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The Grouse Creek area occupies approximately six square

miles in the eastern Klamath belt of the Klamath Mountains in nor-

thern California. The complex and highly faulted terrain is com-

posed of Early Devonian graywacke, siltstone, mudstone, limestone,

conglomerate, chert, keratophyre, including pre-Early Devonian

phyllite, quartz diorite, with trondhjemite, and minor dioritic

intrusive rocks, structurally overlying ultramafics of the Early

Ordovician Trinity ophiolite complex.

The stratigraphic sequence is composed of a main body of

graywacke, siltstone, and mudstone within which are recognized five

members in what is termed the Grouse Creek Formation. The lower

portion of the main body is composed of volcanic wacke, siltstone,

and mudstone that contains lenses of limestone that are interpreted to

be deposits of small fringing of patch reefs. Bedded chert deposits

are thought to be penecontemporaneous with the limestone and may



have formed in back reef or fore-reef areas. Influx of coarse vol-

caniclastic material and basin lowering ended carbonate deposition,

with the volcaniclastic sediments probably transported and deposited

by gravity flow processes in a submarine canyon-fan complex. The

upper portion of the main body of the formation is composed of

metamorphic wacke, silt stone, and mudstone with a presumed

equivalent phyllite-rich conglomerate, which show evidence of having

been transported and deposited by the same processes and in the same

environment as the volcaniclastic material. Extrusion of the Cooper

Peak Keratophyre occurred as structureless and brecciated flows on

top of the sedimentary rocks. Subsequent intrusion by trondhjemite

and dioritic igneous rock, hornfelsed large areas of the Grouse Creek

Formation and the Cooper Peak Keratophyre.

The sedimentary and volcanic rocks of the Grouse Creek area

are separated from the underlying ultramafics of the Trinity ophiolite

complex by a probable thrust fault. Observation of the fault, however,

shows displacement to have been minimal, perhaps indicating the

existence of an original unconformable contact. A broad N-S trend-

ing syncline exists within the Grouse Creek area, with a plunging

axis to the south. There are also numerous high-angle faults in the

area which post-date both the thrusting and folding.



Geology of the Grouse Creek Area, China
Mountain Quadrangle, California

by

Gregory A. Olson

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

Completed July 1977

Commencement June 1978



APPROVED:

Professof- Gel° logy
in charge of major

Acting Chairman 01 Department 01 LieolOgy

Dean Of Graduate School

Date thesis is presented 0911./3)f iqr)f)

Typed by Mary Jo Stratton for Gregory A. Olson



ACKNOWLEDGEMENTS

I would like to take this opportunity to thank the many people who

made contributions to this study. My most sincere appreciation is

extended to Dr. Arthur J. Boucot, Professor of Geology, Oregon State

University, for his guidance, assistance, and financial support for

field and laboratory work under NSF Grant DES74-22051.

Special thanks are also extended to Mr. Al Potter, Dr. J. G.

Johnson. Dr. A. R. Niem, and Dr. R.D. Lawrence of Oregon State

University for their advice and help at various stages in the compila-

tion of this study. I wish to express a great deal of thanks to Dr.

David Rohr, who as a friend and office mate gave of his time, ideas,

and advice in virtually every aspect of this thesis. I very gratefully

acknowledge the aid given by Mr. Rodney Gregg in northern California

for unselfishly allowing my wife and to use a cabin he owned during

the summer of 1976, and for sharing his knowledge of the Grouse

Creek area with me. Mr. Wayne Siebenaler and Mr. Holis Recker

both of the geology staff at the Klamath National Forest were of great

help in matters relating to field work.

I want to express my most heartfelt thanks to my parents, Mr.

and Mrs. George Olson, for all the years of patience and love, their

financial assistance, and for allowing me to achieve this goal. And

finally, I wish to thank my wife, Bonita, whose assistance in the field,



suggestions, moral support, and loving companionship were beyond

all value.



TABLE OF CONTENTS

INTRODUCTION

Page

1

Location and Accessibility 1

Purpose and Methods of Investigation 3

Topography, Climate, Vegetation, and Drainage 4
Exposures 7

Previous Work 7

STRATIGRAPHY 9

Regional Stratigraphy 9

Local Stratigraphy 9

Trinity Ophiolite Complex 12

Location and Extent 12

Unnamed Phyllite 13

Distribution 13

Lithology 13

Contacts 15

Thickness 15

Age 16

Grouse Creek Formation: Graywacke-
Siltstone-Mudstone Main Body 17

Distribution and Type Locality 17

Lithology 18
Contacts 28
Age 29
Thickness 30
Environmental Interpretation 30
Limestone Member 33

Distribution 33
Lithology 33
Contacts 48
Age 49
Thickness 50
Environmental Interpretation 50

Bedded Chert Member 53
Distribution and Type Locality 53
Lithology 53
Contacts 56
Age 57



Table of Contents (Continued)

Page

Thickness 57
Environmental Interpretation 58

Volcaniclastic Conglomerate Member 59
Distribution 59
Litho logy 59
Contacts 61

Age 62
Thickness 62
Environmental. Interpretation 62

Silicified Volcaniclastic Member 64
Distribution and Type Locality 64
Lithology 64
Contacts 66
Age 68
Thickness 68
Environmental. Interpretation 68

Phyllite Clast Conglomerate Member 72
Distribution 72
Lithology 72
Contacts 75
Age 75
Thickness 76

Environmental Interpretation 76
Cooper Peak Keratophyre 77

Distribution and Type Locality 77
Lithology 78
Contacts 82
Age 84
Thickness 84

METAMORPHIC ROCKS 86

Hornfelsed Sedimentary and Volcanic Rocks 86
Distribution 86
Lithology 86
Contacts and Age 88

INTRUSIVE ROCKS 91

Quartz Diorite
Distribution

91
91



LIST OF TABLES

Table Page

1 Modal analysis of lithic wackes from the
graywacke-siltstone-mud stone main body. 24

2 Chemical analysis of the Cooper Peak
Keratophyre and keratophyre of
Gregg Ranch. 81

3 Modal analysis of quartz diorite. 93

4 Modal analysis of trondhjemite. 96

APPENDIX TABLES

1 Inspluble-residue percentages from limestone
member of the Grouse Creek Formation.



LIST OF FIGURES

Figure Page

1 Index map of California showing the location of
Grouse Creek and vicinity. 2

2 The Grouse Creek area as viewed from the
southwest. 6

3 Index map showing study area, subprovinces
of the Klamath Mountains, and adjoining
provinces. 10

4 Photograph of flame structures in laminated
mudstone and siltstone bed. 21

5 Photograph showing a graywacke bed with sharp
base, graded bedding, a gradational contact
with overlying mudstone, and base with tool
and brush marks oriented NE-SW. 22

6 Photograph showing the near ideal sequence
of sedimentary structures in a turbidite bed
(the "Bouma sequence") from the upper portion
of the graywacke- siltstone -mud stone main body.

7 Photograph of slabbed and etched surface of
sedimentary breccia from the lower portion
of limestone lens I, showing stromatoporoid
and biomicrite clasts.

32

36

8 Photograph of slabbed and etched surface of
sedimentary breccia from the middle of lime-
stone lens I, showing stromatoporid encrusting
a tabulate coral fragment. 38

9 Photograph of slabbed and etched surface of
biolithite from limestone lens I, showing in situ
growth of corals and stromatoporoids.

10 Photograph of slabbed and etched surface of
algal-oncolite layer near base of limestone lens
II.

39

42



List of Figures (Continued)

Figure page

11 Photomicrograph of thin section of the
dolomitic pelintrasparmicrite bed from
near the base of limestone lens II, showing
stained calcite matrix and unstained dolomite
rhombs. 44

12 Photograph of slabbed and etched surface of a
biomicrite/mixed fossil lime packstone from
the upper part of limestone lens II. 47

13 Photograph of bedded chert member showing
bedding of chert layers. 55

14 Photograph showing the gastropod mold bed
in the silicified volcaniclastic member. 67

15 Photograph of sample from the silicified
volcaniclastic member showing trough cross
beds, accentuated by heavy mineral placers. 69

16 Photograph of polished slabbed surface from the
silicified volcaniclastic member showing load
structures at base, repeated graded bedding,
scour and fill, mudstone ripups, and parallel
laminations. 70

17 Photograph of phyllite clast conglomerate
member near the unconformable contact with the
quartz diorite showing clasts of quartz diorite
and phyllite. 74

18 Differentiation diagram using Ti and Zr. 83

19 Photograph showing recent slump along the
main Toad, due to over steepening of the
slope from the road cut. 103

20 Major faults in the Grouse Creek area. 105



LIST OF PLATES

Plate page

1 Geologic map of the Grouse Creek area. in pocket

2 Structure cross-sections of the Grouse
Creek area. in pocket



GEOLOGY OF THE GROUSE CREEK AREA, CHINA
MOUNTAIN QUADRANGLE, CALIFORNIA

INTRODUCTION

Location and Accessibility

The Grouse Creek area is situated in the eastern Klamath

Mountains of northern California in the southwest quarter of the China

Mountain Quadrangle, Siskiyou County (see Figure 1). The area lies

about 3 miles southeast of Lovers Leap and 13 miles east of Callahan.

The map area includes parts of sections 9, 10, 11, 14, 15, 16, 21,

and 22, Township 40 North, Range 7 West. Nearly half the area is

within the Klamath National Forest.

The thesis area is readily accessible by automobile from the

north, east, and west on gravel and dirt roads that provide access for

logging operations. From California Highway 3A between Callahan and

Gazelle a graveled Forest Service road branches to the south and

passes south of Lovers Leap and enters the Grouse Creek area from

the north. A dirt road ascends from an intersection in the north of

section 16 that connects to other numerous dirt roads, providing access

to Cooper Meadow, Cooper Peak, the north side of the hill at elevation

6432, as well as west-central and south-central map localities. From

the intersection the main road continues south, roughly outlining the

western edge of the map area, and eventually connects with Scott
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Figure 1. Index map of California showing the location of
Grouse Creek and vicinity.
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Mountain Summit and California Route 3 that extends from near

Callahan to Trinity Center. Another access route from the northeast

is provided by the unpaved road that leads up to Lily Pad and Kangaroo

Lakes from the Callahan to Gazelle road.

Purpose and Methods of Investigation

The purpose of this investigation was to make a detailed geologic

map, and to determine stratigraphic and structural relationships of the

Early Devonian rocks in the area. Another objective of the study was

to interpret the paleoenvironrn.ent of deposition of the limestones,

sandstones, siltstones, and conglomerates of the Grouse Creek area,

and determine if they correlate with other strata in the vicinity.

Field work began in early July 1976 and continued until mid-

September. An additional week of field work was carried out in the

summer of 1977. The surface geology was plotted in the field on a

U.S. Geological Survey topographic map (1955) enlarged eight times

photographically, to a scale of 8 inches per mile. Aerial photographs,

made the year prior to the field work, were of great help in plotting

roads that had been made since the quadrangle was published in 1955.

The aerial photos were optically enlarged to the scale of the field map,

projected onto it, and the roads were traced directly onto the map.

Locations on the topographic sheet were determined by triangula-

tion, where possible, with a Brunton compass. The steep slopes,
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dense vegetation, and relatively few pronounced landmarks made

triangulation difficult. The recent aerial photos were of some use in

determining location; however, many localities were ascertained by

pacing along a particular azimuth using the Brunton compass, from

known locations such as a road or a location determined by triangula-

tion. In addition, a hand lens, a bottle of dilute hydrochloric acid,

and a rock hammer were used for examination of rocks in the field.

The rock color chart of Goddard and others (1948) was used as the

standard for colors described of the units.

Approximately 800 pounds (363 kg) of rock samples were

collected for laboratory studies. Thirty-five thin sections were made

from these samples for petrographic examination. Nine samples

(each 100 to 200 grams) from various carbonate units were dissolved

in concentrated hydrochloric acid to determine the weight percent

and mineralogical composition of the insoluble residue. About 50

pounds (28 kg) of carbonate samples from localities that had not been

dated by either Dr. Arthur J. Boucot or Dr. J. G. Johnson using

brachiopods, or by Dr. Norman Savage using conodonts, were crushed,

dissolved in formic acid, and examined for conodonts in the insoluble

residues by Ms. Claudia DuBois.

Topography, Climate, Vegetation, and Drainage

The lowest elevation in the map area is 4500 feet (1362 m) in the
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southwest corner, and the highest elevation is 6515 feet (1983 m) at

the top of Cooper Peak, in the northeast corner. Thus the total

topographic relief of the area is 2015 feet (614 m). The central map

area is dominated by the prominent hill 6432 (see Figure 2).

The average annual temperature is 50 oF
(10

oC), and the average

annual precipitation is 22 inches (56 cm) (Mack, 1958, p. 9-12). Most

of the precipitation occurs in the autumn and winter months in the form

of rain and snow, while the summers remain generally hot and dry.

The vegetation of the area is characteristic of a semi-arid

climate, including manzanita, sage, common juniper, and mountain

mahogany. The north and west facing slopes are heavily forested,

dominated by ponderosa pine, with some sugar pine, Jeffrey pine,

and incense cedar. Southerly slopes are usually sparsely vegetated

by grass and low brush. In marshy areas, as in the valley below

Cooper Meadow, Pacific willow, skunk cabbage, abundant grasses,

and Darlingtonia pitcher plants can be found.

The stream draining Cooper Meadow, as well as the stream

draining the south flank of hill 6432, have flowing water all year. Both

streams flow into Grouse Creek. Kangaroo Creek drains the north

side of the thesis area and is dry during the summer months at that

altitude, but does have some flow at lower altitudes.
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Figure 2. The Grouse Creek area as viewed from the
southwest. Hill 6432 is prominent in the
center, with Cooper Meadow in the upper
right corner.
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Exposure s

Exposures are generally good, the best occurring on ridge

crests and south facing slopes. Many excellent exposures also can be

found in streambeds and along the numerous dirt logging roads through-

out the area. Dense forest, brush, and colluvium conceal outcrops

locally.

Previous Work

Irwin (1960) conducted a geologic reconnaissance of the Klamath

Mountains and mapped the Grouse Creek area as undifferentiated

Silurian sedimentary rocks, surrounded by ultramafic rock at a scale

of 1:500, 000. Merriam (1961) assigned an Early Devonian age to the

Grouse Creek rocks and included them in the Gazelle Formation.

Irwin (1966) reported that the Grouse Creek area should be excluded

from the Gazelle Formation on the advice of Merriam. The Geological

Map of California, Weed Sheet, compiled by Strand (1964) at a scale of

1:250, 000, shows the study area mapped as Devonian marine, and

Devonian and pre-Devonian metavolcanic rocks. The source of the

mapping was from an unpublished Southern Pacific Company areal

economic geology map (1957).

Merriam (1972) noted the presence of a fossil fauna within the

limestone bodies at Grouse Creek that was in general quite different
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from other fossil assemblages of the northeastern Klamath subregion.

Boucot and others (1974) mention that detailed stratigraphy was lacking

for the Grouse Creek area, but that it did contain sandstone, mud-

stone, conglomerate, scattered limestone lenses, and volcanics

(including plagioclase-pyroxene-bearing keratophyre). Lindsley-

Griffin and others (1974) stated that the rocks in the Cooper Peak

(Grouse Creek) area were lithologically dissimilar to rocks else-

where in the Callahan-Gazelle area. In addition, the contact between

the Grouse Creek area sedimentary and volcanic rocks and the under-

lying ultramafics of the Trinity ophiolite complex was thought to be

a thrust fault by Lindsley-Griffin. Lindsley-Griffin (1977) subse-

quently placed the Grouse Creek area into Upper and Lower areas

that are characterized by slightly differing lithologies, all of which

was considered melange. Potter and others (1977, Figure 2) placed

the sedimentary and volcanic rocks of the Grouse Creek area into the

Gazelle Formation as Member 3.
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STRATIGRAPHY

Regional Stratigraphy

The Grouse Creek area is located in the eastern Klamath belt

(see Figure 3) of the Klamath Mountain Province (Irwin, 1966). Irwin

had termed this sub-province the eastern Paleozoic belt of the Klamath

Mountains; however, rock of Mesozoic age was subsequently identified

in the southern part of this belt. In the northern portion of this belt

the rocks are mainly Paleozoic geosynclinal types including graywacke,

mudstone, greenstone, chert, limestone, and low rank metamorphic

rock. The eastern Klamath belt is separated from the central meta-

morphic belt to the west by a thin band of ultramafic rocks, and is

overlain to the east by the Tertiary and Quaternary volcanic rocks of

the Cascade Range.

