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FOREWORD

The Suplee-lzee area is a rather loosely defined region covering approximately 500 square miles in east-
central Oregon. It is known to the citizens of the state as fine cattle country and it affords them excel-
lent deer hunting. To the geologist it is one of the most intriguing regions in the state, because it is a
"window" in a vast area covered by relatively young volcanics through which he can examine marinerocks,
some of which are the oldest known in Oregon. These marine rocks range in age from Devonian (350 mil-
lion years old) through Cretaceous (100 million years old), and they have undergone many disrupting earth
movements which have complicated the geology to a high degree. Their exposure allows the geologist to
look at the type of rocks and structures that might occur at depth under the widespread Tertiary volcanic
material in the southeastern part of the state. Economically, these old rocks or their equivalents may
contain deposits of oil and gas, but trying to evaluate their commercial possibilities through the blanket
of difficult-to-penetrate lavas has discouraged drilling and exploration.

The "window" of ancient rocks in east-central Oregon has been known since 1865, when a cavalry
expedition under Captain Drake collected fossils from the Crooked River and gave them to Dr. Thomas
Condon (Oregon's first State Geologist). Dr. E. L. Packard, former Head of the Department of Geology
at Oregon State University, was the first to recognize the tremendous geological possibilities of the area,
and, in addition to being a pioneer worker there, encouraged further studies.

In the early years of geologic work, remoteness of the area, lack of base maps, and absence of
paleontologic control limited geologic mapping. In more recent years easier access into the area, avail-
ability of aerial photographs, and better understanding of faunal sequences has made it possible to map
this complex region in much greater detail. This present publication, a joint report by Drs. Dickinson
and Vigrass, who chose the area for their doctoral dissertations, is certainly the most complete and defini-
tive piece of work done to date on the Mesozoic rocks in the pre-Tertiary "window."

The Department considers this "window" of such importance that over the past six years it has had a
highly experienced geologist working in some of the same area covered by this bulletin, but with more
emphasis being placed on the Paleozoic rocks and their structures that occur to the south and west. It is
hoped that the present bulletin and the work now in progress will bring forth the type of geological infor-
mation that the region requires in order to promote further explorations for oil and gas in central Oregon.

Even though this publication and the work in progress will be a tremendous advancement of our
knowledge on the area, much more study will be required if the extrapolation of the information is to be
carried with confidence beneath the lava cover of central Oregon. Perhaps the publications of the De-
partment will encourage industry to do some of the needed work.

Hollis M. Dole
State Geologist

October 29, 1965
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GEOLOGY OF THE SUPLEE-IZEE AREA

CROOK, GRANT, AND HARNEY COUNTIES, OREGON
By
William R. Dickinson and Laurence W. Vigrass

ABSTRACT

Detailed stratigraphic and structural mapping, supported by appropriate laboratory investigations, has greatly ad-
vanced knowledge of the pre-Tertiary geologic history of the Suplee-lzee district of 250" square milesin Crook, Grant,
and Harney Counties of central Oregon. Besides affording a key to the geologic history of the region, the pre-
Tertiary rocks exposed are among the least metamorphosed and most fossiliferous on the Pacific margin of North
America. - Geographically, the district lies on the divide between the John Day, Crooked, and Silvies drainages;
geologically, it lies within the Blue Mountains system, wherein it occupies the southwesternmost of several erosional
inliers of pre-Tertiary rocks surrounded by Cenozoic sedimentary and volcanic rocks.

The composite stratigraphic sequence includes at least 35,000 feet of Paleozoic, Mesozoic, and Cenozoic
strata. Both the pre-Cenozoic marine strata and the Cenozoic continental strata include a high proportion of vol -
canic material, largely pyroclastic in the Mesozoic beds. Twelve unconformities break the continuity of the sequence
and local facieschanges are prominent in the marine strata. Repeated diastrophism, which was strongest in the Permian-
Triassic, Early Jurassic, and Jurassic-Cretaceous times, has produced a complexly folded and faulted terrane in which
the degree of deformation is roughly proportional to age.

Underlying a western upland of rolling hills near Suplee are undifferentiated Paleozoic strata consisting domi -
nantly of flinty felsite including both lava and tuff, with subordinate chert, volcanic sandstone, and lenses of cal-
carenitic limestone containing lower Permian fusulinids. On Frenchy Butte north of Izee, greenstones of probable
Paleozoic age are intruded by Permian-Triassic serpentine; both are overlain unconformably by fossiliferous Upper
Triassic beds.

