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(M or professor) 

Nearly 9,000 feet of Cretaceous mudstones, shales, sandstone, 

and conglomerates are exposed along the northeast -trending Mitchell 

anticline of central Oregon, These rocks are divided into two forma- 

tions on the basis of criteria developed in this investigation. The 

lower formation, hereby designated the Meyers Formation, is 4,716 

feet thick at its type section, and consists typically of mudstone 

and siltstone with thin interbeds of sandstone. This formation rests 

unconformably on Permian metasedimentary rocks and is conformably 

overlain by strata hereby designated the Frizzell Formation. The 

Frizzell Formation is 4,167 feet thick at the type section and con- 

sists of three sandstone and conglomerate units separated by thin mud- - 

stone units. It is unconformably overlain by terrestrial volcanic 

rocks of the Clarno Formation of Eocene age. Rapid facies changes 

are common in both the Meyers and Frizzell Formations. 

A late early Cretaceous age has been established for these 

formations by ammonites and other molluscs that they contain. The 

Meyers Formation is Early to Late Albian and the lower part of the 

Frizzell is Late Albian in age; no fossils have been found in the 
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upper part of the Frizzell Formation. 

The basal sandstone unit of the Meyers Formation was deposited 

in a littoral or upper neritic marine environment. Abundant ammonites 

and the paucity of macroscopic benthonic fossil types indicate that 

the thick mudstone units of the Meyers Formation were deposited in a 

bathyal environment. Thin sandstone beds, possibly deposited by tur- 

bidity currents, are interbedded with the sandstones and mudstones. 

The lower part of the overlying Frizzell Formation is shallow marine 

in origin; however, the upper part of this formation displays chan- 

neling, oxidized zones, large -scale cross -bedding, lateral pinchouts, 

and associated features indicative of fluvial rather than marine sed- 

imentation. 

The composition of pebbles and sand grains in these strata in- 

dicate that supracrustal rocks were the primary source for the sedi- 

ments. A progressive increase in granitic detritus higher in the 

stratigraphic section implies the gradual uncovering of plutonic 

rocks in the source area. A topographic high to the south and south- 

east of the Mitchell area may have been the source of most materials 

in the Cretaceous rocks. The implied current directions support this 

conclusion, for sole markings suggest that the depositing currents 

moved N. 10 -15° W. 
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A STRATIGRAPHIC STUDY OF THE MARINE 
CRETACEOUS ROCKS NEAR MITCHELL, OREGON 

INTRODUCTION 

Location and Geologic Setting 

The Mitchell area is located in north- central Oregon (Fig. 1). 

Principal access to the area is by U. S. Highway 26, also known as 

the Ochoco Highway, which passes in an east -west direction through 

the village of Mitchell. State Highway 207, also known as the Ser- 

vice Creek Road, extends northward from Mitchell. Numerous private 

farm and logging roads make it possible to drive within a mile of 

any given point, although some of these roads are best traversed by 

Jeep. 

Along a northeast trending anticline there are exposed approx- 

imately 75 square miles of Cretaceous mudstones, shales, sandstones, 

and conglomerates; nearly all of this exposed unit lies within the 

Wheeler County part of the Mitchell Quadrangle. These rocks rest 

with angular unconformity upon metamorphosed sedimentary rocks of 

Permian age. Overlying the Cretaceous rocks, also with angular un- 

conformity, are Tertiary volcanic and continental sedimentary rocks. 

Purposes and Scope of Study 

The Cretaceous rock sequence in the Mitchell area has been 

studied by various workers. However, most of these studies have 

been concerned with faunal assemblages and areal mapping. The pur- 

poses of this study are (1) to establish the stratigraphic sequence 

of the Cretaceous rocks in terms of lithologies, thicknesses, and 

. 



Figure 1. The index map shows the location of the thesis area. It lies within 
the Mitchell Quadrangle part of Wheeler County. 
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variations in thickness, and (2), to present evidence of the source 

area from which the sediments were derived, the directions of sedi- 

ment transport, and the environments in which the sediments were 

deposited. 

A type section of the rock units is presented in this report 

(Plates 2 and 4). Names used here are informal but plans for a 

subsequent publication to formalize them are under consideration. 

Topography 

The axial part of the Mitchell anticline has been breached 

by erosion to form a topographic low. Here, less resistant mudstone 

and shales are exposed, whereas the more resistant conglomerates and 

sandstones stand topographically higher on the flanks (Fig. 2). 

The broad lowland area formed along the axis of the anti- 

cline has slight relief and is traversed by narrow steep -sided gul- 

lies. Although these weaker rocks generally underlie areas of low 

relief, they maintain very steep slopes where protected from erosion 

by overlying more resistant strata. Most of the arable fields of 

this area are developed on mudstone slopes or on alluvial fill next 

to the creeks. 

The conglomerates and sandstones flanking the Mitchell anti- 

cline usually form hogback ridges which rise up to 2600 feet above 

the shale -floored lowland. 

Capping the outer and generally highest ridge of Cretaceous 

rocks with angular unconformity are the Clarno Formation (Eocene) 

mudflow and basalt units. These also form hogback and cuesta ridges. 

i 
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A 
FIGURE 2. A view looking southwest across the Mitchell 

Anticline from a point one mile south of Tony Butte. The 
low area in the central part is underlain by mudstone of 

the Meyers Formation. The abrupt change in slope on the 
far side marks the beginning of the first Frizzell Forma- 
tion conglomerate unit. The higher regions are composed 
of younger volcanic rocks. 
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Bridge Creek, the main stream in the area, traverses the 

central part of the anticline structure, and its northwest trend is 

about normal to the anticlinal axis. South of Bridge Creek many 

hogback ridges are present. Here trellis drainage closely parallels 

the structural pattern (see map, Plate 1). North of Bridge Creek, 

two streams, Girds Creek and the unnamed one in Meyers Canyon, ac- 

count for almost all drainage in the area. Both streams, at least 

in part, cut across the main structural pattern much the same as 

Bridge Creek does. 

Numerous igneous intrusions transect the Cretaceous sedi- 

ments, commonly forming buttes or ridges. White Butte, a plug dome 

and the highest point in the area, has an elevation of 5640 feet. 

The lowest mudstone unit along Bridge Creek is at an elevation of 

2377 feet. This gives a maximum local relief of 3263 feet. 

Climate and Vegetation 

Although no weather data are available from the Mitchell area 

itself, United States Weather Bureau figures (37, p. 224) show that 

Dayville, a village 32 miles east of Mitchell, has an average annual 

temperature of 52 degrees Fahrenheit and an average annual precipi- 

tation of 10.4 inches. It is believed that the temperature and pre- 

cipitation differences between Dayville and Mitchell are slight. 

Summers are usually hot and dry with occasional thunderstorms. Win- 

ters are cold; most of the precipitation falls at this time, as both 

rain and snow. 

Because of the low, seasonal precipitation, soils are thin and 
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vegetation at lower elevations is limited to sagebrush, juniper 

trees, and grasses. Occasional broadleaf trees, mostly cottonwoods, 

are found near springs or along creeks and Ponderosa pine mantles 

most of the higher slopes. 

Previous Work 

The first published report of rocks of Cretaceous age in the 

Mitchell area was by W. M. Gabb (11) in 1868. Gabb, at the time a 

member of the first Geological Survey of California, visited the Bea- 

ver Creek area for the purpose of collecting fossils from these 

rocks. Two years later, Reverend Thomas Condon (5), in a report con- 

cerned chiefly with the vertebrate fossils of the John Day Formation, 

referred to the Cretaceous age of rocks in the Mitchell area. 

The first report on the lithology of the Cretaceous rocks was 

by John C. Merriam in 1901 (22). He described the sequence as sand- 

stones and conglomerates resting on a lower shale unit. In the midst 

of the lower unit, he described a mass of unknown eruptive rock. A 

good summary of earlier work is given by Merriam in this paper. It 

was noted by Washburn (39) in 1903 that Cretaceous rocks in the 

Crooked River area were resting on Paleozoic limestones. Buwalda (3) 

recognized an unconformity between what he called Chico rocks and the 

overlying Clarno Volcanic Series. He also stated that the Cretaceous 

rested on a pre- Cretaceous crystalline complex. 

Earl L. Packard (24), although interested primarily in the 

paleontology, divided the Cretaceous into four lithologic units. He 

believed the thick lower shale unit to be Horsetown in age and that 



7 

the upper coarse elastics would later prove to be Chico. 

Geologic mapping of the Mitchell area has been undertaken by 

several persons. Reconnaissance mapping was done by Hodge (13) in 

1932. Graduate students from Oregon State University have mapped 

most of the Cretaceous rocks as part of thesis problems. Included in 

this group are the theses of Bedford (1), Swarbrick (31), Bowers (2), 

McIntyre (21), and Howard (14). In 1959 Wilkinson (40, p. 81) pre- 

pared a small scale map for a field guide publication. 

Descriptions of fossil invertebrates from the Mitchell area 

were published by Packard (25 and 26) and Packard and Jones (27). 

The Mitchell area rocks are included by Popenoe, et al. (29) 

in a correlation chart of the Cretaceous of the Pacific Coast. 

Methods of Study and Procedures Followed 

All but one of the stratigraphic sections presented in this 

report were measured using a chain and compass. Section 3 (Plate 4) 

was measured with the aid of a planetable and alidade. The thickness 

of this section was determined graphically. Most lithologic descrip- 

tions were done in the field with the aid of a 10x hand lens. A 

sieved set of grain sizes following the Udden -Wentworth scale was 

carried in the field for comparative purposes. The calcareous nature 

of the sediment was determined in the field with the use of a ten 

percent solution of hydrochloric acid. 

Compositions of rocks thin sectioned were determined by the 

point count method described by Chayes (4). Added information was 

obtained by viewing many sawed rock surfaces with a binocular 
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microscope. 