Local Stratigraphy

Nine stratigraphic units are described in this study. The Grouse

Creek Formation includes six members, interpreted to be lenses

within a main body. Near the base of the main body, and in probable

depositional contact with the surrounding sediments, is the limestone

member. Nearly contemporaneous with the deposition of the limestone

lenses and at the same stratigraphic level is the bedded chert member.

Overlying the limestone is the volcaniclastic conglomerate member,
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and probably penecontemporaneous silicified volcaniclastic member.

A volcanic wacke composition is dominant in the lower portion of the

main body, while a calcareous metamorphic wacke predominates in

the higher portion of the main body. The same metamorphic source

that provided metamorphic detritus to the sandstones of the main

body, also presumably yielded clasts to the phyllite clast conglomerate

member, which is thought to be penecontemporaneous with the upper

portion of the main body. The oldest stratigraphic unit in the Grouse

Creek area, although interpreted to be an allochthonous slice, is the

unnamed phyllite of probable Ordovician or Silurian age. The Cooper

Peak Keratophyre, the youngest unit in the area, is composed of meta-

morphosed and metasomatised structureless as well as brecciated lava

flows. The terms Grouse Creek Formation and Cooper Peak

Keratophyre are used for the first time in this thesis.

A probable thrust fault separates sedimentary and volcanic

rocks of the Grouse Creek area from the underlying Trinity ophiolite

complex.



Trinity Ophiolite Complex

Location and Extent
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The rocks of the Trinity ophiolite complex (455 to 480 m.y.)

form the basement on which the sedimentary rocks of the eastern

Klamath belt were deposited (Hopson and Mattinson, 1973). Although,

a thrust fault is inferred to separate the sedimentary and volcanic

rocks of the Grouse Creek area from the underlying ultramafics of

the Trinity ophiolite, observation of the contact in the SE 1/4 NE 1/4

SW 1/4 of section 16 suggests that displacement has been minimal,

and so tends to further substantiate the idea of Hopson and Mattinson

(1973). The ultramafics in sections 9, 10, 11, 14, 15, 16, 21, 22,

and 23 of the map area include gabbro, gabbro pegmatite, peridotite,

and serpentinite. No detailed mapping of these rocks was carried

out, because the purpose of this investigation was to map and study

the sedimentary and volcanic rocks at Grouse Creek and not the base-

ment. However, there is a faulted slice of the Trinity ophiolite com-

plex within the thesis area, located in the southern half of the NE 1/4

NE 1/4 of section 21. The rock here is composed of serpentinite that

is sheared and extensively mineralized by chrysotile asbestos veinlets

and some calcite. A thorough study of the ultramafic rocks which

make up the Trinity ophiolite and occur around the thesis area is

given by Lindsley-Griffin (1977).



Unnamed Phyllite

Distribution

13

The unnamed phyllite in the Grouse Creek area lies in the south-

western corner of the map area. It occupies part of the southern half

NE 1/4 NE 1/4 of section 21, and is found in outcrop only at this one

locality.

Lithology

The phyllite has a variety of colors on a weathered surface,

ranging from yellowish gray (5Y 7/2), to olive gray (5Y 3/2), and at

times even to dark reddish brown (10R 3/4) due to hematite staining.

On a fresh surface, the most common colors are olive gray (5Y 4/1),

or dark greenish gray (5GY 4/1), as well as medium dark gray (N4).

The phyllite has a distinct schistosity, which accounts for the blocky

fracture this unit displays. Typically, the phyllite shows very mild

foliation, and is appreciably less highly deformed than the Duzel

Phyllite of the eastern Klamath Belt (Nachman, 1977). White micro-

crystalline quartz veins from 0.5 to 2.0 mm across are abundant

within the unit and are usually oriented obliquely to the plane of folia-

tion. Micro-faulting, due to flow cleavage, has occurred affecting

some of the quartz veins along the plane of foliation.
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Thin section examination reveals that the phyllite has undergone

mineral segregation into alternating bands of phyllosilicates and

tertosilicates. The phyllosilicate layers consist primarily of bent

and kinked sheets of chlorite, amounting to about 25% of the phyllite.

Included between the flakes of chlorite are patches of muscovite

(amounting to nearly 10%), and a few elongate actinolite crystals

(composing about 2% of the slides). The tectosilicate layers, which

are approximately four times as wide as the chlorite bands, are

characterized by angular to subangular, very fine sand size quartz

grains (most of which exhibit undulatory extinction), within a matrix

of chert (nearly all of which has undergone at least partial recrystal-

lization to coarser crystalline quartz). The quartz composes 40% of

the phyllite, while the chert accounts for around 15% of the total

rock. Other constituents of the tectosilicate layers are plagioclase

(albite) (2%), and opaques (mainly disseminated pyrite grains and

some hematite) (5%). Epidote and especially garnet occur chiefly

along fractures and quartz vein fillings and together amount to almost

1% of the phyllite. It is interesting to note that some of the quartz

veins are composed of polycrystalline quartz, which show sutured or

interpenetrating grain boundaries, typical of metamorphic quartz,

while other quartz veins are composed only of chert. There are

abundant sets of fractures oriented transverse to the mineral segrega-

tion bands that variously contain hematite, or pyrite, which transect



15

crystal boundaries and at times have obliterated the original

minerals.

The mineral assemblage of muscovite, chlorite, quartz and

albite indicates that the phyllite has been metamorphosed to the

greenschist-facies (Williams, Turner and Gilbert, 1954, Chapter 12).

In addition, this mineral assemblage indicates that the original

sedimentary rocks from which the unnamed phyllite was derived were

pelitic (i. e., argillaceous) rocks.

Contacts

The contact of the unnamed phyllite with the sheared serpen-

tinite of the Trinity ophiolite to the northwest, and the Cooper Peak

keratophyre on the southwest are thought to be part of a series of

imbricate thrusts, as seen from structure cross-sections (Plate 2)

made through the area. While some of the contacts show good evi-

dence of shearing, most are covered by colluvium that obscures

evidence of faulting. The southern contact with the Cooper Peak

Keratophyre is probably a high-angle fault, related to the imbricate

thrusts.

Thickness

The extreme amount of structural complexity within and around

the unnamed phyllite renders any estimate of thickness meaningless.
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The difference in elevation between the lowest exposure of phyllite,

as mapped, and the highest contact, which also happens to be normal

to dip-slope of the foliation plane at the lower contact, is approxi-

mately 400 feet (122 m). However, this is not likely to be any indica-

tion of the original thickness.

Age

The occurrence in the Grouse Creek area of this allochthonous

slice of phyllite, together with phyllite clasts from the phyllite clast

conglomerate member, are thought by this author (Olson, 1977) to

represent a Silurian or Ordovician regional metamorphic event.

Both rock units overlie in fault contact a dated limestone lens of

early Gedinnian (lowermost Devonian) age (Savage, 1976), and are

considered evidence of an unknown episode of pre-Early Devonian

regional metamorphism in the Klamath Mountains. Until recently,

the earliest previously reported, dated regional metamorphism was

380 m.y. (Middle Devonian), indicated from strontium evolution

diagrams for the Abrams mica schist of the Central Metamorphic

Belt (Lanphere and others, 1968). However, the northward extension

of the Abrams mica schist is represented by the Grouse Ridge meta-

morphosed calcareous rocks and amphibolite of Devonian metamor-

phic age, which according to Lanphere (1976, written commun. to

Potter and others, 1977) yielded K/Ar ages of 390 and 399 m.y.
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(Early Devonian) from hornblende in two amphibolite samples. The

Grouse Ridge metamorphic rocks crop out between the towns of

Callahan and Yreka and should not be ruled out as the possible source

for this unit, based on these new radiometric dates although geologic

constraints of time would tend to point against it. There also exists

ample evidence in the vicinity for pre-Early Devonian regional meta-

morphism, as shown by siliceous schist found as clasts in a Horseshoe

Gulch unit of Late Silurian age (Zdanowicz, 1971), and the Duzel

Phyllite which may be of Ordovician and/or Silurian age (Potter and

other s, 1977).

Grouse Creek Formation: Graywacke -Silt stone -
Mudstone Main Body

Distribution and Type Locality

The graywacke-siltstone-mudstone sequence of the Grouse

Creek area constitutes about 35% of the total map area. This main

body of the formation is predominantly a slope-former, and is usually

found well exposed in stream beds, road cuts, and on ridge crests.

On the western side of hill 6432, these strata are found in the SE1/4

NW 1/4, the SW 1/4 NE 1/4, the NE 1/4 SW 1/4, and in much of the

SE 1/4 of section 16. To the south of hill 6432, the main body

extends into parts of the northern half of the NE 1/4 of section 21,

also in the northern half of the NW 1/4, and the NE 1/4 of section 22,
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as well as in the southern half of the SW 1/4, in the SW 1/4 SE 1/4,

and in the SE 1/4 SE 1/4 of section 15. To the east of hill 6432, these

strata crop out across Cooper Meadow, in much of the NE 1/4 of

section 15, and in the SE 1/4 SE 1/4, and SE 1/4 NE 1/4 of section

10, crossing over into the SW 1/4 SW 1/4, and the SW 1/4 NW 1/4 of

section 11.

There is no single type locality for this unit, because of the

variable nature of lithologies within its thickness and lateral extent.

The outcrops along and below the road in the SW 1/4 SW 1/4 NE 1/4

of section 16 are good examples of laminated mudstone and siltstone,

as are the outcrops along the main access road in the NE 1/4 SW 1/4

SE 1 /4 of section 16 of nonlaminated mud stone. Representative

volcanic wacke outcrops can be found along the main road in the

NE 1/4 SW 1/4 SE 1/4, while representative outcrops of metamor-

phic wacke can be found in the Cooper Meadow area in the NE 1/4

NW 1/4 NE 1/4 of section 15.

Lithology

The color of the graywacke-siltstone-mudstone main body is

somewhat variable. Fresh surfaces of graywacke commonly range

from dusky yellow (5Y 6/4), to moderate yellowish brown (10YR 5/4),

or light olive gray (5Y 5/2) in color for the volcanic wacke, and to

medium light gray (N6) in color for the metamorphic wacke.
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Weathered surfaces are usually slightly lighter than fresh surfaces

and typically are yellowish gray (5Y 7/2), to pale yellowish brown

(10YR 6/2), or even pale reddish brown (10R 5/4), to grayish red

(10R 4/2) in color, due to staining by iron oxides.

Siltstone and mudstone beds show about the same variety in

color as do the graywacke layers. .These strata can occur either

finaly laminated or structureless. Those beds that are laminated are

generally light olive gray (5Y 5/2), to grayish olive (10Y 4/2) in

color, with laminae of yellowish gray (5Y 7/2) hue. On weathered

surfaces these laminated siltstones and mudstones take on a yellowish

gray (5Y 7/2) to pale brown (5YR 5/2) color. The nonlaminated beds

on fresh surface are most often dusky yellow (5Y 5/2), to light olive

gray (5Y 5 /2) in color, and on weathered surface are grayish orange

(10YR 7/4), to grayish brown (5YR 3/2) in color.

It is important to note that nonlaminated mudstone and structure-

less graywacke beds are only found in abundance in the lower part of

this unit, in and around the limestone member, perhaps indicating

bioturbation of the sediments here.

Many graywacke beds that are cemented with calcite show a

rough, pitted texture on the surface due to the solution of the inter-

stitial calcite. In addition, sparry calcite veins fill fractures in many

of these graywackes, and in some of the siltstones and mudstones.
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Most outcrops of this main body are highly sheared and frac-

tured, and are folded locally due to_repeated tectonism. Distinct

individual beds of this rock unit are rarely continuous in outcrop for

distances more than 100 feet (30.5 m), before ending abruptly at a

fault or sheared zone. However, where bedding is observable,

strikes and dips often compare very favorably with others in the

general vicinity.

Sedimentary structures, other than thin laminae, in the mud-

stone and siltstones beds include contorted bedding and flame struc-

tures, both of which are due to penecontemporaneous soft-sediment

deformation from sudden loading or slumping (see Figure 4). The

graywacke layers, especially those that are cemented with calcite

and compose the upper two-thirds of the section, show many of the

sedimentary structures indicative of turbidity current deposition.

These features include graded bedding, parallel laminations, ripple

cross lamination, sharp basal contact with underlying mudstone,

gradational contact with overlying mudstone, and the presence of

tool, brush, and flute marks on the base of some of the beds observed

(see Figure 5). The paleocurrent orientatiqn of these bottom marks

on one bed was northeast- southwest on tool and brush marks, with one

small flute cast giving a possible direction of transport to the

southwest.
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Figure 4. Photograph of flame structures in laminated
mudstone and siltstone bed. SW 1/4 NW 1/4
SE 1/4 section 16. Penny for scale.
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Figure 5. Photograph showing a graywacke bed with
sharp base, graded bedding, a gradational
contact with overlying mudstone, and upon
excavation, a base that had tool and brush-
marks oriented NE-SW. Along upper road,
SW 1/4 NE 1/4 SE 1/4 section 16. Dime for
scale.
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In thin section, the graywacke can be classified as a lithic

wacke, using the classification scheme of Williams, Turner and

Gilbert (1954). It is possible, however, to further differentiate the

lithic wacke into a volcanic wacke, which occurs on the western side

of the map area, and a metamorphic wacke that crops out primarily

on the southern and eastern parts of the field area.

Major framework constituents of the volcanic wacke are volcanic

lithics (including intersertal, hyalophitic, ophitic, and/or subophitic

textural types), quartz (both monocrystalline strained and unstrained,

polycrystalline strained, and volcanic quartz that shows euhedral

shape with partially resorbed margins), with small amounts of chest

grains, plagioclase, sedimentary lithics (mainly mudstone), leu-

coxene, and metamorphic lithics (metamorphic quartzite only).

Highly sericitized plagioclase has contributed mica to the matrix,

whose other chief components are clay minerals, disseminated iron

oxides, chlorite (from the alteration of mafic minerals), and celado-

nite (from the alteration of former volcanic glass fragments) (Table

1). Detrital grains are generally poorly sorted, angular to sub-

rounded, and average 1 mm in diameter. The volcanic wacke occurs

at the base of this unit in a probable thrust fault contact with the

ultramafics of the Trinity ophiolite complex, and composes much of

the strata in the lower portion of this unit.
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Table 1. Modal analysis (200 points) of lithic wackes from the
graywacke-siltstone-mudstone main body in the Grouse
Creek area. (No. llb is a volcanic wacke from the western
part of map area, no. 98a is a metamorphic wacke from
the southeastern part of map area)

Constituent
Percent of thin
section no. llb

Percent of thin
section no. 98a

Quartz 17.0 19. 0

Chert 7. 5 8. 0

Volcanic lithics 29.0 5.0

Metamorphic lithics 0.5 20.5

Celadonite and chlorite 15.5 6.0

Clay minerals, iron oxides,
and sericite 14.5 18.5

Plagioclase 8. 0 4. 5

Sedimentary lithics 7.0 1.5

Calcite cement - 10.5

Muscovite and biotite - 1.0

Magnetite - 3. 0

Sphene - 0. 5

Leucoxene 1.0 2.0

Totals 100.0 100.0

Locality no. 11b: SW 1/4 SW 1/4 SE 1/4 section 16
Locality no. 98a: NW 1/4 NE 1/4 NE 1/4 section 22
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Petrographically, the metamorphic wacke is composed of meta-

morphic lithics (which include chlorite schist, metamorphic quartzite,

and phyllite), quartz (monocrystalline strained, polycrystalline

strained, and volcanic quartz, showing euhedral shape with partially

resorbed margins), plagioclase, with small amounts of volcanic and

sedimentary lithics, muscovite, biotite, magnetite, leucoxene, and

sphene. The matrix is composed of green smectite clay minerals,

disseminated chlorite, and sericite, with calcite cement (Table 1).

The constituent grains show a bimodal size distribution from 0.1 to

0. 3 mm in diameter, and from 0.6 to 1.0 mm in diameter, probably

due to the break up of composite quartz (i.e., metamorphic vein

quartz) into small monocrystalline fragments that comprise most of

the smaller size component. The metamorphic wacke overlies the

volcanic wacke, both stratigraphically and topographically, with no

observable break in the continuity of the clastic sequence.

The mineralogy of the framework constituents of these gray-

wackes, and their respective location in the stratigraphic column

suggest that there were a variety of acid and intermediate volcanic

sources of sediment during the initial phases of clastic deposition.

However, a dominantly metamorphic terrane for the sediment source

becomes apparent in later stages of clastic deposition in the Grouse

Creek area. A coarse grained equivalent (?) of the metamorphic

wacke in the thesis area may be the phyllite clast conglomerate
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member, which roughly coarsens from east to west, and from south-

east to northwest. If this relationship is the actual case, then the

coarsening of the metamorphic detritus generally to the west would

denote a source area in that direction, with the Duzel Formation of

Ordovician (?) age possibly serving as the source.

