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Late Cretaceous sedimentary marine rocks were mapped and

studied along the eastern margin of the Klamath Mountains geologic

province in the vicinity of Hornbrook, California, Cretaceous out-

crops extend south of the mapped area at least as far as Grenada and

probably to Weed.

Four mappable units are recognized totalling 4, 061 feet in corn-

posite section. The lower two units form the Hornbrook Formation,

l,00Z feet thick, of late Turonian to early Coniacian age. The upper

two units form a new formation, here named the Hilt Formation,

which unconformably overlies the Hornbrook. At the type section the
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Hilt Formation is 3, 059 feet thick and ranges in age from middle

Campanian to Maestrichtian (?). The unconformity separating the

two formations may represent much or all of the late Coniacian to

middle Campanian time interval. The beds of the Hilt Formation

have been mapped previously as the Eocene Umpqua Formation.

Paleontological evidence and thickening trends support the

hypothesis that there were two episodes of north to south Cretaceous

marine transgression in the Hornbrook area. A third transgression

may be represented farther north.

The strata are composed of medium-grained arkosic arenites

and wackes, pebble-cobble conglomerates, and silty mud stones. The

sandstones and conglomerates represent a high energy, nearshore

marine environment; the mudstones a shallow water, platform envi-

ronment,

The minerals and lithic clasts of the coarse-grained Cretaceous

sedimentary rocks exhibit little variation throughout the section and

can all be duplicated in the underlying basement rocks. Blue -schist

minerals are present in the lower sandstones of the Hornbrook For-

mation.

Fore set bedding, sole marks, and channel fills indicate a pre-

dominant northeast transport direction through the entire section.

The Cretaceous sequence has been tilted 10 to 20 degrees east-

ward. There is some evidence that the regional east dip flattens and



that Cretaceous rocks underlie the Cascades at a relatively shallow

depth. Numerous northeast-trending normal faults cut the Cretaceous

and overlying Tertiary strata. No folding or metamorphism of the

Cretaceous beds were observed. The basal Cretaceous beds overlap

the trace of the Trinity thrust.

Consideration of this work and biostratigraphic studies in the

Sacramento Valley indicates that a direct southern marine connection

with the Great Valley Sequence was blocked by a basement 'Thtgh'

perhaps now represented by the arched and unroofed Trinity pluton.
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STRATIGRAPHY AND PETROLOGY OF THE LATE CRETACEOUS
ROCKS NEAR HILT AND HORNBROOK, SISKIYOU

COUNTY, CALIFORNIA, AND JACKSON COUNTY, OREGON

INTRODUCTION

The Late Cretaceous strata of this study occupy the central part

of a belt that trends from the southern end of Shasta Valley, California,

to the northern part of Bear Creek Valley, Oregon. This belt is one

of a number of isolated areas in which Cretaceous rocks unconform-

ably overlie older metamorphic and plutonic rocks of the Klamath

Mountains province (Figures 1 and 2). The information gained from

this study, integrated with future data from other Cretaceous rem-

nants, should provide a more complete picture of the tectonic history

of the Klamath Mountains province and the Cretaceous paleogeography

of the Pacific Coast.

The objectives of this study are to supply by detailed field and

petrographic examination information on: (1) lithologies, strati-

graphic sequence, contact relationships, thicknesses, and lateral

variations of the Late Cretaceous units; (2) dominant transport dire c-

tions of clastic sediments; (3) depositional environments of the units;

(4) location, topography, and lithology of the provenance; (5) Late

Cretaceous paleo geography; and (6) regional Late Cretaceous corre-

I ation.
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HISTORICAL DEVELOPMENT OF REGIONAL STRATIGRAPHY

The present knowledge of the Late Cretaceous sequences of the

Pacific Northwest is the product of many who have worked in the region

over the last 115 years. Following is a partial chronological listing

of those contributions most directly relevant to the present study.

A more complete and detailed historical summary can be found in the

recent work of Popenoe, Imlay, and Murphy (1960).

1856: 3. S. Newberry and F. B. Meek suggest Cretaceousas the

probable age of beds on Chico Creek northeast of Chico, Butte

County, California (Newberry, 1856).

1867: Geologic map of California and Nevada indicates the presence

of Cretaceous rock northeast of Yreka, California, and south

of the Oregon-California border (Guillemin-Tarayre, 1867).

1869: 3. D. Whitney, following the views of W. M. Gabb, divides the

West Coast Cretaceous strata into four groups, in as cending order,

Shasta, Chico, Martinez, and Tejon (Gabb, 1969). All of the

Cretaceous rocks of northern California and Oregon are placed

in the Chico group

1893: 3. 5. Diller recognizes and briefly describes Chico age beds

near Yreka, California, and on Grave Creek, Oregon (Diller,

1893).

1894: R. L. Dunn examines the 'tAuriferous Conglomerate' at the
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base of the Cretaceous section in the vicinity of Hornbrook and

interprets it as a river-channel deposit (Dunn, 1894).

1895: F. M. Anderson's first publication describes 'Some Greta-

ceous Beds of the Rogue River Valley (Bear Creek Valley),

Oregon' (Anderson, 1895).

1902: F. M. Anderson compiles the first synthesis of Pacific Coast

Cretaceous faunas a.nd formations. Included is a rough de-

scription of the beds and fauna of the Late Cretaceous rocks in

Bear Creek Valley, Jackson County, Oregon, and in Cotton-

wood Creek Valley, Siskiyou County, California (Anderson,

1902).

1903: H. W. Turner reexamines the "Auriferous Conglomerate' at

the base of the Late Cretaceous strata near Hornbrook and

correctly deduces its basal marine relationship with the over-

lying sandstones (Turner, 1903).

1907: 3. 5. Diller reports the occurrence of a coal belt in "slippery

shale and shaly sandstone" along the eastern side of Bear

Creek Valley, Jackson County, Oregon, and south of Agar,

California (Diller, 1907).

1924: J. 5. Diller and G. F. Kay reexamine the Cretaceous rocks

on Grave Creek, briefly describing the stratigraphy and

lithology (Diller and Kay, 1924).

1931: F. M. Anderson describes the Late Cretaceous section near



Hornbrook, California and suggests faunal correlations with

standard European stages (Anderson, 1931).

1939: F. C. Wells maps and describes the lower part of the Late

Cretaceous strata in the Medford Quadrangle (Wells, 1939).

1949: Howel Williams describes the location and lithologic charac-

teristics of Chico beds in the Macdoel and adjacent Yreka

Quadrangles, California (Williams, 1949).

1956: Peck, Imlay, and Popenoe make faunal collections and meas-

ure a partial type section in the Cretaceous strata near Horn-

brook, Siskiyou County, California. A new stratigraphic unit,

the Hornbrook Formation, is named and subdivided into six

members, 1-VI (Peck, Imlay, and Popenoe, 1956).

1958: F. M. Anderson, (posthumously published), culminates his

studies of Pacific Coast Late Cretaceous deposits with detailed

faunal lists, locations, and regional correlations (Anderson,

1958).

1959: David L. Jones extends mapping of the Hornbrook Formation

north and south from the type area. He recognizes three

mappable units within the Hornbrook (A, B, and C) and further

refines the faunal dating of the units (Jones, 1959),
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REGIONAL GEOLOGY

The Late Cretaceous rocks of this investigation form a semi-

continuous north- to northwest-trending zone extending from the

western margin of northern California's Shasta Valley, through

Cottonwood Creek Valley, and into Oregon along the western rim and

floor of Bear Creek Valley. This is a distance along strike of about

125 miles (Figure 2).

The Cretaceous rocks occupy a position between two larger,

distinct geologic provinces. The strata have an onlapping relation-

ship with rocks of the Klamath Mountains province to the west and are

overlain unconformably to the east by rocks belonging to the Cascade

Range province (Figure 3). For simplicity of discussion, following

Irwin (1960), the older metamorphic and plutonic rocks are termed

"subjacent" or 'basement" and the stratified rocks younger than the

Cretaceous are termed "superjacent."

Subjacent Rocks

The Klamath Mountains stand out as a compact, poorly acces-

sible region, distinct geomorphically and geologically from the Coast

Ranges to the north and south, and from the Cascades to the east.

Rocks underlying the Klamath Mountains province are older, more

resistant and have undergone a longer, more complicated tectonic



history than rocks of adjacent provinces.

Figure 3. Northeast dipping Tertiary rocks of the western Cascade
province, right middleground, unconformably ove rlying
Cretaceous sediments underlying Cottonwood Creek Valley.
Mt. Ashland on distant horizon, at left.

The average relief of the Klamaths is markedly greater than that

of the Coast Ranges and the surface is more rugged than many parts

of the Cascades. Elevations range from sea level to 7, 500 feet; relief

is commonly 2, 000 to 5, 000 feet. The ridge tops in a large part of

the area lie at a fairly uniform elevation of about 4, 000 feet (Ramp,

1969). Diller (1902) noted this and postulated the existence of an old

land surface which he called the "Klamath Peneplain. A few isolated

remnant patches of Tertiary gravel are reported (Ramp, 1969) to rest

on this old erosion surface.



The principal rocks of the Kiamath Mointains are considered to

be eugeosynclinal and range in age from early Paleozoic to middle

Late Jurassic. Granitic intrusions are found in the Klamaths but not

in the Coast Ranges; mafic and ultramafic rocks intrude both pro-

vince S.

The Kiamaths are comprised of four concentric, arcu.ate belts

that are concave eastward (Figure 1). Irwin called the belts or sub-

provinces, from east to west: (1) the eastern Paleozoic, (2) the

Central Metamorphic, (3) the western Paleozoic and Triassic, and

(4) the western Jurassic (Irwin, 1960). The arcuate pattern of the

belts is emphasized by faults and linear ultrarnafic intrusions. The

belts are interpreted as imbricate or, west-yielding thrust plates.

Two and possibly three of Irwin's (1960) subprovinces can be traced

into the map area (Figure 1, Plate 1).

In the southern part of the area, a major northeast-trending

fault was mapped (Plate 1). Its trace is well marked by aligned

stream segments and ridge-top notches. Northwest of the fault,

minor ridges trend N. 20°W., whereas southeast of the fault they trend

more northeasterly. A serpentinized and sheared ultramafic intru-

sion is exposed along the southeastern side oi the fault. The serpen-

tinized outcrop on a small ridge (C. SW1 /4 sec. 27, T. 46 N., R. 6 W.,

MDBM) is distinct from the surrounding terrane in being light gray

and unvegetated. No relict textures or inclusions were found but the
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protolith is thought to be peridotite. Another fault trace along the

upper southeast flank of Paradise Craggy (Plate 1) is indicated by

topographic lineation s and juxtapo sition of diffe rent metamorphic

grades. Between the two faults there appears to be a narrow band of

quartz-muscovite schist, perhaps representing a thin slice of Irwin's

(1960) Central Metamorphic belt. On either side of this band is found

a varied suite of metasediments consisting of contorted and thinly-

bedded dark gray chert, dark brown quartzites, metaconglomerates,

lenticles of marble, and massive cream-colored very fine-grained

quartzite.

Northwestward, along the western margin of Cottonwood Creek

Valley, there is a complex sequence of meta sedimentary and metavol-

canic rocks, which Irwin (1960) grouped into his western Paleozoic

and Trias sic belt. The structural position and metamorphic grade

suggest that the meta sedimentary rocks southeast of the faults can

similarly be assigned to the eastern Klamath belt, which typically is

tectonically bordered on the west by a narrow band of ultramafic rocks

throughout the Kiamath Mountains. The nature of the faults is uncer-

tain. The ultramafic intrusions are bounded by faults on their north-

western side and apparently along the southeastern flank. The two

faults bounding the ult.ramafic body are linear and parallel, -whereas

the northwesternmost fault along the southern flank of Paradise Craggy

race. Davis (1969) has correlated the
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middle of the three faults with the Trinity thrust farther south in the

Klamaths and the Melones fault of the northern Sierra Nevada province.

Davis further believes that the two faults may be parts of a major

crustal break at least 350 miles in length. The Trinity thrust, as

mapped here, may be a high angle fault, as suggested by its extremely

straight trace.

The western Paleozoic and Trias sic belt is the most extensive

subprovince underlying the Late Cretaceous rocks. Outcrops of this

belt in the map area extend from Paradise Craggy in the south, north-

ward, to the Mt. Ashland pluton two miles south of Hilt. The rocks

can be divided into metasedimentary and metavolcanic types.

The metasediments are best exposed at opposite ends of the out-

crop belt: north from Paradise Craggy to the Klamath River, and

near the contact with the Mt. Ashland pluton. Exposures in the vicin-

ity of Parad:ise Craggy are moderately good but become extremely

poornorthward. Consequently, little information was gained concern-

ing stratigraphic and contact relations with the metavolcanic unit.

From Paradise Craggy to the Klamath River, vertical meta-

sedimentary beds strike approximately N. Z0°E. Deformation is

locally intense. Much of the rock is a bedded, cream to light-purple

metachert associated with greenstone, dark brown fine-grained

quartzite, marble, and metaconglomerate. Several hornblende - riéh

dikes older than the Hornbrook Formation cut the sequence locally.
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A very dark gray, highly fractured and silicified argillite is exposed

by the Kiamath River (Figure 4). A narrow band of metasediments is

encountered striking N. 05°-20°E. , roughly paralleling an upthrown

block extending northeastward from the Mt. Ashland batholith. Rocks

found near the pluton are of higher metamorphic rank than those ex-

posed elsewhere. Several varieties of micaceous schist are seen as

well as gneissic float. In China Gulch the sequence is well exposed

and variable, including beds of marble and dark gray metachert.

Some metasedirnents are included in the metavolcanics.

Figure 4. Basal contact of Cretaceous rocks on silicified, highly
fractured argillite in roadcut, Interstate Highway 5, north
side of the Kiamath River.
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The metavolcanics occur mainly in the central part of the belt

west and north of the town of Hornbrook. Ivietavolcanics interbedded

with metasediments are exposed along a traverse through the canyon

of Cottonwood Creek (secs. 1 and 2, T. 47 N. , R. 7 W. , MD:BM).

Locally, a pyroclastic texture is recognizable in what appear to be

tuff, tuff breccia, and volcanic conglomerate. Commonly a flow is

suggested by the presence of abundant vesi.cles or amygdules. Por-

phyritic rocks may represent younger intrusive bodies. Most of the

metavolcanics appear to be andesitic to basaltic in composition.

The age and relationship of the metasediments and metavolcanics

in the map area and their relationship to the eo1ogy of adjacent stzb-

provinces and regions is uncertain. Fusu1nids collected from a

marble lentil two miles north of Paradise Craggy (SE1/4 NW1/4 sec.

9, T,46 N., R. 6 W., MDBM) indicate a Late Permian (Ochoan) age

for the enclosing strata (Bostwick, 1970). Irwin (1960) tentatively

correlated the metavolcanics with the Devonian Copley Greenstpne

named for exposures farther south, Lithologically, the Applegate

Group of Wells, Hotz, and Carter (1949) closely resembles the meta-

sediments and metavolcanics. This group of rocks has been mapped

immediately to the north in the Medford Quadrangle (Wells, 1956).

The Apple gate Group has been dated as Late Trias sic by fossils col-

lected in the Kerby Quadrangle west of the type locality on the Apple-

gate River. No dating or correlations have been made for rocks in
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the other subprovinces of the map area. The times of metamorphism

and faulting are also unknown and must await detailed field work on a

regional basis.

In the northwestern part of the map area (Plate 1) the Late Gre-

taceous is underlain by what Wells(1956) has informally called the Mt.

Ashland intrusive complex. Quartz diorite appears to be the most

common rock type but diorite, granodiorite, and granite are also ex-

posed. The southern contact is mapped as a single dashed line but it

seems probable that the intrusive relations are complex The quartz

diorite is typically a light gray, medium-to coarse-grained rock corn-

posed of 50 to 60 percent ande sine, 12 to 18 percent quartz, 25 to 30

percent green hornblende, 1 to 3 percent brown biotite, and traces of

magnetite, red spinel, apatite, sphene, sericite, and zircon (Wells,

1956). Textures range from xenomorphic granular to hypidiomorphic

granular. The summit peak of Mt. Ashland is underlain by granite

characterized by large orthoclase phenocrysts. Along the Trestle

Road just south of Spaulding Creek (sec. 19 T. 48 N., R. 7 W.

MDBM) a medium-grained pink feldspar granite is exposed. Many

exposures contain abundant dark gray, flow-oriented xenoliths with

schistose and gneissic texture often recognizable as remnants of

metasedirnents. Along the southern border of the pluton, contact meta-

morphism has upgraded the rank of the rnetasediments The Mt.

Ashland batholith may be a single, complexly zoned intrusion or
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perhaps several separate bodies. Wells (1956) has stated that all of

the separate rock types have originated from the same source. The

Geological Survey (Lanphere, Irwin, and Hotz, 1968) has obtained

dates of 146, 147, and 133 m. y. from the batholith indicating a Late

Jurassic (Kuip, 1961) age and emp]acement midway in the Nevadan

orogeny as defined by Lanphere and coworkers (1968).

Many small dikes of gabbro, diorite, aplite, lamprophyre,

quartz, and a granitic pegmatite can be observed cutting the various

subjacent rock types. From observations in the Medford Quadrangle,

Wells (1956) has given the following age relations to the dike rocks:

ultramafic rocks followed by basic dikes, followed in turn by diorite,

quartz diorite, granodiorite, granite, and finally by the aplite and

pegmatite dikes.

Superjacent Rocks

The Cascade Range is geologically divisible into two distinct

north-south belts, the Western Cascades and the High Cascades (Fig-

ure 1). Western Cascade rocks constitute the superjacent strata un-

conformably overlying the Late Cretaceous rocks. The oldest unit

along the southwestern margin of the Western Cascades is the Colestin

Formation (Wells, 1956), dated as late Eocene by fossil plants, litho-

logic correlation, and stratigraphic position (Peck and others, 1964).

The type area for the formation is in the vicinity and south of Colestin
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Springs in the upper Cottonwood Creek Valley. The formation is corn-

posed primarily of stratified, volcaniclastic rocks. Excellent expos-

ures are seen in the large cuts on Interstate Highway 5 from Siskiyou

Summit southward to the California border. Most of the material is

andesitic. Beds of ashfall tuff, lapilli tuff, tuff brecciã, welded tuffs,

volcanic wackes, and conglomerates compose a lithologically varied

section estimated to be about 2, 500 feet thick (Carlton, 1970). Andes-

ite flows and dikes are common. Fluvial channeling is apparent in

some cuts.

The unconformable lower contact of the Cole stin is well exposed

in sec. 31, T.48 N. , R. 6 W., MDBM, approximately halfway up the

ridge bordering Cottonwood Creek Valley on the northeast (Figure 5).

Gullies washed clean of colluviurn provide excellent exposures of the

contact. The Late Cretaceous rnudstones are truncated by an undula-

tory erosional surface with an estimated 50 feet of relief indicated

along the northern end of the exposure. A paleo soil was well devel-

oped in the topographically lower parts of the Cretaceous landscape.