The classification of sandstones followed in this thesis is 

the one described by Gilbert (41, p. 289 -297). In describing argil - 

laceous sedimentary rocks, the classification of Ingram (15) was 

used. All bedding thicknesses are referred to the scheme proposed 

by Ingram (16) in 1954. 
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STRUCTURAL GEOLOGY 

Major Structural Features 

Mitchell Anticline 

As mentioned previously (p. 1), the major structural feature 

of the area is a doubly anticline. Approximately 20 miles 

of this structure is exposed along the axis in a northeast -southwest 

direction. The maximum width of Cretaceous rocks exposed in the 

anticline is almost ten miles. The anticline appears symmetrical; 

the flanks have a general dip of about 25 degrees, but . a major por- 

tion of the west limb is covered by Tertiary volcanic rocks. Locally, 

flank dips up to 50 degrees are encountered. North of Tony Butte 

(Plate 1), the structure plunges under the younger rocks of the 

Clarno Formation. To the south, because of structural complications, 

the plunge is neither as apparent nor as pronounced. 

Metamorphosed Permian rocks are exposed along the axis in two 

places. At both locations, the Permian rocks are beside a large 

igneous intrusion. It is possible that the intrusion has raised the 

axis of the anticline in these two places. 

Mitchell Fault 

The Mitchell fault is an east -west trending fault passing 

just south of the village of Mitchell and extending several miles 

both east and west. The major displacement appears to be right 

lateral, but a vertical component may also be present. Evidence for 

the lateral movement is (1) the drag effect produced on the resistant 

. 
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beds in the central portion of the anticline, and (2) a shift in the 

axis of the anticline of approximately 12,000 feet. 

This fault can be traced into the Clarno Formation of Eocene 

age, but cannot be traced into any of the younger formations. 

Whether it dies out into the younger formations or is covered by 

them is not known. 

Homoclinal Structure South of the Mitchell Fault 

The major portion of the Cretaceous rocks south of the Mitch- 

ell fault shows an eastward homoclinal dip. This has resulted from 

movement along the fault which has shifted the anticlinal axis west- 

ward. The Clarno Formation has covered the west limb of this anti- 

cline with the exception of one small area. As shown by the geologic 

map in Swarbrick's thesis (31, p. 102), a reversal of dip represent- 

ing the west limb of the anticline is present. 

Minor Structural Features 

Structures of less significance regionally but of local im- 

portance are present throughout the Cretaceous rocks. Many small 

faults can be traced on the air photographs and in the field. Their 

displacements are generally small. The age of these faults cannot 

be determined accurately, but many continue into the Eocene Clarno 

Formation. Folding has accompanied this faulting. Figure 3 shows 

a tight fold faulted against gently dipping rocks. This structure 

and most others like it are associated with intrusions. High in the 

section a thick conglomerate is resting on dipping strata (Fig. 4). , 

. 
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FIGURE 3. A small, almost vertical fold in 

fault contact with beds of similar lithology but 
less steeply dipping. Rocks are from the Meyers 
Formation mudstone unit located three miles west 
of Mitchell. The large light colored object is 

a calcareous concretion. 

FIGURE 4. Cretaceous conglomerates overlie with 
angular discordance sandstones and mudstones also 
of Cretaceous age. This is interpreted as a local 

thrust fault. This fault is located approximately 
11 miles west of Mitchell along the Ochoco Highway. 
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This is believed to be a thrust fault of local extent. 

ALE of Deformations 

Pre -Cretaceous Deformation 

12 

There is evidence for a period of deformation before Creta- 

ceous time. There is an angular discordance between the Permian and 

Cretaceous rocks. The Cretaceous rocks dip up to 50 -60 degrees; the 

older rocks are even more steeply dipping and often contorted. Low 

grade metamorphism has produced phyllites, schists, and marbles in 

the Permian rocks; the Cretaceous rocks are unaffected by metamor- 

phism. 

Pre -Eocene Deformation 

A Pre -Eocene deformation is evidenced by the angular discord- 

ance between the Cretaceous rocks and the Clarno Formation of Eocene 

age. Also, it can be seen that the Clarno Formation is deposited on 

more than one unit of the Cretaceous rocks. 

Post -Eocene Deformation 

This region has remained unstable through much of Tertiary 

time. Angular unconformities exist between the Clarno and John Day 

Formations and between the John Day Formation and the Columbia River 

Basalt. Post Columbia River Basalt deformation is represented by 

broad folds such as the Sutton Mountain Syncline. 
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STRATIGRAPHY 

General Statement 

The characteristics of the Cretaceous rocks can best be dis- 

cussed in general terms by dividing the rocks into a lower and an 

upper part. The lower part is dominantly mudstone and shale. Where 

the contact with the underlying rocks is exposed, there is a coarse 

clastic basal unit. There is also a tongue or lens of sandstone and 

conglomerate higher in the section. The upper portion, dominantly 

coarse clastics, consists of thick sandstone and conglomerate units 

with intercalated shales and mudstones. 

Lithologies mentioned above suggest a division of the Cre- 

taceous rocks of the Mitchell area into two major rock units. In 

this report, both of these units will receive formational ranking. 

Further subdivision is possible within each of the major units, but 

because they are laterally discontinuous, proper placement of them 

is speculative. 

No :formal names have been proposed thus far for these units. 

Names used here are selected to conform to the Code of Stratigraphic 

Nomenclature of the American Commission on Stratigraphic Nomencla- 

ture. 

Meyers Formation 

Name and type section 

The lower of the two major units mentioned previously is 

herein given the name Meyers Formation. The Meyers Formation is 
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named for the occurrence of its type section near the head of Meyers 

Canyon. Measurement of the section was started where the base of the 

formation is exposed in the SEkSA Sec. 13, T.11S., R.22E. The ini- 

tial point is in the second gully southeast from the intersection of 

Highway 207 with an old jeep trail near the head of Meyers Canyon 

(Plate 1). This was chosen for the type section in that it is the 

most complete exposure of the unit. The base and top are exposed 

also in measured section 3 starting near Tony Butte and going east- 

ward, but more of that section is covered. In this report, the 

Meyers Formation at the type section will be divided into three 

units: a basal sandstone (Unit 1), a thick marine mudstone (Unit 2), 

and a tongue of sandstone (Unit 3) high up in the thick mudstone 

unit. Also included in this discussion will be a second sandstone 

unit found near the base at Tony Butte but not at Meyers Canyon. 

Details of the type section are given in the stratigraphic section 

shown on Plate 4. 

Unit 1. Basal Sandstone 

At the Type Locality. The basal unit of the Meyers Formation 

consists of sandstone and conglomerate. At the unconformable contact 

with the underlying Permian cherts, crystalline limestones, and phyl- 

lites, there is a medium to coarse grained sandstone with a few 

rounded to subrounded pebbles and angular fragments of the underlying 

rocks. A few inches above this contact is the beginning of a con- 

glomerate bed. 

The conglomerate of this basal unit contains subrounded 
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pebbles of chert, quartzite, and lesser amounts of metamorphosed vol- 

canic and sedimentary rocks. A few cobbles are also present. The 

uppermost conglomerate bed in this unit is five feet thick and shows 

definite grading; the bottom consists of pebbles one to two inches 

in diameter which grade upward to a pebbly sandstone. Other conglom- 

erate beds present in the lower unit do not show this feature. 

The sandstone in this basal unit is brown on the weathered 

surface from limonite staining, and gray -green on a fresher surface. 

Because of the penetration of the weathering agents, the sandstone 

does not appear very fresh anywhere. Rock fragments, quartz, feld- 

spar, and mica can be seen in the hand specimen. In a few places, 

numerous fossil wood and plant fragments are found in the sandstone. 

These fragments are up to several inches long. Bedding is somewhat 

flaggy in parts, especially where the sandstone is rich in wood frag- 

ments. Locally the sandstone is massive; in other places there is 

graded bedding. 

The modal analysis of a sample from the basal unit is given 

in Table 1. It is a lithic arenite. The grains are well sorted, 

angular to subangular, and average .125 mm. in diameter. Wavy ex- 

tinction is common to most of the quartz grains. They appear to be 

elongate, but are not aligned in the rock. Chert is both fine- and 

coarse -grained. Chert often has many healed fractures which criss- 

cross a finer -grained matrix. A small amount of K- feldspar is pres- 

ent, but sodic plagioclase predominates. Most feldspar is partially 

altered to sericite and kaolinite. Sericite, seen penetrating the 

borders of detrital grains, is authigenic. Other constituents, 

- 
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including basic rock fragments and micas, have altered to clay 

minerals. 

TABLE 1. Modal analysis of a sample from the basal unit of the 
Meyers Formation at its type area. 

Composition 7, Composition 

Quartz 28 Muscovite 2 

Chert 20 Igneous rock fragments 2 

Feldspar 11 Hematite 2 

Phyllite rock fragments 9 Metavolcanics 2 

Clay 9 Sericite 1 

Volcanic rock fragments 7 Chlorite 1 

Quartzite 5 Leucoxene 1 

Additional Exposures of Unit 1. This unit is exposed at one 

other location. Southwest of Tony Butte, where measurement of Strat- 

igraphic Section 3 (Plate 1) was started, the lower contact may be 

seen (Fig. 5). Here it also overlies Permian ( ?) rocks. However, 

at this location, Permian ( ?) greenstones are present as well as 

cherts, limestones, and other rocks of the Meyers Canyon area. 

At the contact there is a gritty and pebbly sandstone. It is 

gray -green, as it is throughout most of the unit, and weathers to a 

medium brown. Most grains are subangular to subrounded, and sorting 

is only fair. The first few inches of this basal sandstone contain 

angular fragments of the underlying greenstones. These fragments are 

up to 3/4 inch across at the base of the bed but above the first foot 

they are sand -sized. Also, small pecten -like pelecypod shells, too 

poorly preserved for identification, are found in the lower few 

inches of the formation. 

,7. 
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FIGURE 5. Pre -Cretaceous -Cretaceous contact near 
Tony Butte. Greenstone (lower left) of pre- Cretaceous 
age underlies sandstone (upper right) of Cretaceous age. 
Shell fragments and angular clasts of the greenstone 
are incorporated in the lowest few inches of the sand- 

stone (center). A white calcite vein is seen in the 

upper part of the picture. 
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The mode determined by thin section analysis, Table 2, shows 

this rock to be a lithic arenite. Calcite, the most abundant constit- 

uent, occurs both in the form of fossils and cement. It has replaced 

many other minerals in the rock. Quartz and feldspar, which show 

deep embayments and serrated borders, are particularly susceptible. 

As a result of this replacement, many grains seem to float in the 

cement. 

Other than the fossils, greenstone ( ?) rock fragments are the 

most abundant detrital grains. They appear to be basic rock frag- 

ments partially altered to chlorite, serpentine, and clay minerals. 

