, location, and com-
position. The older, mid-Cretaceous suite is composed of a
variety of rock types, generally with alkaline affinities and
ranging from monzonite an& syepnite to quartz monzonite, and
includes alkaline subsilicic rocks such as nepheline syenite and
kindred rocks. The younger, Late Cretaceous suite consists pri-
marily of calc-alkaline granitic rocks, mainly granodiorite and
quartz monzonite with less abundant alaskite and hybrid rocks.
The mid-Cretaceous suite constitutes the weétern-plutons with a

total area of about 650’sqﬁare miles and the Late Cretaceous suite -
the eastern plutons witﬁ a total area of 550 square miles,

The plutons range in area fr§m less than a square mile to
more than 350 square miles (table 1). Two of the 1arge¥ plutons,  
 the Selawik Hills and_the'ﬁunter Creek, are partly covered by
" Quaternary basalt flows and their exﬁosed outcrop areas of 378
and 165 square miles, respectively, are therefore minimum values.
The plutoﬁs have a total surface area of about 1,200 square miles
as deterpined by polar planimeter.

The plutons are aligned along the 200-mile-long Hogatza
plutonic belt, and the larger plutons tend to be elongated parallél”
to this trend. In some places, roof pendants éeparate individual

plutons at the present level of exposure, for example, the Zane
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Table 1. Plutons discussed in this report

Name Area Modal Chemical K/Ar
am (mi.) Analyses Analyses Dates

Late Cretaceous Suite
Zane Hills pluton 180 65 8 1
Wheeler Creek pluton 271 48 6 2
Tndian Mountain pluton 85 13 6 1l
. Mt. George pluton 6 1 - -—
" Mclanes Creek pluton 8 2 - —
Totals 550 129 20 4

Mid-Cretaceous Sulte
Shiniliaok Creek pluton 30 12 2 1
Purcell Mountain pluton Lo 9 . 1
Hawk River stock 5 3 - -
Ekiek Creek Complex 5 12 3 -
Selawik Hills pluton 354 29 19 2
Hunt Creek Complex 5 14 9 1
Inland lLake Complex 12 L 2 -
Selawik Lake Complex V4 L 3 —
Hunter Creek pluton 165 11 - 1
Granite Mountain pluton 27 38 10 1
Quartz Creek pluton 3 - - ——
Totals 653 136 48 8
Totals for 1,203 265 .68 12

both suites




Hills and Wheeler Creek plutons; most other plutons are probably

separate to considerable depths.
CLASSIFICATION

The classifications used in this report are ;hown in
figures 2 and 3. The clasgification used for the granitic rocks
is that used by Bateman and others (1963, p. 13) which is modified
somewhat from that proposed by Johannsen (1939). It is a modal
classification based on the percentage of felsic components. Where
a rock name is given to various mapped units, it is based on the
average composition of the unit, even though in many cases the
range in cémposition spreads over two or more fields.

I have used the term alkaline rock in the sense that Turner
and Verhoogen (1960, p. 19%) do; that is, a rock in which the
alkali content is sufficiegtly high as compared to silica for
specially alkaline minerals such as feldspathoid to appear.

The mineralogical, chemical, and textural variety of alka-~
line rocks has led to an excessive nomenclature and a cumbersome
-¢lagsification. Many are unusuéi rocks which do not fit readily
into classifications that are familiar to most geologists. The
¢lassification I have used is a simple modal one based on the
proportion of nepheline, alkali feldspar, and mafic minerals. The
‘rock names in it were compiled from various sources (Johannsen,
1939; Parsons, 1961; Von Eckermann, 1948) and hopefully represent

more or less a consensus of alkaline rock nomenclature. At least
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one of its limitations is that the plagioclase component is not a
part of the classification. This is because the alkaline rocks of
éhe western Alaska alkaline province are generally single~feldspar
;ocks. The scheme proved useful in mapping and in the comparison

of the rocks of this province with those of other provinces.
ANALYTICAL DATA

The chemical analyses were obtained by the rapid methods
described by Shapiro and Brannock (1956). Analysts were P. Elmore,
G. Chloe, J. Kelsey, S. Botts, H. Smith, L. Artis, J. Glenn, and
D. Taylor. |

The 'same samples were also analyzed for minor elements by
a six-step semiquantitative spectrographic method. Results of thié
method identify geometric intervals that have the boundaries l.2,
0.83, 0.56, 0.38, 0.26, 0,18, 0.12, etc., and are reported as
midpoints of these iﬂtervais by the numbers 1.0, 0.7, 0.5, 0.3,
0.2, 0.15, 0.1, etec. The precision of a reported value is approxi-
mately plus or miﬁus one interval at 68-percent confidence, or two
intervals at 95-percent confidence, The analyst was Chris
Heropoulos.

Most of the modal analyses were determined on sawed slabs

stained by sodium cobaltinitrate after the method of Bailey and

Steven (1960). A total of 1,000 points were generally counted,

using as large a point interval .as possible on each slab, in most

cases 2.0 mm or more. Thin-section modes were done chiefly on the



alkaline rocks using a 1.0 mm point interval and counting 600-700
points. Ratios of mafic minerals in rocks containing pyroxene

were determined by thin-section modes.
GEOLOGIC SETTING AND AGE OF THE PLUTONIC ROCKS

Most of the plutonic rocks ;f west-central Alaska occur
along the east-trending Hogatza plutonic belt, which extends from
the eastern Seward Peninsula to just east of the Koyukuk River
(plate 1). The plutonic rocks intrude volcanic and sedimentary -
rocks of Cretaceous age which underlie most of west-central Alaska
and constitute the.northern part of the Yukon-Koyukuk volcanogenie
province. These rocks are moderately to strongly deformed but
have not been regionally metamorphosed. The province is bounded
by the metasedimentary and granitic rocks of the Kokrines-Hodzana
Highlands, the Brooks Range, and the Seward Peninsula (fig. 1,
plate 1). The metasédimentary rocks of these bounding areas are
chiefly pelitic schist, marble, and greenstone, and Paleozoic to
Precambrian in age. Most of the plutonic rocks are quartz monzonite
of Mesozoic age. '

A belt of ophiolite-like rocks occurs along most of the
rmapped border of the Yukon-Hoyukuk province. This assemblage of
rocks includes ultramafic rocks (chiefly peridotite and dunite) at
many localities, gabbro, tholeiitic pillow basalt and diabase, and
bedded chert. The most common rock types are the pillow basalt

and diabase. The age of this ophiolite-like unit is still uncertain
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but is tentatively placed at Late Triassic or Jurassic--based on
correlations with similar dated rocks elsewhere in Alaska (Patton
and Miller, 1970, p. 3). Patton (1970a)bas suggested that large-~
scale rifting has occurred in west-central Alaska and these
ophiolitic rocks represent oceanic ma@erial which floors the entire
Yukon-Koyukuk province.

The next oldest unit in the province and the oldest rock
intruded by the plutons is a thick section of marine andesitic
volcanic rocks of Early Cretaceous (Neocomian) age. This unit
consiéts.chiefly of flows and fragmental rocks but includes
subordinate graywacke, mudstone, and limestone. 'Tﬁe BEarly Creta-
ceous age designation is based on the occurrence of Buchia

 sublaevis (Keyserling) and B. crassicolis (Keyserling) at several

loqalities in the eastern part of the province and on K/Ar ages
ranging from 134 m.y. to 120 m.y. (Patton and others, 1968; Patton,
1967; Patton and Miller, 1966). The flows and fragmental rocks are
chiefly augite andesite but include basalt, dacite, and trachyande-
site. Plagioclase ranging from andesine to labradorite and augite
are the principal minerals. This unit forms the country.rock for
mosf of the plutons.

The andesitic volcanic rocks are overlain by graywacke and
mudstone of late Early Cretaceous age. The graywacke is typically
a high-rank poorly sorted type composed chiefly of plagioclase and
volcanic rock detritus derived principally from the underlying

volcanic rock. The graywacke is calcareous locally, particularly
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in the western part of the area. Overlying the graywacke and
mudstone and locally gradational with them, is a section of marine
and nonmarine sedimentary deposits including conglomerate and coal;
these deposits occur near the edges of the province and are con-
sidered to be Late Cretaceous in age based on fossil evidence
(Patton and Miller, 1966; 1968). A K/Ar date of 83 m.y. (Late
Cretaceous) was obtained on biotite from an ash~fall tuff inter-
ygdded with conglomerate in the Selawik quadrangle. These rocks
are thought to be correlative with the quartz pebble conglomerate
intruded by the Indian Mountain pluton. |

Field relations therefor; show that none of the plutons of
the Hogatza plutonic belt are older than Early Cretaceous and some
are no older than late Cretaceous. .Field relations also indicate
that there was more than one period of plutonic activity. A wvol-
caﬁic complex of dacite tuffs and intrusions near the Shinilikrok
River lies unconformabl& on th; Purcell Mountain and Shiniliaok
Creek plutons. Howevér, the complex is intruded by alaskite of the
Wheeler Creek pluton., Other field evidence suggesting more than
one intrusive episode can be seen in the occurrence of granitic
clasts (Patton, 1967) in conglomerate east of the Hunter Creek
pluton (plate 1). These clasts cloéely resemble the monzonite of
the nearby Hunter Creek pluton. The conglomerate is thought by
Patton (1967) to be approximately correlative with the volcanic
graywacke of late Early Cretaceous (Albian) age that is intruded

by the Indian Mountain and Mt. George plutons.
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In support of the field data concerning the age and number
'of episocdes of plutonism, 12 K/Ar dates were obtained on biotite
and hornblende from nine of the plutons in the belt and from the
_vblcanic complex at Shinilikrok River and are given in table 2.

The western plutons in the belt, extending as far east as
the Shiniliaok Creek pluton (plate 1), have yielded K/Ar ageé
ranging from 107 m.y. to 97 m.y. (table 2); this time interval
_ spans the current boundary (according to the Phanerozoic time scale
of the Quarterly Journal of the Geological Society of London, 1964)
‘fof 100 m.y. separating the Upper and Lower Cretaceous, This suite.
| ef plutons will hepceforth be referred to as the mid-Crstaceous
(Albian-Cenomanian) suite.

The eastern plutons extend as far west as the Wheeler Creek
Ppluton and have yielded K/Ar ages ranging from 82 to 78 m.y. (table
2). They are referred to hereafter as the Late Cretaceous suite.

The dacite volcanic complex mear the Shinilikrok River is
- in'cont&ct with plutons of both suites and has yielded a K/Ar date
| of 85.2 m.y. It'iies unconformably on the Purcell Mountain and
Shiniliaok Creek plutons, daied.at 98.6 m.y. and 99.#'m.y., respec—
tively, and is int;uded by alaskite of the Wheeler Creek pluton
dated at 77.9 m.y.-

The field relationships and the K/Ar dates therefore suggest.
‘that there are at least two main periods of pluytonism in west-
lcentral Alaska as suggested earlier by Miller and others (1966).
The discussion to follow will show that the suites differ in compo-

sition as well.



Table 2. K/Ar ages from plutonic and volcanic rocks in‘west-central Alaska

som—

Location

Rock Type

—

Mineral

Age{m.y.)

Reference

Late Cretaceous plutonic suite.

Indian Mountain pluton
Zane Hills pluton
Wheeler Creek pluton
Wheeler Cresk pluton

Granodiorite
Quartz monzonite
Quartz monzonite
Alaskife

Hornblende
Hornblende
Biotite
Biotite
Range

81.5%3.0
81.9%3,0
80.6%2.0
77.922.3
77.9-81.9

Patton and Miller,
Patton and Miller,
Miller and others,
Unpublishedl

1966
1966
1966

Shinilikrok River vplcanic_complex

Dacite

Biotite

85,212,2

Patton and others,

1968

Mid-Cretaceous plutonic suite

Shiniliaok Creek pluton
Purcell Mountain pluton
Selawik Hills pluton
Selawik Hills pluton
Hunt Creek Complex
Hunter Creek pluton
Granite Mountain pluton

Syenodiorite
Quartz monzonite
Quartz monzonite
Syenite
Malignite
Monzonite
Monzonite

Biotite
Biotite
Biotite
Hornblende
Biotite
Hornblende
Hornblende
Range

99. 4324
98.6%2.9
97.0%3.0
10015
107¢2,8
1025

"106%3

97.0-107.0

Miller and others,
Miller and others,
Unpublished1
Miller and others,
Patton and Miller,
Patton, 1967
Unpublished

1966
1966

1966
1968

1

-

The analytical data for the previously unpublished ages are given in the appendix.

9T
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MID~-CRETACEOUS PLUTONIC SUITE

This suite of pluﬁonic rocks forms the west end of the
Hogatza plutonic belt and has a wide range of rock types including
both silica oversaturated and undersaturated varieties, It is
characterized, however, by an abundance of rocks with a relatively
low quartz content (generally less than 10 percent) and a high K-
feldspar contént. The suite includes two large bodies, the Selawik
Hills pluton and the Hunter Creek pluton, and several smaller
plutons at Quartz Creek, Purcell Mountain, Hawk River, and Shini-
liaok Creek; these plutons are composed chiefly of monzonite,
syenite, and quartz moﬁzonite.

AsBociated with theée granitic'plufons is a group of alka-
line subsilicic complexes.in the Kobuk-Selawik Lowlands, at Granite
Mountain, and in the Darby Mountains.

The plutons composed chiefly of granitic rocks are discussed

first, followed by a discussion of the alkaline rocks of the suite.
A. GRANITIC ROCKS

Selawik Hills pluton

General character

This discordant composite pluton is the largest body in the
mid-Cretaceous su;te and has an exposed area of about 350 square
miles, This is a minimum figure since the southern and much of the

eastern parts of the pluton are overlain by Quaternary basalt
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flows (plate 2). The pluton extends about 45 miles in an east-west
direction and underlies most of the Selawik Hills. The pluton is
bounded on the north by an east-west fault zone marked by the
prominent scarp-like fromt of the Hills,

Three main units have been mapped in the pluton: (1) mon-
zonjte and syenite; (2) gneissic syenite, much of it hybrid in origin;
and (3) fine~grained quartz monzonite. Potassium-argon ages of
100 m.y. have been obtained on horablende from the gneissic syenite
and 97 m,y: from the fine-grained quartz monzonite (table 2). A
petrographic summary of the suite is included in tablé 3 -

Andesitic volcanic rocks'of Early Cretaceous age form most
of the country rock exqept in the northwest where the pluton par-~
tially encloses 12 square miles of ﬁigh—grade metasedimentary
rocks. The andesitic country rock is thermally metamorphosed to
ho&nblende hornfels facies near the contact and grades into albite-
epidote hornfels facies.furtheQ‘away. Most of the pluton is fault

bounded; where it is not, the contact with the andesite is sharp

and steeply dipping.

Petrography

Monzonite and gneissicvsyenite.--The west end of the pluton

is composed predominantly of a pink to orange, fine- to medium-
grained monzonite but includes some quartz monzonite and syenite.
Interstitial modal quartz is common in most of the unit although

generally less than 10 percent of the rock. The texture ranges



19

fabric

abundant Pictite

Toble 3. Pefrographic summary o soine of the gromific plofons of the mid-Crefaceous phuionic suite .
Sejawik  Hils ploton Hunter Cresk -pl:.flm 1 Shiniliaek Crasic Pluten Purcell Mounfoin plufon
Lifﬁbfogy of . . y
mapped  units monzonite, quartz monzonife greissic  syenite quarfz monzonife quarlz ite, te, Sy ite quarfz  monzonite
Color index 7-20 15-40 5 -10 5-20 5-20 5-18
Matic minerals hornblends, clinopyroxena | hornblende , clinepyroxene bictite harnblands, clinepyroxena histite , clinopy hornblende, biotite
biotife
Plagioclase compesition oligoclose oligociase Sodic  oligoclase oligoziase - andesine andssine andesine
{(An u-zs) ¢ Anyg-g3 ) (Aﬂ sq-qn] (’q"nﬂa]
{ubiquitous accessaries apaTite, sphens, mugretite, alianite
. 3 Other accessories Flucrite. fluorife ,zircon Zircon tourmaline ,zircon Zircen
-
8
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<
v
Moadat
Lomposition .
i v::‘\'. \ e ) l \ * :.t,..-....-o .
: Khe| bag o k7 | Fg: 5 s Mo A }
Grain  Size fine +o medivm medium o coarse fine medivm medium medium )
w
o> - 2 . . .
3 . oligtriomarphic gransisr fo . - gneissic ~ cataclastic alseg _ . hypidiomorphic and equiaramelad FYPidiomorghic and equigranler
£ Fabric Loorsbyritic ond Trackyteid trachytoid to gneissic dery hypids ai cataciastic ypidiemorphic Equigran! y w porphyrific
M [TRagisciose with
" m;ii:ry:or:; zoning Tare frare fainl rare faint common
Characteriste feotore Pink to orgnge color greissic and trachytoid - Fine grain size cotacloshe  fabric fow quarte confent,
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from medium grained, allotriomorphic granular (fig. 4) te por-
phyritic and lecally traghytoid.

The north-central and northeastern parts of the pluton con-
sist of syenite and monzonite marked by a characteristic gneissic
and locally trachytoid texture. Compositionally, quartz is absent,
large perthitic Kefeldspar phenocrysts up to 3 inches long are
abundant, and the plagioclase content is relatively low. The
qg:iq minefal content is high, up to 40 percent loecally, and clino~ |
pyroxene is at leoast as abundant as hornblende, if not more so. |

The ¢omposition changes considerabiy over short distances,
particularly the mafic mineral ;ontent. Much of the gneissiec
syenite near the_northgrn-border of the pluton appears to he hybrid
in origin. The magma in this area ;ppears to have been cantaminated 
by reag¢tion with andesitic country rock. Indeed, some of the unit'
is-probably metaaomatized andesite. The end result of this contamiw
nation and metaspmatismAis a mesocratic syenite that consists

entirely of large K~f§ldspar phenocrysts in.a "groundmass" of horn-
blende and pyroxene (figs. 5 and 6).

The range in modal composition of the monzonite and gneissiec
syenite is shown iﬁ a plot of representative modes (table 3). A
trend from relatively quartzose rockﬁ to quaprtz-free, K-feldépar
rich rock is apparent. Most of the K-feldspar rich rocks are in
the sﬁeissic hybrid syenite. .

The texture of the gﬁeiasic syenite also changes consid§r~

ably over short distances but c¢onsistently shows a planar flow
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Figure 4, Monzonite from the western Selawik Hills pluton.

50 MM

Figure 5. Hybrid syenite from the north-central Selawik Hills
pluton.



Figure 6., Gneissic syenite from the northern Selawik Hills
pluton showing well-develoved planar flow structurve.

L" r M M

Figure 7. Gneissic svenite from the Selawik Hills pluton; note
Ydrag! of planar flow structure along margin of
aplite dike,.
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structure, either gneissic or trachytoid. These textural changes
appear to be gradational. The lack of rock Actually in place pro-~
hibits the determination of attitudes on the planar flow features.
However, the predominance of the planar fabrics in the northern
part of the pluton near the bounding fault zone suggests that they
may be due to movement along the faul£ during the intrusion of the
pluton.

§ The change in composition and texture between the gneissic
syenite and the monzonite is a gradual one and the contact between
these'unifs shown in plate 2 should be regarded only as an approxi-
mate line ngrth of which the rock has an oriented fabric and con-
sists chiefly of gneissic syenite. |

Numerous screens of metamorphic mafic rocks occur in the
gngissic syenite generally along prominent lineaments. These are
typically pyroxene-scapolite-plagioclase~sphene gneiss, scapolite~
diopside marble, and amphibolite. The scapolite composition is
estimated at about Me,, from X-ray patterns (Burley and othefs,l96lL
The location of several of these bodies is shown in plate 2 but
there are.undoubtedly more of them in this part of the pluton.

