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ABSTRACT

This assessment of the potential for undiscovered mineral resources for part
of the White Mountains National Recreation Area (WMNRA), Alaska, has been
prepared for the U.S. Bureau of Land Management in time to meet the 1988
deadline for land-use decisions for this area. Geologic, geochemical, and
geophysical data have been compiled at both 1:63,360 and 1:250,000 scales, and
all available published information on mineral deposits and occurrences has
been used in assessing the potential mineral resources of the area.

The White Mountains National Recreation Area is a part of the Yukon-Tanana
Upland, primarily a terrane of quartzitic, pelitic, and calcic metasedimentary
rocks with some metamorphosed mafic and felsic igneous rocks that have been
intruded by Mesozoic and Cenozoic .granitic rocks and minor amounts of
intermediate and mafic rocks. The disruptive structures in the area are major
thrust faults and strike-slip fault splays of the Tintina fault zone.

We have made subjective probablistic estimates for the existence and the
number of undiscovered deposits within the part of the WMNRA that we
evaluated. For most of the deposit types, the probability that one or more
undiscovered deposits exists is low, based on the lack of evidence of
mineralization in the rocks exposed at the surface. However, placer gold has
been recovered from Nome Creek and its tributaries within the WMNRA since the
turn of the century, and the cumulative production to date is estimated to be
29,000 oz. Based on the currently available data, we estimate that there is a
probability of 0.5 for the occurrence of placer gold and polymetallic vein
deposits, a probability of 0.1 for Sn-greisen, Th/REE veins, lode Au, and
sedimentary exhalative Pb-Zn deposits. There is also a probability of 0.05
for a tungsten-skarn deposit. In addition, given the existence of one
deposit, we estimate a 0.5 probability of 2 and a 0.10 probability for 3 or
more placer gold deposits, and a 0.10 probability for 2 or more lode gold or
polymetallic vein deposits. We have also estimated the mean undiscovered
mineral resource endowment in the study area for Au, Ag, Pb, Sn, Th, W, Zn,
rare—-earth oxides, and high-calcium limestone.

At the present time, we do not expect significant undiscovered resources of
chromium, asbestos, nickel, or diamonds. The recent report of the occurrence
of platinum in gold samples in the nearby Tolovana mining district makes
platinum worthy of further consideration as a potential metallic resource.



I. INTRODUCTION

This report has been prepared in response to a congressional mandate that
directs the U.S. Geological Survey with the assistance of the State of Alaska
Geological Survey to prepare a mineral resource assessment for the White
Mountains National Recreation Area (WMNRA) in time for the Bureau of Land
Management to meet the 1988 deadline for land-use decisions for this area.

In order to accomplish this objective, an accelerated program of field
mapping, geochemical and geophysical surveying, and mineral resource
investigations were undertaken during 1986 and 1987. The results of our
investigations are presented in this report. The following information is
provided:

(1) detailed geologic maps at 1:63,360 scale showing bedrock and
surficial geology, with accompanying text describing the major rock
units, structure, and stratigraphy

(2) gravimetic and aeromagnetic maps at 1:63,360 scale, with
accompanying text that provides an interpretation of the data

(3) a series of geochemical maps at 1:250,000 and 1:63,360 scale that
depict the distribution of geochemical elements based on rock,
stream sediment, and pan-concentrate samples, with accompanying text
that provides an interpretation of the data

(4) mineral resource map at 1:63,360 scale showing outline of areas
judged favorable for the occurrence of undiscovered deposits, and
locations of significant mineral occurrences and known gold placer
deposits

(5) probabilistic estimates of the existence, number, and contained
metal in undiscovered deposits of types expected to be found in the
WMNRA should future exploration take place

This assessment covers the area in the WMNRA shown in figure I-1. It includes
all of the WMNRA that lies within the Livengood quadrangle, and the northern-
and southernmost part of the WMNRA in the Circle quadrangle. The assessment
for-the area in the WMNRA, not included here, was carried out by the State of
Alaska, Division of Geological and Geophysical Surveys, and is contained in a
separate report.
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Introduction

The White Mountains National Recreation Area (WMNRA) is located in the
northwest part of the Yukon-Tanana Upland, a wedge-—shaped area of considerable
relief bounded by the Yukon and Tanana Rivers in east—central Alaska. The area
covered by the WMNRA is approximately 1,562 sq mi (4,046 sq km). An area
covering three-fourths or about 1,172 sq mi (3,033 sq km) of the WMNRA (fig.
I-1), is the subject of this report.

The study area exhibits a variety of topographic features. It includes most
of the upper drainage area of Beaver Creek which, from its headwaters near Mt.
Prindle, flows through the area entering from the east, heading north and out
into the Yukon Flats at the northeastern corner of the study area. The major
tributaries of Beaver Creek within the WMNRA include Nome Creek, Bear Creek,
Wickersham Creek, Fossil Creek, Willow Creek, and Victoria Creek. The total
Beaver Creek drainage system from its source in the Mt. Prindle area to its
mouth on the Yukon River is over 300 miles (480 km) long.

Unconsolidated alluvial gravels resting on surfaces as much as 100 ft (30 m)
above the present stream level along the section of Beaver Creek in the
northern part of the WMNRA reflect the regional tectonic history of the

area. The northern half of the Yukon-Tanana Upland, which includes the WMNRA,



has a complicated structural history involving movement on the Tintina fault
system.

The White Mountains, a relatively narrow band of rugged, bedded volcanic rocks
and limestones, forms the core of the WMNRA. The name is taken from the
light-colored Tolovana Limestone which, under bright sun conditions, contrasts
with the darker Fossil Creek Volcanics. The highest point is 4,163 ft (1,269
m) at VABM Fossil in the northern part of the range. In many places the
limestone beds stand nearly vertical in the axes of narrow synclines and erode
to form spectacular crags and spires. Such a place, north of Windy Gap, was
named "The High Jags" by R.W. Stone who passed by with a pack train in 1905.

A natural arch, "Windy Arch", can be seen in a limestone spur on the southeast
side of Windy Gap, and to the southeast of the arch, across Fossil Creek, is a
low limestone outcrop with a large north-south crack called "Split Rock" by E.
Blackwelder, another early explorer, in 1915.

Two large granitoid bodies, and one smaller alkaline intrusive body, intrude
the rocks of the WMNRA. The northernmost, Victoria Mountain, 4,588 ft (1,398
m), stands high above the east end of the ridge between Beaver and Victoria
Creeks as a large rounded mass. The relief in the vicinity of Beaver Creek is
3,700 ft (1,100 m). South and east of the White Mountains, Cache Mountain
pluton, 4,772 ft (1,500 m), intrudes the surrounding metasedimentary rocks.
Several tops exceeding 5,000 ft (1,524 m) can be found on the crest of a ridge
that extends to the northeast from Cache Mountain. The smaller alkaline
intrusive, named the Roy Creek pluton, is exposed on the ridge on the east
side of Roy Creek.

The other prominent landmark in the WMNRA is Mt. Schwatka, named after the
intrepid explorer, Lt. Frederick Schwatka, USA, who made a military
reconnaissance along the Yukon River in 1883. This flat-~topped mountain, at
4,177 £t (1,273 m), towers over the Yukon Flats to the north. Mt. Schwatka is
underlain mainly by volcanic rocks.

In the following sections of this part of the report, a more complete
description of the geology is provided.

