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PREFACE

This thesis presents the research of two graduate
student investigators. Approval for the integration of
thelr findings into one thesis, as granted by the Graduate
Council of the University, was based on the special
cirxcumatances surrounding this work.

R.E. Church and M.C. Durfee conducted fiecld research
in adjacent field areas in the White Mountains. Although
each student made independent field and laboratory investi-
gations and preliminary manuscript preparxation, the contri-
butions of both workers were strengthened by a final combined
presentation. In addition, a format was obtained which
would ease the publication of these findings as a joint

report.
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ABSTRACT

The Fossil Creek area 13 on the west flank of the
white Mountains, approeximately 50 miles north of Failrbanks,
in the highlands between Beaver Creek and Cache Mountain,

This area offerse the best opportunity in the region for re-
seaxrch on the structural and stratigraphic relationships be-
tween the Lower Paleozoic and pre-Middle Orxdovician and FPre-
cambrian rocks. Previous studies of the are were reconnais-
sance investigations by the U. 5. Geological Eurvey, the
results of which were summarized by Mertie in U. S. Geological
Survey Bulletin 872,

The oldest units mapped in the area are pre-mMiddle Ordo-—
vician metamorphic rocks., The sequence includes micaceous
quartzites, quartz mica schists, metavolcanics, marbles, im-
pure quartzites, cherts, phyllites, slates, and hornfelsged
rocks in the eastern part of the area, and cguartzites, slates,
and metavolcanic rocks along the west maxgin., The slates are
dated as Earlyv Ordovician or Late Cambrian on the basis of a
faunal assemblage collected by Blackweldexr of the U. S. Geo-~
logical Survey in 1015 to the northeast of the mapped area.

The Ordovician Fessil Creek volcanics overlie the pre-
Middle Ordovician metamorphie rocks. The unit includes alterxed
pyroxene andesites, altered tuffaceous conglomerates, altered
tuffaceous agglomerates, and a quartzose sandstone. The Fossil

Creek volcanics were previously dated as Middle Ordovician on



the nmasils »f Foasils <ollected Ty Blackweller.

The Siluriar Tclovana iimestone is generally in fault
sontact with the Fossil Creek volcaniza. It is a dark gray
to blue-plack, nard, dense limestcne. Laboratory analyses
show that the segquence contains ocolitic, and dolomitized
zones, Measured stratigraphic thicknesses range from 3200
feet to 4600 feet. Fossils collected from several locali-
ties re-affirm that the Tolovana limestone is of Silurian
age.

Post-Silurian intrusives also occur in the arca. These
include gakbro, quarctz monzonite, and tourmaline granodiorite
dikes emplaced in the Tolovana limestone and pre-Middle Orxrdo-
vician metamorphic rocks. The Cache Mountain guartz monzonite
pluton intrudes the pre-~Middle Ordovician metamoxphic rocks
and locally superimposed static metamorphlsm.

The major strxructural elements of the Foassil Creek area
inciude a series of hortheast trending thrust and reverse
faults along which yielding has been to the northwest and by
a high angle Zault which is upthrown on the east side., Seven
faults are recognized, The attitude of Tolovana limestone
beds generally strikes-northeast and steep dips »revail. Fold
axes in the limestone also gtrike to the northeast and axial

planes appear to dip steeply to the southeast.



INTRODUCTION
Location

The Fogsil Creek area is in the northwestern part
of the White Mountains approximately 45 miles north of
Fairbanks. The White Mountains form part of the uplands
between the Yukon and Tanana Rivers in the highlands physi-
ographic province of Interior Alaska.

The irregularly shaped study area inciud%s the part
of the White Mountains located within a rectangle defined
by 65°25' and 65°40' north latitude, and 147°15' and 147°40°

west longitude (fig. 1).

Roads, trails, and transportation

Travel in the White Mountains is slow and somewhat
difficult due to the lack of roads or man-made trails.

The nearest road is the Elliot Highway which is 25 milles
to the south.

Forty years ago supplies were freighted over a winter
trail from Olnes northward to Beaver on the Yukon River
near the rmouth of Beaver Creek. This trail passed over
the drainage 4divide between the Tanana and Yukon Rivers
to the big bend of Beaver Creek, and fbpllowed Beaver Creek
northward. During the summer, prcspectors used to raft
down Beaver Creek. The trail has.recently been used in

gummer to reach the big bend of Beaver Creek, but is
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accesible only to tracked vehicles or those equipped to
traverse swamps.

Small boats powered by outboar% motors are accasion-—
ally used on Beaver Creek, but numerous bars and the low
water level encountered during most of the summer months
makes this type of transportation difficult.

Easiest access to the area is provided by light air-
craft, and this was the method used by the writers while
studying the Fecesll Creek area. Two landing areas suitable
for light aircraft are located along Beaver Creek. The
beat field is an improved meander bar of Beaver Creek near
the Bucholtz cabin site about 5 miles southwest of the
gouthern limit of the Fossil Creek area. It ig used ex-
tensively by hunters and fishermen, and was utilized
gseveral times by the writers. Another landing area is
located on a gravel bar of Beaver Creek near the Shebal
hunting cabin about 3 1/2 miles downstream from Bucholtz's
ailyratrip. It L8 a short strip, however, and it is often
flooded at high water;

Access to the actual study area and transportation
within it were by foot. The access route followed Beaver
Creek from the airstrip to a point one mile north of the
confluence of Fossil and Beaver Creeks, and then east
across Beaver Creek into the sﬁudy area (fig. 2). Back

vacking was difficult in some areas because of dense alder
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and willow stands. Whenever poesible, game trails wexe
utilized which greatly facilitated travel.

Supplies were received at the base camp gites three
times during the season by means of pre-—arranged free fall
air drops from light aircraft.

Recently helicopters have been uged within the area

by petroleum companies and would seem to be the ideal

method of transportation.

Previous exploration and study of the area

The first white men to enter the Yukon-Tanana region
were traders of the Hudson's Bay Company who established
FPort Yuken in 1847, but who did not explore the area west
of it, The region was known to the Russions through the

reports of natives.who visited the grading posts on the

Yukon, but they did little to explore the area either,
although Ivan Lukeen of the Ruasian American Company éas
the first trader to reach Fort Yukon (in 1863) from the
lower Yukon (Mertie, 1937, p. 3). After the purchase of
the territory by the United States, numerous traders and

prospectoxs penetrated the Yukon-Tanana region, but little

factual information concerning the geology resulted.
The first geologic expedition to penetrate the Yukon;
Tanana region wag a United Stagés Geological Survey party |

headed by J. E. Spurr in 1896, 8purr, assisted by

‘H. B, Goodrich and F, C, Schradey, crossed Chilkoot Pass




to the headwaters of the Yukon and descended it to Nulato.
On this trip they visited the mining camnpa at Fortymile,
Circle, and Rampart (Spurx, 1l898). The party mapped these
mining districts and attempted to aystematically classify
the rocks exposed along the Yukon River.

In 1898, A, H. Brooka.and W. J. Peters ascended the
White River to its headwaters, portaged to the Tanana Rivar
and traveled down it to its mouth (Brooka, 1900). Thus,
although neither of these geologlc reconnaissance parties
penetrated the area under gstudy, a general Knowledge of
the geology of the areas north and south of it had been
gained prior to 1900.

Prospectors had undoubtedlf passed through the
FPossll Creek area previously, but it was not until the
inception of a systematic geolcgic survey of the Yukon-
Tanana region 4in 1903 under the direction of A, H. Brooks
that the Fossil Creek area was penetrated by a geological
party. This task was undertaken by L, M. Prindle, in co-
operation with other United States Geological Survey éeol—
oglats, and continued by him until 1911 (Mertie, 1987,
pP. 6). During the summer of 1904, Prindle, assisted by
P. L. Hess, made a reconnaissance traverse from Cleary
Creek acrogs the White Mountaine to the southern limit
of the Yukon flats, then south;eat to the main divide be-
tween the Yukon and Tanana drainage systems, and finally

-weat along this divide to the Rampart ragion (Prindle

and Hess, 1906, p. 9). During this traverse they mapped

\



the geology of the Fosall Creek areas on a reconnalssance
scale.

In 1905, a topographic party under D, C, Witherspoon,
accompanied by R. D. Stone as the geologist, conducted a
tonographic reconnaissance from Fort Hamlin to Circle,
They carried their topographic and geologic investigations
south into the Fosesil Creek area of the White Mountains
(Stone, 1306, p. 128).

The Fossil Creek area was again visited by Prindle,
accampanied by B. L. Johnson, in 1309.

From 1911 until 1931, study of the Yukon-Tanana
xegion was carried on by J. B, Mertie, Jr. He worked 4in
the Fossil Creek area in 1221. His work culminated in
the publication of U. S. Geological Survey Bulletin 872,
"The Yukon-Tanana Region, Alaska", in 1937. Incorporated
{in this work is the otherwise unpublished stratigraphic
and paleontologic information obtained by Eliot Blackwelder
in the Fossil Creek area during 1915.

In addition to the topographic and reconnaissance
geoclogic studies made by the U. S. Geological Survey, the
surface waters of the area were very briefly studied as
part of the program of surface water 3tudies conducted
from 1907 to 1912 in the Yukon-Tanana region.

Since 1937 no published work has appeared concern-

ing the geology of the Fossil Creek area. However, several



oil exploration parties are known tc have examined the

reglion during the past several years,

Present investiqgation
Scope of the report

The purpose of this study was to gailn understanding
of the detailled geology of a relatively small area which
would ylield regionally significant information on the
atructure and stratigraphy of the Ordovician and Silurian
rock units and their relationships to the nre-Middle
Ordovician metamorphic roéks. The Fosail Creek area was
saelected because of excellent vertical and areal exposure,

This report nresents the reeults of an integrated
field and laboratory study of the Fossil Creek area, in-
cluding a 1:20,000 scale geological map and structure
sections,

The report includes an analysis of the geolegic
history of the area in respect to the regional tectonic

setting.
Field and laboratoxry methods

During the firat week of the £ield season, which
lasted from June 3, 1960 until September 2, 1960,
Dr. Robert Forbee, thesis advi;or tco the writers, and
the latter made a 7 day reconnaissance of the Fossil

Creek area. This was done in oxrder to obtain a better



appreciation of the geological and geographical p»roblems
to be encountered in the area. As a result of this re-
connaissance it was decided that Church should study the
northerm Fogsil Creek ridge area and that Durfee would
be responsible for an adjacent area to the southwest. 1In
addition, posaible access routes, base camp sites, and
alrdrop locations were investigated. From the information
gained on this traverse a fileld schedule was egstablished
and arrangements were made for aerial resupply at the
bage camp sites on specified days. g

derial photographs at an approximate scale of 1:40,000
were used in the field for mapping. The location of each
geclogic station was recoxded on the‘photoe at the same
time that the information was recorded in the notebook,.
In addition, structural attitudes, formational contacts,
fault traces, and other geologic information were recorded
on a photo. This information was tranaferred to U. S.
Geological Survey 1:63,360 scale maps, and from this a
final map was prepared on a 1:20,000 scale base. The
notes were supplemented by kodachrome and black and white
photographs.

Field work was accomplished from four base camps.
The areas within one day's range of each camp were mapped
first, and then 5 or 6 day pack trips were made to the
more remote partsa of each area.

Two measured sections of limestone were made in the

northern and central Fossgil Creek areas utilizing the
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brunton and tape method.

About 250 rock specimens wexe collected, and from
these approximately 200 thin sections were made. From
thin section analysis, the minexalogical composition,
textural relationships, and petrogenesis of the volcanic
and plutonic rocks was detexrmined. In addition, rock
chips were selectively stained for K-feldspar using the
sodium cobaltinitrite method.

The metamorphic yYocks raceived special study to
detexmine their mineralegical composition, metamorphic
grade, and metamoxphic history. In addition to thin
sections, polished asections, stained chipe and acetic
acid etches were prepared on carbonate specimens as an
aid in determining the characteristics and petrogenesis
of the Tolovanna limestone.

Céllections of fossils were made from several new
localities during the summer. These fauna were sent to
the Alaskan Geology Branch of the U, §, Geologiéal Survey

for identification.
C te, vegetation wildlife
Climate

The Foesil Creek area has the continental climate
typical of interior Alaska. The c¢limate (8 characterized
by long, cold winters with few daylight hours in midwinter,

and short, warm summers with almoat continuous daylight.
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There are no weather data for the Fossil Creek area,
but conditions probably differ little from Fairbanks.
Fairbanks has a mean annual temperature of 26.l°F, and
abgolute minimum recorded temperature of ~56CF. Freez-
ing temperatures have been recorded every month except
July (U. 8. Weather Bureau, 1943). The mean suwner tem-
perature is 57.8°F at Fairbanks,

The mean annual precipitation ia 11.7 inches, but
more than 60 pexcent of this falls during the fileld season,
from May through September. Thunderstorms are common in
the region.

The writers observed that wind is more common in the
White Mountains than at Fairbanks and that the velocities
seemed higher, although no measurements were taken.

Permafrost occurs discontinuously in the Fossail
Creek area, but no study of its extent or distribution was

attempted,
Vegetation

The vegetation of the Féssil Creek area conslists of
gspruce forest, alders, willows, dwarf birch, moss, lichens
and sedge tussocks, The valley of Fossil Creek and the
south facing slopes support dense growths of white spruce
and occasional cottonwood trees, White spruce up to 24
inches in diameter in the stream valleys, but decreases

rapidly in size and frequency toward timberline. Timberline



]2~

elevations are quite variable and depend on the degree of
gouthern expogsure and the rock type. On south facing
slopes where the bedrock i3 limestone, gpruce trees occur
up to elevations of 3000 feet. On north facing slopes,
where the bedrock 1s volcanic matexial, the timberline
may be only 2000 feet above sea level. Timber does not
occur on north facing slopes where the bedrock is lime-
stone,

Above timberline the vegetation changes from spruce
trees to dwarf birch. Above thieg occur lichens, moss, and
small flowering plants. The upper slopes of the limestone
ridges generally support plant communities of the heath
type according to Gjaerevoll (1953, p. 16l).

Denge alder and willow thickets occur along the banks
of Foagsll Creek and in poorly drained areas in the creek
bottom. These thickets also occur in draws on the south
facing slopes and are particularly abundant on the north-
west facing volcanic slopes,

Poorly drained areas on the interfluves and in creek
bottoms suppoxrt a muskeg vegetation of scrudb spruce, sedge
tussockse, Sphagnum mosses, alders, and willows,.