Dike-like bodies of generally gneissic oé trachytoid nephe-
line syenite are common in the gneissic syenite and probably are
more abundant than are actually shown in plate 2. These alkaline
rocks are typical}y melanite~-bearing juvite and foyaite.

Non-gneissic aplite dikes also cut the gneissic syenite.

In some places, the plamar flow structure of the gneiss is curved
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along the contact with the aplite (fig. 7). This could be due
either to intrusion of the aplite while the syenite was still in
a viscous state or by intrusion of the aplite along a faulte.

" Quartz monzonite.~--Most of the easternm half of the pluton

is underlain by a fine-grained biotite quartz monzonite. The tex-
ture in the northern part of tpe unit is gneissic and cataclastic
but changes to hypidiomorphic and equigranular in the southern half.

Compositionally the quartz monzonite is a homogeneous leuco-
cratic rock; representative modes are plotted in table 3 and illus~
trate the higher quartz content relative to the other. units in the
pluton.

The quartz monzonite has an inprusive contact with the
Lower Cretaceous andesitic country fock. The nature of the contact
with the gneissic syenite and monzonite is less clear. The poor
exbosures and extensive frost action mask the actual contact zone
and mutual relationshipé cannoé be observed., However, the change
in lithology is fairly abrupt and the contact appears to be sharp.
A possible difference in the origin of the oriented texture in the
two units may shed some light on their relative ages. The cata-
clastic and gneissic texture in the northern part of the quartz
monzonite appears to be a post-crysfallization feature. Evidence
of this is the mosaic of granulated and erushed quartz grains with
sutured boundaries suggesting the quartz monzonite had erystallized
prior to deformation. The qQuartz also shows an alinement of the

¢c-axis of individual grains roughly parallel to the foliation of
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the biotite. The occurrence of this cataclastic texture near the
east-west fault zone alogg the north front of the Selawik Hills
suggests it was caused by movement along this fault zone. The
planar flow fabric in the gneissic syenite, however, appears to
have been developed during intrusion. The common alinement of
euhedral K-feldspar phenocrysts in a éroundmass of mafic minerals
together with a lack of granulated grains and sutured grain con-
tacts suggest the deformation took place while the syenite was
giill in a viscous state. If the cataclastic texture in the quartz
monzonite and the planar flow structure in the gneissic syenite are

both related to the same movements along the east-west fault zone,

then the quartz monzonite is the older unit,

Chemistry

Chemical analyses ﬁere obtained on 17 samples of monzonite
and gneissic syenite and two samples of quartz monzonité; these
analyses are given in table &4 along with horms, modes, and minor
- element analyses. The samples are thought to be representative of
the quartz monzonite and to cover the range in composition of the
monzonite and gneissic syenite. An analysis of .a nepheline syenite
dike is also included.,

Tﬁe analyses show the relatively low Sio2 content of the
monzonite and gneissic syenite. The range is from 53.8 to 66.1
percent but is gemerally less than 60 percent in the gneissic

syenite. Alumina is commonly over 16 percent, and as high as
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Table &. Chemical data of the Selawik Hills pluton
Rapid rock chemical analyses {weight percent)
1 2 3 4 5 5 7 8 9 10 11 12 13 14 15 16 17 18 19
S:i‘.-:}2 66.1 63.3 61.7 60.5 52.5 5%.4 57.8 57.2 59.1 57.5 56.4 61.5 55.4 53.8 59.7 54.8 5%.1 73.2  7i.4
A.1203 16.2 15.7 15.6 17,3 16.7 16.6 16.9 16.4 17.7 15.% 14.5 17.5 16.0 13.4 17.8 15.6 18.4 14,7  15.5
FeZO3 1.3 1.6 1.9 2.0 2.3 1.9 2.1 1.8 1.8 2.0 2.3 1.8 2.8 3.1 2.0 2.8 1.7 .73 .64
Fed 1.8 2.6 2.5 2.4 2.1 2.4 3.2 4.0 2.8 3.4 3.7 2.4 3.9 4.2 2.4 3.2 2.1 .52 .60
MgO 72 2.3 2.4 1.6 1.5 1.8 2.9 3.6 i1.9 3.0 3.2 1.6 3.2 3.8 1.5 2.5 1.6 .16 .35
Ca0 2.3 4.0 3.3 3.9 4.1 4.9 6.0 6.2 4.2 5.8 3.8 4.0 5.4 10.2 3.1 1.9 4.1 1.3 1.8
Nazo 3.9 3.5 3.7 3.9 3.5 3.5 3.3 3.3 4.3 3.1 3.4 3.6 3.0 2.2 3.1 4.0 3.2 3.8 6.2
KZO 5.6 4.9 5.4 6.7 7.9 7.5 5.9 4.8 5.7 5.9 5.7 5.9 5.7 5.5 8.4 5.8 7.3 4.2 3.7
HZG— .08 .12 .19 .09 .06 .08 .10 0.0 .11 .10 .13 .10 .11 .20 .16 .04 .08 Ja .09
ﬂ20+ .49 .64 .91 .35 .50 .42 .59 .80 .51 .67 .87 .51 .88 .53 +53 .75 .89 .35 .53
'1‘10'2 .58 75 .78 .75 .87 .63 35 96 .78 - 91 .97 .71 .97 1.0 .17 1.4 41 .11 .18
ons .18 .32 .32 .25 .38 34 46 .42 .25 .36 49 .26 .58 .69 .26 A4 .20 .02 .03
Mn0 07 .09 .09 09 .09 03 .09 .10 .09 .11 .11 .11 .11 .15 11 .20 .11 .03 .04
coz <.03 <.05 .98 <.05 <,05 <.05 <.05 <,05 .90 1.0 <.05 <.05 <.05 1.0 14 <.05 .09 <.05 1.0
Sum 100 100 e 100 99 100 100 99 100 100 ic0 100 99 100 100 99 99 100 100
Semiquantitative spectropraphic analyses {ppm)
B 10 15 30 10 10 50 — 50 -— 10 -— 15 20 30 7 — 10 20 10
Ba 1000 2000 1500 isc0 3000 2000 3000 2000 2000 2000 2008 1500 3000 3000 1506 15000 3000 700 1500
Be 10 7 10 7 7 7 2 7 5 7 3 7 5 15 19 7 5 5 3
Ceo 5 15 15 10 10 ig 20 20 10 ‘20 30 10 20 30 19 20 10 — 2
Cr 5 50 50 20 10 30 50 100 20 100 50 20 30 50 15 30 30 —
Cu 7 15 30 30 ki) 7 5 20 20 10 30 7 50 70 20 70 15 3 2
La 150 100 150 100 20¢ 150 150 150 150 200 100 100 200 200 150 200 300 30 —-—
Nb 50 3o 50 50 50 15 7 56 50 50 15 50 20 20 70 70 20 15 7
Wi 3 50 50 15 15 135 50 Fiil 20 79 50 15 30 50 10 15 15 i5 —_—
Pb 70 3c 100 100 100 150 100 70 1o0 100 70 100 150 70 100 70 300 50 50
Sc 3 15 10 7 10 10 7 15 7 10 15 7 15 20 7 15 10 _— -—
Sn 10 15 15 10 7 7 7 0 7 10 7 10 7 15 10 10 —_— -— —
Sr iooo 1500 1500 1500 2000 3060 3000 2000 1500 2000 2000 1500 3000 3000 20600 5000 2000 500 150D
30 100 100 100 100 150 150 15¢ 100 150 200 100 200 200 150 150 100 10 10
Y 50 50 70 70 56 50 30 70 50 70 50 50 70 70 70 56 50 10 15
Zr 500 500 500 300 200 300 70 300 700 700 150 500 200 500 500 e r¢] 300 150 150
Te 200 150 200 200 300 200 150 200 2060 300 200 200 300 500 300 560 700 -— —
Ga 30 30 20 30 15 20 20 20 20 20 20 3 20 20 20 15 15 15 15
b 3 5 5 7 3 3 2 5 5 5 3 5 5 7 5 3 3 1 i
Rd 70 70 100 100 200 108 ioo 100 100 150 106 100 156 200 100 200 360 —_— ——
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Table 4-—continued

CIPW norms (weight percent)

1 2 3 4 5 ] Fi 8 192 11 12 13 14 15 14 17 18 19
16.3 13.2 11.7 3.1 1.7 0.4 1.5 2.8 2.9 4.0 1.4 7.8 - 1.7 1.6 — 2.2 32.8 31.3
33.6 29.2 32.3 39.8 47.2 44,7 35.1 28.8 33.9 35,2 3.9 35.1 40.4 32.8 50.0 34.7 43.9 25.0 22.0
33.5 29.9 .7 33.2 29,1 29.9 28.1 28.3 36.6 26.5 29.8 30.7 25.9 18.8 26.4%4 24,2 27.5 32.3 - 35.7
10.3 12.8 8.2 10.0 7.1 7.5 14.0 16.0 2.2 12.2 7.7 24.3 0.6 10.5 9.9 7.6 14.5 £.4 2.4
.03 2.1 — 1.3 4.5 6.2 5.4 5.2 [ ) 3.4 7.8 1.7 -— 12.4 1.2 12.2 1.8 —-— —
1.8 5.8 6.1 4.0 3.8 4.5 7.3 9.1 4.8 7.5 8.3 4.0 5.4 9.6 3.8 6.3 4,1 0.4 Q2.9
1.1 2.4 1.9 1.7 0.7 2.0 3.1 4.7 2.2 3.3 3.6 2.0 4.9 3.8 1.8 1.6 2.0 0.2 0.4
_— —— —_— —_— a— — —— -— _— - —— — 2.1 _— — —_— — _— —
— —-— — -— — - - —— — —-— —_— —_— 1.1 -— —_— — - —— —_—
i.9 2.3 2.8 2.9 3.4 2.8 3.1 2.4 2.6 2.9 3.5 2.6 4.1 4.5 2.9 4.1 2.5 1.1 0.9
1.1 1.4 1.5 1.4 1.7 1.2 1.4 1.8 1.5 1.7 1.9 1.4 1.9 1.9 1.4 2.7 0.8 0.2 0.3
0.4 .8 0.8 0.6 2.9 .8 1.1 1.0 0.6 6.9 1.2 0.6 1.4 1.7 0.8 i1 0.5 .05 .07
-— —-— 2.3 _— 0.1 — —_— — 2.1 2.3 — —— — 2.3 0.3 0.2 c.2 _— 2.3
—_— — -— —_— — -— —— ——— —_— — - — — —-— -— — - 1.6 3.7
_— —-— —_ —_— J— _— — — J— — — _— J— — —_— 5.5 — J— —
83.4 72.3 75.7 76.1 78.0 75.0 64.7 52.9 76.4 65.7 76.1 73.86 66.3 53.3 78.0 64.4 73.6 20.1  89.0
Modes {volume percenat)
12.0 7.1 5.6 0.7 - —-— 0.4 0.2 - — — 4,2 —— —— 1.2 — -— 0.1 24.6
37.1 28.5 30.7 19.0 0.1 8.3 16.1 34.2 27.1 4.0 i8.3. 35.3 10.8 11.3 22.8 — 20.8 29.7 25..9
44,2 46.6 41.6 58.0 B6.2 7i.6 57.0 38.4 54.1 9.8 52.1 45,2 62.3 46.3 59.5 56.9 65.7 39.3  46.3
6.7 17.8 22.5 26.0 13.7 20.1 26.5 27.2 18.8 26.2 29.6 15.3 26.5 41.3 15.9 31.7 13.2 0.9 3.2
(5.0) {16.0) (22.5) (14.2) {5.7) (13.3) (26.1) {(15.9) {0.3) {12.9) —-— -—
—— {0.4) — {3.6) (8.0) (11.4) .1y {1.9) {26.8) (0.3} _— —_—
(1.7) {1.4) — (0.2} —-_— {1.8) —— —-— (1.8) —-— (0.5) (3.2)
— —_— - — —_— — —-— il.é —
7 18 23 20 14 20 27 27 13 26 30 15 27 41 16 32 13 T 3
Description of Analyzed Rocks
Quartz moazonlte Trachytoid syenite 13 Trachytoid syenite
Porphyritic monzonite 8 Monzonite 14  Trachytold melano-syenite
Monzonite Gnelsslc syenite 15 Genissic syenite
Monzonite 10 Gnelssic syenite 16 Trachytold foyaite
Syenite 11 Gneisslc syenite 17  Syenite-Ekiek Creek complex
Trachytold syenite 12 Gnelssic monzonite 18 Fipe-grained quartz monzoﬁita
19 Fime-grained quartz monzonite
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18 percent. Iron and magnesia increase considerably in the gneis-
sic syenite and reflect the increase in mafic mineral in the unit.
Of particular interest is the high KZO content, which
ranges from 4.8 to 8.4 percent and averages 6.2 percent., The
Kao/Naao ratio is also high, being greater than 1.0 in all analyzed
specimens and greater than 2,0 in several. The Ba content in
foyaite is very high at 1,5 percent.
. The analyses of the two samples of undeformed quartz monzo-
nité ahoy a high SiO2 content of 73%.9 and 71.4 percent and are
similar to Nockolds (1954) average biotite quartz monzonite,
although with somewhat less FeQ and MgO.

All but one of the specimens of monzonite and gneissic
' syenite contain normative quartz; however, this is generally less
than 5 percent and thus most of the specimens appeér to be silica
saturated. The normative salic components of all specimens except
the foyaite are plotted in figure 8. The plot shows a trend simi-
lar to the modes but is off-set mare toward the plagioclase apex.
This difference probably results from solid solution of albite in
K-feldspar; the modes were measured from stained slabs and perthite
was counted as K~feldspar.
Aésociated high~grade
metamorphic rocks

A fault-bounded assemblage of high-grade metamorphic rocks

8 miles long by 2 miles wide occurs along the northwest edge of

the Selawik Hills pluton. Included in this group of rocks are
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Figure 8. Normative trends of the granitic rocks of the Selawik Hills pluton;
®, biotite quartz monzonite; e, monzonite and gneissic syenite.
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fine-grained gneiss, schist, marble, and calc-silicate rock along
with intrusive rocks ranging from alaskite to gneissic nepheline
syenite.

These high-grade metamorphic rocks have been tentatively
correlated by Patton and Miller (1968) with an assemblage of cal-
careous graywacke, mudstone, calcafenite, and limestone conglom-
erate 50 miles to the north across the Kobuk-Selawik Lowlands in
?pe Waring Mountains. These sedimentary rocks are unmetamorphosed
and estimated to be 6,000 to 10,000 feet thick; their age is prob-
ably Early Cretaceous (Albian) based on locally abundant marine
mollusks, according to D. L. Joﬁes (Patton and Miller, 1968). The.
correlation is based on (1) similarity of conglomerate clasts,

(2) similarity of bulk lithologic composition, and (3) the absence
of similar conglomeratic carbonate rocks in other parts of the |
st;atigraphic column in west-central Alaska.

The metamorphic focks include quartzo-feldspathic and
pelitic types as well:as calcareous and mafic rocks. The
quartzo~feldspathic and pelitic rocks are fine-grained paragneiss
characterized by the assemblage quartz-plagioclase-biotite~
sillimanite-almandinetorthéclaseispinel. Cordierite and muscovite
are notably absent. | '

The calcareous rocks are now marble and calc-silicate
rock characterized by various combinations of calcite, diopside,
guartz and scapolite, some with garnet. Wollastonite and tremplite

were not observed. Foresterite and spinel are observed in
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silica~deficient rocks. Quartz commonly occurs as relict detrital
grains along with clasts of granitic and mafic rock.

Mafic rocks occur as clasts of amphibolite in calcareous
metaconglomerate, as thin layers, and as gneisses along fault
slices in the pluton proper. Typical assemblages found in the
amphibolite clasts are hornblende-labradorite (Anéo)—diopside-
sphene. Pyroxene-scapolite (Me60*70)-sphene gneiss occurs along
?pe fault slices in the pluton.

Several assemblages and minerals in these rocks are indica-
tive of high temperature and pressure. The occurrence of ortho-
clase in pl;ce of muscovite in the'pelitic rocks is thought to
indicate the highest temperature subfacies of the amphibolite
" facies, namely the sillimanite-almandine-orthoclase subfacies
(Winkler, 1965, p. 92). The pyroxene-hornfels facies is likewise
indicated by the presence of this assemblage, but the presence of
almandine in place of cordierite suggests higher pressures than
usually expected in contact rocks. The occurrence of almandine in
place of cordierite could be a function, however, of FeO/MgO. The
co-existence of spinel (a green hercynite) with quartz is also
indicative of high T-P conditions.

Winkler (1965, p. 93) suggests temperatures of 700°C and
pressures of 6 kb might be necessary for the development of these
assemblages.

The occurrence of these high-grade metamorphid rocks here

is an anomaly since rocks of similar metamorphic grade have not
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been found elsewhere in the Yukon-Koyukuk province, Typically
the country rock of the Hogatza plutonic belt is Lower Cretaceous
andesitic volcanic rocks which have been thermally metamorphosed
in the vicinity of the plutons but have not been regionally meta-
morphosed., The contact aureole generally consists of a narrow
zone of hornblende hornfels facies rocks characterized by large
hornblende porphyroblasts and the zone grades into albite-epidote
yprnfels facies rocks farther from the contact. This type of
contact aureole is found in the andesite country rock around the
Selawik Hills pluton. Only the fault-bounded "block" .of metasedi-
ments shows the higher grade of metamorphism.

If the sediments are indeed Albian, only a relatively
short time was available for deposition, metamorphism, and intru-
sion by the mid-Cretaceous plutonic rocks. This wou;d seenm to
rule out burial to the depths usually thought necessary to develop
the pressure indicated by the mineral assemblages developed.
Rutland.(l965, Pe 136), in a study of tectonic overpressures conm-
pared appropriatg.experimental evidence with geologic evidence and
suggested that supposed pressuré'conditions for stablq erystalliza~
tion of critical minerals could rarely be achieved by depth of
burial alone., Rutland thought that tectonic overpressures of the
magnitude requ;red are unlikely and suggested chemical explanations;
particularly metastable growth, for the existence of some mineral

assemblages.

/4
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Apparently, mineral assemblages normally thought to be
indicative of a high temperature and pressure regional metamorphic
facies, or at least a deeé-seated contact meéamorphic environment,
were developed in what may have been a shallow contact metamorphic
setting. Their occurrence coincides with that part of the pluton
which appears to have been subjected to deformation while still in
a viscous stage; this was also.the site of K-enrichment, and
-assimilation and metasomatism of country rock. Perhaps one or
ﬁ;re of these factors influenced the development Qf this metamorphice
assemblage .

The intrusive rocks found within this metamorphic unit are
gneissic nepheline syenite and alaskite. The former may have been
intruded early in the &eformational'history of this unit and the

latter, the alaskite, could be the result of anatexis.

Igneous history

The Selawik Hills composite pluton, particularly the west-
ern and central parta; has had a complex and involved history and
runs the gamut in composition from silica-oversaturated rocks to
silica-undersaturgted rocks, The relationship between the quartz
monzonite in the east and the silica-saturated rocks of the remain~-
der of the pluton is not clear but on the basis of textural aiffer-
ences, the quartz monzonite unit appears older. The K/Ar dates
suggest that all the units are part of the same magmatic eplsode.