Glacial Geology

Although the upland areas in the WMNRA are neither exceptionally high or very
extensive, evidence of Pleistocene glaciation can be seen in the vicinity of
Cache Mountain, Victoria Mountain, and to a lesser extent on the north side of
the White Mountains. All streams originating on Cache Mountain have the
typical U-shaped profile in their upper reaches of a glacially eroded

valley. 1In such small mountain masses the evidence is rather circumstantial--
based on valley form, location of fragmental morainal and outwash deposits,
etc.~—-but, the evidence here suggests that three out of the four major glacial
episodes seen in the Yukon-Tanana Upland could have modified the topography of
Cache Mountain and the ridge extending northeast toward Rocky Mountain (Lime
Peak). These were:



Age Yukon-Tanana Upland Mt. Prindle area

(Weber, 1986) (Weber and Hamilton, 1984)
Early(?) Eagle glacial American Creek glacial
Wisconsin episode episode
Middle(?) Mount Harper Little Champion glacial
Pleistocene glacial episode episode
Early(?) Charley River Prindle glacial episode
Pleistocene glacial episode

The Late Wisconsin and Holocene events recorded elsewhere in the Yukon-Tanana
Upland are missing from Cache Mountain. Only the outer limits of the most
extensive glaciation are shown on the geologic map, plate II-A. During the
period of maximum glaciation (the Charley River glacial episode) about 65
percent of the mountainous area in the vicinity of Cache Mountain was covered
with perennial ice and snow. A small ice cap may have covered the top of
Cache Mountain itself.

Glaciation on Victoria Mountain was less extensive; this mountain is not quite
as high as Cache Mountain, is more isolated from other high terrain, and
therefore is less suitable to the retention of snow and ice. It is not clear
how many glacial episodes were present on Mount Victoria but probably both the
Charley River and a few very small glaciers of the Mt. Harper episode

formed.

At least one small glacier formed at the head of Lost Horizon Creek and across
several divides to the east in the heart of the northern part of the White
Mountains. From the topographic characteristics, it was probably as young as
the Mt. Harper episode.

During the Pleistocene excessive discharge of water from melting glaciers in
the mountains cut into an old surface to form a prominent terrace on Beaver
Creek. Terraces of similar origin can be seen on Nome Creek, Bear Creek and
its tributaries, O'Brien Creek, Fossil Creek, Willow Creek, and to a small
extent on lower Victoria Creek. At the same time large amounts of outwash
gravel were dumped into these drainages. Placer gold was concentrated in some
of these gravels in the Nome Creek area.

Subsequently these outwash gravels of the old floodplains (Qsg) were covered
by reworked silt and organic deposits. The topography is flat; the ground is
poorly drained, and frozen. Ice—wedge polygons are visible in many places.

Geologic Map Unit Descriptions

Under the terrane concept described by Churkin and others (1982) and Jones and
others (1984), parts of the White Mountains National Recreation Area (WMNRA)
were divided into the following units. The geologic names and symbols used in



this WMNRA report are included for comparison:

Churkin and others, 1982

Jones and others, 1984

Kandik terrane

Wilber Creek unit (KJw)
Vrain unit (MzPzv, etc)
Globe unit (Pzg)

Livengood terrane

Cascaden Ridge unit (Dc)
Mafic-ultramafic unit (Ep6Eum,
Pzp6m, etc)
Amy Creek unit (Pzp6d, etc)
Livengood Dome Chert (Olc)

White Mountains terrane

Schwatka limestone and
volcanic unit (Dsl, Dsv)

Tolovana Limestone (DSt)
Fossil Creek Volcanics
(ofv, 0fs)

Beaver terrane

Wickersham unit (6€pé6ga,
p€g, etc)

Yukon crystalline terrane

Fairbanks schist unit (p€f)

Manley terrane

Wilber Creek unit (KJw)
Vrain unit (MzPzv, etc)

Livengood terrane

Cascaden Ridge unit (Dc)
Mafic-ultramafic unit (€Ep€um,
Pzpém, etc)
Amy Creek unit (Pzp€d, etc)
Livengood Dome Chert (Olc)

White Mountains terrane

Schwatka limestone and

volcanic unit (Dsl, Dsv)

Globe unit (Pzg)

Tolovana Limestone (DSt)

Fossil Creek Volcanics
(0fv, Ofs)

Wickersham terrane

Wickersham unit (€p€ga,
pég)

Yukon—~-Tanana terrane

Fairbanks schist unit (p6f)

However, to avoid conflict with previous terrane identifications, which may or
may not be viable according to our interpretion, we are using

geographic terms to identify the areas and units shown on the geologic map,
plate II-A. This does not void the possibility that the geographic areas may
have some geologic significance. The WMNRA has been separated into three
areas (Schwatka, Livengood, and White Mountains), and the units for each are
listed below according to the "Definition of map units" chart which appears on
the geologic map:

The unconsolidated deposits are common to each of the three areas:

Qa Alluvium, active channels
Qsg Alluvium, silt to gravel, generally inactive channels
Qaf Alluvial fan deposits



Q1 Loess
Qlce Loess and colluvium
Qler Loess and colluvium, over shallow bedrock

The Schwatka area is that part of the WMNRA generally north of Victoria
Creek:

Dsl ~  Schwatka unit, limestone

Dsv Schwatka unit, volcanic rocks

€p€ga Wickersham unit, maroon and green argillite, and grit

€pé€gl Wickersham unit, dark arenaceous limestone

€pEgc  Wickersham unit, grit quartzite, phyllite, slate, and
chert

The Livengood area is that part of the WMNRA generally between Victoria
and Beaver Creeks:

Ts Conglomerate

Kg Victoria Mountain pluton, quartz syenite, quartz
monzonite

KIw Wilber Creek unit, polymictic conglomerate,

graywacke, and shale

MzPzvs Vrain unit, quartzite, siltite, phyllite

MzPzv  Vrain unit, slate

MzPzve Vrain unit, chert pebble conglomerate

Dc? Cascaden Ridge(?) unit, conglomerate

Olc Livengood Dome Chert, chert, rare greenstone

Pzped Amy Creek unit, dolomite

Pzp6c  Amy Creek unit, chert

Pzpém Mafic igneous rocks, rare sediments

€p6um Mafic and ultramafic igneous rocks

€p6umg Greenstone

€p6ums Serpentinite

€p6ga  Wickersham unit, maroon and green argillite, grit,
limestone, chert, rare diabase

The White Mountains area is that part of the WMNRA roughly south and east
of Beaver Creek:

Ts Conglomerate, shale

Tg Cache Mountain pluton, granite

Ks Roy Creek pluton, syenite

KJw Wilber Creek unit, polymictic conglomerate,

graywacke, and shale
MzPzvs Vrain unit, quartzite, siltite, phyllite
MzPzv  Vrain unit, slate
MzPzve Vrain unit, chert pebble conglomerate
MzPzvt Vrain unit, tuff
MzPzs Calcareous shale, shaly limestone
MzPzc Beaver Bend unit, conglomerate, graywacke, slate
Pzg Globe unit, vitreous quartzite, phyllite, slate,



gabbro, diabase sills

DSt Tolovana Limestone, limestone

Ofv Fossil Creek Volcanics, alkali basalt, agglomerate
and volcaniclastic conglomerate

Ofs Fossil Creek Volcanics, shale, chert, limestone,
gabbro

€p6ga  Wickersham unit, grit, graywacke grit, maroon, green
" and gray argillite and phyllite, quartzite, siltite

pég Wickersham unit, grit (bimodal quartzite),
quartzite, slate phyllite

pégg Wickersham unit, pale greenish-gray quartzite, grit,
phyllite, slate, and a trace of marble

pef Fairbanks schist unit, quartzite, muscovite
schist, trace of feldspar, tiny garnets, and a trace
of grit

The data used in interpreting the stratigraphy and structure, and in compiling
the geologic map have been collected over many years beginning in 1902.