In thin section these are light green to yellow green and, where a 

high amount of iron oxide is present, a yellow- orange tint is strong. 

The schistose rock fragments are composed chiefly of sericite 

and quartz. The small grain size suggests that they were derived 

from a phyllite or fine- grained schist. 

TABLE 2. Modal analysis of a sample from the basal unit of the 

Meyers Formation at Tony Butte. 

Composition Composition 

Calcite cement and 
fossil fragments 

Greenstone fragments 
Chert fragments 
Slaty rock fragments 
Volcanic rock fragments 
Quartz 

39 

22 

16 

10 

6 

4 

Quartzite fragments 2 

Chlorite 
Feldspar 
Leucoxene 
Hematite 
Glauconite 

T 

T 

T 

T 

T 

Unit 2. Mudstone 

At the Type Locality. A thick unit, consisting of almost 

7. 7. 
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4,000 feet of dark green to gray -black mudstone is well exposed 

along the type section. This lies directly over the basal sandstone 

unit. The contact between the two units is well defined, with the 

dark mudstone resting, apparently concordantly, on the sandstone. 

No interbedding or evidence of a gradation between the two units was 

observed. 

Both the greenish and the dark gray mudstone weather to a 

light grayish color. The mudstone consists of almost 50 percent 

silt -sized particles. These are mostly quartz and feldspar, but 

micas and chlorite are locally abundant. There are many sand parti- 

cles within the mudstone, locally including glauconite pellets. 

Authigenic pyrite, partially altered to limonite, is locally abun- 

dant. Fresh material shows the mudstone to be thinly laminated for 

the most part. Spheroidal weathering characterizes the mudstone 

which breaks into angular chips that display a hackly or subconchoi- 

dal fracture (Fig. 6). Absence of fissility, except in a few places, 

necessitates the term mudstone instead of shale. 

Calcareous concretions are found throughout most of the unit; 

these appear to be somewhat more abundant near the base and again 

higher in the section. These concretions, dark gray on fresh surface 

but weathered to light tan, make a prominent contrast with the mud - 

stone. They range in size from two inches to four feet long, with 

the thickness generally 1/4 to 1/2 of the length. Some concretions 

are septarian with coarsely crystalline calcite filling the cracks. 

Fossils can be found in almost all concretions, but preservation is 

generally poor because of recrystallization. Ammonites weather out 

. 
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FIGURE 6. Fine clastic rocks in the upper 
part of the Meyers Formation, weathering to 
angular chips, are typical of most Cretaceous 
mudstones in the Mitchell area. 

r. 
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of some of these concretions, and may have been the nuclei for their 

formation. 

Locally present in the mudstone are thin to medium beds of 

sandstone. These beds are commonly graded and may have sole markings 

at the base. These sole features will be discussed later. Composi- 

tionally, most of these sandstones are lithic wackes. 

Fossils found in this unit are mostly Early to Late Albian 

ammonites, but crabs, pelecypods, and nautiloids also are present. 

All seem to be either in concretions or weathered out of concretions. 

Additional Exposures of Unit 2. This thick mudstone unit 

crops out extensively, underlying flat or gently sloping fields 

throughout the center of the breached Mitchell Anticline. It was 

found in all but one stratigraphic section measured in the field. 

However, all but one section other than the type section were incom- 

plete because the bases were not exposed. 

The other complete section of this thick mudstone unit is 

found near Tony Butte (see Plate 1). The thickness of the mudstone 

unit ranges from 2760 feet at Tony Butte to 4000 feet at Meyers Can- 

yon. The general lithology at the two locations appears similar. 

Unit 3. Tongue of Coarse Clastics 

At the Type Locality. Approximately 3100 feet above the base 

of the mudstone sequence is a series of sandstones interbedded with 

the mudstone. This unit is about 100 feet thick with both boundaries 

gradational. The lower contact is placed where sandstone exceeds 25 

percent of the total rock unit. Likewise, the upper contact is 
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placed where sandstone is less than 25 percent of the total thickness. 

The central part is comprised of about 70 percent sandstone. Also 

present is an 11 foot thick sill ( ?) of badly weathered basalt. 

The fresh sandstone is gray -green but weathers to a medium 

brown. Small white specks in the rock are feldspar which has par- 

tially altered to clay. Other constituents are quartz and rock frag- 

ments. It is a coarse to medium grained sandstone with a few mud - 

stone fragments in it. Most of the grains are subangular, but a few 

exhibit a higher degree of rounding. A clay matrix is the main ce- 

menting agent, but calcite cement also is present, the amount varying 

from place to place. The sandstone is thin to medium bedded with 

beds thickening toward the center of the unit. Although partings 

along the bedding planes are spaced up to several inches apart, a 

finer stratification is almost always present. Grading is common, 

but reverse grading is almost as prevalent as normal grading. 

Additional Exposures of Unit 3. This unit also crops out im- 

mediately south of the type locality. It is shown in measured sec- 

tion 5 (see Plate 6). The unit here is 168 feet thick --a consider- 

ably greater thickness than at the type locality. Of the 168 feet 

the upper 75 feet are sandstone; the remainder are conglomerate. 

The conglomerate can be separated into three parts, each 

graded upward from coarse cobble conglomerate to pebbly sandstone. 

The top unit grades upward to a medium grained sandstone. Mixed with 

the cobbles at the base of the lowermost conglomerate bed are sand- 

stone fragments up to 18 inches long. 
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The sandstone matrix of the conglomerate is indistinguishable 

from the sandstone into which the conglomerate grades. Both are dull 

green when fresh and light brown when weathered; both are medium to 

coarse grained and poorly sorted. Grains are subangular to sub - 

rounded. Both are calcareous. The composition of the pebbles in 

the conglomerate is tabulated in Table 3. 

TABLE 3. Pebble counts showing distinction between conglomerate lens 
of Meyers Formation and Frizzell Formation conglomerates. 
(Percentages are based on 300 pebbles counted at each lo- 
cation). 

Rock types Unit 1. Frizzell 
Fm. at Meyers 
Canyon 

Unit 1. Frizzell 
Fm. at Mitchell 

Unit 3. Meyers 
Fm. at Mitchell 

Quartzite and 
chert 31 21 62 

Basic and interme- 
diate volcanic rocks 57 59 32 

Granitic rocks 3 9 2 
Metamorphic and 
metasedimentary rocks 7 8 3 

Other 2 3 1 

Total Percentages 100 100 100 

It is important to note that the lowermost conglomerate unit 

in this section does not mark the base of the overlying Frizzell For- 

mation as other basal conglomerates do in measured stratigraphic 

sections 1 through 4. Instead it is correlated with the 100 feet of 

sandstone found within the Meyers Formation at the type locality, and 

, 
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is therefore interpreted as a lens of coarse clastic material within 

the Meyers Formation. Following is evidence that supports this in- 

terpretation: (1) aerial photographs show a lateral continuity and 

apparent thinning between the lowermost conglomerate in measured 

section 5 and the sandstone in measured section 4, (2) both the con- 

glomerate of section 5 and the sandstone of section 4 occur between 

500 feet and 600 feet above a horizon at which three identical ammo- 

nite species are found in the same relative stratigraphic position 

in each section, and (3) dissimilarity exists between the pebble com- 

position ratio in the conglomerate of section 4 and the lower con- 

glomerate of section 5 (Table 3). 

The other occurrence of this unit is found in stratigraphic 

section 6, which is located south of the Mitchell fault (Plate 1). 

Because of its location in respect to the fault, correlation is dif- 

ficult, but one dated fossil locality helps to correlate between this 

stratigraphic section and section 1. The lower conglomerate appears 

to be traceable over much of the anticline. 

Unit 4. Sandstone 

This unit occurs at only one location. It crops out about one 

mile southwest of Tony Butte in the NEk Sec. 3, T.11S., R.22E. Be- 

cause of the lack of information concerning its lateral extent, its 

thickness changes, and proper correlation, subdividing the unit would 

be premature at this time. 

The unit, 159 feet thick, is dominated by coarse elastics. 

Seven of the lower 11 feet are pebble conglomerate with a four foot 
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sandstone interbed present. Toward the top the sandstone is inter- 

bedded with mudstone. The central and major part, however, is a 

light gray -green sandstone that weathers light brown. A few pebbles 

and mudstone fragments are present but not abundant. Bedding of the 

sandstone appears thin, but the wavy nature of this bedding suggests 

that this is a secondary feature. Sole markings are found where some 

thin interbeds of mudstone occur within the sandstone. 

The lower boundary of this unit is placed at the first occur- 

rence of a coarse clastic, either sandstone or conglomerate, approx- 

imately 400 feet above the base of the Cretaceous at Tony Butte. 

Because of the interbedding of mudstone with the sandstone, the upper 

boundary is not as well defined. 

Since this unit crops out in the vicinity of Tony Butte and 

not near Meyers Canyon, it is assumed that it pinches out to the 

southwest. However, this is only one dimension and more information 

is necessary to determine its true geometry. This unit is not a part 

of Unit 3. Unit 3, present at the Meyers Formation type section, 

pinches out to the north several miles from Tony Butte. 

An Early Albian age has been determined for the underlying 

mudstone unit based on ammonites. The overlying unit can be corre- 

lated with mudstones to the south that contain Late Albian ammonites. 

Therefore, the age of this unit can be from Early Albian to Late 

Albian, but its proximity to the Early Albian fauna and its greater 

distance to the Late Albian correlative suggest that it is probably 

Early Albian or Early Middle Albian. 
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Definition of Boundaries and Contact Relationships 

Lower Contact of Meyers Formation. The Cretaceous Meyers For- 

mation rests with angular unconformity on Permian rocks, and its lower 

boundary is determined by (1) sandstone or interbedded sandstone and 

conglomerate resting on low -rank metamorphic rocks, (2) less steep- 

ened dips of the younger formation, and (3) at the contact, the Cre- 

taceous sandstone has incorporated in it pieces of the older rock 

unit. At Meyers Canyon, the Cretaceous rocks overlie phyllites or 

low grade schists, whereas at Tony Butte they overlie greenstone. 