In the western Selawik Hills, quartz-bearing monzonitiq

magma with a rather low silica content was intruded into Lower
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Cretaceous (Neocomian) andesitic volcanics in mid-Cretaceous time.
In the cgnter of the pluton and along its northern margin, the
magma was enriched in po£assium and was cut by potassium-rich
nepheline syenite dikes{ Large amounts of andesitic country rock
in this same area appear to have been eﬁgulfed by the magma and
contaminated it, resulting in hybrid mesocratic syenite. The
northern margin of the pluton is bounded by an east-west fault
zone which appears to have been active during at least the late
é%ages of em@lagement of the magma. Movement along this fault may
bave caused the primary planar flow structure so characteristic of
the syenite in this part of thé pluton.,

The close sﬁatial association of metasomatized gneissie
syenite with nepheline syenite dikes in the Selawik Hills and with
potassic subsilicic complexes in the Kobuk;Selawik Lowlands sugm
gests that the metasomatism is related to the intrusion of the

potassium-rich subsilicic rocks.,

The Quartz Creek pluton

This pooriy exposed pluton lies a few miles west of the
Granite Mountain pluton near Quartz Creek (plate 1). 'Metamorphosed
andesite between the two limbs of the pluton together with its hook-
shape and location at the base of a low range of hills suggests |
that only the fop of an otherwise concealed pluton is exposed
‘(Miller and Elliott, 1969). The pluton intrudes Lower Cretaceous

volcanic rocks; its absolute age is unknown and it is tentatively
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included in thke mid-Cretaceous suite on the basis of geographiec

location only. .
‘ The pluton is composed chiefly of fine~ to medium-grained
quartz monzonite;. the rock is leucocratic and the varietzal mafic
minerals are hornblende and biotite. The east limb of the pluton
has been intensely altered with abundant development of tourmaline
and sulfides., The quartz monzonite in this region has heen tour-

malinized along closely spaced fractures resulting 'in a "bléached"
quartz-feldspar-tourmaline rock with the tourmaline concentrated
along the fractures, The end product of toﬁrmaliniza£ion is a
dense fine-grained black rock cﬁmposed cﬁiefly of quartz and
tourmaline with lesser amounts of sulfides., Late veins and massive
bodies of calcite cut the altered iﬁtrusive rock. The andesitic
country rock has also been pervasively altered. Galena, sphalerité,

arsenopyrite, and pyrite occur in both the tourmalinized rock and

in the carbonate bodies;

Hunter Creek pluton

This large pluton lies immediately to the southwest of the
Selawik Hills plutbn and is poorly exposed along the crest of the
divide separating the Kiwalik and Bﬁckland drainages. Extenéive
outpourings of Quaternary basalt have concealéd its lower eleva-
tions and the figure of 165 square miies given as the area in
table 1 is a minimum. The pluton intrudes Lower Cretaceous ande-

sitic volcanic rocks and a K/Ar age of 102 £ 5 m.y. and a Pb-&x
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age of 90 £ 10 m.y. (Patton, 1967) have been obtained from the
pluton. Its southern margin, where not covered by basalt, is
ﬁostly fault bounded. |

The pluton is composed of medium-grained generally por-
phyritic monzonite and quartz monzonite; the range of composition
_is indicated in table 3. The phenocrysts are large pink tabular
K-feldspar; quartz, where present, is interstitial. P&roxene and
hornblende are the chief mafic constituents.

The most characteristic feature of the pluton is a persis~
tent cataclastic texture found in specimens throughouf the pluton.
This texture is locally visib1e~in hand specimen but is particularly
noticeable in thin sec#ion. The-intepstitial quartz has been the
mineral particularly affected, the énd result in some cases being
a crushéd and fragmented mosaic.

Plutonic rock clasts identical in composition and cataclas-
tic texture to the Huntér Creeﬁ pluton have been found in conglom-
erate 15 miles to the;east of the pluton. The age of the
conglomerate is uncertain but it is believed (Patton, 1967) to be
approximately correlafive with volcanic graywacke of late Early
Cretaceous (Albian) age to the north and east. The correlation
between rocks of the pluton and claéts in the conglomerate sérves
to set an upper age limit based on field evidence for the pluton.
The top of the Albian section is considered to be about 100 m.y.
0ld; even taking into consideration the uncertainties of age deter-
minations, this suggests that the area was tectonically active and

that unroofing of the pluton was fairly rapid.



37

Mid-Cretaceous plutons in the western
Purcell Mountains

General character

The three plutons in the western Purcell Mountains (plate 3)
are the eastermmost plutons of the mid-Cretaceous suite., These
are the Shiniliaok Creek, Purcell Hountain, and Hawk River plutons;
all three are small bodies, each less than 40 square miles in area. -
The plutons intrude Lower Cretaceous andesitic volcanic rocks;
the Purcell Mountain and Shlnillaok Creek bodies have been dated
at 98.6 m.y. and 99.4% m.y. respectively by K/Ar methods (table 2).
These two plutons are partially overlain by Upper Cretaceous
hypabyssal dacite and rhyodacite dated at 86 m.y. which has been
;ntruded in turn by the Upper Cretaceous Wheeler Creek pluton.

Thg Hawk ‘River pluton is assigned to the suite on the basisz of
composition.

The plutons vary considerably in lithology. The Shiniliaok
Creek pluton consists chiefly of monzonite and syenodiorite as
does the Hawk River stock. The Purcell Mountain mass, however, is
chiefly quartz monzonite. .

If the K/Ar ages of the plutons (~100 m.y.) and the overly-
ing dacitic hypabyssal rocks (86 m.y.) are correct, little time
elapsed between plutonism and unroofing of the pluton by erosion.
The welded rhyodacite tuff overlying the Purcell Mountain pluton
contains clasts of plutonic rock that most likely came from the

pluton itself. The plutons therefore appear to be epizonal bodies.
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Purcell Meuntain pluton

This small body lies just west of Purcell Mountain (plate 3)
and, in contrast to the nearby quartz-poor Hawk River and Shini~-
liaok Creek bhodies, is composed chiefly of quartz monzonite
(table 3) and granodiorite with a quartz content ranging from 17
to 23 percent. In the narrow arm that projects toward the east,
the quartz content drops below 10 percent, possibly due to wall
r?ck contamination. Plagioclase (An33_40) is generally more abun-
dant than the perthitic K-feldspar; hornblende and biotite are the
principal mafic minerals but colorless clinopyroxene occurs in the
narrow east-trendiqg arm which is probably the contaminated crest
of the plﬁton.

The rocks of the pluton are gemerally medium grained and
commonly porphyritic with tabular K~feldspar phenocrysts up to an

inch long. The groundmass texture is hypidiomorphic granular.

Hawk River pluton

A small stock of olivine-~bearing monzonite crops out along
and near the Hawk River a few miles south of the Purcell Mountaiﬁ
pluton and is cut by an east-west trending fault., This pluton has
not been dated but is assigned to the mid-Cretaceous suite on the
basis of its monzonitic composition and location.

The pluton is somewhat similar in composition to the
‘Shiniliaok breek plutoﬁ but contains a more calcic plagioclase

(labradorite An46-48)' accessory olivine, and an unusually colored
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apatite which is dichroic from light blue to lavender. The olivine
was partly reacted to biotite and magnetite. The principal mafic
éonstituents are biotite and clinopyroxene.

The typical rock of the pluton is medium grained and massive

with a hypidiomorphic and equigranular texture.

Shiniliaok Creek pluton
This pluton is composed chiefly of medium-grained monzonite
and syenodiorite cut by numerous reddish-colored dikes of fine-
grained quartz syenite, Small, rounded inclusions of plutonic and
andesitic country rock are common throughout the pluton. Quartz
is generally present but forms less than 10 percent of the rock
except in the quartz syenite (table 3). Plagioclase is usually

andesine (4 h-ho) and somewhat more abundant than the perthitic

"3
orthoclase. Biotite and colorless clinopyroxene are the principal
mafic minerals; hornblende is less common., In addition'to the
usual accessories of sphgne, magnetite, éircon, and apatite, tour-
maline is widespread as an accessory. Tourmaline also occurs as
massive lenses in fault zones.

The average mode of 16 representative specimené of monzo-
note and syenodiorite is 3,9 percent quartz, 47.7 percent plagio;
clase, 36.6 percent K-feldspar, and 17.7 percent mafic minerals.
Chemical analyses were obtained on two specimens of monzonite
(table 5). The analyzed specimens resemble the average alkali

syenite of Nockolds (1954) more than his average monzonite; the

two analyzed specimens have a rather high alkali content



Table 5., Chemical data of the Shiniliaock Creek pluten

Semiquantitative
Chemical Analyses Spectrographic analyses
(weight percent) (parts per million)
65 AMm181 65APa88 654Mm181, 65APa88
SiO2 60,2 61.4 B 20 10
Ba 2000 2000
A1,04 17.3 18.1 Be 5 >
Feao3 2.7 23 Co 10 7
: ' Cr 50 15
FeO 1.8 1.k Cu 30 15
MgO 2,0 1.3 La 150 200
Nb 30 50
CgO 3.7 2.b Ni. 20 7
Naao 53 5.5 Pb 100 100
Sc 15 7-
Kao k.5 5.3 Sn 2 !
H,0" .20 .08 Sr 1500 1000
+ v 150 100
Ti0, .89 .99 Zr 300 300
: Ce 300 500
F205 -37 .23 Ga 20 20
MnO 13 .10 Yb . 3 5
002 .05 .08 Nd 150 200
Sum 100,00 100,00
Nornm . _ Mode
(weight percent) (volume percent)
q 3.6 - 3.1 Quartz 1.5 0.2
or 26.9 31,6 Plagioclase Lo.,6 34.6
ab b5.3 _a k7,0 . K~feldspar k3,2 54,6
an 10,218 9.116 Mafic Minerals 13.9 10.6
[+ - -
wo 203 Oc"" I‘{eto Opaques 0.8 007
en 5.0 3.3 Accessories - 1.3
fs - -
mt . 307 2.0
hm 0.2 1.0
il 1.7 1.9
ap 0.9 0.6
ce — 0,18
DI 75.8 81.7

aAn content.
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(10 percent) and a relatively high $i0, content. The latter is
reflected in the normative quartz in both specimens. The

Kao/Naao ratio is about 1.0.
B. ALKALINE ROCKS

Associated with the grapitié rocks of the mid-Cretaceous
suite is a belt of alkaline plutonic rocks extending for about
180 miles northeast from the southern Darby Mountains and the
Bering Sea (fig. 9). The occurrence of a zoned alkaline complex
at Cape Dezhnev on the easternmost tip of Siberia tha£ is very
similar to one found in western‘Alaska (i.e., Granite Mountain)
suggests that the belt_may extend into Siberia. The similarity in
chemistry and lithology, particulariy the ultrapotassic character
of the alkaline rocks, suggests that all of these occurrences are
pa}t of a previously unreported alkaline rock province.

Alkaline plutoni& rocks‘were first reported in western

Alaska by Moffit (1905, p. 29) who mentiomed finding melanite-
| garnet bearing rock at Granite Mountain which "corresponds very
closely in appearance and composition with the garnet pyroxene
malignites which Lawson has described from Maligne River in
Ontario." Smith and Eakin (1911, p; 67) reported that nepheiine-
bearing intrusive rocks were associated with fine-grained granite

on Kachauik Creek in the Darby Mountains of the southeastern

Seward Peninsula.
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Recent geologic mapping (Patton and Miller, 19683 Patton,

‘Miller, and Tailleur, 1968) has shown that alkaline plutonic com-

plexes also occur in the southern Kobuk-Selawik Lowlands at
Selawik Lake, Inland Lake, Hunt Creek, and Ekiek Creek (plate 2).
The occurrence of nepheline syenite dikes in the nearby Selawik
Hills pluton has already been mentioned.

Reconnaissance mapping by the author in the Darby Mountains
in 1970 has shown numerous pulaskite and pseudolegcite porphyry
dikaa cutting monzonite and quartz monzonite that is quite similar
to that found in the mid-Cretaceous suite of west-central Abask;.
Two other occurrences of alkaline rocks were also found in the

northern Darby Mountains. Detailed mapping and petrographic studies

| . have not yet been made on these alkaline rock occurrences in the

southeastern Seward Peninsula; however, geologic mapping is now of
sufficient detail and extent to indicate that alkaline plutoniec
rocks are not found elsewhere on the Peninsula,

The complexes in the Kobuk~Selawik ﬁowlands, at Granite

' Mountain, and at Cape Dezhne# are discussed below. The other alkaw

line rock occurrences in the southeast Seward Peninsula will be

discussed in a later report.

Alkaline complexes in the Kohuk-Selawilk
Lowlands

The complexes in the Lowlands underlie rcunded and gla-

ciated hills (fig. 10) rising up to'l,400 feet above the Quaternary

alluvium. The partial cover of glacial drift together with the



Figure 10. FHunt Creek complex, Kobuk-Selawlk Lowlands.
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intensive frost action has resulted in scattered exposures of
frost-riven rubble. A wi@e variety of different rock types makes
uﬁ the complexes, and the poor exposures have prevented detailed
mapping. The term complex is a particularly appropriate one to
describe these bodies because of the abundance of diverse rock
types.

The alkaline bodies are circular to oval in shape and range
from 5 to 15 square miles in area. The Hunt Creek and Inland Lake
c;mplexes are only 4 miles apart and separated only by alluvium
and colluvium--they could be part of the same body. |

The alkaline complexes #re generally surrounded by allu-
vium; where country rock is observed, it is usually saturated
syenite and, less commonly, quartz monzonite and andesite. The
poor exposures prevent a determination of the contact relationships
in most places., However, it is clear that the coatact is abrupt
and no transitional rocks have been found that might indicate meta~
somatic activity. At the southern contact.of the Ekiek Creek
complex dikes of ﬁelanite-beéring juvite (borolanite) were observed
cutting quartz m;nzonite. Because of the abrupt contacts, lack of
transitional rocks showing metasomatic alteration, and the cross-
cutting relationships at Ekiek Creek, the alkaline complexes of the
Kobuk~Selawik Lowlands are considered to be magmatic rocks. |

A K/Ar ége of 107 n.y. has been obtained on biotite from a
‘malignite in the Hunt Creek complex (table 2) and these alkaline

rocks are considered to be part of the mid-Cretaceous plutonie

suite.,
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Each of the complexes has its own special lithologic char-

acteristics and consists of a variety of rock types (see fig. 3 for

classification) which are summarized in table 6; several rock

types,

however, typify the complexes in the Lowlands although any

individual complex may not necessarily contain them all., These

rock types are:

(1)

(2)

(3)

Malignite and foyaite--the most abundant rock type and

found in all the complexes. Malignite is typically a dark
equigranular rock, massive and medium grained (fig. 11),
with gray feldspar, pink to orange nepheline (éolor-due to
alteration), and black biotite and pyroxene, It is grada-
tional into feldspar-bearing pyroxenite., Foyaite is more
felsic and commonly shows a érachytoid texture (fig. 12).
Juvite and borolanite--light-cdlored equigranular rocks

with gray feldspar, fresh green nepheline, and black biotite.
Typically medium.graine&, nassive. Locally black garnets
(melanite) up to 1/2 inch in diameter are very abundant and
rock is called borolanite after Horne and Teall (1892).
These rocké are also found in all complexes and also as
dikes cutting the Selawik Hills pluton.

Pulaskite and perthosite--blﬁe-gray, fine=-grained equigranu-

lar rocks cammonly forming late dikes. Aggndant ggggle

fluorite.

Miscellaneous rock types such as trachyte, ijolite, biotite

pyroxenite, and lamprophyre occur in one or more complexes, but are
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Table 6. Alkaline rocks of the Kobuk-Selawik Lowlands
:m:::wm

Size

(square miles) Description

Complex

Northern half of complex composed
-of massive, leucocratic juvite and
borolanite forming a high hill 3
square miles in area. Melanite
locally very abundant ranging up to
15 percent. Cut by pulaskite and
lamprophyre dikes. Southern half
very poorly exposed; includes per-
thosite, malignite. Complex is in
contact with saturated syenite.

Selawik Lake 7

Chiefly malignite and foyaite cut
by very abundant red trachyte por-
phyry. Also includes pulaskite
dikes, fine-grained borolanite.
Complex intrudes andesitic wvolcanic .
rocks.

Hunt Creek 5

Very poorly exposed; northern part
pulaskite, southern part malignite
and foyaite. 1In contact with

12
Inland La-ke _(BS"}.)
- syenite and alaskite,

Has wide variety of rock types;
northern part chiefly malignite and
pyroxenite but by foyaite and
juvite. Southern part chiefly
borolanite with mafic septa(?) of
wall rock and minor biotite pyroxe-
nite and ijolite. Borolanite dikes
cut quartz monzonite country rock.

Ediek Creek ) 5




Figure 11, Malignite from the Hunt Creek complex.

Figure l2. TFoyaite from a dike in the Selawik Hills
pluton; note tracaytoid ("foyaitic") texture.
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not abundant with the exception of trachyte porphyry which forms
a major part of the Hunt Creek complex. This trachyte porphyry
is characterized by large pink sanidine phenocrysts in a reddish-
ofange groundmass and intrudes the malignite.

The mafic rocks, such as malignite and feldspar-bearing
Pyroxenite, appear to have been emplaced first and are cut by later,
nore felsic rocks such as foyaite, juvite, and pulaskite (fig. 13).

_ Carbonatites have not been found in the province, This may

be due to a combination of scarcity and poor exposure; however,

Smith (1956) concluded that pyroxenite and ijolite, and not nephe-

line syenite, are the rocks most commonly assoclated with carbona-

tite. Ijolite has been found in only ome small locality and true

pyroxenites are rare in the western Alaska province.

~Petrography

The alkaline rocks of the Kobuk«Selawik Lowlands are single
feldspar (hypersolvus) rocks (Tuttle and Bowen, 1958) and their
alkaline character is expressed mineralogically by the presence of
both alkali feldspar and nepheline., Ultramafic and feldspar-free
rocks are rare. Essential minerals are alkali feldspar, nepheline,
pyroxene, and biotite; hormblende and melanite garnet are common
but show a considerable range in abundance.

The alkali feldspar is generally a fresh clear simply
twinned variety commonly with a low 2V. Perthite is found only in
late leucocratic pulaskite and perthosite dikes., Plagioclase is

found as a separate phase only in the perthite. X~ray studies of



Figure 13.

Malignite

cut by juvite; Ekiek Creek complex.

50
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several alkali feldspars shows that these are very potassic (up to
Or96) and are mostly ortyoclase'but include some sanidine. The

only microcline observed was in small veinlets cutting the Selawik
Lake complex; X-ray studies showed this to be a maximum microcline,

A(20.%, - 20.,.) = 0.84°,

130 130
Nepheline is the principal feldspathoid mineral and locally
ranges up to 35 percent of the rock. It varies from fresh to
highly altered grains-~the alteration products being chiefly can-
éfinite and zeolite. Rarely it is microscopically zoned. X~ray
diffraction peaks for (2022) and (2130) were studied for three

nepheline samples using an internal CaF_ standard. The nepheline

2
ranges from Ne71 to Ne,, according to the curves of Hamilton and

79

MacKenzie (1960). A "finger-print" intergrowth of nepheline in
alkali feldspar (fig. 14) is found in all rock types; such inter~
growths are not uncommon in alkaline rocks elsewhere and Bowen
(1928, p. 257) has suggested such intergrowths are common in
pseudoleucite. | |

Kalsilite, the potassium analog of nepheline, has been
identified in bofolanite and juvite of the northern part of the
Selawik Lake complex. The kalsilite occurs associateé with nephe=~
line in complex grains (fig.1l5) somewhat similar to those described
by Sahama (1962). Its presence was originally suspected because |
of the high Kad content (16.6 percent) in spec%men 11, table 7.
'x-ray diffraction studies showed that kalsilite was indeed present;

it had been included in the nepheline in the modal analyses.




Figure 14,

Finger-print intergrowth of nepheline in alkali
feldspar. Borolanite from Selawlk Lake complex
(12X).

Figure 15.