Figure II-1 is a map showing the stations (both 0ld and new) from which
geologic information has been obtained. 01d traverses have been recompiled on
modern maps from the original notes. Frequently no maps were available to the
early workers so a topographer was assigned to each party who surveyed and
sketched the terrain on a daily basis. These early maps are surprisingly
accurate and it is possible to reproduce the station locations on modern
topographic maps with considerable confidence. A 1:250,000 scale geologic map
of the whole Livengood quadrangle was published in 1971 by Chapman and others.

During 1986 and 1987 field seasons many new observations were made to enhance
the mile-to-the-inch geologic interpretation. Specialists were called in to
examine details of structure, sedimentology, paleontology, geophysics,
geochemistry and particularly, the economic geology.

In the following section each geologic unit is described as it occurs in the
three areas of the WMNRA. An attempt was made to place these units in
probable order by increasing geologic age. Each description includes an
introductory paragraph of description of the unit (as shown on the geologic
map, pl. II-A), its location, extent, the nature of its boundaries,
interpretation of its depositional environment, mode of emplacement or
metamorphism, and in some cases a suggestion of correlative units. A detailed
description of each unit follows the introductory statement.

QUATERNARY SURFICIAL DEPOSITS

Quaternary surficial deposits mantle approximately 70 percent of the
southwestern part of the White Mountains National Recreation Area (WMNRA),
making identification of the bedrock stratigraphy and structure in this area
uncertain; however, bedrock is better exposed in the higher mountains of the
northern area, and the surficial deposits are confined to lower slopes and
stream bottoms.
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Figure II-1. Map showing stations (both old and new) from which the geologic
information described in this report has been obtained.
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For the purposes of this report, the Quaternary surficial deposits have been
divided into six units: 1) Qa, alluvium of active stream channels, 2) Qsg,
silt to gravel-size alluvium of the higher less-active parts of the floodplain
or some smaller stream valleys, 3) Qaf, large alluvial fan deposits, 4) Ql,
loess, 5) Qlc, a mixture of loess and colluvium, and 6) Qlcr, loess and
colluvium overlying bedrock of indeterminate type at a shallow depth. Qa is
Holocene and Qsg, Qaf, Ql, Qlc, and Qlecr are both Holocene and Pleistocene in
age.

Qa ALLUVIUM OF ACTIVE STREAM CHANNELS~-Silt, sand, and granule~ to
boulder-sized alluvium, with minor amounts of organic debris, gray,
yellowish gray to brown. Underlies active stream beds or
floodplain, is well~-stratified with fining-upward cycles and well-
sorted, and is generally unfrozen, except possibly in silty
channels. Silty alluvium under some small streams is frozen, and
the streams exhibit a beaded pattern where intersecting ice lenses
have thawed in the stream bed. Alluvium locally may include
reworked glacial outwash deposits from Mt. Prindle, Cache Mountain,
the White Mountains, and Victoria Mountain. Thicknesses may range
from one foot (0.3 m) to about 50 ft (15 m). In certain sections,
parts of the valley of Beaver Creek commonly form a wide, flat, open
floodplain with meandering streams and a complex of shallow, high-
water channels which in places are covered with a thin layer of
silt, supporting youthful vegetation. Thicker silt on the banks
bordering the active channels support a dense growth of large
spruce. A short section of Ophir Creek and a large part of upper
Nome Creek include placer-mine tailings that have been worked by
pick and shovel, mechanized surface, or dredging methods. Thickness
of the tailings is commonly less than 30 ft (9 m).

Qsg ALLUVIUM, SILT TO GRAVEL, GENERALLY INACTIVE CHANNELS--Silt, sand, and
granule~ to pebble-size alluvium, locally includes glacial outwash
deposits with large boulders, well-sorted and stratified.
Characterized by abandoned stream channels 2 to 15 ft (0.6 to 4.5 m)
higher than the active channels of Qa, elsewhere flat to hummocky
with numerous bogs. Includes many small alluvial fans deposited by
minor side streams and intermixed with the Qsg sediments. Most of
the coarse alluvium is concealed by a cover of undifferentiated
silt, reworked by alluvial and solifluctional processes from
originally deposited silt to lower slopes and valley bottoms.
Locally rich in organic layers, masses, and disseminated organic
debris; commonly frozen and contains abundant ground ice as
horizontal and vertical sheets, wedges, and irregular masses.
Supports vegetation composed of small- to medium-stunted spruce,
some willow, grass, moss, sedges, and shrubs. The thickness of the
entire unit is probably quite variable and may be as much as 100 ft
(30 m).

Qaf ALLUVIAL FAN DEPOSITS--Sand, gravel, and boulders. Alluvial fanms,

only the largest of which have been differentiated on the map, are
formed of gray to brown, coarse—grained, rounded-~to angular~detritus
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with considerable variation in clast size. They are poorly to well-
sorted, stratified, and generally composed of locally derived clasts
deposited under high-energy conditions below a major decrease in
slope. May be covered by reworked silt and small vegetation.

Ql LOESS--Massive, well-sorted, homogeneous, eolian silt, buff to light-
gray where dry, and brown where wet, stratified, locally mottled by
iron-oxide staining. Derived primarily from the floodplain of the
Tanana River and glacial outwash plains of the Alaska Range, and, in
part, from similar deposits in the Yukon Flats to the north. Some
of the loess may have been derived locally from outwash of glaciers
in the Mt. Prindle and Cache Mountain areas. 1In glacial or early
post-glacial times, probably blanketed most of this area, was eroded
and now covers lower hill slopes in about 30 percent of the southern
half of the WMNRA and considerably less than that in the north. It
can be free of permafrost on sunny, south-facing slopes, but it may
contain perennial ice on lower north-facing slopes, or where it is
poorly drained. Many of the lower slopes in this area are poorly
drained and probably frozen, judging from the vegetation of small
trees and tundra plants. . Numerous thaw ponds on flat Q1 surfaces
south of Beaver Creek indicate the presence of ice lenses. Loess
grades upward into unit Qlc with a very poorly defined contact, is
mapped where more than 3 ft (0.9 m) thick, and is of unknown
thickness at its downslope limit.

Qle LOESS AND COLLUVIUM--Composed of an unsorted mixture of loess, as
described for Ql, and angular or subrounded fragments of the local
bedrock. Qlc is light-gray to brown, covers as much as 40 percent
of the southern part of the WMNRA, ranges from 3 or more ft (0.92 m)
thick on upper slopes to an unknown downslope thickness, and is
marked by drainage channels containing reworked Qlc materials which
cut the loess Ql downslope in an irregular contact. Qlc is
generally located on higher hill slopes, is probably partially
frozen, fairly well-drained, and in places supports a thick spruce
forest.

Qler LOESS AND COLLUVIUM OVER SHALLOW BEDROCK--The loess and colluvium is
the same as described for Qlc, but has a higher proportion of
bedrock fragments in the mixture and bedrock may be sparingly
exposed or at excavatible depths of 10 ft (3 m) or less. 1In the
area of Qlecr the type of bedrock has not been determined, but it is
probably the same as the surrounding outcrops. Qlcr is well-drained
and probably thawed on south-facing slopes.