Thin section examination of the mudstone and siltstone reveals

green smectite clays composing the bulk of the mudstone, containing

10 to 20% subangular to subrounded, silt-size quartz grains, while

the siltstone, which occurs as laminae within the mudstone, usually

contains well over 50% subangular to subrounded, silt-size quartz

grains. These siltstone laminae are often spaced closer than 0.5

mm, and range in thickness from 0.5 to 2.0 mm wide. On some

mudstone and siltstone beds, a micaceous sheen can be seen on the

tops of bedding planes, due to current lineation of the detrital mica

flakes.

Outcrops of the metamorphic wacke on Cooper Meadow were

thought by D.M. Rohr (1977, pers. commun.) to resemble exposures

of the widely distributed Moffett Creek Formation of Silurian age.

However, upon examination of thin sections from samples of the

Moffett Creek, and comparing them with thin sections of the gray-

wacke from Cooper Meadow, a greater abundance of calcareous

cement was to be seen in the latter, with greater amounts of sedi-

mentary, volcanic, and metamorphic lithics than in the Moffett
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Creek, plus fewer quartz grains and the complete absence of micro-

cline distinguished the Grouse Creek area samples from the Moffett

Creek.

The rocks which crop out in the stream bed located in the

southern half of the SW 1/4 SE 1/4, and in the southern half of the

SE 1/4 SE 1/4 in section 16 were once graywackes, siltstones, and

mudstones of the main body, but are now cataclasites. These rocks

have been deformed by shattering without any significant chemical

reconstitution (Lawrence, 1977, pers. commun.), Constituents of

this rock include subangular to subrounded, sand size lithic frag-

ments of mudstone, graywacke, chert, and grains of monocrystalline

and polycrystalline quartz, which display undulatory extinction.

Other mineral components include abundant disseminated pyrite, and

large patches of both leucoxene and calcite, all of which are contained

in a sheared and disrupted matrix of chlorite and green smectite

clays. The occurrence of these cataclastic rocks along the stream

bed, even directly adjacent to and contained as wedge-shaped masses

within the quartz diorite unit in the SE 1/4 SE 1/4 SE 1/4 of section

16, point to a relatively thin zone of intense deformation and is

interpreted to be a fault zone.
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C ontacts

The graywacke, siltstone, and mudstone of the main body of the

Grouse Creek Formation, including all of its separate members, lies

in probable thrust fault contact with the ultramafic rocks of the

Trinity ophiolite complex. Evidence for a thrust fault comes from

the horizontal to very low angle attitude of the contact, where it is

not bounded or offset by high angle faults, and that the sedimentary

and volcanic rocks appear to be an eroded klippe lying on top of the

ultramafics. The only place where the contact was exposed, located

above the main access road in the SE 1/4 NE 1/4 SW 1/4 of section

16, it appeared relatively sharp, although the overlying volcanic

wacke was extensively fractured, perhaps indicating only minimal

displacement. The possibility exists that this was a depositional

contact at one time, because of the inferred minimal displacement.

In most places where the contact with the Cooper Peak Keratophyre

was observable, the contact had the sheared appearance of a fault,

yet at other localities the keratophyre very closely overlies the

strata of the main body in apparent depositional. contact. Additionally,

the keratophyre when viewed at a distance showed a crude bedding

whose attitude was not discordant with strikes and dips taken from

the underlying graywacke - siltstone -mud stone main body. The

contacts of the main body of the Grouse Creek Formation with those
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of its members and other lithologic units will be discussed in their

respective sections.

Age

The graywacke-siltstone-mudstone main body contains within it

the limestone member from which conodonts were obtained by

Savage (1976) which indicate an early Gedinnian (early Early

Devonian) age. The main body, however, may extend into the Late

Silurian, as the limestone lenses of the limestone member are not

located at the base of the main body, but rather approximately 50 to

100 feet (15.3 to 30.5 m) above the base.

The top of the main body overlain by the Cooper Peak Kerato-

phyre, is post-Gedinnian, perhaps of early Siegenian (middle Early

Devonian) age. Such an age is suggested by a stratigraphic section at

Gregg Ranch, located 4 miles (6.4 km) to the north, which contains

limestones of late Gedinnian to early Siegenian age, capped by kera-

tophyre of nearly identical chemical composition to that found in the

Grouse Creek area (Boucot and others, 1974). The extrusion of

these volcanic rocks would appear to indicate an event of short

duration, since there exist no interfingering of sedimentary and

volcanic rocks, or erosional unconformity between the two rock types.

In the southeast corner of the thesis area, the graywacke-

siltstone, mud stone of the main body has been intruded by a
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trondhjemite stock, which has hornfelsed the sedimentary rocks up to

an estimated 600 feet (183 m) from the contact. There exists the

chance that this igneous body may be Middle (?) Ordovician in age,

as is the age of a lithologically similar unit at Gregg Ranch (Potter,

1976, pers. commune ). If the Grouse Creek trondhjemite is indeed

Ordovician, then the strata surrounding the intrusive could be Early

Ordovician or older in age. Evidence to support an Early Devonian

or younger age rather than an Ordovician age for the intrusive is

covered in those sections in this thesis dealing with the quartz diorite,

trondhjemite, and hornfelsed sedimentary and volcanic rocks.

Thickness

A meaningful estimate of the thickness of the graywacke-

siltstone-mudstone main body cannot be given due to structural com-

plexities within the unit. From cross-sections it is possible to est-

mate the probable minimum thickness as about 580 feet (77 m).

Environmental Interpretation

The lack of sedimentary structures found in the lower portions

of the graywacke - siltstone - mudstone main body, and general struc-

tureless character of the beds, would seem indirect evidence for

extensive bioturbation of these strata. Presence of limestone lenses

within these beds offers abundant evidence for nearby shallow water
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(photic zone) conditions and availability of bioturbating organisms.

The overwhelming amounts of angular to subrounded volcanic lithic

fragments in the graywackes from the lower portion of the unit

unquestionably places the environment of deposition on the margin of

a volcanic source, possibly a volcanic island arc. With time, the

depositional setting apparently changed with the appearance of many

coarse clastic lenses within the unit that fit models of deep water

sedimentation given by Walker and Mutti (1973) and Mutti and Ricci

Lucchi (1972). The presence of sedimentary structures in beds of

the upper part of the unit indicates a turbidity current transport

mechanism for these clastic rocks (Midsilleton and Hampton, 1973)

(see Figure 6). Although Figure 6 shows a near ideal "Bouma

sequence, " beginning with the "A" division of graded bedding, then

division "B" of parallel laminations, division "C" showing ripple

cross-laminations, with division 11D" missing of more parallel

laminations, finally grading upward intq, the overlying mud stone,

Division "E", this, however, is very atypical of the majority of beds

seen in outcrop. Much of the unit possesses only Bouma division A

and E, as does the bed in Figure 5, which according to Walker and

Mutti (1973) would be typical of proximal turbidites and fit their

classification as Facies C. According to Mutti and Ricchi Lucchi

(1972), Facies C may be deposited either on the channeled suprafan
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Figure 6. Photograph showing the near ideal sequence of sedi-
mentary structures in a turbidite bed (the "Bouma
sequence") from the upper portion of the graywacke-
siltstone-mudstone main body. The base is coarse sand
grading up into fine sand, overlain by plane parallel
laminae and ripple cross-laminations, finally grading
into overlying mudstone bed. NW 1/4 NE 1/4 NE 1/4
section 15. Six inch ruler for scale.
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or suprafan depositional lobes of a submarine fan, just off the

continental slope or its equivalent in an island arc setting.

Limestone Member

Distribution. The limestone lenses of the Grouse Creek Forma-

tion occur predominantly on the western margin of the thesis area,

and constitute about 1% of the total mapped area. Richly fossiliferous

limestone lenses can be found well exposed in the NW 1/4 SW 1/4

SE 1/4 and the SW 1/4 NW 1/4 SE 1/4 of section 16 (Lens I), and in

the SE 1/4 NW 1/4 NE 1/4 and the SW 1/4 NE 1/4 NE 1/4 of section 21

(Lens II). Poorly fossiliferous limestone blocks (Lens III) can be

found in the NE 1/4 SE 1/4 NW 1/4 of section 16. Also a nonfos-

siliferous and relatively thin, silty limestone bed exists on the ridge

south of Cooper Meadow in the NW 1/4 NE 1/4 NE 1/4 of section 22.

No characteristic locality for the limestone member is given,

because each body of carbonate differs to some degree from the others.

Litho logy. Weathered surfaces of the limestone lenses are

often stained by iron oxides a pale yellowish brown (19YR 6/2), to

grayish orange (10YR 7/4), but most commonly are unstained and

range from light gray (N7), to medium gray (N5) in color. On a fresh

surface the fossiliferous limestone lenses I and II are somewhat dark,

being mainly medium dark gray (N4) in color and attributable to the

finely crystalline micrite and large carbon content. However, light
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olive gray (5Y 6/1), and even light brownish gray (5YR 6/1) colors

can occur. The poorly fossiliferous limestone lens III, as well as

the nonfossiliferous silty limestone are light gray (N7), to medium

light gray (N6) color on a fresh surface. When broken open by a

hammer, all of the limestone, except for the silty limestone bed,

gave off a noticeable fetid odor, probably that of hydrogen sulfide.

Limestone lenses I and II, and their associated small fault

blocks yield extremely rich macrofossil and microfossil faunas.

Savage (1976) states that the Grouse Creek limestones yielded the

most diverse and abundant conodont faunas of any limestone locality

in the Klamath Mountains, of either Silurian or Devonian age.

The weathered surface of the limestone is covered with solution

pits, some of which are small and circular (from 0.5 up to 8 mm in

diameter), but many are elongate and range up to 9 cm in length.

The surface of this weathered limestone has a rough texture to the

touch, with both solution pits and finely disseminated silica that stands

out in relief being responsible for this.

White and at times even black sparry calcite veins, commonly

from 0.5 to 3 mm wide, can be seen to occur throughout all of the

limestones discussed here. In those limestones which appear highly

recrystallized, namely lens III and the silty limestone bed, pervasive

stylolites occur that at times can be seen to offset the abundant

calcite veins.
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Petrographically, virtually the entire thickness of limestone

lens I is dominated by a sedimentary breccia that consists of bio-

micrite clasts, stromatoporoid fragments, and tabulate coral frag-

ments. The lower half of limestone lens I contains a stromatoporoid

dominated sedimentary breccia, with abundant biomicrite (Folk,

1962) clasts, or in Dunham's (1962) classification a mixed fossil lime

wackestone, which are set in a matrix composed of sand, silt, and

clay size carbonate detritus (see Figure 7). Recognizable bioclastic

material within the matrix is not common, but is composed of crinoid

columnals, broken brachiopod valves, brachiopod spines, and gastro-

pods, which are the same biotic constituents as found in the biomicrite

clasts. Pelmicrite (Folk, 1962) clasts can also be found floating in

the matrix, but are much smaller than the biomicrite clasts. The

stromatoporoid fragments range from 2 mm across to large domal

structures 10 to 25 cm across and 10 cm in height.

Those layers of limestone lens I that are not sedimentary

breccia are thin beds of biomicrite, which are nearly identical to

those found in limestone lens II. In thin section, this biomicrite is

composed of brachiopods having impunctate shell structure, crinoid

columnals that at times display micrite envelopes attributable to the

boring activity of photosynthetic algae (Bathhurst, 1975), ostracodes,

Girvanella that occurs as small discrete masses or encrusting skele-

tal material, bryo.zoans of which all appear to be cryptostomes.
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Figure 7. Photograph of slabbed and etched surface of sedimentary
breccia from the lower portion of limestone lens I, show-
ing abundant stromatoporoid fragments (light colored,
angular), and biomicrite/mixed fossil lime wackestone
fragments (dark colored). SW 1/4 NW 1/4 SE 1/4 section
16. Overexposed nickel for scale.
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Rostroconchs could be identified in hand specimen from the layers as

well. In general, the matrix is micrite together with finely broken,

silt size biotic debris. The extreme dark gray to almost black color

of the micrite matrix as observed in plane polarized light, is due to

finely disseminated carbonaceous matter in the micrite. Examination

of insoluble residue from similar beds confirms this hypothesis.

Pyrite cubes are present in moderate amounts.

Tabulate corals increase in abundance from the middle to the

top of lens I, with stromatop3roids showing about the same abundance

as in the lower part of the lens. Favosites and Cladopora occur as

broken fragments from 5 mm long and 2 mm wide, up to 4 cm long

and 3 cm wide, with tabulate fragments at times encrusted by strorna-

toporoids (see Figure 8), providing evidence for the erosion of a

bound organic framework. Other criteria pointing to the existence of

a skeletal framework, besides the abundance of stromatoporoids that

are the obvious potential reef builders, are fragments of biolithite

(Folk, 1962) found as clasts or inplace growth in the upper part

of limestone lens I (see Figure 9). This rock type was best

observed in acetate peels, which show the macrostructure, and inter-

relationships between skeletal components much better than would

have thin section. In the peels made from the tabulate coral domi-

nated biolithite, the tabulate corals Favosites and Cladopora are tightly

intergrown, with some minor stromatoporoids that either show
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Figure 8. Photograph of slabbed and etched surface of sedimentary
breccia from the middle of limestone lens I, showing
stromatoporoid encrusting a tabulate coral fragment,
which provides evidence for the erosion of a bound organic
framework. SE 1/4 NW 1/4 SE 1/4 section 16. Scale in
centimeter s .
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Figure 9. Photograph of slabbed and etched surface biolithite from
fossiliferous limestone lens I. Note dense in situ growth
of tabulate corals, stromatoporoids (dark areas), and
minor rugose corals (one seen above and to right of
scale). NW 1/4 SW 1/4 SE 1/4 section 16. Penny for
scale.
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intergrowth with the corals, or may act as a binding agent. Rugose

corals make a minor contribution to the overall growth framework as

well. Spar ry calcite can be seen filling in the void space between the

tabulae of the tabulate colonies. The interstices of this framework

contain numerous whole bryozoans, brachiopods, and crinoid colum-

nals within a micrite matrix.

Limestone lens Ildiffers from limestone lens I by not containing

any sedimentary breccia, but rather excellent exposures of stromato-

poroid and coral biolithite, layers of algal oncolites, dolomitic

pelintrasparmicrite beds, and thick accumulations of biomicrite.

The biolithite composed of stromatoporoids and corals form thick

beds of stromatoporoids 4.5 inches (12 cm) thick and 3.5 feet (1 m)

in length that encrust brachiopods, gastropods, rugose corals, and

tabulate corals including Syringopora. The rugose and tabulate corals

appear not to be tightly intergrown in such accumulations, but are in

definite growth position and contain occasional small bulbous stroma-

toporoids with them.

It should be stated here that thin section examination of stro-

matoporoids from this locality as well as limestone lens I, reveals

a skeleton that resembles that of Stromatoporella or Actinostroma, as

identified in Lecompte (1956). The horizontal laminae of these

stromatoporoids are very distinct, while the vertical partitions or

pillars are much less well defined. Relatively large, round tubes,
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generally called caunopores, transect the laminae and are filled with

pseudospar (Folk, 1965), while most of the pore space and skeletal

structure of the stromatoporoid are composed of dirty, interlocking,

vertically elongate calciate crystals, which interestingly show an

aggregate extinction to some degree.

The layer of algal oncolites to be found near the base of lime-

stone lens II, approximately 5 inches (13 cm) thick (see Figure 10), is

thought to closely underlie the exposures of stromatoporoid and coral

biolithite discussed previously. In examinations of acetate peels, the

spherical objects within the layer bore some resemblance to pisolites,

because perched inclusions were thought to be present (Dunham,

1969). However, other criteria indicative of pisolites, according to

Dunham (1969), such as polygonal interfitting, reversed graded

bedding, and preferred downward growth direction could not be found.

Thin section examination conclusively showed these spheres to be

algal in origin, evidenced by Girvanella or Sphaerocodium algae com-

posing the bulk of the spheres, as identified in Johnson (1961). Also

exhibited in thin section was an internal quasiconcentric structure, as

are characteristic of oncolites, due to favored growth on the side

exposed upward, which upon agitation by currents or wave movement

would roll and expose another part of the sphere to the surface. It

should be stated that these are not typical blue-green algal oncolites,

but nonetheless are algal in origin, with perhaps a better term for
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Figure 10. Photograph of slabbed and etched surface of algal oncolite
layer near base of limestone lens II. Gastropod shells
can be seen forming the nuclei of some oncolites. Other
clasts include biopelmicrite. SE 1/4 NW 1/4 NE 1/4
section 21. Penny for scale.
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these spheres being "rhodolith"(Boucot, 1977, pers. comrnun.). The

oncolites average about 1 cm in diameter, and are within a silty,

argillaceous matrix. The matrix contains abundant pyrite grains as

well. Most of these algal spheres seem to have formed around nuclei

of gastropod shells, while others show no identifiable nucleus. Other

clasts within the same layer are biopelmicrites (Folk, 1962).