Complex crystal of kalsilite and nepheline from
juvite in the Selawik Lake complex (12X).
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Kalsilite is not a common mineral and was formerly thought to be
restricted to volcanic rocks (Deer and others, 1963; p. 233; Sahama,
1953), Zhidkov (1963), however, found kalsiiite in potassium-rich
pseudoleucite syenites in the Synnyr massif of the North-Baikalai
alkaline region, U.S.S.R. Its occurrence in the Selawik Lake com-
plex would appear in part to be a function of the KZO/NaaO ratio.

Clinopyroxene and biotite are the chief mafic minerals;
hornblende is common in late leucocratic dikes but occurs only
éﬁaringly in more mafic rocks. The pyroxene occurs as subhedral
light to dark green grains, commonly zomed with a dark green rim
and a light green to colorless core and slightly to moderately
pleochroic. Biotite is usually in laths with ragged ends and con-
tains inclusions surroﬁnded by pleoéhfoic haloes, It is intensely
pleochroic with X = yellow to gold, Y -= dark brown and Z = very
dark brown to opague. A pale green biotite is locally found asso~-
ciated with melanite as an alteration product. The pleochroisn,
low 2V, and the extinction angle ZAC of 15° or less suggests it is
ferrohastingsite. |

Melanite, a black titaniferous variety of andradite, is a
major constituent in borolanite but is also common as an accessory
in malignite, foyaite, and shonkinite. The melanite occurs as
anhedral to euhedral crystals up to 1 em acrose and contains inclu=
sions of magnetite, biotite and, more rarely, pyroxene. It is
commonly partially rimmed by sphemne and titaniferous magnetite.

In thin section its color ranges from brown to deep red and zohing.



sh

as indicated by a deeper colored core, is common. Semiquantita-
tive spectrographic analyses of two melanite separates showed then
to contain 2,0 and 1.5 pe;cent Ti (3.3 and 2.5 percent Tioa)
respectively.

Sphene is the most abundant accessory mineral and commonly
appears to be in reaction relationship with melanite. Zircon,
apatite, and magnetite are other ubiquitous accessories; fluorite

~and eudialyte are common in the leucocratic rocks.

Cheﬁistry

Chemical analyses were obtained in 16 specimens which
represent the range in composition of the alkaline rocks of the
KobukeSelaﬁik Lowlands. Some of the chemical characteristics seen
in table 7 are:

(1) The $i0, content is low and ranges from 45 percent in
biotite pyroxenite and ijolite to 58 percent in pulaskite
gnd foyaite. | '

(2) Alumina ranges from 1) percent in biotite pyroxenite to
22 percent in pulaskite and juvite.

(3) Lime, magnesia, and iron show expected trends from high
values in the melanocratic rocks to low values in the
leucocratic rocks. CaO ranges from 1.3 percent in
pulaskite to 12.2 percent in biotite pyroxenite. MgO is
highest (10.3 percent) in a specimen of .lamprophyre dike

and lowest (0.13 percent) in.juvite.
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1
44.5
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%.3
7.7
2.1
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1.1
4.4
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1.5
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.21

.05

.60

.05
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11.8
3.5
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16.6

1i.4
3.9
7.9
3.0
6.2

3.8
2.8

2
45.1
15.0
5.1
5.1
4.
11.6
7.0
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.27
1.0
.38
.68
.43
.18
.34

3
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12,1

2.6
5.2
8.7
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.91
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.49
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.69

a7

.00
.00
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0.9
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Table 7.

4
49.6
11.6
1.5
5.4
10.3
1.1
1.9
5.2

.30
.27

27.1
7.8
2.8
8.7

18.1

12.8
3.7
8.0
2.9
2.2

1.7

Chemical data of the alkaline rocks of the Kobuk-Selawik Lowlands
Rapid rock chemical analyses {weight percent)

5
50.3
4.9

3.4
4.0
5.4
8.8
2.4
6.3

1.8
1.2

7
.05
.00
.10
.00
.25
.27

37.3
7.3
11.3
7.1
11.1
8.3
1.8
3.7
.9
4.9
2.3
1.7

3
50.7
17.6

5.9
1.2
.17
8.0
2.0
11.3
.18
.1
1.2

.08

.14

.00

.00

.20

.01

40

.13

39.5
5.7
21,3
9.1
12.8

7 8 9 10
51.4 52,2  52.4  54.3
12.2 15.2 19.8 17.1

6.2 2.8 2.8 2.7
2.7 4.2 1.2 2.4
6.4 4.6 .64 3.2
9.7 7.2 2.5 4.2
2.2 2.8 2.3 3.5
5.0 7.3 10.3 7.2
.30 .19 .84 .68
L.1 1.2 3.3 3.1
1.2 1.2 1.1 .71
.86 .67 .15 .29
a7 .15 .14 .15
.00 .00 .36 .08
.o .00 .0D .0D
.04 .04 .05 .09
.01 .00 .00 .00
.20 .18 .12 .15
.38 .29 1,25 .17

CIPW Norms {weight percent)
29.6  43.1 BL.8  42.8
18.6 8.1 7.6 22.9

8.7 7.3 10.8 9.7
_— 8.4 6.6 3.8
14,1 9.9 - 3.4
12.5 6.8 - 2.6
- 2.2 - .4
2.5 3.2 1.1 3.8
— 1.1 — .7
5.8 4.1 1.2 3.9
2.2 - 2.0 -
2.3 2.3 2.1 1.4
2.0 1.6 4 .
- - .8 .2
_ - 1.0 -—

1 .1 .1 .1
.3 .2 .2 .3

11
55.4
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.60

1.0

.13
.89

.3

16.6
.12
.80
.28
.06
.03

12
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3.8
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6.5
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.26
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.96
.39
.17
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.00
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3.4
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1.4

.7
3.3

1.8

13
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1.9
1.0
.15
1.4
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8.1
0.8
.66
.29

47.7
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.1

22.5
1.6

15
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22.1

.54
.60
.33

1.0

4.7

9.4

.39

2.4

.27

04

15
38.1
22.0

1.4

16
58.4
18.2
2.1
2.0

.90
2.8
.1
9.8

.09
1.0

58.3

20.0
6.8

3.5
2.5
1.7
<7
-4
.2
3.1
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17
54.8
15.3

3.5
9.1

2.7
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Table 7--continued

nepheline
feldspar
pyroxene
biotite
hornblende
garnet
sphene
apatite
opaques
fluorite
eudialyte
calcite

* Egtimated
X - present

Be
Cu
Ni
Pb

B &Ry

Ce

Pr
Nd
Sm
Sn
Gd

Dy

1

3.0

9.
50,
29.

0
0

2.

2,

2.

8
9
g

2
a
2

Mode (volume percent)

2 3 4 5 6 7 8 9
47.0 8.3 - 22.0 34.2 0.5 1.4 28.1
0.0 27.6 - 36.0 50.0 42.3 39.2 5%.0
45.9 37.7 - 28.8 0.2 31.4 31.2 0.1
1.0 23.9 - 10.4 0.8 11.9 14.8 7.0
0 0 - 4 0 11.8 & 0
1.3 0 - 0.6 14.0 0 0 4.3
0.3 1.8 - 1.4 X b4 1.4 1.4
2.5 4% - 0.8 0.6 1.3 .6 0.5
2.0 .2 - K 0.3 0.4 1.0 X

50% kalsilite

100
100

5
150

2

[
5

0

200
500
50

200

[-- Bt I - R ¥ - PE S ]

o o o o

Semiquantitative spectrographic analyses (ppm)

10 3 5 7 o 5 5 5
50 70 30 70 10 70 50 15
30 100 200 50 70 50 0
20 30 50 70 ] 50 70 70

3000 2000 1500 3000 1000 3000 3000 5000

150 0 ) o 0 0 0 0
20 30 1s 30 15 15 30 70

1000 150 100 200 50 150 200 200

2000 200 200 500 200 300 500 500
15 30 30 50 150 50 50 10

100 0 0 0 0 0 0 50

500 100 70 200 260 100 150 150
o 0 0 50 70 0 0 0
) 0 0 ] 30 0 5 0
0 0 0 ] 0 0 0 -
0 0 o ¢ ¢ ] o -—

Feldspar-bearing biotite pyroxenite - Hunt Creek complex
Ijolite - Ekiek Creek complex

Malignite - Hunt Creek complex

Lamprophyre - Selawik Lake complex

Malignite - Inland Lake complex

Borolanite - Selawlk Lake complex

Shonkinite - Hunt Creek compiex

Malignite - Hunt Creek complex

1
15

2
3

1

10
il
i2
13
14
15
16
17

11 12 13 14 15
- 21.6* 6.8 12.6 33.8 -—
75.2 57.5 75.1 61.4 -
- X 17.8 7.2 0 -
- 1.4 4.5 0 0.8 —_—
- 0 11.0 X 3.4 -
- [¢] 0 X i} -
- G 1.4 0.6 0.5 -
- X 1.0 X 0.1 -
- 0.5 .1 2,2 X -
X 1.8 -
4] 0.4 -
1.1
10 3 7 7 5 15
30 10 30 50 10 5
50 0 3¢ 1] a [+}
50 20 70 500 70 200
00 1000 1500 1000 3000 700
0 0 ° 0 o
50 7 70 50 0 50
00 30 200 300 50 200
00 4] 500 300 0 200
50 10 50 10 0 70
] ¢ 0 0 0 0
00 0 150 70 0 70
¢ 0 50 0 0 1]
0 0 10 0 0 10
o 0 0 0 -
0 0 ] o -
Borolanite - Ekiek Creek complex

Trachyte porphyry - Hunt Creek complex
Juvite ~ Selawik Lake complex

Foyaite - Hunt Creek complex

Pulaskite - Hunt Creek complex

Juvite - Hunt Creek complex

Pulaskite - Iniland Lake complex
Pulaskite~Juvite - Hunt Creek complex
Foyalte - dike in Selawik H1lls pluton

56
17

11.8
56.9
26,8
1.8
0.3

16
5.7
81.9
0.4
0.1
10.2
0.1
1.6
0.4
0.3

2.2
0.5
0.1

20
10
100
1000

70
300
500

70
100
300

o o o o
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(4) The total alkali content is high in all rock types as
| 12 out of 17 analyzed specimens contain more than 10 per-
cent total alkalis, ranging from a low of 5 percent in
ultramafic pyroxenite to a high of 18 percent in juvite.
K

2
but two specimens--it reaches a high of 16.6 percent in a

0 is consistently high and more abundant than Naao in all

kalsilite=bearing juvite.

(5) Ba0 is high as might be expected from the high'Kzo content
and ranges up to 1.25 percent in a borolanite., In this
pérticular specimen, alkali feldspar and neéheline consti-~
tute 87 percent of the rock; if all the Ba0 is assigned to
the feldspar, it would have 2.% percent BaO which would be
a barium feldspar, according to Deer and others (1963,

p. 166). Barium-rich sanidine has been reported by Larsen

and others in phonolite from the Highwood Mountains,

Montana.

(6) Fluorine and zirconium are high (up to 0.57 percent F and
0.20 percent Zroa, respectively); chlorine is low, never
more than 0.0l percent.

Among the minor elements, Pb, Sr, and thé rare earths La
and Ce are relatively high; other rare earths (Pr, Nd, Sm) are
found in some samples. The Nb content is always less than 100 ppm
and low for alkaline rocks. Parker and Fleiscger (1968, p. 21)
report that the a;erage Nb content of eight prominment nepheline

syenite massifs in the Soviet Union ranges from 100 to 900 ppn.
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Erickson and Blade (1963, p. 79) found up to 300 ppm Nb in the
analyzed rocks at Magnet Cove, Arkansas,

Nepheline appears in the nofms of all except one of the
aﬁalyzed samples and olivine appears in most which shows the sub-
silicic character of the rocks. The ultrapotassic nature is
illustrated by the appearance of leucite in the norms of six
specimens.

_ The alkaline rocks in the Kobuk-Selawik lLowlands are, there-
fore, highly alkaline, predominantly potassic, relatively rich in
Béo, and strongly undersaturated in silicaj; they are not subalumi-
nous (i.e., peralkaline), howev?r, since the molar ratio of total
alkalis to alumina is always less than oné.

Most of the chemical charactéristics described above, while
illustrating. the alkaline nature of the rocks, are similar to -
tﬁﬁse found in many other alkaline provinces throughout the world.

Where the western Alaska province is unusual, however, is in a

high K,0 content and é high K20/Na20 ratio. In figure 16, K,0 is

plotted against Na20 for the entire western Alaska alkaline prov~
ince and for three published average nepheline syenites, The
potassic character‘of the Alaékan rocks is shown by &he plot of
all but three specimens on the potaésic side of a 1:1 KEO/NaéO
line. The three average nepheline syenites, however, plot on

the sodic side of the 1:1 KZO/Naao line, .

Variation diagrams of Nazo and Kao versus the Thornton~

Tuttle differentiation index are shown in figure 17. Plots of the
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~ Figure 16.

> 5 4 5 6 7 8 © 10 11 12 13 14 15 18
KoO (wix)

Plot of weight percent K,0 vs. Na20 from western Alaska
alkaline rocks (e), Cape“Dezhnev, USSR, (o), and three
published average nepheline syenites (+); Nos. 1 and 2 are
the average miaskitic nepheline syenite (156 analyses) and
average agpaitic nepheline syenite (129 analyses) of
Gerasimovskii (1966); no. 3 is the average nepheline syenite
(80 analyses) of Nockolds (1954). :
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Figure 17. Variation diagrams showing alkalis plotted against
Thorton-Tuttle differentiation index for western Alaska,

Highwood Mountains, Mont., and Magnet Cove, Ark.,
alkaline rocks.
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Alaska rocks are compared with those from Magnet Cove, Arkansas,

a classic alkaline rock occurrence (Erickson and Blade, 1963) and
with the classic potassic province of the Highland Mountains of
Montana (Larsen, 1941; Buie, 1941; Burgess, 1941). The differences
between the Alaskan rocks and those from Magnet Cove stand out

clearly; the Alaskan suite has higher K,.O0 and lower Naao. The

2

Magnet Cove rocks are not sodicj; they are miaskitic (Naao + K20/
%}2Q3< 1) in nature and such suites are relatively rich in Kao.
The Highwood Mountain province, however, compares very closely
with the Alaskan rocks in both Kao and Naao content, The alkaline
rocks of the western Alaska alkaline province are obviously

potassium-rich as has been illustrated above.

Granite Mountain pluton

General character

Granite Mountain is underlain by a zoned, roughly circular
pluton about 27 square miles in area and forms a prominent high
landmark at the south end of the range of hills separating the
Kiwalik and Buckland Rivers (plate 1). The pluton is composed of
the following four units (plate 4) which were mapped chiefly on
the presehce of megascopic quartz vs. either mnepheline or garﬁet:
(1) a core of equigranular quartz monzonite, (2) an inner crescent-
shaped zone of massive to porphyritic monzonite partly surrounding
the quartz monzonite, and (3) an outer crescent-shaped zone sub-

divided into nepheline syenite (foyaite) and garnet syenite.
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Contacts between the gquartz monzonite and monzonite and between
the monzonite and garmet syenite appear to be gradational. Con-
tacts with the nepheline syenite are concealed by tundra and talus

cover. Areas of the four mapped units are given below:

- Percent
Unit Square miles of pluton
Quartz monzonite 8.0 29.3
Monzoni.te 12,6 he,2
Garnet syenite k.1 15.0% b
. Nepheline syenite 2.6 9.5 .3
: . 27.3 100.0

Small, poorly exposed satellitic bodies of nepheliné
syenite are found at low elevations southwest and northeast of the
Pluton suggesting the nepheline syenite may underlie a larger area
at no great depth.

The country rock is Lower Cretaceous (Neocomian) andesitiec
volcanic rock and the contacts are sharp and appear to dip steeply
except near Cub Creek (plate 4) where the contact dips about 50°
outward to the north.- The pluton is surrounded by a contact
aureole of hornblende and albite-epidote hornfels facies rocks
extending outward for about a half mile. There appears to have
been little metasomatism adjacent to the pluton.

Andesite inclusions are thinly scattered throughout the
pluton. Locally they show an orientation but the lack of rock
actually in place due to the severe frost action precludes measur-

ing attitudes. A screen of hornfelsic andesite about 300 yards
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long by 150 yards wide occurs in the northwestern part of the
quartz monzonite.

Molybdenite occurs as disseminated grains in syenite in
the satellitic stock at Cub Creek and in quartz veins cutting the
syenite in that area. Associated with the molybdenum are anoma-
lously large amounts of silver, ur#nium. bismuth, and lead (Miller
and Elliott, 1969).

A K/Ar age of 10613 m.y. was obtained on hornblende from
the inner zone of monzonite (table 2); a Pb-X age of 10010 m.y.

was obtained on zircon from this same unit (Patton, 1967).

Petrography

A plot of the salic modal coﬁsfituents of all units except
the nepheline syenite is shown in fig., 18. This plot shows the
relatively uniform character of the quartz monzonite and the rela-
tively heterogeneous character of the monzonite and garmet syenite.
A_petrographic summary of the mapped unifs is given in table 8.

Quartz monzonife.--The east~central part of the pluton is

composed of fine~grained, hypidiomorphic and equigranular quartz
monzonite which is very uniform in composition and texture., Plagio-
clase occurs as subhedral to euhedral grains with some oscillatory
zoning énd an average composition of about An25_30 or calcic oligo-
clase. K-feldspar typically occurs as subhedral grains of per-
thetic orthoclase and microcline and shows somé zoning marked

both by extinction positions and by zonal arrangement of included
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. Quartz

/ / 2\

Plagiociase K -Feldspar

Figure 18. Modal trends of the granitic rocks of the Granite Mountain
pluton (+, quartz monzonite; e, monzonite).



Table 8.

Petrographic summary of the Granite Mountain pluton

Quartz Monzonite Garnet Nepheline syenite
monzonite syenite (Foyaite)
Quartz avg. 15 percent accessory absent absent
Nephéline absent absent accessory range l-5 percent
K-feldspar avg. 29 percent range 28-60 percent range 31-60 percent range 60-70 percent
) avg. 51 percent range 22-63 percent range 22-38-percent range 0-15 percent
Plagioclase
Anzs-39 An)g-2y Anzg-34 Anzg
avg. 4 percent range 6-25 percent range 15-30 percent range 10~20 percent
Mafic chiefly hornblende, chiefly hornblende garnet, hornblende, garnet and
minerals minor biotite; accessory and pyroxene; garnet pyroxene hornblende
pyroxene near monzonite near garnet syenite
tit ir s
Accessories magnetite, zirzom magnetite fluorite, magnetite fluorite
allanite
) sphene and apatite are ubiquitous
Fabric hypidiomorphic and outer part porphyritic; porphyritic to slightly
equigranular inner part equigranular gneissic porphyritic
medium— to coarse-
Grain size fine-gralned medium~grained medium-grained

grained

69
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plagioclase crystals. Quartz is consistently anbedral and inter-
stitial. The most common mafic mineral is hornblende but biotite
is present locally and clinopyroxene is.an accessory near the
monzonite contact.

Monzonite.-~The inner crescent zone of monzonite has a
range in composition and texture. ‘The outer part of the unit is
composed of coarsely porphyritic and even trachytoid rock with a
qgfic mineral content of up to 25 percent, The inner part consists
of a massive, homogeneous rock with a lower mafic index and
resembles the quartz monzonite.

Plagioclase occurs as subhedral to euhedral grains of oligo~-
clase (An18-24) and K~feldspar forms subhedral to euhedral grains
of perthite commonly with grid twinning. Hornblende and c¢lino~
pyroxene, the latter commonly zoned with a darker core, are about
equally abundant although locally, clinopyroxene is present to the
exclusion of hornblende.