SCHWATKA AREA

SCHWATKA LIMESTONE AND VOLCANIC ROCKS
Small amounts of the limestone and volcanic rocks of the Schwatka unit (Dsl

and Dsv, respectively) occur in the Mt. Schwatka area within the extreme
northern edge of the White Mountains National Recreation Area (WMNRA) and
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together cover less than 1 sq mi (2.5 sq km). A thrust fault is the southern
boundary of the Dsl and Dsv outcrop belt with the Wickersham unit. The
volcanic rocks are altered and are undated, but appear to be interlayered with
the limestone. The Dsl unit is not to be confused with the DSt of the
Tolovana Limestone which is an entirely different unit in a different tectonic
block or terrane. The depositional environment of the Dsl and Dsv unit was
one of shallow-marine mafic lava flows with more quiescent, shorter periods of
encrinoidal and limey mud deposition.

Dsl LIMESTONE--medium-bedded to massive, light- to medium-gray lime mud-
to wackestone. Locally encrinoidal, bearing abundant "two-hole"
crinoid ossicles, which together with conodonts indicate late Early
Devonian (Emsian) and/or Early Middle Devonian (Eifelian) age.
Units range to at least 328 ft (100 m) in thickness and are
interbedded with unnamed volcanic greenstone unit as separate,
mappable entities in Mt. Schwatka area.

Dsv VOLCANIC ROCKS--The volcanic part of the Schwatka unit consists mainly
of massive greenschist-grade basalt flows, but also includes
agglomerate, tuff, and fine-grained volcaniclastic rocks that grade
into both greenish-gray and dark-gray epiclastic siltstone and
slate, and also into coarser pyroclastic rocks that contain pebbles
of both lava and volcaniclastic and/or epiclastic varieties. The
agglomerate typically consists of fragments--mainly of fluidal
rocks--measuring a few inches across, but locally, fragments as
large as 3 feet (1 m) across were seen. Relatively thin lenses of
platy, laminated and thin-bedded, impure limestone, and locally
lenticular bodies of calcite-cemented conglomerate also occur in the
dominantly volcanic part of the unit. Much of the volcanic rock is
strongly foliated and sheared, and sub-mylonitic rocks were seen
locally. Although shearing and foliation are common, both are
markedly discontinuous, and in some terranes, such as that at Mt.
Schwatka, the rocks are mainly massive and even uncleaved, whereas
in the saddle just north of the mountain, they are highly foliated,
and the conglomerate clasts are flattened, with diameter-to-
thickness ratios of pebbles as much as 8. Thin sections of the
flows typically show a dense mat of moderately birefringent but
unresolvable material with opaque and semi-opaque material in the
interstices. Chlorite generally appears to compose a significant
part of the matrix, but locally, white mica, and epidote are also
generously present. Coarse grains, or aggregates, of albite showing
well-developed albite twinning, present in some rocks, indicate
relicts of former phenocrysts of more calcic plagioclase. In at
least two localities flows were found that contain fresh unaltered
augite phenocrysts 0.04-0.4 in (1 mm to 1 cm) across, embedded in a
profoundly altered matrix in which chlorite appears to be stable.
Varieties in which coarse porphyroblasts—-or porphyroblastic
aggregates——of chlorite are abundantly scattered throughout the rock
are generally inferred to reflect amygdaloidal lava. This inference
is particularly convincing where, on weathered surfaces, the
chlorite has weathered out leaving voids that seemingly restore to

14



the rock an original vesicular texture. The chlorite, typically a
major constituent in the amygdules, is commonly intergrown with
quartz, calcite, and rarely zeolite or epidote.

WICKERSHAM UNIT

The Cambrian to Precambrian Wickersham unit within the WMNRA covers at least
490 sq mi (1,270 sq km) and has such lithologic diversity that it is mapped as
five separate units. All the individual Wickersham units are lithofacies and
appear to have gradational contacts with one another. They are lower
greenschist-grade metamorphic facies. Within the WMNRA the Wickersham unit
occurs in the 1) Schwatka area, 2) Livengood area, and 3) White Mountains
area,

In the Schwatka area the Wickersham unit includes 1) maroon and green
argillite, and grit (€p6ga), 2) dark arenaceous limestone (€Ep€gl), and 3)
grit, quartzite, phyllite, slate, and chert (6p€gc); the last, which is
probably equivalent to unit pEg in the White Mountains area but is a slightly
different lithofacies containing chert.

The Wickersham unit of the WMNRA is very similar to the Windermere Supergroup
of Yukon Territory, Canada (Eisbacher, 1981), particularly to that of the
Selwyn Basin.

€p€Ega GRIT, GRAYWACKE GRIT, MAROON, GREEN AND GRAY ARGILLITE--Grit is much
like the pEg unit described in the White Mountains area section
below. Graywacke and quartz-wacke grit are light to medium olive
gray, commonly conglomeratic or unsorted, feldspars locally
abundant, often slightly foliated, but sedimentary features
preserved. Bedding in graywacke and quartz-wacke grit is graded,
locally amalgamated, fines upward to ripple laminations in silty
phyllite with small-scale trough crossbedding. Argillite is
laminated, maroon and light to medium green and grayish green,
fissile to blocky fractured. Locally €pEga is phyllitic and
slaty, laminated, medium-light to dark gray and greenish gray, and
contains rare, horizontally bedded, discontinuous 2-3 ft (0.6-0.9
m) thick beds of greenish gray, micaceous, arenaceous limestone.
Basalt is interlayered, but the layers are thin and too small to
differentiate on the geologic map. Oldhamia, a trace fossil of
probable Late Proterozoic to Cambrian age has been found in Epé€ga
at two localities in the Circle quadrangle, one in the WMNRA (see
bedrock geologic map, Smith and Pessel, in press) and the other
outside of the WMNRA in the Schwatka area, Circle quadrangle
(fossil locality 2, table 2, Foster and others, 1983).

epegl DARK ARENACEOUS LIMESTONE--Limestone is very dark gray and weathers
medium to dark gray, thin-bedded and platy, dense to very finely
crystalline. Less commonly this limestone unit is medium to dark
gray and weathers medium gray or various shades of brown, yellow,
and red, thin- to ripple-bedded and platy to shaly, dense, sparsely
arenaceous with rounded to subrounded monocrystalline quartz grains
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floating in a limey matrix. €p6gl is in the upper part of the
Wickersham unit and is interbedded with the maroon and green
argillite.

€p6gc  GRIT, QUARTZITE, PHYLLITE, SLATE, AND CHERT--Grit, quartzite, and
graywacke are light to medium gray, greenish gray and olive and
weather light to medium gray with iron stains and flecks of oxidized
pyrite, interbedded with phyllite, slate, and argillite that are
medium light to dark gray and greenish gray, and medium- to thin-
bedded, generally fine-grained. Oldhamia fossils not found within
the WMNRA, but occur approximately 1.3 mi (2.1 km) west of the
northwest corner of WMNRA or 8.5 mi (13.6 km) northeast of Noodor
Dome, in greenish-gray to olive slate and argillite, and tentatively
suggest a Cambrian or possibly Hadrynian (late Precambrian) age
(Hofmann and Cecile, 1981, p. 288). Some gray and black chert
interbedded with the sandy and argillaceous beds of this unit.