The most intriguing carbonate layer in the entire Grouse Creek

area is an 8 inch (20 cm) thick dolomitic pelintrasparmicrite bed that

occurs directly overlying the stromatoporoid and coral biolithite

mentioned earlier. Staining a thin section of this rock revealed

randomly oriented, but often close packed dolomite rhombs from

50 µ to 100 11 in diameter (see Figure 11), intraclasts that are about

1 mm in diameter, and pellets averaging 100 throughout a matrix

composed of micrite altering to pseudospar (Folk, 1965), with areas

of sparite matrix as well. Other components found within this layer

are occasional quartz grains, probable algal laminae, and rare

gypsum crystals. Some of the dolomite rhombs have formed by the

replacement of calcite, as they show pitted calcite grains at the

centers of these rhombs. Other dolomite rhombs reveal very dirty

rhombs of less than 20 11 in diameter for their nuclei. While the

dolomite overgrowths around these nuclei did not appear particularly

dirty, at the same time they did not appear to be exceptionally limpid.

Folk and Land (1975) use the presence of limpid dolomite as evidence
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Figure 11. Photomicrograph of thin section of dolomitic pelintra-
sparmic rite bed from near the base of limestone lens II,
showing stained calcite matrix and unstained dolomite
rhombs. SE 1/4 NW 1/4 NE 1/4 section 21. Field of
view is 1.5 mm.
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of fresh water precipitation of dolomite, secondarily. The somewhat

limpid dolomite overgrowths of some of these rhombs could have

taken place by this process, yet the dirty rhombs forming many of the

nuclei would point to penecontemporaneous dolomitization within the

sediment (Illing and others, 1965). The brownish algal-looking fila-

ments, which are oriented parallel to bedding, form multiple layers

separated by matrix. The gypsum crystals are found near the top of

the bed in one thin layer, and are approximately 150 p, in diameter,

and may have been replaced by length-slow chalcedony, but retain

the characteristic euhedral gypsum crystalline shape. All these

features point to a supratidal dolomitic algal crust origin, as is form-

ing in the Bahamas on Andros Island today (Shinn and others, 1965).

Hand specimens of this carbonate show what may or may not be mud

cracks, which would be another criteria for recognizing this as a

supratidal crust, if that indeed is what it is.

The very thick accumulations of biomicrite, or variously

mixed fossil lime wackestones and packstones in Dunham's (1962)

classification, which make up the remaining 70 feet (21.4 m) of

limestone lens II, are very similar to the biomicrite described from

limestone lens I earlier. The major difference being that these bio-

micrites appear to contain a much greater concentration of rugose

corals than is seen elsewhere, as well as thin, local growths of

tabular stromatoporoids that appear to occur sporadically in the
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section here (see Figure 12), Another feature seen in biomicrite

from this lens was geopetal fabric that was observed developed within

a large brachiopod shell.

The limestone body and small associated block designated as

limestone lens III appears nonfossiliferous in the field, dissimilar to

limestone lenses I and U, having been extensively recrystallized in

part to marble. However, in thin section, the lens as a whole is a

badly recrystallized biomicrite, going to microspar, pseudospar,

and extensively to coarse sparry calcite. The former transformation

is occurring by coalescive neomorphism, as termed by Folk (1965),

the latter probably by low-grade contact metamorphism of the lime-

stone itself. In those parts of the limestone that have not been

extensively recrystallized, sparry calcite veins are nearly ubiquitous.

The recognizable biotics include crinoid columnals, brachiopod frag-

ments, bryozoans, and possibly Girvanella, while nonskeletal com-

ponents include possible oolites, from 300 to 400 p, in diameter. Based

on those biotic components that were recognizable in thin section from

this lens, and the similar location in line with lens I and II that are

also on the west side of the field area, the author considers this

limestone lens to be contemporaneous with the other limestone lenses

previously discussed.

The nonfossiliferous, thin, silty limestone bed near the grada-

tional contact with the hornfelsed sedimentary rocks in the southeast
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Figure 12. Photograph of slabbed and etched surface of a biomicrite/
mixed fossil lime packstone from the upper part of
limestone lens II. Shows tabular stromatoporoid growth
on top of skeletal debris, subsequently covered by more
skeletal material. SW 1/4 NE 1/4 NE 1/4 section 21.
Penny for scale.
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corner of the field area, contains in thin section abundant silt size

quartz grains dispersed throughout a micrite cement. Sparry calcite

veins as well as stylolites are pervasive, as in limestone lens III,

and because of the proximity of the hornfelsed strata, it too may have

been metamorphosed slightly. Pyrite cubes are also abundantly dis-

tributed throughout the carbonate bed.

Contacts. The contacts of limestone lens I and associated block

with the Cooper Peak Keratophyre, silicified volcaniclastic member,

diorite dike, and mudstone of the main body are all thought to be high-

angle faults, due to the presence of sheared zones at these contacts

and limestone underlain by a volcaniclastic unit thought to post-date

the deposition of the carbonates. In addition, no baking or horn-

felsing of the lens to marble is apparent along the contact with the

diorite porphyry dike. Limestone lens II, however, may be in

depositional contact with the underlying volcanic wacke of the main

body, as the strike and dip of the two units at this location are nearly

identical., with no shearing to be observed in the vicinity of the contact.

The contact of this lens and associated block with the diorite dike is

thought to be a high-angle fault, due to no observable hornfelsing of

the carbonate along the contact. The other contacts of the small block

of lens II are also thought to be faults, due to the presence of sheared

areas and mineralization along the contacts. Colluvium and vegeta-

tion obscure the contact of this lens with the Cooper Peak
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Keratophyre, yet is thought to be a fault also because of the adjacent

diorite dike and the abrupt termination of the volcanics into the lime-

stone. Limestone lens III is in depositional contact with the volcani-

clastic conglomerate member in the NW 1/4 of section 16, and

probably conformable at least on those hornfelsic rocks that were

sedimentary, having been subjected to the same metamorphic effects

together. The silty limestone bed in section 22 appears in depositional

contact with the enclosing graywacke, silt stone and mudstone of the

main body.

Age. The major fossiliferous limestone lenses I and II have

both yielded brachiopods that indicate an Early Devonian age (Boucot

and Johnson, 1964; unpub. data; Berry and Boucot, 1970, p. 153).

Savage (1976) has dated the same lenses using conodonts, and are of

early Gedinnian (early Early Devonian) age. The small blocks

associated with each major lens are considered to be equivalent to

the larger parent block, as evidenced by identical lithology and fauna.

Poorly fossiliferous limestone lens III is also likely to be equivalent

to the other two lenses, as was stated earlier. Although this lime-

stone yielded no conodonts or dateable brachiopods, due to the exten-

sive recrystallization of this lens in part to marble, it contains

biotic constituents that in thin section greatly resemble those found

in the other two lenses. The silty limestone bed contains no macro-

fossils or microfossils, but is tentatively lumped with the other
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limestones as Early Devonian on the basis of the enclosing

strata.

Thickness. The limestone lenses of Grouse Creek vary in thick-

ness from approximately 100 feet (30.5 m) thick for limestone lens I,

with the same relative thickness applying for limestone lens II, to

about 20 feet thick (6. 1 m) for limestone lens III, while the silty lime-

stone bed is less than 3 feet (0. 9 m) thick, as based on the dimensions

of a boulder of this unit found in a stream bed directly below expo-

sures of this carbonate,

Environmental Interpretation. Deposits of the limestone

member appear to represent various facies of carbonate buildups in

the terminology of Heckel (1974). More specifically, these limestones

fulfill the definition of the term "reef" given by Heckel (1974) as

(1) displaying evidence of a potential wave resistance or growth in

turbulent water that implies wave resistance, and (2) evidence of

control over the surrounding environment. Algal oncolites from

limestone lens II indicate shallow water turbulence, probably due to

wave attack, while the massive stromatoporoids found in both lenses

I and II would alone give the potential for wave resistance to the

buildup. The entire thickness of limestone lens I of stromatoporoid

and coral breccia that appears to have been eroded from a bound

organic framework, probably as flank beds, most certainly reflects

influence on the surrounding environment. Such criteria as these
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also fit into Lowenstam's (1950) proposed definition of a reef, and

agree with the "ecologic reef" meaning of Dunham (1969).

The facies represented by limestone lens I, as mentioned

above, is probably that of flank beds or reef talus, deposited from

the erosion of the reef core in a fore-reef setting. The biomicrite

layers from this lens represent deposits of carbonate mud funneled

off the reef margin into the fore-reef facies. The lower part of lime-

stone lens II would appear to represent deposits of the reef margin

itself, since it is immediately overlain by a presumed supratidal

algal crust, which adds the idea of supratidal exposure to the reef,

either caused by eustatic sea level lowering, reef growth to above sea

level, or tectonic uplift of the volcanic island arc which these car-

bonate deposits presumably fringed. Deposits directly above this

dolomitic layer are nearly identical to those found below it, with con-

ditions apparently returning to reef margin facies. Yet, not far

above these layers of the limestone, the presence of tabular stromato-

poroids, abundant rugose corals, brachiopods, crinoid columnals,

ostracodes, and bryozoans, would appear to place these deposits

probably in the fore-reef facies once again, as based on the distribu-

tion of organisms in Devonian reef zones by Krebs (1974) in central

Europe. A similar depositional environment and setting is proposed

for limestone lens III as well. Because the silty limestone bed is

within a clastic sequence interpreted to have been deposited by
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turbidity currents, it may be related to turbidite deposition in an

area of the basin that was also getting detrital carbonate material

occasionally washed in.

The Grouse Creek Formation limestone member appears simi-

lar in many respects to other Devonian stromatoporoid-coral reefs,

found on a world-wide scale, as detailed by Heckel (1974). The rela-

tive size of the deposits is the major difference one encounters when

such a comparison is made. Therefore, with the limited areal extent

and small thickness of these carbonates a large reef body cannot be

inferred, but rather a small fringing reef or series of patch reefs

around a volcanic island is invoked to explain their morphology and

sedimentological setting among dominantly volcaniclastic rocks.

Churkin and Eberlein (1977) provide numerous examples of Paleozoic

strata composed of coarse volcaniclastic sedimentary rocks, rich in

lava flows, interlayered with reef limestones from Alaska to northern

California in the outer margin of the Cordilleran foldbelt, as such is

the nature of the Grouse Creek strata.

The fetid odor noticeable upon breaking these limestones open

with a hammer, probably that of hydrogen sulfide, as well as the

abundant pyrite found in the samples would point to reducing con-

ditions within the carbonate sediments at some post-depositional

time. In addition, the high percentage of carbon in the insoluble

residues, especially in limestone lenses I and II, and the occurrence
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of an oil film on top of the acid when this limestone was dissolved are

due to the organic remains of the organisms which populated the reefs

that presumably underwent anaerobic decay producing the pyrite and

hydrogen sulfide, with any volatile hydrocarbons long having been

driven off by subsequent thermal effects, leaving only carbon.

Bedded Chert Member

Distribution and Type Locality. The bedded chert member of the

Grouse Creek area crops out as discontinuous, small blocks, within

the graywacke-siltstone-mudstone sequence. These isolated blocks

occur only on the western side of the study area, and it is interesting

to note that they crop out as a crude band near or along the 5040'

contour line. The chert is located in the SE 1/4 SE 1/4 NW 1/4 and in

the NE 1/4 SW 1/4 SE 1/4 of section 16. The type locality is desig-

nated as the outcrop about 200 feet above the main road in the NE 1/4

SW 1/4 SE 1/4 of section 16.

Litho logy. The bedded chert has a wide range of colors on a

weathered surface. Commonly, the chert is stained by a thin coating

of iron oxides and has a pale yellowish brown (10YR 6/2), moderate

yellowish brown (10YR 5/4), or dark yellowish brown (10YR 4/2)

color. Many weathered surfaces, however, are not stained by oxides

and show colors ranging from greenish gray (5GY 6/1),to medium

bluish gray (5B 5/1), as well as from light brownish gray (5YR 6/1),
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to grayish red (10R 4/2) color. On a fresh surface the predominant

colors are dark gray (N3), and very light gray (N8), but all shades of

gray between very light and dark gray (N8-3) occur. Other colors

on fresh surfaces are dark reddish brown (10R 3 /4),to dusky red

(5R 3/4), and rarely grayish orange (10YR 7/4).

This chert displays easily seen laminations and bedding features

(see Figure 13). The individual "beds" or layers alternate light and

dark colors, with most beds being from 10 to 35 cm in thickness.

Much of the chert is highly fractured, some even appears to be chert

breccia, while other areas of the chert show small scale internal

normal faulting, with 1 to 3 cm displacement. The fractures are

typically healed by white microcrystalline quartz, but along some

fractures and faults a linear porosity has developed. These open

fractures are anywhere from less than 1 mm up to 4 mm wide, usually

1 to 1.5 cm long, and lined with drusy quartz.

Thin section examination reveals that the chert is almost

entirely composed of microcrystalline quartz, with individual grain

sizes less than 100 [I. The only other constituents are small,

irregular patches of hematite, and some silt-size aggregates of clay

minerals that are evenly dispersed through portions of the thin section.

Together these amount to around 1% of the chert. The dark gray

layers of chert are somewhat turbid throughout due to scattered

opaque particles, probably carbonaceous matter, and may account for
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Figure 13. Photograph of bedded chert unit showing bedding of chert
layers roughly parallel to top of hammer. Brecciated
chert seen at bottom of photo. SW 1/4 SE 1/4 NW 1/4
section 16. Hammer is 11.5 inches (29 cm) tall.
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up to 5% of the chert in these layers. Much of the chert in thin

section has a highly fractured appearance, and is undoubtedly related

to the brecciation and small scale faulting noted in hand specimen.

Also noted were large areas of coarse granular quartz crystals of

equant dimensions. The outlines of these area s are similar to the

shape of the cavities developed along fractures visible in hand speci-

men, and probably are cavity fillings.

An important feature of this chert observed in thin section, is

the occurrence of spherical bodies which have been dissolved and

infilled with chert or chalcedony. These areas are believed to be

the replaced remains of radiolaria, and along with the absence of any

carbonate in thin section would seem to indicate that this rock was a

primary, marine chert, and not the product of the replacement by

silica of a limestone bed. Other possible replaced microfossils

observed were sponge spicules.

Contacts. The contacts of this member with the surrounding

graywacke-siltstone-mudstone main body are obscured by colluvium.

However, the bedded chert is assumed to occur either as fault blocks

or as chert lenses, evidenced by the chert occurring as discontinuous

outcrops. Furthermore, the member appears to follow the general

strike and dip of the strata in this portion of the field area, as

measured from the attitude of the chert beds themselves and inferred

from the strike of the outcrop trend of the chert. Therefore, the
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chert unit could be in depositional contact with the surrounding

clastic rocks, and an integral part of the main body.

Age. Although no fossils occur in the bedded chert other than

the spheres, which are probably replaced radiolaria, this member

does lie within the main body of the Grouse Creek Formation at nearly

the same stratigraphic level as the limestone member, which has

been dated by Savage (1976) as early Gedinnian (early Early Devonian)

in age. The chert is therefore assigned the same early Early

Devonian age.

The possibility of correlating this bedded chert with other

bedded chert units in the vicinity does not seem likely. The Callahan

Chert is Silurian in age, although the uppermost part might be Lower

Devonian according to Rohr (1978), and displays soft sediment

deformation which this bedded chert lacks. At the same time, the

Callahan Chert is considered by Potter (1977, pers. commun.) to

be equivalent to chert and chert sandstone of the lower part of the

Gazelle Formation in the Gazelle area, which has been assigned a

late Llandovery to Siegen or Ems age by Potter.

Thickness. The maximum thickness, where the attitude of the

bedded chert could be ascertained, was approximately 20 feet (6.5 m).

This thickness is exposed at the type locality where the chert is

dipping to the northeast at 35 degrees. However, the lower contact of
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this outcrop is covered by colluvium, and as a result the above figure

may be a poor estimate of the true thickness.