Flowering plants occuxr at all elevations, and, in
addition, high and low bush cranbexrrxries and blueberries

are plentiful,.
Wildlife

A number of varieties of animals occur in the Fossil



Creek area. Dall sheep are the most numercus of the big
game animals, and are frequently seen on the upper slopes
of Fossil Creek ridge, Black bears are very common also,
particularly in Fossil Creek Valley. The bears may be
very bothersaome and care should be taken to keep all food
gtored at least 10 feet off of the ground. Moose are also
present in the valleys, and caridbou were seen to the east
of the mapped area near the head of Fossil Creek. Grizzly
bear have been repcrted in the area, but none were
encountered.

Small animals such as rabbita, squirrels, marmots,
weasels, and mice were observed, and other fur-bearing
animals undoubtedly also occur,

The only game birds observed wexe grouse and ducks,
Hawks, falcons, eagles, ravens, owls, Alaska jays, and
many varieties of songbirds are also present.

Grayling are found in Fossil Creek and are the anly

fish present in the area,
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PHYSIOGRAPHY

Topogzaphy

The major topographic features of the Fossil Creek
area include a prominent northeast trending ridge system
of the White Mountains, segments of Beaver Creek and
Foasll Creek valleys, and a narrow, eastward extending
ridge rising towards, and including Cache Mountain (fig.2).

Possil Creek ridge is the major topographic feature
of the region., It is a northeast trending, barren rock
ridge of limestone and volcanic roeck which actually con-
gsigts of three segqments: a southexrn section south of
the mapped area and separated from it by the water gap
of Fossil Creek, a central section; and a noxthern sec-
tion which is separated f£rom the central section by a
wind gap (fig. 2). The altitude of the ridge crest is
generally more than 3000 feet in the central section, and
in the northern section it is generally more than 3500
feet in elevation. BSeveral peaks along the ridge are more
than 4000 feet above sea level. Tha crest of the ridge is
very rugged and serate, particularly in the portion formed
by vertical limestone beds, In the extreme southern part
of the mapped area Fossll Creek ridge bifurcates and two
ridges occur, separated by Be;r and Windy Valleys (fig. 3).
The eastern ridge 18 only 5 miles long and trends northeast

into the valley of Fossil Creek. =
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In the northern Fossil Creek area a smaller ridge
of volcanic rocks and limestone beds lies to the west of
the main ridge. The small ¥ridge is dissected by a number
of deeply incised valleys (fig. 2).

A seriles of spur ridges descend to the northwest
from Fossil Creek ridge to the valley of Beaver Creek.

The east flank of Fossil Creek ridge slopes steeply to-
wards the narrow valley floor of Fossil Creek.

Several gently sloping ridges descend westward from
Cache Mountain to Fogsil Creek valley and present a sharp
contrast to the abxupt rise to Fossll Creek xidge on the
west., A series of altiplanation terraces is present on
the ridges which descend from Cache Mountain.

Cache Mountain, elevation 4772 feet, is the highest
peak in the Fossil Creek area. The minimum elevation,'
approximately 1220 feet, occurs in the valley of Beaver
Creek where the creek flows westward out of the mapped area.
The maximum relief is over 3500 feet, but the average relief

is about 2000 feet.

Drainage

The runoff within the mapped area flows either into
Fossil Creek or Willow Creek, which are tributaries of
Beaver Creek, or directly into Beaver Creek from numerous

short tributary streams which drain the west slopes of
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Fossil Creek ridge (fig. 2). Beaver Creek flows north-
ward into the Yukon River,

All of the streams, including Beaver Creek, are
clearwater streams. None of the streams in the actual
study area are navigable except Beaver Cree}l, which can
be navigated in a small Dboat.

Much of the drainage of the area underlain by lime-
stone ls internal. During rainstorms the water rapidly
disappears into talus slopes and reappears at the base of
the glopes as springs. Most of the small tributaries of
Fossll Creek are intermittent and flow only for a few
hours after a heavy rain.

Fossil Creek, which heads on the north side of Cache
Mountain, flows southward, parallel to Fossil Creek ridge,
until it cuts through the ridge at the southern limit §f
mapping (fig. 2). It recelves the run-off from the east
slope of Fossil Creek ridge, as well as from the northern
and western alopes of Cache Mountaih.

Both Beaver and Fossil Creeks have had long and com-
plex historiles (Mertie, 1337, p. 27)., Fossil Creek prob-
ably previocusly flowed through the wind gap that now
separates the central Fossil Creek ridge area from the
northern Fossll Creek ridge area. Later it was captured
by a stream flowlng southward to Beaver Creek, without
crossing Fossill Creek ridge. Still later, a small trib-

utary of Beaver Creek, by working headwardly across Fossil
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Creek ridge; captured Fosgill Creek and formed its present
course. At one time, the channel of Fossil Creek might
have been incised farther west than at present, along a

course now marked by possible valley floor remnants,

Windy Pass and Bear Pass (fig. 2).
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GEOLOGIC SETTING

The rocks that crop out in the Yukon-Tanana region
range in age from Precamdbrian through Quaternary. Every
system except the Jurassic is represented by sedimentary
or netamorphosed sedimentary rock units, including meta-
sediments and metavolcanics; unaltered volcanic rocks;
marine shales, limestones, cherts, sandstones, and con-
glomerates: and continental sandstones, shales, conglom-~
erates, and coal measures. Devonian, Cretaceous~Jurassic
and Tertiary intusives also occur and range in composition
from ultrabasic to acidic, and in size from small dikes
to batholiths (fig. 4).

The Yukon-Tanana uplandd region 18 to a large extent
located on the Tanana geanticline (Payne, 1955), the broad-
est of three major geanticlines created during the Early
Cretaceous orxogeny, and to a lesser extent in the area of
the Kuskokwin gecosyncline created during the same orogeny.
The Tanana geanticline has been traced from the eastern
. part of the Kuskokwim region northeastward to central
Alaska and thence eastward into Canada (fig. S).

The Kuskokwim geosyncline is north of the Tanana
geanticline and roughly parallels it. The Fossil Creek
area 1s between the axes of these two major Mesozoic
structural features, but i3 closer to the axis of the

Kuskokwim geosyncline.
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During the late Cretaceous and Tertiary orogenies
local arches were developed along the axis of the Kusko-
kwim geosyncline resulting in removal of much of the
Mesozoic and Paleozoic sedimentary cover from local areas.
The presence of one of these arches in the Fosgsil Creeck
area would explain the lack of upper Paleozoilc, Mesozolic,
or Tertiary sediments 4in the area., Within the Fossil
Creek area only pre-Middle Ordovician metamorphic rocks,
Ordovician volcanic rocks, Silurian carbonate rocks, un-
consolidated Quaternary sediments, and acidic and basic

intrusives have been recognized.



Fi~ure €, Cache Mountain and adjacent peaks
as seen from central Fossil Creck rilge,

The broad, well rounded ri-dges ol the lower
sloves are underlain by pre-iddle Ordovician
rocks.

Tigure 7., A small overturned fold in pre-
Middle Ordovician sequence which crops out at
south end nf Fossil Creck ri-ige between ““ndy
Vallay and Fossil Creek, The Told axis »lunges
h0%, N 65° E,
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THE PRE-MIDDLE ORDOVICIAN SEQUENCE

Mertie (1937, p. 66) has subdivided the pre-Middile
Ordovician rocks into five lithologilc units whilch arxe ex-
posed along a zone from the north end of the White Mountains
southeastward to Champion Creek, These units are generalized
by Mertie as follows:

A. Slate and quartzite (top of section).

B. Black argillite, slate, and chert.

C. Red and green slates, quartzose sandstone, and a

little limestone.

D. Quartzose sandstone and grit, in part feldspathic

arkose and greywacke, all interbedded with slate.

E. Phyllite and quartzite, overlain by somewhat less

altered quartzitic rocks.

According to Mertie, the Fossil Creek area 1s bcrdered
on the northwest by Unit A, and on the southeast by Unit B,

Unitg C, D, and E occur successively to the southeast.

Regicnal distribution

Pre-Middle Ordovicilan rocks occur in a northeast trend-
ing belt extending from the Tatalina River to the north fork
of Preacher Creek (Mertie, 1937, p. 65). Rocks representing
a continuation of this belt crop out further to the southwest
in the area between the Tolovana and Tanana Rivers. The main

portion of this belt is over 390 miles long and the maximum
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width 18 approximately 20 miles (Mertie, 1937, plate 1).
The White Mountains occur within this northeast trending
belt.

Another belt of pre~Middle Ordovician rocks extends
eastward from the lower valley of the Chena River for approx-
imately 160 miles into the Forty Mile region. Thils belt is

approximately 30 miles wide.

Local distribution

The Fossil Creek area 1is bounded on both the northwest
and southeast sides by pre-Middle Ordovician rocks. Along
the northwest margin of the area these units form the low
rounded spurg riging from the valley of Beaver Creek towards
Fossil Creek ridge. Along the southeast margin of the area,
the pre-Middle Ordovician rocks occur in a belt which extends
generally east of, and parallel to Fossil Creek (pl. 1l.).

Three isolated exposures of the pre-Middle Ordovician
rocks also occur in the area. The largesat of these occurs
to the northwest of Fossil Creek ridge and appearxs to be the
core of a small anticline. Another exposure occurs in a
structurally complex portion of northern Fossil Creek ridge.
A very small slice of pre-Middle Ordovician rocks has appar-
ently been brought up by a thrust fault in the southern part
of the area (pl. 1l.).

In order to facilitate the petrologic description of

the pre-Middle Ordovician rocks they have been divided into
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four units based on either thelr structure or geographic
position. These units are as follows:

1. Cache Mountain units

2. Southern Fossll Creek units

3. Beaver Creek units

4, Central Fosgsll Creek-Southern Willow Creek units

Generally, the areas underlain by pre-Middle Ordovician
rocks are topographically expressed as low, rounded ridges
which are almost completely covered by vegetation (fig.
6): good exposures are rare., Rubble can be picked up in
frost scars and stone nets, however. Outcrops8 are almost en-
tirely restricted to small gtream valleys and to the steep

edges of altiplanation terraces.

Stratigraphli¢c thickness

No reliable estimate of the thickness of the pre-~Middle
Ordovician rocks can be made. Basal units have not been rec-
ognized in thé area, and the nature of the upper contact with
the Ordovician Fossll Creek volcanle rocks 1s obscure. The
structure of the pre-Middle Ordovician units is also very com-

plex, whilch makes thickness estimation additionally difficult.
Structure

The foliation in the pre-Middle Ordovician metamorphic
rocks strikes approximately N 60° E, and generally dips to the
southeast, Occasional dips to the northweat were recordeqd,

however. The trend ranges between N 35° E and N 85° E. The
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rocks generally appear, howevexr, to be isoclinally folded,
with axial planes dipping to the southeast,
Very few folds were found, and where they occur, the

plunge varies considerably (fig. 7).

Petrology

Cache Mountain units

The pre-Middle Ordoviclan rocks which crop out between
Fogsll Creek and Cache Mounﬁain are chiefly low grade and low-
est medlum grade synkinematically metamorphosed, slightly
argillaceous, guartz rich sediments. Near the contact zone
of the Cache Mountain intrusive, late recrystallization caused
by static thermal metamorphism tends to obscure the earlier
échistose fabric in favor of a hornfelsic texture. Minor
metaéilgstone and metavolcanic intercalatlons are also.
present,

Because of lithologic similarity, the small slice of
pre-Middle Ordovician rocks brought up along a thrust plane
in the limestone in the southern part Sf the area 1s discussed
here with the Cache Mountain units (fig. 8).

The Cache Mountain units include the following rock
types:

Metasiltstones !

Phyllites and phyllitic schists

Polymetamorphosed quartz rich pelitic rocks
Blotite-bearing actinolitic hornblende horn-

fels



Fisure 8, An outcron showing a sma:l slice

ol pre-=Hiddle Ordovician rocks which have bezn
brought up along Zault "G", The outcrop is
located on the east side of Foszil Creek ridge
in the sontheastermn portion of thz area,

Figure 9, Photomicrosraph sh-win: s7 and ss
transecting relationships in nolymetamornhosod
quartz rich peletis rock (s=ecimen no, li: pl. 5).

Crossed nicols, X 80,
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Metagiltstones.-- (Specimen no. l; pl. S) An extreme-

ly fine grained, massive, dark green metasiltstone occurring
on the low end of the mapped ridge rising towards Cache Moun-
tain is chiefly composed of very fine grained clastlic quartz
and plagloclase; the accessory minerals are zircon, tourmaline,
magnetite, and apatite. 8Some of the clastic plagioclase
grains show relict polysynthetic albite twinning, with extinc-
tion angles indicating an approximate composgition of sodic
andesine, A alight amount of recrystallization of the guartz
has occurred, indicating that the rock has undergone low grade
synkinematic metamorphism.

Phyllites and phyllitic schistg.-- (Specimen nos. 2

and 3t pl. 5} The majority of the rocks in the Cache Moun-
tain units are quartz rich metamorphic rocks with varying
amounts of‘argillaceous material. These xocks are typically
fine to medium grained and weather to a dark green to tan col-
ox. A foliation is observable in the morelargillaceous types.
Tféical mineralogy includes clastic quartz and a few grains
of clastic oligoclase-andesine, recrystallized albite, well
developed muscovite, chlorite, and incipient bilotite. Common
accessory minerals include zoned tourmaline, apatite, and mag-
netite. 2ircon and rutile occur less commonly a8 accessories,
The clastic grainas range from less than 1 mm to approx-
imately 3 mm in diameter and are generally well rounded,
Occasionally, twinning is preserved in the plagiloclase; more
commonly it has been obliterated by recrystallization. Seri-

clte, chlorite, some muscovite, and incipient biotite occur
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interstitially; the parallel alignment of these minerals
defines a well developed crystallization foliation. Recry-
stallized and sheared clastic quartz also shows a fair degree
of preferred orientation, with the ¢ axes normal to the direc-
tion of foliation.

These rocks represent the recrystallized equivalents
of impure guartz rich sediments containing varying amounts of
argillacecus material. The schistose fabric and the presence
of the mineral agsemblage, muscovite, chlorite, and incipient
biotite indicatéa that these rocks have been subjected to syn-~
kinematic metamorphism, of a grade transitional between upper-
low and lowermost medium grade (£ig. 1lO.