Upper Contact of Meyers Formation. The top of the Meyers For- 

mation is defined as the last occurrence of mudstone below a thick 

conglomerate and sandstone sequence. Because tongues of conglomerate 

are found in the Meyers Formation, the contact will not always be at 

the lowest conglomerate unit. The latter case can be seen in measured 

section 5 (Plate 6). There is apparently no transition in lithology 

between the Meyers Formation and the overlying one at this locality, 

for the mudstone lies directly under a pebble conglomerate. The con- 

tact between the Meyers Formation and the overlying one is concordant 

if not conformable. 

Contacts Within the Meyers Formation. The upper termination 

of the basal sandstone is quite abrupt, being overlain by a silty mud - 

stone. 
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Unit 3, the tongue of sandstone higher in the mudstone unit, 

has somewhat gradational boundaries. At the bottom is a muddy, 

poorly indurated sandstone which resembles the mudstone. This gives 

way to a resistant sandstone in the middle of the section. The upper 

boundary is also gradational; resistant sandstone interbedded with 

the mudstone decreases upward. The transition is so gradual that 

this boundary is arbitrary. For convenience, it will be placed where 

the sandstone becomes less than 25 percent of the total thickness of 

the rock unit. 

Dimensions and Shape 

The basal sandstone is encountered at two localities; at the 

type section it is 183 feet thick, and at Tony Butte it is 237 feet 

thick. Since the base is not exposed either to the west or east, the 

only conclusion that can be drawn is that one component of the thin- 

ning is to the south. 

Both the upper and lower contact of the thick mudstone se- 

quence is exposed near Tony Butte and near Meyers Canyon. A north- 

ward thinning of 1,262 feet between these two localities can be meas- 

ured. 

Unit 3 at the type section is sandstone. At the locality of 

stratigraphic column 5 it is much thicker and mostly conglomerate 

with some sandstone in the upper part. Thus in a southward direction 

there is an increase in the thickness of the unit and in the diameter 

of the contained particles. This unit was not found in stratigraphic 

section 1, so it also pinches out westward. Thus the maximum 
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increase in thickness appears to be to the southeast for this coarse 

clastic unit. 

Paleontology and Awe 

The Meyers Formation has yielded many fossils. Unfortunately, 

only those found in the mudstone unit are preserved well enough or 

are complete enough for identification. A list of fossils identified 

is given in Table 4. (Examination shows that both Early Albian and 

Late Albian fossils are found.) The stratigraphic positions of these 

fossils are placed on the stratigraphie columns. The collecting lo- 

calities of identified fossils are given on Plate 1. 

TABLE 4. List of fossils identified from the Cretaceous rocks of the 

Mitchell area. Map locations are given on Plate 1, strati- 

graphic positions on Plates 2 through 7. (All identifica- 

tions are by Dr. David L. Jones, United States Geological 

Survey, and Dr. Earl L. Packard). 

Location Number Fossils 

F1-4 turreted gastropod 

F1 -6 Douvilleiceras mammillatum - Late 

early or middle Albian 

F1-7 Acanthehoplites sp. 

Leconteites cf. L. deansi 

early Albian 

F1 -8 Leconteites lecontei 

compressed desmoceratid ammonite 

early Albian 

F1-9 Cymatoceras (nautiloid) 

Desmoceras (Pseudouhligella) 

aragonauticum (Anderson) 

_ 



29 

TABLE 4. Continued 

Location Number Fossils 

F1-10 Desmoceras (Pseudouhligella) sp. 
Tetragonites sp. 
late Albian 

F1-11 

F1-13 

F1-14 

F1-25 

F1-26 

F1-27 

F1-28 

F1-29 

F1-30 

F1-31 

F1-32 

Desmoceras (Pseudouhligella) sp. 

Nautiloid 
late Albian 

Desmoceras sp. 
Leconteites lecontei 
crab claw 
early Albian 

Leconteites lecontei, Zelandites sp. 
early Albian 

Desmoceras (Pseudouhligella) 
argonauticum, late Albian 

Desmoceras (Pseudouhligella) 
argonauticum 

Desmoceras (Pseudouhligella) 
argonauticum 

Desmoceras (Pseudouhligella) sp. 

Albian 

Pachydesmoceras ? fragment 
late Albian 

Douvilleiceras mammillatum 
late early to middle Albian 

Brewericeras hulenense 
early Albian 

Brewericeras hulenense 
Zelandites sp. 

early Albian 

F1-35 Anagaudryceras sacya 
Desmoceramus (Pseudouhligella) 

argonauticum 
late Albian 
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In the NWNEk Sec. 23, T.11S., R.22E. a group of fossils were 

found in the shale part of the Meyers Formation. These included bro- 

ken fragments of ammonites, small echinoids, and a few very small 

pelecypods and gastropods. Almost all of these fossils are limo - 

nitized. Unusual amounts of wood and plant debris accompanied these 

marine invertebrates, as well as some almost pure layers of glauco- 

nite, These fossils will be described more fully in a later report. 

At both basal sandstone locations, small pectenoid pelecypod 

shells were found. Here, preservation was too poor for identifica- 

tion. No investigation of the carbonized wood imprints was under- 

taken. 

Frizzell Formation 

Name and Type Section 

The upper unit of the Cretaceous rocks is herein given the 

name Frizzell Formation. The Frizzell Formation is named for the 

occurrence of its type section near the Old Frizzell Ranch which was 

measured along a traverse beginning in the SaSWk Sec. 4, T.11S., 

R.22E. (Plate 1). This point is located approximately 700 feet east 

from Oregon Highway 207 at the Old Frizzell Ranch on the road leading 

to the Jackson Brothers' Ranch. Although the section was measured 

from a point on this road, the lower contact of the Frizzell Forma- 

tion is found over the first small hill north of the road. This con- 

tact is characterized by the presence of poorly sorted conglomerate 

with rounded to subrounded pebbles up to two inches in diameter over- 

lying interbedded mudstone and sandstone. 
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Starting from the initial point of traverse near the Old 

Frizzell Ranch, the section was measured in a general northwest di- 

rection, terminating where the basalts of the Clarno Formation uncon- 

formably overlie the Cretaceous rocks in the NEkSW4 Sec. 31, T.10S., 

R.22E. (Plate 1). Approximately 1.8 miles northwest of the Old 

Frizzell Ranch on Highway 207 the nose of a small conglomerate ridge 

projects very close to the road where the latter makes a gentle east- 

ward bend. Six hundred feet northwest of this bend is a dry wash or 

ravine that conceals the contact between the Cretaceous rocks and the 

overlying Clarno Formation basalts. 

This area was chosen for the type section because it offers 

good exposures, a rather extensive section, and is free from struc- 

tural complications as far as can be determined. It is possible that 

a more complete exposure of this unit may be found in stratigraphic 

section 6 (Plate 7) south of the town of Mitchell, but it is be- 

lieved that repetition by faulting may have increased the apparent 

thickness. Also, since stratigraphic section 6 occurs south of the 

Mitchell fault, it is not easily correlated with the area north of 

the fault. 

The Frizzell Formation at the type area is divided into five 

lithologic units. There are three major conglomerate units with mud - 

stone between each. The conglomerate units are designated as lower, 

middle, and upper; the two mudstone units are designated as lower and 

upper. Each of these units is lithologically distinct from the adja- 

cent one. However, the lower and middle mudstone units also have 

very similar characteristics. The only truly distinctive unit is the 
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upper conglomerate. 

Unit 1. Lower Conglomerate 

At the Type Locality. This unit consists predominantly of 

conglomerate with thin beds or lenses of sandstone occurring through- 

out. It is estimated that sandstone comprises five to ten percent 

of the 1700 foot thick section. A few mudstone beds are found near 

the top of the unit. 

The conglomerate is gray or gray -green when fresh, and weath- 

ers to a dark brown. Weathering normally produces rounded surfaces 

on the conglomerate outcrops (Fig. 7) with an infrequent hoodoo be- 

neath a more resistant cap. The pebbles that weather out of the ma- 

trix litter the slopes. 

The rock is dominantly a pebble conglomerate with rounded to 

subrounded pebbles ranging from k inch to two inches in diameter. A 

fairly high degree of sphericity is present in most pebbles, although 

no quantitative data were collected. Locally present is a coarse 

conglomerate with cobbles up to ten inches in length. In general, 

conglomerate with coarse pebbles and cobbles is more poorly sorted 

than is fine pebble conglomerate. 

Bedding is very thick in most places although faint cross - 

stratification and a thinner bedding is locally perceptible. Strati - 

graphic alternation of grain size may be either gradational or abrupt, 

but the latter is the most common. As a rule fine pebble conglomerate 

grades upward into sandstone, but layers showing marked differences 

in coarseness generally have sharp contacts. Small -scale scour and 



FIGURE 7. The lowermost 
the Frizzell Formation, as 

section along Girds Creek, 
which are typical for that 

conglomerate unit of 

it appears at the type 

shows rounded surfaces 
unit. 
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fill features are present at many contacts. 

The pebbles are predominantly chert but intermediate to basic 

volcanic rocks are also abundant (Table 5). Chert and quartzite peb- 

bles are various shades of gray, green, red, and dark grayish black. 

Chert pebbles are generally fractured and veined by secondary silica. 

TABLE 5. Pebble count percentages of the three conglomerate units of 
the Frizzell Formation along the type section. (Percent- 
ages are based on 300 pebbles examined at each unit). 

Rock types Unit 1 Unit 2 Unit 3 

Quartzite and chert 38 59 47 

Basic and intermediate 
volcanic rocks 48 45 32 

Granitic rocks 4 7 11 

Metamorphic and 
metasedimentary rocks 7 8 7 

Other 2 1 3 

Total Percentages 100 100 100 

The matrix of the conglomerate is a greenish -gray or grayish- 

brown sandstone. Almost all of the sandstone has some calcareous 

cement present. The resistance of the sandstone matrix and thus of 

the conglomerate depends upon the amount of calcareous cement. The 

more highly calcareous conglomerate in places forms the resistant 

caps of the hoodoos mentioned previously. 

Petrographic study of thin sections from this unit was used to 

more fully describe the nature of the matrix. Sample Mc -20 from a 

- 
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four inch thick sandstone bed 800 feet above the base of the unit is 

brownish gray when fresh, and weathers to a medium brown. The rock 

is very dense, highly calcareous, and has a low porosity. Graded bed- 

ding is apparent in the hand specimen and thin section. Grains range 

from grit at the base to medium sand near the top; sorting is fair. 