The contact with the quartz monzonite is sharply grada-
tional‘over a digfance of a few hundred feet. The contact with
the nepheline syenite is not‘exﬁdsed but appears to hq fairly
abrupt. Aplite and perthosite dikes cut the monzonite.

Garnet syenite.-=-This unit forms the west and northwest

border of the pluton and was mapped according to the presence of

megascopic garnet., The garnet erystals are generally conspicuous

in hand specimen where they occur as poorly developed dodecahedra

with a characteristic resinous brown to black color; locally they
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constitute up to 20 percent of the'rock. The syenite is a medium
to coarse—gréined rock with a characteristic porphyritic to
gneissic texture. It is the most mafic of the units with the total
mafic content locally as high as 30 percent.

The K~feldspar occurs as anhedral to euhedral grains and
phenocrysts of perthite., Plagioclase is subhedral calcic oligo-
clase and sodic andesine (An28_30). Hornblende is euhedral and
generally the most abundant mafic mineral. Garnet is typically
anhedral and riddled with inclusions of pyroxeme, feldspar, and
hofnblendé and locally appears to be intergrown with c¢linopyroxene.
It ranges from almost colorless to dark reddish brown in thin sec-
tion and is commonly zoned with a darker core. Nepheline occurs

‘a5 an accessory in some sections, particularly near the andesite
cogtact; it is typically altered to cancrinite and scapolite.

The contact with the monzonite is sharply gradational over
a distance again of only a few hundred feet. Dikes composed of
fine-grained nepheline syenite locally cut the unit, |

Nepheline syenite and associated rocks.--Alkaline sub-

silicic rocks are confined chiefly to the southwest part of the
pluton where they underlie a low ridge mear the airstrip (plate 4).
Exposures are poor and even rubble "patches" are not common except
near the airstrip where much of the tundra has been removed amd
large angular blocks of frost-riven rubble are exposed in this area

and in a mearby gravel pit.
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Foyaite is the prineipal r&ck type and is typically a leuco-
cratic medium-grained, massive to slightly peorphyritic rock. It is
cut by numerous dikes of borolanite and, less commonly, pulaskite
and dark green-gray phonolite. A notable feature of the alkaline
rocks here is the occurrence of pseudoleucite porphyry as xenoliths
in the foyaite. 1In these rocks, euhedrgl pseudoleucite phenocrysts
up to 2 inches across occur in a groundmass of alkali feldspar,
nepheline, garmet, pyroxene and hormblende (fig. 19). Pseudoleu-
cite porphyry also occurs as dikes cutting the andesite country
rocki rubble composed of biotite pyroxenite is commonly found asso-
ciated with these dikes. Float of pseudoleucite porphyry and
biotite pyroxenite are found in stream gravels in Sweepstakes
Creek and in Cub Creek and in mény of their tributaries.

The foyalite is composed essentially of perthite, plagio~
clése (AnBO)' nepheline, hornb;ende, and melanite., In contrast to
the alkaline rocks of the Kobuk-Selawilk Lowlands, the foyaite is
not a hypersolvus rock. Another characteristic feature of the

alkaline rocks at Granite Mountain is the abundance of melanite.

Chemistry

Ten specimens representing the different zones were selected
for chemical analyses and the results are presented in table 9
along with the accompanying semiquantitative spectrographic analy-
ses, norms, and modes, The analyses of rocks from the outer zone

of the pluton (garnet syenite, foyaite, and pseudoleucite porphyry)
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Figure 19, Pseudoleucite porphyry from the Granite Mountain
rluton.



510
Aly0y

l“ezﬂ3

Sum

ar
ab

an

ne
wo
en
fs
Eo
fa
mt
il
ap

salic

femic

Bl

Table 9.

Chemical data of the Granite Mountain pluton

Core Xoner rim Cuter Tim
Nephieline gyenite Pseudoleucite
Quartz monzonite Monzonite (Foyaite) porphyry Garnet syenite
69AMm 34 69AMm3032 694Mm15  6%AMmI8  69AMMLO 59AMm29  6BAMMS00 69AMmS9 6%AMmSA  69AMmMIA
65.8 68.2 61.5 59.5 60.4 55.5 55.5 50.0 53.7 55.4
17.8 17.1 19,6 18.2 18.1 19.4 19.3 17.4 17.8 19.0
1.6 .80 46 2.4 1.8 2.8 2.1 4.1 4.8 4.1
1.0 1.0 1.4 2.4 2.2 2.2 2.6 3.8 3.2 2.2
T4 .52 .85 1.8 . 1.4 1.2 1.5 2.8 2.7 1.4
2.9 2.4 4.3 5.2 4.1 5.1 5.6 9.6 7.3 4.7
4.7 4.8 5.5 5.1 5.1 3.8 3.7 3.0 4.0 4.1
4.3 4.0 4.4 3.7 5.3 7.4 6.9 5.9 4.2 6.4
.43 .50 .38 &7 .55 1.5 1.5 1.4 .75 1.5
.13 .11 .10 .10 .67 .21 .20 .19 .20 .20
.36 .25 .45 .63 .59 .62 .65 .90 .73 .59
12 .10 .16 .26 .21 .21 .26 .54 .40 .21
.06 .05 .08 .10 .08 .13 .14 .18 .15 14
<.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05
100 100 99 ic0 100 100 100 160 100 100
CIPW Norms {weight percent)
15.0 1%.0 2.9 3.7 1.2 -— - -— — —
25,5 23.7 26.2 21.9 31.3 43.8 40.9 35.0 24.9 37.9
39.8 40.7 47.0 43.3 43.2 20.6 22.2 7.0 32.4 29.0
13.6 11.3 15.9 15.9 '10.9 14.0 15.7 16.7 18.3 15.6
0.4 0.7 —_— — —— -— -— -— -— —
-— — -— —_— -— 6.3 5.0 10.0 0.9 3.2
- —— 1.9 3.3 3.4 4.1 4.4 -11.5 6.4 3.1
1.8 1.3 2.1 4.5 a.5 2.9 2.6 7.0 5.0 2.7
.63 .9 1.6 1.5 1.6 .9 1.5 2.4 .7 -~
—-— — —_— - — .08 .8 — 1.2 0.6
——— -— —— ——— - .03 .5 -— .2 -
2.3 1.2 .7 3.5 2.8 4,1 3.1 6.0 7.0 5.9
i .5 .9 1.2 1.1 1.2 1.2 1.7 1.4 1.1
.3 .2 b .6 .5 .5 .6 1.3 1.0 .5
94.4 95.5 92,1 84.7 86.6 84.7 83.8 68.7 76.4 84.6
5.2 4.0 7.6 14.8 12.9 13.8 15.7 29.9 22.9 13.9
80.3 83.4 76.1 68.9 75.7 70.7 68.1 52.0 58.2 73.1 3

/\



Table 9--continued

Semiquantitative spectrographie analysis (ppm)

1 2 3 4 5 6 7 8 9 10
B N N N N N 15 15 10 15 7
Ba 3000 3000 3000 5000 2000 3000 3000 5000 3000 3000
Be 3 3 5 3 7 5 5 5 5 2
Co 5 2 7 10 10 10 10 20 20 10
Cr 10 5 10 70 50 20 30 70 100 20
Cu 1 L(1) 3 2 2 30 100 100 30 30
La 100 50 100 150 150 150 200 200 150 150
Mo . N N N N N 3 3 3 3 N
¥b 10 10 10 15 15 15 15 10 15 15
Ni 5 N 5 20 15 10 15 30 50 15
Pb 50 50 70 50 70 100 70 70 100 700
Sc 3 2 3 10 7 5 7 15 15 7
- 8r 2000 1500 2000 2000 2000 3000 3000 3000 3000 3000
v 30 20 50 100 70 100 100 200 150 100
'Y 15 10 30 50 30 30 30 50 30 50
Zr 150 150 70 200 300 200 200 300 200 200
Ce 150 100 200 200 200 300 300 300 200 300
Ga 20 20 20 20 30 0 20 30 30 a0
b 1.5 i 1.5 3 3 3 2 3 2 3
Nd N N 100 150 150 150 150 200 150 150
Modes (volume percent)
Quartz 13.5 15.4 -— 1.6 — — — ——— -— -—
Plagioclase 46.4 56.7 53.5 57.9 37.7 15.4 2.9 —_— 37.9 21.9
K-feldspar 34.3 24.8 38.7 28.8 48.9 60.6 73.5 — 30.9 59.7
Biotite —— 0.3 -— — - W2 — — .5 .7
Hornblende 5.5 2.8 .9 7.2 5.9 13.2 7.2 - 21.7 11.5
Pyroxene 0.2 —— 5.0 3.8 6.9 X 8 —— 5.6 1.0
Nepheline —_— — —— —_— -— 4.8 4,7 —— —— -—
Melanite -— -— — - — 3.4 3.6 -— 3.4 5.2
Met. Opaques -— _—— .9 .6 .6 - — ——

1L
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show chemical characteristics similar to' the alkaline rocks of the
Kobuk-Selawik Lowlands. The total alkali content is high and Kao
is again greater than Naao. In the monzonite and quartz monzonite
of the interior part of the pluton, however, Naao increases slightly
and is g:eater than KZO in four out of five analyzed samples.
Alumina is high in all specimens ranging from 17.1 to 19.6 percent.
CaQ, Mgo, FeQ, and Feao3 all dec¢rease as silica increasgs from the
alkaline rocks of the outer zone to the more silicic core. Similar

decreases can be seen in the trace elements Co, Cr, Cu, Ni, Sc, and

V;'B_and Mo occur only in the alkaline rocks of the outer zone.

Cape Dezhnev massif, USSR

A zoned alkaline méésif very similar to that at Granite

}Mountain has been mapped by Perchuk (1965) at Cape Dezhnev on the

easternmost tip of Sibérié (fig. 9). Because of this similarity
and because the Cape Dezhnev body may represent the confinuation
of the western Alaska alkaline province into Siberia, a summary of
Perchuk's work is included here.

The pluton has a granite core and grades through quartz
syenite to syenite (garnet-bearing) and finally nepheline syenite
(foyaite) in the outer rim. The following mineralogical character-
istics were reported: (1) plagioclase becomes more calcic from
core (An7_2o) to nepheline syenite rim (An30_96), (2) pyroxene
becomes abundant in the quartz syenite, (3) garnet (andradite~
melanite) is commoﬁ in the syenites, and (4) mesocratic varieties

of syenite are the most common.




73

Chemically the suite shows a range from silica-oversaturated
to silica-undersaturated rock and is strongly alkaline, potash-rich
and peraluminous.

A change in texture occurs that is similar to that at
Granite Mountain. The granite has a "weakly" porphyritic texture
and the outer zomes a more pronounced'porphyritic, locally trachy-
toid, texture. Contacts between all zones are gradational.

The massif is intrusive into Visean (Lower Carboniferous)
iimestone and Perchuk quotes a K/Ar date of 55 m.y. for the massif.
However, this date may have come from the work of Lugov (1958) who
reported two ages of 55 m.y. and one of 80 m.y. for the massif.
Unfortunately, Lugov does not state what qinerals were dated, gives
- no supporting analytical data, and does not offer an explanation
for the age discrepancies. For these reasons, the absolute age of
thé pluton must be regarded as uncertain.

Perchuk interprets the zoning and occurrence of alkaline
rocks in the rim to "magmatic replac;ﬁent of limestone" by a grae
nitic magma, in short, the classic limestone syntexis theory of
Daly and $haﬁd. 1 disagree with this interpretation for the
following reasons: (1) the volume of alkaline rock (13 square
nmiles of nepheline syenite, 30 percent of the massif) seems too
large to be explained by assimilation of limestone in view of the
experimental work of Watkinson and Wyllie (196?). They conclude -
3'Ca(OH)2-H2°
that while the development of small amounts of subsilicic alkaline

from a study of the composition join NaAlSizoa- CaCo
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rock may be expected at granitic magma-~limestone cmtacts, large
volumes of such rock are unlikely. Limestone assimilation releases
002 which tends to induce erystallization of a hydrated magma
forcing the magma to crystallize as assimilation proceeds. The
oceurrence at Granite Mountain of similar zonation where there is
no contact limestone also weighs against Perchuk's interpretation.
Further evidence against such an interpretation is the high K,0
content of the Cape Dezhnev rocks (up to 10.88 percent) and the
high Kao/Nézo ratio which is greater than one in all analyzed
specimens. This, of course, is very similar to the alkaline rocks
on the Alaskan mainland., This striking chemical characteristic of
a group of intrusive bodies which are scattered over a narrow belt
several hundred miles long would be very difficult to explain if a

purely local process such as assimilation were the active mechanism.

Origin of zoning

The type of zoning seen at Granife Mountain and at Cape
Dezhnev is relatively'rare but has been reported at Loch Borolan
in Scotland (Shand, 1939) and at Red Hill in New Hampshire (Quinn,
1937). Among the various mechanisms proposed for the origin of
zoning from_alkaline silica-undersaturated rocks to silica- -
oversatﬁrated rocks are: (1) contamination of a granitic magma by
limestone assimilation as outlined by Perchuk (1965), (2) separate
intrusions of magma differentiated elsewhere (éuinn), and (3) the
early separation of leucite as a controlling factor in the differ-

entiation of syenitic magma (Bowen, 1928, p. 255).
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Perchuk's hypothesis has already been commented on and
thought to be an unlikely mechanism for the production of the
zoning at Granite Mountain or at Cape Dezhnev. The gradational
contacts between the plutonic units together with the major and
minor chemical trends in the Granite Mountain pluton suggest that
the various zones do not represent separate intrusive units as
suggested by Quinn for the Red Hill complex.

v The explanation for the zoning at the Loch Borolan Lacco=
1lith given by Bowen and discussed more recently by Fudali (1963)
seems to be more compatible with field and petrosraphic evidence
at Granite Mountain., Considering the systen NaAlSiOh-KAlsiou-Sioa
(petrogeny's residua system, fig. 20), Fudali's discussion goes as
follows (p. 1116):

Consider a magma of original comp051tlon b which is quietly
differentiating at depth such that leucite is removed from
one part of the magma and accumulates in another part (the
actual method of removal ié unimportant). As the leucite is
removed from part of the magma, the remaining liquid follows
an approximate fractionation curve to e¢. At ¢, leucite is no
longer removed and equilibrium conditions become dominant,
There are now two magmas in the chamber--c and d. If the two
liquids follow approximate equilibrium curves, the final
assenblage for ¢ will be feldspar and quartz, and the final
assemblage for d will be nepheline, feldspar, and leucite.

. This is the simplest case. More generally, several zones with

gradational contacts might develop by a 51m11ar process.

The compositions of the Granite iMountain suite have been
plotted in terms of petrogeny's residua system (Q-Ks~Ne) at a
pressure of 1,000 bars in the presence of an aqueous vapor phase

in figure 20 and a comparison of the compositional trends with the

fractionation curves shows a rather close relationship. The
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Ne

Figure 20.

Analyses of the Granite Mountain pluton plotted on a
diagram-of the system nepheline-kalsilite-silica at a
pressure of 1000 bars in the presence of an aqueous
vapor phase (after Fudali, 1963, p. 1116). Arrows
show fractional crystallization paths; numbers refer
to analyses in table 9, M are minimums and R is
A 1,2,3
a reaction point.
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occurrence of the large pseudoleucite phenocrysts in what appears
to be the oldest rock type in the pluton certainly suggests the
leucite was separated early similar to the experimental model, the
pseudoleucite having formed by the subsolidus breakdown of leucite
according to Fudali. ILuth (1967) has shown that for bulk composi-
tions initially precipitating leucite or potash feldspar in the
systen KAlSiO4—MgasiO#-H20, the join enstatite-potash feldspar
vapor at P= 2700 bars and in the presence of an aqueous vapor phase
fémains a thermal barrier as proposed by Yoder and Tilley (1962).
Liquids cannot pass over this divide upon fractional crystalliza-
tion. However, this thermal barrier may not be encountered in
water-undersaturated systems., Thus the gradation at Granite Moun-
tain from silica-undersaturated to oversaturated rocks might be
compatible with the experimental work of Luth if (1) the pressure
were less than 2.7 kb, or (2) if the magma were water-undersaturated.
The plotting ¢of salic normative components of rocks as
mafic as some of the analyzed alkaline rocks (DI's as low as 52;
table 9) can lead to serious.errors. Also, the composition of the
pseudoleucite porphyry (no. 8, fig. 20) is probably not the compo-
sition of the original magma since it contains the 1a£ge pseudo-
leucite phenocrysts. A better estimate of the original compositioq‘
could be obtained by subtracting the composition of the pseudoleu- |
cite phenocrysés from the composition of the rqck as a whole. This
.is currently being done and will be reported on at a later date.

In spite of these gualifications, the correspondence between
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theoretical fractionation curves and the compositional trend of
the rocks is striking.

As has been mentioned, Bowen originally proposed this
process to explain the zoning at the Loch Borolan Laccolith in
northwestern Scotland. The composition of the laccolith ranges
from quartz syenite (nordmarkite) fhrough syenite to nepheline
syenite at the base. Many of the analyzed nepheline syenites,
yarticularly the borolanites, from this body show Kao/NaaO ratios
greater than one (Tilley, 1958a) and plot in the primary leucite
field. fhese characteristics are also found at the Cape Dezhnev
massif which is even more potassic than Granite Mountain and at
the Red Hill intrusive in New Hanpshire, Alkaline complexes show-
“ing the type of zoming discussed here are rare occurrences. There-
fore, the fact that four widely scattered alkaline complexes with
the same zonation all show a KZO/Naao ratio greater than one sug-
gests that a requirement for the formation of complexes zoned from
alkaline rim to silicic core is that the original magma be potassic,

Differentiation in the Granite Mountain pluton appears to
have proceeded from the alkaline to the silicic rocks. However,
this differentiation was apparently not in situ since both quartz
monzonite and monzonite are in contact with the country rock. A
possible explanation is a late pulsation of magma at a stage when
the inner part of the pluton was still fluid. .The rather abrupt
change from a porphyritic to massive texture in the outer zone of

monzonite supports such an interpretation,
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Regional distribution.