LIVENGOOD AREA

TERTIARY CONGLOMERATE AND SHALE

Possible Tertiary sedimentary rocks are known within the WMNRA in two small
areas; one includes a few small outcrops at water level on Victoria Creek near
the mouth of Squaw Creek northeast of Victoria Mountain, and the other
exposures are in the vicinity of the divide between the North Fork of Preacher
Creek and the headwaters of Moose Creek in the Circle quadrangle. The
outcrops are very poor, hardly more than rubble piles of pebbles, cobbles and
boulders. Both locations are in the Tintina fault zone trench and have
bearing on the age of the most recent fault activity. The deposits at these
two locations are discussed separately:

Ts? CONGLOMERATE-~Victoria Creek--Boulders, cobbles, and pebbles in a gray
or chloritic greenish graywacke matrix; clasts composed of
quartzite, chert, chert pebble conglomerate, and green, medium- to
fine-grained igneous rocks (possibly diorite and porphyritic
andesite), subrounded to rounded, as large as 24 in (61 cm) in
diameter, but mostly 2 to 4 in (5 to 10 cm), poorly-sorted; fairly
well-consolidated, and breaks across the smaller pebbles but around
the larger pebbles and cobbles; slickensides abundant, oriented in
various directions. Thickness is unknown, but is probably 50 ft (15
m) or less. Contact with the adjoining rocks is obscured;
pyritiferous Vrain unit (MzPzvs) phyllite is present nearby
downstream. Age unknown, but the lithology appears more similar to
Tertiary than to Mesozoic rocks.

QUAKTZ SYENITE AND QUARTZ MONZONITE OF VICTORIA MOUNTAIN
Felsic plutons of Early Tertiary to Late Cretaceous age occur in the White
Mountains and the Livengood areas within the WMNRA. The three major felsic

plutons exposed in the USGS-mapped part of WMNRA are located on Cache
Mountain, Victoria Mountain, and the ridge west of Roy Creek (Tg, Kg, and Ks,
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respectively). The Cache Mountain and Roy Creek plutons are discussed in
the White Mountains area of this report. Victoria Mountain pluton covers
approximately 6 sq mi (16 sq km) in the northeastern part of WMNRA and
intrudes the Vrain unit (MzPzv and MzPzvs).

Kg

QUARTZ SYENITE AND QUARTZ MONZONITE--The Victoria Mountain pluton is a

distinctive, massive, rather dark (av. color index = 15), quartz-
poor porphyritic quartz syenite and quartz monzonite (fig. II-2)
with dark-grayish-lavender, blocky to tabular K-feldspar
phenocrysts, as much as 1 in (2.5 cm) in maximum dimension, that
compose nearly half the rock, and are set in a medium-grained matrix
of oligoclase/andesine, biotite, and hornblende. Plagioclase, the
coarsest constituent of the matrix, is locally as much as half the
size of K-feldspar phenocrysts, but is typically much smaller. A
traverse across the pluton showed the rock to be mainly homogeneous
with only few substantial variations in grain size, texture, or
composition. Few inclusions and no dikes or veins were found.
Contacts with the country rock show little local effect in either
rock. The Victoria Mountain area was examined by the U.S. Bureau of
Mines in a search for cobalt and other metals. The investigation,
included a limited geochemical sampling study and described the
results were described in an unpublished report by J.C. Barker
(1983, written commun.). He states that hornfelses '"are evident up
to a mile away from the known contact . . . and locally . . .
contain pyroxene crystals as much as one~half inch in length." He
also mentions, in addition to the main phase of the pluton the
occurrence of '"rhyolite porphyry sills, aplitic dikes, and pegmatite
dikes", and further states that '"typically the phase variations
increase near the . . . periphery . . .".

In thin-section the K-feldspar phenocrysts are somewhat perthitic
and locally show well-developed zoning (also seen on stained slabs)
as well as zonal arrangement of poikilitically enclosed minerals——
small sub- to euhedral crystals of plagioclase, biotite, hornblende,
and accessory minerals. Plagioclase (about An5-35) is subhedral,
well twinned, and conspicuously zoned. Quartz demonstrates late
crystallization by its conspicuous and exclusively interstitial
occurrence. Brownish to olive-green hornblende is commonly
intergrown with biotite, and like biotite, though much less
abundantly, shows pleochroic halos around zircon. Remnant
clinopyroxene cores in hornblende were seen locally, and in one
section, eckermanite(?) was seen sparsely intergrown with
hornblende. Biotite whose ratio to hornblende is about 1:1, shows
the same pleochroic formula as hornblende and is generally
unaltered, though minor chlorite is intergrown sparsely.

Accessory minerals include, in approximate order of decreasing
abundance: sphene (fairly coarse crystals); apatite~-much
conspicuously zoned; zircon, abundantly associated with pleochroic

halos in biotite, and less commonly in hornblende; allanite, sparse
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but also associated with pleochroic halos in biotite; and opaque
minerals.

Modal analyses of 5 representative samples, plotted on figure 1I-2,
straddle the boundary between quartz syenite and quartz monzonite
(Streckeisen, 1976). Chemical analyses and norms of three of the
samples (table II-1) compare fairly closely with Nockolds' (1954)
average calc-alkali syenite (between his leuco and melano types),
and fall within the denser part of Le Maitre's (1976) field of 102
syenites. In the classification of Shand (1951, p. 228-229) the
rocks are metaluminous based on oxide values, and subaluminous based
on normative minerals. Concordant K/Ar hornblende and biotite ages
of 65.5 + 1.03 Ma and 65.3 + 0.65 Ma (table II-2) respectively, by
Wilson and Shew (1981), establish the age of the pluton as close to
the Cretaceous/Tertiary boundary.

WILBER CREEK UNIT

The Wilber Creek unit is a Jurassic and/or Cretaceous sequence of lithologic
units mapped in approximately 110 sq mi (285 sq km) in area in the WMNRA
within the Beaver Creek valley north of the White Mountains and southwest of
Victoria Mountain. This northeast-southwest trending Mesozoic flysch belt
extends northeast at least as far as the mouth of Sheep Creek and well beyond
the WMNRA to the southwest. Magneto-telluric resistivity work (section III)
suggests this Mesozoic flysch basin is at least 0.62-1.24 mi (1-2 km) deep and
that the Wilber Creek unit may be underlain by the Vrain unit. Wilber Creek
unit is composed primarily of polymictic conglomerate, graywacke, siltstone,
and shale. Unsorted to poorly-sorted, amalgamated beds, normally- and
reversely-graded, rhythmic-bedding, flaser-bedding, flame structures, load-
casts, tool-marks, convolute-laminations, and shale rip-up clasts are common
characteristics of the Wilber Creek unit, and of turbidite deposits, in
general. The Kathul Graywacke of the Kandik basin and the Kuskokwim Group of
the Kuskokwim basin are similar types of deposits and probably roughly
correlate with the Wilber Creek unit.