A lens of very light gray marl, 4 feet thick, overlies the paleosoil

and has preserved the upright stumps of trees growing from the old

surface. The trees have been replaced by black chert. Various types

of leaves and seed pods are preserved in the marl. The marl is over-

lain sharply by stratified tuffaceous wacke. Immediately north, the

Tertiary beds lap against highs developed on the rnudstone. North and
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south from this point the contact is poorly exposed but its presence

can be detected easily by the differences in weathering and topography

between the underlying mudstones and overlying volcanic sediments.

Figure 5. Cole stin Formation unconformably overlying Bailey Hill
Mudstone on northeast slope of Cottonwood Creek Valley.

The contact in the northern end of the map area along the

northwestern flank of a large forested ridge, termed 'Buck Rock,

has been interpreted as an angular unconformity based on the follow-

ing observations: the Cretaceous strata are exposed in a number of

minor cue stas striking northwest, whereas the Tertiary volcanic rocks

composing the upper main mass of the ridge strike roughly north-

northeast; the Cretaceous cuestas are formed on sandstones and



commonly are held up by chert pebble-cobble conglomerates. The

cue stas represent an exhumed landscape with a relief of several

hundred feet. The scattered outcrops of the Tertiary volcanic sedi-

ments seem to fill lows between the cuestas, therefore, the contact

follows a very irregular line.

All of the units in the area of investigation have been cut by a

variety of small Tertiary intrusions. The Cretaceous mudstones

have been the locus of numerous sill-like intrusions that form the

crests of resistant strike ridges along the floor of Cottonwood Creek

Valley (Figure 6) and Bear Creek Valley to the north. Some of these

bodies are concordant in one perspective and slightly to moderately

cross-cutting in another. Many vertical dikes also occur. Most of

the intrusions are tabular, but several plug-type varieties are seen

also, the most noteworthy being the nearly two square mile porphy-

ritic andesite mass composing Black Mountain. Two miles southeast

of Black Mountain two conspicuous basalt plugs hold up Marys Peak

and a similar unnamed peak one-half mile north (Figure 7). The corn-

position of the intrusions ranges from daciteto basalt, the most corn-

mon being a propylitized, porphyritic augite-hypersthene andesite.

Merriam (1945) reports that several intrusions near Ashland show

gravity stratification from gabbro into diorite. Table 1 presents par-

tial chemical analyses for rocks of many of the minor intrusions as

well as other selected local igneous rocks.
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Figure 6. Cue sta developed on Tertiary sill intruding Bailey Hill
Mudstone Member of Hilt Formation.

-I-.-

Figure 7. Marys Peak, right middleground, and small hill immedi-
ately north (left) held up by Tertiary intrusive s.



Table 1. Partial chemical analysis of local intrusives (in percent).

Sample 69 127 30 17 54

Si02 65.6 56. 8 60. 9 62. 5 51. 3

A1203 15.4 19. 1 18.0 17. 5 17. 1

FeO 7.0 7.2 6.9 6.5 8.8

CaO 2.1 6.9 2.9 2.5 8.0

MgO 1.6 2.6 3.0 1.7 1.2

K20 3.1 1.2 1.4 1.4 1.4

Ti02 . 53 . 58 . 62 . 45 . 74

95. 3 94. 4 93. 7 92.6 88. 5

Sample 131 C 128 A B

Sb2 56.8 67.0 59.5 58.6 58.0

A1203 18.6 16. 8 19. 5 19. 1 18. 8

FeO 75 4.7 6.7 7.2 7.1

CaO 7.0 1.9 2.3 2.5 4.6

MgO 2.2 .1 1.3 1.5 2.0

K20 .9 1.2 1.4 1.6 1.2

Tb2 . 76 . 31 . 58 .62 .60

E 93.8 92.0 91.3 91.1 92.3

132 31 45 133 32 37

56. 8 54. 4 54. 9 60. 5 58. 0 62. 6

18.7 17.0 16.9 17.4 17.5 17.3

7.3 6.7 7.9 7.1 8.2 6.2

4.4 6.7 7.7 2.9 4.4 2.2

2.2 2.3 4.5 1.6 2.6 1.1

1. 5 1. 1 1. 1 1. 4 1. 2 2.0

.88 .58 .63 .63 .76 .46

91.8 88. 8 93.6 91. 5 92. 7 91.9

7 233 130 D E F

51.2 50.2 58.9 52.7 63.3 55.5

16.3 17.0 17.7 17.7 17.5 16.4

8.8 10.6 7.1 11.0 -6.8 8.0

8.7 4.8 4.7 7.4 3.7 7.6

7.8 3.1 1.2 3.1 1.0 4.8

.6 .3 .3 1.0 2.2 1.2

1.02 2.30 .67 1.18 .49 .58

94. 4 88. 3 90.6 94. 1 95.0 94. 1

SiC2 and A1203 vines slightly underestimated.
Continued on next page



Sample locations

69 IDacite, dike, RR cut, 1/2 mi S Steinman Pk; SW1/4, NE1/4, sec. 16, T. 40 5., R. 2 E., WBM.
127 Andesite, Pilot Rock; NW1/4, SW1/4, sec. 2, T. 41 S., R. 2 E., WBM.
30 Px andesite, dike, RR cut, central valley; SW1/4, SW1/4, sec. 31, T.48 N., R.6 W. ,MDBM.
17 Andesite?, silicified metavolc., Ditch Cr.; NW1/4, NE1/4, sec. 24, T. 47 N., R. 7 W., MDBM.
54 Basaltic-andesite, dike behind GH Ranch; SW1/4, SW1/4, sec. 13, T. 46 N., R, 6 W., MDBM.

132 Andesite, sill, major cuesta, central valley; NW1/4, SW1/4, sec. 6, T. 47 N., R. 6 W., MDBM.
31 Andesite, dike, RR cut, central valley; SW1/4, SE1/4, sec. 6, T. 47 N., R. 6 W., MDBM.
45 Porph. andesite, Black Mt, east side; SW1/4, SW1/4, sec. 1, T. 46 N., R. 6 W., MDBM.

133 Px andesite, sill, central valley; SE1/4, NW1/4, sec. 6, T.47 N., R.6 W., MDBM.
32 Px andesite, dike, RR cut, central valley; NE1/4, NE1/4, sec. 18, T. 47 N., R. 6 W., MDBM.
37 Dacite, upper sill, Bailey Hill; SE1/4, SE1/4, sec. 24, T, 48 N., R. 7 W., MDBM.

131 Px andesite, sill, central valley; SW1/4, NW1/4, sec. 6, T. 47 N., R. 6 W., MDBM.
C Dacite, Steinman's Pk; NW1/4, sec. 16, T.40 S., R.2 E. WBM.

128 Px andesite, dike, Joe Casson's gate; SE1/4, NW1/4, sec. 24, T. 48 N., R. 7 W., MDBM.
A Px andesite, dike, SE Hilt exit; NW1/4, SW1/4, sec. 24, T. 48 N., R. 7 W., MDBM.
B Px andesite,, dike, N Hilt exit; NW1/4, NW1/4, sec. 24, T. 48 N., R. 7 W., MDBM.
7 Basaltic-andesite, dike, gully below Trinca's; SE1/4, NW1/4, sec. 24, T48 N., R. 7W., MDBM.

233 Basalt, sill, Bailey Hill rimrock, NE1/4, NE1/4, sec. 25, T. 48 N., R. 7W., MDBM.
130 Andesite, sill, central valley; NE1/4, NE1/4, sec. 1, T. 47 N., R. 7 W., MDBM.

ID Basaltic-andesite, dike behind Bell's Ranch; NW1/4, SW1/4, sec. 10, T. 40 S., R, 2 E., WBM.
E IDacite, lower sill, Bailey Hill; NW1/4, SE1/4, sec. 24, T, 48 N., R. 7 W., MDBM.
F Porph. andesite, Black Mt, NW side; SW1/4, NE1/4, sec. 3, T. 46 N., R.6 W., MDBM.

(Rock types selected from comparison with Table 28, P. 285, Turner and Verhoogan, 1960.
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FIELD DESCRIPTION OF LATE CRETACEOUS STRATA

The Late Cretaceous strata can be broken into four lithically

distinct, mappable units (Figure 8). A low angle unconformity sepa

rates the upper two units from the lower two. The name Hornbrook

Formation, formerly applied to the entire sequence, here is restricted

to the lower two units. The upper unit in the Hornbrook is named the

Henley Mudstone Member, and the lower unit is called the lower

arenaceous member. The name Hilt Formation is proposed for the

rocks unconformably overlying the Hornbrook FormatiDn. The upper

unit of the Hilt Formation is named the Bailey Hill Mudstone Member

and the lower called the lower arenaceous member. The

names Hornbrook, Hilt, and Henley are taken from small villages

situated in Cottonwood Creek Valley, and Bailey Hill is a prominent

local feature (Plate 1).

The formal establishment of a new formation is based on the

presence of unnamed mappable units that represent a distinct rock

stratigraphic succession in the Late Cretaceous sequence. The mud.

stone units are worthy of formal stratigraphic rank as either forma

tions or members. The designation as members aids in emphasizing

the gradation of each mudstone from sandstone below and the two cycle

nature of the Late Cretaceous strata.

Type sections have been established for the Bailey Hill Mudstone
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and lower arenaceous members of the Hilt Formation. Their thickness,

unit descriptions, and locations are given in Appendjx I and presented

graphically in Figure 8. Peck and others (1956) designated the type

section of the Hornbrook Formation as exposures along the northern

side of the Kiamath River canyon 2 1/2 mUs soith of the town of

Hornbrook, California (Plate 1, Figure 9). This section (Peck and

others, 1956) is retained in part, with the }Jornbrook Formation re-

stricted here, to Peck's Members I and II, and the Henley Mudstone

Member corresponding to his Unit 9 of Member II (Figure 8). A

traverse was made and samples taken and described very near the

type section. Offsets were made so as to include exposures of a thicic

basal conglomerate and exposures in recent roadcuts along Interstate

Highway 5. Section measurement was by Jacob staff, and samples

were selected at appropriate intervals.

Hornbrook Formation

General Stratigraphy

The Hornbrook Formation is 1,002 feet thick along the northerr

side of the Kiamath River canyon (sec. 32, T. 47 N., R. 6 W.,

MDBM). It is composed of a lower sequence of sandstones and

conglomerates, 811 feet thick, termed the lower arenaceous

member, and is overlain by a sharply gradational upper unit, the



Henley Mudstone Member, 191 feet thick.
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Figure 9. Hornbrook Formation sandstone resting on metasedimentary
basement rocks on southern slope of Kiamath River canyon
near SE1/4 sec. 32, T.47 N., R.6 W. , MDBM.

Contact Relations

The basal contact is marked by an angular unconformity. Near

vertical attitudes characterize the basement metasediments; the atti-

tude of the metavolcanics is uncertain. The Cretaceous rocks non-

conformably overlap the Mt. Ashland plutonic rocks. South from

Black Mountain (Plate 1) the basement surface is planar; northward

the contact becomes irregular, reflecting a paleorelief in tens of feet.

A paleosoil and regqlith up to 10 feet thick are locally preserved on
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the metasedimentary rocks. The basal contact is commonly marked

by a distinct notch or topographic inflection where Cretaceous strata

have been eroded back from the more resistant metamorphic basement

rocks.

The upper contact is a low angle unconformity between the Hen-

ley Mudstone and the overlying lower arenaceous member of the Hilt

Formation. The discordance is small, three or four degrees between

dips, and is not readily apparent along the strike valley (Plate 1).

In the northern part of Cottonwood Creek Valley, the Henley Mudstone

has been removed, and the Hilt Formation rests on the lower arenace-

ous member of the Hornbrook. Excellent exposures of the upper con-

tact are seen in the western cut of the north-bound lanes of Interstate

Highway 5 (sec. 32, T. 47 N. , R. 6 W. , MDBM). Here the contact is

sharp and locally channeled with 10 to 12 feet of relief. Large mud-

stone blocks and reworked concretions occur in the basal few feet of

the overlying sandstones.

General Lithology

The lower arenaceous member of the Hornbrook Formation is

composed chiefly of fine- to medium-grained, marine, arkosic wacke

(Gilbert, 1954). According to Folk's (1965) method of mineralogical

and textural classification the sandstones would be predominantly

immature arkoses, and in Pettijohn's (1954) classification they would
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fall mainly into the category of feldspathic graywacke. The wackes

contain poorly sorted, subangular to angular grains of quartz, feldspar,

and lithic fragments in a subordinate finer-grained chloritic-clay

matrix. Approximately 20 percent of the section is carbonate.

cemented arkosic arenite (Gilbert, 1954). The arenites appear ran-

domly scattered through the section and clastically are similar to the

wackes. Porosity is very low. Fresh sandstone is typically grayish

green to greenish gray (Goddard and others, 1948); slightly weathered

sandstone is olive gray to light olive gray; and weathered sandstone

is typically olive gray to yellowish gray or dusky yellow. Lichen

mottling often imparts a dark cast to outcrops.

The Henley Mudstone Member is typically a dark gray, poorly

sorted, indistinctly bedded mudstone with a large admixture of very

fine-grained sand and silt. The visible grains are primarily quartz

and rare, twinned plagioclase with considerable amounts of mica and

opaque organic matter. Chemical characteristics are very similar to

those of the wackes.

Primary Features

Sedimentary structures in the lower arenaceous member reflect

a shallow marine, high energy depositional environment. Bedding

thickness is irregular and changes rapidly along strike. Bedding

ranges from paper laminations to beds more than 10 feet thick, the



average being around 1 1/2 feet. Normal grading and trough cross-

bedding (McKee and Weir, 1953) are common .(Figure 10). Bed con-

tacts are generally planar and sharp, but much channel scour-and-fill

is present. Degree of sorting, mean grain size, and amount of inter-

nal structure increases southward along strike.

-

Figure 10. Outcrop of Hornbrook Formation sandstone on northern
side of Klamath River showing thin horizontal and cross-
beds with pebbly zone.

Conglomerate forms a conspicuous part of the lower arenaceous

member. It occurs within the section as intraformational conglomer-

ate beds and lenses or as sheets and wedges of basal conglomerate.



Clasts range up to 1 foot in intermediate diameter and downward to

very fine pebble (grit) size. Sorting of the clasts ranges from three

dominant sizes to as many as seven. The matrix is very similar to

the enclosing sandstones. Thicknesses range from 1 inch thick pebbly

zones to wedges of basal conglomerate up to 50 feet thick. Intrafor-

mational conglomerate beds are complexly interbedded with strongly

cross-bedded, coarse-grained sandstone wedges. Pebbly sandstones

generally occur at the base or in the lower part of many medium- to

coarse-grained sandstone beds. Framework clasts are generally well

rounded and oblong members are normally imbricated or flow-

oriented. The conglomerate framework is composed of mainly porphy-

ritic mafic volcanic lithologies, quartzite, chert, and vein quartz

clasts with accessory plutonic, sandstone, and mudstone clasts.

The basal conglomerate is discontinuous. A basal conglomerate

is absent or poorly developed south of the Klamath River along the

northeastern rim of Carson Gulch. South of Black Mountain, a thin

blanket o( chert-pebble conglome rate crosses the Montague -Agar

highway (Plate 1). At Rancheria Gulch and Ditch Creek (Plate 1), a

moderately well-sorted cobble-boulder conglomerate is exposed in the

form of thick, coarsely cross-bedded wedges. The absence of basal

conglomerate from ridge top exposures in this area suggests that the

conglomerates were laid down in previously existing valley or gully

bottoms. The conglomerates locally contain abundant fragments and
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shells of molluscs that indicate a marine origin.

Changes in basal conglomerate composition are closely related

to changes in underlying source rock lithology. Plutonic clasts seem

to increase northward, but little change in porphyritic volcanics can

be detected. Basal marine conglomerates west of the town of Horn-

brook have been exploited for gold concentrated in streaks above the

metamorphic basement (Dunn, 1894; Turner, 1903). Pebble counts

of several conglomerates are given in a following section.

A poorly sorted conglomerate found on the north side of the

Klamath River is interpreted as nonmarine (Plate 1 and Appendix I,

Principal Reference Section A-F). It is laterally restricted and ap-

pears to occupy an ancient topographic low (Figure 11). This unit has

been included with basal Hornbrook strata, but it may be a remnant of

older continental deposits overlapped by the transgressing Cretaceous

sea.

From the distribution, bedding morphology, and. contact rela-

tionships of the basal conglomerates, itis surmised that considerable

reliefmust have existed in the north and markedly diminished south-

ward from the Klamath River in Hornbroolc time.

The Henley Mudstone Member is characterized by its massive

character or indistinct bedding except for rare sheet sands. The mud-

stone fabric exhibits a swirled or disrupted aspect and rod-like bur-

row fillings can be seen along the measured ection (Appendix I).
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Figure 11. Nonmarine basal conglomerate of Hornbrook Formation
on north side of Kiamath River. Note lenticular maroon
silty interbeds.

The upper part of the member contains numerous 2 to 4 inch

diameter calcareous concretions, which increase in number upward to

the contact. Inoceramus fragments are reported from concretions in

the mudstone (Peck and others, 1956).

At the Kiamath River, the lower contact is gradational through

about 20 feet from a moderately resistant, very fine-grained wacke,

to silty mudstone typical of the member. Northward, the lower con-

tact is more distinct, grading upward through less than 10 feet from

coarser grained sandstones to typical mudstone.
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Grain size coarsens slightly southward. At the Klamath River,

the Henley approaches a very fine-grained sandstone in its lower part

and, northward, the coarse fraction decreases in abundance and the

rock becomes the typical dark gray mud stone that dominates the mem-

ber. West of Bailey Hill the upper part of the member contains

interbedded fine-grained sandstones.

The Henley Member was mapped as far north as one mile south-

west of the town of Hilt at which forested terrane made it impossible

to trace the beds farther (Plate 1). Post-Hornbrook erosion may have

removed it or it may grade into sandstone northwest of Hilt. A simi-

lar situation was encountered south from the Kiamath River where the

member was not recognized due to poor exposure. It may be present,

stripped off, or grade laterally into sandstone.

Lateral Trends

Lateral thickness changes in the lower arenaceous member are

marked, considering widths of outcrop and dip angles From the

type area the thickness is constant on strike northwestward for three

or four miles before thinning to several hundred feet just south of an

upthrown block of the Mt. Ashland batholith (Plate 1). North of this

block the thickness markedly increases. Southeast of the Klamath

River the sandstone gradually thins along strike as it passes across

the shoulder of Black Mountain. Several hundred feet of sandstone are
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seen on the GH Ranch, one mile south of Black Mountain, and are

covered progressively beneath the soil and alluvium of the upper

Shasta Valley.

Laterally, the Henley Mudstone Member thickens northward

from 191 feet at the Kiamath River to an estimated 300 feet in sec. 1,

T.47N., R.7W., MDBM.

