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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 rﬁcks have an aggregate area of about
1,200 square miles and their composition, distribution, and pos-
sible petrogenesis 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.y.) in age and consist of a
heterogeneoug assemblage of monzonite, syenite, qQuartz monzonite.
Associated with these granitic rocks is a group of alkaline sub-
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 §omplex at Granite Mountain shows a rare
example of zoning from an alkaline rim to a quartz-bearing core.
The occurrence of a 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 volcanic
graywacke which constitute the highly mobile Yukon-Koyukuk
volcanogenic province of west-central Alaska. 'No older rocks have
been found within the confines 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 1s underlain by
oceanic crust. |

The possibility of no juvenile sialié crust over much of
the area suggests 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 sedimentary rocks of Paleo-
zoic and Precambrian age that forms the eastern Seward Peninsula.
This boundary may have been a zone of structural weakness along
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 magma. The result is the heterogeneous assem-
blage of generally potassium-rich plutonic rocks that forms the

west end of the Hogataza plutonic belt,



s

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

contamination.

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 ofer 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
the west. The present study entaile& reconnaissance mapping of
all the plutoné 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 distribution of all the plutonic rocks, (2) to
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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Peninsula, and on the south and east by the Kokrines-Hodzana
Highlands (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. Geological
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 Awing, at least in part, to the inaccessi-
bility of the area. Moffit (1905) traversed most of the Kiwalik-
Buckland divide in the western part of the area, and made
reconnaissance maps of the Granite Mountain pluton and parts of
the Hunter Creek pluton (plate 1l). ‘He recognized that the plutons
are made up of a variety of rock tyfes including granite, moﬁzonite,
and quartz diorite; he also recognized the occurrence of alkaline
rocks at Granite Mountain. Smith and Eakin (1911) and Harrington
(1919) vriefly visited the gold and platinum placer mines of the
Granite Mountain area and made improvements to Moffit's geologic

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 clasts 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 graywacke and mudstone which he thought to be Upper
Cretéceous,

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, 1966; 1968; Patton,
1967; Patton, Miller and Tailleur, 1968). A preliminary report on
the age and composition of the plutonic rocks was prepared by
myself and 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 west—éentral Alaska discussed in this report
is in the Intermontane Plateaus system of Alaska (Wahrhaftig, 1965).
The region consists of groups of rounded hills and low mountains
surrounded and interspersed with rolling plateaus and irregular
lowlands. Summits up to k,soolfeet occur in the eastern part of
the area Sut the western part has summits no higher than 3,300
feet and is generally more subdued.

Because the entire region is only a few miles south of the
Arctic Circle, most of the plutons 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 flutons (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
Zane Hills and Wheeler Creek plutons were subjected to valley
glaciation at about the same time. Most of the lowland areas are
underlain by permafrost. Extensive frost action has resulted in
the reduction of most outcrops 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 when com-
posed of graywacke. The lack of outcrops prevénts structural

mapping of foliation and lineation in the plutonic rocks.
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An interesting geomorphic feature in the region is the
common occurrence of altiplanation terraces, which are especially
well-developed 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 Mountain.

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 rocké 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 and syenite 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 suiie constitutes the western plutons with a
total area of about 650 sqﬁare miles and the Late Cretaceous suite -
the eastern plutons with a total area of 550 square miles.

The plutons range in area from less than a square mile to
more than 350 square miles (table 1). Two of the 1arge¥ plutons,
the Selawik Hills and the Hunter Creek, afe partly covered by
' Quaternary basalt flows and their exposed outcrop areas of 378
and 165 square miles, respectively, are therefore minimum values.
The plutoﬂs have a total surface area of about 1,200 square miles
as determined by polar planimeter.

The plutons are aligned along the 200-mile-long Hogatza
plutonic belt, and the larger plutons tend to be elongated parallel
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

both suites

Name Area Modal Chemical K/Ar
(mi.2) Analyses Analyses Dates

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

Mid-Cretaceous Suite
Shiniliaok Creek pluton 30 12 2 1
Purcell Mountain pluton Lo 9 - 1
Hawk River stock 4 5 3 - -
Ekiek Creek Complex 5 12 3 -
Selawik Hills pluton 354 29 19 2
Hunt Creek Complex 5 14 9 1
Inland Lake Complex 12 4 2 -
Selawik Lake Complex 7 4 3 -
Hunter Creek pluton 165 11 - 1
Granite Mountain pluton 27 38 10 1
Quartz Creek pluton 3 - - -
Totals 653 136 43 8
Totals for 1,203 265 ° 68 12




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 classification used for the granitic rocks
is that used by Bateman and others (1963, p. 13) which is modified
somewhat from that proposed by Johamnnsen (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 composition spreads over two or more fields.