Angularity of the grains is more apparent with a decrease in size. 

Plant fragments up to 3/4 inch long and 1/4 inch wide are present on 

the upper bedding plane in the form of carbonized films. 

The mode of specimen Mc -20 is presented in Table 6. This rock 

is a lithic arenite containing grains of chert, quartz, feldspar, and 

volcanic rocks. The abundant chert is for the most part finely crys- 

talline. Veinlets which contain somewhat coarser quartz than the 

normal chert transect the grains in a criss -cross pattern. 

TABLE 6. Modal analysis of four specimens from the Frizzell Formation 
at its type area. 

Mc -20 

Unit 1 

Mc -21 

Unit 1 

Mc -23 

Unit 3 

Mc -67 
Unit 5 

Chert 24 18 20 19 

Quartz 10 8 21 14 

Feldspar 8 5 17 6 

Basalt rock 
fragments 11 8 13 3 

Slaty rock 
fragments 4 T 2 6 

Epidote 1 2 T 

Igneous rock 
fragments 1 - 2 
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TABLE 6. Continued 

Mc -20 

Unit 1 

Mc -21 
Unit 1 

Mc -23 

Unit 3 
Mc -67 

Unit 5 

Quartzite 

Limonite 

Leucoxene 

Calcite cement 

Chlorite 

Biotite 

Zircon 

Sericite 

Clinopyroxene 

Muscovite 

Zeolite 

Nontronite 

1 

T 

T 

39 

T 4 3 

T 

T 

55 - 45 

1 2 T 

1 T 

T 

T T 

T 

T 

- ? - 

11 1 

Second in abundance are basic to intermediate volcanic rock 

fragments. These are especially susceptible to alteration, forming 

small rhombs of siderite and fibrous chlorite within the rock frag- 

ments. These are commonly altered to aggregates of rhombic siderite 

and fibrous chlorite. Iron, released from mafic minerals in the rock 

fragments has combined with carbonate to form siderite rather than 

calcite. In Table 6, siderite is included with basalt rock fragments. 

Other detrital mineral types include feldspar, which is mostly 

badly weathered intermediate plagioclase, and slaty rock fragments, 

- 

- 

- 

- - 

- 
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which display mass extinction and have a high carbon content. 

Calcite cement is the most abundant constituent in the rock. 

It has embayed the borders of many detrital grains. Particularly 

susceptible to this embayment are basalt fragments, but quartz, chert, 

feldspar, and other minerals are not immune to this replacement. 

Cuspate borders are produced in this way which makes many grains ap- 

pear more angular than they were when deposited. Many impurities are 

present in the calcite cement; these appear to be mostly clay -like 

minerals, but quartz, feldspar, chlorite, or other minerals in a 

finely divided state would be masked by the high birefringence of the 

calcite to the extent of being unrecognizable. 

A pebble conglomerate (Mc -21) from 1050 feet above the base of 

the unit is medium to dark gray when fresh and weathers brown. Its 

pebbles are mostly chert, volcanic and slaty rock fragments with 

minor greenstone, sandstone, and quartzite. Pebbles range up to 1/2 

inch in diameter, the majority being less than 3/8 inch; all are sub - 

rounded to rounded. 

A sandstone matrix makes up 35 -40 percent of the rock, the re- 

mainder being pebbles. The mode of the matrix is given in Table 6. 

The sand is medium to fine grained with a calcareous cement. No 

grading was detected. Recognizable sand grains are subangular to sub - 

rounded chert, quartz, and dark fine -grained rock fragments. The 

characteristics of the detrital constituents are identical to those 

of Mc -20. 

Calcite cement is so abundant that many grains appear to be 

suspended or to float in it. Calcite has partially to nearly 

- 
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completely replaced many of the detrital grains; ghosts of subrounded 

detrital grains can be seen in this cement. Some even show crystal 

outlines which suggests the original grain was probably a phenocryst 

in a volcanic rock. As noted in the previous sample described, vol- 

canic rock grains are especially susceptible to replacement by cal- 

cite. 

Additional Exposures of Unit 1. The measured section in this 

study that is closest to the type area is the one that runs in an 

eastward direction from a point near the base of Tony Butte (Sec- 

tion 3). At this location there is exposed a complete section of 

Unit 1 consisting of 1624 feet of conglomerate and sandstone. Almost 

one third of this section is sandstone, whereas sandstone at the type 

area is less than ten percent. Some pebbly mudstone beds are also 

present in this unit. 

Most of Unit 1 is covered unconformably by the overlying 

Clarno Formation at both the Meyers Canyon section and the section 

through the village of Mitchell (Stratigraphie Sections 4 and 5, 

Plates 5 and 6). At each of these locations approximately 500 feet 

of Unit 1 are exposed. Above Meyers Canyon the section consists of 

about one half each of conglomerate and sandstone with minor mudstone 

interbeds. The rocks near Mitchell contain several thick beds that 

show grading from a pebble conglomerate at the base to a sandstone 

at the top. 

Considering the structural complications and the distance be- 

tween stations, correlation with the rocks in the stratigraphie 
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section measured south of the Mitchell fault (Plate 7) are not as 

good as one might desire. However, fossil evidence shows that a 

thick clastic unit occupies the same stratigraphie position in meas- 

ured section 6 as in the type section. 

Unit 2. Lower Mudstone 

In the type section this unit consists of 637 feet of dark 

gray mudstone with some thin wacke interbeds. The lower contact, 

gradational with Unit 1, is identified by the occurrence of inter- 

bedded mudstone and sandstone above conglomerate. The percentage of 

sandstone diminishes within a short distance upward from the contact. 

The mudstone is dark gray when fresh, and weathers to a 

lighter gray. Carbonized plant fragments are found in some speci- 

mens; a few pyrite crystals are present. The mudstone is thinly to 

thickly laminated but does not break along these laminae. It dis- 

plays a hackly or subconchoidal fracture. Compositionally, it con- 

sists of about 55 percent silt -sized fragments of quartz, feldspar, 

chlorite, sericite, and mica. The matrix is a mixture of finely di- 

vided clay, chlorite, sericite, leucoxene, hematite, and chalcedonic 

silica. Small patches of carbonate are present. The largest par- 

ticles are .035 mm. in length; the median diameter is approximately 

.01 mm. 

Unit 3. Middle Conglomerate 

The middle conglomerate unit is almost identical to the lower 

conglomerate unit in its lithology. It also consists of rounded to 
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subrounded pebbles set in a matrix of sandstone. The conglomerate 

is gray to gray -green when fresh, and weathers to a dark brown. The 

slopes are characterized by the same rounded surfaces of the weath- 

ered conglomerate. The topographic expression is shown in Figure 8. 

Some cobble conglomerate beds are present and cobbles may be found 

in the pebble conglomerate. High in the unit is a pebbly sandstone 

lens which has, in the central portion of it, a graded sequence of 

pebble conglomerate; the pebbles do not touch one another and seem 

to float in the matrix (Fig. 9). Visible at the same locality of 

Figure 9 but not seen in the photograph is the gradation of pebbles 

in a horizontal as well as a vertical direction. This gradation 

showed a decrease in pebble size toward the northwest. 

Lenses and beds of sandstone are also present in this unit. 

Sharp contacts of sandstone over conglomerate are not as common as 

gradational ones. When a sandstone is overlain by conglomerate, the 

contact is often irregular (Figs. 10 and 11). 

At the base of this unit along the westward traverse is a 

poorly exposed sandstone which is approximately 15 feet thick. Di- 

rectly over this is a poorly sorted cobble conglomerate which has in- 

corporated angular blocks of sandstone and mudstone up to three feet 

long. A crude stratification of the cobbles can be seen here. 

The sand matrix was studied microscopically and the mode is 

given in Table 6. The most striking difference between this unit and 

the lower conglomerate (Unit 1) of the formation is the lack of cal- 

cite cement. Instead of cement there is a finely divided matrix of 

clay, chlorite, sericite, silica, feldspar, and a mixture of material 
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FIGURE 8. The middle conglomerate unit of the 
Frizzell Formation, as it appears at the type 
section along Girds Creek, shows the rounded 
weathered surfaces typical for that unit. 
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FIGURE 9. A view of a conglomerate bed in unit 
2 of the Frizzell Formation that grades upward to 
a pebbly sandstone. Note the high percentage of 
sandstone matrix and the low number of pebbles in 
contact with one another. 
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FIGURE 10. A wavy contact is seen between the 
pebble conglomerate and the sandstone. This is 
part of the middle conglomerate unit of the Friz- 
zell Formation along Girds Creek. 

FIGURE 11. A closer view of the above photo 
shows that the contact between conglomerate and 
sandstone is sharp. These may represent small 
scour and fill structures. Also note fractured 
appearance of sandstone. 
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too fine to identify. Authigenic iron -rich montmoriilon.te clay 

(Nontronite) is present as radiating fibrous structures which fill 

voids and surround most of the detrital grains. 

Unit 4. Upper Mudstone 

The upper mudstone unit is very similar lithologically to the 

lower mudstone. It is 302 feet thick at the type section along Girds 

Creek and has a few thin wacke beds scattered throughout. 

The mudstone is characterized by gray color, hackly or sub - 

conchoidal fracture, and a high silt content. Microscopically, it is 

similar to the mudstone found in Unit 2. Up to 50 percent silt -sized 

particles of quartz, feldspar, sericite, and chlorite are present. 

A higher amount of carbonaceous matter is found in this unit as com- 

pared with the lower mudstone unit. This may be attributed to local 

variation since only one sample was studied. 

Unit 5. Upper Conglomerate 

The uppermost unit of the Frizzell Formation is a conglomerate 

which is 115 feet thick at the type locality. A small amount of sand- 

stone is also present. Since it is overlain unconformably by the 

Clarno Formation, the amount missing or covered is not known. The 

topographic expression of this conglomerate is distinctive, if not 

spectacular. Hoodoos, forming sharp spires, cover the entire sides 

of the hills as shown in Figure 12. Only along Girds Creek is this 

feature so well developed. However, small hoodoos formed by a re- 

sistant cap are found in other conglomerate units. 