Geomorphic Expression

The lower arenaceous member forms a series of moderately

well developed flatirons capping secondary ridges which extend east-

ward from Cottonwood Peak. Most of the outcrops are rounded with

local ledge- and cliff-forming sequences. The sandstone produces a

distinct reddish-brown soil, whereas the soil developed on granitic or

metamorphic terranes is generally darker brown. White and black

oaks seem to prefer the reddish-brown soil.

Exposures are better in the southern part of the region than to

the north, where much of the area is forested.

The mudstones and siltstones of the Henley Member are typically

slope-formers, and erode into a series of small valleys and saddles

along the western flank of Cottonwood Creek Valley (Figure 12).



34

Figure 12. View along western flank of Cottonwood Creek Valley
showing bare saddles developed on the Henley Mud stone.
Mt. Ashland on center-left sky-line.

Hilt Formation

General Stratigraphy

The Hilt Formation is 3, 059 feet thick and is composed of two

members, a lower sequence of sandstones and conglomerates 449 feet

thick, the lower arenaceous member (Figure 13), and an upper

sequence of 2,610 feet of silty mudstone, the Bailey Hill Mud stone

Member (Figure 8; Appendix I, Type Section G'-J).
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Figure 13. Lower arenaceous member of Hilt Formation unconform-
ably overlying the Henley Mud stone in central part of
Cottonwood Creek Valley.

Contact Relations

The contact relationships of the Hilt Formation have been de-

scribed in previous sections. The basal contact is a low angle uncon-

formity and was discussed earlier with the Hornbrook Formation.

The upper unconformable contact with the Cole stin Formation was

described previously in the section titled Superjacent Rocks.

General Lithologies

The lower arenaceous member consists mainly of resistant,
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greenish gray, fine- to medium-grained, marine, arkosic wacke and

arenite (Gilbert, 1954). The sandstones in hand specimen cannot be

differentiated from lower arenaceous Hornbrook samples. As a

group, the Hilt Formation sandstones contain slightly less heavy min

erals and proportionately more calcareous-cemented arenite than

Hornbrook Formation sandstones.

The Bailey Hill Mudstone is typically a dark gray to olive gray, in-

distinctly bedded, silty mudstone. Its field, mineralogic, and cherni-

cal properties are very similar to those of the Henley Mudstone

Member of the Hornbrook Formation. The niudstones are carbonace-

ous with abundant plant fragments and contair4 microscopic blebs of

pyrite.

Primary Features

Bedding is the most common primary structure in the lower

arenaceous member and reflects a shallow, marine, moderate to high

energy environment. As in the Horribrook sandstones, the bedding

sequence varies greatly but predominantly consists of irregular cosets

of thinly cross-bedded and cross-laminated light olive gray wacke and

arenite. Other indicators of high energy are scour-and-fill structures

along bedding contacts, asymmetrical ripples, pebbly sandstones, and

pebble-cobble conglomerate beds. Detailed descriptions and sample

locations of measured sections are contained in Appendices I and II.
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A striking sequence of cross-bedded and thin interbeds of coarse

sandstone is exposed in a large roadcut of U. S. Highway 99, 1 1/2

miles southeast of Hilt. This sequence is thought to be fluvial in

origin.

The Bailey Hill Mud stone is uniformly weathered, and only

rarely can bedd.ing be detected.

The mudstone contains a variety of concretions. Several large

septarian concretions were observed etched from the mud stone;

other concretions are irregular and branching. The most common

type is calcareous, pyritic, and oblate, weathering into distinct,

moderate reddish orange fragments. Some concretions are fossilifer-

ous.

Within the Bailey Hill Mudstone are a variety of minor sandstone

beds. Some are continuous sheets, but others occur as lenses and

channel-fills cut into the surrounding mudstone (Figure 14). The

sheets and lenses of sandstones shQw 3bundant b3sal flute, groove,

and load casts indicating a dominant northeasterly transport direction

(Figure 15). Channel-fills are composed of single or multiple beds,

commonly are cross-bedded, and laclç grading. Thicknesses range

from 4 inches to 15 feet. The upper hundred feet of the Bailey Hill is

composed of rhythmically alternating 2 to 6 inch thick planar siltstone

and mudstone beds.
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Figure 14. Northeast-trending channel-fill in Bailey Hill Mud stone
near town of Hilt.

Figure 15. Flute casts and linear scours on base of channel-fill sand-
stone block in Bailey Hill Mudstone.
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Lateral Trends

The thickness of the lower arenaceous member increase.

slightly northwestward from the type locality as estimated from out-

crop width and average dip. Toward the Mt. Ashland fault, the entire

Cretaceous sequence thins drastically, and the lower member of the

Hilt appears to wedge out abruptly between the Hornbrook Formation

and the Bailey Hill Mudstone (Plate 1).

South of the town of Hornbrook, the lower arenaceous member

locally thickens to about 800 feet and intertongues with the Bailey Hill

Mudstone. The well-lithified strata of the type area thin soithward to

approximately 100 feet. Instead of being gradational into mudstone in

a few tens of feet as in the type area, the well-lithified sandstone

gra4es into a sequence of poorly bedded, locally non-resistant, very

fine-grained sandstones and siltstones (Plate 1; sec. 29, T. 47 N.

R. 6 W. , MDBM). Bedding is irregular and lenticular interbeds of

coarse-grained sandstone are commonly encountered. The complex

intertonguing sequence typically weathers into rounded slopes with

local calcareous beds standing as deeply etched and sculptured ledges.

Individual tongues of sandstone extend. approximately one mile both to

the northwest and southeast from the main body (Plate 1). The mud-

stone tongues progressively become more silty and sandy and even-

tually wedge out into the sandstone. Along the southwestern side of



Blue Gulch (sec. 33, T. 47 N. , R. 6 W., MDBM), the sandy tongues

continue as a series of separate, thin, horizontal sheets in the enclos

ing mudstone. The sheets have sharp scour-and-fill contact and

planar upper contacts. Basal scours, worm trails, and burrows are

common structures through the sands and alorg basal contacts.

From Blue Gulch, the lower arenaceous member could not be

traced farther to the southeast. The lower member thins to several

hundred feet, estimated from the amount of sandstone cropping out

south of Black Mountain.

The outcrop width of the Bailey Hill Mud stone Member varies

greatly along strike. The widest belt of exposure occurs in the vicin-

ity of Hilt,where it reaches about two miles in width, and narrows

to several hundred feet south of the Mt. Ashland fault (Plate 1).

Southward from the Hilt area (Bailey Hill, Plate 1), the width remains

rather constant except where the mudstone member thins due to inter-

tonguing with the lower arenaceous member. The mudstone can be

seen in isolated patches around the shoulders f Black Mountain. The

member is poorly exposed there, but it appears to have an exposure

width south of Black Mountain equal to or greater than that present

near the town of Hilt. Thickness of the Bailey Hill Mud stone may not

be accurately estimated from outcrop width and attitude as section

may be repeated by undetected strice and pblique faults.
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Geomorphic Expression

The resistant, well lithified lower arenaceous member of the

Hilt Formation forms a prominent mtd-valley cuesta because the

sandstones are bounded top and bottom by relatively non-resistant

mudstone units. Several parts of the cuesta stand as large, cavernous

weathering outcrops (Figure 13).

The Bailey Hill Mudstone underlies most of Cottonwood Creek

Valley. Sheet sands and minor igneous intrusions form small cuestas

in the slope-forming mudstones providing good structural marker beds

and attitudes in the member. The best exposures occur in Blue Gulch

and on Bailey Hill, the latter being selected for a type section because

of exposed top and bottom contacts.

Landslides have occurred where the incompetent Bailey Hill

Mudstone has been eroded beneath the Cole stin volcanic sediments.

A large patch of mud stone occurs as a landslide on the steep southern

flank of Black Mountain (sec. 14, T.46 N., R.6 W., MDBM)

Coal

A coal occurrence south of Black Mountain has been worked at

the Agar coal mine on the Hagedorn Ranch, approximately 5 miles

south of Agar, adjoining the Agar-Montague road on the west (NW1 /4

SW1/4 SW1/4 sec. 24, T.46 N., R. SW., MDBM). According to
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Averill (1935), the coal seam is irregular in thickness due to pinching

and swelling but averages 6 feet. The coal is a sub-bituminous van-

ety with the highest rank averaging 2 feet in thickness. A production

of 100 tons was reported in 1914 (O'Brien, 1947). The inclined shaft

has now caved in but samples can be obtained from grass-covered

dumps near a small willow-lined stream (Plate 1). East of Hornbrook

small streaks and seams of coal have been reported by Averill (1935).

Coal reported to the north in Bear Creek Valley, Oregon, occurs

in similar mudstones and has recently been established as Cretaceous

(Gray, 1969). The coal in Bear Creek Valley has been mined at van-

ous points along the eastern foothills of the valley. Prospect locations

in the Medford Quadrangle (Wells, 1956) suggest that the coal is nar-

rowly confined stratigraphically. It is probable that coal present

south of Black Mountain can be correlated with similar coal in the Late

Cretaceous of Bear Creek Valley (Diller, 1907). The coal south of

Black Mountain occurs approximately 1, 500 feet above the base of the

Cretaceous, whereas coal at the Bee son (Mundy) mine east of Talent

in Bear Creek Valley, occurs approximately 5, 000 feet above the base

of the Cretaceous. The presence of a coal-bearing facies within the

Bailey Hill Mud stone may provide, with further study, an excellent

marker upon which most of the Late Cretaceous sequence can be cor-

related
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AGE AND CORRELATION OF LATE CRETACEOUS STRATA

The faunas of the Late Cretaceous rocks along the Kiarnath

River have been studied by many workers, beginning with Whitney and

Gabb in the late 1850's. Peck and others (1956) collected two exten-

sive molluscan faunas. The oldest assemblage was taken from Peck's

members I-IV (Figure 8) and includes species and genera characteris-

tic of the Glycymeris pacificus fauna (Popenoe, 1942), indicating a

middle and late Turonian age. A much younger faunaindicative of a

middle to late Campanian age was collected from Peck's member V

and the lower part of member IV. Members IV and V tongue out

northward and. therefore are not represented on the columnar section

that includes the type section of the Hilt Formation (Figure 8).

Jones (1959) made further collections from the Late Cretaceous

strata and mapped his units A, B, and C both northward and south-

ward from the Klan-iath River. Jones succinctly describes his find-

ings thus:

Cretaceous rocks in the Yreka-Hornbrook area,
Siskiyou County, California., consist of about 5, 000 feet
of conglomerate, sandstone, and siltstone (Peck, et al.
1956; Anderson, 1958; Jones, 1959, p. 1726). Late
Turonian fossils, including Subprionocyclus neptuni
(Geinitz) and Inoceramus klamathensis Anderson, occur
within several hundred feet of the base. No early or
middle Turonian fossils are known. An early Coniacian
fauna, including Prionocycloceras creriulatum (Ander son),
Desmophyllites sp. , and Kossmaticeras sp., occur about
100 feet higher. A late Campanian fauna characterized



by Metaplacenticeras, several pachydiscid species, a
large species of Inoceramus, and Desmophyllites
diphylloides (Forbes) occurs in a sequence of sandstone
and siltstone about 500 feet higher. No late Coniacian
to middle Campanian fossils have been found, and pos-
sibly part of this interval is represented by an uncon-
formity about 750 feet above the base of the Cretaceous
sequence (Popenoe and others, 1960).

Jones (1959) states that his unit A ranges in age from late Turonian to

early Coniacian, and that unit C ranges from middle Campanian to

Maestrichtian (?). Unit B contains only fragmentary plant remains.

The writer spent several unsuccessful days closely inspecting the

lower arenaceous beds of the Hilt Formation (Jones' unit B) for mega-

fossils. A compilation of Late Cretaceous megafossils found in the

two formations is given in Table 2.

Jones (1959) also found the Cretaceous index fossil Inoceramus

in the upper part of the Bailey Hill Mudstone (Jones' unit C). Earlier

workers (Wells, 1956) mistakenly had correlated the sandstones and

mudstones of the Hilt Formation with the Eocene Umpque Formation

found farther north underlying the Coast Range Tertiary sequence.

This correlation was based mainly on a similarity in appearance to

Eocene rocks near Roseburg, Oregon, the presence of coal measures

resembling Focene coal near Coos Bay, Oregon, and the misidentifi-

cation of a paleoflora as of Eocene age (Diller, 1907).

Correlation of the Late Cretaceous strata in Cottonwood Creek

Valley with those of Bear Creek Valley is supported by similar faunas,
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Table 2. Fossils reported from Late Cretaceous rocks near
Hornbrook.

Hornbrook Fm.

Kossmaticeras sp.7
Biplica isoplicata Popenoe6
Clava cf. C. regina Popenoe5
Collignoniceras? sp. 5

Cucullaea cf. C. Lravida (Gabb)5
Inoceramus klamathensis Anderson5
Meekia takeoana Saul and Popenoe6
M. radiata Gabb8
Prionocycloceras crenulatum (Anderson)'
Pterotrigonia evansana (Meek)2
P. kiamathonia (Anderson)2
Subprionocyclus sp.
S. neptuni (Geinitz)'
Turritella cf. T. iota Popenoe5
Desmophyllites sp. 7

Hilt Fm.

Anapachydiscus californicus (Yabe)4
Desmophyllites? sp. 4
Eupachydiscus cf. F. haradai (Jimbo)5
E. cf. E. perlicatus (Whiteaves)5
Lytoceras (Gaudryceras), cf. C. denmanense (Whiteaves)5
Inoceramus cf. I. pertenuis Meek and Hayden5
Metaplacenticeras californicum (Anderson)5
lvi. pacificum (Smith)5
Pachydiscus sp.
P. subcompressus Matsumoto5
Pterotrigonia evansana (Meek)3
Tetragonites sp. 4
De smophyllite s diphyloide s (Forbe s)7

'Jones, 1959.
2jones, 1960c.
3Jons, 1960b.
4Matsumoto, 1960.
5Peck and others, 1956.
6Popenoe, 1957.
7Popenoe, Imlay, and Murphy, 1960.
8Saul and Popenoe, 1962.



age ranges, sequence of mappable units, general lithologies, and coal

development (Figure 16). The basal units near Medford and Ashland

contain somewhat older fossils than those so far reported from the

Hornbrook-Hilt area. Cenomanian and early Turonian ages are es-

tablished by ammonites found near Jacksonville and Dark Hollow

(Popenoe and others, 1960). The Late Cretaceous beds of the Great

Valley sequence, near Redding, California are time-equivalent in part

with the Hornbrook Formation but differ in that deposition of the form-

er continued through Coniacian into Santonian time. This interval is

thought to be partly represented by the unconformity separating the Hilt

and Hornbrook Formations (Figure 16). The faunas of the two regions

are also considered distinct from each other (Peck and others, 1956).

Other patches and infaulted remnants of superjacent Cretaceous

strata are scattered along the Oregon coastal region and in the

northern fringes of the Klamath Mountains province. The units can be

divided into two sequences, Early and Late Cretaceous (Figure 16).

Along the Oregon coast, in the Pistol River and Dement Creek areas

(Figure 2), units have been dated ranging from early Campanian to

early Maestrichtian (Popenoe and others, 1960).

The second major region in Oregon with exposed Cretaceous

rocks is in the central part of the state, notably near Mitchell, and

farther east along the northern and southern flanks of the Ochoco

Mountains. Here, two formations have been distinguished (Wilktnson
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and Oles, 1968; Oles, 1969). The beds at Mitchell have been dated

as Albian to possibly Cenomanian. The isolated patches to the east

are somewhat younger, yielding a molluscan fauna mainly confined to

the Cenomanian stage (Popenoe and others, 1960). A tentative Albian

correlation and paleogeographic reconstruction have been made involv-

ing the beds at Mitchell and those at Grave Creek in the Klamath

Mountains (Jones, 1960; McKnight, 1964).
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ANALYTICAL TECHNIQUE

X-ray Analysis

Clay minerals were identified using a Norelco X-ray diffracto-

meter. After disaggregation, the sediment was wet-screened through

a ZOO-mesh screen and fractionated by centrifuging. The Z or less

fraction was smeared on glass slides and used for all determinations.

The oriented mounts were scanned from 2-28° 20 and five traces run

of each sample: (1) dried at room temperature, (2) sprayed with a

saturated solution of MgCl2, (3) glycerol treated, (4) heated at 300°C

for one hour, and (5) heated at 550°C for one hour. Instrumental

settings were as follows: Radiation, Cuka at 35 KV and 18 MA; Ni

filter; 006" receiving slit; rate meter setting mult. 2 x 10 with a

T.C. 4; scan rate, 1°/minute.

The following generalized criteria were used to identify the clay

mineral groups.

Kaolinite Group

The presence of a kaolinite group mineral is shown by relatively
0 0

intense reflections at 7. 15 A (001) and 3. 57 A (002). The crystallin-

ity of the 7 A mineral appears very poor due to the lack of minor

peaks (021, 021, 111, 110, 020) between the basal and secondary
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reflections (Grim, 1953).

Chlorite Group

Chlorite may be present in very minor amounts as indicated by

elimination of the 14. 4 A peak after heating at 5500 C. The contribu-

tion of the 14 A peak to the 7 A peak is thought tobe negligible. There

is a possibility that a two-sheet trioctahedral septachlorite could con-
0

tribute to the 7 A peak.

Illite Group

Mica-like clays are characterized by a series of reflections at

bA, 5 A, and 3. 3 A. These reflections are not appreciably affected

by either solvation or heating.

Vermiculite Group

The 14. 5 A peak is relatively the most intense in the samples

and has been assigned to a vermiculite mineral. Vermiculite is char-
0

acterized by a strong basal reflection (14. 4A) and much weaker sub-

sequent low orders (7. 18 A, 4.79 A). Heating showed the 14. 5 A
0

peak to be thermally very sensitive, collapsing to 10 A at 550° C.

Treatment with a polar organic molecule, glycerol, failed to expand

the 14. 5 A peak. All Mg-treated smectites so far tested expand to
0 0

about 17.8 A (Walker, in Brown, 1961). A 14 A chlorite would remain
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and intensify at this temperature.

Mixed-Layer Cy

The dominant constituent in the samples appears to be a regular

interstratification of 10 A and 14. 5 A (mica-vermiculite) material.

Characteristically, the system is seen as a low, broad peak between

10 A and 14 A with rather strong discrete 10 A and 14A peaks occur-
0 0

ring on its shoulders. Between the 10 A and 14A reflections a Se-

quence of minor composite reflections are developed.

Quantitative Estimation

Quantitative evaluations of each clay component are very difficult

and usually only rough estimates can be made. Determination of clay

properties by X-ray diffraction traditionally utilizes peak heights and

peak areas. At present, it is felt that no adequate diffraction tech-

nique exists by itself which can reasonably compensate for all of the

following variables present in the Late Cretaceous mud stones: (1) the

occurrence of up to five clay species in a sample, (2) mica and

vermiculite occurring both as discrete and mixed-layer members in

the same sample, (3) peak overlapping by <Zi. quartz, (4) species

proportions varying with particle size in the <4i range, (5) and the

diffractive ability of each clay species varying differently according

to reflective plane multiplicity, composition, particle size,
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orientation, and degree of crystallinity. Only by applying a combina-

tion of wet chemical, thermal gravimetric, and electron microscopic

analyses as outlined byAlexiades and Jackson (1966) in conjunction

with diffraction techniques can reasonably accurate quantitative clay

proportions be determined. Possible significant changes or trends in

clay mineral composition are illustrated by stratigraphically plotting

histograms and ratios of peak areas. The relative peak areas of 7A,
0 0

10 A, 14 A, and mixed-layer system were determined by weighing

peak tracings taken from untreated sample scans.