I have used the term alkaline rock in the sense that Turner
and Verhoogen (1960, p. 194) do; that is, a rock in which the
alkali content is sufficiently 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
classification., Many are unusugi rocks which do not fit readily
into classifications that are familiar to most geologists. The
classification 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
rart of the classification. This is because the alkaline rocks of
£he western Alaska alkaline province are gen;rally 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 this
method identify geometric intervals that have the boundaries 1.2,
0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc., and are reported as
midpoints of these intervals by the numbers 1.0, 0.7, 0.5, 0.3,
0.2, 0.15, 0.1, etc. 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 éf 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 volcanogenic
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
mapped border of the Yukon-XKoyukuk 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) has suggested that large-
scale rifting has occurred in west-central Alaska and these
ophiolitic rocks represent oceanic material 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
consists chiefly of flows and fragmental rocks but includes
subordinate graywacke, mudstone, and limestone. " The Early Creta-
ceous age designation is based on the occurrence of Buchia

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

localities 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
most 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 coalj
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-
bedded 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 lLate Cretaceous. .Field relations also indicate
that there was more than one period of plutonic activity. A vol-
caﬁic complex of dacite tuffs and intrusions near the Shinilikrok
River lies unconformabl& on thé Purcell Mountain and Shiniliaok
Creek plutons. Howev§r, 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 plutoms.
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In support of the field data concerning the age and number
of episodes of plutonism, 12 K/Ar dates were obtained on biotite
and hornblende from nine of the plutons in the belt and from the
volcanic 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 ages
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)
of 100 m.y. separating the Upper and Lower Cretaceous. This suite
of plutons will henceforth be referred to as the mid-Cretaceous
(Albian-Cenomanian) suite.

The eastern plutons extend as far west as the Wheeler Creek
pluton 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 dgcite volcanic complex near the Shinilikrok River is

in contact 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, dated at 98.6 m.y. and 99.4 m.y., respec-
tively, and is intruded 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 plytonism in west-
.central Alaska as suggested earlier by Miller and others (1966).
The discussion to follow will show that the suites differ in compo-

sition as well.
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MID-CRETACEOUS PLUTONIC SUITE

This suite of plutonic 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 content. 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.

Associated with theSe granitic4plufons is a group of alka-
line subsilicic complexes‘in the Kobuk-Selawik Lowlands, at Granite
Mountain, and in the Darby lHountains.

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 front of the Hills.

Three main units have been mapped in the pluton: (1) mon-
zonite 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 hornblende 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 Cretacebus age form most
of the country rock ex;ept in the northwest where the pluton par-
tially encloses 12 square niles 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‘furthe£ away. Most of the pluton is fault

bounded; where it is ﬂot, the contact with the andesite is sharp

and steeply dipping.

Pe trography

Monzonite and gneissic syenite.--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
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from medium grained, allotriomorphic granular (fig. 4) to por-
phyritic and locally trachytoid.

The north-central and northeastern parts of the pluton con-
eist of syenite and monzonite marked by a characteristic gneissic
and locally trachytoid texture. Compositionally, quartz is absent,
large perthitic K~feldspar phenocrysts up to 3 inches long are
abundant, and the plagioclase content is relatively low. The
mafic mineral content is high, up to 40 percent locally, and clino-
pyroxene is at least as abundant as hornblende, if not more so.

The composition changes considerably over short distances,
particularly the mafic mineral ;ontent. Much of the gneissic
syenite near the northern border of the pluton appears to be hybrid
in origin. The magma in this area ;ppears to have been contaminated
by reaction with andesitic country rock. Indeed, some of the unit-
ia.probably metasomatized andesite. The end result of this contami-
nation and metasomatismiis a mesocratic syenite that consists
entirely of large K-féldspar phenocrysts in a "groundmass" of horn-
blen&e and pyroxene (figs. 5 and 6).

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

The texture of the gneissic syenite also changes consider-

ably over short distances but consistently shows a planar flow
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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 plarar 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 faulf during the intrusion of the
pluton.

i 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 n;rth 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 Me7o from X-ray patterns (Burley and oth§r3,19€n.
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 of trachytoid nephe-
line syenite are common in the gnei8sic 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 planar 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 fault.

Quartz monzonite.,--Most of the eastern half of the pluton

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

Compositionally the quartz monzonit; is a homogeneous leuco-
cratic rockj 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 in;rusive contact with the
Lower Cretaceous andesitic country fock. The nature of the contact
with the gneissic syenite and monzonite is less clear. The poor
exfosures and extensive frost action mask the actual contact zone
and mutual relationshipé canno£ 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-crysiallization feature. Evidence
of this is the mosaic of granulated and crushed quartz grains with
sutured boundaries suggesting the quartz monzonite had crystallized
prior to deformation. The quartz 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 alopg 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
;till in a viscous state. If the cataclastic texture in the quartz
monzonite and the planar flow-structure in the gneissic syenite are

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

then the quartz monzonite is the older unit.

Chemistry

Chemical analyses Qere 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, modés, 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.

The 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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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
KEO/NaZO 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-

-

nite show a high SiO, content of 73.9 and 71.4 percent and are

2
similar to Nockolds (1954) average biotite quartz monzonite,
although with somewhat less FeO 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 appear 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 more 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.

Associated high-grade
me tamorphic 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
the 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. Jo;les (Patton and Miller, 1968). The
correlation is based on (1) similarity of conglomerate clasts,

(2) similarity of bulk lithologic cémposition, and (3) the absence
of similar conglomeratic carbonate rocks in other parts of the
sffatigraphic 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-almandinet orthoclasetspinel, Cordierite and muscovite
are notably absent. |

The calcareous rocks are now marble and calc-silicate
rock characterized by various combinations of calcite, diopside,
quartz 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 (Anso)-diopside-
sphene, Pyroxene-scapolite (Me60_7o)-sphene gneiss occurs along
ype 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 pléce 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
assenblages.