- 
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FIGURE 12. Hoodoo forms in the highest conglom- 
erate unit of the Frizzell Formation as shown here 
are in sharp contrast with the rounded forms of the 

lower two conglomerate units. The picture was taken 
at the type section along Girds Creek. 
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The lower contact of this unit is partially covered with soil 

where the type section was measured. It is recognized by an abrupt 

change in slope between the resistant conglomerate and the weaker 

underlying mudstones. Where first seen along the measured section, 

Unit 5 consisted of both sandstone and pebble conglomerate. 

The conglomerate is very thickly bedded. In places crude 

stratification can be seen, but many parts appear massive. A few 

beds less than three feet thick are present. Besides pebbles and 

cobbles, pockets of sandstone and angular fragments of both mudstone 

and sandstone are incorporated in the conglomerate. Chert and fine 

grained volcanic rocks make up most of the pebbles (Table 5). They 

are rounded to subrounded and average one to two inches in diameter. 

Sorting is fair to good. There appears to be less matrix here than 

in other units. 

The conglomerate is deeply weathered in this unit; nowhere 

does it appear fresh. Upon weathering, it turns brown from limonite 

stains, but not as dark brown as the two conglomerates lower in the 

section. 

The sandstone interbedded with the conglomerate and the sand 

in the matrix of the conglomerate appear the same. On outcrop, they 

weather to a limonitic yellow -brown color. The cement is calcareous. 

Many fractures, crisscrossing the sandstone at the top of the unit, 

are healed by calcite. The matrix of this unit sticks tightly to the 

pebbles instead of freeing them upon weathering. This may be respon- 

sible for the formation of the many hoodoos. 

Samples of this conglomerate were studied to see why hoodoos 

. 
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or pinnacles formed in this unit but not in the lower two units. In 

thin section, it is noted that the pebbles are bound together by car- 

bonate, iron oxide, clay and chlorite minerals, and detrital sand 

grains. Late -formed calcite veinlets transect the rock, crossing 

pebbles as well as the cement and matrix and indicating that they 

were formed after the rock was lithified. Coating these veinlets, as 

well as coating pebbles and sand grains, are patches and veneers of 

hematite. The hematite probably represents a stage in the cementa- 

tion of the rock even later than the calcite veinlets. 

In the matrix of the conglomerate, small rhombs of siderite 

have formed locally, and patches of calcite are scattered throughout. 

The carbonate replaces many of the detrital grains. The carbonate, 

as well as most other constituents, is coated with hematite. 

From the above information it is believed that the matrix and 

pebbles are more closely bonded because of (1) veinlets of calcite 

crossing both the cement and the pebbles, (2) embayment of pebbles 

by calcite, and (3) cementation by hematite. None of the above are 

present except locally in the lower conglomerate units. 

This may be the result of some hydrothermal alteration of 

permeable Cretaceous rocks caused by Tertiary igneous activity. It 

is possible that an intrusion penetrated the conglomerate and intro- 

duced fluids and gasses which produced the alteration seen today. 

Since the Clarno Formation flows overlie conglomerates at the other 

localities, and the conglomerates there have not been altered, it 

does not seem probable that the overlying volcanic rocks were respon- 

sible for these changes. It is also possible that igneous activity 

- 
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did not share in any way the responsibility of producing this alter- 

ation. 

The sandstone interbedded with the conglomerate is very well 

sorted and has a highly calcareous cement. The mode of one sample, 

Mc -67, is given in Table 6. The 45 percent calcite cement shown is 

greater than that of most other sandstone encountered. The calcite 

cement is cloudy in appearance with clay minerals dispersed through- 

out. There is a hematite coating on most grains; additional patches 

of hematite are present throughout the matrix of the rock. On a 

weathered surface the iron oxide appears to be altered from hematite 

to limonite. 

Definition of Boundaries and Contact Relationships 

Lower Contact of Frizzell Formation. The lower contact of 

the Frizzell Formation is placed at the base of the thick conglomer- 

ate sequence shown on Plate 2. The uppermost 290 feet of the Meyers 

Formation was also measured at this locality. Here the top of the 

Meyers Formation consists of interbedded mudstone and sandstones; 

sandstone forms 25 percent to 70 percent of the total. Above the 

contact almost no mudstone is found interbedded with the conglomer- 

ate and sandstone so the boundary is readily distinguishable. 

Stratigraphic sections 3 and 4 (Plates 4 and 5) also show the 

Frizzell Formation directly over mudstone of the Meyers Formation. 

At those two locations no sandstone separates the mudstone from the 

overlying conglomerate. 

Sections 5 and 6 shown on Plates 6 and 7 have as the base of 
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the formation the second conglomerate unit instead of the first. 

This is because a conglomerate tongue within the Meyers Formation is 

found at these two locations. In section 1 (Plate 2) the first con- 

glomerate marks the base of the Frizzell Formation. Close to the 

contact the underlying formation becomes very sandy, much like that 

found at the type locality of the Meyers Formation. Also at section 

1 more mudstone and sandstone are found in the lower unit of the 

Frizzell Formation than at any other location. A pebble count was 

made here and the results are given in Table 5. 

Upper Contact of the Frizzell Formation. The Frizzell Forma- 

tion is overlain unconformably by volcanic mudflows, basalts, and 

andesite flow breccias of the Eocene Clarno Formation. This is true 

at all six locations where stratigraphic sections were measured 

(Plate 8). Care must be taken when in the field so as not to con- 

fuse the mudflow unit of the Clarno Formation with a conglomerate. 

The weathering pattern on outcrop of the two is much the same. 

Contacts Within the Frizzell Formation. No contacts between 

units within the Frizzell Formation are very sharp. Between Units 

1 and 2 there is a somewhat transitional zone with 70 feet of inter- 

bedded mudstone and sandstone which separates the predominantly con- 

glomerate unit from the overlying mudstone unit. The contact be- 

tween Units 2 and 3 is partially covered in the type section. Here 

it appears that about 15 feet of sandstone overlie the mudstone, 

marking the base of the clastic unit. Both the upper and lower con- 

tacts of Unit 4 are partially covered. A transitional zone between 

. 
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the mudstone and conglomerate, if present, would have to be less 

than 20 feet thick. 

Dimensions and Shape 

A three dimensional view of this formation is difficult to 

achieve because only the stratigraphic section measured eastward 

from Tony Butte has more than the lowest unit (Unit 1) of the Friz- 

zell Formation exposed. At this location, the lower two units and 

a small portion of the third unit can be studied. Unit 1 at the 

type section is 1660 feet thick and is 1622 feet thick at the sec- 

tion east of the type section. Unit 2 at the type section is 575 

feet thick and is 882 feet at the section east of there. Whereas 38 

feet of stratigraphic thickening in a unit over 1600 feet thick ap- 

pears of little consequence, 307 feet of thickening in the thinner 

overlying mudstone unit is striking. This may imply a great differ- 

ence in the rate of deposition between the two mudstones or that one 

was a site of depositional of fine grained material for a much longer 

time. 

Paleontology and Age 

No marine fossils have been found within the Frizzell Forma- 

tion at its type section. Small carbonaceous wood fragments are the 

only fossil material present. However, a suite of fossils dated by 

Packard (26) as Late Albian in age has been found in a sandstone lens 

within a conglomerate unit east of Marshall Butte. These beds are 

regarded as correlative with the lower part of the Frizzell Formation 
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at the type section. This date is based on a single ammonite speci- 

men. Associated with the ammonite were several small pelecypods, a 

Trigonia, Dentalium, Natica (?), fossil wood, and a juvenile gastro- 

pod. Packard states that the faunal assemblage indicates a shallow 

marine environment. 

Although no fossils younger than lower Cretaceous have been 

found in the Mitchell area, the upper part of the Frizzell Formation 

may be Cenomanian or younger in age. The Meyers Formation is Early 

Albian at the base and Late Albian at the top. The Frizzell Forma- 

tion, which is at least 4,000 feet thick, is Late Albian at the base 

and of undeterminable age at the top. It is not unlikely that this 

great thickness of sediments would span a wider range of geologic 

time than just a part of the Late Albian Stage. Upper Cretaceous 

conglomerates are found in the Izee- Suplee area to the southeast. 

These may be, in part, correlative to the Frizzell Formation conglom- 

erates. 

Correlations 

Previous correlations within Mitchell area 

Earlier mapping in the Mitchell area resulted in the breakdown 

of Cretaceous rocks into various stratigraphie units. Figure 13 

shows four such divisions used in thesis work. Also presented are 

the stratigraphie divisions as used in this report. Rock unit divi- 

sions used in this report correspond to divisions by other workers, 

but the placement in the various stages differs. According to these 

- 

- 



1T
E

R
T

IA
R

Y
 

E
O

C
E

N
E

 

M
E

SO
Z

O
IC

 

C
R

E
T

A
C

E
O

U
S U

PP
E

R
 

M
itc

he
ll 

G
rc

up
 

L
O

W
E

R
 

U - 

European 
Stages 

Bowers 
(2) 

McIntyre 
(21) 

Swarbrick 
(31) 

Howard 
(14) 

Ó N 
O 
Z 
U 

Clarno 
Fm. 

Clarno 
Fm. 

Clamo 
Fm. 

Clamo 
Fm. 

Clarno 
Fm. 

TURONIAN 

CENOMANIAN 

Keyes Shale Keyes Fm. 

Frizzell 
Conglomerate 

Marshall 
Butte 

Conglomerate 

Marshall 
Butte Fm. 

Service 
Junction Fm. 

West Branch 
Cgl. Mem. 

Baily Butte 
Fm. 

ALBIAN Frizzell 
Shale 

Anderson 
Shale 

Black Butte 
Shale 

Anderson Place 
Fm. 

APTIAN 

lower stages 

Basal 
Mitchell 

Meyers Canyon 
Fm. 

Metasediments Metasediments 

Figure 13. 

This Report 

Clamo 
Fm. 

Frizzell 
Fm. 

Meyers 
Fm. 

Metasediments 

The above correlation chart shows previous thesis work in the Mitchell area. Note 
that lithologic units in this report correlate with units of previous- workers, but time 
units are not the same and are listed separately. 

W 

á 

6 

w 

.? 

ó 

U 

--T- - 

N 

uW 

W 

y 
ÿ 

¿ 

Ñ 
vi 
U 

1111111111 I1 IIIIIII IIIIIIIIII 

1. 