Chemical Analysis

Partial elemental analyses were made of both igneous and sedi-

mentary rocks using X-ray fluorescent spectroscopy. The analytical

technique has been perfected by Dr. E. M. Taylor of Oregon State

University similar to methods outlined by Norrish and Chappell (1967).

Seven major oxides were determined: Si02, Al2O3, FeO (FeO + 0. 90

Fe2O3), CaO, MgO, K20, and TiO2. Na2O values for mudstones

were obtained from Rocky Mountain Geochemical Corporation. For

comparison with these fluorescent values, wet chemical analyses

should be recalculated water and carbonate (GO2) free. Standard devi-

ations of each oxide for a series of fluorescent analyses of USGS

rock standard BCR-1 (basalt) are given in Table 3.



Table 3. Partial chemical analysis of USGS Rock Standard BCR- 1 (in percent).

Sample 1 2 3 4 5 8 9 10 11 12 18 X USGS S' (%)

SiC2 54. 8 55.0 54. 7 55. 2 55.2 54. 5 54. 5 55. 4 53.4 54. 9 54.6 54. 8 55. 1 . 61

.A1203 14.0 13.9 14.2 14.0 14.2 14.1 14.1 14.0 13.4 13.9 13.6 14.0 13.9 .23

FeC 11.9 12.4 12.8 12.7 12.6 12.6 12.4 12.5 13.6 13.6 12.2 12.7 12.2 .36

CaO 6. 8 7.0 6. 7 6. 8 6.9 7.0 6. 8 6. 9 7. 5 7. 1 6.9 6.9 7. 1 . 23

MgO 3.6 3.6 3.6 3.3 3.3 3.5 3.4 3.3 3.7 3.6 3.5 3.5 3.6 .15

1(20 1.72 1.70 1.57 1.68 1.71 1.72 1.60 1.68 1.77 1.65 1.70 1.68 1.72 .07

TiC2 2.30 2.31 2.24 2.26 2.30 2.23 2.16 2.24 2.32 2.28 2.26 2.26 2.30 .06

Na20 - - - - - - - - - - - - (4.1) -

95. 1 95. 9 95. 8 95. 9 96. 2 95 7 94.6 96.0 95. 7 96. 9 94. 8 95. 7 95. 9 . 66

1Ss without Na20, not obtainable with present fluorescent analysis.

vi
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Modal Analysis

Petrographic description of sandstone composition was carried

out by point-count analysis (Glagolev, 1933; Chayes, 1956). Approxi-

mately 600 counts were made on a 1 mm grid spacing atxlO0magnifi-

cation. The microscopically identified constituents were placed in

four general classes: cement, matrix, voids, and framework grains.

Voids were negligible in all samples and were deleted from tables.

Framework grains were divided into seven species categories. The

criteria for their recognition are listed below:

Framework Grains

Quartz. Clear, colorless grains lacking alteration and cleavage,

and having the optical properties of the mineral hlquartznl are assigned

to this class. Included may be a small amount of clear fresh ortho-

clase and untwinned albite. Quartz grains were placed in two cate-

gories depending on their extinction properties: CASS (composite and

strongly strained) refers to grains with greater than 5° undulose ex-

tinction or composite extinction; NAWS (normal and weakly strained)

refers to grains with less than 5° undulose extinction. This division

is purely descriptive and no correlation between rock type and amount

of strain is thought to exist (Blatt and Christie, 1963). Amount of

strain' in many cases is a function of orientation between the plane
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of thin section and the plane containing the optic axes. Quartzite and

chert properly are rock fragments but were included with quartz so

as to simplify calculations of "stable't grains for classification. The

two categories are not entirely exclusive,as very fine-grained quartz-

ite gradually passes over into chert. Also it is very difficult to sepa

rate chert from devitrified aphanitic volcanic rocks possessing aggre-

gate polarization.

Feldspar. Feldspar was differentiated from quartz by one or

more of the following criteria: (1) prominent albite and/or pericline

twinning, (2) cross-hatched twinning, (3) prominent cleavage,

(4) tabular grain outline, (5) optical properties of feldspar, (6) prom-

inent carbonate or argillaceous alteration. Potash feldspar was de-

termined by point counting billets stained with sodium cobaltinitrite

(Chayes, 1952). Plagioclase feldspar was taken as the difference

between total feldspar and potash feldspar.

Rock Fragments. These constituents are classified into two

broad subdivisions, igneous and metamorphic. Igneous fragments in-

dude both phaneritic and aphanitic varieties. Metamorphic fragments

include various types of foliated fragments such as gneiss and schist.

Shale fragments were rare enough to be placed in the "others" class

Mica. This class comprises the larger detrital micaceous mm-

erals. Several varieties are included, all exhibiting the characteris-

tic perfect basal cleavage, strong birefringence and peculiar crinkly
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appearance at extinction. Some difficulty in identification was encoun-

tered where the boundary of biotite grades into matrix material.

Mafics. Mafic refers to a group of accessory minerals.

Examples in this study are epidote-clinozoisite; pyroxenes including

hypersthene; various colored hornblendes; and, rarely, zircon and

sphene. Grains in this group are strongly altered,and grain bound-

aries tend to be indistinct.

Opagues. All grains opaque in plain light are included in this

group. Included are magnetite, pyrite, and various types of organic

chips and shreds.

Others. Others include all other constituents not classifiable

into one of the above framework groups. Highly altered grains often

were encountered which could not be identified with certainty as either

a mafic or rock fragment grain. Rare shale chips, zircon, apatite,

and tourmaline are also included in this class.

Matrix

Clay- and silt-sized detrital material found interstitially between

the framework grains is classified as Hmatrix. Included here are

various constituents such as clay, quartz, feldspar, organic matter,

mica, plus ferric and ferrous oxides. The upper limit of "matrix"

detritus was not rigidly set but would approximately be fine silt (6 ,

0.0156 mm). Pettijohn (1943) and Gilbert (Williams, Turner and
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Gilbert, 1954, p. 297) define the upper limit as 0. 02 mm (5. 6 ).

For grain size analysis, materials smaller than 0. 62 mm (4 4)) are

considered "matrix.

Cement

In many of the rocks the voids lack a matrix, ard the grains are

firmly bound by interstitial carbonate materials. Chloritic fibrous

crystallites forming semi-opaque linings around pore walls are con-

sidered to be a diagenetic reorganization of detrital matrix and not

properly a cement.

Point Count Precision

The precision of modal analysis was evaluated from the study of

Solomon (1963). The analytical parameters used here were applied

to his equation, with variables of mean grain size and percentage pre-

sent. The maximum expectable standard deviation was 0. 11 percent.

The actual values are somewhat higher due to operator variation.

Statistical Grain-Size Analysis

Analyses of grain size distribution and average grain size were

determined from thin section. The thin sections were mounted in

special 35 mm slide holders and projected approximately 50 feet onto

an 8 by 8 foot screen. The screen was covered by a line grid with



approximately 500 intersections or points. A scale was determined

by projecting a number of known measurements onto the screen and

converting to a simple proportion. In this manner a millimeter ruler

was constructed on a transparent plastic strip. Using the millimeter

scale, a similar rule was constructed using the logarithmic phi scale

[phi () = -log2 diam. (mm); (Krumbein, 1934) IJ. The largest apparent

diameters of grains falling on a grid point were measured. Grains

smaller than 4 (0. 062 mm) along with the unresolvable interstitial

materials were recorded as "matrix. The data for each sample

measured were grouped into quarter-phi intervals. Friedman's (1958)

graph for the conversion of grain frequencies obtained from thin sec-

tion data to weight percentages obtained by sieve analysis was used to

adjust the quarter-phi values. Histograms were constructed and

utilized in plotting cumulative curves. The matrix category combines

several grain sizes which eliminates the fine tail from the cumulative

curves. Trask's (1930) statistical measures were used because they

utilize the central part of the distribution ,whereas more sensitive

measures (Inman, 1952; Folk, 1965) require values in the fine tail

region. For those samples not modally analyzed the average grain

size was determined by measuring from a projected slide 50 grains

arranged in cross-pattern. The data were averaged and converted to

equivalent sieve size as above.
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PETROGRAPHY OF THE SANDSTONES

The arenaceous units of the Hornbrook and Hilt Formations

cannot easily be differentiated either in the field or in the laboratory.

Therefore their common features will be described in one section to

avoid repetition. Critical differences will be noted as encountered.

Terminology and Classification

The sandstone classification of Gilbert (1954) was selected be-

cause it is relatively simple to apply, well known, and fits the lithol-

ogies of the Late Cretaceous rocks. Gilberts classification subdi-.

vides sandstones according to two criteria: (1) the presence or absence

of a detrital matrix, and (2) a ternary plot of relative amounts of

stable and unstable components. Wackes contain more than 10 percent

matrix and arenites less than 10 percent. Either matrix or cement,

as defined earlier, is usually dominant, so that the 10 percent matrix

criterion is a natural division in the Late Cretaceous sandstones.

Klein's (1963) criticism of including a textural parameter to classify

sandstones arises from his conviction that the classification should be

genetic and should only be based on the two factors of provenance and

mineralogical maturity. He objects to using "matrix" in classifying

sandstones because of the polygenetic nature of the interstitial mate-

rial. The author, following Dott (1964), feels that the classification



should best describe what is seen in the field. The presence or

absence of matrix is a conspicuous and measurable property well

qualified as a classificatory criterion regardless of how it got there.

The sandstones of the Hilt and Hornbrook Formations plot as

either fine-grained arkosic wackes or arkosic arenites and rarely as

feldspathic arenite or wacke (Figures 17 and 18). Samplings indicate

that arenites are twice (57 to 27 percent) as common in the Hilt For-

mation as in the Hornbrook Formation. The range of values on a

Grain Matrix : Cement diagram is very similar for both formations

(Figure 19). In Folk's (1954) tripartite classification system the

sandstones would plot texturally as immature, by grain size as

muddy sandstones, and compositionally as arkoses. The sandstones

correspond to feldspathic graywacke in Pettijohn's (1954) tetrahedral

classification. Compositional plots of feldspar against quartz reveals

insignificant differences between either the wackes or arenites and

Hilt or Hornbrook sandstones (Figures 20 and 21).

Grain Mineralogy

Stratigraphic sample locations and modal analyses of sandstones

are contained in Appendices II and III.

Light Minerals

Quartz. The sandstones contain several types of detrital quartz.
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Figure 20. Comparison of wacke and arenite sandstones in terms of
feldspar (+ rock fragments) and quartz (+ chert). Hilt
and Hornbrook Formations combined.
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There is no significant difference in the quartz content of the Hilt and

Hornbrook Formations: 32. 3 and 30. 5 percent of the grains respec-

tively (Table 4). Composite and strongly strained quartz (CASS) also

proved to be statistically insignificant,as the Hornbrook averages 4. 8

and the Hilt 4. 2. percent of the grains

Table 4. Average composition (in percent) of sandstones. Categories
are not mutually exclu.sive, tr = <0. 5%.

All All All
Hilt Hornbrook Wackes Arenites Samples

Cement 25.0 12.1 3.7 29.7 15.9

Matrix 15.0 21.2 28.7 5.4 20.9

Grains 60.0 66.7 67.6 54.9 63.2

Quartz 32.3 30.5 31.8 26. 1 30. 1
CASS 4.2 4.8 4.7 3.7 4.3
NAWS 27.9 25.5 26.9 22.3 25.6

Feldspar 18.0 18.9 20.4 14.3 18.2
Plagioclase 15.2 15.7 17.3 11.5 15.2
K-feldspar 2. 8 3, 2 3. 1 2.8 3.0

Composite Grains 2.0 2.8 4.4 4.0 3.4
Metamorphic tr. 1.0 1.8 0.9 1.4
Igneous 1.1 0.8 1.8 2.3 1.2
Chert tr. tr. tr. tr. tr.
Quartzite 0.5 1.0 0.8 0.8 0. 8

Heavy Minerals 8.0 11.3 11.7 7.8 12.7
Mica 4.9 5.0 5.5 3.4 4.8
Mafic tr. 2.1 1.5 0.8 3.6
Opaque 2.8 4.2 4,7 3.6 4.3

Other 1.0 1.5 1.1 1.6 1.1

The most common variety present is normal or 'plutonic'

quartz,which has slightly undulose extinction and scattered inclusions

___________________ A
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of microlites and vacuoles. Strongly strained quartz is character-

ized by much more dust, networks and patches of vacuoles, and

irregular shape. Grains with a spongy, vacuolated texture of bubbles

similar to Folk's (1965) description of "vein" quartz rarely were en-

countered. The shape of the grains is variable but a],l are xenomor-

phic and angular. Strongly strained quartz often occurs in sharp thin

wedges. No discernible abrasion or rounding occurs until granule

and larger (>_1 phi) grain sizes are encountered.

The quartz grains are rarely altered in the wackes,but the

boundaries appear somewhat indistinct where a grain surface is coated

by semi-opaque matrix material and viewed obliquely to the plane of

the microscope stage. Pressure solution along grain contacts has

been minor and is restricted mainly to the wackes. In the arenites,

minor marginal replacement of quartz by carbonate cement can be

detected in a number of ways: (1) wedges of cement entering fractures

and composite grain boundaries, (2) both finely serrated and smooth

margins on the same grain, (3) concordant layer of differentially

birefringent carbonate advancing on one side of a grain and not the

other, and (4) rarely the cement enters the quartz in irregular embay-

ments. Certain varieties of quartz grains appear more susceptible

to replacement than others. These are highly strained or composite

grains, highly vacuolated grains, and finer-grained, wedge-shaped

varieties. Examination of several oriented thin-sections failed to



detect any preferred direction of replacement. Quartz overgrowths

were not detected.

Feldspar. Three varieties of feldspar are present in the sand-

stones: predominant plagioclase, subordinate orthoclase, and a trace

of microcline. The differences in total feldspar and potassium feld-.

spar content between the Hilt and Hornbrook Formations are insignifi-

cant, 18. 0 and 18. 9, and 2. 8 and 3. 2 percent respectively (Table 4)

Plagioclase grains, mostly lath-shaped, are common in several styles

of polysynthetic (albite) twins. The composition ranges from albite

(An5) to andesine (An40) with intermediate calcic oligoclase (An1035)

most common, as estimated by the Michel-Levy method. Zoning in

the plagioclases was not observed. Microcline was distinguished by

its quadrille twinning. Orthoclase occurs in equant, untwinned, dull

white grains.

The feldspar shows a marked range of alteration in thin-section.

Fresh and highly altered grains occur together indicating much of the

alteration is due to differential weathering in the source area.

Diagenetic alteration takes the form of replacement by the paste

matrix and/or secondary carbonate cement, this either corrodes the

borders or riddles the bodies of the grains. Kaolin and sericite nests

often totally cloud the plagioclase grains making identification diffi-

cult (Figures 22 and 23). Encroachment of carbonate cement

was observed parallel to cleavage and twin composition planes.



Figure 22. Cloudy plagioclase laths and epidote grains in typical
wacke; crossed nicols, x 40.

Figure 23. Same as Figure 22; plain light, x 40.
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Rarely only a 'ghosttt of residual impurities remains to indicate that

a grain has been replaced.

Composite Grains. Several types of polygranular fragments are

present in minor quantities, 2.. 0 and 2. 8 percent, in theHilt Forma-

tion and Hornbrook Formation sandstones respectively. The differ-

ences are statistically insignificant (Table 4). Chert; quartzite;

quartz schist, porphyriticmafic volcanic rocks, fragments of

medium-grained plutonic rocks; and mudstone fragments were ob-

served. The mudstone fragments are considered to have been de-

rived either contemporaneously from the immediate substratum or

from underlying consolidated mudstone units such as the Henley Mud-

stone. The two most common types of fragments are porphyritic

mafic rock and the quartz mosaics. The quartz mosaics can be

divided into several varieties depending on grain contacts and grain

size. Metaquartzite grains appear as a transitional series from

those with a tightly packed equant texture to those with a highly sutured

and elongated texture. The finest of these mosaics grade into fine-

grained or cryptocrystalline chert.

Heavy Minerals: Non-Opaque

In general, the heavy mineral suites are dominated by magnetite

and epidote group minerals. No significant quantitative differences

were observed through the column with the exception that hematite
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increases upward at the expense of magnetite (Table 5). Quantita-

tively, the Hilt Formation sandstones contain 3. 3 percent less heavy

minerals than do those of the Hornbrook. This difference may be

partly due to the high proportion of arenite in the Hilt. Arenites con-

tam less heavy minerals than do wackes (Table 4). The grains range

from euhedral to well rounded for any given species indicating rnul-

tiple sources. The pyroxene, hornblende, and epidote mineral groups

commonly are highly altered.

Table 5. Relative heavy mineral composition (in percent) of total
heavy mineral suites (biotite and muscovite omitted,
tr <0. 5 percent).

Hornbrook Hilt
Sample 143 145 152 155 161 165 179 197 202 207 211 214

Magnetite 75 20 55 45 40 40 65 30 30 85 75 30
Leucoxene 5 60 20 10 5 5 10 30 30 5 5 10
Pyrite 1 5 5 120 5 5 5 5 5 5

Hematite 5 2 5 5 5 5 5 25 30 3 5 40
Epidote 10 15 20 25 40 25 15 7 4 -- 4
Clinozoisite tr. 2 5 5 tr.
Apatite 1 tr. 1 1 tr. tr. tr. 2 5

Zircon 1 1 tr. 1 1 tr. ------ 1 4 5

Clinopyroxene 2 1 1 2 -- 4 ------ tr. -- tr.
Orthopyroxene tr. tr.
Hornblende 1

Sphene -------------------- tr. tr.
Chlorite 1 ------ 2 tr. 2 1 1 3 --

Mica. Muscovite, biotite, and chlorite group minerals occur in

all samples. Frequency ranges from 1 to 19 percent (Appendix III),

Values for the Hilt sandstones average 4. 9 percent and 5. 0 percent
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for the Hornbrook sandstones. The differences are statistically insig-

nificant (Table 4). While the greatest mica concentrations are in

wackes, there is no significant correlation between content and either

grain-size and lithology (Figure 24) The micas range from clay-

size matrix material, less than 6 phi (. 0156 mm) in diameter, to

flakes larger than 1 cm. Rarely, a mica grain will have a somewhat

equant shape. The flakes are generally oriented parallel with bedding.

High concentrations of flakes impart luster-mottling to hand speci-

mens. Particularly in the wackes, the flakes have ragged, frayed

edges and are strongly contorted and pinched by framework grains.

The most common mica is a faintly pleochroic brown biotite.

Compared to biotite, muscovite is minor and detrital chlorite is rare.