The occurrence of these high-grade me tamorphic rocks here

is an anomaly since rocks of similar metanorphic 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
hornfels facies rocks farther from the contact. This type of
contact aureole is found in the andesite country rock around the
Selawik Hills plutom. 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 would seem to
rule out burial to the depths usually thought necessary to develop
the pressure indicated by the mineral assemblages developed.
Rutland‘(l965, P. 136), in a study of tectonic overpressures com-
pared appropriatg.eXperimental evidence with geologic evidence and
suggested that supposed pressure.conditions for stablg crystalliza-
tion of critical minerals could rarely be achieved by depth of
burial alone. Rutland thought that tectonic overpressures of the
magnitude required are unlikely and suggested chemical explanationms,
particularly metastable growth, for the existence of some mineral

assemblages.
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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 deep~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 of this metamorphic
assenmblage.

The intrusive rocks found within this metamorphic unit are
gneissic nepheline syenite and alaskite. The former may have been

intruded early in the deformational'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 parts; has had a complex and involved history and
runs the gamut in composition from silica~oversaturated rocks to
silica-undersaturated 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 episode.

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 center of the pluton and along its northern margin, the
magma was enriched in pofassium and was cut by potassium-rich
nepheline syenite dikes, Large amounts of andesitic country rock
in this same area appear to have been engulfed 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
étages of emplacement of the magma., Movement along this fault may
have caused the primary planar flow structure so characteristic of
the syenite in this part of the pluton.

The close sbatial association of metasomatized gneissic
syenite with nepheline syenite dikes in the Selawik Hills and with
potassic subsilicic complexes in the Kobuk-Selawik Lowlands sug-

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 the mid-Cretaceous suite on the basis of geographic
location only. .
| The pluton is composed chiefly of fine- to medium-grained
quartz monzonite; the rock is leucocratic and the varietal 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 been tour-
malinized along closely spaced fractures resulting in a '""bleached"
quartz-feldspar-tourmaline rock with the tourmaline concentrated
along the fractures. The end product of tourmalinizaﬁion is a
dense fine-grained black rock cSmposed chiefly 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 pluton and is poorly exposed along the crest of the
divide separating the Kiwalik and Bﬁckland drainages. Extenéive
outpourings of Quaternary basalt have concealed its lower eleva-
tions and the figure of 165 square miles 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. 1Its southern margin, where not covered by basalt, is
mostly 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. Pyroxene and
hornblende are the chief mafic constituents.

The most characteristic feature of the pluton is a persis-
tent cataclastic texture found in specimens throughout the pluton.
This texture is locally visible.in hand specimen but is particularly
noticeable in thin secpion. The integstitial 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 Creek pluton have been found in conglom-

erate 15 miles to theieast of the pluton. The age of the

| conglomerate is uncertain but it is believed (Patton, 1967) to be
approximately correlative 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 nm.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.
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Mid-Cretaceous plutons in the western
Purcell iiountains

General character

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

The Hawk River pluton is assigned to the suite on the basis 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 X/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 Mountain 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 bodies, 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
chk 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-trending arm which is probably the contaminated crest
of the pluton.

The rocks of the pluton are generally 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 Mountain
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 Creek pluton but contaims a more calcic plagioclase

(labradorite An46-k8)’ 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 (An34~h0) and somewhat more abundant than the perthitic
orthoclase. Biotite and éolorless clinopyroxene are the principal
mafic minerals; hornblende is less common. In addition to the
usual accessories of sphene, magnetite, iircon, and apatite, tour-
maline is widespread as an accessory. Tourmaline also occurs as
massive lenses in fault zones.

The average mode of 16 representative specimens of monzo-
note and syenodiorite is 3.9 percent quartz, 47,7 percent plagio-
clase, 30.6 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 Shiniliaok Creek pluton

Semiquantitative
Chemical Analyses Spectrographic analyses
(weight percent) (parts per million)
65 AMm181 65APa88 65AMm181 654Pa88
SiO2 60.2 61l.4 B 20 10
Ba 2000 2000
A1203 17.3 18.1 Be 5 >
Fe203 2.7 2.3 Co 10 7
Cr 50 15
FeO 1.8 1.4 cu 30 15
MgO 2.0 1.3 La 150 200
Nb 30 50
ca0 3.7 2.k oy 2o ?
NaZO 5.3 5.5 Pb 100 100
Sc 15 7-
Kao- 4,5 5.3 Sn _— -—
H20 .20 .08 Sr 1500 1000
+ \'s 150 100
H0 7 -3¢ Y 30 50
Ti0, .89 .99 Zr 300 300
Ce 300 500
P50 =37 .23 Ga 20 20
MnO .13 .10 Yb . 3 S
co, .05 .08 Nd 150 200
Sum 100.00 100.00
Norm ' , Mode
(weight percent) (volume percent)
q 3.6 - 3.1 Quartz 1.5 0.2
or 26.9 31.6 Plagioclase 40,6 34,6
ab k5.3 o k7,0 . K-feldspar 43,2 54,6
an 10,218 9.116 Mafic Minerals 13.9 10.6
c - -
wo 2.3 0.4 Met. Opaques 0.8 0.7
en 5.0 3.3 Accessories - 1.3
fs - -
mt 3.7 2.0
hm 0.2 1.0
il 1.7 1.9
ap 0.9 0.6
cc - 0.18
DI 75.8 81.7

aAn content.
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(10 percent) and a relatively high SiO. content. The latter is

2
reflected in the normative quartz in both specimens., The

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

Associated with the granitié 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 westerﬂ 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

part of a previously unreported alkaline rock province.