U 



53 

previous workers, the Cretaceous rocks range from pre -Aptian up 

through Turonian. In this report, they are limited to Albian and 

Cenomanian, with the possibility that they may range up into the 

Turonian. 

Correlation with other west coast Cretaceous rocks 

Rocks of Cretaceous age are found in many places throughout 

the west coast region. A few selected sections taken from Popenoe, 

Imlay, and Murphy (29, p. 1491) are presented in Figure 14. Rocks of 

Albian age are abundant in California, and are found in southwest 

Oregon. Those at Mitchell provide the only link between the northern 

California- southwestern Oregon region and northwestern Washington 

where rocks of Albian age are also found. 

- 
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SEDIMENTARY STRUCTURES 

In the Cretaceous rocks of the Mitchell area sedimentary 

structures are mostly governed by the rock type rather than the unit 

in which they are found. Because of this, a general discussion of 

these features will be presented. Also included will be references 

as to where they belong in the stratigraphic column. 

Graded Bedding 

Because graded bedding is found in all units, it seems advan- 

tageous to break the lithologies with which it is associated into 

two groups for discussion: (1) dark, thin - bedded sandstones associ- 

ated with the mudstone units, and (2) conglomerate and associated 

sandstone. In general, rocks of the first group are wackes, whereas 

many rocks of the second group are well- sorted arenites and conglom- 

erates. 

Grading, when found in wackes, is almost always coarse at the 

bottom and grades upward to finer material. The bottom of a graded 

bed is usually composed of coarse, sand -sized particles, but a few 

pebbles may also be present. It is not rare for a graded unit to 

have an extremely fine -grained sediment at the top, but equally fre- 

quent, grading upward to a fine rock will be only partially complete 

and another unit will overlie it. This is called recurrent grading 

by Kuenen (17, p. 1049). It may result from erosion after deposition 

or by non -deposition if the slope is sufficient for the fine material 

to be carried away. At the top of some graded beds laminations are 
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present. This is common only where the top of the graded bed con- 

sists of fine -grained sediment. 

Not all sandstones associated with the mudstone sequence are 

graded, but grading is very common in these rocks. 

Sorting associated with this type of bedding is characteristi- 

cally poor at the bottom and somewhat better toward the top. Kuenen 

(17, p. 1046 -1047) and Kuenen and Menard (19, p. 92) believe from 

experiments and related field observations that the combination of 

graded bedding and poor sorting is the result of deposition from a 

turbid suspension. As Dott (9, p. 118) has pointed out, this does 

not necessarily imply deep water turbidity currents as many seem to 

believe, but merely that deposition has taken place below the zone 

of wave action. 

Where graded bedding is associated with conglomerates and in- 

terbedded sandstones, the grain size may either increase or decrease 

upward. A pebbly sandstone has been observed to grade upward into a 

more coarse pebble conglomerate. However, the normal type of grading 

(a decrease upward in grain size) is by far the most common. Good 

examples of grading in conglomerates and pebbly sandstone can be seen 

along Highway 26 at the village of Mitchell. Several beds, each de- 

creasing upward in grain size, are present at this locality. 

Not all conglomerate beds found in the Mitchell area are well 

sorted, but sorting appears to remain fairly constant throughout any 

given graded bed. This suggests that they were deposited by a stream 

or current that was losing its competency rather than deposition from 

a turbid suspension. A close examination would undoubtedly show that 
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some sandstones as well as conglomerates would display this type of 

graded bedding. 

Cross Bedding 

Minor cross bedding is present in the sandstones. It is gen- 

erally of low angle (less than 15 degrees) and is not persistent 

throughout the bed (Fig. 15). It commonly is accompanied by graded 

bedding, but this feature is not seen everywhere. 

Within the conglomerate, some large scale cross bedding is ob- 

served. Because bedding in the conglomerates is generally poor, this 

feature is not seen in many localities. When seen, it is usually be- 

cause the pebbles are better sorted locally making a contrast with 

the almost structureless appearance of much of the conglomerate. 

Cross bedding in the conglomerate generally is more steeply 

inclined than in the sandstones. Truncated fore -set beds and bottom - 

set beds are present but distinguished only with difficulty. 

Flute Casts 

Sole Markings 

The most prominent types of sole markings present are those 

which have been termed flute casts by Crowell (6, p.1359), flow marks 

by Rich (30, p. 722 -723) and flow casts by some earlier writers. 

The use of flute casts as current directional indicators has 

been widely recognized as an aid in interpreting paleogeography. 

Most flute casts in these rocks are well formed (Fig. 17) which makes 
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FIGURE 15. This specimen, part of the float 
taken from 450 feet above the lower contact of the 

Frizzell Formation, displays low angle cross bed- 
ding characteristic of the Cretaceous sandstone in 

the Mitchell area. The maximum angle between bed- 
ding planes is approximately 11 degrees. The 18 

inch long specimen was found along Highway 26 about 
22 miles west of the village of Mitchell. 

FIGURE 16. Sole markings on the base of a two - 
foot thick sandstone bed are found near the base 
of the Meyers Formation. Arrows point to a few of 
the more prominent flute casts. 
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directional interpretation easier. Current directions were recorded 

from these casts when encountered in the field and are shown by ar- 

rows on the map (Plate 9). 

These casts are mostly encountered where graded sandstone beds 

directly overlie mudstone or shale. No casts were found on bedding 

planes between two successive sandstone layers. The cast itself pro- 

trudes into the mudstone bed (Fig. 16). The shapes of some flute 

casts can be seen in Figures 17 and 18. The first shows a group of 

fairly large casts; the second shows a group only a fraction as large. 

These two types were stratigraphically and areally only a few feet 

apart. As seen in the previous figures, size varies greatly in flute 

casts. The largest casts in this area attain a width of several 

inches, and are up to 11/2 feet long. 

Inside the casts, the sand may be either graded or non -graded, 

but in either case it is usually coarse grained. Some grade upward 

from the bottom of the cast to the top of the sandstone bed. Others 

show a break in the bedding at the top of the cast itself where an- 

other graded sequence starts. Shell fragments, usually broken, have 

been found in the casts along with the sand. Most beds that have 

flute casts are graded. Those found with larger casts have all been 

graded. 

Graded beds with sole markings can be found throughout the 

Meyers Formation and locally in the mudstone units of the Frizzell 

Formation. 

Early writers recognized that flute casts were the result of 

gouging due to currents, but thought that they had been developed on 
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FIGURE 17. Flute casts shown are from the 
lower part of the Meyers Formation. Current 
direction was from the lower left corner to the 
upper right corner of the photo. 

FIGURE 18. Small flute casts from the same 
location as Figure 17 are approximately five 
inches across. Current direction was from the 
bottom to the top of photo. 
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the beach. Kuenen (18, p. 239) showed that a beach environment was 

not possible for these sedimentation features, and that many were 

developed in a predominantly quiet environment. Rich (30, p. 722 -723) 

attributed them to turbidity currents. Whereas Crowell (6, p. 1359- 

1360) doubted that the same current was responsible for both the 

scouring and subsequent fill, Kuenen (18, p. 241) believes that a 

turbidity current capable of eroding would have a lighter tail that 

would drop sediments, thus filling in the scour features. However, 

as shown by Dott and Howard (10), these features occur in many kinds 

of sediments. 

Load Casts 

Features described as load casts are of minor significance in 

the Mitchell area rocks. The few good load casts found were in the 

same type of rocks that had flute casts. The major difference is 

that load casts do not show a directional property. The sand within 

the load casts is neither laminated nor graded. 

Slump Features 

Structures attributed to slumping before lithification are 

seen in both formations. These are in evidence mostly by fragments 

of the underlying or overlying rocks being incorporated into the 

strata. In some cases, clasts of mudstone are found within the sand- 

stone or conglomerate beds. These range from a few inches (Figs. 19 

and 20) to three feet in length and may be either very angular or 

somewhat rounded. It is not uncommon for parts of the overlying 

- 
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FIGURE 19. Somewhat rounded mudstone clasts 
are shown incorporated within a sandstone bed. 

Sandstone here overlies mudstone which has an 
appearance similar to the clast. 
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FIGURE 20. Similar to the mudstone clast that 
is shown in Figure 19, this is found within a 
sandstone bed that overlies more sandstone instead 
of mudstone. 
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conglomerate to be incorporated in an underlying layer (Fig. 21). 

Similar features are described by Dott (9, p. 122) as resulting from 

plastic load flow. The above figure also shows that a very irregular 

contact locally is present between the two lithologies. 

Scour and Fill 

Scour and fill features are seen on both a large and small 

scale. A small scale feature such as the one displayed in Figure 22 

shows a scoured out channel filled by graded sandstone. A larger 

scale feature shows conglomerate overlying sandstone (Fig. 11) with 

a very irregular contact. This appears to be the result of scour and 

fill. Within the conglomerate units some channels 40 feet across and 

ten feet deep are present. The poor bedding and general homogeneous 

nature of the rocks make interpretation difficult, but these must be 

differentiated from slump structures which are also prominent in these 

conglomerates. 

Lensing or Pinching Beds 

Stratigraphic thinning and pinching out of beds are very com- 

mon in the Cretaceous rocks of the Mitchell area. This is most ap- 

parent in the coarse sandstone and conglomerate units. Many sandstone 

beds within the conglomerate persist for only a few hundred feet or 

less. Thinning may be gradual or rapid. Figure 23 shows a good ex- 

ample of rapid thinning. These features can be seen just north of 

Mitchell in the WZ Sec. 36, T. 11S., R. 21E. The irregularity in 

thickness is shown in Figure 24. 
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FIGURE 21. A pocket -like filling of pebble con- 
glomerate just above the hammer may have been the 
result of plastic flow before lithification took 
place. The photo was taken at the type section 
of the middle conglomerate unit of the Frizzell 
Formation. 

FIGURE 22. Graded bedding is seen in a small - 
scale scour and fill structure 500 feet above the 

base of the Frizzell Formation. 
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FIGURE 23. This photo shows a marked pinch -out of 
a sandstone bed near the village of Mitchell. The 
maximum thickness of the bed is approximately two 
feet. 

FIGURE 24. Varying thickness and particle size 
are both displayed by the conglomerate bed between 
the two thinner sandstone beds. Each sandstone bed 
is approximately 18 inches thick. The photo was 
taken at the west edge of Mitchell. 
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Lensing of beds is not restricted to the coarse clastic units. 