KJw POLYMICTIC CONGLOMERATE, GRAYWACKE, SILTSTONE AND SHALE--Polymictic
conglomerate is dark olive-gray to medium-dark gray, iron-stained,
unsorted, with subangular to well-rounded granules to cobbles and
less abundant boulders. Clasts are locally-derived from the Yukon-
Tanana Upland and consist mostly of mafic igneous, greenstone,
felsic volcanic, diorite, other intrusive rocks, quartzite, dark-
gray limestone, sandstone, siltstone, phyllite, chert, rare grit,
and slate (rip-ups). The conglomerate clasts are generally matrix-
supported with a matrix of sand, silt, and clay. Beds are mostly
internally-massive, large— to medium-scale graded, and amalgamated
with planar bases and tops. Some large-scale troughs internally
filled with smaller-scale trough-crossbedding display fining-upward
cycles. Conglomerate is approximately 5 percent of the Wilber Creek
unit.
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Table 1I-l. Chémical analyses and norms representing the granite of Cache Mountain and the quartz
syenite/quartz monzonite of Victoria Mountain

(Chemical analyses in weight percent using XRF methods by the analytical laboratory of the USGS in
Menlo Park, CA. LOI, loss on ignition at 900°C)

Victoria Mountain Cache Mountain
Lab. No. M~-176070 M~-176071 M-176072 M-176073 MC176074 M-176075 M=-176076
Field No. 86ARi~-1A 86ARi-1C 86ARi-1E 86ARi-13A 86ARi-16 86ARi-17 86ARi~24A
Sio 62.4 64.2 60.0, 6.6 71.7 74,1 13,7
Al 3 16.5 16.2 16.4 12.6 14.7 14.0 13.8
Fe,04 4.37 -3.51 5.17 1.55 2.16 1.23 1.53
MgO 1.3 1.0 2.2 0.25 0.35 0.20 0.35
Ca0 3.42 3.07 5.15 0. 64 0.99 1.03 0.92
Na,0 3.8 3.8 3.7 2.8 3.0 3.2 2.4
K50 5.18 5.42 4o14 4,61 5.49 5.05 5.64
Ti0, 0.49 0.44 0.62 0.16 0.30 0.17 0.25
P,0g 0.57 0.42 0.86 0.09 0.19 0. 14 0.12
MnO 0.09 0.08 0.12 0.04 0.05 0.03 0.04
LO1 0.63 0.38 0.87 0.75 1.00 0.50 0.88
Total 98.75 98.52 99.23 100.09 99,93 99.65 99.63
CIPW norms (weight percent)

Quartz ——--- 12.46 14.88 10.69 41,46 31,48 34.35 36.46
Corundum ~-—- - - — 2.07 2,51 1.75 2.39
orthoclase — 31.27 32.69 24.95 27.42 32.80 30.10 33.75
albite =——=—— 32.85 32.81 31.93 23.85 25.67 27.31 20.56
anorthite —- 12,94 11.37 16.23 2.61 3.71 4.23 3.83
diopside —— 0.48 1.09 3.31 - - - -
hypersthene - 4.76 2,45 6.53 0.63 0.88 0.50 0.88
magnetite -— 2.95 2.87 3.14 —_— 0.34 —_— -
hematite —-- - - - 1.56 1.59 1.24 1.55
ilmenite -~— 0.95 0.85 1.20 0.09 0.58 0.07 0.09
rutile —=~-- - - - 0.12 - 0.14 0.21
apatite ——-— 1.35 0.99 2.03 0.21 0,45 0.33 0.28
Total ——=——-- 100.01 100.00 100.01 100.02 100.01 100.02 100.00
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Figure II-2.
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Mode (dots) and norm (triangles) plots of rocks from the Cache
Mountain (upper cluster) and Victoria Mountain (lower cluster)
plutons. Classification of Streckeisen (1976). Dashed tie-
lines connect mode and norm of same sample. Modes determined
from etched and stained slabs (Norman, 1974). A minimum of
1,000 _points were counted on slabs that averaged approximately
75 cm®. Average color index: Cache Mountain 7.6; Victoria
Mountain 15.
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Table 11-2. K-Ar data

The following mineral ages pertain to units described in text.

Location Age (Ma) Mineral Lithology (Map Unit) Analyst Reference
Cache Mt. 58.4 + 1.8 biotite granite (Tg) D.L. Turner Holm, 1973
(ninimum age)
59.8 + 1.8 Wilson and
(recalculated others, 1985
by Wilson)
Victoria Mt. 65.5 + 1.03 hornblende quartz syenite/ F.H. Wilson Wilson and
quartz monzonite (Kg) Shew, 1981
65.5 + 0.65 biotite F.H. Wilson Wilson and
Shew, 1981
Roy Creek 85.4 + 6.4 biotite aegirine-augite Z. Al-Shaleb Burton, 1981
(minimum age) syenite (Ks)
86.7 + 3.6 biotite porphyritic biotite Z. Al-Shaleb Burton, 1981
(minimum age) aegirine-augite (Ks)
90.0 + 2.0 biotite lamprophyre (Ks) F.H. Wilson Wilson and
others, 1981
West Fork 518.30 + 15.5 hornblende diorite (€p€um) D.L. Turner unpublished
and J. Blum data
Amy Dome 539.48 + 16.2 hornblende grabbo (€pSum) D.L. Turner unpublished
and J. Blum data
Amy Dome flank 633 + 19 hornblende diorite or grabbo D.L. Turner unpublished
(Ep€um) data



Graywacke is medium- to medium dark-gray to greenish-gray, iron-
stained on weathered surfaces, mostly fine~ to medium-grained,
moderately sorted, subangular to subrounded, with some very well-
rounded quartz grains. Shale rip-ups are as much as 10 in (25 cm)
long. Matrix is silt and clay. Laterally continuous, graded,
amalgamated, medium-scale graywacke beds are rhythmically
interbedded with, and fine-upward to, siltstone and shale.
Conglomeratic graywacke lenses are common, with clasts of locally
derived mafic and felsic volcanics, very fine~grained sandstone,
siltstone, chert, and shale rip-ups. Bases of beds are erosional,
planar to slightly concave upward, and sole-marks are common. Minor
small-scale scour-fills that fine-upward into ripple-laminated
siltstone occur. Sandstone and conglomeratic sandstone compose
approximately 20 percent of the Wilber Creek unit.

Siltstone is medium-gray to black, rusty-orange on weathered
surfaces, commonly laminated with very fine-grained sandstone and
shale as discontinuous lenses, flasers, and ripples, or rhythmically
interbedded with sandstone. Siltstone comprises approximately 25
percent of the Wilber Creek unit.

Shale is dark-gray to black and commonly phyllitic, fissile, to
blocky fracturing, with very fine-grained sandstone flasers,
commonly laminated with siltstone. Some shale is rhythmically
interbedded with very fine~grained, ripple-laminated thin sandstone
beds that have sharp erosional bases and shaly tops. Shale is
approximately 50 percent of the Wilber Creek unit.

VRAIN UNIT

In the northeastern part of the WMNRA, the Vrain unit is exposed in an area
along Beaver Creek, roughly between the White Mountains and Victoria Mountain
and extends to the east beyond the WMNRA past VABM Vrain in the Circle
quadrangle. In the WMNRA the Vrain unit covers an area of approximately 72 sq
mi (186 sq km). It is composed primarily of dark-gray slate, argillite, or
phyllite, MzPzv; with some beds of a distinctive chert- and quartz-pebble
meta-conglomerate, MzPzvc; and with a few interbeds of felsic tuff, MzPzvt.
The argillite appears to grade westward into thinly interbedded siltstone,
very fine-grained quartzite, and phyllitic slate, MzPzvs, exposed along the
ridge between Willow and Sheep Creeks. Contacts between these units within
the Vrain are mostly covered and are indistinct at best.