Environmental Interpretation. In the opinion of this writer, the

bedded chert member does not appear to represent a deep-marine

deposit of siliceous oozes that were formed in water below the cal-

cium carbonate compensation depth. Rather it would seem to have

been deposited in shallow water at or about the same time as the

limestone member, since they lie at nearly the same stratigraphic

level in the graywacke - siltstone -mud stone main body. Although

there are no modern examples of chert being formed in a shallow

marine environment, there have been reports (Danner, 1970; Tromp,

1947) of ancient cherts that appear to have this association. High

productivity by silica-fixing organisms in a shallow water carbonate

environment could create local conditions not conducive to carbonates

while at the same time boosting the input of siliceous sediment.

Dr. G.R. Heath (pers. comm.un. to Porter, 1974) cited the La Luna

Formation of Columbia and Venezuela as an example of this phenome-

non. Porter (1974) calls on shallow water deposition to explain cherts

found in the Massive Limestone Member of the Facey Rock Lime-

stone, which showed no sign of a replacement origin or tectonic

emplacement in this shallow water limestone. Krebs (1974) states

that in the Devonian carbonate complexes of central Europe, chert

lenses are typically found in off-reef or back-reef areas, and may



59

have been the setting for the bedded chert member during the time

of existence of fringing or patch reefs in the area.

The rhythmic bedding of this chert may either be a feature

from the unaltered siliceous deposits, or related to diagenetic

changes which segregated the siliceous muds into layers (Pettijohn,

1975).

Volcaniclastic Conglomerate Member

Distribution. The volcaniclastic conglomerate is located only in

the northwestern portion of the field area with outcrops located in the

eastern half of the NW 1/4, and in the western half of the NE 1/4 of

section 16. Best exposures of this member are seen in road cuts

along the upper road.

Litho logy. The conglomerate is extremely weathered in

appearance with weathered surfaces commonly a light olive gray

(5Y 5/2), or pale yellowish brown (10YR 6/2), to dark yellowish

brown (10YR 4/2) color. On fresh surfaces the framework clasts

vary from pale greenish yellow (10Y 8/2),to olive gray (5Y 4/1) in

color, with the matrix usually of pale olive (10Y 6/2) hue. The out-

crops of this unit are low-lying. Fresh exposures in the road cuts

show the conglomerate to be badly weathered several feet below the

surface, with the conglomerate as a whole being moderately friable.

Clast size ranges from 6 inches (15 cm) in diameter, down to fine
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sand and silt size detrital grains. Composition of the large cobbles

and pebbles, in thin section, are seen to be predominantly volcanic

lithic fragments, which include ophitic, subophitic, intersertal, and

possibly hyalophitic textural types present. The most common clasts

are those of rounded to subrounded quartz keratophyre, with some

subrounded altered silicic volcanics. The quartz keratophyres vary

somewhat texturally, as to relative amounts and size of plagioclase

microlites and/or phenocrysts, and the size of quartz included with

the groundmass, yet have about the same relative abundances; 65%

plagioclase, 15% quartz, 15% chlorite, and 5% leucoxene. Other

clasts include probable diabase dike material, which has undergone

spilitization as have the rest of clasts, since no plagioclase pheno-

crysts show anorthite/albite ratios greater than in the range of albite

to oligoclase. These same feldspars are extensively sericitized,

with pyroxene phenocrysts completely altered to chlorite, and leuco-

xene pseudomorphous after ilmenite. The matrix is composed of

nearly equal amounts of clay minerals, chlorite flakes, finely

disseminated chlorite, calcite cement, silt and sand size polycrystal-

line quartz grains showing strained extinction, plus leucoxene and

rare pyroxene grains. At and above the contact with limestone lens

III on the south side of this member, small limestone clasts can be

seen within the conglomerate, which in thin section appear as coarsely

crystalline clasts of sparry calcite. The origin of the small amounts
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of calcite cement within the matrix of this unit is thought to have been

derived from the solution of these limestone clasts, or the underlying

carbonate lens, subsequently precipitated out into the interstices of

the matrix. As a whole, the volcaniclastic conglomerate is both

compositionally and texturally immature, with sorting being poor,

and displaying no internal organization. Walker and Mutti (1973)

would classify this conglomerate as a disorganized conglomerate,

due to the overall lack of internal stratification, grading, clast

orientation, and clast imbrication.

Contacts. The only exposed contact of this member is with the

limestone lens on the south side of the unit, and is in depositional

contact on top of the limestone lens, as clasts of the limestone are

included in the conglomerate directly above the contact. The contact

with the hornfelsed sedimentary and volcanic rocks, although nowhere

exposed, is thought to be also conformable because the limestone lens

here appears to have been affected by the same thermal metamorphism

that hornfelsed the sedimentary and volcanic rocks. The unit is

bounded on the north by a probable thrust fault that underlies the

Grouse Creek area, and to the northeast and southwest by high angle

faults which terminate the conglomerate abruptly into the Cooper Peak

Keratophyre, and laminated mudstone and siltstone of the main body

respectively.
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Age. This member is given an Early Devonian age on the basis

of depositionally overlying limestone lens III that is probably equiva-

lent to other dated limestone lenses directly to the south of early

Gedinnian (early Early Devonian) age (Savage, 1976).

Thickness. Based on the probable attitude of the conglomerate

from the contact with the limestone, as dipping to the north 40

degrees, the estimated thickness in the field was about 1.60 feet

(18.2 m). This thickness does not take into account the likelihood of

internal faulting, which could either telescope or compress the thick-

ness of the unit.

Environmental Interpretation. The great abundance of volcanic

lithic clasts in this member, and corresponding coarse texture would

seem to point to a genetic relationship with the silicified volcaniclastic

member, as they both contain large amounts of coarse volcanic detri-

tus. However, because the volcaniclastic conglomerate displays none of

the sedimentary structures found in the silicified volcaniclastic

member, it may have either been deposited in a different facies of the

subsiding basin, since it does overlie presumably shallow water (i.e.,

photic zone) limestone deposits, or is totally unrelated to the deposi-

tional setting inferred for the silicified volcaniclastic member. The

rounding of volcanic lithics is indicative of moderate transport

distances to achieve the sphericity seen, or perhaps is an example of

a resedimented conglomerate (Walker, 1975) with the clasts having



63

been rounded by wave action near shore and subsequently redeposited

in deeper water. The large size of many of the clasts suggests that

the competency of the transporting agent was high. A mass move-

ment process, such as a debris flow could account for such a deposit

and the structureless aspect of the conglomerate. A debris flow

would be the consequence of sediment overload and shock-induced

failure on slopes steep enough to reduce frictional forces and support

downslope movement (Middleton and Hampton, 1973).

This disorganized conglomerate can be classified as Facies Al

of the scheme of Walker and Mutti (1973). Facies Al may be deposited

in submarine channels on the continental slope or its island arc

counterpart according to Mutti and Ricci Lucchi (1972).

Aalto and Dott (1970) would term the volcaniclastic conglomer-

ate, a massive coarse conglomerate (much the same as is the phyllite

clast conglomerate to be discussed later in this thesis). This con-

glomerate type was distinguished by containing well-rounded clasts,

was moderately well sorted, with imbrication and cross-bedding

lacking. Their work has revealed this to be the only conglomerate

type known to overlie a major unconformity, and is deposited in

littoral and neritic environments adjacent to tectonically active

islands.
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Silicified Volcaniclastic Member

Distribution and Type Locality. The silicified volcaniclastic

member in the Grouse Creek area crops out as lens-shaped bodies,

located in the northern and western parts of the map area. The most

extensive exposure of this member occurs in the SW 1/4 NW 1/4

SE 1/4 and in the NW 1/4 SE 1/4 SE 1/4 of section 16, while another

is located in part of the NE 1/4 SE 1/4 of section 9, and together

constitute about 2% of the total mapped area. The type locality is

designated as the outcrop 80 feet (24.5 m) above the road in the

SW 1/4 NE 1/4 SE 1/4 of section 16.

Litho logy. The color of the silicified volcaniclastic member is

generally greenish on both weathered and fresh surfaces. Weathered

surfaces commonly are grayish yellow green (5GY 7/2), to greenish

gray (5G 6/1) in color. Staining from iron oxides, however, pro-

duces surface colors of very pale orange (10YR 8 /2), to pale yellow-

ish brown (10YR 6/2), to dark yellowish orange (10YR 6/6) in color.

Fresh surfaces show a wide range of colors, anywhere from pale

green (5G 7/2), to dusky green (5G 3/2) in color. The colors of this

rock are remarkably similar to those of the overlying Cooper

Peak Keratophyre. The rock produces the same resonant sound

when struck with a hammer, as does the keratophyre, and breaks

along joint sets to form very angular, wedge-shaped fragments. This
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rock unit is relatively resistant to weathering, with outcrops occur-

ring both as small cliff-forming blocks, about 12 feet high (3.5 m)

and 50 feet (15 m) wide, and as low-lying exposures.

Petrographically, the silicified volcaniclastic can be classified

as a volcanic wacke (after Williams, Turner and Gilbert, 1954), yet is

dissimilar in several ways to the volcanic wacke in the main body of

the Grouse Creek Formation. The major constituent grains include

volcanic lithics (including intersertal, hyalophitic, ophitic, and/or

subophitic textural types), amount to about 28% of the total rock;

plagioclase (extremely altered and yielding an anorthitelalbite ratio

in the oligoclase range), composing 25% of the slides; and quartz

(monocrystalline strained and polycrystalline strained), making up

about 15% of the wacke. Other minor detrital mineral grains present

are heavy minerals (magnetite, ilmenite-now leucoxene, olivine,

and sphene), which amount to around 6% combined; while biotite

comprises up to 1% of the rock. The matrix of this volcanic wacke,

amounting to 25% of the samples, is composed in part by clay

minerals, partly by epidote, and by microcrystalline quartz, the

latter two being of hydrothermal origin and are responsible for

imparting the green color and hard siliceous nature to the member.

There appears to be a definite preferred long axis orientation for

many grains in thin sections of this unit, parallel to laminations and

bedding plane surfaces. The detrital grains are predominantly
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angular to subrounded, with grain diameters from 0.01 to 2.0 mm

across.

Within this member there exist coarse, pebbly horizons,

which contain angular to subangular volcanic clasts, subrounded to

rounded igneous clasts of diorite, and blocky mud stone ripups. Some

clasts attain diameters of up to 8 cm. In some of these conglomeratic

layers are large void spaces, of the size and shape of some clasts,

which are inferred to be the result of groundwater leaching of highly

vitric tuffaceous or pumaceous material, or as indirect evidence

for the former presence of carbonate clasts. Support for the later

idea comes from a gastropod mold bed near the middle of the unit in

section 16, which displays excellent, abundant molds of these former

calcareous shelled organisms (see Figure 14).

Contacts. The silicified volcaniclastic member is in fault con-

tact with the Cooper Peak Keratophyre in the NW 1/4 SE 1/4 of

section 16, as evidenced by displaced limestone blocks and some

limestone float between the two units. The contact between the silici-

fied volcaniclastic and limestone lens I has the sheared appearance of

being a fault, and from structure cross-sections appears to be an

imbricate thrust fault. In addition, all other contacts with remaining

units in section 16, and the outlying block of silicified volcaniclastic

in the NE 174 SE 1/4 of section 9 show ample evidence of being faults

(i. e., fault breccias, extensive mineralization, and sheared zones).
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Figure 14. Photograph showing the gastropod mold bed in the silicified
volcaniclastic member. The fossiliferous horizon is
slightly left of center. Beds are dipping steeply to the
left. NW 1/4 SW 1/4 SE 1.4 section 16. Note six inch
ruler at right for scale.
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Age. The silicified volcaniclastic member contains within it a

gastropod mold bed from which latex "positives" of gastropod shell

exteriors were made, which indicate a Siluro-Devonian age (Rohr,

1977, pers. comrnun.). To further substantiate this age somewhat,

the unit in the NW 1/4 SE 1/4 of section 16 is overlain, though in

fault contact, with a dated limestone lens of early Gedinnian (early

Early Devonian) age (Savage, 1976).

Thickness. Attitudes of bedding within this member in section

16 are somewhat uniform, although some sharp folds and small faults

also occur throughout its thickness. An accurate estimate of thick-

ness for the silicified volcaniclastic member is therefore not

possible; however, a maximum thickness as measured from cross-

sections is approximately 200 feet (61 m).

Environmental Interpretation. The sedimentary structures

found in the silicified volcaniclastic member, such as rhythmically

repeated graded bedding, scour and fill, trough cross bedding,

parallel laminations, and load structures suggests that the unit was

deposited by turbidity currents (see Figures 15 and 16). Lack of

bioturbation, as indicated by the presence of abundant laminations, is

probably not related to the material having been deposited at extreme

depths, but rather by a high sedimentation rate and excessive

turbidity. Evidence for this comes from the numerous graded beds
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Figure 15. Photograph of sample from silicified volcaniclastic
member showing trough cross beds, accentuated by heavy
mineral placers. NW 1/4 SW 1/4 SE 1/4 section 16.
Penny for scale.
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Figure 16. Photograph of polished slabbed surface of the silicified
volcaniclastic member showing load structures at base,
repeated graded bedding, scour and fill, mudstone ripups,
and parallel laminations. SW 1/4 NW 1/4 SE 1/4 section
16. Penny for scale.
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within a single partial "Bouma sequence" (see Figure 16), showing

repeated pulses of the depositing density current.

The organized pebbly sandstone (Walker and Mutti, 1973) that is

so abundant in this unit, is characterized by excellent graded bedding,

faint sub-parallel lamination, with no shale beds present between the

graded pebbly layers, and can be classified as Facies A4. According

to Mutti and Ricci Lucchi (1972), Facies A4 may be deposited either

on the channel suprafan or suprafan depositional lobes of a sub-

marine fan, just off the continental slope or its island arc counterpart.

A genetic relationship is suggested between this member and the

volcanic wacke from the main body, on the basis of similar consti-

tuent grain composition, close proximity to a volcanic source, and

inferred depositional setting. However, a more advanced stage of

clay matrix formation has been reached by the other volcanic wacke,

due to the fact that the silicified volcaniclastic member may have

been involved in the same metasomatism and extreme low grade

metamorphism as gave rise to the mineralogy of the Cooper Peak

Keratophyre, and was the source of epidote and cherty cements. It

was these very cements that made grain diagenesis and weathering

extremely difficult, thus tending to preserve the grains.
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Phyllite Clast Conglomerate Member

Distribution. The phyllite clast conglomerate is located only

in the southwest corner of the study area. Exposures of this member

can be found in the eastern half of the NE 1/4 of section 21, and in the

western half of the NW 1/4 of section 22.

Litho logy. The overall color of the phyllite clast conglomerate

on a weathered surface varies from pale yellowish brown (10YR 6/2),

to light olive gray (5Y 6/1), and often to olive gray (5Y 3/2) hue.

Fresh surfaces of the unit commonly are overall pale olive (10Y 6/2),

to light olive gray (5Y 5/2) in color. Outcrops of this unit are

moderately resistant to weathering, occurring both as small, cliff-

forming blocks that are often spheroidal in shape, about 6 feet

(1. 9 m) high and 9 feet (2.8 m) wide, as well as low-lying exposures.

The conglomerate is only moderately well indurated, as fractures

usually go around clasts, rather than cut through them. No sedi-

mentary structures were observed in the conglomerate.

The conglomerate contains phyllite clasts up to 3 feet (2.8 m)

in diameter, and average 3 inches (8 cm) in diameter. Framework

clasts other than phyllite, which compose 50% of the detritus, are

those of graywackes that contain an abundance of metamorphic quartz,

volcanic lithics, and chert, amounting to 25% of the conglomerate,

chert and mud stone fragments amount to about 10%, with the
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remaining 15% of the total rock being occupied by matrix, The

matrix, whose grain size ranges from clay tO sand size material,

is made up predominantly of clay minerals and chlorite. From the

above, it is evident that the conglomerate is compositionally and

texturally immature, with sorting being moderately poor, and round-

ing from angular (phyllite clasts) to rounded (graywacke and mudstone

clasts). Quartz diorite clasts are locally abundant at the uncon-

formable contact in the SW 1/4 NE 1/4 NE 1/4 of section 21, and for

a distance of 20 feet (6. 1 m) beyond the contact itself (see Figure 17).

Both clast size and relative abundance of the quartz diorite material

diminishes with distance from the contact, with maximum clast size

being 16 inches (40 cm) in diameter and rounding from subrounded to

angular. In general, framework clast size of the conglomerate

appears to diminish somewhat from west to east, and from the south-

west to the northeast, which may be indicative of a westerly source

for the detritus.