Figure 25 shows a pinchout in the central part of the Meyers Formation 

where mudstone and fine -grained sandstone are the only lithologies 

present. 

South of the Mitchell fault, east and southeast of Gable 

School, a 270 foot thick sandstone and conglomerate unit pinches out 

southward into a mudstone unit within a distance of 1500 feet. 
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FIGURE 25. Mudstone and somewhat more resistant 
sandstone interbeds pinching out in a gully approx- 
imately 2500 feet above the base of the Meyers 
Formation at the type section. 
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INFERENCES AND CONCLUSIONS 

Petrography of the Source Rocks 

Conglomerates of the Meyers Formation and Frizzell Formation 

offer good evidence as to the nature of the rocks being eroded and 

supplying sediments to the Mitchell area during the Late Albian Stage 

of the Cretaceous. A varied lithology must have been present at the 

source areas, but almost all the rock types found as pebbles in the 

conglomerates belong to the group referred to by Pettijohn (28, 

p. 509 -510) as supracrustal rocks. The two most abundant types, 

chert and intermediate to basic volcanics, as well as quartzite, 

metamorphic rocks, and sedimentary rocks belong to this group. The 

exception to this is the granitic rock material which occurs only in 

limited amounts. 

The silicified nature of many volcanic rock fragments suggests 

low- ranking metamorphism of part of the source area. Albitic feld- 

spar in dark volcanic pebbles may indicate a spilitic or keratopheric 

source. Many veinlets in the pebbles filled with quartz point to a 

fractured sedimentary rock or low -rank metamorphosed sedimentary rock. 

Granitoid rocks, although not abundant, imply erosion of ei- 

ther an uplifted plutonic basement or of a granitic intrusion. No 

rocks of this nature are now exposed in the immediate vicinity. 

There is some indication that the conglomerates high in the strati - 

graphic section show greater amounts of plutonic rock pebbles than 

those low in the section. This can be seen by comparing Table 3 

(p. 23) with Table 5 (p. 34). Because the variability within each 
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conglomerate bed has not been established, conclusions from this 

data must be proposed with much caution. However, the data suggest 

that a denuded plutonic source was continually supplying more rock 

material to the Mitchell area as time progressed. 

Sandstones, as well as the conglomerates, were derived mainly 

from supracrustal rocks. Volcanic rock fragments, chert, quartz, and 

feldspar are the major constituents; lesser but also important amounts 

of clay minerals, chlorite, and rock fragments other than volcanic 

are present. The non -volcanic rock fragments are mostly quartzite, 

sedimentary rock fragments, and low grade metamorphic rock fragments, 

although a few fragments of granitic origin are present. 

The thousands of feet of mudstone in the Mitchell area show 

that a source was present that could supply vast quantities of silt - 

and clay -size detritus in a relatively short span of geologic time. 

The origin of most silt and clay is thought to be from mechanical 

breakdown of rocks by chipping, grinding, and crushing with minor 

amounts being added by chemical weathering (36, p. 245). In view of 

the large quantities of transported clays produced by the chemical 

breakdown of rock material, chemical weathering may be of greater 

significance than indicated here. 

Postulated Source Areas 

Current - produced directional features such as described in 

this report (see Sedimentary Structures, p. 55) are used here as the 

main criteria for postulating the direction of dispersal of these 

Cretaceous sediments. Sole markings are found principally within the 
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Meyers Formation, but some are also found high in mudstone units of 

the Frizzell Formation. Measurements of sole markings indicate that 

the predominant current directions were from the south and southeast 

(Plate 9). The average orientation of sole markings is approximately 

10 -15 degrees west of north. This suggests that the upslope direc- 

tion and probable source area for the Cretaceous detritus lay in a 

south or southeasterly direction from Mitchell. 

The geology of an area lying approximately 50 miles southeast 

of Mitchell and including the villages -of Izee and Suplee was studied 

by Dickinson (8) and by Vigrass (38). Here, Late Cretaceous sedi- 

mentary rocks are found lying with angular unconformity on Paleozoic, 

Triassic, and Jurassic rocks. Therefore, a topographic high must 

have existed in this area during Early Cretaceous time and could con- 

ceivably have supplied sediments to the Mitchell area. Rocks older 

than Cretaceous found in the Izee area as described by Dickinson in- 

clude greenstone, greenstone breccia, altered ultrabasic rocks, spi- 

lites, keratophyres, tuffaceous and volcanic sandstones and shales, 

volcanic conglomerates, and limestones. It appears that this area 

has most of the essential rock types to provide the sediments found 

in the Mitchell area rocks. 

Numerous examples of granitic type rocks can be found in east- 

ern Oregon. Gilluly (12, p. 27) reported that one -sixth of the Baker 

Quadrangle in northeastern Oregon consists of plutonic rocks. These 

include the rock types quartz diorite, trondhjemite, and albite gran- 

ite. Farther west, in the John Day Quadrangle, quartz diorite is 

reported (Thayer, 35). Twenty miles west of John Day, along Widows 

- 

. 
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Creek in the Aldrich Mountains, granitoid rocks of Permian age are 

mapped by Thayer (33). These are mostly fine - grained quartz diorite. 

Taubeneck (32) has found granodiorite and tonalite pebbles within the 

Mitchell area conglomerates that are microscopically indistinguish- 

able from some intrusive rocks from northeastern Oregon.. In placing 

the age of intrusion of the plutonic rocks at pre -Albian, he has in- 

ferred a northeasterly source direction for part of the pebbles found 

in the Mitchell area conglomerates. 

Metamorphosed Paleozoic sedimentary rocks underlying Creta- 

ceous rocks at the Meyers Canyon and Tony Butte areas consist mostly 

of phyllite, recrystallized limestone, greenstone, and chert. It 

seems probable that Paleozoic sediments exposed during Cretaceous 

time would provide a source for chert and other rock types found in 

the Cretaceous conglomerates. Nearby outcrops of Paleozoic rocks 

other than those within the area of study include those found in the 

Suplee region to the southeast, and the Aldrich Mountains, Mt. Vernon, 

.and John Day regions to the east. 

Environments of Deposition 

Meyers Formation 

The basal unit of the Meyers Formation was deposited in a high 

energy marine environment. Basal sandstone and conglomerate repre- 

sents an initial transgression of the mid -Cretaceous sea in central 

Oregon. That the sea directly attacked exposed Permian rocks is in- 

dicated by the incorporation of detritus from these rocks in the 

, 
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overlying basal Cretaceous sediments. The high energy state is mani- 

fested by the presence of conglomerate interbedded with well- sorted 

sandstone. The marine origin of this unit is assured by the presence 

of pectinoid pelecypods and other marine fossil remains. This evi- 

dence leads one to believe that the sediments were deposited in a 

littoral or upper neritic environment. 

Abundant ammonites and paucity of macroscopic benthonic fossil 

types may indicate that the thick mudstone units of the Meyers Forma- 

tion were deposited in fairly deep water. Rapid infilling of the 

sedimentary basin choking off benthonic organisms could, of course, 

produce the same results. 

Locally, suggestions of shallow water deposition exist. Shal- 

low water, or at least not deep water, is indicated by glauconitic 

shale with echinoids, fossil wood, and broken ammonite fragments. 

Stratigraphically, this is near the lower part of the Meyers Forma- 

tion mudstone unit. However, since this assemblage was found in only 

one location, as described earlier, it is atypical. 

The thin to medium bedded wacke sandstones in the thick mud - 

stone unit, often displaying sole markings and graded bedding, imply 

rapid deposition. These are similar to occurrences of sandstone in- 

terpreted as turbidity current deposits by many authors. Deposition 

by turbidity currents may not be the sole means of obtaining sediments 

with these characteristics. However, deposition was in water deep 

enough so that wave and current action did not later disturb the sedi- 

ments. This is shown by the preservation of graded bedding in many 

of the sandstones. The presence of small angular mudstone clasts 
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locally prominent in the graded sandstone units may Imply that un- 

stable slope conditions existed allowing some of the partially con- 

solidated substratum to be torn up after slumping and incorporated 

in the overlying sediments. According to Kuenen. and Migliorini 

(20, p. 111), these clasts would not retain their angular nature 

without being broken up had they been deposited by bottom currents. 

The above- mentioned authors believe that such clasts are carried in 

a turbid suspension. 

Frizzell Formation 

The characteristics of the Frizzell Formation sediments indi- 

cate that both marine and continental environments of deposition 

existed. The Frizzell Formation, consisting of three major conglom- 

erate units, each separated by a mudstone unit, is marine near the 

base as indicated by invertebrate fossils. These fossils include 

heavy shelled marine forms such as Trigonia that are indicative of 

nearshore environments with moderate to strong wave action. 

The majority of the sandstone and conglomerate sequences dis- 

play characteristics that are more often associated with fluvial en- 

vironments than marine. Large channel fills seem especially to sup- 

port this idea. Smaller scour and fill structures, oxidized zones, 

large scale cross bedding, and rapid lateral pinch -outs further this 

concept. Pebbly mudstone and angular clasts of the underlying strata 

are found locally within the conglomerate units. These may imply 

unstable slope conditions at the site of deposition (Crowell, 7, 

p. 1004 -1005) but they do not differentiate between a marine and 
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non -marine environment. 

The mudstone units of the Frizzell Formation contain no macro- 

scopic marine fossils. The dark colored mudstones, with authigenic 

pyrite crystals, show local reducing conditions. The mudstone is 

generally thin bedded and contains many small wood fragments. No 

evidence obtained so far supports either a definite marine or conti- 

nental environment for these strata. 

Because the Frizzell Formation is marked by alternating coarse 

and fine sedimentary rock units, periodic or successive uplifts and 

downwarps causing changes in the source area or the sedimentary basin 

could be considered as a cause for this alteration. However, because 

of the short span of geologic time involved, it might seem more log- 

ical if the differences in the lithologies represent facies changes 

rather than repeated tectonic uplifts and downwarps. 

Except for the local unconformities produced by scour and fill, 

all units within the Cretaceous rocks appear to be conformable. This 

being the case, one might expect transitional or shore zone deposits 

between the Meyers Formation marine rocks and the upper Frizzell 

Formation continental rocks. The lowermost and marine part of the 

Frizzell Formation may represent this transition. 
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