Polymetamorphosed quartz rich pelitic rocksg.-~ (Specimen

no. 4; pl. 5) The polymetamoxphosed quartz rich pelitic rocks
have essentially the same megascopic characterlstics and min-
eralogy as the dynamically recrystallized quartz rich argilla-
ceous rocks, They are fine to medium grained and weather a |
dark green to tan color. They contaln clastic quartz, some
clastic plagioclase, recryatallized albite, chlorite, musco-
vite, and incipient bilotite. Tourmaline, apatite, magnetite,
and rutlle occur as accessorles.

In addition to an earlier crystallization foliation
defined by parallel oriented muscovite, chlorite, and incipi-
ent biotite, some of these rocks show a latent transecting
schistosity (s;) defined by incipient sericite. This 8, tran-

sects the original foliation at an angle of approximately 3S°,
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Superimposed on these two s planes are the effects of a still
later hornfelsing, as evidenced by randomly oriented muscovite
and sericite (fig. 9).

These pelitic rocks have a polymetamorphic histozxy.

The original quartz rich argillaceous sediments have been sub-
jected to two perlods of synkinematic metamorphism as well as
a later static therxmal metamorphism. The record of the earli-
est dynamic metamorphism.ls defined by the parallel alignment
of the muscovite, chlorite, and incipient biotite. The later
stage of dynamic metamcrphism is indicated by transecting s,
defined by late gericite. Directionless muscovite and seri-
cite are related to the static themal metamorphism produced
by intrusion of the Cache Mountain pluton,

It is probable that all of the Cache Mountain pre-Middle
Ordovician metamorphic rocks have a polymetamorphic history,
but the evidence of the earllest synkinematic metamorphiam is
geldom preserved,

Biotite bearing actinolitic hornblende hoxrnfels.-~-

(S8pecimen no, 5; pl. 5) A dark gray, fine grained, massive
metavolcanic unit occurs near the contact of the Cache Mountain
intrusive. The rocks in this unit are composed of actinolite,
plagloclase, quartz, bilotite, and accessory amounts of apatite,
magnetite and rutile. Some of the amphibole is compositional~
ly closer to actinolitic hornblende than actinolite.

No relict volcanic textures are prxeserved. The acicular

4

fine grained actinolite has formed matted, directionless aggre-

gates. Bilotite crystals are also randomly oriented (fig. 11).



Figure 10, Photomicrograoh of phyllitic schist
transitional betreen upper-Ilow and lower medium
grade from the pre-Middle Ordovician of Cache
Mogntain (specimen no, 33 pl. 5). Crossed nicols,
X 80,

Tigure 11, Photomicregraph of biotite bearing
actinolitic-homblende hornfels (specimen no,
5; pl. 5) showing randomly oriented, matted
actinolite ngmrecates, From the pre-Middle
Oriovician of Cacre Mountain, Crossed nicols,
X 80,
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Although no relict igneous texture remains, the min-
eralogical assemblage suggests that this rock was originally
a basic volcanic. Subsequent static thermal metamorphism
assoclated with the emplacement of the Cache Mountain intru-

gsive has hornfelsed the rock.
Southern Fossil Creek units

Two specimens were studied from the vailey of Fossil
Creek south of the Cache Mountain units. Both of these were
plcked up as rubble as the area is almost completely covered.
Both are low grade dynamically metamorphosed rocks. The south-
ern Fossil Creek units consist of the following rock types:

Greenschists
Impure marbles

Greenschigt.-- (Specimen no. 6; pl. 5) The fing grain-
ed, dark green, greenschist gshows a definlte foliation in the
hand specimen. Carbonate, chlorite tboth pennine and c¢lina-
clore), plagloclase, gquartz along with diopsidic augite, mag-
netite and stilpnomelane make up the rock. Accessories include
leucoxene and apatite.

The rock 1s generally fine grained, except for a few
mediur grained relict diopsidic augite and magnetite pheno-
clasts which have been sheared and stretched parallel to the
foliation. Chlorite and stilpnomelane have grown around these
phenoclasts parallel to the foliation. A cxystallization fol-
lation is fairly well developed. The carbonate comprises over

40 per cent of the rock, while the pyroxene and chlorite each
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comprise approximately 15 per cent. The plagioclase, quartz,
magnetite, and stilpnomelane are minor minerals, and togethex
comprise approximately 25 per cent. The accessories make up
the reagt of the rock.

The rock was orlginally a basic volcanic, as indicated
by the relict mineral assemblage. Later low grade synkinema-
tic metamorphism has produced the foliation which 13 defined
by the chlorite and stilpnomelane, and has also sheared and
deformed the relict pyroxene and magnetite. Much of the car-
bonate has probably been added later by hydrothermal solutions.

Impure marbles.-~ (Specimen no. 7; pl. 5) The impure
marbles are very filne grained, weathexr to a light gray color,
and show a distinct follation. They are dominantly composed
of carbonate, with minor quartz, tremolite, and opaque carbon-
aceous matter.

Closely spaced shear planes and the preferred orienta-
tion of the tremolite and carbonaceous matter occurring within
and parallel to these closely spaced shear planes define the
follation. The calcite has been recrystallized and shows well
developed glide twinning.

The assemblage carbonate, quartz, and tremolite indicate
that recrystalllzation occurred under the conditions of low
grade synkinematic metamorphism, and that the parent rock was

an lmpure dolomitic limestone.
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Beaver Creek units

Pre-Middle Ordoviclan metamorphlc rocks are very poorly
exposed along the west margin of the mapped area., The rock
units that do crop out include the following:

Quartzites
Greenschists

Black aslates

Quartzitesg,-- (Specimen no. 8; pl. 5} The light gray,

fine grained, massive quartzites (fig. 12) that occur in the
Beaver Creek units are extremely pure, containing 98 to 99 per
cent quartz, minor sericite, chlorite (pennine), and incipient
biotite. Sphene, zircon, rutile, and opagues occur as acces-
sory minerals.

The quartzites are directilonless. The quartz grains are
embayed and fractured, however, and show undulatory ex;inction
so that the rock no longer appears to have a sedimentary tex-
ture, Because of theilr monominerali& character, these quartz-
ites do not provide reliable assemblages for an accurate deter-
mination of metamorphic grade, but the presence of sericite,
chlorite, and incipilent bilotite suggests that metamorphism was
due to temperatures assoclated with the upper part of the low
grade zone,

Greenschists.-- (Specimen no. 9: pl. 5) The light

green, dense, fine grained greenschiasts (fig. 13) are composed
of relict anhedral diopsidic pyroxene phenoclasts in a very
fine gralned matrix of untwinned plagioclase (albite?), epidote,

and chloxite; in some samples, small quantities of vexy fine



Fimare 12, Pre-lMiddle Ordoviecian quartzites which
cron out in one of thz Beaver Creek units (speci-
men no, B8; pl, 5).

Firure 13, Pre-Miidle Ordovician pgreenschists
which crop out at specimen locality 9; pl, 5,
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grained gexicite, quartz, sphene, incipient biotite, and in-
cipient amphibole.

These greenschists display a strong follation which is
chiefly produced by the subparallel alignment of chlorite and,
when it is present, incipient biotite,

The mineral assemblage albite-epidote~chlorite is defin-
itive of the greenschist facles. These rocks have been formed
by upper low grade synkinematic metamorphism of basic (andesi-
tic or basaltic) volcanic rocks which may have been 1in part
tuffaceous.

Slates.-- (Specimen no.l0:; pl. 5) The slates 1in the
Beaver Creek units are very fine grained, thinly bedded, black
in color, and foliated (fig. 14). No mica was detected. The
outcrop was intensely foliated and contorted.

The original sediment probably was a fine grained shale.
Later low grade synkinematic metamorphism produced the present
xock.

The slates are anomalously of lowe¥ metamorphic grade

than the quartzites and greenschists in the Beaver Creek units,

Central Fossil Creek -~ gouthern Willow Creek units

This unit includes the pre-Middle Orxdovician rocks which
cxop out along the central part of Foasil Creek, on the intex-
fluve between Fossil and Willow Creeks, and in the core of

the anticlinal structure northwest of Fossil Creek ridge (pl. 1).
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The units which occur in this area compose a.petrologic
and compositionally heterogeneous sequence, Rock types pre-
gent include synkinematically metamorphosed metasediments of
lower most and upper low grade, and polymetamorphic rocks which
diasplay hornfelsic textures superlmﬁosed by static thermal
metamorphism on the pre-existing synkinematic foliation., Rock
types include:

Carbonate rocks
Impure chert
Quartzite
Slate

Phyllite
Hornfels

Carbongte rocks.-- (Specimen nos. 11 and 12; pl. 5)
These rocks vary in composition from almost pure carbonate
rocks to cquartzose and highly arglllaceous carxbonate types.
The carbonate-quarxtzose carbonate compositional range 1s most
common, however., The carbonate rich members are typically
dark gray and some apecimens display a well developed folia-
tion. The quartz rich members are dark to medium gray, poorly
bedded very fine grained, and are not follated. Representative
types are composed of fine grained calcite and O to 40 per
cent fine to medium grained, rounded to subrounded quaxtz and
quartzite fragments. Chlorite (pennine?) is common, and clas-
tic plagiloclase, opaque minerals, incipient biotite, organic
material, and sericite occur as minor constituents. Epidote,
sphene, amphibole, tourmaline, and xrutile occur as accessory

minerals,

The textures of the carbonate rocks are quite variable.
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Tyoically sedimentary quartzose carbonate members have only
guestionable, very weakly develooed shear zones and display

no effects of recrystallization. Some units display well
develoved shear zones although the clastic grains do not ap-
pear to be recrystallized. Other units are intensely sheared
marbles displaying closely spaced shear planes and eliptically
trimmed quartz grains, and in some cases, recrystallized quartz
grains. Generally the foliation is produced by closely spaced
shear planes with chlorite often developed in the shear zones.
In the marbles, however, sericite or inciplent biotite has

also developed along the shear planes, and in some of these

the foliation may actually be a crystallization foliation rath-
er than a mechanical foliation. Much of the calcite shows

well developed glide twinning.

These rocks represent impure carbonates which were proba-
bly deposited in a marine environment and later subjected to
penetrative deformation which produced shearing and possibly
some low grade synkinematic metamorphism, as indicated by the
foliation and the mineral assemblage. The varying degrees of
deformation and metamorphism seen in these sediments may be due
to the difference in competence of the various parent rock
types of the central Fogssill Creek-southern Willow Creek units,.

Impure chert.-- (Specimen no. 13; pl. 5} The dark gray

to black, slightly calcareous, banded cherts (fig. 15) which
appear scattered throughout the unit are composed primarily

of quartz and chalcedony, and often contain abundant organic



Tigure 1L, TFine grained, Shinly bzdded, black
slate (specimen no, 10; pl, 5) from the pre-
Middle Ordovician of the Beaver Creek arza,

Tigure 15, ILayered impure chert in the pre-
Middle Ordovician central TFossil Creek - southern
“Jillow Creek unit, which crops out at specimen
locality 12,
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material. Calcite, sericite, and chlorite also occur in
minor amounts.

The cherts are extremely fine grained and often display
compositional layering due to differences in carbonaceous
content, Some of the cherts show no effects of deformation,
but others display a poorly developed foliation as a result
of sub-parallel alignment of very fine grained sericite and
chlorite.

Due to poor exposures of the chert units 1t is difficult
to determine their origin. At some time after they were de-
posited some units were slightly recrystalliized.

Impure quartzite.-— (Specimen no. 1l4: pl. 5) These
dark greenish gray, fine-grained micaceous quartzites are
typlcally composed of very fine grained, subrounded quartz
grains and variable amounts of clastic plagioclase (calclic
oligoclase), muscovite, organic matter, and incipilent secon-
dary bilotite. Opaque minerals and tourmaline are common ac-
cessory minerals.

Relict bedding 1is present in some of these quartzites
and the quartz grains often do not appeaxr to have been much
recrystallized. The follation of some of the quartzites is
defined by poorly developed shear zones which appear to be the
result of shearing without recrystallilzation:; other units dis-
play well developed crystallization foliation defined by the

parallel alignment of sericite and incipient biotite.
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The mineral assemblage and textures of these rocks indi-
cate that they were originally deposited in a marine environ-
ment as argillaceous cquartzose sandstones and subarkoses. Later
they were subjected to low grade synkinematic metamorphism.

Phyllitic slate.-- (Specimen no., 15; pl. 5) The black,

darxk gray, and green slates which ocecur at this locality are
generally siliceous (fig. 16). They are composed of extremely
fine grained quartz, plagloclase (albite), sericite, chlorite,
and organic matter. Incipilent biotite (?) 1s also occagion-
ally present,

The directional fabric of some of these rocks 1s produced
by closely spaced shear planes, and véery little recrystalliza-
tion appears to have taken place. Other specimens display
well developed crystallization foliations produced by subparal-
lel alignment of chlorite, sericite, and incipient bilotite.
Late veinlets of quartz crosscut the follation. Often a mylon-
itic zone has developed along the contacts between these late
quartz veinlets and the surrounding slate.

The rocks included in this unit underwent deformation
which produced shearing without recrystallization as well as
low grade synkinematic metamorphism. The mechanically sheared
rocks, might better be referrxed to as sheared argillaceous
rocks rather than slates, but have been included in this unit
as there seems to be a complete gradation between the two end
members,

Phyllite.-- (Specimen no. 167 pl. 5) The gray green

phyllitic members of the sequence are composed of very fine



Figure 16, Phyllitic slate in thz pre-iidlle
Ordo-ician central Fossil Creek - southern
Willow Creek unit, which crops out at specimen
locality 1k,
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grained plagloclase, sericite, epldote, and incipient bilotite

(possibly stilpnomelane), which I8 confined to the shear

planes. Magnetite and graphitic material are also present in

accessory quantities.

The phyllites display a well developed crystallization
foliation produced by parallel alignment of sericite and the
development of incipient biotite (?}) in the shear zones. Sub-
isoclinal shear folds are also present.

These rocks were formed by upper low grade synkinematic
metamorphiam of arglllaceous rocks.

Hornfelsed sediments.-- (Specimen no. 17; pl. 5) A

number of small basic dikes intrude the metamorphic units of
the central Posgil Creek -~ southern Willow Creek units. These
intrusives have superimposed static thermal metamorphic effects
on the pre-existing synkinematic foliation. The mineralogy of
these gray, massive hornfelsed rocks is very similar to that
of the dynamically metamorphosed arglllaceous rocks which the
dike intrude. They arxe dominantly composed of plagioclase
(alblte), sericite, and graphitic materials, and traces of epl-
dote, amphibole, and zircon. In addition to the hornfelsed
arglillaceous rocks observed near the contact of basic dikes,
at least one micaceous guartzite appears to have developed
late static muscovite and biotite,.