Biotite commonly exhibits zones of green chloritic alteration and con-

tains small blebs of magnetite (?) along the basal cleavage plane. A

strongly pie ochroic green biotite is present in several slides and

readily alters to chlorite. Minor quantities of light brown "bleached"

biotite occur throughout the section. It is characterized by low first-

order gray to yellow interference colors and is strongly "kink-folded."

Contrasted with the other mica species, the "bleached" biotite alters

readily and this alteration contributes material to the matrix. Mus-

covite is also present in accessory quantities and is diagenetically

the most stable of the micas. Several flakes of chlorite are consid-

ered to be detrital because of rather sharp grain boundaries and
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Figure 24. Relationship of mica content to mean grain size for all
wackes and arenites.
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adjacent unchloritized micas.

Epidote (Pistacite). This species is very common and is char-

acterized by parallel extinction and distinctive interference colors.

Grains occur in various stages of alteration and can be confused with

saussuritized feldspar. The epidote is very faintly pleochroic with

patchy extinction and poorly developed cleavage.

Clinozoisite. This common constituent can be differentiated

from pistacite by straw-yellow interference color and positive optic

sign. Grain morphology and alteration are similar to epidote.

Orthopyroxene (Hypersthene). This rare constituent is charac-

terized by fracturing, and a pleochroic yellowish pink color.

Clinopyroxene (Augite). Also a rare species, clinopyroxene is

typically colorless with moderate interference colors and 30 to 45

degree extinction angle.

Hornblende. Hornblende is very rare. It occurs mainly in the

lower part of the section as moderately fresh subangular grains. The

color is bluish green; pleochroism ranges from yellowish green to

very dark green, extinction angle varies from 13 to 18 degrees.

Sphene. Sphene is found sparsely in the upper part of strati-

graphic section. The brownish-yellow grains are subrounded and

vary from irregularly shaped to wedge-shaped. Some grains are

almost opaque because of dark surface alteration.

Glaucophane. Only two grains were observed. The distinctive
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blue color and small extinction angle are diagnostic.

Apatite. Common throughout the section, this mineral is char-

acterized by oval grains with a few inclusions, high relief and low

birefringence.

Zircon. Common throughout the section, this mineral occurs

as dominantly colorless, subrounded and euhedral grains. Some

irregular grains are also present. Rounded and euhedral varieties

are seen with equal frequency. Zoning or abundant inclusions were

not observed.

Heavy Minerals: Opaque

Opaque minerals compose 2. 8 percent of the Hilt and 4. 2 per-

cent of the Hornbrook sandstones. The opaques typically are scat-

tered throughout the fabric but sometimes form conspicuous black

placers along lamination planes.

Magnetite. The most common detrital heavy mineral is mag-

netite. The grains are usually equant, moderately rounded, and dis-

cernibly smaller in size than other grains in the sandstones. Magnet-

ite grains are altered in varying degree to reddish hematite and

yellowish limonite. Chromite, although not identified, may be present

with grains counted as magnetite.

Pyrite, Detrital pyrite, in rounded, brass yellow grains is a

common constituent in the samples. The grains occur with magnetite



76

and typically alter to hematite or limonite.

Leucoxene (Ilmenite). Dull, 'milky white" crusts and grains of

opaque material are considered to be detrital ilmenite. In several

slides, ilmenite thus identified predominates over magnetite. Grains

typically are ovoid and spherical.

Hematite. Dark ruby-red grains in reflected light with sharp

boundaries lying adjacent to unaltered magnetite are considered to be

detrital. Hematite is often seen as disseminated specks and very

small grains.

Other

Although not a heavy mineral as such, scattered fusainized

plant fragments and organic shreds are counted as detrital opaque

grains. These can be identified by the dull, carbonaceous luster in

reflected light and cellular organic texture.

Authigenic Minerals

Pyrite, limonite, and hematite occur in considerable amounts

in authigenic form. These secondary minerals are seen as stains on

clayey matter or as irregular patches and blebs grading into and

intimately associated with the matrix. Pyrite increases in abundance

with decreasing grain-size and increas<ing organic content. It often

permeates or replaces plant fragments.
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Matrix

The matrix typically appears argillaceous and chloritic, Values

for the matrix content range from 0 to 46 percent with average values

of 15.0 and 21.2 percent respectively for Hilt Formation and Horn-

brook Formation sandstones (Table 4). The Hilt Formation sand-

stones have less matrix and more cement (Figures 17 and 18) than the

Hornbrook Formation sandstones but possess a greater intergranular

volume (Figure 25).. Plots of grains matrix cement ratios (Figure

19) and mean diameter : matrix ratios (Figure 26) show little distinc-

tion between the two formations. The wacke and arenite sandstones

also have very similar grain size distributions (Figure 27). A histo-

gram of grain : matrix ratios for all wackes (Figure 28) shows that

half have greater than 30 percent matrix; this, according to Pettijohn

(1957), indicates a disrupted fabric. This is somewhat misleading as

the critical percentages were developed from pacicing arrangements of

spheres and not from the highly angular grains which compose the

wacke s.

Under the microscope the matrix ranges from a translucent

greenish-yellow Hpastelt to an almost opaque gray microgranular

aggregate of clay, mica, feldspar, quartz, and ferrous oxide. Fine

shreds and indefinite patches of black opaque organic matter compose

an appreciable part of the matrix. Grain boundaries are typically
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dusty and all minerals show at least slight chemical reaction with the

matrix. The matrix imparts the characteristic olive-green color to

the Late Cretaceous sandstones. Locally, chemical readjustments

have affected the matrix Ipaste. Intergranular coatings form

fibrous crystallites growing out from the grain boundaries and lining

pore walls (Figures 29 and 30). X-ray analysis of the clay fraction

of a wacke substantiates the chioritic, micaceous, and kaolinitic

nature of the matrix with minor quartz and feldspar. The clay frac-

tion of the arenites is dominantly kaolinite with a trace of mica.
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Figure 25. Histograms of the amount of intergranular volume
(cement + matrix + porosity) in all sandstones and silt-
stones.
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Figure 28. Histogram of grain to matrix ratios for all wacke sam-
ples (48). Those with greater than 30% matrix may indi-
cate a disrupted fabric.

Cement

Carbonate cement ranges from 0 to 59 percent in the sand-

stones analyzed and averages 39. 7 percent in those classed as aren-

ites. The difference in amount of cement between the Hilt and Horn-

brook arenites is insignificant, but as noted earlier the Hilt contains

relatively more arenite than the Hornbrook Formation.

The rather high values of cement result from two phenomena.

First, many grains, especially rock fragments and feldspar, have

been partially to totally replaced by the carbonate cement (Figure 31).
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Figure Z9. Recrystallized chloritic matrix showing a radial pattern
and fibrous linings of pore walls; crossed nicols, x 40.

Figure 30. Same as above, plain light; note minor pressure solution
along grain contacts, x 40.



The framework volume thus decrease s, and, conversely the cement

proportionately increases. Secondly, the texture has been dilated, as

shown by the presence of expanded mica books (Figure 32) and ex-

panded fragments of once optically continuous plagioclase laths.

X-ray diffraction of polished billets (Hughes, Bradley, and

Glass, 1960) indicates that the carbonate cement is calcite with a

slight amount of magnesium (Figure 33; Goldsmith and Graf, 1958).
0

A minor peak at 2. 0 A may indicate the presence of dolomite,but

other confirming peaks (2. 19 A) were not observed.

Figure 31. Texture of typical arenite showing grain alteration by
carbonate cement; crossed nicols, x 40.



Figure 32. Arenite showing dilation of a mica book by carbonate
cement; crossed nicols, x 75.
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Figure 33. X-ray diffraction determination of carbonate cement from
104-reflection showing Mol % MgCO3 in CaCO3.



The cement has a cloudy, dusty appearance and only rarely

are clear, poikilotopic crystals observed. The carbonate cement

and matrix often occur together with the calcite pervading the dusty,

microgranular matrix and occupying scattered irregular voids.

Origin of Matrix and Cement

The Late Cretaceous sandstones are characterized by primary

structures indicating deposition by moderately strong marine currents

The preferred origin of the arenites is by cleanly winnowing or sort-

ing wackes. The similar grain sizes and mineralogies of the wackes

and arenites as well as the sharp lithologic changes observed in the field

support such a genesis. Calcite cement may have been furnished in

part by solution of the numerous molluscan shells buried in the near-

shore environment. An early stage of cementation is suggested by

the relatively uncompacted texture of the arenites as compared to that

of the wackes. Calcite locally appears to be replacing matrix mate-

rials as, for example, around layers of recrystallized shells.

The origin of the matrix as being either all detrital or all

diagenetic cannot be demonstrated. It is believed however that a large

proportion of the matrix has been derived from alteration of frame-

work grains. Organic shreds observed in the matrix are detrital and

certainly were deposited with other matrix-producing materials. The

compression and contortion noted in the wackes may have developed



by diagenetic processes, by overburden pressure, or a combination

of the two.

Following is a list of critical petrographic observations perti-

nent to the genesis of the matrix:

1. A large plate of brown biotite was seen to gradually fray and

pass into chloritic matrix.

2. Smaller silt-sized grains appear to be preferentially altered

to matrix.

3. Several grains of mud stone were observed grading outward

into matrix.

4. A large patch of semi-opaque chloritic matrix contained a

unique relict "dendritic" core of barely recognizable bleached

biotite. Small black blebs (magnetite?) form strings in the

biotite which can be recognized as a relict texture grading

into the matrix.

5. All biotite, amphibole, and pyroxene minerals are observed

altering in varying degrees to chlorite.

6. Many lithic fragments are altered so as to be almost unrec-

ognizable.

7. Grain boundaries on weathered feldspar often grade into the

matrix.

8. Grain boundaries, where discernable, are often serrated or

"nibbled into" by the matrix.



9. Green acicular crystals, lining pores, show euhedral termi-

nations penetrating into the quartz, similar to Greenlys

(1897) "chevaux-de-frise. IT

10. Several thin-sections of arenite exhibit tubular burrows

(Figure 34). The burrows contain a matrix in which the

grains are markedly more altered than in the surrounding

arenite. The mineralogy and maximum grain size are the

same but the burrow filling appears to be fine skewed.

Grains passing through the gut of the organism may have

been chemically effected so as to readily form matrix. As

noted by van Straaten (1952) admixtures of fine clayey mate-

rial from above or below a sorted sediment can be introduced

by certain burrowing organisms. It is critical to note that

the burrows studied here were parallel with the bedding.

In summary, much matrix originated as a primary detrital

deposit derived either directly from the source areas, from grain-.

to-grain abrasion of highly weathered minerals, or infiltering pene-

contemporaneously from the bed load of waning currents. Addition-

ally there is strong evidence to indicate that much of the matrix is

diagenetic. Matrix can be replaced by calcite cement. There is some

petrographic indication that diagenic alteration occurred later than

calcareous cementation.
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Figure 34. Burrow-filling in silty mud stone of Henley Mudstone
Member; crossed nicols, x 40.

Conglomerate Pebbles

Pebble counts of several conglomerate beds were made during

section measurement. The results from four beds (Figure 35) seem

to indicate a significant difference between Hornbrook and Hilt For-

mation pebble - cobble compositions. Hornbrook conglomerates are

dominated by igneous clasts,whereas chert and quartzite are dominant

in the Hilt conglomerates. Results are tentative based on such sparse

sampling. The differences may only be due to local basement lithol-

ogy and may not represent marked provenance changes between the

formations.



Conglomerate Pebble Compositions
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Chemical and Mineralogical Comparisons

The pa"tial chemical composition of three wackes from this

study and average composition of several other wackes are presented

for comparison in Table 6. The average values for the three are very

close to Pettijohn's (1957) average graywacke and to Franciscan gray-

wacke, Only the Si02 content of the wackes from this study is con-

sistently different from similar values from the other samples,

ranging from 4 to 7 percent higher (Table 6). Bailey and Irwin (1959)

report that the K-feldspar content of Late Cretaceous graywackes in

the Sacramento Valley averages 10. 6 percent; the Late Cretaceous

wackes in this report average 3. 1 percent.

Table 7 presents average mineralogic compositions from Se-

lected graywackes. Wackes of this investigation are seen to have

similar values of feldspar but are noticeably lower in quartz and

rock fragment content.

Textural Aspects

Mean Grain Size

The mean grain sizes were determined from thin section as

outlined previously on page 58. The averages of various groups of

sandstones and siltstones have been plotted as histograms in Figure

36. The histogram for all samples shows a trimodal distribution
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Table 6. Partial chemical composition (in percent) of wackes.

Sample 202 178 154 A B C D

Si02 73.8 73.0 73.9 73.5 69.9 66.6 60. 8

Al203 13.9 12.8 13.4 13.4 14.3 14.9 19.0

FeO 4,5 6.7 5.2 5.5 4.4 5.4 7.0
CaO 1.8 2. 1 2. 1 2.0 2.6 3.7 2.6

MgO 2.3 L6 1.9 1.9 2.4 3.1 2.5

K20 2. 1 2. 0 2. 0 2. 0 1. 9 2. 1 2.6

Ti02 0.54 0.87 0.46 0.62 0.5 0.5 0.85

98.9 99. 1 99.0 98.9 96.0 96.6 95.4

A. Average of samples 202, 178, and 154, this study.
B. Average of 21 Franciscan graywackes (Bailey, Irwin, and Jones,

1964, p. 34, Table 2); recalculated CO and H20 free.
C. Average graywacke (Pettijohn,1957, p. 307); recalculated CO2 and

H20 free.
D. Average of analyzed mudstones, this study.

Table 7. Average mineralogic composition (in percent)
of selected wackes.

A B C

Quartz 45.6 46.0 32.5
Chert Li 7.0
Feldspar 16.7 20.0 20.4
Hornblende ----
Rock Fragments 6. 7 - - - - 2. 3
Carbonate 4. 6 2. 0
Chlorite-Sericite 25.0 22.5 289b

99.6 97.5 87.9c
A. Average of six: 3 Archean, 1 Huronian, 1 Devonian,

and 1 Late Paleozoic (Pettijohn, 1957, p. 304).
B. Krynin&s average "high rank graywacke" (Krynine,

1948).
C. This study, all wackes,

aCement
bMatrix
cBalance is opaque, mica, and mafic minerals.
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indicating that the average grain size for any group of sediments

varies. The average of the means for the Hilt sands is slightly finer

grained (0. 2 pni units) than for the Hornbrook sands. The data were

obtained primarily for comparative purposes; no correction was

made for materials too small to measure,and, therefore, these param-

eters are not truly representative of the populations.

Grain Size Parameters from Thin Section

Sedimentary parameters for 18 samples were determined from

thin sections following methods outlined by Friedman (1958) (Table

8). Cumulative curves and histograms of the samples appear in

Appendices IV and V. Selection of the coarser sandstones and the

limited number of samples seriously handicaps a true estimation of

the population parameters. Folk's (1965) schemes of verbal classifi-.

cation are followed in describing the parameters.

Median Diameter. The average median diameter for the 18

samples was 1. 5 phi (medium-grained sandstone) with values ranging

0. 1 to 2. 1 phi while the average mean diameter for all samples was

2. 4 phi (fine sandstone). The difference in the two measures is due

largely to the bias of selecting coarser samples from thin section

analysis and the fact that the mean is calculated from the cumulative

distribution curve whereas the median is taken from one point,
5o

The sandstones tend to be positively skewed,which causes the mean
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Table 8. Sedimentary parameters from thin section analyses.

Phi Dispersion1 Phi Skewness' Kurtosis'
Median'

5O
QD= (75-35)/Z SK= (Q1+Q3-2Md)/2 Kq (pp)

Hilt Samnie s

213 2. 1 0. 95 0.25 0. 242
211 1.7 0.75 0.05 0.202
209 1.4 0.65 0.15 0.152
200 1.8 0.55 -0.05 0.202
196 1.5 0.65 0. 15 0. 192

195 1.5 0.75 0. 15 0.23
Average 1.7 0.72 0. 12 0. 22

Hornbrook Samples

187 1. 3 0. 50 0. 10 0. 25
181 0.8 1.55 0.55 --
178 1. 1 0. 8 0. 20 0. 172
171 0.1 1.7 0.50 0.252
166 1.0 0.8 0.20 --
161 1.9 0.6 0.20 --
l56a 1.5 1.05 0.35 --
154 0.7 0.60 0. 10 0. 19
150 2. 1 0.65 0. 15 --
148 1.5 0.60 -0.9 --
146 1.2 0.45 0. 10 0.28
144 1.5 0. 55 0. 10 0. 23
Average 1. 3 0. 78 0, 10 0. 22

1Parameters from Trask, 1930.
2P90 extrapolated when possible.
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to be drawn to the fine-grain side of the median value. As seen in

the average mean diameter values the Hilt samples are slightly

(0. 4 phi) finer grained than those of the Hornbrook.

Dispersion. Dispersion is a measure of uniformity or sorting in

the detrital population. Among the 18 samples values ranged from

0.45 to 1.7 phi and averaged 0.75 phi. One sample was well sorted,

eight were moderately well sorted, five were moderately sorted, and

three were poorly sorted. The average sorting values between the

Hilt and Hornbrook are nearly identical.

Skewness. Skewness detects the amount of asymmetry in a fre-

quency curve and whether the utailu is due to an excess of fine or

coarse-grained material. Skewness values ranged from -0.9 to 0.55

and averaged 0. 11. Again little difference was detected between the

Hilt and Hornbrook Formation samples. One sample was strongly

coarsely skewed, two were nearly symmetrical, twelve were finely

skewed, and three were strongly fine skewed. The tendency to be

finely skewed is to be expected with a detrital matrix.

Kurtosis. Kurtosis compares the sorting in the tails of the fre-

quency curve against the sorting in the central range. The kurtosis

of several samples could not be determined because the cumulative

curve did not reach the 90th percentile. Other cumulative curves

could easily be extrapolated to the 90th percentile as indicated by

dashed extensions (Appendix IV). Values ranged from 0. 15 to 0. 28



and averaged 0. 22. Adopting Folk's terminology all samples are very

platykurtic indicating much poorer sorting in the central part than

in he tails of the distribution.

Graphically plotting (Figure 37) the various parameters against

one another seems to show that there are no systematic variations

present. The range of values for the Hilt is similar to thatof the

Hornbrook with the exception that the Hilt samples were somewhat

finer- grained.

Sorting

An estimate of sorting was made by determining the diameter

ratios of the largest to the smallest grains in thin section. The small-

est grain size was arbitrarily taken as 8 phi (silt/clay) and applied

for all samples. The ratios were expressed as Udd.en (1914) grade

sizes and plotted as histograms (Figure 38). "Well-sorted" sand-

stones have from 4 to 6 grade sizes; and "poorly sorted" sandstones

have 7 or more grade sizes (Pettijohn, 1957). A mode of 7 grade

sizes occurs in all five histograms of Figure 38indicating that no sig-

nificant sorting differences exist between either the Hornbrook, Hilt,

arenite, or wacke sandstones and siltstones.