In hand specimen, clasts in the conglomerate (MzPzvc) are limited to chert,
white quartz, and gray phyllite. None of the clasts appear to be locally
derived from the rocks common to the White Mountains area. This suggests a
further-removed depositional site for the MzPzvc than the current position in
the WMNRA.

Lithogically the Vrain unit is very similar to the Devonian Lower Earn Group

in the Yukon Territory of Canada as characterized by Winn and Bailes (1987).
Photomicrographs in their paper (fig. 3, p. 532), of the Lower Earn Group
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conglomerate and of an uncommon quartzose siltstone fragment, are very similar
to the composition and texture, in thin-section, of the conglomerate (MzPzvc)
and siltstone (MzPzvs) of the Vrain. They describe Devonian sedimentation
along an extentional submarine fault-scarp related to stratiform lead-zinc
sulfides, mudflows, and turbidites. Base and precious metals in the area of
Warren and Moose Creeks (section IV) in the WMNRA, are the type common to
sedimentary deposits in an extentional submarine system similar to that
interpreted by Winn and Bailes, 1987, of the Lower Earn Group in the Yukon
Territory of Canada.

However, the Vrain unit is also very similar in outcrop to Mesozoic flysch
beds (Brabb and Churkin, 1969) in the Kandik Basin of the Charley River
quadrangle; particularly, the MzPzv is similar to the upper part of the Glenn
Shale or to the Biederman argillite (M. Churkin, pers. commun., 1980), and the
MzPzvs is similar to the Keenan Quartzite.

The age and thickness of the Vrain unit is unknown, but magneto-telluric data
suggest a similar resistive unit is underlying the White Mountains thrust
sheet and may be as much as 3.7 mi (6 km) in thickness (section III).

MzPzv  ARGILLITE, SLATE, SILTSTONE, AND QUARTZITE--Argillite is the dominant
lithology in the vicinity of VABM Vrain, after which the unit is
informally named. It is interbedded with minor quartzite and slaty
argillite. Foster and others (1983) describe this unit as
argillite, including siltstone, siliceous siltstone, and shale,
dominantly gray, olive, or greenish-gray, and generally weathering
reddish-yellow~brown or tan; commonly limonite- or manganese-stained
along fractures; locally slaty; cleavage commonly well-developed and
folded. Quartzite is mostly greenish-gray or gray, but some white
or light-gray. Sulfides and hematite(?) are locally abundant. In
the vicinity of VABM Vrain, the unit may show slight hornfelsic
alteration. To the west, in the nearby WMNRA, the Vrain slate and
argillite is generally dark-gray and distinctively pyritiferous.
Small streams originating in this unit, and even Beaver Creek in
places, are stained red from the iron-bearing water.

MzPzvc CONGLCMERATE-~Conglomerate has stretched pebbles (locally mylonitic)
as large as 1.2 in (3 cm) in diameter which are composed mostly of
white monocrystalline quartz, gray and black argillaceous chert, and
locally~-abundant medium—-gray phyllitic rip-up clasts. The matrix is
cherty and most pebbles are clast-supported. The conglomerate is
poorly sorted to unsorted, and has graded bedding in possible
channels that appear to be erosional into the argillite, siltstone,
quartzite sequence of the Vrain.

MzPzvs QUARTZITE, SANDSTONE, SILTSTONE, AND PHYLLITE--The rocks along the
ridge between Willow and Sheep Creeks, and probably those west of
Victoria Mountain, are low-grade greenschist facies, very fine- to
coarse-grained, light-~ to medium—-gray, well-sorted quartzose to
subquartzose sandstone with horizontal laminae of siltstone. The
internal laminations of this unit are often well-preserved ripple-
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laminae, small-scale crossbedding, graded bedding, load casts, and
heavy mineral laminae. The fine-grained sandstone is thinly
interbedded with light-gray siltstone and silty, often phyllitic
light-gray, bioturbated shale. Finely disseminated limonite and
hematite(?) grains, as well as authigenic chlorite alteration occur
in argillaceous laminae., The unit is overturned to the north and is
internally disrupted.

CASCADEN RIDGE(?) UNIT

The unit named Dc? (Cascaden Ridge(?) unit) on the geologic map is found on
the ridge between Beaver and Victoria Creeks in a band about 6 mi (9.7 km)
long and as much as 1 mi (1.6 km) wide. It is composed of coarse- to fine-
grained clastic rocks. These rocks found on lower hilltops or, more commonly,
abutting the harder, often mafic igneous (Pzp6m) rocks. The Dc? sedimentary
rocks are less resistant, and appear to lie unconformably on the Pzpém unit;
both units are probably part of a thrust sheet that has brought them north
over the Cambrian-Precambrian 6p6ga grit and argillite unit. There is another
narrow band of rocks similar to Dec? in contact with the PzpEm approximately a
mile (1.6 km) northwest of Victoria Mountain. On the south, the main band of
Dc? is overthrust by the Amy Creek dolomite unit (Pzp6d), is in unknown
relation to another small patch of 6pEga, and in possible normal fault contact
with the Olec,

Dc? section is made up of poorly exposed medasedimentary rocks of unknown age,
but they are placed here in the Cascaden Ridge unit of Weber and others (1985)
of Middle Devonian age mainly because the lithologically similar Cascaden
Ridge unit, found in the vicinity of the community of Livengood, also has a
basal conglomerate of very locally derived flysch-like rocks. However, the
Dc? unit in the WMNRA lacks any fossils, but they are common in the Cascaden
Ridge. The Dc? is distinctive and unlike any other conglomerate of the WMNRA;
the locally derived immature composition of the Dc? strongly suggests that it
was deposited in a fault-block basin bounded by the Amy Creek unit, the mafic
unit, and possibly by the Wickersham unit,

Dc? CONGLOMERATE, GRAYWACKE, SILTSTONE, AND SLATE--Conglomerate containing
abundant subrounded clasts of dolomite (some with silica boxwork),
rounded clasts of varied shades of gray and mostly black chert,
greenstone and other volcanic rock fragments, rare individual or
intergrown calcic plagioclase grains, and rip-up clasts of siltite
and argillite in a sandy matrix of the same rock fragments,
particularly including a large amount of yellowish-weathering
dolomite grains; clear quartz grains (''quartz eyes'") ubiquitous
everywhere in the matrix; dolomite clasts as much as 8 in (20 cm) in
diameter; clasts are tectonically squeezed and stretched and rip-ups
flattened. Graywacke, medium dark gray but yellowish-brown
weathering because of abundance of dolomite clasts; same composition
as sandy matrix of conglomerate described above. Slate or slaty
argillite, medium-dark gray, finely layered or foliated,
Crossbedding and large-scale graded bedding noted.
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LIVENGOOD DOME CHERT

The Livengood Dome Chert (Olc) (Chapman and others, 1980) covers an area of 11
sq mi (29 sq km) in the Livengood portion of the WMNRA. It is composed
predominantly of chert, shale, and silicified carbonate, with minor amounts of
tuff and greenstone. The unit is considered Late Ordovician in age based on
graptolites collected from shale layers (Chapman and others, 1980). A
Mississippian fossil collection for the Livengood Chert reported by Mertie
(1937) came from rocks that have since been assigned to the informal Lost
Creek unit (Blodgett and others, 1988). Also the dolomitic section of
Mertie's (1937) Livengood Chert now belongs to the Amy Creek unit (informal
unit, Weber and others, 1985).