Hoxrnfelsic textures are defined by randomly oriented
gericite, muscovite, and bilotite. The micaceous quartzites

still retain their crystallization foliation which is outlined



-37-

by oriented sericite and incipient bictite. The late static
recrystallization is indicated by randomly oriented muscovite
and blotite which tend to obliterate the earlier schistosity.
The polymetamorphic history of the rocks is due to late
contact metamorphism related to the 4intrusion of the small
basic dikes as superimposed on an earlier synkinematic folia-

tion, .

Age and correlation

The only fossils found in the pre~Middle Oxdovician se~
quence were collected by Blackwelder in 1915, These werxe
found in the upper portion of unit B, along Willow Creek, and
have been dated as either Early Ordovicilan or Late Cambrian
in age (Mertie, 1937, p. 73). Mertie suggested that unit B
was Lower Ordovician, and that the overlying unit A was either
Lower Ordovician, or lower Middle Ordovician. He also suggest-
ed the presence of an unconformity between units B. and C, and
that units C, D, and E were Precambrian and correlative with
the lower portion of the Tindir group (Mexrtie, 1937, p. 75).

Because units A, B, C, D, and E were not described in
detall by Mertie, the writers were unable to correlate these
units with the pre~Middle Ordovician rocks in the Fossil Creek
area.

Dutro (1959) dates these saﬁe pre-Middle Ordovician units
as posgibly being Early Orxrdovician and Late and Middle Cam-
brian. These are then péssibly undexrlain by Upper Precambrian

Yocks.
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Metamorphic gnomalies

The metamorphic grade of some pre-Middle Ordovician
rock types 1is anomalously low when compared to the somewhat
higher metamoxphic grade of other types in the seguence. The
metasiltstone (page23 ) on the flank of Cache Mountain and
the slate (page3l ) in the Beaver Creek area are of lower
grade than the adjacent phyllites, phyllitic schists and green-
schista. Fileld relationships are concealed by extengive cover
and the cause of these anomalies is uncertain. Possible ex-
planations include infolding, faulting, local up grading due
to migmatization or local highs in the isothermal pattern dur-

ing metamorphism.
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ORDOVICIAN FOSSIL CREEK VOLCANICS

The name "Fossil Creek Volcanics" was applied to this
unit by Mertie (1937, p. 81l) for exposures in the vicinity of
Fossll Creek. Prindle (1913, p. 37) previously grouved this
unit with the pre-Middle Oxrdovician rocks, and called the en-
tire group the Tatalina group, questionably dated as Ordovi-
clan in age.

No attempt has been made here to stratigraphically sub-
divide the unit, Layering 1s obscure and therefoxe the strxruc-
tural relationships within the sequence are not well understood.
While the unit 1is largely volecanic, rare conglomeratic and

quartzitic sandstone units do occur.

Regional distribution

The Fossil Creek Volcanics appear to be restricted to
the White Mountains. They occur 4in a narrow belt, within and
parallel to the reglonal trend of the pre-Middle Ordovician
rocks. The major portion of this belt astretches approximately
25 miles southwestward from Willow Creek to Beaver Creek, near
the blg bend of Beavexr Creek. This belt is8 never more than
5 miles wide., A few discontinuous occurrences of the Possil
Creek Volcanilecs crop out southwest of this main belt (Mertie,

1937, pl. 1) (fig. 4).
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Local distribution

The Fossil Creek Volcanics crop out in two main belts
in the White Mountaings: the west marginal belt, and the cen-
tral belt (pl. l). The west marginal belt lies adjacent to
the western limestone ridge. The central volcanic belt nearly
everywhere separates the two main limestone ridges. Towards
the south, the central belt thins and disappears, and then re-
appears in the extreme southern portion of the area. To the
north, the outcrop pattern of the volcanics widens, joining
the western marginal belt and extends around the northern end

of the eastern limestone ridge (pl. 1l).

Stratigraphic thickness

Due to the massive character of the volcanics, attitudes
waere not obtained, and the true thickness must be estiﬁated.
Mexrtie (1937, p. 84) estimates 2000 feet as a minimum thickness
for the volcanic unit. Generalized structure sections in this
report (pl. 1) indicates that this is probably the correct orxr-
der of magnitude, Fault contacts, however, make estimation

difficult,

Petxoloqy

The Fossil Creek Volcanics include a variety of sedimen-
tary, pyroclastic, and flow rocks. Altered pyroxene andesites
predominate, although altered tuffaceous conglomerates are

nearly as abundant in the north half of the area. Locally,
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altered tuffaceous agglomerates occur and a quartzose sand-
gtone unit was also mapped at two locationg. Near fault
contacts, the volcanics are often highly sheared and distinct-
ly follated. The volcanic units are commonhly severely altered
by hydrothermal action. The Fossil Creek Volcanic sequence
contains the following rock types:

Altered pyroxene andesites

Quartzose sandstone

Altered tuffaceous conglomerates
Altered tuffaceous agglomerates

N Flow rocks

Altered pyyoxene andesites.-- (Specimen no. 18; pl. 5)
The altered pyroxene andesites typically display a fine grain-
ed ground mass containing subhedral phenocrysts. In outcrop
the rocks are dark green, dense and massive (fig. 17 and 18).

The altered pyroxene andesites are composed of sﬁbhedral
phenocrysts of augitic pyroxene and oligoclase-andesine, in-
bedded in a very fine grained matrix of euhedral oligoclase-
andesine microlites and anhedral pyroxene grains. Calcite,
chlorite, quartz, clinozosite, pistacite, and altered volcanic
glass also occur as minor constituents., Accessory amounts of
sericite, prehnite, leucoxene, magnetite, zircon, pyrite and
ld4dingsite alaso occur. Spherulitic aggregates of pumpellyite
and vesicles filled with plagioclase (albite?), calcite, chlor-
ite and zeolites also occur.

All of the pyroxene andesites display the effects of

hydrothermal alteration to some extent. The degree of alteration



Figure 17, Altered oyroxene andesites which
crop out in the central volcanic belt in the
south central portion of the area, west of
Fossil Creek,

Altered pyroxene andesites which crov
out in the west marginal belt in the southweslemn
portion of the mapped area, between Bezaver Creek
and TFossil Creek ridge,

Figure 18,
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varles from minor amounts of sericite and incipient chlorite
along the twin planes of plagioclaée to rare examples of
wholesale saussuritization of plagiloclase by prehnite and/ox
calclite,

Alteration of the plagioclase has produced free calcite,
prehnite, and clinozosite, Commonly more calcite is present
than that which could have been derived from the decalcifica-
tion of plagioclase. Carbonate 1is commonly present in the
matrix as well as In and around plagioclase phenocrysts. Oc-
casionally phenocrysts and microlites have been completely
replaced by pseudomorphous aggregates of calcite. Prehnite
is less common than calcite although occasionally it may be
more abundant. Clinozosite also occurs as a plagioclase de-
calcification byproduct, although pilstacite 1s the more common
epidote mineral.

Sericitization of plagloclase grains 1is largely incl-
pient, and is commonly restricted to the compositional planes
of polysynthetic twins of both phenocrysts and microlites,

A considerable.amount of chlorite has also formed from
the mutual alteration of pyroxene and plagloclase. Evidently,
magnesium has been contributed to the reaction by adjacent
pyroxene. ~ Fine grained acicular aggregates of chlorite com=
monly ocecur as vesicle fillings although such aggregates are
also distributed randomly throughout the matrix.

Volcanic glasgss 1ls often preaent, and it has been altered
to a semi-opaque, tuxrbid, dark brown mineraloid. Some of this

matexial appears to be palagonitic.
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The pyroxene seems to have been more resistant to hydro-
thermal alteration. The phenocrysts as well as smallexr grains
in the matrix are relatively unaltered.

The altered pyroxene andesites are typically porphyritic,
with medium grained pyroxene and plagloclagse phenocrysts im-
bedded in a very fine grained ground mass, The phenocrysts
generally range up to 4 or 5 mm in diameter and are usually
subhedral. Euhedral phenocrysts do occur however. Filled
vesicles are also common. The matrix is often so fine grained
that individual grains are indistinguishable even under the
microscope. Volcanic glass and mineraloildal materilal are
cormmon in the matrix. Fine grained euhedral plagioclase micro~
lites and anhedral pyroxene gralns comprise most of the matrix.
In many s8pecimens the microlitic ground mass shows flow struc-~
ture.

Shearing along fault contacts has locally produced green-
schists from the altered pyroxene andeéites. An incipient
follation and accompanying effects of recrystallization which
dlisappear away from the contact are present at a number of
localities. Some alblte has retrogressively recrystallized
from the plagioclase phenocrysts., Pyroxene phenoclasts have
been sheared, fractured and stretched out parallel to the
foliation. The foliation 18 often visible in the outcrop as
well as in thin section. Similar structures are present in

other Fos 81l Creek Volcanlc units near fault contacts,
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The presSence of vesicles and the trachytlic textures
clearly indicate that these rocks originated as volcanic
flows. The original basic melt began to cool glowly, as
indicated by the plagioclase and pyroxene phenocrysts., Upon
extruasion, however, the cooling was much more rapid as indi-
cated by the extremely fine grained glassy matrix,

After consolidation, these volcanic rocks have under-
gone a period of hydrothermal alteration which has altered
the plagiloclase phenocrysts and more rarely the minerals com-
posing the matrix. Glass has been somewhat altered and devi-
trified. In some cases considerable calcite has been deposited
by hydrothermal solutions. Pyroxene graina, however, are re-
latively unaltered.

The evidence is inconclusive as to whether these flows
were marine or continental, No plllow structures were seen
in the field. The volcanic conglomexates contain pebbles which
are definitely water rounded. This rounding could represent a

fluvial as well as marine environment.

Sedimentary rocks

[}
Quartzose sandstone.-- (Specimen nos, 19 and 20; pl. 5)

One quartzose sgsandstone interbed was found within the Fossil
Creek volcanic rocks. This was found in both the northern and
southern portions of the area. No estimates of thickness
could be made.

These rocks are dark green in outcrop, medium grained,

and very dense and hard. They consilst chiefly of clastic quartz
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and minor plagloclase grains cemented by interstitial calcite.
Infrequent clastic guartzite fragments are also present. Con-
Biderable chlorite also occurs'inte:stitially. Accessory
amounts of sericite, epidote, zircon, apatite, leucoxene and
magnetite are also present,

The size distribution of clastic gquartz grains is bimodal.
The largexr quartz grains are well rounded and coarse grained,
ranging from approximately 1 to 2 mm in diameter. The smaller
guartz grains are sub-rounded to rounded and are medium grain-
ed, averaging approximately .5 mm in diameter. The clastic
plagioclase shows polysynthetic alkite twinning and has a
composition of approximately Anlo. The plaglioclase grains
seem to be associlated with the filner grained quartz. The

grains seem to be fairly well sorted,
. Pyroclastic rocks

Altered tuffaceous conglomerates,-- (Specimen no. 21: pl.

5) The altered tuffaceous conglomerates are composed predom-
inantly of altered pyroxene andesite clastic fragments ang,
lesser quantities of quartz grains and quartzite fragments
surrounded by an altered fine grained tuffaceous pyroxene an-
desite groundmass. The altered pyroxene andesite fragments

and the groundmass have approximately the same camposition.
They are composed of subhedral augitic pyroxene and plagioclase
phenocrysts in a very £ine grained matrix of plagioclase

(calcic oligéclase) microlites, anhedral augitic pyroxene
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grains, chlorite, and variable quantities of calcite, epidote,
quartz, and palagonite, Prehnite, sericite, leucoxene, sphene,
opagque minerals, and traces of amphibole occur as alteration
products and accessories,

The hydrothermal alteration of these rocks iz the same
as that described under altered pyroxene andesites,

The clastic fragments are generally subrounded to sub-
angular and range in size from twelve inch boulders to very
fine grained sand. The average grain size varies considerably
from one locality to the next. Generally, the matrix of the
conglomerates is a mixture of tuffaceous and sand sized clastic
material. Partly, however, subrounded clastic fragments occur
in what is primarily a flow rock which displays a well develop-
ed trachytic texture.

Although the fragmental material in this unit appears to
be water worn, it is difficult to conclude whether deposition
took place in a marine or continental environment.

Altered tuffaceocus agglomerates.-- (Specimen no. 22; pl.

5) The altered tuffaceous agglomerates are c0mposed.of sub-
angular volcanic fragments surrounded by a tuffaceous matrix.
The fragments have an average diameter of 3 cm and a mineralogi-
cal composition which is grossly similar to that described for
the altered pyroxene andesites., Pyroxene and altered plagio-
clase phenocrysts are imbedded in a very fine grained matrix

of plagioclase microlitea, pyroxene grains and altered glass.

Accessory amounts of epidote, Bphene, sericite, maghetite and
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amphibole also occur. The plagloclase has been altered to
gericite and chlorite, and considerable chlorite occurs in
the matrix.

The tuffaceous groundmass surrounding these fragments
consists largely of plagioclase microlites and chlorite, Dis-
tinct crystals are rare. Smaller fragments, broken off from
the larger ones, occur in the matrix and appear to be partly
abgorbed by the matrix. Alteration has been considerably more
intense in the matrix than in the fragments, ]

The fragments are evidently pyroclastic, and have been
surrounded by the tuffaceous material, Later hydrothermal

action has produced the alteration.

Age and correlation

The Fogsil Creek Volcanics have been dated as Middle

Ordovician on the basis of faunal assemblages collecﬁed by
Stone, Prindle, Johnson and Blackwelder (Mextie, 1937, p. 84).
Edwin Kirk, who identified the fossils, originally considered
them to be upper Ordovician (Richmond) 4in age (Mertie, 1937,
p. 85). Upon later study, however, he decided that they were
best assigned to the Middle Ordovician (Mohawhian) and correla-
tive with similar assemblages found by Kindle along the Porcu-
pine River and by Mertie near the international boundary
(Mertie, 1937, p. 85).

The fossll localities listed by Mertie (1937, p. 84} could

not be relocated by the writers. The assemblage collected
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from the Fosgsil Creek Volcanics came from the uppermost unit,
which has been described as a reddish, tuffacecus limestone
(Mertie, 1937, p. 82). This unit was not knowingly encounter-
ed by the writers, nor were any fossils found within the
Foasil Creek Volcanics.