Alkaline plutonic rocks were first reported in western

Alaska by Moffit (1905, p. 29) who mentioned 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, 1968; 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 Mountaias
in 1970 has shown numerous pulaskite and pseudoleucite porphyry
dikes cutting monzonite and quartz monzonite that is quite similar
to that found in the mid-Cretaceous suite of west-central Alask#.
Two other occurrences of alkaline rocks were also found in the
northern Darbdy Mouﬁtains. Detailed mapping and petrographic studies
have not yet been made on these alkaline rock occurrences in the
southeastern Seward Peninsula; however, geélogic mapping is now of
sufficient detail and extent to indicate that alkaline plutonic
rocks are not found elsewhere on the Peninsula,

The complexes in the Kobuk-Selawik Lowlands, at Granite
. Mountain, and at Cape Dezhnev are discussed below. The other alka-
line rock occurrénces in the southeast Seward Peninsula will be
discussed in a later report.

Alkaline complexes in the Kobuk-Selawik
Lowlands

The complexes in the Lowlands underlie rounded and gla-
ciated hills (fig. 10) rising up tovl,#OO feet above the Quaternary

alluvium. The partial cover of glacial drift together with the
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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; Sahanma,
1953). 2Zhidkov (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/NaZO ratio.

Clinopyroxene and biotite are the chief mafic minerals;
hornblende is common in late leucocratic dikes but occurs only
éfaringly in more mafic rocks. The pyroxene occurs as subhedral
light to dark green grains, commonly zoned 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 surroﬂnded by pleodhfoic haloes. It is intensely
Pleochroic with X = yellow to gold, Y-= dark brown and Z = very
dark brown to opaque. A pale green biotite is locally found asso-
ciated with melanite as an alteration product., The pleochroism,
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 cm across and contains inclu-
sions of magnetite, biotite and, more rarely, pyroxene. It is
commonly partially rimmed by sphene and titaniferous magnetite.

In thin section its color ranges from brown to deep red and zohing,
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as indicated by a deeper colored core, is common, Semiguantita-
tive spectrographic analyses of two melanite separates showed them
to contain 2.0 and 1.5 pefcent 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
Kobuk-Selawik 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
and foyaite. |

(2) Alumina ranges from 11 percent in biotite pyroxenite to
22 percent in pulaskit; and juvite,

(3) Lime, magnesia, and iron éhow 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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(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.
K20 is consistently high and more abundant than Na20 in all
but two specimens--it reaches a high of 16.6 percent in a
kalsilite~bearing juvite.

(5) BaO is high as might be expected from the high K20 content
and ranges up to 1l.25 percent in a borolanite. In this
pérticular specimen, alkali feldspar and nepheline consti-
tute 87 percent of the rock; if all the BaO is assigned to
the feldspar, it would have 2.1 percent BaO which would be
a barium feldspar, according to Deer and others (1963,
pP. 166). Barium-rich sanidine has been reported by Larsen
and others in phonolite from the Highwood ﬁountains,
Montana.

(6) Fluorine and zirconium are high (up to 0.57 percent F and

0.20 percent Zr0O,, respectively); chlorine is low, never

2
more than 0,01 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 Fleischer (1968, p. 21)

report that the average Nb content of eight prominent nepheline

syenite massifs in the Soviet Union ranges from 100 to 900 ppm.
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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 norms of all except one of the
analyzed 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 Lowlands are, there-
fore, highly alkaline, predominantly potassic, relatively rich in
Ba0, and strongly undersaturated in silica; they are not subalumi-
nous (i.e., peralkaline), howev;r, since the molar ratio of total
alkalis to alumina is always less than one.

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

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

high X,0 content and a high K,0/Na,0 ratio. In figurelf, K,0 is

2

plotted against Naao for the entire western Alaska alkaline prov-
ince and for three published average nepheline syenites, The
potassic character'of the Alaskan rocks is shown by the plot of
all but three specimens on the potaésic side of a 1:1 KZO/NaéO
line. The three average nepheline syenites, however, plot on
the sodic side of the 1:1 KZO/NaZO line,

Variation diagrams of Nazo and KZO versus the Thornton-'

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

v ad

2 3 4 5 6 7 8 © 10 11 12 13 14 15 16
KoO (wi.x)

Plot of weight percent K, O 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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Thorton-Tuttle Differentiation Index

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,0 and lower Nazo. The

2

Magnet Cove rocks are not sodic; they are miaskitic'(NaZO + KZO/

A1203< 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 K20 and Naao content. The alkaline
rocks of the western Alaska alkaline province are obviously

potassium-rich as has been illustrated above.