The distribution and setting of the alkaline plut;nic rocks
in western Alaska is shown in figure 9. It is apparent that the
alkaline rocks occur in two quite different geologic tegrains:

(a) the Seward Peninsula platform-like province of thrust-faulted
metamorphic and sedimentary rocks of Paleozoic and Precambrian age
cut by Mesozoic plutons, and (b) the Yukon-Koyukuk volcanogenic
province of Mesozoic age. Formerly, it was thought that alkaline
rocks were confined to stable continental shield and platform areas
(Backlund, 19323 Tilley, 1958b; Bailey, 1964). However, Zhabin
(1959) pointed out the occurrence of an alkaline complex in the
Ural geosyncline and state'd_ that the formation of the intrusive is.
clearly associated with the folding and geosynclinal magmatism.
Zhabin thought it necessafy to separate two types of carbonatite
occurrence: (a) the platform type, associated with the'complexes
of ultrabasic-alkaline rocks, and (b) the geosynclinal type, asso~
ciated with alkaline complexes of nepheline syenites, the origin
of which is dependent on geoSynclinal magpatism. More recently,
Barker (1969) in a study of more than 120 occurrences of
feldspathoid-bearing rocks in North America, stated that only a
third occurred in the stable cratonic areas. The remainder are
located in Phanerozoic fold belts. :

Many investigators have suggested structural controls for

the emplacement of alkaline complexes and Heinrich (1966) gives a
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synopsis of these suggestions. Ginzburg (1962), for example, has
pointed out that the age of alkaline complexes near the edge of
shields or platforms and the age of the folded area that bounds
the platform are commonly close. According to Ginzburg, marginal
fault zones controlled the emplacement of platform alkaline com~
plexes and these fault zones are the result of intemnse tectonic
disturbances in the adjacent geosyncline or folded area. King and
Sutherland (1960) and Bailey (1961; 1964) among others mention the
spatial association of alkaline rocks with the African rift systen.
Bailey (964, ». 1107), however? pointed out that the relationship
was not necessarily one of cause and effect but that it was just as
likely that "rifting and magmatism are both expressions of a more
fundamental process." In a study in eastern Canada, Kumarapeli
(1950) concluded that post-Ordovician.tectonic activity along the
St. Lawrence rift system and the magmatism of the Monteregian Hills
alkaline province are broadly synchronous. Miser (1934) and more
recently Erickson andelade (1963) state that the regiomal belt of
alkaline undersaturated rocks that extends from West Texas to
Central Mississippi lies within or near the boundaries of the
Quachita geosyncline and this structure acted as a zone of weak-
ness for the emplacement of alkaliné rocks. |

The occurrence of the western Alaska alkaline rocks in a
belt which trends obliquely across the boundary between two geo-~
logic provinces with gquite different tectonic style suggests a

structural control. This boundary, though largely concealed
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beneath Quaternary basalt, has been mapped as a fault over much of
its length (Patton, 1967) and Sainsbury (1969, p. 2595) states

that it is locally a thrust fault with metamorphosed Paleozolc car-
bonate rocks thrust eastward over Cretaceous rocks. Although
locally, or even extensively, this boundary may be a thrust fault,
it probably represents a zone of major tectonic activity in this
part of Alaska and may have been a zone of structural weakness

along which deep-~seated alkaline magma was enplaced,
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LATE CRETACEOUS PLUTONIC SUITE

The Late Cretaceous suite of plutonic rocks forms the
easternmost 80 miles of the Hogatza plutonic belt. The suite conw
sists of three large bodies, the Zane Hills pluton, the Wheeler
Creek plﬁton, and the Indian Mountain pluton, and two smaller
masses at Mt. George and McLanes Creek (plate 1). Most of the
field work was done on the three larger bodies, particularly the
first two, and the discussion to follow will be concermed largely
with these plutons., A petrographic summary of the suite is con~
tained in table 10.

The Zane Hills,'Indian Mountain, Mt. George, and Mclanes
. Creek plutons are composed chiefly of‘graﬁodiorite and quartz
monzonite with a similar color, grain size, and texture. The typi-
cal rock is light gray leucocratic, generally medium-grgined,
hypidiomorphic and equigranular. The Wheeler Creek rocks, however,
are noticeably different in texture and grain size from the other
plutons. They consist of coarse-grained, porphyritic quartz mon-~
zonite and granodiorite and a generally coarse-grained, allotrio-

morphic granular alaskite.

Zane Hills and Wheeler Creek plutons

General character
The Zane Hills and Wheeler Creek plutons occur near the
center of the Hogatza plutonic belt and form the core of the Zane

Hills and Purcell Mountains (plate 3). The plutons underlie areas



Table 18. Pefrograghic summary of the Late Cretacscus plufonic suite.

ladisn Mountain pluten ond

Zane Hills  pluten Wheeler Creek pluton satellitic bodies
Lithology of harnblende~bictite orphyritic  quartz hornblende- bistits grane-
ottt s . porphy quar N orn grane
mapped  unils biotite granodiorite granodiorife m onzonife momzonite and grancdiorife alaskite diorite and Quarlz monzosite
Color index 4 -7 7 —is5 to - 4o 18 -20 te-zo
! . 2 3 a ' .
Mafic minerals biotite biotite | hernblende, hornblende , ¢linopyroxeng, | hornblende, bichte biotite hornbiends, biotite ; ¢ lino-
rare relic ¢linopyroxene biotite Pyroxene in satellitic dikes
Plasi . | colcic oligeclasa-sodi: andesine| coleic oligoclase - andesine oligeclasa Sodic To calcic andesine albite - oligoclase sligeclase fo labradorite
agioclase compasition (A )
Mzz~35 {Angsco) (An go.25) (Angyq5) (ﬁﬂa-m) { Angqgal
Ublquitous accessaries apatite, sphene, magnetite, zircon, allanite
z
o . black Tourmalme and, rarely, pink garnét Found 5
Oth ccessgol ! ’ i
E | Other accessorias in aplite and alaskite dikes uranathorianite ()
o
4
%‘ QrE Qe
L]
Modal
composifien
piog. tsp. | piog. —""%tp| pleg =4 Piag et
Brain size ;nedfum +o coarse fine to medium medium Yo toorse madium to coarse fine T coarse medium
w
[ p
3 . Mmassive, hypidiomerphic massive, hypidiomorphic and porphyritic iasic ! , . massiva, hypidiomerphic
ju Fabric P . sii ; ¥ s Gneisic, hyrit massive, oflot z » e P
x and  equigranslar q‘"“’::":;;:;?’;:j:""‘ trachytoid perphyritic ! ?.—3,-.3:;.'-""’"”“‘ end €quigraavior
L Plegiaclase with .
B . common common rare tLommon nermai Zoniny unln; common
ostil{afory normal zowing

Characteristic fealures

abundent large gray quartz
anhedra; massive and
coarge ~arained fabric

similar To bioTite granodiori]
but finer-groined, less quartz

lorge #-feldspar phencerpts;

trachytoid to gneissic fabric

large cream-colored feldspar
phenacrysts; numerous inciusions|

large smoky quortz
anhedra

1 Predominant variaties underlined

2 giorite characleristicaliy X, pale yellow, Z = dark reddish browm

3 Hornblende X=Tight yellow grean, Y= green, z = bluc-green |, Z AL = (7257

Clinopyroxne it colorless to light areen
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of 180 and 270 square miles respectively, ‘and are separated by
andesitic country rock and alluvium. The plutonic rocks are pre-
dominantly leucocratic granodiorite and quartz monzonite but include
rocks ranging from hybrid diorite and monzonite to alaskite and
aplite. The country rocks are chiefly andesite and dacite and
range in age from Early to Late Crétaceous. Three K/Ar age deterw
minations (table 2) on the plutonic rocks range from 78 to 82 MeYoy
indicating that the plutons were emplaced in Late Cretaceous tinme.

The Zane Hills pluton iz composed of four principal rock
types (plate 3) mapped on the basis of texture and(or) composition.
These are granodiorite, comprising abou£ 90 percent of the pluton
and subdivided into hornblende-bearing and hornblende-free varie-
ties, a unit of fol%ated monzonite ;nd hybrid diorite found in twe
localities along thé south and east sides of the pluton, and por- |
pﬁyritic quartz monzonite and granodiorite identical to that form-
ing most of the Wheeler'Creek éluton. The contact between the
granodiorite units is gradationa1; contacts between the other units
appear to be relatively sharp. Aplite and alaskite dikes are con-
mon throughout the pluton, particularly near the contacts, but have
not been mapped separately. Locally these dikes have been intruded
along joints. . .

The Wheeler Creek pluton consists of two principal rock
types: (1) coarse-grained porphyritic quartz monzonite and grano=
diorite which underlies about 240 square miles of the pluton, and

(2) coarse-grained alaskite which forms the west end of the pluton
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and covers an area of about 30 square miles, Similar alaskite
dikes cut the porphyritic quartz monzonite and granédiorite indi-
cating the alaskite is the younger. Autolithic inclusions up
to several inches across are common throughout the porphyritic
quartz monzonite, in contrast to the granodiorite of the Zane
Hills. No obvious foliation and 1ine§tion were observed in eithepr
the porphyritic quartz monzonite or the alaskite.

) Both plutons are discordant bodies with sharp, steeply
dipping contacts except at the north end of the Zane Hills pluton
whevre the‘contact appears to slope gently northward. .Thermal
effects in £he andesite can be recognized up to a half mile from
the pluton. Hornblende hornfels facies assemblages commonly includ-
"ing large hornblende porphyroblasts are typical of the immediate
cogtact zZone.

The plutoanic rocks are mediim- to coarse-grained and lack
obvious flow structures or lineations except in the foliated mon -
zonite and in the hornblende~biotite granodiorite of the Zaﬁe
Hills pluton next to the country rock contact.

The Shinilikrok River yolcanic complex (plate 3) is the
youngest unit intruded by the plutons and the K)Ar ages suggest
only a short time separated pre-pluton volcanism apd intrusion of
the plutons, This short time interval plus similar compositions
and a close spatigl relationship between the dacite and the quartz

monzonite of the Wheeler Creek pluton, sugpgests the volcanic com=-

. plex was an early stage of the Wheeler Creek magmatic: epleode s i i
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The assaciation of volcanic rocks with plutonic rocks . of
the sanme general age and composition, togethgr with many of the
features mentioned above meet many of Buddington's (1959) criteria

for plutons emplaced at relatively shallow depth in the epizone.

Petrography and chemistry

Granodiorite of the Zane Hills.--The southern half of the

Zane Hillé pluton consists of leucocratic coarse-grained biotite
granodiorite and quartz monzonite with a hypidiomorphic equigranu~
lar texture (figs. 21 and 22). This massive, nonfoliated rock is
monotonously uniform in composition over its entire outcrof‘area.
Average modes and the standard deviations for all the plutonic
rocks are given in table 11; the average of 36 stained slab modes
for the biotite granodiorite is 28,7 percent quartz, 44,0 percent
plagioclase,'al.B percent K-feldspar, and 5.9 percent mafic
minerals; a granodiorite but close to being a quartz monzonite,
The plot of the felsic modal components shows a relatively tight
grouping around the boundary between the granodiorite and quartsz
monzonite fields (table 11). The homogeneity of the biotite graﬁo-
diorite is also reflected in the relatively small standard devia-
tions of the various mineral components,

The plagioclase in the biotite granodiorite occurs as large
subhedral crystals exhibiting well-developed oscillatory zoning
throughout most of the crystal with a narrow rim of nermally zoned

material. Vance (1962) in a study of zoning of igneous plagioclase
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Table 11l. Summary of modal data from the principal units of the Zane
Hills and Wheeler Crgek plutons.

Mafic No. of

Parameter Quartz Plagioclase Kffeldspar minerals analyses

Biotite granodiorite Avg. 28.7 k4,0 21.5 5.9 36
(Zane Hills pluton)
Std. Dev. 3.1 i | 4,0 1.3
Hornblende-biotite granodiorite Avg. 21.2 48.8 17.1° - 12,2 20
(Zane Hills pluton) .
Std. Dev. 6.4 5.6 k.2 .2
Hornblende-biotite quartz monzonite  Avg. 18.9 43,1 23.1 ik,9 39
(Wheeler Creek pluton)}
Std. Dev. 4.2 L4 5.6 L4

88
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concluded that oscillatory zaning feormed in response to recurrent
supersaturation of the melt in anorthite adjacent to individual
crystals., When the melt became saturated in volatiles, agitation
by the escaping volatiles maintained a uniform melt composition
equalizing rates of diffusion and crystallization, Such a process
is reflected in the normally zoned rims. The low rim to core ratio
in the present case suggests that the melt was saturated with vola-
t}les only after most of the plagioclase had crystallized. The
range of composition as determined by extinction angles on albite
twins is from about An '

35
clase), Myrmekite is abundant at contacts between plagioclase and

to Ana2 (sodic andesine to calcic oligo-

K~-feldspar. Quartz forms large (up to 1 cm) anhedra which show
undulatory extinction. 'K-feldsfar éenerally shows typical micro-
cline twinning and is commonly perthitic, Biotite occurs as large
euﬁedral flakes with slight to moderate alteration ta chlorite and
less commonly epidote. '

Most of the nofthern half of the pluton consists of horn-
blende-biotite granodiorite. The contact with the biotite grano-
diorite was located where hornblende constitutes more than 1
percent of the rock (plate 3). In contrast to the compositionally
homogeneous biotite granodiorite, tﬁe northern part of the piuton
shows a gradational change in composition form south to north.

The hornblende content gradually increases although it is gener-
ally less than biotite. Quartz and K-feldspar decrease and plagio-

clase and the total mafic mineral content gradually increase, The
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plagioclase is slightly more calcic, An38—h0’ than in the blotite
granodiorite. Rarely, and only at the extreme northern end of the
pluton adjacent to the andesite country rock, relict clinopyroxene
cores in hornblende are observed. The average mode of the horn-
blende-biotite granodiorite (table 11) is 21 percent quartz, 49
percent plagioclase, 17 percent K-feldspar, and 12 percent mafic
minerals. The modes all plot in the granodiorite field (table 10)
and show a greater scatter than the biotite granodiorite modes.
This scatter is also reflected in the standard deviations (table 11).
A change in grain size also occurs across the northern part
of the pluton. The grain size decreases to the north and the
hornblende-biotite‘granodiorite is fine- to medium-grained in
contrast to the generally coarsengraiﬁed biotite granodiorite.
Rapid rock chemical analyses of seven samples of grano-
diorite from the Zane Hills pluton are shown in table 12. Speci-
mens 1, 2, and 3 are from the biotite granodiorite and have modés
close to the average mode of the biotite granodiorite; since the
standard deviations of the modes in table 11 are relatively small,
the average of the analyses of these three specimens is thought to
be close to the average chemical composition of the ugit. This
average compared to Nockolds' (1954) average of 36 biotite grano-
diorite analyses (table 12) has less FeO, MgO, and Ca0 and somewhat
greater Sioa. .These differences are probably @ue to the low content

.of mafic minerals in the biotite granodiorite of the Zane Hills.



Table 12. Chemical data for the Late Cretacecus plutonic sulte, west-central Alaska 91
Rapid rock chemical analyses (weight percent}

) Shinililarok R. Avg. bletite Avg. biotite
Zane Hillg pluton Wheeler Creek pluton volcanic complex Indian Min. pluton amd satellitic dikes grancdicrite grancdlorite of
1 2 3 4 5 [ 7 8 | 3 10 i1 12 13 4 115 TL;’—IT 18 19 20 ZL 22 _ (Fockolds, 1954) Zane Hills pluten
s10, 71.6 71.2 71.5 69.3 69.9 67.2 5.8 #61.1 67.2 65.6 B4.9 64.6 633 TF1.4 65.9 65.1 66.8 66.8 62,2 72.7 66.4 67.8 88.97 1.4
AlL,0, 14,8 15.2 14.% 15.4 15.8 17.¢ 15.& 19.¢ 15.2 15.4 16.2 6.0 15.6 12.1 16.1 is.6 16.4 16.6 16.4 13.9 16.3 15.2 15.47 15,0
Fe,0, 1.7 8¢ 1.0 1.2 1.0 1.2 1.1 1.7 1.6 1.7 1.9 1.7 2.3 .60 1.7 3.1 1.% 1.5 2.3 1.1 1.2 1.3 1.12 1.2
Fel a.8 1.0 1.0 1.4 1.3 1.5 2.3 i.% 1.6 1.9 1.8 1.9 2.4 W26 1.2 34 1.8 1.5 2.6 96 1.6 .96 2.05 0.9
MgC .6 .77 .62 1.0 1.0 1.3 1.9 83 1.7 2.3 2,1 2.0 3.6 .09 1.4 2.0 1.5 1.5 2.4 .50 1.7 1.3 1.15 .67
Ccao0 2.1 2.7 2.2 2.7 2.8 3.5 3.6 2.8 3.3 3.7 3.8 3.8 4.5 4% 3.0 3.0 4.2 4.2 5.0 2.2 3.8 3.5 2.99 2.3
Na,0 3.8 3.8 3.9 3.9 4.0 5.0 4,2 5.3 3.8 3.5 3.3 3.9 3.7 4.1 4.0 3.8 3.9 4.1 3.8 3.2 4.0 3.9 3.69 3.8
K,0 3.5 2.7 3.7 2.8 3.0 2.2 3.6 6.3 3.7 3.2 3.9 3.2 3.0 3.8 3.3 3.0 1.8 1.9 3.2 4.4 1.8 1.8 3.16 3.3
H,0- .05 .02 .03 .05 .05 .02 .18 08 .15 .33 A3 A4 .11 .02 .20 28 0.4 .13 .13 0.0 .23 .66 -— .03
B0+ .51 .58 .45 .68 .57 .57 53 .67 .60 W77 .62 1.4 .89 .35 1.5 1.6 .82 W74 .70 48 1.8 2.2 .70 .51
Ti0, .23 .26 .25 .38 .33 .38 .58 .39 47 49 .53 -1 .65 14 <40 .54 .42 .36 .78 .32 .38 .29 435 .25
P,0, .08 .12 10 .16 .15 .19 .33 .16 .24 .35 31 .29 .39 6.0 .21 .35 .23 .18 .32 .11 .22 .12 .19 10
] .06 .05 .05 .07 .08 07 .13 .07 .05 .10 .11 .07 .09 .05 .09 .06 .10 .06 .06 .00 .07 .05 .05 .05
<o, <.053 «<.,05 .11 <05 .07 <05 <05 <05 <05 <.D5 <05 <03 <05 <05 49 .58 <.05 .09 08 <05 <05 .12 — .03
Sum 100 99 100 93 100 100 100 100 100 99 100 100 100 9% 99 99 9% 100 180 100 39 99 (36 analyses)
Semiquantitative spectrographic analyses (ppm)

B Q ] 15 0 10 10 o [} [ 0 ] ] 10 15 10 0 ] 0 10 15 10 10

Ba 2000 2000 1000 2000 2000 2000 3000 1500 2000 1560 2000 2000 2000 200 2000 2000 2000 2000 2000 2000 2000 2000

Be 2 1.5 2 2 1.3 1.5 0 3 0 1.5 0 I} 2 5 2 1.5 0 1.5 2 1.5 0 0

Ce 0 ] h] 0 0 150 200 200 ] 100 150 0 100 0 200 200 0 [ 150 0 1} [

Co 5 5 5 7 7 10 10 7 10 15 10 1c 20 0 10 10 10 10 20 7 10 7

Cr 7 5 7 10 1¢ 15 30 10 70 50 50 70 70 0 20 70 15 15 50 20 20 15

Cu 15 10 20 30 15 Fit] 15 20 50 70 15 20 30 7 K+ 50 15 5 50 100 20 20

Ga is 15 30 20 20 20 20 20 13 15 20 1s i+ 4] 20 15 20 20 15 15 15 15

La 50 5¢ 3¢ 100 50 70 100 150 70 70 100 70 70 0 100 100 0 70 160 50 70 30 i

Nb 10 10 15 15 10 19 10 20 7 15 15 10 i5 30 10 15 i 10 30 20 10 1]

Ri 7 5 7 10 7 15 30 7 50 50 30 50 70 0 20 50 15 20 50 20 30 15

Pb 70 30 70 50 50 50 50 70 20 30 30 50 30 50 70 50 20 20 20 30 20 30

Se 3 5 5 7 7 7 7 50 7 10 10 10 15 o 7 10 10 10 15 7 7 7

St 500 500 300 700 760 1000 1500 1000, 700 1500 1500 1000 1500 500 1000 1500 760 1090 1000 300 1500 1000

v 30 50 50 70 50 100 7t 100 150 100 70 106 150 10 100 160 100 100 200 70 70 50

15 15 10 20 20 20 10 30 10 20 15 15 20 20 20 15 1¢ 7 30 15 10 7
b 1 1.5 1.5 2 1.5 2 1 2 1.5 1.5 1.5 1.5 2 2 2 2 1 1 3 1.5 1.5 i)
Zr 100 150 100 200 200 ic0 100 200 100 100 100 100 200 150 100 150 150 106 200 200 150 100