No other Ordovician volcanics have been recognized in
interior Alaska. Dutxo (1959) correlates the Fossil Creek
Volcanics with Middle Ordovician limestone and slate in the
Alaska Range, limestone from the Porcupine River, and a slate-

chext and carbonate Bequence from the Eagle-Circle area.
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SILURIAN TOLOVANA LIMESTONE

The name "Tolovanna limestone" was applied by Mertie
(1937, p. 86) to the exposure of Middle Stlurian (Niagaran)
limestone which crops out in the Tolovana valley about 50

miles Bouth of the Foassil Creek area.

Reqgional distribution

The Tolovana limestone crops out intermittantly along
a northeast trending belt 90 miles long and 2 to 5 miles
wide: the belt extends from near the Tanana River northeast-
ward to the northern Fossil Creek area (fig. 4), but accord-
ing to Mertie (1937, p. 86) it is best exposed in the White
Mountains. It is8 present farther southwest between the
Tatalina and Tolovana Rivera and still farther southwest it

reappears in the low hills west of the Tolovana embayment.

Local distrxibution

The Tolovana limestone is best exposed along the high-
est ridges in the Fossil Creek area. It is the most resist-
ant uait to weathering in the area, and consequently produces
the rugged crestlines (£4g. 2) of the two main northeast trend-
ing ridges which form the major topographic features of the
Fosgil Creek area.

The irregular and discontinuous outcrop pattern of the

limeatone 1is chiefly due to extensive faulting. In the southern
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part of the Fossll Creek area the Tolovana limestone crops
out in a broad belt which includes the two main ridges and
the saddle between them. This belt bifurcates to the north-
east and the outcrop pattern parallels the trend of each
ridge. The west limestone ridge dies out to the north, and
north of the wind gap which cuts across the central part of
the Fosall Creek area the outcrop pattern of the limestone

- 18 discontinuous. The limestone crops out only as fault
slices on the tops of three small knobsa in this area.

The limestone belt which crops out as the east ridge
disappears into Fossil Creek valley In the central part of
the area. Fileld evidence indicates that the Ordovician
metamorphic rocks have been thrust-faulted over it., It ap-
pears farther north, and north of the wind‘gap it is topo-
graphically expressed as another prominant northeast-trending
ridge. Along the northeast side of this ridge a smaller spur
ridge of limestone trends northeastward away from the main
ridée. A number of small limestone blocks occur northeast
of this spur on the same trend. Mertie explains this spur
of limestone as the result of infolding with the Ordovician
volcanic beds (1937, p. 87-88). The writers, however, believe
that this outcrop pattern is the result of thrust faulting

and that the limestone blocks are klippen.

Stratiqraphy

The base of the Tolovana limestone 18 not exposed in

the Foasi)l Creek area, The lower contact, that between the



=51~

limestone and the Fossil Creek volcanica, 1s in every case
a fault contact. These faulted contacts are rarely exposed
as they are generally covered with talus and/or frost rived
rubble,

The limestone is vegetation free and genexally well ex-
posed, particularly along ridge crests. Sizeakle rubble-
covered intervals do occur, however.

The color of the Tolovana limestone normally ranges from-
tan to blue-black on a freshly fractured surface. Weathering
and accompanying leaching weather the limestone to an off=-
white coloyr. Occassional pink horizons pigmented by iron
oxide also occur. Megascopically, the limestone appears to
be very fine grained crystalline, dense, and very pure. Rare
zones contalin vuggy or cavernous porosity, but it ig believed
that these are chiefly surface phenomena resulting from recent
groundwatexr solution. Beds in the limestone generally range
fram 2 to 20 feet in thickness (fig. 19)3 but some beds are
more massive, Because this formation 1is chiefly composed of
carbonates which are very similar to one another in outerxop,
it has not yet been possible to differentiate the Tolovana
limestone into smaller units in the field. The occasional
pink horizons do not have enough lateral . continuity to be
used as marker beds.

Microscopically, the Tolovana limestone shows a number
of textural details, The lower part of the limestone sequence

i8 composed of very fine grained dusty looking carbonate that



TPicure 19, Massive beds of Tolovana limestone
which dip 70° to the ST, These beds cron out in
the upper part of the measursd section in the
northermn part of the arca,
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ig cut by many veinlets of later clear calcite which gener-
ally shows well developed glide~twinning, Following Folk's
terminology (1959), these rocke are micrites.

The upper part of the limestone section is dominantly
;31g3£;§anl rather than orthochemical. The allochemical
material is primarily composed of founded to subrounded,
fine to medium grained intraclasts and oolites (fig. 20),
possibly some very fine grained pellets (nomenclature after
Folk, 1959). The allochems range in size from less than
1/16 mm to 2 mm, and are composed of extremely fine grained
carbonate similar to the gralns described in the lower part
of the sequence. The allochems are cemented by very fine
grained clear calcite. Small fossil fragments alsoc occur
occasionally. The limestone {8 cut by numerous veinlets of
coarse~grained clear calcite. The textures of gseveral speci-
mens are quite obscure and possibly indicate recrystalliza-
tion., Other than rare, very small gralnas of opague minerals,
thede rocks axe pure carbonate. This sequence of rocks falls
within Folk's famlly of sparry allochemical rocks and includes
intrasparites, oosparites, possibly pelsparites, and combina-
tions of these rock types.

Staining of the limestone samples has failed to reveal
the presence of any well defined dolomitic zones. The stains
do seem to indicate, however, that some zones may have a
higher magnesium content than others, Rare dolomite lenses

are present,



Figure 20, Photomicrggraph of interclasts and
oolites in Tolovana limestone (specimen no, 52
pl. 3). Plane light, X 80.
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Two limestone sections were measured and described,
one in the northern Fossi) Creek area, and one in the south-
ern Fossil Creek area (pl. 5). Because the limestone cannot
be subdivided into distinct units in the field, these sections
are not described in the text. The descri»ntions, based on
microscopic as well as field observations, are presented on

plates 2 and 3.

Thickness

The true thickness of the Tolovana limestone 1is not
known, Mextie (1937, p. 88) suggests a possible thickness
of as much as 3000 feet. The section of limestone measured
by the writers in the northern Fosall Creek area i{s 3215
feet thick, and the section of limestone measured in the
southeastern Foesil Creek area 4is 4225 feet thick. These
thicknesses do not represent total thicknesses, however, as
the bases of both sections are fault contacts, and the upper

contacts have been removed by erosion.

Age and correlation

The Tolovana limestone has been dated as Middle Silurian
(Nilagaran) on the basis of a considerable fauna collected by
Stone, Prindle, Johnson, Blackwelder, and Mertie, Mertie has
tabulated the fossils from all of these collections (1337,

p. 90) which were identifled and dated by Edwin Kirk. Origin-

ally some of the assemblages were considered to be of Late



-54-

Silurian and even Devonian age (Prindle, 1913, p. 43) and it
was thought that the Tolovana limestone might represent con~
tinous sedimentation from mid-Silurian to Middle Devonian
time. More extensive faunal collections from the limestone
and subsequent studies of Devonian fauna and stratigraphy
showed that this is not true, however. Because the fossils
collected from the Tolovana all occur near 1its base, it 1is
also possible that the uppermost part may be late Silurian
(Mertie, 1937, p. 91).

The writers experienced difficulty in relocating prev-
flous fossil localities due to the generalized nature of the
location desacriptions. During the course of the £ield work,
however, fossils were collected from nine localities, some
of which may be the same as those described by Mertie. The
locations of the fossll collections are shown on plate 5,
and are described as follows.

Btation No. Locality Desgcription

F~1-REC An assemblage of corals, brachiopod fragments, and
crinoid columnals was recovered from the first west-
exn spur southwest of the northernmost extent of
limestone ocutcrop. The fossils occur in rubble
én the slope 20 to 50 feet above the limestone-
volcanic contact.

F=2~REC The limestone klippe which forms the top of the
knob 0.4 miles north of the upper valley of Willow

Creek contains fosasils as float and in the outcrop



F=3=REC

F-4-REC

F~1-MCD

Fe2-MCD

F=3=-MCD

F—4-MCD
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near the top of the knob, approximately 800 feet
above Willow Creek.

Poorly preserved corals occur in rubble 200 to 300
feet above the limestone-volcanic contact on the
northwestern side of the northwestermn-most knob of
limestone in the Fossgll Creek area. The corals
comprise as much as S50% of the float, but none

were recovered in place.

Poorly preserved corals and brachiopod fragments
occur in rubble near small east-west trending pass
in the central part of the limestone knob described
under F-3-REC,

One half mile southwest of the wind gap in the cen-
tral portion of the Fosgil Creek area corals occur
as float for approximatoly 200 feet up slope from
the east limestone-~volcanic contact on the western~-
most limestone ridge.

This collection aite is approximately one mile south- |
west of the wind gap in the central part of the o
Fossil Creek area. Corals occur as float and in
outcrop in the limestone along the west contact of
the western-most limestone ridge.

Corale occur aé float near the west limestone-vol-
canic contact on the fourth west trending spur south
of the wind gap in the central Fossil Creek area.
Pentameroid brachiopods occur as float and in out-

crop near the eastern contact of the limestone on
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the weaternmost ridge of the fifth west trending
spur south of the wind gap in the centxal Fossil
Creek area.

F-5-MCD Approximately half way between Windy Pass and the
top of the ridge to the west, pentameroid brachio-
pods occur as float and in outcrop. Corals occur
as float from here to the top of the ridge, where
they also occur in outcrop.

Praliminary identifications and age determinations have
been made on sélected fossils from these collections. Thesae
include pentameroid brachiopcds and favositid corals of
Silurian age,

The Tolovana limestone repregsents only one small area
of limestone in a very broad belt of Silurian carbonate rocks
which extends from Cape Krusenstexrn on the north side of
Kotzebue sound eastward along the south side of the Brooks
Range, across the Porcupine River area, and far eastward in-
to the Mackenzie River region of northwestern Canada. This
belt extends nprthward in Canada to the Axctic Ocean (Martin,
1959), and southwestward in Alaska into the Kuskokwim valley
(Cady and others, 1955). Fig. 21 shows the probable extent
of the Tolovana limestone and its time equivalents as the
time of their deposition.

Dutro (1959) correlates the Tolovana limestone with the
Skajit limestone which crops out sporadically along the south-

ern side of the Brooks Range, the White limestone of the
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Fagle-Circle area, and unnamed Middle Silurian limestones in
the Porcupine River area, the Kuskokwim area, and on the
Seward Peninsula. A graywacke-chert sequence in the Alaska
Range 13 also believed to be the age equivalent of the Tolo-

vana limegtone,

Conditions of deposition

The Tolovana limestone that crops out in the Fossil
Creek area appsars to have been deposited in a shallow marine
environment under locally very stable conditions, Deposition
occurred in a widespread seaway which was probably in a mio-
geosynclinal tectotope.

The lower, very fine grained portion of the limestone
was deposited by chemical or biochemical precipitation of
calcium carbonate which formed a microcrystalline calcite
ocoze., The conditions under which the upper section of the
limestone formed must have been somewhat differxrent. The
rounded intraclasts and presence of oolites ;ndicate that
there was wave or current action in the area. The intra-
clasts are interpreted as having been derived from erosion
of previously deposited, weakly consolidated carbonate sedi-
ment from adjoining parts of the gsea bottom and then redeposited
(Folk, 1959, p. 4). 8mall intraclasts probably form the
nuclel of the oolites.

The presence of fossils of reef building organisms

indicates that at least part of the Tolovana limestone had
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an organic origin. Because fossils of these organisms occur
only at widely separated localities, the writers do not be~
lieve that the organic contribution was great. It is poat-
ulated that these fossil accumulations represent small, widely
scattered bilohermal structures that grew on a shallow sea
bottom during deposition of the limestone.

The presence of the intraclasts and oolites 1is presented
as evidence for a shallow marine environment. The area must
have been above wave base in order for these to form., In ad~
dition, the presence of reef bulilding organisms is further
evidence for shallow water conditions. The almost complete
lack of material other than calcareous constituents points
to a very stable tectotope during deposition of the Tolovana
limestone and: (1) lack of a source area from which terri-
genous sediments were being derived; or (2) the Fossil Creek
area was a local high and the terrigenous material bypassed

the area.
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QUATERNARY DEPOSITS

The Quaternary deposits in the Possil Creek arxea con-
g8ist of residual deposits covering much of the bedrocx, and
alluvial deposits in the larger valley floors. No morainal
deposits have been recognized even though small poorly formed
cirques are present above an elevation of 3500 feet on the
northwest side of Cache Mountain and on the northwest side
of the extreme northern end of Fossil Creek ridge. These
circues are considered to be Illinoian in age as they occur
at an elevation too low to be of Wisconsin age. Wisconsin
snowline occurred at an elevation of about 4500 feet abave
gsea level 4in this region (Péwé and Burbank, 1360, p. 2088).
The drift that formerly existed in the cirques has been re-

moved by erosion.

Residual deposits

A poorly developed rocky soll covers most of the area
underlain by metamorphic and volcanic rock types. On the
steep upper slopes of volcanic ridges the soll grades to
coargse, angular rubble particles which range up to several
feet in diameter. The crests of some of the low ridges
underlain by metamorphic rockes are covered with a mantle of
frogt rived material, the particles of which average less
than 2 inches in dlameter.

The sloping ridge which exteands from Cache Mountain to

Fossil Creek valley displays characteristic patterned ground
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features. Frost scars occur, and above an elevation of 3500
feet, well developed stone rings are found on the altionlana-
tion terraces. The stone rings are 10 to 15 feet In diameter
and are camposed of fine material surrounded by coarse rubble
uo to 2 feet in diameter.

Little or no soil mantle has formed on the summit of
Cache Mountain. Almost all of the surxrface ia covered with
large frost-rived blocks which range up to 10 feet in diam-
eter., The blocks are probadbly still forming, and form vast
talus plles of very coarse matexial along the headwalls of
the cilrques on Cache Mountain.

Extensive active talus slopes occur on the lower and
middle slopes of the limestone ridges, The frost rived ma-
terial which mantles these slopes 1s commonly less than 1
foot in diameter, although occasional large blocks occur.

In some places intermittent streams have moved this material
farther down s8lope during heavy rains to form talus fans in

the valley floors.