Granite Mountain pluton

Geﬁeral character

Granite Mountain is underlain by a zoned, roughly circular
pluton about 27 square miles in area and forms a prominent ﬁigh
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 mépped chiefly on
the presehce of megascopic quartz vs. either nepheline or garnet:
(1) a core of equigranular quartz monzonite, (2) an inner crescent-
shaped zone of massive to porphyritic monzonite partly surrounding
the gquartz monzonite, and (3) an outer crescent-shaped zone sub-

divided into nepheline syenite (foyaite) and garnet syenite.



62

Contacts between the quartz monzonite and monzonite and between
the monzonite and garnet 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
Monzonite 12.6 46,2
Garnet syenite 4,1 15.03 ol
. Nepheline syenite 2.6 9.5 3
273 100.0

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 Cret;ceous (Neocomian) andesitic
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 106i3 m.y. was obtained on hornblende from
the inner zone of monzonite (table 2); a Pb-x age of 100£10 m.y.

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

Petrography

A plot of the salic modal consfituents 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 garnet syenite.
A petrographic summary of the mapped units is given in table 8.

Quartz monzonite.--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 and an average composition of about An or calcic oligo-

25-30
clase. K-feldspar typically occurs as subhedral grains of per-
thetic orthoclase and microcline and shows some zoning marked

both by extinction positions and by zonal arrangement of included



Quartz

+ 4 +
+ +
e sk, Sle o -
Plagiociase K-Feidspar

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



65

pautead
pautead-unypau peutead-unjpau 551800 03 -wnTpou paufead-aur} 9218 ule1H
o13t114ydaod oTss1aul zeynuex8ynba 3jaxed iauug aernuexdynbe
A13y811S 03 dTatadydaod ¢013F714dydiod 3aed as3zno pue orydaoworprdLy oraqRd
snojynbyqn aaxe a3irjede pue auayds
?3TueII®
23710nT3 93739ulew ‘ajtaonyy ?3739uleuw ‘woziyz ‘o173eulew 82]10SS300Y
23Tuads jauae8 aeau ?3juozuow 1edu ausx0lfd )
apuarquioy auaxoxid jouzed uocmmoumn pue K1o0ssaooe ${93F301q Ioutuw sTeaauty
pue 3suied ‘apuaiquaoy ‘3jauield apuarquioy A[Jatyo ‘apuatquaoy £T3aTYd OT13EN
juaoczad gz-or @28uex 3Jusoxad (g-GT @8uea juedrad ¢g-9 a3uex jquadzad 4 -8ae
Otuy 0€E-8Zuy %Z-8luy 0€-SZuy
juadaad ¢T-0 98uea  juediad gg-zz o3uea juadiad ¢g9-zz o8uex juadzad wm *3ae wmaHJOﬁwmam
juadiad g/-09 23uex 3Juedzad (9-T¢ 23uex juaoiad (9-gz 938uea juasiad g7 °38ae xedspraj-)
juaoiad ¢-T 28uea L10ssad0® Juasqe juasqe aurTaydaN
juasqe juasqe Ki1ossaooe juadiad ¢1 °8ae z3aend
(@171e40J) 91Tuads @37uozuow
@37uads augrayday jauien 93FuozZUoH zjaendh
uo3nyd uyejunoy @23tuexy 3yl jo Liewuns oyydeaBozjzag °g aTqel



66

plagioclase crystals. Quartz is consistently anhedral 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 coﬁfent 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 (An18-2h) and K-feldspar forms subhedral to euhedral grains
of perthite commonly with grid twinning. Hornblende and clino-
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 disiance of a few hundred feet. The contact with
the nepheline syenite is not ex§OSed but appears to bq 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 crystals 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-grained rock with a characteristic porphyfitic 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 (An ). Hornblende is euhedral and

28-30
generally the most abundant mafic mineral. Garnet is typically
anhedral and riddled with inclusions of pyroxene, feldspar, and
hofnblendé and locally appears to be intergrown with clinopyroxene.
It ranges from almost colorless to dark reddish brown in thin sec-
tion and is commonly zoned with a darker copre. Nepheline occurs
as an accessory in some sections, particularly near the andesite
contact; 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.

Nevheline syenite and associated rocks.--Alkaline sub-

silicic rocks are confined chiefly to the southwest part of the
pluton where they underlie a low ridge near 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 and
large angular blocks of frost-riven rubble are exposed in this area

and in a nearby gravel pit.



v

68

Foyaite is the principal rock type and is typically a leuco-
cratic medium-grained, massive to slightly perphyritic 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 xXenoliths
in the foyaite., 1In these rocks, euhedral pseudoleucite phenocrysts
up to 2 inches across occur in a groundmass of alkali feldspar,
nepheline, garnet, pyroxene and hormblende (fig. 19). Pseudoleu-
cite porphyry also occurs as dikes cutting the andesite country
rock; 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 foyaite is composed essentially of perthite, plagio-

clase (An_.), nepheline, hornblende, and melanite. In contrast to

30
the alkaline rocks of the Kobuk-Selawik 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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show chemical characteristics similar to the alkaline rocks of the

Kobuk-Selawik Lowlands. The total alkali content is high and K,0

2
is again greater than Naao. In the monzonite and quartz monzonite
of the interior part of the pluton, however, Nazo increases slightly
and is greater than Kao in four out of five analyzed samples.
Alumina is high in all specimens ranging from 17.1 to 19.6 percent.
Ca0, MgO, FeO, and Feao3 all decrease as silica increases from the
alkaline rocks of the outer zZone 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 massif very similar to that at Granite
‘Mountain has been mapped by Perchuk (1965) at Cape Dezhnev on the
easternmost tip of Siberié (fig. 9). Because of this similarity
and because the Cape Dezhnev body may represent the continuation
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
) to nepheline syenite rim (A

core (An 6)’ (2) pyroxene

7-20 730-9
becomes abundant in the quartz syenite, (3) garnet (andradite=-
melanite) is common in the syenites, and (4) mesocratic varieties

of syenite are the most common.
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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 zones a more pronounced‘porphyritic, locally trachy-
toid, texture., Contacts between all zones are gradational.