In thin section, the phyllite clasts show relatively mild foliation

and less internal deformation than do samples taken from the

unnamed phyllite, yet both contain the same mineral assemblage of

muscovite, chlorite, quartz, and albite. This mineral assemblage

indicates that the phyllite clasts have been metamorphosed to the

greenschist-facies (Williams, Turner, and Gilbert, 1954, Chapter 12),

and that the original sedimentary rocks from which the phyllite was
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Figure 17. Photograph of phyllite conglomerate outcrop near the
unconformable contact with the quartz diorite, showing
clasts of the igneous unit (light colored material) and
angular fragments of phyllite (dark colored, blocky
material). SW 1/4 NE 1/4 NE 1/4 section 21. Six inch
ruler at left for scale.



75

derived were pelitic (i. e., argillaceous) rocks. This conglomerate

is classified as a disorganized conglomerate (Walker and Mutti,

1973) since no internal organization exists.

Contacts. The poorly exposed contacts of the phyllite clast

conglomerate with the graywacke-siltstone-mudstone main body, and

with the fault slice of Trinity ophiolite complex on the northwest are

inferred to be part of a series of imbricate thrusts from geologic

cross-sections through the area (Plate 2). The contact with the

hornfelsed sedimentary and volcanic rocks to the north is thought to

be a high-angle fault due to the way the conglomerate is abruptly

terminated against this unit. The contact with the main body on the

northeast is probably depositional or gradational, as no sheared

zones separate the two lithologies. The contact with the body of

quartz diorite, as mentioned earlier, is unconformable, as also is

the contact with the overlying Cooper Peak Keratophyre which horn-

felsed some of the finer grained sediments associated with the

conglomerate.

Age. The phyllite clast conglomerate structurally overlies

limestone lens II of the limestone member of early Gedinnian (early

Early Devonian) age (Savage, 1976), yet is depositionally overlain by

the Cooper Peak Keratophyre of probable post-Gedinnian age.

Therefore, the age of the conglomerate is likely to be younger than
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early Gedinnian, and perhaps penecontemporaneous with the upper

portion of the main body containing the metamorphic wacke lithology.

Thickness. Because the conglomerate is structureless, no

bedding attitude could be obtained from which an estimate of thickness

could be made. The difference in elevation between the lowermost

exposure of this unit in a creek bed near the main access road, and

the highest outcrops of conglomerate near the ridge top is 800 feet

(244 m). However, this figure is not thought to represent any true

measure of this member's original or actual thickness.

Environmental Interpretation. The composition of the clasts in

the conglomerate, together with the extreme textural immaturity,

indicated by poor sorting and mixed rounded to angular clast shape,

suggest very short transport distances from source to depositional

site. The uplift of the metamorphic source area would necessarily

have been rapid, as would have been erosion, to account for the pre-

servation of phyllite in the conglomerate. The rounding of the sedi-

mentary lithics, while the metamorphic lithics remained angular,

would seem to indicate that the graywacke and mudstone were either

poorly lithified and indurated at the time they were eroded, or that

this conglomerate is in part a resedimented conglomerate (Walker,

1975). The large size of some of the clasts suggests the competency

of the transporting agent was high, with a mass movement process,

such as a debris flow, probably responsible for the deposit. The
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occurrence of a debris flow would be the result of sediment overload

and shock-induced failure on slopes steep enough to reduce frictional

forces and support downslope movement (Middleton and liam.pton, 1973).

This disorganized conglomerate can be classified as Facies Al

(Walker and Mutti, 1973), characterized by lack of internal stratifica-

tion, grading (either normal or reverse), clast orientation and clast

imbrication. According to Mutti and Ricci Lucchi (1972), Facies Al

may be deposited in submarine channels on the continental slope or its

island arc counterpart.

Aalto and Dott (1970) would term the phyllite clast conglomerate

a massive coarse conglomerate that was distinguished by containing

well-rounded clasts, was moderately well sorted, with imbrication

and cross-bedding lacking. Their findings show that this is the only

conglomerate type known to overlie a major unconformity, and is

deposited in littoral and neritic environments adjacent to tectonically

active islands.

Cooper Peak Keratophyre

Distribution and Type Locality

The Cooper Peak Keratophyre is the most widespread unit in the

map area, occurring both as one continuous exposure around hill 6432

and Cooper Peak, and as numerous outcrops, some of which are fault

blocks. The former is found throughout a large portion of section 15,

in the NE 1/4 and SE 1/4 of section 9, in the SW 1/4 SW 1/4 and the
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SE 1/4 of section 10, in the SW 1/4 SW 1/4 of section 11, and in the

NW 1/4 NW 1/4 of section 14. Isolated outcrops of the unit are

located in the NE 1/4 SW 1/4 and NW 1/4 SE 1/4 of section 16, in the

NE 1/4 of section 21, in the NE 1/4 SE 1/4 of section 10, and in the

NW 1/4 SW 1/4 of section 11. The type locality of the keratophyre

can be found in the large cliffy exposures above the main access road

in the SE 1/4 NE 1/4 SW 1/4 of section 16.

Litho log y

The keratophyre has a grayish orange (10YR 7/4), to a

pale yellowish brown (10YR 6/2), to even a dark yellowish brown

(10YR 4/2) color on a weathered surface, with the orange and yellow

hue due to iron oxide stains. On fresh surface, the most common

colors are a pale green (10G 6/2), or a grayish green (5G 5/2) hue.

Due to the keratophyre having a high resistance to weathering, slopes

developed on this unit are steep and often talus covered. When struck

with a hammer the unit is very resonant, and will break easily along

joint sets, forming very_a.ngular, wedge shaped fragments. Outcrops

occur both as large cliff-forming blocks, some 80 feet (24 m) high

and 100 feet (30.5 m) wide, as well as small, low-lying exposures.

In places the keratophyre is extremely brecciated, while only feet

away the unit may be structureless, perhaps representing the
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brecciated base of a volcanic flow, or a broken pillow breccia. No

pillow lavas could be discerned in the keratophyre unit.

In thin section, the keratophyre is very fine grained, with a

matrix dominantly composed of plagioclase microlites, yielding an

anorthite/albite ratio in the albite to oligoclase range, and comprises

55% of the rock on the average. Filling the interstices between plagio-

clase microlites are chlorite, and leucoxene, which make up approxi-

mately 20% of the slides. There are numerous phenocrysts of plagio-

clase, yielding an anorthite/albite ratio in the albite range, which

comprise 10% of the keratophyre. Pyroxene phenocrysts of augite,

altering at times to prehnite or replaced by chlorite, compose the

remaining 15% of the total rock.

Although the structures and textures of keratophyres are com-

parable to those of fresh lavas, they did not acquire their present

mineralogy at the time of extrusion (Hughes, 1973). Albite in the

Cooper Peak Keratophyre occurs as phenocrysts and microlites

mimetically pseudomorphing the original more calcic plagioclase in

the texture of the former probable rhyolitic and/or andesitic lava.

The displaced calcium is present in such minerals as epidote, preh-

nite, and pumpellyite that are disseminated in the rock or form vein-

lets or fill vesicles. Keratophyre formation then must be related to a

later metamorphism, accompanied by metasomatism. Battey (1955)

concluded from a study of New Zealand keratophyres that they do not
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represent either the product of a special soda-rich magma, or the

result of wholesale introduction of alkalis, but are simply rhyolites

which have been buried to depths where the temperature was suffi-

ciently high to allow recrystallization and limited mobility of alkalis

and silica in pore fluids, so that the components were able to attain

equilibrium under relatively low temperature conditions. Such an

origin is envisaged for the Cooper Peak Keratophyre, with burial only

at shallow to moderate depths being necessary because of the high

heat flow within the arc.

Three samples of the Cooper Peak Keratophyre were collected

by Al Potter, Oregon State University, and chemical analyses were

carried out on these by Potter, Ken Scheidegger, and Jack Corliss,

the latter two both of the School of Oceanography, Oregon State

University. Table 2 presents the percentages by weight of the major

oxides for all three samples, and the amount of rare earth elements in

parts per million for two of the samples. Also listed in Table 2 are

the average values for chemical analyses of samples collected by

Potter from a similar keratophyre unit at the Gregg Ranch, 4 miles (6.5

km) to the north of the Grouse Creek area. The purpose for includ-

ing the keratophyre of Gregg Ranch data with the Cooper Peak Kerato-

phyre data is to demonstrate the relationship between the two units.

The various amounts of major elements, presented in oxide form, can

show compositional trends, but they can also be altered by
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Table 2. Chemical analysis of the Cooper Peak Keratophyre and the
keratophyre of Gregg Ranch.

Constituent
Amount of sample

(oxides in percentages, elements in ppm)
25F4 25F5-2 24F8-2 GR-Average

SiO
2

58.31 60.73 64.52 56.59

A1203 17.69 17.78 16.40 18.18

FeO 5.71 5.64 5.33 7.95

MgO 6.20 3.95 2.97 6.70

CaO 4.77 6.46 4.20 2.71

Na2O 5.16 4.36 5.25 6.55

K2O 1.25 0.56 0.47 0.29

TiO
2

0.72 0.52 0.67 0.77

Total 100.00 100.00 100.00 100.00

Ti 4316 4020 4633

Y 20.5 22.0

Zr 25.2 29.0 30.3

Cr 86 85 179.8

La 1.0 1.4 1.6

Ce 2.9 3.3 2.8

Sm 1.5 1.7 1.76

Eu 0.48 0.56 0.57

Tb 4.4 0.42 0.44

Yb 1.9 2.6 1.74

Lu 0.35 0.41 0.28

La/Cm 0.67 0.82 0.80

Localities 25F4, 25F5-2: NW 1/4 SE 1/4 section 16. Locality
25F8-2: SE 1/4 NE 1/4 section 16. Data provided by A. W. Potter,
K.F. Scheidegger, and J.B. Corliss.
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metamorphism. Rare earth elements, however, are relatively stable

under metamorphic changes and so are the most useful in determining

parental magma affinities. The probable tectonic setting can be

determined likewise from the parental magma type, by plotting the

amounts of titanium to zirconium on a graph such as Figure 18,

following the hypothesis of Pearce and Cann (1973). The Cooper Peak

Keratophyre and keratophyre of Gregg Ranch both show rare earth

element patterns depleted in light rare earth elements, as indicated

by the Lanthanum to Samarium ratio (La/Sm) of 0.67 to 0.82 and plot

within field A and B, which are low-K tholeiites. Using this evidence,

in conjunction with the keratophyre stratigraphically overlying

inferred deposits (fine to coarse volcaniclastics and limestones of

reef origin), it may be assumed that these volcanics were extruded

somewhere within an island arc, near a convergent plate boundary.

Contacts

The contact of the keratophyre with the underlying sedimentary

rocks of the Grouse Creek Formation, although offset by numerous

high-angle faults, is thought to be depositional. The keratophyre very

closely overlies strata of the main body of the formation, and in

addition, the keratophyre when viewed at a distance shows a crude

bedding whose attitude is not discordant with strikes the dips taken

from the underlying sedimentary rocks. The Cooper Peak Keratophyre
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Figure 18. Differentiation diagram using Ti and Zr. A and B: low
potassium (island arc) tholeiites. C and B: calc-
alkaline basalts. D and B: ocean floor basalts. After
Pearce and Cann (1973).
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is interpreted to be in thrust fault contact with the Trinity ophiolite

complex, due to the horizontal to very low angle nature of this contact,

and is offset by several high-angle faults. Contacts of this unit with

the various members of the Grouse Creek Formation and other litholo-

gic units are discussed in their respective sections.

Age

The Cooper Peak Keratophyre depositionally overlies the sedi-

mentary rock units of the Grouse Creek area, and so was extruded

over the sediments at some early Gedinnian or later time. Because

of the chemical similarity between the keratophyre of Gregg Ranch

and the Cooper Peak Keratophyre, an age extrapolation from the

former to the latter unit may be useful. The keratophyre of Gregg

Ranch depositionally overlies strata of late Gedinnian to early

Siegenian age (Boucot and others, 1974); however, the keratophyre

at Gregg Ranch is slightly more mafic than the Cooper Peak Kerato-

phyre, which means that the former was possibly extruded before the

latter to allow for further magma differentiation. Therefore, the

Cooper Peak Keratophyre could have a middle Early Devonian age.

Thickness

An accurate determination of thickness for the keratophyre is

difficult to make as this unit shows a total lack of normal bedding
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features, and because of structural complexities. However, the

maximum thickness is measured from structure cross-sections

through the area is approximately 660 feet (200 m). In addition, at

the type locality in section 16, where the underlying limestone and

silicified volcaniclastic lenses are dipping steeply to the southwest,

and where it is inferred that the keratophyre is also at the same

attitude, the measured thickness is comparable to that given above.
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METAMORPHIC ROCKS

Hornfelsed Sedimentar and Volcanic Rocks

Distribution

Rocks which have been heated by contact metamorphism and

subsequently altered by the intrusive activity are numerous in the

Grouse Creek area. Hornfelsed sedimentary and associated volcanic

rocks, presumably equivalent to rocks of the Grouse Creek Forma-

tion and Cooper Peak Keratophyre, can be found in the eastern half

of the NW 1/4 and in the western half of the NE 1/4 of section 16, in

the northern half of the SE 1/4 of section 15, as well as found in the

SE 1/4 of section 16, the SW 1/4 of section 15, the NE 1/4 of section

21, and the NW 1/4 of section 22. Hornfelsed sedimentary rocks,

known to be strata from the main body of the formation, can be

located in the NE 1/4, extending slightly into the SE 1/4 of section 22,

and in the SE 1/4 SE 1/4 of section 15. Locally, in the NE 1/4 of

section 21, some rather small dikes within the keratophyre have

hornfelsed that unit only several inches from the dike.

Litholog y

The colors of these rocks vary a great deal; however, generally

on a weathered surface the rock attains a gray orange (10YR 7/4), to
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pale yellowish brown (10YR 6/2) color, while fresh surfaces can be

light olive gray (5Y 5/2), or pale green (10G 6/2), or even dark

medium gray (N4) in color. Hornfelsed rocks, by virtue of their

thermal induced recrystallized nature, are very hard and resistant to

weathering. Nearly all exposures of the hornfelsed units are cliff-

forming, or form resistant ridges. Some of those units that were

metamorphosed show no outward signs of drastic internal recrystal-

lization or mineral segregation, yet those that do display such

features usually are mottled in color, with crude banding about 6 mm

across that is contorted.

Petrographically, these rocks all contain certain common

minerals, among which are pyrite, leucoxene, and garnet. The

garnet is either concentrated along veinlets, or is disseminated as

crystals throughout the matrix. Those rocks that were once volcanics

range in degree of alteration from those still showing a crude micro-

litic groundmass of acicular plagioclase crystals, chloritic masses

that have completely replaced pyroxene, and partially recrystallized

relict phenocrysts of plagioclase, lacking any albite twinning, to those

rocks having no microlitic groundmass discernible, having been

replaced by microcrystalline quartz, with only occasional corroded

relict plagioclase phenocrysts, and abundant small blebs of chlorite

and/or epidote dispersed throughout the matrix. Hornfelsed sedi-

mentary rocks that were once mudstone show minor amounts of silt
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size quartz grains with undulatory extinction, floating in a matrix of

microcrystalline quartz and argillaceous material, some of which has

begun to recrystallize to muscovite. Those rocks that were once

siltstone or fine grained sandstones reveal a somewhat foliated

muscovite-rich argillaceous matrix in which detrital grains, mostly

quartz, are included with alternating layers of silica enrichment in

the form of microcrystalline quartz cementation.

Contacts and Age

The contacts of the hornfelsed sedimentary and volcanic rocks

in the northern half of section 16 with the volcaniclastic conglomerate

and limestone lens III are thought to be conformable, since no sheared

zones could be seen separating the units, and that the limestone was

probably metamorphosed in part to marble by the same heat and

pressure that affected the unit in question here. The unit is bounded

on either side by normal faults, and a low angle fault, presumably a

thrust fault, to the southeast. Those hornfelsed sedimentary and

volcanic rocks to be found at the joint corner of sections 15, 16, 21,

and 22 are bounded on the north side by a high angle fault that has

cataclastically deformed the graywacke, siltstone, and mudstone of

the main body to be found in the stream bed there. The same fault or

fault zone presumably separates it from the quartz diorite unit;

since this igneous unit is thought to be of probable Ordovician or
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Silurian age it could not possibly have been responsible for the

metamorphism. A questionable high-angle fault is believed to sur-

round the rest of the unit, due to the abrupt termination of various

other units into it. The body of hornfelsed sedimentary and volcanic

rocks in the northern half of the SE 1/4 of section 15, is an actual

intrusive contact with the diorite porphyry and diorite stock located

there, and bounded to the east by a high-angle fault against the

graywacke-siltstone-mudstone main body. The contacts to the south,

although also obscured by colluvium and alluvium, may be gradational

into the strata of the main body and Cooper Peak Keratophyre. The

age of metamorphism for these hornfelsed sedimentary and volcanic

rocks, especially the first two localities discussed, can be placed

within the probable limits of late Early Devonian to Jurassic or

Cretaceous; that is, after the keratophyre was extruded and since the

dioritic intrusives were emplaced. The age of metamorphism of the

later discussed locality of hornfelsed rock can probably be more

assuredly placed with the intrusion of the Jurassic or Cretaceous

stock adjacent to it.