Looked for but not found: A4Ag, Sn, W



Table 12--continued

1 2 3
31.3 32.4 29.5

or 20.8 16.2 22.0
ab 31.4 32.6 33.2
an 9.6 12.4 9.6

1.3 1.5 1.0

sn 1.5 1.9 1.6

- 0.8 0.7
2.1 1.3 1.5

11 0.4 0.5 0.5
ap 0.2 0.3 0.2
cc - - 6.3

DI 84.5 81.2 B4.7

Quartz 29.9 28.2 29.0
Plagioclase 45.1 45.9 42.6
K-feldspar 20.8 20.6 22.7
Total Mafic Min. 4.2 5.3 5.7

(Biotite)
- {Hornblende)
(Met. opaques}

Other accessories

~ AR W N

(3.5) (4.8) (5.0)
=) (0.5) ()
0.7) (0.1) (0.7)
0.1 0.1 --

Biotite granodiorite
Biotite granodicrite
Biotite granodiorite
Biotite granodiorite

4 5
29.2 28.0
16.5 17.8
33.6 34.0
12.2 12.3

1.6 1.5
2.5 2.%
1.1 1.0
1.8 1.5
0.7 0.8
0.4 0.4
- 0.2

79.6 7%.8

22.3 30.9
50.3 41.6
20.0 13.6
7.4 13.6
6.2) (7.3)
(0.3) (6.1)
(0.6) (0.2)
0.2 0.1

Hornblende-blotite granodiorite
Hornblende-biotite granodiorite
Hornblende-biotite quartz monzonite

6
27.1
13
34.1
15.9

2.3

3.3
1.3
1.8
0.7
0.5

74.3

26.8
51.6
13.7

7.8

(5.6}
(2.8)
{0.4)

0.1

CIN Yorns (weight perceat)

15 16
23.8 25.3
19.9 18.2
34.6 33.0
10.6 9.2
2.2 2.9
.6 S.1
0.3 —
2.5 -
0.8 o.9
0.5 0.9
1.1 1.4

13
16
17
18
i9
20
21
22

Dacite
Dacite

26.2
43.0
12.4
12.4
(8.8)
3.0)
{0.6)

1 19
25.0 14.9
1.4 18.1
35.1 32.4
19.3 18.4
0.8 -—-
N
3.8 6.0
1.0 1.7
2.2 3.4
0.7 1.5
0.4 0.8
0.2 0.2

71.5 66.4

22.3 14.9
37.0 3%.4
9.5 22.7
11.7 23.0
(8.0) (3.8)
3.1)(13.0)
(0.6 (2.4

20
2.3
26.1
27.2

9.9

0.3

1.3

0.3

1.6
0.6
0.3

85.6

29.3
iL.s
32.7

6.8

{1.8)
{3.5)
{0.3)

Hornblende-biotite granodiorite
Hornblende-biotite granodiorite
Biotite-hornblende quartz monzonite
Biotite~hornblende quartz monzonite
Dacite dike
Dacite dike

7 8 9 10 11 12 13 14
7.4 0.0 22.0 22.4 18.8 18.% 17.4 38.3
21.3 37.3 22.0 19.2 23.1 1%.0 17.9 22.7
35.6 44.9 32.3 30.1 29.7 33.2 31.7 35.0
13.1- 9.5 13.6. 16.4 16.9 16.8 17.3 2.1

- -— - 0.3 0.1t - - 0.5

1.1 1.4 0.6 - - 0.1 0.9 -~

47 1.2 43 58 5.2 50 7.6 0.2
2.6 0.6 0.9 1.5 1.1 1.3 1.6 =

1.6 2.5 2.3 2.3 2.8 235 3.4 0.6

.1 0.7 0.9 0.9 1.1 1.0 1.2 ©.3
0.8 0.4 0.6 0.8 0.7 0.7 0.9 -
4.4 82.2 76,3 T1.7 71.6 71.2 6.0 96.0 78.1 76.5

Modes (volume parceat)

22.9 0.0 21.8 25.2 19.0 21.8 17.5 33.2
33.7 42.6 37.7 36.9 43.4 36.%9 44.3 48,7
30.9 45.5 29.2 24;2 26.6 30.9 1%.4 208.4
12.5 11.% 11.3 3.7 10.9 10.3 1.8 0.7
(4.0} (0.0) - - —  (4.2) (A.2) (0.3)
(7.8){11.5) -- - -~ (5.7)(14.2) (~)
0.2) (0.4 -~ == = (0.4) (0.4) (0.4)
0.5 - - - - - - -

Rock typs
8 Monzenite
9 Hornblende-biotite gquarts monseaits

10 Hornblende-biotite quartz monzonite

11 Hornblende-biotite quartz monzonite

12 Hormblende-biotite quartz monzonite

13 Hornblende-biotite granodiorite

14 Alaskite

21
26.3
10.9
34.7
17.5

1.5

4.3
1.5
1.8
0.7
0.5

71.%

92

22
30.4
11.0
34.3
16.4

1.1

3.4
0.3
2.0
0.6
0.3
0.3

75.7
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Specimens 5, 6, and 7 are of hornblende-biotite granodiorite
from the northern part of the pluton. Modal hornblende in these
rocks ranges from 2 to 8 percent and the total mafic minerals from
8 to 14 percent (table 12). With respect to the biotite grano-
diorite these modal percentages are reflected in lower Sioa'and
higher Fe0O, MgO, and Ca0 in the hornblende~biotite granodiorite.

The compositional and textural zoning in the pluton is so
g;adual that it does not seem likely that it is due to separate
intrusions. The lack of concentric zoning indicates that the
zoning is not due to cooling of an intrusion from the walls toward
the center., If the pluton is considered in cross-section, however,
& possible explanation is seen for the lateral zoning. The map
pattern in the northern part of the pluton shows that the contact
slopes at a moderate angle to the north (plate 3) and the extent of‘
thermally metamorphosed country rock north of the pluton suggests
that a considerable part of the northern Zane Hills'is underladin
by plutonic rocks at no great depth. This area alsc has numerous
sulfide-bearing quartz veins and hypabyssal porphyritic intrusives
(Miller and Ferrians, 1968).l Tﬁe pluton thus appears to have an
asymmetric profile along a northwest-southeast section as indicated
in plate 3. Since the granodiorite gradually becomes more mafiec

and fine-graingd towards the northern contact, it would appear that

the pluton cooled gradually from the top. The roof zone of the

pluton may well have been slightly contaminated by andesite country

rock, but the lack of country rock inclusions suggests any major
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assimilation took place at greater depth and reaction betwean
magma and couniry rock was complete prior to the magma reaching
its present level. The slightly more mafic magma of the roof zone
crystallized at a more rapid rate than the underlying magma,
resulting in the finer grained hormblende-biotite granodiorite.

Moqz°nite of the Zane Hills plﬁton.-wTwo small bedies of

porphyritié (fig., 23) to gneissic monzonite occur along the south
and east sides of the Zane Hills pluton. The unit is hetero-
ééneous in composition, texture, and grain size and was mapped on
this basis since the adjacent granodiorite is typically massive

and equigranular. The contact with the granodiorite is abrupt but,

owing to the poor outcrop, mutual relationships are not known. The

- contact between monzonite and country rock is not as abrupt as
country rock contacts elsewhere in the pluton but, rather, is
mafked by a zone of andesitic hornfels and contact schists mixgd
with mesocratic monzonite that is as wide as several hundred yards.
The monzonite at the south end of the pluton includes largelareas
of hybrid diorite thought to have formed by assimilation of ande-
site couuﬁry rock.

K~feldspar in the monzonite typically occurs as large (up
to 3 inch) euhedral to subhedral phenocrysts of perthitic micro-
cline (fig., 24) commonly including separate albite grains. Plagio-
clase occurs as unzoned anhedral of oligoclase‘(Anao_as) although
a few.relict(?) gfains of andesine (An4o) were also found. Quartsz

is usually minor and interstitial, Hornblende is the most common
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mafic mineral and appears to be an iron and alkali-rich variety.
Diopsidic augite occurs commonly as scattered euhedra and as
relics in hornblende; biotite is relatively rare.

The texture of the monzonite ranges from porphyritic to
gneissic allotriomorphic granular, The phenoerysts are micro;line
and perthite and rahge from large tabular euhedra to subhedra with
ragged edges. In the more gneissic rocks, the groundmass is a
mosaic of granulated feldspar and quartz anhedra.

The hybrid diorite in this unit probably formed by assimila-
tion of andesite country rock. However, the abundance of X-feldspar,
particularly in large phenocrysts, together with ﬁany of the tex-
tural features described above suggest potassium metasomatism.

This metasomatism affected not only the intrusive rock but also,.
at least locally, the andesite, as shown by the sporadic occurrencé
of large K-feldspar porphyroblgsts in the latter.

The presence of ﬁoth Planar flow .structures and crushing
features suggests theimonzonite was deformed during the last
stages of crystallization, The potassium metasomatism took place
somewhat earlier, judging from the deformation of some of the K~
feldspar phenocrysfs. Mutual relationships between granodiorite and
monzonite are not known; however, §plite dikes are common in.both
units. These aplite and alaskite dikes may have been derived from
a residual granitic magma fraction after the emplacement of the

granodiorite magma adjacent to the monzonite.
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A chemical analysis of a typical monzonite (no. 8, table 12)
reflects the lower guartz and higher alkali feldspar content as
compared to the granodiorite. Sio2 is lower in the monzonite and
KEO is about twice that of the granodiorite; Na20 and AlZO3 are
also noticeably greater than the granodiorite.

An interesting feature of thé ﬁonzonite is its high radio~
activity relative to the surrounding rocks. A hand-held scintil-
lometer survey showed that the radiocactivity of the monzonite was
generally 5 to 16 times greater than that of the granodiorite.
Attemptslto locate the radicactive mineral(s) in thin section and
by mineral.separation were unsuccessful. At the suggestion of
C. W, Naeser, a thin section of an analyzed monzonite sample con-
taining 20 ppm uranium (5 to 6 times higher than average granitic
rocks; Smith, 1963; Green, 1959) was exposed to a thermal neutron
beam in a reactor to cause the fission of U235. The fission events
were fecorded in a piece of lexan which covered the section. Com-
parison of the thin section with the intensity of fission tfacks
in the lexan showed the uranium to be concentrated in very small
grains of an isotropic mineral of high relief. The mineral is dis-
seminated as an accessory mineral and has a euhédral cubic-like
crystal form, The presence of anomalous amounts of thorium (200
ppm) in a panned concentrate from Caribou Creek (plate 3) which

drains the monzonite (Miller and Ferrians, 1968) suggests that

this mineral may be uranothorianite.



98

Aplite and alaskite of the Zane Hills,~=Dikes and small
bodies of aplite and alaskite occur throughout the ﬁluton but are
particularly common near the contacts and in the monzonite. Black
tourmaline is a common constituent, particularly in aplite cutting
the monzonite; locally it constitutes as much as 10 percent of a
hand-sized specimen, Much less common are pink garnet euhedra
which o¢eur in some of the alaskite; these are'prqbably spessartine-
almandites. |

‘ The aplite has its characteristic sugary texture while the
alaskite is coarser grained with a wide range in grain size and
degree of crystallinity. Pegmatite-like lenses and pods occur

locally in both rock types. Granophyre showing a very well-

" developed long cuneiform quartz lenses in either K-feldspar or

albite is common in the alaskite.

The alaskite of the Zane Hills does not contain the black
smoky quartz anhedra characteristic of the alaskite of the Wheeler
Creek pluton.

Porphyritic aquartz monzonite and granodiorite of Wheeler

Creek pluton.--Most of the Wheeler Creek pluton is composed of por-

phyritic quartz monzonite and granodiorite, with prominent white
eubedral plagioclase phenocrysts up to 2 cm long (fig. 25).
Smaller pink K-feldspar and gray quartz anhedra are also readily
observed in hand specimen together with abundant hornblende and
biotite., The rock is mediun- to coarse-grained with a uniform non-

oriented porphyritic texture. The average mode of 38 analyses
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(table 11) is 18.8 percent quartz, 44 percent plagioclase, 23% per-
cent K-feldspar, and 16 percent mafic minerals. The average
composition is a quartz monzonite but the composition of the unit
ranges over a considerable portion of both the quartz monzonite and
granodiorite fields (table 10). The sample density of this unit is.
low, about half that of the Zane Hills pluton. However, the modal
plot (table 10) shows a fairly well defined linear trend, at least
part of which represents a change in composition that appears to
take place across the pluton from east to west. The easternmosg
rocks of this unit, including those in the northwest corner of the
Zane Hills pluton, have a high mafic content, up to 26. percent and
quartz is as low as 14 percent. The mafic content decreases east-
ward and the quartz content increases; the_change appears to be
gradational. The lowest mafic content and the highest quartz con~-
tent occur adjacent to the alaskite at the west end of the pluton.
The contact between these units is not, however, gradational. |
The large euhedral phenocrysts of plagioclase show strong
oscillatory zon;né (fig. 26) and a compositional range from An,+5

to An,, (calcic to sodic andesine) for much of an individual crys-

33
tal and compositions és low as Anag (calcic oligoclasé) for the
narrow rims., The K-feldspar ig subhedral to anhedral and perthitic;
grid-twinning, in contrast to the granodiorite of the Zane Hills,
is rare, Quartz is subhedral and interstitialf Hornblende and

biotite are the varietal mafic minerals, hornblende geuerally being

about twice as abundant as biotite.
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Chemical analyses were obtained on five samples from this
unit (table 12) whose modes cluster near the average mode of the
unit. Comparison of these five specimens with Nockolds (1954)
average of 65 hornblende-biotite granodiorites shows a fairly close
agreement, Compared to the granodiorite of the Zane Hills, the
Wheeler Creek rocks are noticeably poorer in SiOZ, and richer in
Feaoj, Fe0, Mg0, and CaO. This is to be expected from the modal
d}fferences between the two units,

The area underlain by the pluton declines in elevation from
west to east and the pendant-like nature of the andesite near
Fidget BM on the east side of tﬁe pluton suggests that the roof of
the eastern part of the pluyon was at a lower elevation than in
the west. The indicated zoning in éhe quartz monzonite-ofAthe
Wheeler Creek pluton is similar to that described for the Zane
Hiils pluton and perhaps was alsoc caused by contamination.

Alaskite of the Wheeler Creek pluton.--Coarse-grained

alaskite underlies thé west end of the Wheeler Creek pluton (plate
3) and intrudes rocks ranging from Lower Cretaceous andesitic
volcanics to the Upper Cretaceous dacitic hypabyssal rocks., Alas=-
kite outcrops are éharacterized by rounded pink-colored hills with
little vegetation and a mantle of gfus. The alaskite itself is
characterized megascopically by large (up to 1 cm) black smoky
quartz anhedra in a setting of pink feldspar anhedra (fig. 27).
The rock is characteristically coarse-grained with an allotriomor-

phiec granular texture. The abundance of the smoky quartz
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Pigure 27. Alaskite of the iheeler Creex plutony black
anhedral grains are smoky quarta,
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Figure 2&. Thotomicrograrh of alaskite of the Wheeler Creek
pluton showing abundant perthite (12X).
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distinguishes this uﬁit from the minor alaskite and aplite dikes
that locally cut the Zane Hills pluton. The rock is generally a
true alaskite, with less than 1 percent mafic minerals, although
locally the mafic contént reaches as much as 8 percent near the
contact and in the alaskite dikes cutting the quartz monzonite-
granodiorite to the east.

The K-feldspar is typically "patch" perthite and generally
forms subhedral grains (fig. 28). Plagioclase occurs as euhedra
with weak normal zoning; the composition is An8_10 (albite-~
oligoclase). Quartz occurs as largé anhedra with undulatory
extinction, Biotite is the principal mafic mineral but hornblende
is present locally near cduntry contaqta.

A chemical analysis of alaskite is given in table 10 and
shows the felsic nature of the rock. A striking difference
between the norm and mode of the analyzed sample is the relative
content of K-feldspar and plagioclase. The norm shows more plagio-
clase and less K-feldspar thgn the mode, The reason for this is
probably solid spiution of albite in K-feldspar; many alkali feld-
spar grains contain from a third to a half exsolved albite. On
stained slab surfaces these alkali feldspar grains we;e counted as

K-feldspar.

Melanes Creek pluton

This pluton is very poorly exposed in a heavily wooded and

alluvium=-covered area just above the floodplain of the Hogatza
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River about 20 miles east of the Zane Hills (plate 1). Access
even by helicopter was possible in only two places. Samples
collected from these stations were leucocratic medium—grained
hornblende~biotite granodiorite similar to that of the northern
Zane Hills and Indian Mountain plutons.

Indian Mountain and Mt. George plutons and
related hypabyssal rocks )

General character

The Indian Mountain pluton underlies an area of about 80
square miles east of the Koyukuk River (plate 5) and forms the
southern half of the Indian Mountains. Less field work has been
done on this pluton than on the Zane Hills and Wheeler Creek plu-
tons; however, reconnaissance mapping indicates that the Pluton
consists chiefly of hormblende-biotite granodiorite. It intrudes
rocks as young as Late Cretaceous and a K/Ar age of 81.5 MeYo
(table 2) has been obtained on hornblende from this.pluton. The
country rock contacts are sharp and steeply dipping. The pluton
is surrounded by a resistant. rim of contact hornfels, and a meta-
morphic aureole extends as far as a mile from the contact in places.
In general, hornblende hornfels facies assemblages are found in
the immediate contact zone; however, the occurrence of a
hypersthene-cordierite-biotite assemblage in metatuff at the south
‘end of the pluton indicates that a higher metamorphic grade was

reached locally. Tourmaline-bearing aplite dikes are common
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cutting the pluton and the immediate country rock. The rather
irregular map pattern of the Indian Mountain pluton with its
numerous re-entrants suggests the pluton has a roof with consid=-
erable relief, similar to the Zane Hills and Wheeler Creek plutons,

The Mt. George pluton is located at the north end of the
Indian Mountains; it has been visited only briefly and the few

' samples collected were similar to the granodiorite of the Indian
Mountain pluton. The graywacke and mudstone of late Early Creta-
ceoﬁa (41bian) age between the two plutons is strongly indurated
to hornfels and is cut by numerous small intrusive bodlies and
dikes suggesting that the area is underlain at no great depth by
plutonic rocks.

A swarm of dacite and quartz latite.dikes surrounds the
pluton for a distance of up to 10 miles. These hypabyssal intru-
sives are generally less than 100 feet thick and are particularly
common north and wesé of the pluton. The dikes are locally cross-
cutting indicating more than one period of activity. The mapped
dikes shown on plate 5 represent only some of the many dikes in

the area,

’

Petrography and chemistry

Hornblende~biotite granodiorite forms most of the Indian
Mountain plutoﬁ and is typically a leucocratic, medium-grained
‘massive rock with a hypidiomorp@ic,_equigranul;r texture., Plagio~

clase occurs as euhedra exﬁibiting both oscillatory and normal
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zoning with a low rim/core ratio. The composition ranges from
cores as calecic as An5o (calcic andesime) to rims of Ana7 (caleic
oligoclase). K-feldspar is typically perthite and anhedral; very
little twinned microcline was observed. Quartz is interstitial -
and anhedral. Hornblende and biotite are the varietal mafic
minerals.

The hypabyssal rocks surrounding the pluton are chiefly
quium-grained porphyritic dacite and quartz latite. Phenocrysts
are'usually pPlagioclase with strong oscillétory zoning and a compo-
sition aé caleic as labradorite (Aneo); groundmass plagioclase is
somewhat more sodic. In places, the phenocrysts show resorption
features. Hornblende and biotite occur as smaller phenocrysts
commonly partly altered to chlorite and epidote. Clinopyroxene
occurs in some of the more mafic varieties. Quartz and K-feldspar
are generally confined to the aphanitic groundmass.