Stream deposits

Coarse gravel deposits occur on the flood plains of
Beaver, Fossil and Willow Creeks and in the lower portions
of a number of tributaries to these streams. In addition,
gravel deposits occur in low terraces along Fossil Creek,

In the northern part of the Fossaill Creek area the

gravel 18 very coarse and chiefly subangular., Boulder sized
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material i{s prevalent. The gravels became less coarse and
better rounded in the socutherm portions of the area and con-
tain a higher percent of sand. Locally, near metamorphic

source areas the gravels become much finer,
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INTRUSIVE ROCKS

Both plutonic and dike rocks discordantly intrude the
older sediments of the area. Plutonic rock types include
quartz monzonites and gabbros, and both tourmaline grano-

diorite and basic dikes occur in the area,
Plutonic rocks
Cache Mountain quartz monzonite

The higher elevations of Cache Mountain, in the ex-
treme eastern portion of the mapped area are composed of
quartz monzonite of a plutonic mass which appears to be of
stock dimensions. The high, resistant quartz monzonite
spires which form the summit mass of Cache Mountain arxe the
highest topographic feature in the Fossil Creek area.

Petrology.-- (Specimen: no. 23: pl. 5) The Cache Moun-
tain quartz monzonite is a medium to coarse grained, light
gray granitic rock., In outcrop, weathered exposures display
a reddish buff or tan colorxr. Subhedral potassium feldspar
and quartz grains occur up to 10 mm in diameter; average
Bize is approximately 4 rm. Subhedral to euhedral plagio-
clase crystala are generally smaller, averaging approximately
2 mm in diameter,

The Cache Mountain quartz monzonites display a typical

hypidiomorphic—granular texture formed by roughly equigranular,
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interlocking grains of quartz, plagiloclase, and microperthitic
gsanadine., Biotlite grains often occur in clusters, Polkilitic
biotite displays an unusual number of zircon inclusions,

The plagioclase composition ranges between calcic olig-
oclase and sodic andesine (An2g to Anj,)}. Plagioclase grains
are commonly normally zoned. Secondary sericite is often
developed along campositional planes of albite twins and in
the calcic cores of zoned crystals.,

The potassium feldspar appears to be sanadine (often
microperthitic). It is characterized by a 2V which varies
between 5 and 35 degrees. The bilotite shows very deep ab-
sorption (x= pale tan, y= medium brown, 2= very dark brown).

A green component is often present in the z direction. Zircon
inclusions showing well developed plgochroic-halos in the
host bilotite grains are abundant (fig. 22). Some of the bio-
tite s altered to chlorite. Minor muscovite also occurs.

Tourmaline occurs a& an accessory mineral in most spec-
imens, and one occurence of topaz was recorded. Apatite and
magnetite are also common accessories.

Fine and mediun grained border faclee types occur agd-
jacent to the contact on the west ridge of Cache Mountain.
These may be either apophyses of the main body, or cupolas
of the main body separated by roof pendants. The mineraldgy
of these rocks is identical to that of the main intrusive
body and they differ only in grain size,

The contact between the pluton and the pre-Middle



Figure 22, Photomicrogravh of Cache Mountain
quartz monzonite (specimen no. 23: pl, S)
showing poikilitic biotite containing many
zircon inclusions. Crossed nicols, X 80,

Figure 23, Photomicrograoh of Beaver Creek
auartz monzonite pornhyry (specimen no, 2l;
pl, 5) shoving micrographic intergrowth of
ouartz and feldspar in the matrix, Crossed
nicols, X 80,
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Ordovician country rock appears to be very sharp. The pre-
cise trace of the contact could not be seen, but it could

be located within a few feet by the change in the composition
of the rubble. A distinct thermal metamorphic aureole ex-
tends into the country rock for a considerable distance away
from the contact.

The plagioclase constitutes from 20 percent to 25 per-
cent of the rock, while sanadine constitutes from 25 percent
to 30 percent. Quartz comprises from 20 percent to 30 pexr-
cent and the minor minerals and accessories constitute the
rest of the rock.

The presence of the sanadine and the dark brown bilotite
seam to indicate a high temperature origin, and conditions
of emplacement trangitional between the hypabyssal and plu-

tonic zones.
Beaver Creek quartz monzonite porphyry

A small quartz monzonite porphyry body 1is exposed where
a west trending spur of Fossil Creek ridge {8 truncated by
the channel of Beaver Creek (pl. 1l). Because of a limited
exposure, an accurate estimate of the gize of the intrusive
cannot be made. The outcrop itself is small, however. Much
of the actual_outcrop is covered by vegetation and rubble
(£1g. 24}.

Petrology.-- (Specimen no. 24; pl. 5) The Beaver Creek
quartz monzonite porphyry is composed of large (average length

12 mm} perthitic orthoclase phenocrysts, euhedral to subhedral
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plagloclase phenocrysts (average length 4 mm) and subhedral
to anhedral gquartz phenocrysts (average diameter 3 mm),
surrounded by a fine to medium grained matrix composed of
plagioclase (approximate composition An,,), interstitial
quartz, orthoclase, biotite, and accessories, calcite,
zlxcon, sericite, and apatite,

The rock 1s porphyritic with a seriate fabric. The
ground mass is typified by a mierographic intergrowth of
quartz and feldspar (fig. 23). Much of the orthoclase shows
a well developed perthitic texture. The biotite has been
slightly altered to muscovite.

The Beaveyx Creek quartz monzonite 1is discordantly em-
placed in the Tolovana liﬁestone: this probably accounts for
the free calcite which is present in the ground mass. No
contact metamorphic effects were seen.

Orthoclase ¢onstitutes approximately 36 percént of the
xrock, while plagloclase comprises 34 peicent, quaftz 20 per-
cent, and the biotite, calcite, and accessories conatitute

10 percent.
Gabbros

A number of poorly exposed outcrops of dark greenish-
black gabbroic rocks were discovered near Fossii Creek in
the northeastern part of the Fosail Creek area, and on }he
interfluve between Fossil and Willow Creeks. These rocks

occur in a narrow zone about 2 1/2 miles long paralleling
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an important fault zone in this area (plate 1l). Because of
poor exposures it was not determined whether these outcrops
represent one or a number of small intrusive bodies. The
similarity in composition of the rocks, however, indiciges
that if they are not part of the same body, they were probadbly
derived from the same magma., Actual contacts were not found,
and contact relatlonships between the gabbroic and metamoxrphic
rocks which they intrude are not known.

Petroloqy.-- (Specimen no. 25; pl.5) On a fresh sur-
face the gabbroic rocks display mottled dark green and light
gray colors, but they weather to a dark greenish or black
color. The gabbros generally are medium grained, but the
grain size ranges from coarse to fine. Major minerxal con-
stituents ‘include euhedral to subhedral plagioclase (Ansg),
gubhedral pyroxene, small grains of anhedral chlorite, prehnite,
and rate olivine. Bilotite, potassium feldspar, pistacite,
and actinolitic-hornblende also occur as miﬁor constituents,
Accessory minerals include zircon, apatite, sphene, i{dding-
site, magnetite, and perovskite.

Plagioclase constitutes from 45 to 75 modal percent of
these rocks, and 1t is severly altered to aggregates of prehn-
ite, sericite and epidote minerals. Plagloclase grains are
often zoned, and in one sample showed a linear type of inter-
growth as a result of apparent unmixing of the albite molecule.

Modal pyroxene ranges from 5 to 40 percent and it is

often highly altered to chlorite, and in some cases,
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actinolitic-hornblende. Two, and possgibly three chlorite
minerals occur: pennine, clinochlore and/or prochlorite.

The biotite appears to be a high temperature variety.
In plane polarized light it displays deep absorption (x= pale
tan, y= medium brown, z= very dark brown). Some of it is
bleached and partly altered to chlorite,

The gabbroic rocks generally have a hypidiomoxphic
granular texture., The plagloclase and pyroxene gralns are
equigranular and occassicnally exhibit micrographic inter-
growth. At one cite the gabbro has been sheared and dis-
plays mylonitic structure.

Even though the plagloclase composition is Anjg, rather
sodic for a gabbro, these rocks appear to have been origin-
ally crystallized as gabbros rather than dilorites. The
plagloclase appears to have been decalcified, as shown by
the alteration aggregates of prehnite and pistacite, and was
originally more calcic. Pyroxene, which is characteristic
of the gabbro clan, is the dominant mafic mineral, while
amphibole occurs only as an alteration product. Biotite,
which {3 quite common in diorites 1s a minor constituent in
these rocks. The presence of oclivine seems to confirm the

gabbroic classification.

Dike rocks

Tourmaline granodiorite

A discordant tourmaline granodiorite dike intrudes the



Tizure 2k, Outcron of the Beaver Creek quartz
nonzonite porphyry on the east bank of Beaver
Creck in the southwest nart of the TFossil Creek
area,

F%guﬁe 25, An outcroR of toumaline granodiorite.
which octurs as a small dike in the southemn portion

of the area, on the east bifurcation of Fossil Creck
ridge,
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Tolovana limestone in the southern vortion of the area on
the east bifurcation of Fossil Creek ridge (pl. 1).

The exposure i3 vexry small and obscured by vegetation
and frost rived rubble (fig. 25).

Petrology.-- (Sample no. 26:; pl. 5) The rock isc fine
grained and predominately leucocratic., Fine grained bluish-
black tourmaline occurs in clusters which average approxi-
mately 15 mm in diameter, giving the rock a porphyritic
appearance,

The matrix is composed of fine grained equigranular
plagioclase, sanadine and quartz. The plagioclase composi-
tion tends to average sodic oligoclase (Anll), and consti-
tutes approximately 40 percent of the rock. The sanadine
constitutes approximately 20 percent, while the gquartz
composes 25 perxcent, and the tourmaline, 15 percent of the
rock. The tourmaline clusters consist of xenomorphic
tourmaline grains occuring interstitially between the larger
plagioclase, sanadine, and quartz grains, in concentrated
area (filg. 26). The tourmaline dominantly shows blue pleo—
chroism (o= blue, e= very pale blue), but near the periphery
of many of the clusters the color grades to tan (o= tan,
e= colorless). This shift 4in pleochroism is apparently
due to a compositional change. Phlogopite and topaz occur

in minor amounts. Apatite and zlrcon are accessories.



Figure 26, “hotomicrogravh of tourmaline

granodiorite showing a nortion of a tour-
maline clus-er, Plane lipght, X 80,
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Altered basic dike rocks

A number of small altered basic dikes intrude the pre-
Middle Ordovician metamorxphic sequence in the northeastern
part of the Fossil Creek area (fig. 27 and 28). These dikes
vary from 10 to 20 feet in width, strike northeast, and

parallel the regional trend (pl. 1),

One small basic dike intrudes the Tolovana limestone‘“.
along the main ridge crest in the central part of the areagt?slﬁ
Scattered float indicates that other similar dikes may be -
present, but no more were seen by the writers,

Petrology.-- (Specimen no. 273 pl. 5) The mineralogy |
of the dikes which intrude the metamorphic sequence 1is ve;y{T.:
similar to that of the gabbroic rocks., They are daminantiyffﬁ
composed of fine-grained euhedral to subhedral plagioclase
laths, subhedral pigeonitic pyroxene, and minor prehnite,
chlorite, opaque minerals, and leucoxene., Acceasory biotite
is sometimes present.

The plagioclase is calcic oligoclase (Anzg), which is
generally much altexed to prehnite and chlorite.

The texture of these dike rocks varles frum,porphyritic!
to intersertal, Plagloclase phenocrysta 4 to 5 cm. in leng£h
eccur in a fine grained groundmass {in some of the dilkes: inlh
others the interstices between plagioclase laths are £illedl
with very fine grained chlorite, opaque minerals and leucoxene.

Because the composition of these dike rocks 1is very aim;

llar to the composition of the gabbroiec rocks, and since they



occur in close nroximity, they are considered to be genetic~
ally related.

The baslc dike which intrudes the Tolovana limestone is
extramely altered and hence difficult to zrelate to the other
dikes. The dike rock 1s composed of fine grained euhedral
to subhedral plagioclase laths, and extremely fine grained
chlorite, calecite, leucoxene, and epldote. It is not pos-
sible to tell whether this dike is genetically related to

the other altered lkasic dikes.

hge and corrxelation

Sanadine, tourmaline, and topaz are present in the tour-
maline grancdiorite dike and in the Cache Mountain intrusive,
and theyefore they are believed to be genetically related.
The plagioclase is more sodic In the dike rock, and quartz,
plagioclase, and sanadine occur in different proportions,
but the gross mineralogy is strikingly sgimilar.

The Beaver Creek quartz monzonite and the tourmaline
granodiorite bodies intrude the Tolovana limestone, Because
the tourmaline granodiorite is genetically related toc the
Cache Mountain intrusion, the acildic intrusions can be dated
as post-Silurian. No more definite date can be placed on
these acidic intrusilons on the basie of the present work.
Mertie, however, correlates the Cache Mpuntailn intrusion
and the tourmaline granodiorite dike with other similar in-
trusions throughout the Yukon-Tanana upland (Mertie, 1337,

p. 215-216). He has proposed that they are of post-Palecozoic
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and pre-Tertiary age on the bagis of a conglomerate found
in the Charley River area composed of granitic boulders,
and dated as either lLate Cretaceous or early Tertiary in
age (Mertie, 1237, p. 215-216), He further suggests that
these granitic rocke are of Jurassic age, because no Juras-
slic rocke have been found in the area, which seemingly in-
dicates that the missing {ntexrval was due to extensive up-
1ift and mountain building (Mertie, 1937, p. 216). A lead-
alpha date from radiocactive zircon fxom a granitic rock in
Granite Mountain near Big Delta haa been dated as Cretaceous
(Holmes and Pewe in press) .,

While Mertie does not mention basic igneous rocks in
this vicinity, he has proposed a Late Devonian age for the
ultrabasic intrusions south of Livengood, and a Mississip-
pian age foyr basic intrusions in the noxrthern part of the
Fairbanks quadrangle on the basis of the strata which they
intrude (Mertdie, 1937, p. 205). On the basis of thig present
work, however, the bagic intrusions in the noxthern Fossil
Creek area can be dated only as Middle Ordovician or later,

and in one case, post-Silurian.
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STRUCTURAL GEOLQOGY

The structure of the Fossil Creek area was lnterpreted
by Mertie (1937, p. 83) as southwest plunging, closely
appressed folds, with axial planes dipping steeply to
the southeast. The two limestone belts were interpreted
as asynclines, separated by an anticline of volcanic rocks.
Thrust faulting was recognized in the valley of Foasil
Creek where complex structure, including a recumbent lime-
stone fold wrapped around a volcanic coxre, wag geen,

The writers could not locate the recumbent limestcone
fold wrapped around a volcanic core mentioned by Mertie
(1937, p. 83). Fault "A", where it follows the valley of
Foasil Creek, and possibly parts of fault "C" were probably
recognized by Mertie (1937, p. 88). Mertie also suggests
faulting in the vicinity of the small limestone klippen
{in the northeast corner of the mapped area (1937, p. 88).