Roundne ss

Roundness was estimated visually from 74 thin sections using
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Power's (1953) roundness images. Approximately 100 grains per

sample were classified by point count method according to the loga-

rithmic rho (p) scale of roundness: 0-1, very angular; 1-2, angular;

2-3, subangular; 3-4, subrounded; 4-5, rounded; 5-6, well rounded

(Folk, 1965). The sandstones as a whole are characterized by angu-

lar to subangular grains (Figure 39). Roundingappears independent

of grain size but magnetite and mafic minerals were noticeably more

rounded than other constituents. The better rounding in these cate-

gories is due to relatively less durability and originally a more

equant shape. The Hilt sandstones seem to have less grains (10 per-

cent) in the very angular class and significantly more (13 percent) in

the subangular class than do the Hornbrook sandstones. This differ-

ence can be accounted for by a slightly longer, more vigorous

abrasional history and the presence of second-cycle grains eroded

from the underlying Hornbrook sandstones. Only minor differences

in rounding exist between the arenites and wackes within a given

stratigraphic unit.
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PETROGRAPHY OF THE MUDSTONES

Termino1oy and Classification

As used here umudstoneht refers to dominately non-laminated

and non-fissile rocks in which the percentage of clay-sized material

exceeds that of silt-sized material (Flawn, 1953). The argillaceous

members of the Hilt and Hornbrook Formations contain local laminated

siltstones and fissile shales but are characteristically dark gray mas-

sive mudstones (Figure 40).

Figure 40. Texture of typical mud stone; crossed nicols, x 40.
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Mineralogy

The chief constituent in all thin sections is a brown to gray

appearing microcrystalline micaceous clay showing pin-point aggre-

gate birefringence. The mudstone texture varies from discrete

grains with pin-point birefringence to a dull brown interstitial paste.

Aggregate parallel extinction is weakly developed. All samples con-

tam some, and a few contain much fine-grained sand and silt, The

relatively coarse detrital grains are mainly quartz and feldspar.

Only a few grains are twinned, enabling plagioclase to be differentiated

from quartz. Mica and mafic grains are rarely present. The larger

detrital grains are angular and randomly dispursed in the massive

muds tone s.

Observable laminations are due to the abundance of dark brown

to black organic matter found as very thin lenses and streaks. The

oriented and unoriented flakes of the organic material help to detect

fabric disruption by bioturbation.

Detrital and authigenic grains of pyrite are common in the mud-

stone. The detrital varieties occur as minute to moderate-sized

grains with definite grain boundaries,whereas the authigenic pyrite

can be seen replacing and permeating organic debris and other con-

stituents in irregular masses.

Diagenetic alteration of quartz and feldspar is much greater in



103

the mudstones than in any of the sandstones. Many grains

can only be recognized because of small remnant cores that are

biLtfringent. Along some grain boundaries a carbonate can be recog-

nized as the replacing mineral.

Ferric oxides are distributed through most of the samples

staining the clay. The detrital grains are covered with dust,which has

a reddish cast in strong light.

Clay mineralogy was determined by X-ray diffraction techniques

as outlined earlier. The dominant clay species is a mixed-layer

mica-vermiculite ,with lesser amounts of discrete mica, vermiculite,

chlorite, and koalin group minerals (Figure 4l). No quantitative in-

terpretations were attempted,but the major peak areas are plotted

graphically in Figure 42. The ratios of major peak areas were plotted

for each sample in stratigraphic sequence to indicate subtle compo-

sitional changes in the clay minerals (Figure 43). A comparison of

the Henley to the Bailey Hill Mudstone Members shows that there is

no significant difference between the two in either mineralogy or rela-

tive proportions of constituents. Sample 232 and 219 of the Bailey

Hill Mudstone contain a lower than average proportion of mixed-layer

material. Sample 229 was collected near a minor intrusion (Appendix

II), which may explain its anomalous clay proportions. The explana-

tion for the anomalous proportions for sample 219 is unknown. Mm-

eralogically, the chloritic matrix of the sandstone is very similar
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Figure 43. Vertical profiles of the ratios of major X-ray diffraction
peaks.
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to clay composition of the mudstones,except the mixed-layer system

was markedly reduced.

The mudstone samples of the Henley and Bailey Hill Members

were also chemically analyzed byX-ray fluorescence. The average

values are very close to those of Clarke's average shale (Table 9).

Stratigraphic profiles of major oxides are presented for comparison

in Figure 44. Chemically, there is little difference between the Hen-.

ley and Bailey Hill Mudstones. The mudstones contain markedly less

Si02 and significantly more Al203 and FeO than do the wackes (Tables

6 and 9).

The Al203/Na2 ratio for the samples averages 9. 3 (Table 9).

Nanz (1953) notes that the average value of this ratio for two shales

associated with orthoquartzites was 125 whereas it was 11 for shales

associated. with graywackes. Thus, as expected1 the Late Cretaceous

mudstones are chemically immature.



Table 9. Partial chemical analyses of mudstones (in percent).

Sample 232 231 229 228 227 226 225 224 223 222 220 219 218

Si02 62.0 66.0 45.6 59.8 61. 8 64.9 63.0 62.2 62. 5 61.9 56. 5 61.0 62. 7
A1203 18. 5 17.6 14. 2 19, 9 19, 2 19, 1 19. 5 20. 4 19. 1 20. 2 17. 7 19. 2 19. 3
Na20 3.0 2.4 2.2 1,8 2.1 1.8 .8 1.7 1,8 1,6 1,6 1.7 1,8
FeO 7.4 6.8 7,1 7,9 8.2 6.8 6.3 7.4 7.0 7,5 7.4 7.5 7.3
CaO 1.6 1.0 .9 .8 .9 1.2 1.0 .9 2.4 1.3 1.0 .9 1.0
MgO 2.7 2,0 1.9 2.2 1.9 2,4 2.4 2,2 2,6 2.4 1.9 2,4 2.1
K20 2.2 2.4 2,5 2.8 2,5 2.6 2.7 2.8 2.6 2.6 2.8 2,9 2.8
Ti02 .81 .78 .64 .78 .87 .85 .83 .85 .85 .86 .78 .78 2.65

98. 2 99, 0 75. 0 96.0 97. 5 99, 7 94. 3 98. 5 98. 9 98. 4 89. 7 96, 4 99. 7
Al/Na 6,2 7.4 6, 5 11, 1 9.2 10.6 10. 8 12.0 10.6 12.6 11. 1 11. 3 10. 7

217 216 215 197a 192 189 A B C D

Si02 64.4 64. 4 64. 8 59.2 62.0 61. 1 61. 5 60.8 61.3 62.2
Al203 19,2 19, 1 17, 9 19.0 19.0 19. 1 18. 8 19.0 18. 8 17. 1
Na20 1,8 2.1 2.0 1,9 1,2 1,8 2,0 1,6 1.9 1,3
FeO 6.9 6.6 6,0 6.8 7.3 7,0 7,1 7,0 7,1 7,4

1.0 1.5 3,0 2.3 2.6 2,8 1,3 2,6 1,5 3.4
MgO 2.1 2.2 2.1 2.8 2.3 2.5 2,2 2,5 2.3 2.6
K20 2.8 2.7 2,5 3,0 2.4 2.5 2.6 2,6 2.6 3,5
Ti02 .78 .78 .66 .88 .83 .83 .91 .85 .90 .65

99,0 99. 4 99. 0 95. 9 97, 6 97, 6 96. 4 96. 9 96. 3 98. 2
Al/Na 10. 7 9, 1 9.0 10,0 6. 3 10.6 9. 4 9.0 9, 7 13. 1

A: Average of Bailey Hill Mudstone samples, 215-232.
B: Average of Henley Mudstone samples, 189-.197a,
C: Average of all mudstone samples,
D: Average shale, Clarke, 1924; recalculated H20 and CO2 free, FeO = FeO + Fe203.



Sb2 A1203 Na20 FeO CaO MgO K20 T,0 At/Na
232

0 50 60 70 0 25 0 5 0 10 0 5 0 10 0 10 0 5 5 _ 0

231

229

228

227

226

225

224

223

222

220

219

218

217

216

215

Figure 44. Vertical profiles of major chemical oxides in the Late Cretaceous mudstones
(by X-ray fluorescence).

I-

Q



110

GEOLOGIC HISTORY

Source of the Sediments

The provenance of the Late Cretaceous sediments is certainly

the plutonic and metamorphic rocks composing the underlying and

adjacent Kiamath Mountains province. All mineral detritus identified

can be derived from the acid plutonic rock, porphyritic mafic extru-

sive rock, high and low rank schist, gneiss, vein quartz, bedded,

cherts, quartzite, and blue schist that are present in the nearby

Klamath Mountains. The provenance of the Hilt sediments cannot be

differentiated from that of the Hornbrook sediments. First cycle

grains predominate in both formations although rounding suggests

second cycle grains eroded from the Hornbrook are incorporated in

the Hilt Sandstones. Also, fragments and blocks of mud stone incor-

porated in the lower arenaceous member of the Hilt Formation were

derived from local erosion of the underlying Henley Mudstone Member.

Source areas of the Late Cretaceous rocks are thought to lie

entirely to the west and possibly to the south. Conglomerate cobbles

and boulders were derived from both erosion of sea cliffs and deposi-

tion from coastal streams and rivers. Detritus supplied from the

west was spread northeastward by marine, longitudinal shelf currents.

Chemical and mineralogic data for the sandstone and mudstone units
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suggest that their provenance was stable through the depositional

interval for each unit.

It is possible that basement rocks buried to the east could have

supplied sediments to the Hilt and Hornbrook Formations. The trans-

port directions in the Late Cretaceous units and the structural history

of the region do not support the hypothesis of an eastern provenance.

Transport Directions

Transport directions for the Late Cretaceous sediments were

determined in five areas by measuring the orientation of fore set

cross-bedding. Two of the areas, Bell's Ranch and the GH Ranch,

are in undifferentiated Cretaceous sandstone; two areas, Bailey grade

summit and Hungry Creek Road, are in Hilt Formation sandstones;

the remaining area, Osburger Gulch, is in sandstone of the Horn-

brook Formation (Figure 45).

The prevailing current directions in all five areas have a

northerly sense, with modes ranging from nearly north at the GH

Ranch to east northeast at Hungry Creek Road (Figure 45). The

dominant current transport determined from fore set cross-beds is

supported by northerly directions measured in soft-sediment slump-

ing, flute casts, and sandstone channel-fills cut in the mudstones.

This trend is present through the entire Cretaceous section.

Favorable comparison of two pairs of measurements can be
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Figure 45. Current roses of forest cross-bed measurements in Late
Cretaceous strata. Number of measurements shown
with roses.
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made,since they occur in approximately the same stratigraphic posi-

tion. Comparison of the GH Ranch area and the Osburger Gulch area

shows a 45 degree change in the predominant transport direction. In

the central part of the area, measurements in the Hilt Formation

sandstones at Hungry Creek Road and Bailey grade summit (Figure

45) show a 30 degree change in predominant transport direction. Lack

of stratigraphic control prevents meaningful comparison of measure-

ments at Bell's Ranch with the other areas.

Differences in transport direction between the above related

pairs of measurements are thought to reflect rapidly changing current

directions found in near-shore environments. Lenses of cobble-

boulder conglomerate, some of suspected fluvial origin as at Bailey

grade summit, associated with the cross-bedded strata support this

hypothesis. The range of cross-bedding measurements for the

Hornbrook and Hilt Formation sandstones is very similar,and no

difference in transport direction was detected.

Depositional Environments

The Late Cretaceous sandstones indicate much about their

depo sitional paleoenvironments. Mode rate to strong current velocities

are suggested by thin and irregular sets of strongly planar and trough

cross-lamination. Traction transport is illustrated by the occurrence

of solitary pebbles and cobbles. Alternation of arenite and wacke beds
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suggests that current winnewing fluctuated greatly, and placers of

magnetite sandstone imply that it was locally intense. Unidirectional

currents are indicated by sets and cosets of cross-lamination with

scour-and-fill basal contacts.

Cobble and boulder conglomerates are valuable sources of in-

formation in reconstructing the Cretaceous paleoenvironments.

Rip-up clasts and blocks of mudstone, lenses of cross-bedded con-

glome rate, and imbrication of cobbles and boulders point to a strong

current velocity. Marked sequences of alternating cross-bedded

sandstone and cross-bedded conglomerate, as at Bailey grade summit

(Figure 45), suggest fluvial facies are associated with the sandstone

units. Limited distance of transport is implied by the close corres-

pondence between basal conglomerate composition and basement

lithology. Boulders also indicate a relatively short transport and a

high relief in the backshore areas. Rapid deposition is implied by the

association of well rounded cobbles and boulders with angular slabs

and chips of mudstone.

The mudstones represent a different paleoenvironment than that

of the sandstone and conglomerate. Small grain size and indistinct

lamination indicate weak currents. Abundant pyrite points to a chemi-

cally reducing paleoenvironment. Sheet and channel-fill sandstone

interbeds imply a near shore paleoenvironment. Coal beds and

bituminous partings plus abundant disseminated organic material
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support a shallow and nearshore paleoenvironment for the mudstone.

Eastward paleoslope is indicated by soft-sediment slump and flame

structures.

The Late Cretaceous fauna indicates a marine paleoenviron-

ment for the enclosing strata. A shallow, well aerated paleoenviron-

ment is uggested by the abundance of gastropod and pelecypod shells

(Anderson, 1931). Nearshore turbulence is implied by the relatively

thick shells of some species.

Shells are commonly disarticulated, abraded, and occur in con-

centrated lenses and beds supporting the hypothesis of a high energy

paleoenvironment. Pelecypod valves are oriented concave side down

by current action.

Similar bedding morphology and composition suggest that the

sandstones and mud stones of the Hornbrook and Hilt Formations rep-

resent parallel depositional paleoenvironments. Both formations are

characterized by a marked gradation from sandstone into muds tone.

These paleoenvironmental changes seem to require a mechanism other

than a gradual degradation of the source areas. Recurrent and related

tectonic movements are the most probable cause of the paleoenviron-

mental changes.

Stratigraphic evidence in the study area indicates a shallow and

nearshore paleoenvironment in Late Cretaceous time. Several

patches of Late Cretaceous rock, probably related to the Hornbrook-
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Hilt sequence, lie within, rather than marginal to, the Klamath

Mountains province. Notable are those west of Jacksonville, Oregon,

southwest of Yreka, California, and at Pythian Cave (Mack, 1960),

California. Apparently, parts of the eastern Kiamath Mountains

were blanketed by Late Cretaceous rocks as evidenced by these

erosional remnants.

Structural History

The Late Cretaceous strata are characterized by two structural

features: (1) A rather constant 10 to 20 degree dip, and (2) a number

of cross-cutting normal faults with an average northeasterly trend

(Figure 46). No folding has been recognized in either the Cretaceous

or Tertiary strata.

4.

Figure 46. Average trend of normal faults. Compiled from one mile
long segment measurements.
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The eastward dip as well as the faulting seems to have resulted

from positive adjustments along the edge of the Klamath Mountains

basement complex. Where observed in roadcuts and gulleys, all

fault planes are near vertical. No evidence was observed to indicate

any significant lateral displacement along the Mt. Ashland fault. A

curving trace and secondary cross-fault preclude strike-slip move-

ment. A small sliver of Cretaceous sandstone has been brought up

along the Mt. Ashland fault (Plate 1). This fault appears to have a

large vertical displacement. The northeasterly fault trend appears

partly basement controlled as indicated by a close parallelism with

schistosity and border faults along the Mt. Ashland batholith.

Normal faults are seen cutting subjacent, Cretaceous, and

superjacent rocks. Several faults could not be traced into the super-

jacent Tertiary units, which may indicate a long history of related

faulting along the margins of the Klamath Mountains province. Incipi-

ent early Cretaceous faulting around the Mt. Ashland batholith may

explain the distribution of large conglomerate lenses (sec. Z5,

T. 48 N., R. 7 W., MDBM) and anomalous thickening andthinning west

of Hilt. The trace of the Trinity thrust is overlapped by Cretaceous

strata.

Conclusions

The Hilt and Hornbrook Formations record two cycles of
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Cretaceous marine transgression on the eastern margin of the

Kiamath Mountains province. North to south transgression is mdi-

cated by a thickening of unita, deeper-water pa1eoenvironments and

more poorly sorted sandstone to the north, Strong evidence is pro-

v'ided by progressively younger faunal ages of the basal sequence in a

north to south direction in the belt of Cretaceous strata extending

from Grave Creek, Oregon, to Yreka, California.

It has been postulated (Condon, 1910) that the Cretaceous sea in

Oregon was once connected with the Cretaceous sea in the Sacramento

Valley through the "Klamath Straits. It is believed that no open passage

to the south existed in Hornbrook or Hilt time. As mentioned above,

the units thin south of the Kla,math River and show characteristics

of very shallow deposition. The Albian-Coniacian transgression in

the Jacksonville-Yreka area was north to south whereas in the Sacra-

mento Valley, the transgression was west to east during these ages

(Jones, 1960a). The hiatus separating the Hornbrook and Hilt For-

mations was a period of deposition in the Sacramento Valley. Deposi-

tion of the Hilt Formation resumed in early Campanian time, but

deposits of this age are unknown in the northern Sacramento Valley

(Figure 47).

The two transgressive cycles of Cretaceous sedimentation and

the proximity of the boundary between the Kiamath and Cascade

geologic provinces suggest that a series of related basement tectonic
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movements have taken place in this narrow belt. The dip of the Cre-

taceous rocks along the margins of the Klamaths is between 15 and 20

degrees. This eastward tilt is much less for remnant patches lying

within the Kiamaths (Wells, 1956). The dip shallows eastward as

indicated by data from driller's records in the northern Shasta Valley

(Mack, 1960) and by surfacing of an upfaulted Cretaceous block in the

Cascade Mountain foothills along the eastern side of the Shasta Valley

(Williams, 1949). The Klamath Mountains have moved as a vertical

couple, uplifted to the west of the Cretaceous belt and downwarped

eastward from the mapped area. The arenaceous facies of the Horn-

brook and Hilt Formations are very similar and suggest that the

"hinge" did not migrate far between transgressive cycles. Field

evidence suggests that the Klamath Mountains province is presently

being uplifted as a structural unit, and that the eastern edge of this

block is closely related in position to the paleocoastline during Horn-

brook and Hilt transgressive cycles.

Where occupied by marine seas in Hilt-Hornbrook time, the

downwarped part in later times has been filled with volcanic sediments

and flows. The Western Cascade sequence has been uplifted and

tilted eastward to a lesser degree than the Late Cretaceous units.

No granitic clasts characteristic of Klamath Mountain plutons have

been found in the western Cascade sequence (Carlton, 1970),which

suggests that the area was either blanketed beneath older sediments
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(Late Cretaceous ?) or was topographically very low and regionally

down-drainage.