The massif is intrusive into Viséan (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 minerals 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;ment of limestone" by a gra-
nitic magma, in short, the classic limestone syntexis theory of
Daly and Shahd. I disagree with this interpretation for the
following reasons: (1) the volume of alkaline rock (13 square
miles 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 -

from a study of the composition join NaAlSi,Og- CaCO -Ca(OH)a-Hao

3 3

that while the development of small amounts of subsilicic alkaline
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rock may be expected at granitic magma-limestone cmtacts, large
volumes of such rock are unlikely. Limestone assimilation releases
CO2 which tends to induce crystallization of a hydrated magma
forcing the magma to crystallize as assimilation proceeds. The
occurrence 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 KZO
content of the Cape Dezhnev rocks (up to 10.88 percent) and the
high K20/Na20 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- -
oversaturated 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).



75

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,

The explanation for the zoning at the Loch Borolan Lacco-
lith given by Bowen and discussed more recently by Fudali (1963)
seems to be more compatible with field and petrographic evidence
at Granite Mountain. Considering the systen NaAlSioh-KAlSiO#-SiO2
(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 is unimportant). As the leucite is
removed from part of the magma, the remaininz liquid follows
an approximate fractionation curve to c. At ¢, leucite is no
longer renoved 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
assemblage for ¢ will be feldspar and quartz, and the final
assenmblage for d will be nepheline, feldspar, and leucite.
This is the simplest case. More generally, several zones with
gradational contacts might develop by a similar process,

The compositions of the Granite iiountain 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 withithe

fractionation curves shows a rather close relationship. The
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Ne Ke

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
g 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. Luth (1967) has shown that for bulk composi-
tions initially precipitating leucite or potash feldspar in the
system KAlSiOkoMgZSiO4-HZO, the join enstatite-potash feldspar
vapor at P= 2700 bars and in the presence of an aqueous vapor phase
£;mains 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 night 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 lane pseudo~
leucite phenocrysts. A better estimate of the original composition
could be obtained by subtracting the composition of the pseudoleu-
cite phenocrysis from the composition of the rqck as a whole. This
lis currently being done and will be reported on at a later date.

In spite of these qualifications, 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) through syenite to nepheline
syenite at the base. Many of the analyzed nepheline syenites,
particularly the borolanites, from this body show KZO/NaZO 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 Hampshire. Alkaline complexes show-
ing the type of zoning discussed here are rare occurrences, There-
fo:e, the fact that four widely scattered alkaline complexes with

the same zonation all show a K20/Na 0 ratio greater than one sug-

2
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 plutonic rocks
in western Alaska is shown in figure 9, It is apparent that the
alkaline rocks occur in two quite different geologic terrains:

(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, 1932; Tilley, 1958b; Bailey, 1964). However, Zhabin
(1959) pointed out the occurrence of an alkaline complex in the
Ural geosyncline and stated that the formation of the intrusive is
clearly associated with the folding and geosynclinal magmatism,
Zhabin thought it necessary to separate two types of carbonatite
occurrence: (a) the platform type, associated with thé 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 magmatism. 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 intense 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 system.
Bailey (1964, p. 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
(19?0) 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 and Blade (1963) state that the regional 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 quite 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 Paleozoic 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 emplaced.

-
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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 con-
sists of three large bodies, the Zane Hills pluton, the Wheeler
Creek pluton, 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 concerned 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.graﬂodiorite and quartz
monzonite with a similar color, grain size, and texture. The typi-
cal r&ck is light gray leucocratic, generally medium-grained,
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
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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 Cretaceous. Three K/Ar age deter-
minations (table 2) on the plutonic rocks range from 78 to 82 m.y.,
indicating that the plutons were emplaced in Late Cretaceous time.

The Zane Hills pluton is composed of four principal rock
types (plate 3) mapped on the basis of texture and(or) composition.
These are granodiorite, comprising about 90 percent of the pluton
and subdivided into hornblende-bearing and hornblende-free varie-
ties, a unit of foliated monzonite ;nd hybrid diorite found in two
localities along the south and east sides of the pluton, and por-
pﬂyritic guartz monzonite and granodiorite identical to that form-
ing most of the Nheeler'Creek fluton. The contact between the
granodiorite units is‘gradational; contacts between the other units
appear to be relatively sharp. Aplite and alaskite dikes are com=~
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



85

and covers an area of about 30 square miles, Similar alaskite
dikes cut the porphyritic quartz monzonite and granodiorite 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 either
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
where 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
contact zone.

The plutonic 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 Zane
Hills pluton next to the country rock contact.