The writers have reinterpreted the structure of the
Fossil Creek area and feel that thrust faulting is much
more important than previously realizad.

A marked discordance in the structural trend of the
limestone and ﬁhe trend of the ocutcrop pattern occurs in
the extreme gouthern end of the east limestone belt (pl. 1).
This is ano?alous since, except in very local areas, the

structural trend of the limestone generally parallels the
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outcrop pattern. This discordance suggests that the outcrop
pattern here i3 not controlled by the structure within the

limestone.
Folds

Three major folds have been observed in the area.

A gynclinal axis can be traced northeastward in the
western limestone belt throughout the entire study area.
Moet of the wersten limb of this fold has been removed by
faulting. The syncline, which trends N 459 E, L8 inclined
and the axlal plane dips steeply to the southeast (pl. 4).
(See also structure section E-E'y pl, 1).

A second syncline occurs in the northern half of the
eastern limestone belt, The axis of this asyncline trends
approximately N 60° B, and the amial plane dips steeply
to the southeast (pl. 4). (See also structure section
c-C').

An outcrop of pre-Middle Ordovician metamorpnic
rocks in the extreme northern protion of the area is
thought to be an anticlinal core (pl. 4). (See also struc-~
ture section A-A'). This appears to be a southwest plung-
ing anticline, however no satisfactory attitudes could by
found, and the precise geometry of the fold is not known.

Several minor fold axes are suggested in the limestone
beds along the southwestern side of the northern Fosgsil

Creek ridge, and in the large limestone klippe east of
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fault "“A" (pl. 4). Thege axes are the result of slight
reversals of dips in beds that are nearxly vertical. Be-
cause the beda are nearly vertiecal, the reversals slignht,
and the axes continuous for only short distances, it could
not be detexrmined whethexr these are the axes of folds or
the result of irreqularities in bedding.

Several revergals in dip are also found along the south-
ern crest of the east limestone belt (pl. 1), While these
are apparently minoy folds, they do not seem to be consis-
tent along the ridge crest, nor along the flanks of the ridge.
These appayvent folds are probably minor wrinkles caused

oy the thrusting of the limestone mass.

Faults

Seven major rxevergse and/or thrust faults are present,
These all strike to the northeast and dip to the southeast.

While the existence of‘mbst of the faults is thought
to be well documented, evidence for some ig less conclu-
sive.

The traces of thege faults are outlined in detail
on the tectonic map presented as Plate 4. The location,
field relationships and evidence relating to each of

these faults are discussed below.

Fault "A"Y

Description and loecation.-- Fault "A" is a high angle
reverse fault which extends the full length of the mapped



area, and parallels the northeastward structural trend.
The trace of fault ’'\" follows the valley of Fossil Creek
in the south, until!, near the center of the mapped areca
it 1s offset slightly to the west by a small tecar fault,
I'rom there the fault follows the eastern side of Fossil
Creek ridge and finally becomes obgcured in the extreme
noxrthern portion of the area (pl. 4).

Evidence.~-- The evidence supporting fault "A" {s
as follows:

The pre-Middle Ordovician rocks are in direct contact
with the Silurian Tolovana limestone along the lower pox-
tton of Fogsil Creek, and the Fossil Creek volcanics are
missing from theilr usual stratigraphic position.

Near the central portion of the mapped area, the pre-
Middle Ordovician contact ig offset sharply across the vol-
canics to the base of the limestone ridge (pl. 1l). This
sharp offset indicates the tear fault which has offset
fault "A”. Noxth of the tear fault, the pre-Middle
Ordovician metamorphic rocks are again in contact with the
Tolovana limestone, with the Ordovician volcanics missing
(pl. 1),

The trace'of the fault is expressed topographically
in limestone as transecting topographic depreasions across
apur ridges (fig. 29). The trends in the limestone on
oppossdgite sides of the fault are sharply discorxdant. A
discordancy of approximately 35° occurs in the strike of

the limestone oh the northwest, as opposed to the sgoutheast
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Figure 29, The trace of fault "A" as viewed
to the NT rom the southermn end of northern
Fossil Creek rid=e, Note the divergent trends
on either side of the lault,

Firure 30, Limestone slices in Ordovician
volecanic rocis adjacent to the trace of Tault
MAY as seen looking N 60° I from near the
window o metamornhic rocls on the east side of
the northern Tossil Creek ridge,

Tuneau



side of the fault.

rarthexy to the northeast the fault forms the neariy
gtralght contact between the volcaniec rocks and the lime-
stone. A few smaller slices of limestone have been im-
bricated with the volecanics (fig. 30).

The high angle character of the fault is denoted ly
the straightnesse of the trace as it crops out in rough
topography in the noxthern part of the area between the

limestone and volcanics, as well as thyough the limestone.
Fault "B"

Degcription and location.--~ Fault "B" 13 a low angle

thrust fault which has superimposed the Tolovana limestone
over pre~Middle Oxdovician and Ordovician rock units in
the northeastern part of the mapped region (pl. 4). The
trace of this thruat fault defines thie axposed contact
between thiec northeastern limestone spur and the volcanic
rocks wnalch almost surround it., Faxther to the norxtheast,
digcontinuous remnants of the upper plate occur as lime-
stone klippen resting on metamorphic and volcanic rocks,

Fault "A" cuts off this thrust to the west as shown
in structural section C-C' (pl. 1l).

Because of vegetation and rubble covexr, the actual
thrust contact 18 not exposed, but its existence can be
deduced from strong structural evicenca.

Evidence.-- Evidence for the existence of thrust

fault "B" follows:



The discordant position of overlying Tolovana lime-
stone on the pre-Middle Ordovician metamorphic sequence
(pl. 1) and Ehe abgence of the intexvening volcanic seguence
1s difficult to explain by any other means than faulting.
In addition, the limestone beds Aip steeply into the under-
lying contact with the metamorphic rocks. (See structure
gsection A-2', pl. 1).

The isolated blocks of limestone which overlie both
Ordovician volcanice rocks and pre-Middle Ordovician meta-
moxphic rocks appear to be klippen (structure section A-A',
pl. 1).

The strike of the steeply dipping limesgstone beds is
discordant with the trace of the contact with the volecanics
on the northeastern limestone spur of northern Fossil
Creek ridge.

Several lsolated slices of limestone occur in the
volcanies near the volcanic-limestone contact. It is very
difficult to account for these slices Ly any othecr means

than faulting.
Fault "C*"

Desgscription and location.-- Fault “C" is a thrust,

or possibly a high angle revexse fault that brings the
pre-Middle Ordovician metamorphic rocks into discordant
contact with the rogsil Creek volcanic units east of the
northern part of Fossil Creek ridge (pl. 4 and structure

sections A-A', B-B', and C=C'). Parxrt of the fault trace



lies in the wvallev of Tossil Creek whexe there i3 very
little outcron and the precise location of the fault is
unknown.

The sinuosity of the fault contact neay 1ts northern
extremity (pl. 1 and =) may be the result of tearing as
a result of differential vielding of the fault to the
noxthwest or it could by the result of post-fault folding.

Evidence.-~ The avidence for the presence of fault
"C" is the weakest of any used in the Fossil Creek area
to postulate the presence of faults, Its presence is not
considered to be fully proved, but it is postulated, based
on the following lines of evidence:

Mumerous highly crumpled zones occur in the scattored
outcrops of metamorxpnic rocks along TFossill Creek near the
trace of the proposed fault. Small scale high angle faults
are associated with these intensly deformed outcrops 30
that they seem indicative of a largex fault zone,

The interpretation of this fault presents by far the
best explanation of the outcrop pattern seen in the arca
adjacent to the southeastern end of the noxrthern section

of Fogsil Creek ridge (pl. 1l and gtructure section C-C'),

Fault "D"

Description and location.-- Fault "D" is a gently

southeastward dipping thrust that extends northeastward
thxough Windy and Beax Valleys into Fossil Creek Valley,

and forms the volcanic~limestone contact along the western



side of northern rossil Creek ridge. The upper limestone
plate becomes dlscontinuous in the c¢entxal portion of the
area, where it has apparently been eroded. At the extreme
northern end of Fosell Creek ridge the fault is transected
by fault "A" (pl. 4),

Evidence.~-- The following evidence is cited for the
presence of fault "D":

There is a marked discordance in the astrike of the
limestone beds on Windy Pass as compared to the small
spur ridge extending to the scutheast. The strike of the
limestone beds west of the fault line parallel the trend
of the main ridge. East of the fault line, however, the
strike abruptly shifts to the SSE, differing from the
attitudes on Windy Pass by about 45°% (fig. 31).

The contact between the limestone and the volcanics
paralling Bear Valley 4is guite sinuous. The strike of the
steeply dipping limestone beda however is quite uniform.
The limestone in places strikes directly into the contact.
The same discordance {8 even more apparent in the northern
portion of the area, along the west flank of Fosslil Creek
ridge. At one locality in the north part of the area a
sandstone interbed in the volcanics 18 truncated by the
contact.

A limestone fault breccila occurs locally along the
volcanic-limestone contact 2zone.

Isclated limestone blocks in the centrxal portion of

the mapped area (pl. 1) are emall klippen, underlain by
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a gently dipping thrust fault (fig. 32).

FaUlt “E n

Degcription and location.-- Fault "E" ig a high

angle reverse fault that extends nearly the entire length
of the mapped area, and 3is essentially parallel with the
structural trend (pl. 4). Fault "E" follows very closgely
the trend, and in some cases ig overlapped by fault "D"
in the southexn part of the area. At Bear Pasgs, howevcr,
it swings northwaxd away from fault "D" and crosses the
cresat of Fosgll Creek ridge (fig. 33). The trace then
extends on slightly west of and parallel to the erest of
the ridge. North of the wind gap, the fault divides into
several gplinters, and in the extreme northern portion of
the area it becomes obscure (pl. 4).

BEvidence.-- The following evidence supports the
presence and location of fault "E":

The location and intersecting nature of faults "D"
and "E" adecquately explain the sporadic occurence of the
central volcanie belt south of Bear Pasa., The repecated
appearance of the volcanics 18 apparently controlled Ly
the divergence of faults "D" and "R". Where faults "D"
and "E" overlap, the volcanics ars not exposed,

North of Bear Fass, where the contact crosses Fossil
Creek ridge, the limestone adjacent to the contact is

severely mylonitized, indicating intense shear along the



Fieurz 31, Lookinz south towarls “findy “ass from
the eastorn bifurcation of TFossil Creek ri-dge
showing diverrent trends on either side of faunlt "9,
3eds on left (east) strike aporoximately N 80° E,
+thile beds on r®-ht (west) strike apnroximately

N 50° E,

Tigure 32, A small limestone llippe in the central
nart of the are- as viewed from the northern Fossil
Creek ridge, The klippe is underlain oy fault " "D",
The vertical beds strike ap-roximatelw ! 550 &,
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contact. The mylonitic zone does not cxceed approximately
30 feet in thickness,

Noxth of the wind gap the fault appears to become a
zone of Imbrilcate thrust plates rathexr than a single fault,
as indicated by several small fault slices of limestone
with the volecanics, and discordancies in the attitudes
of the beds within these blocks as compared to the atti-

tudes of the contacts (fig.34).

Fault "“p"

Description and location.-- Fault “F" forms the

sinuous limestone-volcanic contact along the western marxgin
of the area. The fault dips approximately 30 degrees to
the southeast, and the trace parallels the structural

trend (pl. 4).

Evidence.-- The evidence supporting fault "F" is
ag follows:

A gsynclinal axis parallels the noxthwest margin of
the western limestone belt. The east limb of the syncline
1ls everywhere at least five times thicker than the western
limh (pl. 1, and structure sections D-D' and E-E'). The
wegt limb of the syncline has been cntirely eliminated
by faulting in some localities (fig. 35 and 36).

The volcanic rocks along this contact display cata-
clastic textures, which disappear a short distance west
of the contact. The sheared and recrystallized volcanics

in the contact zone display a latent schistosity, and at



Fimare 33, Lookin~ north from theeastemn
bifurcation of loszsil Creek ridge toward the
near vertical limzstone=-voleanic contact
adjacent to peak 3973, The contact is formed
by fault "E",

Ficure 3L, Limestone blocks surrounded by
volcanics between the northem Tossil Creek
ridge and the middle I imestone outcrop of
the wrestzm rilze,
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Figure 35, Panoramic view showin~ faults "n",
"Ev, and """ as viewed to the ST from the
middle limestonz outcrop of the west ridre

in the nnrthern Fossil Creek area, Note alsn
the vos’tion o7 the isolated limestone blocks
in th» vnlesnic rorks,

Fizure 36, The trace of faults '"I" and "F"

as viewed to the 57 from near foszil locality
F=!|=RTC, ‘ot the nosition of isolated limestone
blocks zarrainiedl br voleon®c rocks,



some localities approach he greenschist facics Ln neta-
nmorphie¢ grade. JSheared and Dreccilated limestonces ax~ also

common along tiis contact.

*ault ‘g

Degcription and location.~- In the goutheastexn »art

of the area, a nigh angle reverse fault ig inferred along
the southeastexn side of the eastexn limestone ridge,

wnich 1a desiginated as fault "G'". The fault apparcently
continueg for only a short distance however, and the north-
exn and gouthern cxtents are obsecure (pl. 4).

Evidence.-- The fault 18 postulated on the baelig
of the following cvidence:

Small topographic depressions maxk the trace of the
fault where it crosses two limestone agpurs., A amall out-
crop of pre-Middle Ordoviclian metamorphic rocks occurs
in one of these depresasions. This small outcrop rep-
regents a small imbrication which wag dragged up along

the fault by the movement of the upper plate of limestone.