Occupying the core of the southwesterly plunging Mowich upwarp and a parallel upwarp to the northwest is a
tightly folded lower Upper Triassic (Karnian) sequence that has been subdivided into two gradationally conformable
units, which together underlie 100 square miles. Begg Formation (new name) rests unconformably on Paleozoic rocks
and consists of at least 7,500 feet of strata, dominantly dark lutites but including resistant members of chert-grain
sandstone and chert-pebble conglomerate; volcaniclastic rock and lava; polymictic conglomerate tind sedimentary
breccia; and rare, thin limestone lenses. Brisbois Formation (new name) is about 5,000 feet thick, and is of domi-
nantly dark lutite in which beds of calcareous sandstone and sandy calcarenite are intercalated; a volcanic member
of spilite lava, felsite tuff, and tuffaceous volcanic graywacke reaches a thickness of 2,000 feet locally.

Resting unconformably on the Karnian strata in the Vester Creek syncline are 1,000 feet of thin-bedded, dark,
siliceous argillite and argillaceous tuff referred to the Rail Cabin Argillite (new name). Interbeds of bioclastic
limestone contain Norian (Upper Triassic) fossils. The Rail Cabin is overlain with apparent conformity by the Gray-
lock Formation (new name), which contains Hettangian (Lower Jurassic) fossils. The Graylock is at least 400 feet
thick, and is dominantly dark siltstone, although thin beds of black limestone are intercalated in the basal 15 to
75 feet. Lithologically similar and possibly correlative strata, here described informally as the "Caps Creek beds, "
may be as young as Sinemurian.

The upper Lower jurassic Mowich Group, exposed along the flanks of Mowich upwarp, is redefined to include
Hyde Formation, as well as the underiying Robertson, Supiee, and Nicely Formations. The group is about 1,500 feet
thick and rests unconformably on all the older Mesozoic units in the area. The Robertson Formation (0-350 feet) of
basal conglomerate, andesitic sandstone, and biostromal limestone lenses is confined to the western part of the area.
Abundant ammonites from the overlying Suplee Formation (25-75 feet) of fossiliferous calcareous sandstone and Nice-
ly Formation (75-300 feet) of concretionary calcareous shale are Toarcian (Lower Jurassic). The Hyde Formation
(1,000 - 1,200 feet), which accounts for most of the group, is formed of marine andesitic tuff and volcanic sand-
stone, largely unfossiliferous. Detritus from underlying Mesozoic strata forms the basal conglomerate of the Robert-
son Formation in the west and the Suplee Formation in the east wher2 the Robertson is absent.

The Middle Jurassic Snowshoe Formation, as herein revised, rests conformably on the Mowich Group in the
eastern part of the area near lIzee, but overlaps westward onto older strata of Triassic and Paleozoic age in the Pine
Creek downwarp near Suplee. Near |zee the type Snowshoe Formation includes three members: (a) a lower member
(600 feet) of dark, calcareous, and radiolarian lutite of uppermost Toarcian (Lower Jurassic) and lower Bajocian
(Middle Jurassic) age; (b) a middle member (1,000 feet) of interlaminated dark lutite and greenish volcaniclastic
siltstone and fine-grained sandstone in graded layers, the whole of Bajocian (Middle Jurassic) age; and (c) an upper
member (1,250 feet) of thin-bedded, dark lutite with thick intercalated beds of gray calcareous sandstone, in part of
lower Callovian (lowermost Upper Jurassic) age. The middle member of the type section grades eastward into the
Silvies Member (new name), a volcaniclastic wedge 1,500 feet thick at its type locality and characterized by thick
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intercalations of resistant andesitic graywacke and conglomerate in graded beds. Near Suplee, where the base isan
unconformity, the Snowshoe Formation is entirely Bajocian (Middle Jurassic) and includes four members: (a) the
Weberg Member (formerly Formation) of abundantly fossiliferous calcareous sandstone, locally pebbly, and sandy
limestone from 0 to 150 feet thick; (b) the Warm Springs Member (formerly Formation) of dark lutite 250 feet thick;
(c) the Basey Member (new name) composed of andesitic volcaniclastic rocks with minor lava and having a thickness
of 1,500 feet in its type locality; and (d) the Shaw Member (new.name) of gray shale that contains minor limestone
and sandstone intercalations and has a total thickness of less than 1,000 feet with an erosional top. The three mem-
bers of the "lzee basin" on the east are facies equivalents of the four members of the "Suplee platform" on the west.

Resting unconformably on the Snowshoe Formation in the Lonesome syncline are 12,500 feet of nearly unfossil-
iferous lower Callovian (Upper Jurassic) strata. Trowbridge Formation, as redefined, is 2,250 to 3,250 feet thickand
is dominantly black lutite with pencil fracture. Three members are recognized: (a) the basal Rosebud Member (new
name) of massive black and green mudstone 0 to 500 feet thick; (b) Officer Member (new name) of mudstone within-
tercalated resistant sequences of vitroclastic felsite tuff in massive and laminated beds and of dacitic graywacke in
graded and laminated beds, the whole from 100 to 500 feet thick; and (c) Magill Member (new name) of massive black
mudstone 2,000 feet thick with thin intercalated beds of calcareous sandstone and limestone. The basal beds of
Trowbridge Formation transgress westward from the upper to the middle member of type Snowshoe Formation, and the
Officer Member overlaps the Rosebud Member in the same direction. The Lonesome Formation, approximately 10,000
feet of intercalated dark lutite and lithic (volcanic) graywacke in graded beds, rests conformably on the Trowbridge
Formation and apparently represents the filling of a tectonic basin with turbidite strata.