Since the Late Cretaceous, the dominant structural style has

been one of hinged vertical movement along a narrow zone very close

to the present eastern boundary of the Kiamath Mountains geologic

province.
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APPENDIX I

Principal Reference and Type Sections
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Principal Reference Section A-F
Lower Arenaceous Member, Hornbrook Formation

The sandstones and conglomerates of the Hornbrook Formation

form a northwest-trending belt of imperfectly developed flatirons

occupying the western slope of the valley of Cottonwood Creek. The

strata dip 15 to 20 degrees northeast. The Kiarnath River cuts through

the Cretaceous sediments nearly normal to strike. Good exposures

of the Hornbrook Formation are developed along the Klamath River

canyon and tributary gullies.

The basal contact is an angular unconformity cut on vertical to

steeply dipping metavolcanic and metasedimentary rocks of probable

Triassic and older ages.

Section A.F begins with a thick conglomerate sequence having

characteristics suggesting a continental origin. There are numerous

offsets along the line of traverse. These were made to gain maxi-

mum exposure and utilize recent roadcuts along Interstate Highway 5.

The offset segments are keyed by lower case letter symbols on the

geologic map (Plate 1). Color code is from Goddard, etal. , 1948.

Initial point (A, Plate 1): NW1/4 SE1/4 sec. 32, T. 47 N.,

R. 6 W., MDBM, 300 feet N. 65°W. up gully near portal of old mine

adit partly concealed by a back-fill of crush rock. Measurements

begin at small patch of conglomate resting on smoothed and irregular
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metasediments exposed on median ridge at end of back-fill. Traverse

N. 40°E.

Terminal point (=F. Plate 1): NE1/4 SE1/4 NE1/4 sec. 32,

T. 47 N. R. 6 W., MDBM, on northwest roadcut face of Inter state

Highway 5, poorly exposed contact with slope forming silty mudstone

unit occupying northeast slope of small ridge.

Thickness (feet)
Unit Description Unit Total

16 Conglomerates, subordinate pebbly mud stone:
locally cliff-former: grayish olive green (5GY
3/2) with dark reddish brown (1OR 3/4) ground
water staining. Bedding planes indistinct,
minor cross-bedding locally on differentially
weathered surfaces,. 1 to 3 inches thick. Rarely
the clasts are oriented. Moderately to well
lithified. Framework (90%) of angular to sub-
angular pebbles, cobbles, and boulders; com-
monly of 2 to 3 inches in intermediate diameter.
Clasts mainly of grayish olive green metasedi-
ment similar to adjacent basement lithology and
a few purple, silicic metasediment clasts.
Matrix has muddy, coarse appearance, very
poorly sorted with color and composition similar
to framework. Pebbly mudstone forms series
distinctive dusky red (5R 3/4) lensing beds
throughout the conglomerate. Six lenses are ex-
posed, the thickest reaching 4 1/2 feet; others
wedge out gradually along single or multiple
tongues. Tabular, subangular to well-rounded
granules and fine pebbles in gray-green tones
compose up to 30 percent of the mud stone.
Upper and lower mudstone contacts are sharp
and planar with a distinct channeled morphology

Contact: Not well exposed, bedding attitudes in-
dicate unconformity

150 150
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Thickness (feet)
Unit Total

15 Sandstone: medium- to fine-grained wacke, dark
yellow brown (1OYR 4/2) fresh, moderate brown
(5YR 4/4) weathered, Thin (4 to 1/4 inches
thick), horizontal beds and laminae with sharp
planar contacts. Mode rately well indurated
locally calcareous, exposure spotty and discon-
tinuous. Poorly sorted with much matrix,
abundant carbonized, plant fragments. Texture
and lithology varies little up section .

Covered

14 Sandstone: medium- to coarse-grained wacke,
olive gray (5Y 4/1) fresh, light to moderate
brown (5YR 5/6 to 4/4) weathered. Lower por-
tion thinly cross-stratified into 3 to 4 foot thick
cosets of trough-type cross-strata (2 to 8inches
thick), dipping 7°S. S. l5°W. Grades upward to
medium-grained, thinly-laminated (1/16 to 1/8
inch thick) horizontal bedded sandstones. Well
lithified, fair sorting, grains angular. Upper
contact sharp, scour-and-fill (2 to 6 foot relief)

13 Sandstone: coarse- to very coarse-grained
wacke and conglomeratic: Prominant ledge
former: light olive gray (5Y 6/1) fresh, medi-
urn brown (5YR 4/4) weathered. Upper part char-
acterized by alternating composite set of chert
and pebble, cobble conglomerate beds (1 to 8
inches thick) and thinly to very thinly (1/2 to 2
inches thick) planar cross-bedded sandstones
(1/2 to 1 1/2 feet thick). Conglomerate matrix
very coarse-grained, sandstone interbeds are
mainly coarse-grained. Calcareous locally.
Indian shelters constructed beneath large pro-
truding sandstone ledges. Upper contact not
exposed

Covered: abundant large boulders of sandstone

6 156

84 240

17 257

19 276

22 298
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Thickness (feet)
Unit Description Unit Total

12 Sandstone: coarse- to very coarse -grained wacke:
moderate yellowish brown (1OYR 5/4) fresh,
light brown (5YR 5/6) weathered. Composite
sets (1 to 2 feet thick) of thinly cross-laminated
(1/16 to 1/8 inch thick) and very thin-bedded to
laminated (1/2 to 1/16 inches thick) beds. Trend
cross-bedding: S. 65°W. , 15°S. (1). Sorting fair,
well lithified. Exposure spotty. Upper contact
sharp, scour-and-fill at base of pebble conglom-
erate (5 inches thick) .......... 15 313

11 Sandstone: medium-grained wacke with pebble
conglome rate inte rbed s: mode rate yellowish
brown (1OYR 5/4) fresh, moderate brown (5YR
4/4) weathered. Composite sets of strongly
cross-laminated (1/2 to 1/4 inch thick), pebble
conglomerate, and pebbly sandstone beds. Unit
well lithified, forms minor ledges (4 to 6 feet
thick). Sorting, and grain size decrease up unit.
Unoriented, fresh biotite flakes abundant near
top. Locally calcareous. Unit weathers into
flaggy slabs (1 to 4 inches thick). Average
cross-bedding trends: near base S. 76°W.
13°S.(4), near topN. 74°E,, 15°NE.(3), Con-
tacts gradational to scour-and-fill within unit.
Upper contact not exposed......... 57 370

Offset: From prominant 10 foot thick sandstone
ledge on ridge top, proceed on strike S. 40°E,
to above Interstate Highway 5. The correct
stratigraphic horizon was determined in the
western freeway cut at the base of the northern
18° dip_slope of the ridge.

Cove red: sandstone cobble-boulder float simi
lar to previous unit ........... 15 385
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Thickness (feet)
Unit Description Unit Total

10 Sandstone: fine-grained wacke: light olive gray
(5Y 5/2) fresh, light brown (5YR 5/6)weathered.
Lower 3 feet very thin-bedded (1/3 to 1/2 inch
thick) grading upward into planar cross-
laminated sets. Abundant matrix and scattered
organic flakes. Biotite mica locally prominent.
Average cross-lamination trend: N 2 low.
4°NW. (4). Top and bottom contacts not exposed. 7 392

9 Sandstone: medium-grained wacke: ledge former:
light olive gray (5Y 5/2) fresh, grayish red (5R
4/2) weathered. Prominent 18 foot unit composed
of composite sets of thin-bedded (6 to 20 inches
t1ick) and planar thinly cross-bedded to thinly
cross-laminated (3 to 1/16 inch thick) strata.
Small chert and quartzite pebbles common along
bedding planes and scattered throughout some
beds. Laminations marked by thin bands of
biotite and black organic flakes. Well lithified,
weathe ring into 4 inch thick slabs. Much matrix,
noncalcareous. Average cross-bedding trend:
N. 40°E., 4°NE. (2). Upper contact sharp,
planar ................. 18 410

8 Sandstone: very fine-grained wacke: dark green-
ish gray (5G 4/1) fresh, moderate brown (5YR
4/4) weathered. Indistinct thin laminations (1/16
to 1/64 inch thick) outlined by abundant fresh
biotite flakes. Pebbles found singly and in small
(1/2 x 8 inch) lenses. Upper contact sharp,
planar .................. 5 415

7 Sandstone: coarse-grained wacke: moderate
blue green (5BG 4/2) fresh, light brown (5YR
5/6) weathered. Thin bedded (2 to 20 inches
thick) sands with thin (6 to 12 inches thick) lenses
and interbeds of thinly cross-laminated to cross-
laminated, pebbly, very coarse-grained sand--
stones and chert-quartzite pebble conglomerates.
Single oriented, angular to rounded, quartzite
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Thickness (feet)
Unit Description Unit Total

7 (Contd.) cobbles are common along bedding planes.
Laminations outlined by dark streaks of mica
and organic debris. Texture and grain size uni-
form up unit. Non-calcareous. Symmetrical
ripple marks observed on one bedding plane.
Average cross-bedding trend: N. 95°F. , 5°N. (4).
Top gradational through several feet to very
fine-grained wacke. Upper contact sharp,
broadly concave ............. 42 457

6 Sandstone: very fine-grained wacke: grayish
orange (1OYR 7/4) fresh, light brown (5YR 5/6)
weathered. Prominent thin-laminations at base.
Has distinct shaly to platy splitting, laminations
outlined by abundant organic matter on bedding
planes. Upper portion appears reworked, pos-
sible burrows and disrupted texture. Well
lithified, calcareous in upper part. Upper contact
sharp, undulating, with flat angular mudstone
pebbles at base of next unit ........ 5 462

5 Sandstone: gritty to very fine-grained wackes:
greenish gray (5GY 6/1) to medium dark gray
(N4) fresh, light brown (5YR 5/6) weathered.
Alternating 1 to 3 foot thick thinly laminated
and cross-laminated beds. Lensing in coarser
beds, normal grading from very coarse- to
fine -grained. Contacts usually planar, others
scour-and-fill. Pebbles of chert commonly in
1/2 inch thick streaks. Fresh biotite imparts
luster to bedding planes. Thin lenses of very
fos silife rous pebble - cobble conglome rate (thick-
shelled gastropods and pelecypods), well cemented
with calcite, and normally several shades darker
than enclosing strata. Fossils abraded and com-
monly broken. Some beds calcareous, others
show disrupted texture in randomly scattered
organic flakes. Unit becomes finer grained to-
ward top. Trend of cross-bedding N. 60°F.
6°NE. Upper contact sharp, irregular . . . 28 490
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Thickness (feet)
Unit Description Unit Total

Note: Several small normal faults occur within
this unit: Using a 5 to 8 foot thick cobble con-
glomerate bed as a marker the equivalent strati-
graphic horizon was determined approximately
100 yards down dip in the roadcut.

4 Conglomerate: pebble-cobble: general color mod-
erate yellowish brown (1OYR 5/4) fresh and weath.-
ered. Unit composed of two conglomerates nor-
mally graded from boulders to pebbles separated
by a 6 inch thick papery thinly laminated organic
shale. Matrix medium-grained. calcareous. All
framework members well rounded. Clasts mainly
quartzite and chert with a few basic, aphanitic
porphyritic cobbles. Clasts current oriented on
some horizons. Upper contact sharp, irregular
to planar ................ 7 497

3 Sandstone: fine- to very fine-grained wacke:
medium bluish gray (5B 5/1) to greenish gray
(5G 6/1) fresh, moderate yellowish brown (1OYR
5/4) weathered. Pebbly zones and a 1 to 1/2
foot thick pebble conglomerate lense near base.
Thinly cross-laminated cosets (1 to 4 feet thick).
Lower portion characterized by three conspicu-
ously darker interbeds (6 to 8 inches thick) con-
taining abundant mica and plant debris along lami-
nation planes. Fossil debris (pelecypods and
gastropods) concentrated in very calcareous, dark
lenses (4 to 16 inches thick). Bituminous papery
partings (1/4 to 1/2 inch thick) iear middle and top
of unit. Upward, mica decreases and thin lenses
(2 to 18 inches thick) of gritty coarse sandstone
and shell accumulations become common. Aver-
age trend of cross-lamination: (540), N. 60°E.
4°NE. (3); (555') N. 52°E. , 5°NE. (6); (620')
N. 54°F. , 5°NE. (7); (652') N. 45°E. , 4°NF. (4);
Lensoid (4 x 6 to 3 x 4 inches) calcareous concre-
tions with fossil cores at approximately 600'.
Upper contact sharp, planar........ 165 662
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Thickness (feet)
Unit Description Unit Total

Offset: taken within unit from end of roadcut
at 637', proceed S. 40°E. on strike to gully
bottom between north and south lanes of Inter-
state Highway 5, (d-e).

2 Sandstone: gritty, pebble fine- to very coarse-
grained wacke: yellowish gray (5Y 7/2) fresh,
moderate brown (5YR 4/4) weathered. Locally
ledge-former. Lowest bed 1 foot thick conglom-
erate with abundant (95%) thick-shelled, abraded
pelecypods and occasional gastropods, grades
normally upward into thinly-cross -bedded,
gritty, very coarse-grained sandstone in turn
grading into thinly cross-laminated, fine-grained
sandstone with scattered black plant fragments.
Gritty, very coarse-grained sandstone sharply
overlying fine-grained sandstone along scour,
undulating contact, fossil cored, irregular and
elongate concretions (4 to 5 inches across) along
bedding horizon. Beds very calcareous and re-
sistant. Grit-sized clastsmoderately well round-
ed, mainly light tan to black colored chert.
Average trend crossbedding: (674'); N. 72°F.
4°NF. (4). Upper contact sharp, planar . . 10 672

Sandstone: fine-to very fine -grained wacke:
dark yellowish orange (1OYR 5/4) fresh, moder-
ate brown (5YR 4/4) weathered. Alternating
composites of thin-bedded sets (6 to 20 inches
thick) grading upward into sets of trough cross-
lamination (1/4 to 1/2 inch thick). Composite
contacts sharp, commonly scour - and - fill.
Occasional organic and mica streaks and mottling
parallel to bedding. Texture quite even, mode r-
ately well lithified. Upper portion of planar,
thick-bedded fine-grained sandstones with high
organic zones of brownish, muddy appearing
sandstone, pelecypods and vegetable matter pri-
marily. Average cross-bedding trends: (683')
N. 78°E. , 7°NE. (4); (717') N. 63°F. , 6°NE. (4).
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Thickness (feet)
Unit Description Unit Total

1 (Contd.) Upper contact very poorly exposed (811')
with dark gray slope-forming mud stone and silt-
stone of Henley Mud stone Mbr, appears
gradational ............... 139 811

Note: Measurement at 717' proceeded in gully
bottom 30 yards down dip slope (N. 50°F.) from
ridge top in freeway cut.

Total thickness of lower arenaceous member
(Section A-F) .............. 811
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Principl Reference Section F-G
He4yy1ud stone Member, Ho rnbr o ok Fm.

The siltstones and mudstones of the Henley Mudstone Member

underlie a belt of distinct topographic saddles and small valleys be-

tween the thicker and more resistant Hornbrook and Hilt Formations.

The member is very poorly exposed, normally covered by soil or

stream alluvium. Thickening and thinning trends along strike are

mainly derived from topographic expression.

This is a continuation of Section A-F along the northwestern

roadcut of the north-bound lane of Interstate Highway 5. Description

has been supplemented from features observed in the bed of Cotton-

wood Creek along upper part of Cottonwood Creek Road (NW1/4

SW1/4 NE1/4 sec. 1, T.47 N., R. 7 W.).

Initial point (F, Terminal Point of Section F-G, Plate 1):

NE1/4SE1/4NE1/4 sec. 32., T.47 N., R.6 W.

Terminal point (G, Plate 1) C SF114 NF1/4 NE1/4 sec. 32,

T. 47 N. , R. 6 W. Along northwestern roadcut at unconformable con-

tact with overlying indistinctly bedded, dark gray siltstone andledge-

forming, light gray, medium-grained sandstone.
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Thickness (feet)
Unit Description Unit Total

Sandstone and Mudstone: silty, very fine-grained
wackes: dark gray (N3) fresh, moderate reddish
brown (1OR 4/6) weathered. Thin to very thin in-
distinct bedding (2 to 26 inches thick). Bedding
planes sharp, irregular. Texture quite uniform.
Much organic debris along bedding planes. Oc-
casional well lithified fine-grained sandstone
lenses (1 to 2 feet thick) and sheet sands. Sheet
sands have undulating scour-and-fill contacts,
commonly cross-laminated, grading upward into
very thin-bedded oscillatory ripple marked sand-
stones. One 3 inch thick clastic dike observed
in bed of Cottonwood Creek truncated by sheet
sand. Average trend of basal channel scours:
N. 70°W. Rare septarian concretions. Organic
debris markes bioturbated isotropic fabric.
Very fine-grained sandstone and siltstone inter-
beds (6 to 24 inches thick) locally occur near top.
Siltstones weather to angular chips from 1/2 to
1 inch. Upper contact unconformable. Attitude
of Henley Mudstone Mbr.: N. 35°W., 18°NE,;
attitude overlying medium-grained sandstone
(Hilt Fm.): N. 57°W., 2O°NE. Large channel
cut exposed on freeway, 15 feet of relief. Re-
worked calcareous concretions overlying sand-
stone and large (4 to 20 inch) angular slabs and
blocks of dark gray siltstone parallel with bedding.
Farther north, at start of Type Section G-H, the
contact relations appear disconformable, with
strong channeling and large mudstone blocks in-
cluded within basal sandstones of the Hilt Forma-tion .................. 191

Total thickness Henley Mud stone 191

Total thickness lower arenaceous member . 811

Total thickness Hornbrook Formation . . . 1002
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jype Section G'-H
Lower Arenaceous

Member1 Hilt Formation

*

From Hilt southward to the Klamath River the sandstones and

conglomerates of the lower Hilt Formation form a distinct low,

rounded cue sta (ridge) along the western floor of Cottonwood Creek

Valley. The belt of small valleys and saddles developed on the easily

eroded Henley Mudstone Member topographically separates the for-

mation from the sandstones and conglomerates of the Hornbrook

Formation.

Initial pit (G', Plate 1): SW 1/4 NW1 /4 NE 1/4 se c, 1,

T. 47 N., R. 7 W., MDBM. Floor of broad gulley wash, proceeding

northeast, upslope from contact between dark gray splintery mud stone

and ledge-forming, medium gray, cross-laminated medium-grained

sandstone. Gulley trends approximately perpendicular to strike.

Exposure 100 percent along lower slope and partially covered near top

of cuesta

Terminal point (H, Plate 1): C NE1/4 NW1/4 NE1/4 sec. 1,

T.47 N., R. 7 W., MDBM. Stratigraphically highest bed holding up

cuesta ridge. Dip slope agrees well with average dip of strata (23°).