Intexpretation

Based on the structure as Iinterpretated (pl. 1),
three relative periods of faulting are pogtulated:

Fault "C" accured before fault "B”; fault "B" occured
between faults ‘C” and "A"; fault "A" wam latcy than both
faults "Cc" and "3". That "C" was the earlicst fault is

indicated by a small limestone klippe produced by fault



“B3Y +hat overlics the trace of Ffault “C" (structure section
5=A'), That fault "3 was earliexr than fault “~“ is
indicated in structure section C-C', where fault .°

can e seen to transect the largest of the limestone

klippe produced by fault "B8". Faults "B" and "'D" may

De the same fault, merely offset Ly fault "A" (structure
section C-C')., Faults "E", "P", and "G" axe impossible

to date relative to the others,

The yielding in all of the faults has been to the
northwest. The root zone of the thrust plates must :ave
been to the east. Tither the pre-tiddle Ordovician has
reen thrust to the west over the root zone which is still
present at depth, or the root zone has been entirecly eroded
awav. Because the area to the east has probably heen a
positive geanticline since late Paleozoic time, the laterx
explanation is favored.

The exact mechanism of faulting Ls difficult to
vostulate. It does not appear however to be the result
of the shearing or overturned folds. It is nogsilblc that
gsome movement occurred along the suxface of the unconformity
tetween the more resigtant Fossil Creek Volcanics and the
legs resistant Tolovana limestone.

No definlte age can be assigned to the faulting other
than post-Middle Silurian. It isg interesting to note,
however, a marked difference 1in structural trend of the
Devonian rocks to the north. Whereas the Silurian and

older rocks in the Foasil Creek area trxend N 60° E, the
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Devonian rocks farther norxth trend approximately ¥ 20° E.
This discordance suggests the possibility that the folding
and faulting are Late Silurian (Caledonian) in age.

Payne (1955) however, indlcates three Jurasgic and two
Cretaceous orogenies in Alaeka., These may have had an
effect on the gtxucture of the Fossil Creek area, and thus

{3 imposaible to date precisely the age of these thrust
faults.



GEOLOGIC RISTORY

The Fossil Creek area contains a vexy incomplete record:
therefore most of the geologic history postulated below is
vased on a synthesis of the litrerature concerning the geology
of central and northern Alaska. Particular use has been
made of work by Mertie (1937), Cady, Wallace, Hoare, and
Webber (1955), T. G. Payne and others (1952), and T. G. Payne
(1955) .

The oldeat rocks known in Alaska arxe the quartzites,
aechists, gneisses, marbles, and amphibolites assigned to the
Birch Creek schist sequence. These rocks are considered by
Mertie (1337, p. 55) to be of early Precambrian age. The
present rocks are the metamorphosed equivalents of materials
which are probably of marine origin and include arenaceous,
argillaceous, and calcareous sediments. Amphibolites are
believed to be the metamorphic equivalent of intercalated
rasic volcanic 34lls oxr flows in the gection. An orogeny
which followed thieg initial period of sedimentation intensely
deformed and synkinematically metamoxrphosed the sequence.
Intrusion of granitic rocks possibly also occurred.

Little detalled work had been done on the structure and
petrology of the Birxch Creek schist until recently, but in-
vestigations by Forkes (1960, p. 2085) indicate that these
rocks may have been gsubjected to the effects of at least two

periods of orogeny. Following the final period of orogeny
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the sequence was orcobably uplifted and sgubjected to a long
veriod of sub-aerial crosion (Mertic, 1337, ». 23C).

In latest “recamorian ox barly Cambrian time a mokille
tectonic belt developed between the stable continental plat-
form in northexn laska and the Pacific Ocean floor. The
carbonates, arglllaceous sediments, quartzites, and altered
voleanics of the Tindir group were the carliest units de-
posited in this belt., According to Mertie (1937, ». 54)
petween 20,000 and 25, 200 feet of Tindlir sediments were de-
poeited in an apparcntly continuous sequence. Because rocks
of the Tindir group are apparently unfosgiliferous, and the
oldest dated rocks in the region are Middle Cambrian in age,
it is8 not possille to determine whethexr the Tindir group is
late Precambrian, Early Cambrian, oxr both, Mertie (1937, p.
64) and Cady and otherxra (1955, p. l0l) favor a late Precam-
brian age.

A large portion of the clastic material of thz Tindix
group sediments was probably transported southward from the
gstable landmass in northern Alaska (Cady, 1955, o. 10l).
Volcanic activity occurred intermittently during deposition
of the Tindir group, but apparently the group was not deform-
ed, as marine Cambrian strata overlie it with structural
conformity.

By early Palcozolc time northern Alaska was apparently
a stable lowland area consisting of a shelf and perhaps part
of the craton: interior and western Alaska was a miogeosyn-
cline, and southern and southeastern Alaska wexe located in the

eugeosyncline (fig. 37).
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HARLY PALROIDIC TECTOTOPES
(modified from Payne and others, 197°1)
Figure 37
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The Yukon-Tanana region was located 1n the miogeosyn-~
clinal tectotope during carly Paleozolc time. JAccording to
Payne and othexs (1931, sheet 3), at least 20,900 feet of
marine sediments of Cambrian, Ordovician, and Silurian ages
were deposited. The Cambrian units are dominantly limestone
with minor intercalations of hlack shale., The Ordovician
rocks include limestone, black shale, cherts, gquartzose sand-
stones, and, atypilcally for this belt, the basic voleanic
rocks which occur in the Fossil Creek area. The Silurian
rocks are entirely a carbonate sequencec.

A period of deformation and metamorphism followed the
depoeition of the gediments which formed the pre-Middle Ordo-
vician sequence, The extrusion of the Fossil Creek volcanic
rocks oecurred aftey the main p;lae of this deformation and
may represent a late stage in the oxogeny. Mertie has gug~
gested that the Fossil Creek volcanics are marine, but the
writexrs found no evidence which proved this. There occurred
a tcmporary obreak during the extrusion of the volcanics during
which a calcareous sandstone member was deposited. This unit
possibly represents a beach or near-shore bar in which the
source material was nearby quartz rich rocks of the pre-Middle
Ordovician sequence.

The source of the ecarly Paleozoic sedimenta deposited
in the miogeosyncline was probably the stable landmass which
exiated in northern ilaska. The early Paleozoic sediments
thin northward onto the shelf where carbonates are the »re-

dominant type, and the total thickness of Cambrian, Ordovician,
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and Silurian sediments nowhere exceeds 3000 feet (FPayne and
others, 1951, sheet 2),

During deposition of the Silurian carbonates, the region
must have been vexy stable, The Tolovana and equivalent units
extend ecagtward from the Bering Sea aerxross Alaska, into
Canada, and probably into the Cordilleran area of the United
Statee (fig. 18). The lack of quartz or other detrital mater-
{al {n this limestone shows that there was no clastic sedi-
nentaxy tranaport from the northexyrn stable area southward into
this area of the miogeaosyncline during Niagaran time. The
lack of mechanically transported material may have Dbeen due
to: {1) lack of currents strong enough to transport detrital
naterial; (2) an extremely low lylng source area on which
almost no ﬁechanical weathering was taking place so that there
was practically no detrital material available:; (3) there was
no quartzose material available in the source area; or (4) the
Fossll Creek area was on a local high and mechanically trans-
ported sediments bypasged it. This problem cannot e resolved
without more detailed petrographic studies of Silurian xocks
in other areas,

During Late Silurian ox Early Devonian time the region
was again deformed, and possibly upliftéd, but apparently
no plutons were emplaced at this time (Payne and others, 1952,
sheet 3).

In late Paleozoie time the eugeosynclinal belt migrated
northward until by the end of Paleozoic time it had reached

the present position of the southern flank of the Brooks Range



(Payne and othexs, 1252, sheet 2). The miogeosvncline was
restricted to the region now occupiled iy the Broocks Range
and the Southecrn drectic Foothilles (fig. 38), and the shelf
was resgtricted to the northern Arctic alope. s mignt be
expected, a nortlward ghift with time of basic intrusion and
volcanism accompanied the migration of the eugeosyncline
(Cady and others, 1355, p. 18).

During late Paleozoic time the Fogsil Creek arca was
located in a eugecsynclinal tectotope. Deposition was marxine
except for local Penngylvanian continental deposits. The
Devonian, Misaissippian, and Permian sediments include lime-
stone, shale, chext, quartzose sandatones, conglamerate, and
bagaltic flows and tuff, Lack of sediments with the charac-
teristic mineralogy of graywackes suggests generally weak
tectonism during late FPaleozoic time (Payne and othexs, 1251,
sheet 3). 3An epeirogcnic break is indicated, however, between
Missiasippian and Pennsylvanian ox younger rocks by the local
Pannsylvanian continental deposits,

During Mesozoic time linear troughs, which probably re-
ceived gediments from adjoining island arcs, werec developed
in the eugecsyncline, Due to insuffictent evidence, it is
difficult to delineate the actual land and sea areas during
Txiassic, Jurassic, and Farly Cretaceous time. Howevexr, gray-
wacke sandatone, pyroclastics, submarine volcanics, and chert
were widely deposited. It is possible that the Yukon-Tanana

region was submerged during Triassic time, but Payne and others
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(1952, sheet 3) think that by JSurassic time moat of the

reglion between the Alaska and the Brooks Ranges was emergent.
Payne (1955) indicates that three Jurassic orogenies occurred
tn 2laska and were during post-Bathonian, post Callovian, and
post Portlandian time. The first phases of plutonism of
batholithie dimensions, and mineralization of the Yukon-Tanana
region posaibly occurred during one or more of these orogenles.

In Early Cretaceous time considerable thicknesses of
marine sediments and volcanics wexe deposited in the Yukon-
Tanana region. Thig sedimentation was terminated in Albian
time by an epilsode of intense orogeny accompanied by the em~
placement of granitic bodies of batholithic scale.

During Alblan time the eugeosynecline became differxentiated
into definable positive and negative arxeas (Payne and others,
1951). Three major anticlines were formed which plunged south-
ward as finger-like projections into southwestexn Alaska (£ig.
5). The northgrnmost of these was the Ruby geanticline. It
was separated from the Tanana geanticline by the Kuskokwim
geosynecline. The Alaska Range geosyncline separated the
Tanana and Talkeetna geanticlines.

During late Crataceous time the Yukon-Tanana region wag
located for the most part on the Tanana geanticline, which
may be traced fram the eastern part of the Kuskokwim region
northeastward to central Alaska, and thence eastward into
Canada.

These positive and negative regions were maintained

throughout late Cretaceous time and into the early Tertiary.



“ule

According to Cady and others (1955, ». 102), the Ruby geanti-
cline was uplifted rapidly during the early part of Late
Cretaceous time, but the rate of upllft reversed during later
Cretaceous time. During Late Cretaceous time over 20,0600 feet
of clastic sediments were deposited in the Kuskokwim and
Koyukuk troughs (fig. 5). The Kuskokwim geosynclinal sediments
probably include the belt of Cretaceous rocks which now crop
out in the Yukon-Tanaha region from Manley Hot Springs ecast

to the international boundary. Sources of the clastic sedi-
nents in the Kusgkokwim and Koyukuk troughs wexre the early
Bxooks Range, the Ruby geanticline, and the Tanana geanticline
which probably contributed material to the Alaska Range
geosyncline,

The Yukon-Tanana region was further affected by Late
Cretaceous orogenies which, although intrusion, local low
grade metamorphism, and uplift occurred, were lesa intensive
than the Early Cretaceous orogeny. Local arches wexe developed
along the axis of the Kuskokwim geosyncline resulting in ero-~
sion of much of the Mesozoic and Paleozolc sedimentary cover
fxrom local areas, The Fossil Creek area 18 located on one of
these arches, which probably explainsg the lack of upper Palec-
zolc, Mesgozolic, and Cenozoidc deposits.

By early Textiary time most of interior Alaska was above
gea level and nonmarine sedimentary rocks, including shale,
sandstone, conglcmerate, and coal were deposited in local

basins in the interior. Volcanism occuxrxed intexmittently
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during Tertiary time and continued into the Recent. Therxre
is no evidence for zither Textiaxvy sedimentation ox volecan-
ism in the Fosgil Cxeek area.

Further uplift, faulting, and erosion have occurred
during Quaternary time and glaciation ocecurred on the higher
mountain peaks during the Pleistocene epoch, Evidence for

pre—-Wigconsin glaciation is present in the Foesil Creek area.
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CONCLUSIONS

The pre-tMiddl> Ordoviclan sequence of the Fossill Creek
area includes slightly recrystallized to lower medium grade
nmetamorphic rock derived of argillaceous, quartzose, carbonate,
and volcanic parent rocks. Fragmentary evidence suggests
that this sequence has been subjected to at least two periods
of folding., Late Cambrian or Early Oxdovician fosslls were
found v earlicr workerxrs in slates bhelonging to this asequence.
These fossils and the overlying unmetamorphosed middle Ordo-—
vician volcanic rocks indicate that the latest orogeny which
metamorphosed thesc rocks was probably Early Ordovician (Early
Caladonian). Anomalics {n metamorphic grade indicate that
the sequence may include rocks of two different ages,

The Middle Crdovician Fossil Creek volcanics include py-
roclastic, flow, and sedimentayy rocks, This sequence uncon-
formably overlies the pre-Middle Ordovician rocks.

The Middle Silurian (Niagaran) Tolovana carbonates were
deposited in a shallow marine environment under tectonically
stablo conditicons. The lower part is dominantly chemical ox
biochemical, but the upper, and predominantly allochemical por-~
tion, is believed to be the result of wave or current action
in an area of weakly consolidated carbonate sediments. Scat-
tered occurrences of fossil reef building organisms indicate

that at least part of the Tolovana limestone 1la of organic

origin.
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Quaternary deposits include residual material and stream
alluvium on which features indicative of a periglacial climate
are developed. MNo morainal deposits are recognized, but small
Illinoian (?) ecirques are present.

Plutonic intrusives include quartz monzonites and gabbros.
Granodiorite and altered basic dikes also occur within the
area. The acidic intrusions are dated as post-Silurian, and
the basic intrusions are dated as Middle or post-Middle Oxdo-
vician,

The writers have recognized three major folds in the Fossil
Creek area: a syncline in the western limeatone belt; a second
syncline in the northern half of the castern limestone belt;
and a southwest plunglng anticline in the extreme nor thern
portion of the area.

Seven major reverse and/or thrust faults are belicved to
be present. Relative displacement along all faults is control-
led by yielding to the northwest. The root zohec of the thrust
plates must have keen located to the east. Such a root zone
has not been found, however, and it is deduced that these rocks
have been removed by uplift and subsequent erosion to the east.

A marked difference in trend of Devonian and Silurian rocks
in the Yukon-Tanana upland suggests the presence of a regional
unconformity. The folding and probably the faulting is late
Silurian (Caledonian). However, current tectonic trends and
existing structures have undoubtedly been influenced by Juras-

sic and Cretaceous orxogenies.
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