The depositional environment for Olc.is inferred to be near a continental
margin in moderate water depths, based on the presence of lithologies
alternating on a meter scale, sedimentary structures in chert chip gritstone
and conglomerate, and replacement textures indicating some cherts were
originally carbonate rocks. The presence of graptolites indicates quiet
water, either on a continentaql slope or in a restricted basin. Igneous
activity contributed mainly clastic (tuff) deposits, but rare flows or sills
are present.

The northern contract of Olc is the Victoria Creek fault, and Olc is
overthrust from the south by mafic and ultramafic rocks. The outcrop pattern
suggests the Olc is on the flanks of a large anticline with the core exposing
€pE6ga of the Wickersham unit.

Olc CHERT AND RARE GREENSTONE-~Consists predominantly of gray, tan,
grayish-green and some black-mottled recrystallized chert. The
chert beds are as thick as 0.75~15 in (2-40 cm); most beds average
4-6 in (10-15 cm) thick. Some beds are characterized by fine
laminations; replacement textures, such as irregular rounded zones
of different color within beds are common; sedimentary breccia
occurs in local pockets between beds with angular chert clasts of
diameters generally less than 4 in (10 cm) in a chert matrix.
Stylolitic partings occur in 90 percent of the chert beds. Shaly
partings occur only in rare outcrops, and provide evidence for
stratigraphic orientation. The chert occurs in sections greater
than 0.62 mi (1 km) thick, without any other lithologies present.
Due to limited exposure in tundra-covered terrain, a true thickness
cannot be estimated. Isoclinal folding or tectonic repetition may
have thickened the unit.

In some places in the Livengood quadrangle, but not seen in the
WMNRA, chert pebble conglomerate and wacke in sections as thick as
164 ft (50 m) have scoured into the upper part of the thick chert
sections in the Livengood Dome Chert. The conglomerate and wacke is
overlain by alternations of beds of the following lithologies
exposed in the WMNRA: black, tan, green, and red argillite,
siltstone, and tuffaceous siltstone, gray chert, gray-, black-,
green—~ and tan-mottled chert (similar to thick chert section) and
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rare mafic igneous sills or flows. This suggests that the Livengood
Dome Chert and the closely associated clastic rocks may be related
lithofacies, and that the wacke and conglomerate could represent
discrete channels cutting across the slope. The chert pebble
conglomerate may be part of the Olc or a separate unit; however, the
sparsity of data at this time, precludes us from making an
interpretation of the conglomerate.

AMY CREEK UNIT

The Amy Creek unit is characterized by dolomite (Pzp€d) interbedded with chert
(Pzp€c) and is exposed in rubble slopes in an area north of Beaver Creek and
south of Victoria Creek in the WMNRA. An excellent exposure of this unit is
found on the west side of Amy Creek from which it derives its name, near
Livengood. This description relies heavily on that exposure as well as
several other general observations along this belt of rocks 12 mi (20 km) wide
and (62 km) 100 km long that extends across the entire Livengood quadrangle
and into the Circle quadrangle as far as the Tintina fault zone. The Amy
Creek unit covers an area of 19 sq mi (49 sq km) in the WMNRA. The southern
contact is a fault in which most of Amy Creek unit is overthrust by the
mafic/ultramafic complex (Ep6ums, €p6umg, and €pE€um). At its northern edge
the Amy Creek unit is thrust northward over the mafic rocks, Pzpém and the Dc?
conglomerate. Northeast of Victoria Mountain the Amy Creek unit appears to be
thrust over the Victoria Creek strand of the Tintina fault zone. Absence of
recognizable megafauna, the presence of stromatolites and coated algal grains,
and the style of silicification suggest correlation with late Proterozoic
rocks of the Nation River area, Charley River quadrangle. Also, it is
interesting to note that the Amy Creek unit characteristically occurs close
(although generally in tectonic contact) to the Cambrian to Precambrian
ultramafic intrusive bodies (6p€um, €p6umg, and €pEums).

Pzpéd  DOLOMITE--Dominantly medium- to thick-~bedded, light-gray, yellow-gray
or buff colored dolomitic mud-, wacke~ and packstone. Peloids are
extremely abundant in coarser grained rocks, as well as
crossbedding. Laminations more common in fine muds. In other
places consists of rubbly outcrops of medium-grained, light- to
medium gray dolomite, with well-developed reticulate silica box-
work. As much as 80 percent silicification of the dolomite has been
observed. Some limestone layers within the dolomite are as much as
98 ft (30 m) thick. Small black chert nodules, lenses, and
irregular masses occur rarely. Solution breccia, stromatoporoids
and coated algal grains were also observed. Thickness estimates of
2,300 ft (700 m) have been made of the carbonate section at Amy
Creek and it is at least that thick in the WMNRA. Minor dark gray
lime mudstone is interbedded with part of section dominated by
greenstone and chert.

Pzp€c  CHERT--Black, rarely medium gray, with iron and manganese stains.
Massive to thick-bedded, but also thinly interbedded with black
carbonaceous argillite and black argillaceous chert which locally
grade upward into light brown dolostone lenses with nodules (cm-
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scale). Dolostone lenses with nodules grade upward into lenses of
light to dull green tuff, tuffaceous siltstone and minor, very fine-
grained graywacke. Locally, volcaniclastic material increases
upsection in the argillite. Basaltic flows and flow breccia at
least 328 ft (100 m) in thickness occur locally in the argillaceous
horizons at Amy Creek which is outside the WMNRA.

MAFIC IGNEOUS ROCKS AND RARE SEDIMENTARY ROCKS

Gabbro, diabase, and diorite sills, altered greenstone, and basalt are
interlayered with a small amount of laminated argillite, siliceous siltstone,
quartzite, and very minor graywacke in a northeast-striking outcrop belt north
of Beaver Creek and south of Victoria Creek fault. The Pzp€m unit covers
approximately 14 sq mi (36 sq km) in the WMNRA. The age of these rocks has
not been determined. On the north side, the Pzpém and Dc? units are thrust
over the Wickersham unit, 6p€ga, and on the south side the Pzp€m is overthrust
by the Amy Creek unit. It is possible that the Pzpém rocks are gradational
from the greenstone in the Pzp&d (Amy Creek unit) and that the two sections
have undergone minor telescoping. The association of the dolomite and mafic
igneous rocks in the WMNRA is similar to lithologic relations in the Tindir
Group rocks of the Charley River quadrangle (Brabb and Churkin, 1969).

Pzp€m  MAFIC IGNEOUS ROCKS, MINOR SEDIMENTARY ROCKS--Mafic igneous rocks
dominate this unit and include: (1) gabbro and diabase sills, very
fine~-grained and chilled on outer margins, but more commonly medium-
to coarse-grained, dark-olive green, greenish-gray to dark greenish-
black, with green feldspars (plagioclase?) and black pyroxene, more
resistant than surrounding rocks, locally-gradational into diorite,
(2) diorite, medium~ to coarse-grained, light-green to medium
greenish~gray, blocky jointing, (3) greenstone, very fine-grained,
medium—- to dark- grayish-green and greenish-gray, dark olive-green,
locally calcite amygdules, and (4) basalt, very fine- to fine-
grained, with large calcite amygdules locally, medium— to dark-
greenish—-gray. These mafic igneous rocks are interlayered with, and
in some cases show contact with, a sequence of very fine- to fine-
grained sedimentary rocks composed of interbedded (1) slate, medium-
dark-gray with siliceous <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>