Valley-forming mudstone of Bailey Hill Mudstone Member overlie s

lower portion of Hilt Formation at base of eastern dip slope.
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Thickness (feet)
Unit Total

16 Sandstone: fine- to medium-grained arenite:
light gray (N7) fresh, light brownish gray (5YR
6 / 1) weathered. Rounded weathering cross -
laminated (1/4 to 1/2 inch thick) sets (1 to 3
feet thick). Moderately resistant, texturally
quite even, calcareous. Unoriented fresh
biotite. Surface mottled dark gray (N3) by
lichens. Lower contact sharp, appears discon-
formable, broadly undulating channeling and
scouring. Upper contact sharp, planar . . 8 8

15 Sandstone: medium- to coarse-grained arenite:
medium gray (N5) fresh, moderate brown (5YR
3/4) weathered, patches mottled reddish brown
by lichen. Locally resistant, unit arranged in
three beds averaging 1 to 1/2 feet thick, Grades
normally to thinly trough cross-laminated fine-
to medium-grained arenite on upper bed. Upper
contact sharp, planar .......... 4 12

14 Mud stone: very silty: medium dark gray (N4)
fresh, d.ark gray (N3) weathered. Weathers into
small, angular chips, locally nonresistant. Unit
indistinctly thinly laminated. Black, carbonized
plant fragments abundant. Two planar interbeds
(1-4 inches thick) spaced approximately 6 feet
apart, characterized by 1/4 to 1 inch diameter
discoid shale pebbles, fresh biotite, muscovite,
and scattered pyrite grains. Upper contactplanar, sharp ............... 18 30

13 Sandstone: very fine-grained wacke: light olive
gray (5Y 6/1) fresh, pale brown (5YR 5/2).
Lower 1 foot very well cemented, becoming less
resistant up unit. Composed of irregular splitting
laminae (1/4 to 1/2 inch thick). Numerous car-
bonized plant fragments and shale chips on
bedding planes. Non-calcareous. Normal grad-
ing to siltstone. Upper contact poorly exposed,
appears gradational .......... 4 34
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Thickness (feet)
Unit Total

12 Sandstone: fine- to medium-grained wacke: pale
yellowish brown (1OYR 6/a), pale brown (5YR
5/2). Non .-re sistant, micaceous. Slightly cal-
careous. Irregularly splitting, cross-laminated
bedding sets. Upper contact covered. . . . 7 41

11 Sandstone: mediurn-grained arenite: medium
gray (N5) fresh, grayish brown (5YR 3/a) weath-
ered. Ledge-forming unit. Lower 1 foot is
strongly trough cross-laminated (1/4 to i/a inch
thick) overlain sharply by massive 3 foot bed.
Upper part of unit very thinly cross-bedded. Cal-
careous, abundant fresh biotite. Upper contact
sharp, planar .............. 4 45

10 Sandstone: very fine-grained to siltstone wacke:
very pale orange (1OYR 8/2) fresh, pale yellow-
ish brown (1OYR 6/a) weathered. Slope former.
Irregular splitting, cross-laminated bedding sets
(1 to 2 feet thick). Golden bleached biotite and
fresh biotite prominent. Non- calcareous. Upper
contact appears gradational ........ 16 61

9 Sandstone: medium- to coarse-grained wacke:
yellowish gray (5Y 8/4) fresh, pale brown (5YR
5/2) weathered. Unit forms local prominent
ledges. Irregularly splitting, cross -laminated
sets. Upper contact sharp, scour-and-fill, re-
lief averages 1 foot with wave length approxi-
mately 3 feet .............. 55 116

8 Sandstone: coarse -grainedarenite: brownish
gray (5YR 4/1) fresh, moderate brown (5YR3/4)
weathered. Conspicuous rim. Entire unit in
trough cross-laminated sets. Average trend
cross-laminae: N. 96°E. , 9°E. Bedding con-
tacts sharp, undulatory. Compact, calcareous
cement, grains angular, poorly sorted. Upper
contact sharp, undulatory above I to i/a foot
thick ledge .............. 42 158
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Thickness (feet)
Unit Total

7 Sandstone: fine- to medium-grained wacke:
moderate dark yellowish brown (1OYR 5/4) fresh,
dark yellowish brown (1OYR 4/2) weathered.
Slope former. Outcrops indistinctly cross-
bedded. Slightly calcareous, Upper contact in-
distinct ................ 6 164

6 Sandstone: fine- to medium-grained azenite:
brownish gray (5YR 4/i) fresh, dark reddish
brown (1OR 3/4) weathered. Poorly bedded,
moderately resistant. Very calcareous having a
distinct ring when struck with a hammer. Lichen
mottling. Surfaces etched and very coarse to
touch. Grains very angular, quartz, feldspar,
biotite, muscovite, bleached biotite prominent
constituents. Texture very constant up unit.
Upper contact indistinct, gradational . . . . 8 171

5 Sandstone: fine- to medium-grained wacke:
moderate dark yellowish brown (1OYR 5/4) fresh,
dark yellowish brown (1OYR 4/2) weathered.
Slope former, poorly exposed. Outcrops indis-
tinctly cross-bedded. Slightly calcareous.
Upper contact sharp, undulatory...... 36 208

4 Sandstone: medium- to coarse-grained arenite:
light gray (N7) fresh, medium light gray (N6)
weathered. Lower bed of unit forms prominent
ledge, (ito 3 feet thick). Arranged in thin (6 to
30 inches thick) irregularly cross-laminated (1/4
to 1/2 inch thick) sets. Lower resistant beds
grade upward into moderately resistant sets.
Calcareous throughout. Contains much unoriented
mica and angular very coarse quartz grains.
Upper contact covered............. 36 244

3 Sandstone: fine- to medium-grained wacke: light
brownish gray (5YR 6/1) fresh, brownish gray
(5YR 4/1) weathered. Forms low, well rounded
outcrops. Bedding poorly developed, appears
rather massive. Texture even, sorting poor.
Upper contact sharp, very slightly undulatory 18 262
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Thickness (feet)
Unit Description Unit Total

2 Sandstone: fine-grained wacke: yellowish gray
(5Y 6/2) fresh, pale brown (5YR 5/2) weath-
ered. Lower 2 feet of unit is moderately resist-
ant with upper portions poorly exposed. Com-
posed of strongly cross-laminated (1/8 to 1/4
inch thick) indistinct sets of beds. Slightly
calcareous, conspicuous mica on bedding planes.
Upper contact indistinct ............ 13 275

Sandstone: medium- to very coarse-grained
arenite: medium gray (N5) fresh, brownish
gray (5YR 4/1) weathered. Forms low, well
rounded outcrops. Bedding indistinct, cross -
laminated. Very poorly sorted, very angular
grains. Calcareous cement. Conspicuous white
feld spar grains impart salt - and -pepper appear -
ance in hand sample. Upper contact not
exposed ................ 30 305

Covered: low, rounded, soil mantled outciops 80 385

Sandstone: same unit as below. Bare face just
beneath top of ridge, 100 feet up slope from
large prominent oak (beetree) ....... 10 395

Covered: top of ridge and dip slope. End of
section. Valley-forming mud stone at base of
eastern dip slope ............ 54 449

Total thickness sec. Gr_H 449
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Type Section H'-J
Bailey Hill Mudstone Member, Hilt Formation

The Bailey Hill Mudstone Member is the thickest of the four

mappable Late Cretaceous units. Most of the floor of Cottonwood

Creek Valley is formed in this relatively nonresistant member. The

mudstone is typically covered by soil and alluvium and on steeper

slopes is prone to landsliding and slumping.

The best continuous exposures of Bailey Hill Mudstone are

found along the steep slopes beneath the rim rock of Bailey Hill.

(The local inhabitants refer to this capped hill as Shelton Rock with

Bailey Hill referring to the rather long, steep highway grade [sec.

25 through 36, T. 48N., R. 7 W. , MDBMJ 1 1/2 miles immediately

south of Shelton Rock. ) An entire section can be measured from the

gradational contact with the lower arenaceous sandstones to the un-

conformably overlying Cole stin volcanic sediments. The only break

occurs near the top where the concordant andesitic intriision capping

Bailey Hill intersects the section. The interrupted segment is keyed

by lower case letter symbols and the Initial and Terminal points by

capital letters on the geologic map (Plate 1).

Initial point (H', Plate 1): C NE1/4 NE1/4 SW1/4 sec. 25,

T. 48 N., R. 7 W., MDBM, on northeast roadcut face of U. S. High-

way 99 at the first appearance of mudstone above lower Hilt
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Formation. Sandstones (distinct pale red purple (5RP 6/2) siliceous

fine-grained arenite).

Terminal point (-J, Plate 1): C NW1/4 SW1/4 SW1/4 sec. 19,

T. 48 N., R. 6 W., MDBM, approximately 250 feet upsiope N. 40°E.

from floor of saddle behind (NE) Bailey Hill. Contact covered, esti-

mated within 20 feet.

Thickness (feet)
Unit Description Unit Total

6 Mudstone: very silty: brownish gray (5YR 4/1)
fresh, light brown (5YR 5/6) weathered. Poorly
exposed. Intricately jointed, breaks in angular
chips and plates up to 2 inches long. Poorly con-
solidated. Calcareous on joint surfaces. Bedding
and lamination indistinct. Minute unoriented dark
gray organic flakes disseminated in rock. Little
lithic or bedding variation upsection. Locally
pyritic, calcareous concretions 4 to 8 inches in
diameter which weather moderate reddish orange
(1OR 6/6). Several thin sheet sands approximately
700 feet above base, Major valley-former . 1495 1495

5 Sandstone: ledge-forming very fine-grained
wacke: yellowish gray (5Y 7/2) fresh, dusky
yellow (5Y 6/4) weathered. Sheet sand unit with
lower 12 feet thick-bedded (1 to 4 feet thick) and
upper 3 feet planar cross-laminated. Non-
calcareous, lichen encrusted. Lower and upper
contacts sharp, planar .......... 15 1510

4 Mudstone: same unit as below ...... 700 2210

3 Sill: fine-crystalline basaltic andesite: light
olive gray (5Y 2/1) weathered. Columnar
jointed. Lower contact undulatory, sharp. Mud-
stone brittle along contact. Upper surface quite
planar. Thickness varies between 15 and 25 feet 20 2230
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Thickness (feet)
Unit Description Unit Total

2 Mudstone: same unit as below. Very poorly
exposed above Bailey Hill sill, soil and alluvium
covered ................ 297 2527

Mudstone and Siltstone: mudstone brownish
gray (5YR 4/1) fresh, light brown (5YR 5/6)
weathered; siltstone olive gray (5Y 4/1) fresh,
dusky yellowish brown (1OYR 2/2) weathered.
Rhythmically alternating sequence of sharp,
planar thin- to very thin-bedded siltstones and
mudstones (2 to 12 inches thick). Siltstones
somewhat more resistant, standing out as minor
ridges. Siltstones may thin slightly horizontally,
and some become slightly finer-grained at top.
All contacts are sharp and planar. Very thin
horizontal laminations (15 to 20 per inch) com-mon .................. 83 2610

Volcanic sediments of Colestin Fm., contact
covered but inferred within 20 feet,

Total thickness of Bailey Hill Mudstone Member 2610

Total thickness of lower arenaceous member 449

Total thickness of Hilt Formation 3059

Total thickness of Late Cretaceous strata . 4061
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APPENDIX II

Stratigraphic Sample Locations
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APPENDIX III

Modal Analyses of Sandstone Samples



Mineralogic Composition of Sandstones

Sample 143 144 145 146 147 148 149 150 151 152 153 154 155 156a 156b 157

Cement 13 0 5 16 11 4 1 49 - 0 2 0 - 2 2 1

Matrix 27 23 22 8 15 25 33 6 34 28 18 22 25 17 13 29

Grains 60 77 73 76 74 72 65 45 65 72 80 78 74 81 85 70

Quartz 20 39 39 43 32 33 28 23 29 30 35 38 37 36 37 36
CASS 3 4 9 6 4 5 3 2 2 2 1 11 2 4 6 4
NAWS 15 32 29 36 25 26 24 20 26 26 33 23 34 31 30 30
Chest - 0 0 1 - - - - 1 - - - 0 0 0 1
Quartzite 1 2 1 1 2 2 1 1 1 2 1 4 1 2 1 -

Feldspar 22 24 22 22 22 20 20 13 17 20 27 20 21 26 27 19
Plagioclase 20 21 20 14 20 17 20 10 15 18 20 17 19 22 2S 15
K-feldspar 2 3 2 8 2 3 - 3 2 2 7 3 2 4 2 3

Rock fragments 2 6 3 4 6 4 1 2 2 4 2 12 4 5 2 2
MRF 1 1 1 1 1 2 - - - 2 0 4 - 1 1 -

IRF 1 5 2 3 5 3 1 1 2 3 2 8 4 4 2 2

Mica 3 5 8 3 4 2 9 4 3 2 9 2 5 8 15 5

Mafic 3 1 - 0 4 7 1 - 6 5 1 1 3 2 2 2

Opaque 10 2 2 2 5 5 5 3 6 7 5 1 2 2 1 4

Others - 1 1 2 2 1 1 1 2 2 2 4 2 2 1 2

Ui
(jJ



-

Sample 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 177

Cement - 33 2 - 21 1 0 1 6 59 19 1 0 37 52 11

Matrix 28 8 30 28 8 32 46 29 16 - 20 30 18 4 2 20

Grains 72 57 68 72 71 67 54 71 78 41 60 69 82 59 46 68

Quartz 34 30 38 32 37 24 17 31 40 19 29 31 32 27 17 24
CASS 5 6 8 4 5 3 3 3 7 3 3 2 2 5 3 4
NAWS 28 24 30 28 31 21 14 28 29 13 26 28 32 16 14 20
Chert 0 0 0 - - 0 0 0 1 0 0 - 0 1 0 0
Quartzite 1 0 - 1 1 0 0 - 3 0 - 0 - 5 0 *

Feldspar 20 13 17 19 22 24 23 24 26 11 17 25 26 7 9 24
Plagioclase 17 9 13 17 16 18 19 19 21 6 14 22 20 6 7 19
K-feldspar 3 4 4 2 6 6 4 5 6 5 3 3 6 1 2 5

Rock fragments 2 3 2 7 5 1 2 2 7 4 3 2 5 20 2 1
MRF 0 0 0 1 1 0 - - 2 1 - 0 3 6 1 -

1RF 2 3 2 6 4 1 2 2 3 3 3 2 2 14 1 1

Mica 8 4 3 2 2 10 5 3 3 1 6 5 19 3 9 7

Mafic 2 2 2 3 - 1 2 3 0 4 1 3 1 1 3 4

Opaque 5 5 5 4 2 5 5 7 1 3 3 4 2 1 5 8

Others 1 0 0 3 2 1 - 1 1 1 - - 1 1 2 1

U-I



Sample 178 179 179x 180 181 182 182x 183 184 195 196 197 198 199

Cement 0 - 0 52 37 26 27 1 1 39 43 5 - 2

Matrix 28 40 38 1 3 20 9 33 34 6 3 39 31 1

Grains 72 60 62 47 61 54 64 66 65 55 54 56 64 67
Quartz 37 35 42 23 26 21 38 33 33 29 29 30 39 30

CASS 5 17 15 3 3 2 2 9 7 6 7 6 8 5
NAWS 32 18 26 20 21 19 36 23 26 22 22 24 31 24
Chert - - 0 0 - 0 0 - 0 0 0 0 0 0
Quartzite - 0 1 - 3 0 - 1 - 2 - - - -

Feldspar 18 11 11 8 10 12 11 24 21 15 16 14 10 26
Plagioclase 16 11 10 7 9 10 11 19 17 13 13 12 9 22
K-feldspar 2 - 1 1 1 2 0 5 4 2 3 2 1 4

Rock fragments 2 1 1 1 16 1 1 1 - 2 2 1 0 1
MRF 2 0 0 1 6 0 0 0 0 1 1 0 0 -
IRF 1 1 1 - 10 1 1 1 - 1 1 1 0 -

Mica 5 3 3 6 2 3 2 1 2 4 4 8 9 8

Mafic 1 1 1 2 1 2 2 2 3 0 0 1 1 -

Opaque 5 5 4 3 4 9 6 4 6 4 2 2 4 2

Others 3 3 - 3 1 6 4 0 - 2 1 0 - 2

I-
U.'

U.'



Sample 200 201 202 203 204 205 206 207 208 209 210 210x 211 212 213 214

Cement 47 - 2 47 42 1 53 16 46 - 48 36 6 3 51 39

Matrix 1 31 21 1 7 38 3 8 3 18 1 7 21 31 2 6

Grains 52 69 76 52 51 62 44 76 51 82 51 57 73 66 47 55

Quartz 32 37 40 29 22 25 26 38 30 43 33 30 36 32 26 29
CASS 4 2 2 3 3 3 3 3 4 4 6 4 3 4 2 2
NAWS . 27 35 37 23 19 22 22 34 26 38 27 25 32 27 22 26
Chert 0 0 - 1 - - 0 0 0 0 0 0 0 0 - 0
Quartzite 1 0 - 2 - 1 1 1 0 1 0 - 1 1 1 -

Feldspar 14 19 24 13 16 26 10 11 26 10 19 31 24 12 17
Plagioclase 12 17 22 11 13 19 9 2i 9 21 8 16 28 20 11 13
K-feldspar 2 2 2 2 3 7 1 4 2 5 2 3 3 4 1 4

Rock fragments - - 1 3 2 2 1 4 1 2 2 1 1 1 3 1
MRF - 0 - - 1 1 - 2 - 1 1 - - - 1 -

IRF - - 1 2 1 2 1 2 1 1 1 1 1 - 1 1

Mica 3 7 8 3 6 4 3 5 4 7 4 3 1 7 3 1

Mafic - 0 - 0 1 0 - - 1 - 0 0 0 - 0 -

Opaque 2 4 2 2 2 5 2 2 2 3 3 3 3 3 1 6

Others I I - 1 2 - 2 1 2 1 1 1 1 0 1 0

(- trace, <.5%)

Ui



Sample 174 175 185 186 187 188 189 190 191 193 194 230

Cement 44 5 49 0 5 9 4 7 26 2 2 2

Matrix 15 15 1 44 9 63 40 29 24 37 54 30

Grains 41 80 50 56 86 28 56 64 50 61 44 68

Quartz 15 46 25 25 47 8 37 36 20 32 21 27
CASS 2 6 3 1 6 - 1 8 6 3 2 5
NAWS 12 37 22 24 40 8 36 27 14 28 18 21
Chert - 1 0 0 0 0 0 0 0 0 1 -

Quartzite 0 2 - - 1 - 0 1 - 1 1 1

Feldspar 10 23 19 13 27 2 8 17 20 17 10 24
Plagioclase 8 16 13 11 23 2 6 14 19 14 9 22
K-feldspar 2 7 6 2 4 - 2 3 1 3 1 2

Rock fragments 1 4 - 1 4 0 0 - - 1 - 1

MRF - 2 0 0 1 0 0 0 0 1 -

IRF 1 2 - 1 3 0 0 - - 1 - 1

Mica 2 4 1 3 7 1 7 6 2 8 5 1

Mauic 1 1 0 1 - - - I 1 1 - 0

Opaque 11 2 5 12 2 17 4 3 7 3 6 15

Others 2 - 0 - - - - 1 - - - -

Ui
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APPENDIX IV

Cumulative Curves of Grain-Size Distribution
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APPENDIX V

Histograms of Grain Size Distribution
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