The Shinilikrok River volcanic 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 and 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, suggests the volcanic com=~

plex was an early stage of the Wheeler Creek magmatic episode,
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The association of volcanic rocks with plutonic rocks of
the same general age and composition, together 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 Hills 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 1l; the average of 36 stained slab modes
for the biotite granodiorite is 28.7 percent quartz, L4 ,0 percent
plagioclase,.21.5 percent K-feldspar, and 5.9 percent mafic
minerals; a granodiorite but close to being a gquartz monzonite,
The plot of the felsic modal components shows a relatively tight
grouping around the boundary between the granodiorite and quartz
monzonite fields (table 11). The homogeneity of the biotite grano-
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 c¢rystal with a narrow rim of normally zoned

material. Vance (1962) in a study of zoning of igneous plagioclase
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concluded that oscillatory zoning formed in response to recurrent
supersaturation of the melt in anorthite adjacent to individual
crystals. Vhen 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-
tiles only after most of the plagioclase had crystallized. The
range of composition as determined by extinction angles on albite

twins is from about An to An (sodic andesine to calcic oligo-

35 22
clase). Myrmekite is abundant at contacts between plagioclase and
K-feldspar. Quartz forms large (up to 1 cm) anhedra which show
undulatory extinction. K-feldspar éenerally shows typical micro-
cline twinning and is commonly perthific. Biotite occurs as large
eu#edral flakes with slight to moderate alteration to 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, the 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, An38-40' than in the biotite
granodiorite. Rarely, and only at the extreme northern end of the
rluton 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.
Tﬁis scatter is also reflected in the standard deviations (table 1D).
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 coarse-grained 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 tﬁe analyses of these three specimens is thought to
be close to the average chemical composition of the uﬁit. This
average compared to Nockolds' (1954) average of 36 biotite grano-
diorite analyses (table 12) has less FeO, MgO, and Ca0Q and somewhat
greater SiOZ.

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

These differences are probably due to the low content
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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 Sio2 and
higher FeO, MgO, and Ca0 in the hornblende-biotite granodiorite.

The compositional and textural zoning in the pluton is so
5;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,
a 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 underlain
by plutonic rocks at no great depth. This area also has numerous
sulfide-bearing qﬁartz veins and hypabyssal porphyritic intrusives
(Miller and Ferrians, 1968). Tﬁe pluton thus appears to have an
asymnetric profile along a northwest-southeast section as indicated
in plate 3. Since the granodiorite gradually becomes more mafic
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 between
magma and country 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 hornblende-biotite granodiorite.

Monzonite of the Zane Hills pluton,.,~--Two small bodies of

porphyritic (fig. 23) to gneissic monzonite occur along the south
and east sides of the Zane Hills pluton. The unit is hetero-
éeneous in composition, texture, and grain size and was mapped on
this basis since the adjacent granodiorite is typically massive
and equigréuular. The'contact with the granodiorite is abrupt but,
owing to the poor outcrop, mutual relatioqships 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 mixed
with mesocratic monzonite that is as wide as several hundred yards.
The monzonite at the south end of the pluton includes large areas
of hybrid diorite thought to have formed by assimilation of ande-
site country rock.

K-feldspar in the monzonite typically océurs 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 (An ) although

20-25

a few relict(?) grains of andesine (Ango) were also found. Quartz

is usually minor and interstitial. Hornblende is the most common
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distinguishes this unit 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 content 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
fprms subhedral grains (fig. 28). Plagioclase occurs as euhedra
with weak normal zoning; the composition is An8-10 (albite-
oligoclase). Quartz occurs as large anhedra with undulatory
extinction. Biotite is the principal mafic mineral but hornblende
is present locally mnear country contacts.

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. Thg_norm shows more plagio-
clase and less K-feldspar than 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 were counted as

K-feldspar.

McLanes 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 hornblende-biotite granodiorite. It intrudes
rocks as young as Late Cretaceous and a K/Ar age of 81.5 m.y.
(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 me tamorphic 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 Imndian
Mountain pluton. The graywacke and mudstone of late Early Creta-
ceous (Albian) age between the two plutons is strongly indurated
to hornfels and is cut by numerous small intrusive bodies 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 wesﬁ 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 hypidiomorphic, equigranular texture. Plagio-

clase occurs as euhedra exhibiting both oscillatory and normal
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zoning with a low rim/core ratio., The composition ranges from
cores as calcic as Anso (calcic andesine) to rims of An27 (calcic
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 plagioclase with strong oscillatory zoning and a compo-
sition aé calcic as labradorite (Aneo); groundmass plagioclase is
somewhat more sodice. 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 moré 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 dikes 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 #he southwest., These intrusions intrude thermally

me tamorphosed andesite thought to overlie a concealed pluton at no

great depth (Miller and Ferrians, 1968, p. 6).



107

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 HZO content in the
dacite. Compared with Nockolds (l95#j average granodiorite and
with the Zane Hills rocks, the granodiorite in this body has higher .
Ca0 and much lower K 0. Sample 19 is from a slightly contaminated

p 2

rock near the contact and has lower 5102. Sample 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.
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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 individual plutons.
The most common rock type is saturated syenite and monzonite but
oversaturated quartz monzonite makes up a large part of the
exposed plutonic rocks and the suite includes potassic subsilicic
rocks.