Plutonic rocks were not observed grading into the hypabyssal
porphyries nor were the latter observed cutting the pluton.‘ Rather,
the pluton appears to have cut across the hypabyssal'swarm and to
be at least somewhat younger. The dikqa and sills appear to have
been concentrated above the roof of the pluton and were cut.by
large-scale emplacement of the magma. A smaller but similar swarm
of porphyritic intrusions occurs in the Sun Mountain (plate 1)
area 20 miles to the scuthwest. These intrusions intrﬁde thermally
me tamorphosed andesite thought to overlie a concealed pluton at no

great depth (Miller and Ferrians, 1968, p. 6).
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Chemical analyses were obtained on‘two‘typical granodiorites
(table 12; nos. 17 and 18), on two of the satellitic dacitic dikes
(nos. 21 and 22), and on two quartz monzonites with more variable
composition (nos. 19 and 20). The granodiorites and dacites have
very similar compositions except for a higher Hao contenﬁ in the
dacite. Compared with Nockolds (195#5 average granodiorite and
with the Zane Hills rocks, the granodiorite in this body has higher
Cao and much lower K,O., Sample 19 is from a slightly contaminated

2
rock near the contact and has lower Sioz. Sanple 20 is from a

group of'small Pinnacles protruding above the general surface in
the southern part of the pluton and is thought to be a late felsic

member of the pluton.



108

PETROGRAPHIC AND CHEMICAL SUMMARY OF
THE PLUTONIC ROCKS

The mid~Cretaceous plutonic rocks show a wide range in com-
position both in the suite as a whole and in individunal plutens.
The most common rock type is saturated syenite and monzonite but
oversaturated quartz monzonite makes up a large part of the
exposed plutonic rocks ahd the suite includes potassic subsilicic
rocks.

. The compositional range is shown in figure 29 by a plot of
the modal qpartz, K-feldspar, and plagioclase- of the granitic
rocks of the suite. Monzonites, syenites, syencdiorites, quartz
monzonites, and granodiorites are all present but low quartz (<10
' percent) and K-feldspar rich rocks (>35 percent) are the most abun-

dant. It should be remembered that the sampling density is not
uniform for the various plutons in the suite and this bias is
~reflected in the distribution; however, the plot shown here is
thought to be representative.

A plot of the normative salic components (fig. 30) for the
granitic rogks shows a distribution and céncentration similar to
the modal plot although not extending as far toward'the orthoclase
apex. Again, the majority of rocks shows a low quartz content and
a relatively high orthoclase content.

The range of composition for the entire 'suite including
both oversaturated and undersaturated rocks is shown in figure 31

where Sio2 is plotted against the Thoranton-Tuttle (1960)
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Mid-Crataceous suite " eidspa

Plagiociase ' ' L.ate Cretaceous suite ‘ " K-Faldspar
Figure 29, Modal andlyses of the granitic racks of the mid-Cretaceous suite
' and of the Zane Hills and Wheeler Creek plutons of the Late Cre~
taceous suite; dashed line represents range of modal analyses

from the east-central Sierra Nevada batholith (from Bateman and
others, 1963). .
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Figure 30, Comparison of the normative trends of the granitie rocks
of west-central Alaska (e, Late Cretaceous suite; +, mid-
Cretaceous suite) with granitic rocks from the east-
central Sierra Nevada batholith (o; Bateman and others,

1963).
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differentiation index for all analyzed samples in the suite. Most
of the granitic rocks do indeed plot in the saturated part of the

diagram and only a few plot in the undersaturated part.

The rocks of the suite range from leucocratic to mesocratic

and the color index ranges from 6 to 45, The chief mafic minerals
are hornblende and clinopyroxemne; biotite is generally less common.

The fabric shows as much variability as the composition.
Planar flow structures and porphyritic, trachytoid, and gneissoid
textures are common, particularly in the western plutons and in .the
alkaline rocks, and the grain size ranges from fine to coarse.

The Late Cretaceous suvite is much more homogeneous in both
composition and texture than the mid-Cretaceous suite. Individual
plutons show some compositional zoning but.the raﬁge is not great.
Granodiorite and quartz monzonite are the chief rock types but
alaskite, monzonite, and hybrid diorite occur locally. Quartsz
diorite and mafic end members commonly found in otheéer calc-alkaline
‘ suites ére not present.

A plot of,éhe modal quartz, K-feldspar, and plaglioclase is
shown in figure 29 and showsAthé'abundance of granodiorite and

quartz monzonite. The modal composition of the granodiorite and

quartz monzoanite in the two largest plutons of the suite, the Zane .

Hills and Wheeler Creek plutons are compared with another calc-
alkaline suite, the east-central Sierran Nevada batholith (Bateman
and others, 1963). The two suites show similar trends and cover

much the same field.
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A'plqt of the normative salic components (fig. 30) shows
the analyzed specimens to be mostly granodiorite; compared to the
‘east-central Sierra Nevada rocks, they have somewhat more quartz
and less orthoclase but the trends are similar. An Alk-F-M plot
(fige 32) of the plutonic rocks of the two areas shows they have
similar trends but the Alaskan rocks show less iron than the
Sierran rocks and Nockolds (1954) average calc~alkaline suite.
) The plutonic rocks of the Late Cretaceous suite are typi-
cally leucocratic with a color index generally under 10, Biotite
and hornblende are the chief mafic minerals; pyroxene is rare
except in the monzonite and hybrid diorite of the Zane Hills pluton.

The Late Cretaceous plutonic rocks are typically structure-
less; only the monzonite of the Zane Hills pluton shows an oriented
fabrie ranging from a planar flow structure to gneissolid. Most of
the plutonic rocks are medium~grained, massive, and generally
" hypidiomorphic granuiar with the exception of the quartz monzonite
of the Wheeler Creek pluton which is characteristically porphyritic.

Both suiyeé of plutons characteristically show sharp cone-
tacts with the country rock and have satellitic dikes and sills
extending out into it. These country rocks, chiefly Lower Creta-
ceous andesitic volcanics, are moderately to strongly deformed but
have not been ?egionally me tamorphosed. The plutons appear to be |
magmatic epizonal bodies which in at least two places intruded

hypabyssal rocks similar in composition and only slightly older.
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Figure 32. Comparison of the chemical trends of the Late Cretaceous suite
(dashed line) with calc-alkaline granitic rocks of the eastern.
Sierra Nevada batholith (Ross, 1969; solid line) and with the
average calc-alkaline suite of Nockolds (1954; dot-dash).
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PETROGENESIS AND CONCLUSIONS

Aqy hypothesis concerning the petrogenesis of the Hogatza
Plutonic belt must address itself not only to problems concerning
the origin of granitic rocks in general but also to these two pri-
mary questions: (1) What is the origin of the potassic subsilicic
rocks of the mid-Cretaceous suite, particularly if juvenile sialic
material is not present over much of the area, and (2) why was the
potassic enrichment confined to the western part of the belt and
absent in the younger, calc-alkaline rocks to the east.
| Current hypotheses for the formation of granitic rocks of
the composition of the Late Cretaceous suite and the quartz monzo«
nite of the mid-Cretaceous suite have been.grouped by Piwinskii
and Wyllie (1968) as follows: (1) differentiation of a parent,
more mafic magma by fractional crystallization, (2) anatexis of
crustal rocks, (3) contamination of magma formed by (1) or (2) by
assimilation of country rock, and (4) hybridization of granitic
and mafic magmas., While recogniz;ng the reconnaissance nature of
much of the present study, some speculations on the origin of the
plutonic rocks of west-central Alaska can be made in respect- to
the above hypotheses.

Derivation of the magma by differentiation of a basaltic
or andesitic parent magma is a gossibility, buf the lack of mafic

comagmatic rocks in the suite makes this mode of origin seem
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unlikely. The amount of quartz-rich granitic rock generated was
considerable (over 500 square miles in the Late Cretaceous suite
alone is now exposed).and volume considerations would seem to
require more mafic rocks.,

Man& workers have proposed an anatectic origin for granitic
rocks based both on field studies (Bateman and Eaton, 1967) and
experimental work (Tuttle and Bowen, 1958). Recent work by Piwin-
skii and Wyllie (1968, p. 230), however, suggests that although a
granitic liquid can be readily formed by anatexis at moderate |
temperatures, the formation of granodioritic magma would require
rather high temperatures, on the order of 900° ¢, or the magmas
consisted'of eutectic-~-like granite liquids with suspended mafic
¢rystals., The high temperature would require an additional heat
source to supplement radicactive heat generation in a volcaniec
pile and heat conduction from the mantle and Piwinskii and Wyllie
(1968) have suggeste& this heat may be provided by emplacement into
the lower crust of gabbroic magma from the mantle. In this regard,
several investigations of strontium and lead isotope content
(Hurley and others, 1965; Doe, 1967) in granitic rocks have sug-~
gested that mantle material has played a role in their origin,

An anatectic origin by melting at the base of the andesitic -
volcanic pile would seem to be a likely possibility in west-central
Alaska. The total thiékness of this widespread volcanic assem-
blage is not known but Patton (i970@ states that at least 5,000

feet are exposed on the Koyukuk River near Hughes and the total
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thickness may be several times that figure. The magma formed by
anatexis at the base of this volcanic assemblage may have been
mixed with gabbroic magma as suggested by Piwinskii and Wyllie
(1968) and the resulting granodiorite and quartz monzonite magma
then emplaced as separate plutons at higher levels in the crust.
Contamination of wall rock material appears to have taken place
in many of the plutons, particularly in the Late Cretaceous suite.
However, its effect on the overall composition appears to have
5;en relatively slight.

The mid-Cretaceous suite was obviously affected by other
processes which resulted in the K-enrichment so noticeable in modal
and normative trends. In the Selawik Hills pluton, for example,

- obvious effects of K-metasomatism can be observed in the north-
central part of the pluton. The apparent igneous history of the
_plﬁton is interpreted as the intrusion of a rather low silica (60
to 66 percent) quartz monzonite into Lower Cretaceous andesitic
volcanic rocks, This magma, already enriched somewhat in-KéO.
engulfed large amounts of andesite country rock along its northera
margin resulting in contamination of the magma. The still viscous
magma was subjected to K-metasomatism and the résulting hybrid
syenite, characterized by large K-feldspar phenocrysts and a
gneissic to trachytoid texture, now forms the north-central part

of the pluton. Tﬁe small bodies of nepheline syenite in the hybrid
syenite together-ﬁith the occurrence of the ultrapotassic complexes
in the Kobuk~Selawik Lowlands suggests the K-metasomatism is

related to the alkaline magmatism,
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The western Alaska alkaline rocks are potassié; as has
been documented here., Potash i1s consistently high and generally
greater than soda by a factor of two or more. Although these
rocks range from melanocratic to leucocratic varieties, relatively
mesocratic rocks such as malignite are among the most abundant
rock types and appear to be the earliest variety emplaced.

Such potassic provinces are relatively rare in the igneous
recorde-the classic domestic localities are the Leucite Hills in
Wyoming, the Highwood Mountains of Montana, and the Navajo area in
northeastern Arizona. Foreign localities include the'Bufumbira
area of eastera Africa which inéludes the Birunga and Toro-Ankole
volcanic fields, the West Kimberly region of Australia, and the
Italian Roman province. Most of theée provinces are composed
chiefly of extrusive and hypabyssal rocks and all are confined to
coﬁtinental areas with a considerable thickness of sialic crust.

Hypotheses invol§ing th; origin of potassium-rich basie
magmas have been summérized by Turner and Verhoogen (1960) and
fall into three groups: (1) the partial melting or resorption of
biotite, which may be concentrated by fractionation in a liquid or
as a residue from énatexis{ (2) assimilation by reaction of basic
or carbonatite magma with crustal méterial, and (3) those that
consider magmatic fractionation.

Turner and Verhoogen themselves favor a hypothesis by which
alkaline olivine basalt or nepheline-basalt magmas are involved

in an assimilation reaction with granitic rocks of the continental
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basement resulting in potash-rich magma., However, an important
fact to remember is that, as Bell and Powell (1969) point out,
potassic rocks are the most potassium-rich of any known silicate
rock and their potassium contents therefore cannot be explained by
a simple mixing of two common materials. |

The hypotheses listed by Turnef and Verhoogen have been
discussed in the light of more recent work on Sr is;topic composi-
tion of the East Africa potassic rocks (Bell and Powell, 1969) and
on the chemical composition of the volcanic rocks of the Leucite
Hills in ﬁyoming (Carmichael, 1967).

Beli and Powell.showed the Sr87/Sr86 ratios of the Birunga
and Toro-Ankole rocks have a positive, linear correlation with the
" Rb/Sr ratio and negative correlations with Sr, Nb, and Zr. They
conclude that the hypotheses that would be most in keeping with
the data are (1) the assimilation of sialic material by either a
nephelinite magma or a - carbonatite magma, or (2) the partial melt-
ing of an old potassic substratum. |

Hurley and others (1966), however, in an earlier study of
Sr isotopes and the concentration of Sr and other trace elements
in the Roman province, concluded that continental potassic volcanic
rocks could not have derived their high Sr content from carbonatite
or "normal" basalt or from limestone syntexis. The Sr isotopes

suggest the potash-rich magma was derived from remelting of ancient

sialic rocks.
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The lack of agreement in the Sr isotopic and abundance studies of
the two provinces was noted by Bell and Powell (p., 559) who stated
that "it is not clear whether their [Hurleyand others] results indi-
cate that the rocks of the Roman province had a different origin
from those of East Africa, or whether their samples were not suffi-
ciently diverse in composition to perﬁit a proper comparison."

At any rate, the two studies both favor the concept of
sialic involvement in the origin of potassic rocks although the
possibility of more than one origin would seem to be left open.

Carmichael's study of the Leucite Hills province resulted
in a differént conclusion in regard to petrogenesis. Carmichael
studied the three principal rock types of the Leucite Hills, the
“undersaturated madupite and the oversaturated wyomingite and
orendite, with the electron microprobe. Based on the results of
miﬁeral and rock analyses, together with melting experiments, he
concluded that these potassic rocks have a melting range comparable
to magnesian basalt and that a crustal origin was precluded; He
found little evidence that sialiec contamination affected the compo-
sition of the oversaturated rocks but the madupite could have been
formed by crystal fractionation at high pressuré of a liquid
derived from partial fusion of garnet-peridotite.

In attenpting to apply these various hypotheses and data to
the potassic rocks of western Alaska province.'the possible léck
of juvenile sialic material must be kept in mind, Many of the

above hypotheses depend on the contamination or refusion of sialic
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crust to attain the necessary abundance patterns and isotopic com-
position. The lack of such material necessitates the finding of
other possible sources of potassiunm.

The country rock for much of the alkaline province is
andesitic volcanic rock; however, the occurrence of alkaline rocks
of similar composition in older metamorphic and sedimentary rocks
in the southern Darby Mountains and at Cape Dezhnev suggests that
the andesitic rocks had nothing to do with the formation of potash-
rich alkaline magma,

It therefore appears likely that potash-rich magma in
western Alaska was'formed in the mantle, Most of the potassic
provinces described above occur in continental regions; however,
as Carmichael (1967, p, 60) has pointed out, the fact that potassic
lavas have not been found in the oceanic islands does not necessar-
ily imply a genetic relationship to sialic material since these
are extremely scarce rocks, Also, in this regard, recent work by
McBirney and Aoki (1968) on the igneous rocks of Tahiti has shown
them to be the mpét strongly alkaline rocks in the Pacific and,
while not potassic in the sense that potash is greater than soda,
"the alkalis are more nearly equal than in most other oceanic
islands" (p. Skb).

A mantle origin for the potassic mafic rocks has been sug-
gested by several other workers. O'Hara and Yeder (1967) believe
‘that fractional crystallizgtion-of the liquid produced by partial

melting of garnet peridotite produces eclogite accumulates and
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silica-poor alkaline residual liquids which have geochemical
similarities to kimberlite or to potassic mafic rocks. Kushiro
and others (1967) have suggested that phlogopite could be the
stable potassium~bearing mineral in the upper mantle to depths of
150200 km., if partial melting of thg phlogopite-bearing perido=
tite took place, phlogopite would be involved and the resulting
magma would be enriched in potassium.

) The potash content of material thought to form the primary
undifferentiated mantle, namely pyrolite, is low indeed, something
like o.aé percent according to Ringwood and others (1964). The
relatively high potash content, 1.17 percent (Nockolds, 1954) of
kimberlite suggests some potassium enrichment does occur in the

' mantle since kimberlite is thought to be generated at such depths
(O'Hara and Mercy, 1963). Bell and Powell (1969, p. 563) quote
P. G, Harris as favoring a hypothesis of partial melting of old
kimberlitic material at depth., This resembles the propoaallof
Waters (1955) that the biotite pyroxenites commonly found in
potassic provinces are xenoliths of ultramafites altered during
successive episodes of anatexis and the pétassiq rocks were formed
by partial melting of this material., Biotite pyroxenite has been
found locally at several of the complexes in western Alaska; the
poor exposures preclude a determination of its setting but its
occurrence in relatively small areas suggests it could be

xenolithic.
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Implying that these rocks are derived from magma which
originated in the mantle means that either the potassium content
of the mantle varies considerably and has local concentrations
(Carmichael, 1967, p. 62) or that the potassium concentration is
uniform but for some reason, possibly involving zone melting of
phlogopite~bearing peridotites (Kushiro, 1968), potassium was con-
centrated in magma generated in this region., Whatever the ulti~
méte source of the potassium, the volume of potassium-enriched
rock is of regional extent when the amount of syenite, monzonite,
and alkaline subsilicic rocks of the mid-Cretaceous suite is
considered.

A possible hypothesis for the petrogenesis of the mid-
Cretaceous suite of plutonie rocks is that.potassium-rich magma
was generated, probably in the mantle, along a zome of structural
weakness near the boundary between tweo major geologic provinces
in western Alaska. This magma formed a belt of strongly potassic
subsilicic couplexes and also resulted ;n the potassium-enrichment,
by metasomatism ‘énd(or) mixing of magmas, granitic magmas which
were forming by anatexis of andéSitic material,

In Late Cretaceous time, the loci of plutonic magmatisn in
the Mesozoic volcanogenic province of west-central Alaska shif ted
to the east. The magua formed in this part of the Hogatza plutonic
belt resulted in quartzose granodiorite and quartz monzonite simi-
lar to many other plutonic provinces in the North America

Cordillera. This suite is generally homogeneous in composition.
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Individual plutons are zoned but the variations in composition can
be related to contamination of andesitic wall rock along the roof
zone of the pluton or to local metasomatism., The lack of potassium
enrichment, other than as a local feature in the Zane Hills, indi-
cates that either (1) potassium was not concentrated in the mantle
in this region, or (2) that the tectonic events that controlled
and perhaps helped generate the potassic magmas to the west did

not take place here, or (3) a combination of (1) and (2).
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APPENDIX

ANALYTICAL DATA FOR PREVIOUSLY UNPUBLISHED K/Ar AGES

e —— T T
Arho Ar4o Apparent Age
Sample Mineral Percent rad rad (millions of
No. K,0 40 years)
2 (moles/gm) Ar

total 2er

b Biotite 9-38) 9.35 1.099x1077 .89 77,9 2.3

9.32)
8  Biotite 8.48 _1.247%1077 80 97 3.0
12  Horamblende ]l_gig 1.65 2.637x10™° .95 106 % 3.0
K#o decay constants: )? = O.585x10;10/year
' Ao = 4,72x10"1%/year

Abundance ratio: qu/K = 1.19 x 10"’4 atom percent
Potassium analyses: Lois Schlocker

Argon analyses and age calculation:
Nos. 8 and 12, J. Von Essen
No. 4, J. Von Essen and Joan Engels

Location of: No. 4, Shungnak quadrangle, 66218'N., 157216'w;
No. 8, Selawik quadrangle, 66002'N., 159045'W.
No. 12, Candle quadrangle, 65 27':”-' 161 l}'W-
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