The intrusive contact with the trondhjemite unit in the NE 1/4

of section 22 with the hornfelsed sedimentary rocks there can be seen

to grade into the graywacke-siltstone-mudstone main body with

distance from the intrusive contact. The contact with the ultramafics

on the northeast and very southern tip of these hornfelsed rocks may



90

be part of the thrust fault thought to bound the Grouse Creek area.

To the west, the contact there with the ultramafics is thought to be

a high-angle, normal fault. The age of metamorphism of this rock

body must have been some time between Early Devonian and Jurassic

to Cretaceous time, and not a Middle (?) Ordovician age as alluded

to earlier in the section dealing with the main body of the Grouse

Creek Formation. The trondhjemite stock which has hornfelsed the

rock does not contain keratophyric dikes that are characteristic of the

Middle Ordovician quartz diorite and trondhjemite body at the Gregg

Ranch area. In addition, the metamorphic wacke lithology that has

been hornfelsed here is thought to be a lateral facies equivalent of

the phyllite clast conglomerate member, which depositionally overlies

the quartz diorite unit in the NE 1/4 of section 21 that is probably

more nearly the same age as the Gregg Ranch igneous body. It

should also be noted that the trondhjemite to the south appears to

pass into dike rock resembling the diorite and diorite porphyry,

and may be an acid equivalent.
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Quartz Diorite

Distribution

91

The quartz diorite occurs in outcrop in the southwestern part

of the field area. This igneous unit is exposed in the stream bed in

the SE 1/4 SE 1/4 of section 16, extending up the hill into the SW 1/4

SW 1/4 of section 15, while another small body of quartz diorite is

located in the NE 1/4 NE 1/4 of section 21.

Lithology

The color on fresh surfaces of the quartz diorite is light gray

(N8), to pinkish gray (5YR 8/1) in color, with weathered surfaces

attaining a pale yellowish orange (10YR 8/6), to moderate yellowish

brown (10YR 5/4) color. In places where the weathering of the unit

has been intense, quartz crystals stand out in relief from the rock to

produce an extremely rough surface texture. Outcrops of this igne-

ous rock are generally low-lying. Quartz diorite forming the stream

bed at one locality has been worn extremely smooth, and in addition

contains within it tectonically derived slices of sedimentary rock.

These cataclastic rocks, which show no signs of hornfelsing, are

thought to have been caught up in this igneous rock by faulting.
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In thin section, the quartz diorite is composed of phenocrysts of

zoned plagioclase, which is altering to sericite and yields an

anorthite/albite ratio in the range of oligoclase to andesine, quartz

that shows strained extinction, plus lesser amounts of biotite,

muscovite, zircon and other accessory minerals (see Table 3).

Additionally, the quartz diorite bodies show a complete absence of

hornblende and potassium feldspar, because of the high quartz content

that tends to favor biotite at the expense of hornblende.

Contacts

The presence of cataclastic rocks in fault contact with the

quartz diorite, and contained as small slices within the igneous rock

in the SE 1/4 SE 1/4 of section 16, mentioned earlier indicates a

faulted contact here with the graywacke-siltstone-mudstone of the

main body, as well as the Cooper Peak Keratophyre. Although not

exposed, the contact with the hornfelsed sedimentary and volcanic

rocks on the southern side of this same igneous body is thought to be

a high-angle fault as well. The baking of the hornfelsed rock is

thought to have come from younger intrusives of probable Mesozoic

age that can be seen both around and with the hornfelsed rock. A well

exposed sedimentary contact with the phyllite clast conglomerate

member can be seen in the NE 1/4 NE 1/4 of section 21, with the

small body of quartz diorite found here. Quartz diorite clasts



93

Table 3. Modal analysis (300 points) of quartz diorite from the
Grouse Creek area.

Constituent
Percent of thin
section #101a

Quartz 29.1

Plagioclase 66.0

Biotite 3.6

Muscovite 1.0

Zircon and other
accessory minerals 0.3

Total 100.0

Locality #101a: SW 1/4 NE 1/4 NE 1/4 section 21
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decrease both in size and abundance with distance away from the

contact. The opposite side of this quartz diorite body is thought to

be bounded by an imbricate thrust fault as seen from structure cross-

sections made through the area (Plate 2).

Age

The quartz diorite is presumably of Ordovician or Silurian age,

since it is unconformably overlain by a conglomerate of early Early

Devonian age. Geologic constraints of emplacement time, unroofing,

and erosion of the intrusive body point against intrusion of the quartz

diorite in Devonian time. This quartz diorite may be equivalent to a

similar quartz diorite unit of Middle(?) Ordovician age at the Gregg,

Ranch 4 miles (6.5 km) to the north (Potter and others, 1977). Yet,

notably the Gregg Ranch quartz diorite is cut and intruded by

Ordovician keratophyric dikes, which do not appear at the Grouse

Creek area. In addition, the quartz diorite may be part of the Trinity

ophiolite complex that contains quartz diorite intrusives near the top

of the ultramafic sheet.

Trondhjemite

Distribution

The trondhjemite intrusive in the thesis area occurs in the

southeastern corner of the map area. This relatively large stock is
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located in the eastern half of the NE 1/4 of section 22, and extends

into the SE 1/4 SE 1/4 of section 15, as well as the SW 1/4 SW 1/4 of

section 14.

Litho logy

The trondhjemite on a fresh surface is generally white (N9), to

bluish white (5B 9/1), to even greenish gray (5GH 6/1) in color.

This igneous rock weathers usually to a light gray (N7), but along

joints may be stained a moderate yellowish brow/1 (10YR 5/4) color,

due to iron oxides. Trondhjemite that outcrops in the stream

channel in section 15 has been weathered extremely smooth. The

intrusive body is typically found as low-lying outcrops, with small

cliffy outcrops developed only in the NE 1/4 NE 1/4 NE 1/4 of

section 22 and into the SE 1/4 SE 1/4 SE 1/4 of section 15.

Petrographically, the trondhjemite contains phenocrysts of

plagioclase that are altering to sericite, which yield an anorthite/

albite ratio in the range of oligoclase, and are not zoned. Other

phenocrysts present are strained quartz, biotite, chlorite, with zircon

and minor accessory minerals (see Table 4). The trondhjemite in

thin section appeared crushed in certain areas, and after this brec-

ciation was infilled with epidote veins. This trondhjemite intrusive

shows a conspicuous lack of hornblende and potassium feldspar, which

is commonly rare or absent in rocks of this composition.
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Table 4. Modal analysis (300 points) of trondhjemite from the
Grouse Creek area.

Constituent
Percent of thin
section #100a

Quartz 45.0

Plagioclase 44.3

Biotite 5. 6

Chlorite 1.1

Zircon and other
accessory minerals 4.0

Total 100.0

Locality #101a: SW 1/4 NE 1/4 NE 1/4 section 22
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Contacts

The contact of this trondhjemite stock in the NE 1/4 of section

22 with the graywacke, siltstone, and mudstone of the main body is an

intrusive one, with the sedimentary rocks hornfelsed up to an esti-

mated 600 feet (183 m) from the contact. While the nature of the

contact with the ophiolite cannot be ascertained because of colluvium

and vegetation which obscure the contact, the intrusive does appear to

cut the ophiolite. This contact, however, is tentatively thought to be a

high angle fault.

Age

The trondhjemite intrusive body is thought to be younger than

the early Early Devonian sedimentary rock which it intrudes and horn-

felses. The metamorphic wacke lithology that is hornfelsed in the

NE 1/4 of section 22 is thought to be a lateral facies equivalent of the

phyllite clast conglomerate which unconformably overlies quartz

diorite of probable Ordovician or Silurian age. The trondhjemite,

therefore, cannot be related to the quartz diorite within the map area,

and must represent an entirely different episode of intrusive activity.

In addition, some intrusive activity to accompany the extrusion of the

volcanics of the Cooper Peak Keratophyre would be expected, which

this stock may represent. Alternatively, the trondhjemite may be
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related to the dioritic intrusives found in abundance within the Grouse

Creek area, as diorite and diorite porphyry can be found at the

southern tip of the stock and perhaps may grade into it.

Young Intrusive Rocks

Distribution

Intrusive rocks, other than the quartz diorite and trondhjemite,

occur in virtually every part of the Grouse Creek area. Many of the

dikes encountered were either too small to map or were seen in float

but not in outcrop. The two largest intrusives are a diorite porphyry,

in the SW 1/4 and SE 1/4 of section 15, and a diorite dike complex in

the NE 1/4 of section 21.

Lithology

All of the intrusives in the area appear to be of dioritic com-

position, although some have been so badly altered that their original

mineralogy can only be guessed. The diorite porphyry on the west

side of limestone lens I in the SW 1/4 SE 1/4 of section 16 is light

bluish gray (5B 7/1) on a fresh surface, but frequently iron oxide

stained to a grayish orange (10YR 7/4) hue. This rock is porphyritic

with euhedral to subhedral phenocrysts of almost wholly kaolinized

plagioclase (from 2 to 4 mm in diameter), biotite, and hornblende



99

extremely altered to chlorite, contained in a dense, granular matrix

of anhedral plagioclase, quartz and chlorite. This rock also contains

numerous xenoliths of calcareous and siliceous material, stained with

hematite and surrounded by haloes of chlorite.

The intrusion that crops out along the main access road in the

NW 1/4 NE 1/4 of section 21, and against limestone lens II there, is

a fresh looking diorite. Color on a fresh surface is dark greenish

gray (5G 4/1), while weathered surfaces often attain a moderate

yellowish brown (10YR 5/4) color. In thin section, most of the pheno-

crysts are euhedral to subhedral zoned plagioclase, and quartz both as

myrmekite borders around the plagioclase and embayed grains,

suspended in a matrix of much smaller interstitial quartz.

Contacts

Although the contacts of these intrusives are not often clearly

exposed, they can be located usually within a few feet. At times

there is no evidence of alteration in the units adjacent to these intru-

sives. It is generally assumed then that these rocks were faulted into

position, even though little or no supporting evidence for such faulting

may exist. There are relatively few instances where baked contacts

can be located, as is one exposed above the spring in the NE 1/4

SW 1/4 of section 15. Many of the contacts are located along fault
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traces, perhaps having been intruded along these structural planes of

weakness, or were perhaps faulted into place, as mentioned above.

Age

Variations in the texture and composition of these rocks over

short distances suggest that there may be more than one generation of

intrusive rocks. The intrusives cut all of the rock -units in the study

area, and therefore are younger than Early Devonian. The large

Craggy Peak batholith, dioritic in composition, located 7 miles

(11.3 krn) to the west, would appear the most likely correlative

igneous body. Rock from this pluton yielded a K/Ar age on biotite of

133 m.y. (Jurassic to Cretaceous) (Hotz, 1971), and is the age

assigned to the intrusives in the Grouse Creek area.
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CENOZOIC GLACIO-FLUVIAL, COLLUVIUM
AND LANDSLIDE DEPOSITS

Distribution

Glacio-fluvial deposits occur on the east side of the thesis area,

where they floor the valley south of Cooper Meadow in the eastern half

of section 15, extending into the NW 1/4 of section 14 and NE 1/4 of

section 22. Colluvium is to be found in nearly every portion of the

field area. While landslide deposits are located in the NW 1/4 NW 1/4

NE 1/4 of section 16, the SW 1/4 NE 1/4 SW 1/4 of section 15, and in

the NW 1/4 SW 1/4 NW 1/4 of section 22.

Morphology and Causes

The glacio-fluvial deposit varies in thickness from 3 feet (0. 9

m) to over 6 feet (2.0 m), attaining greater thickness to the south as

the valley narrows, and formed probably during Pleistocene time by

mountain glaciers at such altitudes. These glaciers scoured the

surrounding surficial rocks, and upon melting deposited the material

as outwash which has subsequently been extensively eroded away.

The thickest colluvium in the thesis area is composed of kerato-

phyre debris, most of which was probably formed as talus slopes,

during drier or colder weather when slopes in the area were barren of

vegetation. Yet, even today a small talus slope is forming on the

southwesterly facing slope of hill 6432, and is relatively thick.
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Landslide deposits are limited only to landslide blocks and a

small mudflow. In section 16 there is a slumped block of considerable

size directly above the road that apparently has occurred very recently

(see Figure 19). The displacement along the scarp has been at least

20 feet (6. 1 m), and presumably was caused by oversteepening of the

slope from road building activity. Another slumped block of about the

same size is located in section 15, adjacent to a streambed. Cause of

this slump movement was probably due to oversteepening of the slope

by stream downcutting, rather than as a consequence of man's activities.

Displacement along the slide scarp is approximately 15 feet (7.5 m).

The mudflow deposit, located in section 22, is about 2 feet (0.5 m)

thick and covers an area 300 feet (91.5 m) by 100 feet (30.5 m) and

appears recently deposited, as no vegetation has yet begun to grow on

the deposit. It is probably the result of rapid erosion of an area up-

slope that was sparcely vegetated, allowing for excessive sheet wash.
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Figure 19. Photograph showing recent slumping along
the main access road, in NW 1/4 NW 1/4
NE 1/4 section 16. The slope instability is
due to the road cut into colluvium at this
location. Day pack near base of slump for
scale.
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STRUCTURE

Introduction

One large thrust fault surrounding virtually the entire Grouse

Creek area dominates the structure. In addition, numerous high-angle

faults with relatively minor displacement, and several imbricate

thrusts occur in the area. A relatively broad syncline exists across

much of the map area, and trends to the north. The internal struc-

ture of most of the sedimentary units is generally disrupted and often

extremely complex.

Faults

General

Figure 20 shows the pattern of faulting within the Grouse Creek

area with individual faults labeled for the purpose of discussion.

Those numerous faults of lesser importance are not shown. Most of

the units in the area have been badly fractured, which along with fre-

quent poor exposures makes it impractical to trace out these small

faults.

The elevation and relative thickness of the Grouse Creek thrust

plate in places change rapidly over short distances. Normal and

strike-slip faults are invoked to explain all of the irregularities. The
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smallest thrust fault labeled T7 in Figure 20, located on the east side

of limestone lens I, as part of several imbricate thrust faults is too

small to be delineated in a diagram of this particular size.

Types of Faults and Evidence

The faults in the map area can be divided into several groups.

In Figure 20, each thrust fault has been labeled with a "T" and each

high-angle fault with an "F". Thrust fault T1, the contact between

the sedimentary and volcanic rocks of the Grouse Creek area and the

ultramafics of the Trinity ophiolite complex, is obscured along nearly

its entire length by talus. This fault is only exposed in the SE 1/4

NE 1/4 SW 1/4 of section 16, as described earlier in the Trinity

ophiolite section, and in discussion of contacts of the graywacke-

siltstone-mudstone main body. The small outlier of the Grouse Creek

area located in sections 10 and 11 is also bounded by T
1,

but has been

displaced by high-angle F7 at least 400 feet (122 m). The thrust fault

T1 has been offset by a high-angle fault F1 that may have a right

lateral strike-slip component in section 9, with the possible continua-

tion of this fault across the map area to the central part of section 22,

where another high-angle fault F4 occurs. Fault F4 is roughly in-line

with F1 and also appears to have right lateral strike slip component of

movement. Adjacent to F4 is high-angle fault F3 which may have a

left lateral strike-slip component. Vertical displacement would seem
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to be on the order of around 500 feet (201.8 m) for F1' F3, and F4.

Other near vertical high-angle faults which displace or truncate T1

are F3, F5, and F6, with the maximum amount of offset along these

faults probably no more than 300 feet (91.4 m).