The compositional range is shown in figure 29 by a plot of
the modal quartz, K-feldspar, and plagioclase of the granitic
rocks of the suite., Monzonites, syenites, syenodiorites, quartsz
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 rocks shows a distribution and concentration 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 Thornton-Tuttle (1960)
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Figure 29.

Modal analyses of the granitic rocks 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 granitic 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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Figure 31. SiO

Thorton-Tuttle Differentiation Index
plotted against Thorton-Tuttle differentiation index for the

plu%onic rocks of west-central Alaska: +, Late Cretaceous suite;
. 0, mid~Cretaceous granitic rocks; w, mid-Cretaceous alkaline rocks.
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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 clinopyroxene; biotite is generally less common.

The fabric shows as much variability as the composition.
Q;anar 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 suite is much more homogeneous in both
composition and texture than the mid-Cretaceous suite. Individual
plutons show some compositional zoning but.the range is not great.
Granodiorite and quartz monzonite are the chief rock types but
alaskite, monzonite, and hybrid diorite occur locally. Quartz
diorite and mafic end members commonly found in othér calc-alkaline
suites are not present.,

A plot ofl£he modal quartz, K-feldspar, and plagioclase is
shown in figure 29 and shows thé'abundance of granodiorite and
quartz monzonite, The modal composition of the granodiorite and
quartz monzonite 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.



112

A plot 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
(fig. 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
fabric ranging from a planar flow structure to gneissoid. Most of
the plutonic rocks are medium-grained, massive, and generally
hypidiomorphic granular with the exception of the quartz monzonite
of the Wheeler Creek pluton which is characteristica;ly porphyritic.

Both suiteé of plutons characteristically show sharp con-
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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F (FeO+ 2F0203 +MnO)

Alk (Na,O+ K,0) M (MgO)

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

Any 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 th;se 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 recognizing 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 possibility, bu£ the lack of mafie

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.

Many 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° C, or the magmas
consisted of eutectic-like granite liquids with suspended mafic
crystals., The high temperature would require an additional heat
source to supplement radioactive heat generation in a volcanic
pile and heat conduction from the mantle and Piwinskii and Wyllie
(1968) have suggested 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 thickness of this widespread volcanic assem-

blage is not known but Patton (1970b) 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 magnma
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
b;en relatively slight.

The mid-Cretaceous suite was obviously affected by other
processes which resultgd in the K-enrichment so noticeable in modal

and normative tremnds. 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 northern
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 morth-central part

of the pluton. The small bodies of nepheline syenite in the hybrid
syenite together Qith 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 potassic, as has
been documented here. Potash is 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
record--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 eastern Africa which inéludes the Birunga and Toro-Ankole
volcanic fields, the west Kimberly region of Australia, and the
Italian Roman province. Most of theSe provinces are composed
chiefly of extrusive and hypabyssal rocks and all are confined to
coﬁtinental areas with a considerable thickness of sialic crust.

Hypotheses involfing thé origin of potassium-rich basic
magmas have been summarized 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 anatexis, (2) assimilation by reaction of basic
or carbonatite magma with crustal méterial, and (3) those that
consider magmatiec 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 Turner and Verhoogen have been
discussed in the light of more recent work on Sr isotopic 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.Wyoming (Carmichael, 1967).

Beli and Powell showed the Sr87/5r86 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 continentél potaséic 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 permit a proper comparison."

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

Cafmichael'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 electran 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 sialic 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 attempting to apply these various hyvotheses and data to
the potassic rocks of western Alaska province,_the possible lack
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 potassium.

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 magna.

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. S4h).

A mantle origin for the potassic mafic rocks has been sug-

gested by several other workers. O'Hara and Yoder (1967) believe

that fractional crystallization -of the liquid produced by partial

meltihg 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
150-200 kn. if partial melting of the 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 0.22 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 proposal.of
Waters (1955) that the biotite pyroxenites commonly found in
potassic provinces are xenoliths of ultramafites altered during
successive episodes of anatexis and the potassic 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

xenolithie.
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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-
mgte 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 plutonic rocks is that.potassium-rich magma
was generated, probably in the mantle, along a zone of structural
weakness near the boundary between two major geologic provinces
in western Alaska. This magma formed a belt of strongly potassic
subsilicic couplexes and also resulted in the potassium-enrichment,
by metasomatism _énd(or) mixing of magmas, granitic magmas which
were forming by anatexis of andgsitic material.

In Late Cretaceous time, the loci of plutonic magmatism in
the Mesozoic volcanogenic province of west-central Alaska shif ted
to the east. The magma 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

Ar#o Arho Apparent Age
Sample Mineral Percent rad rad (millions of
No. K0 (moles/gm) ArEO years)
total 20

4 Biotite 9.38) 9.35 1.099::10"9 .89 77.9 £2.3

9.32)
8 Biotite 8.48 ,1.247x10’9 .80 97 ' *+3,0
12 Hornblende i‘gig 1.63 2.637x10™° .95 106 * 3.0
Kho decay constants: )¥ = 0.585x10;1°/year
' A = h.72x10q1°/year

Abundance ratio: KAO/K = 1.19 x 1o’h 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, 66°oz'n., lsgohsvw.
No. 12, Candle quadrangle, 65 27'i., 161 13'W.
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