Thrust faults designated as T2, T3, T4, and T5 are all part of a

series of imbricate thrusts that are inferred to explain the outcrop

pattern in the highly complex NE 1/4 of section 21. Thrust Tz

explains the truncation of the unnamed phyllite fault slice into the

Cooper Peak Keratophyre. Thrust T3 likewise brings the fault slice

of Trinity ophiolite into contact with the phyllite slice. Thrust T4 is

inferred to get the basal unconformable contact of the phyllite clast

conglomerate member with the quartz diorite exposed, as well as

place this section of the conglomerate on the west side of the Trinity

ophiolite slice. Thrust T5 seemed indicated to bring hornfelsed

sedimentary and volcanic rocks along side the small block of

unmetamorphosed limestone lens II, and place this adjacent to the

phyllite clast conglomerate and quartz diorite unit. In addition, the

traces of all these thrusts are oriented northeast-southwest. Dis-

placement along thrust T3 is thought to be approximately 400 feet

relative to the closest basement rock. Yet another series of imbri-

cate thrusts are inferred for the structural complexities in the south-

central part of section 16. The thrust faults designated as T6 and T7

are used to explain the silicified volcaniclastic member overlying the
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small slice of Cooper Peak Keratophyre, and the reason why the

inferred older limestone lens I overlies the younger silicified

volcaniclastic at about a 45 degree angle.

The fault F8 in section 16 is a high-angle fault used to explain

the occurrence low in the section of a very thick block of Cooper Peak

Keratophyre adjacent to strata of the main body and Trinity ophiolite,

and underlain by members of the former. The set of faults termed

F9 also in section 16 are inferred to account for the abrupt termination

of the volcaniclastic conglomerate member and hornfelsed sedimen-

tary and volcanic rocks into the very sheared contact of the Cooper

Peak Keratophyre, and on the other side with the gra-ywacke-

siltstone-mudstone main body, along whose contact has intruded a

dioritic dike of Jurassic or Cretaceous age. These same faults give

a probable avenue of movement for the thrust fault T8, which has

faulted unmetamorphosed strata of the main body of the Grouse Creek

Formation over metamorphosed or hornfelsed sedimentary and

volcanic rocks. The pair of faults designated as F10 in the NE 1/4

of section 15 are near vertical reverse faults which are responsible

for emplacement of the horst of sedimentary rock in the Cooper

Meadow area. Although the keratophyre is underlain by strata here

as elsewhere in the area, their outcrop pattern and the dip of the

Grouse Creek thrust sheet plane would make their exposure

impossible without calling on the presence of faults. Much the same
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case is true with the pair of faults termed F11 in the SW 1/4 of section

15 and the SE 1/4 of section 16. The motion of these faults is thought

to be normal and are of high-angle to account for the large block of

Cooper Peak Keratophyre to be dropped down along extensively

sheared contacts with the graywacke-siltstone-mud stone main body,

Age of Faults

Relative ages for most of the faults in the thesis area can be

established on the basis of cross cutting relationships, As a group,

the thrust faults are all older than the high angle faults. The largest

and major thrust T1, is certainly as old as, and perhaps older than

the other thrust faults in the area. T1 may be contemporaneous with

the regional Mallethead Thrust of Devonian to Cretaceous age. The

other thrusts, T2 through T8, may be contemporaneous with T1 or

could have been overthrust during a later tectonic episode. Assuming

each thrust plate represents a different episode of thrusting T1

would be the oldest and T8 the youngest.

Faults F1 through F7, while all bounding, offsetting, or trun-

cating the contact of T1 can only be placed as being younger than the

thrusting. Faults F8, F9, F10, and F11 may or may not predate the

thrusting along T1, as they are completely contained within the thrust

plate and could be a result of tension created by the thrusting. Fault

F8 would appear to be younger than the intrusion of the Jurassic or
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Cretaceous diorite porphyry which it cuts. Fault F9 may be of some-

what older age as dioritic dikes can be seen intruding along the fault

and are not seen to be offset by it.

Folds

General

A syncline exists within the Grouse Creek area, which has an

axial trend of north-northwest. The fold is relatively broad, about

1.25 miles (2.01 km) across, with an apparent plunge to the south. The

fold is cut internally by faults and therefore must predate them.

Thrust faulting may have occurred after folding or may be associated

with folding.

Folding occurred after consolidation of the sediments, as

evidence of brittle deformation is readily observed in the main body

of the formation. Laminated mudstone and siltstone beds exhibit

tight chevron folds near the axial trace of the syncline in the SE 1/4

SW 1/4 of section 15.

It should be noted that parts of this fold, expecially the plunging

axis to the south, can be observed in air photos of the Grouse Creek

area. U.S. Forest Service photos flown 8-2-75, exposure numbers

3975-23 and 3975-22, provide coverage of this feature, with vegetation

following bedding planes.
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ECONOMIC GEOLOGY

Between 1880 and 1963 one-third of a billion dollars worth of

minerals and rock were removed from the Klamath Mountains (Albers,

1966). The Grouse Creek area, although dotted with small prospect

pits and diggings for gold and silver in quartz veins, probably never

yielded more than a meager amount of monetary value. The fault slice

of Trinity ophiolite in the study area contains extremely abundant

chrysotile asbestos veinlets throughout a serpentinite matrix, which

Johns-Mansville Company has apparently expressed some interest in

(Rodney Gregg, 1976, pers. commun.). However, it is the opinion of

this author that the limited areal extent of these asbestos-bearing

rocks would not permit the economic feasibility of mining such material

at the present time. Limestone from lenses in the Grouse Creek area

could be utilized, if needed, for agricultural lime, as the bulk of these

rocks contains greater than 93% carbonate, and some as much as 99%

carbonate.
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GEOLOGIC HISTORY

The complex history of the Grouse Creek area began with the

formation of the ultramafics belonging to the Trinity ophiolite complex

at an oceanic spreading center during Early Ordovician time (480 to

455 m.y.) (Lindsley-Griffin, 1977). In addition, the quartz diorite

may have formed near the top of the ultramafic sheet at this same

Early Ordovician time, or perhaps at a later time, yet before the

Devonian. Subsequent to the emplacement of the ophiolite, or as a

consequence of the obduction (?), an episode of regional metamorphism

occurred, which formed the unnamed phyllite, and the phyllite in the

phyllite clast conglomerate member.

The paleodepositional environments of the Grouse Creek Forma-

tion graywacke-siltstone-mudstone main body, which includes the

limestone member, the bedded chert member, the volcaniclastic

conglomerate member, the silicified volcaniclastic member, and the

phyllite clast conglomerate member were discussed in the sections

describing these rocks units. However, the relationships of these

units to one another in time and space were only alluded to, and are

covered here. Collectively, the lithologies present in the Grouse

Creek area are exactly those Churkin (1974) uses as criteria for a

volcanic island arc environment in the outer part of the eugeosyn-

cline. There is some possibility that the different facies represented
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by these units show a transition in the depositional environment of a

single locality through time. If true, a case might be made for the

gradual drowning or tectonic lowering of an island platform in the

following manner. The Late Silurian (?) to Early Devonian graywacke-

siltstone-mudstone main body is interpreted as initially representing

shallow water deposits in a basin that was adjacent to a volcanic

source. Small scale carbonate reefs and reef talus deposits were

subsequently developed on these clastic deposits in early Gedinnian

time. Contemporaneous with the shallow water deposition of the

carbonates was the bedded chert member in back-reef or off-reef

settings. With basin subsidence and influx of coarse volcaniclastic

material, such as the volcaniclastic conglomerate member, carbonate

deposition came to an end. The volcaniclastic conglomerate is inter-

pret ed to have been a debris flow into the basin and channeled there

through canyons incised on the margin of the arc, itself being a

probable deposit in one of the canyons. Nearly contemporaneous with

the deposition of the volcaniclastic conglomerate member is the

silicified volcaniclastic member, which is thought to have been

deposited by proximal turbidity currents in a submarine fan setting.

The graywacke-siltstone-mudstone main body is thought to contain all

of the preceding members in its lower portions, with the upper portion

of the main body interpreted as proximal turbidite deposits of a sub-

marine fan. However, much of the clastic material was derived from



114

an uplifted metamorphic source terrane, in addition to a volcanic

source which earlier in the history of this unit provided virtually all

of the detritus. A coarse grained equivalent of the upper portion of

the main body is the phyllite clast conglomerate member, which was

deposited unconformably on top of the quartz diorite of probable

Ordovician or Silurian age. The phyllite clast conglomerate member

is interpreted to have been a debris flow, as was the volcaniclastic

conglomerate member, channeled into the basin through canyons

incised on the margin of the arc, being a probable deposit in one of

these canyons that may have fed the submarine fan deposits of the

upper portion main body. This deposition was followed by the extru-

sion of the Cooper Peak Keratophyre composed of structureless and

brecciated volcanic flows.

The clastic material of the sedimentary units, mostly chert,

quartz, plagioclase, and lithic fragments, appears to have multiple

sources. The chert may have been locally derived. The quartz and

plagioclase grains, other than those of volcanic genesis, were

probably from an uplifted plutonic source. The sedimentary lithic

fragments probably are locally derived, the volcanics coming from a

varied acid (?) to intermediate composition volcanic island arc

located to the east or northeast, based on paleocurrent orientations,

and the metamorphics from a low to medium grade metamorphic

source terrane that was generally located to the northwest or west,
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as based on an estimate of increasing phyllite clast size in this

direction.

The structural history was detailed in the previous section.

Briefly, a major thrust fault bounds the sedimentary and volcanic

rocks in the map area, and is cut by numerous high angle faults.

Those thrust faults present with the large and small scale folding

probably occurred sometime between the Early Devonian and the Late

Jurassic time. However, thrusting and folding may also have

occurred during the possible Middle Devonian orogenic activity in the

Klamath Mountains, western Canada, and southeast Alaska suggested

by Boucot and others (1974). Subsequently, the rocks in the area

were cut by a number of high-angle faults. There were numerous

small dioritic intrusions and a trondhjemite body that followed the

high-angle faulting, which hornfelsed large areas of the Grouse Creek

Formation and Cooper Peak Keratophyre.

The Grouse Creek Formation and Cooper Peak Keratophyre are

perhaps equivalent to sedimentary and volcanic rocks of Early

Devonian age at the Gregg Ranch to the north. There, a somewhat

similar section exists, yet the lithologies are not correlative with

those of the Grouse Creek area and may represent lateral facies

changes of contemporaneous deposition.
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Fossil Locality GC1, Fossiliferous Limestone Lens I. (Collected by

Boucot, 1964; Savage, 1974; Olson, 1976)

Location: Above road, NW 1/4 SW 1/4 SE 1/4 section 16.

Brachiopods

Schizophoria cf. S. bisinuata
Mesodouvillina? sp.
leptaenoid indet.

"Loxonema" sp.

Rostroconchs
Conocardium sp.

Corals
Favosites sp.
Cladopora sp.
Kyphophyllum cf. K. greggi

Crinoids
indet. fragments

Bryozoans

indet. fragments
C onodonts

Delotaxis salopia
Delotaxis confluens callahanensis

Ozarkodina remscheidensis
Ozarkodina sp.
Icriodus angustoides bidentatus
Pedavis pesavis

Stromatoporoids
Stromatopor ella ? s p.

Actinostroma? sp.

Identified by

Boucot and Johnson, 1964

Boucot and Johnson, 1964

Boucot and Johnson, 1964

Boucot and Johnson, 1964

Boucot and Johnson, 1964

Olson,

Ols on,

Olson,

1977

1977

1977

Olson, 1977

Olson, 1977

Savage, 1976

Savage, 1976

Savage, 1976

Savage, 1976

Savage, 1976

Savage, 1976

Olson, 1977

Olson, 1977
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Age

The brachiopods indicate an Early Devonian Age (Boucot and

Johnson, 1964, unpublished data). The age of the conodonts is con-

sidered to be early Gedinnian (Savage, 1976).

Fossil Locality GC2, Fossiliferous Limestone Lens I Fault Block.

(Collected by Olson, 1976)
Location: Above road, SW 1/4 NW 1/4 SE 1/4 section 16.

Brachiopods
Schizophoria? sp.
Mesodovillina? sp.

Rostroconchs
Conocardium sp.

Corals
Favosites sp.
Cladopora sp.

Crinoids
indet. fragments

Stromatoporoids
Stromatoporella? sp.
Actinostroma? sp.

Age

Identified by

Boucot, 1977

Boucot, 1977

Boucot, 1977

Olson, 1977

Olson, 1977

Olson, 1977

Olson, 1977

Olson, 1977

The similar macrofossils, close proximity, and inferred faulted

relationship with fossil locality GC1 would indicate an early

Gedinnian age.

Fossil Locality GC3, Gastropod Mold Bed from the Silicified

Volcaniclastic Unit. (Collected by Olson, 1976)

Location: Along road, NW 1/4 SW 1/4 SE 1/4 section 16.



Gastropods

Murchisonia sp.
Straparolus sp.

Age

Identified by

Rohr, 1977

Rohr, 1977

:115

The fossils indicate a Siluro-Devonian age. (D.M. Rohr, 1977,

pers. commun.)

Fossil Locality GC22 Fossiliferous Limestone Lens II. (Collected

by Merriam, 1950?; Boucot, 1964; Savage, 1974; Olson, 1976)

Location: Along road, SE 1/4 NW 1/4 NE 1/4 section 21.

Brachiopods Identified by

Schizophoria cf. S. bisinuata Boucot and Johnson, 1964

Ambocoelia sp. Boucot and Johnson, 1964

Cyrtina sp. Merriam, 1972; Perry,
1976)

Nucleospira sp. Merriam, 1972; Perry,
1976)

Mesodotivillina sp. Merriam, 1972; Perry,
1976)

Coelospira? sp.
Howellella? sp.
Protathyris? sp.
Atrypa sp.
Gypidula sp.

Corals
Favosites sp.
Cladopora sp.

Kyphophyllum cf. K. greggi

Zelophyllum? sp.
Syringopora sp.

Crinoids
indet. fragments

Perry, 1976
Perry, 1976
Perry, 1976
Perry, 1976
Perry, 1976

Merriam, 1972
Merriam, 1972
Merriam, 1972
Merriam, 1972
Olson, 1977

Olson, 1977



126

Bryozoans Identified by

indet. fragments Olson, 1977

C onodont s

Delotaxis salopia Savage, 1976

Delotaxis sp. Savage, 1976

Ozarkodina remscheidensis Savage, 1976

Ozarkodina excavata wurmi Savage, 1976

Ozarkodina sp. Savage, 1976

Icriodus angustoides bidentatus Savage, 1976

Gastropods
Murchisonia cf. M. bilineata Merriam, 1972

Stylonema cf. S. potens Merriam, 1972

Cyclonema carinatum Merriam, 1972

Cyclonema cf. C. bilex Merriam, 1972

Pelecypods
cyrtodontid? indet. Rohr, 1977

Ostracodes Olson, 1977

Trilobites
Proetus sp. Merriam, 1972

Stromatoporoids
Stromatoporella? sp. Olson, 1977

Actinostroma? sp. Olson, 1977

Tentaculitids Merriam, 1972

Age
"The abundant CyTtina and Schizophoria as well as rare

Ambocoelia clearly establish an Early Devonian age for the collection

horizon as all three of these generally are known to appear in the

fossil record only in beds younger than Ludlow " (Boucot and Johnson,

1964, unpublished data, (Perry,- 1976, pers. communication). The

conodonts indicate an early Gedinnian age to Savage (1976).
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Fossil Locality GC23, Fossiliferous Limestone Lens II Fault Block.

(Collected by Olson, 1976)
Location: Above road, SW 1/4 NE 1/4 NE 1/4 section 21.

Brachiopods Identified by

Schizophoria ? sp. Boucot, 1977

Ambocoelia? sp. Boucot, 1977

Atrypa? sp. Boucot, 1977

Bryozoans
indet. fragments Olson, 1977

Crinoids
indet. fragments Olson, 1977

Conodonts

Ozarkodina sp. Olson, 1977

Ostracodes Olson, 1977

Age

The similar fauna, close proximity, and inferred faulted

relationship with fossil locality GC22 would indicate an early

Gedinnian age.
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INSOLUBLE RESIDUE RESULTS
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Appendix Table 1. Insoluble-Residue Percentages from Limestones
in the Grouse Creek Area.

Collected from

Sedimentary breccia near base of
fossiliferous limestone lens I

Biolithite clasts(?) in fossili-
ferous limestone lens I

Sedimentary breccia, stromato-
poroid fragments only, fossiliferous
limestone lens I fault block

Sedimentary breccia, fossiliferous
limestone lens I fault block

Algal oncolite layer near base of
fossiliferous limestone lens II

Biomicrite in upper part of
fossiliferous limestone lens II

Biomicrite in fossiliferous lime-
stone lens II fault block

Recrystallized fossiliferous
limestone lens III

Recrystallized fossiliferous
limestone lens III fault block

Silty limestone bed

Locality
Insoluble- re sidue

percentages

1A 12.19

1B 0.78

2A 0.63

2B 2.42

22A 10.33

22B 5.85

23 1.86

27 7.09

69 5.42

87 17.01

Limestones were dissolved in concentrated hydrochloric acid.