Bernard Formation (new name) of lower Upper Cretaceous age rests unconformably on Paleozoic, Triassic, and
Jurassic rocks and is overlain unconformably by Tertiary volcanic rocks. It consists dominantly of pebbly fossiliferous
marine sandstone that is locally cross-bedded and conglomeratic, and is 1,500 feet thick.

Tertiary volcanic strata cropping out on peripheral lava plateaus and as residual butte cappings have an aggre-
gate thickness of more than 1,000 feet. Five units have been recognized, each continental and bounded above and
below by unconformities. About 200 feet of Eocene (?) mudflow breccia and amygdaloidal basalt crop out on Morgan
Mountain. Picture Gorge Basalt of the Columbia River Group is porphyritic and aphanitic, reaches 1,500 feet in
thickness, and is overlain outside the map area by pale tuffs probably correlative with the Mascall Formation; doler-
ite feeders form several dike swarms and isolated pipes cutting Mesozoic strata. About 200 feet of variegated lacus-
trine tuffs and claystones on Buck Mountain may be correlative with the Mascall Formation. A diktytaxitic olivine
basalt flow from 50 to 100 feet thick in Howard Valley is probably Pliocene and thus older than the Ochoco Lavas.
Welded soda-rhyolite tuff-breccia (0-100 feet) is correlative with weided sheets in the Rattlesnake and Danforth For -
mations of the John Day Valley and Harney Basin; the presence of sodic amphiboles and pyroxenes as crystal fragments
is evidence of an alkaline parent magma.

Quaternary stream alluvium and mass movement deposits on hillsides mask many exposures of the bedrock units.

The major structural units of the Suplee-lzee district are: (1) mildly warped and faulted marine Cretaceous
and continental Tertiary strata; (2) strongly folded and faulted Mesozoic strata including (a) mainly Jurassic volcan-
iclastic strata deformed only during a Jurassic-Cretaceous orogeny, and (b) mainly Triassic epiclastic strata deformed
also during an Early Jurassic orogeny here named the Ochoco Orogeny; and (3) mildly metamorphosed Paleozoic ma-
rine strata first deformed and also intruded by serpentine during a Permian-Triassic orogeny .

The folds formed in Upper Triassic strata during the Ochoco Orogeny had northerly trends; they were nearly
isoclinal in the west, but were more open toward the east. Active during the orogeny were three major reverse faults
of a coparallel set trending north-northeast and dipping to the northwest,  steeply in most areas but at low angles
locally. Both folds and faults diverged to drape themselves about a buttress of Paleozoic greenstones intruded by
serpentine on Frenchy Butte north of Izee. Movement on the major faults may have begun in the Late Triassic during
the deposition of the Upper Triassic strata cut by the faults.

The Jurassic strata were strongly folded and diagenetically altered to zeolitic assemblages in Late Jurassic
and/or Early Cretaceous time before the deposition of Bernard Formation. The folds formed have easterly trends.
They are open, closely spaced, and have only moderate relief in the west. In the east, however, the Lonesome syn-
cline is a great, overturned, nearly isoclinal downbuckle; minor transverse corrugations on its limb may be pre-
orogenic gravitational slump folds that have been tipped on end. Upper Triassic strata that were first folded about
northerly axes during the Ochoco Orogeny were refolded about easterly axes. In the west, where the divergence in
trend was most marked, folds of complex configuration were produced during the refolding. Following the Jurassic-
Cretaceous orogeny or during its latest phase, broad warping about northeasterly axes gave rise to the southwesterly
plunging Mowich upwarp and Pine Creek downwarp, which control the gross outcrop pattern of Triassic and Jurassic
rocks within the area. -

In the early Tertiary, the Cretaceous Bernard Formation was tilted and an irregular erosion surface of locally
high relief was formed before the eruption of the Picture Gorge Basalt. Renewed tilting and erosion preceded erup-
tion of the Pliocene basalt and welded tuff. Finally, tilting and deep erosion of Pliocene strata accompaniedPleis-
tocene deformation.



INTRODUCTION

Purpose and Scope of Report

Most of Oregon east of the Cascade Range is underlain by Cenozoic continental volcanic and sedimentary
rocks. Paleozoic and Mesozoic stratified rocks are exposed only in isolated inliers surrounded by the
younger deposits. In general, these older strata are intensively deformed, extensively metamorphosed,
and invaded locally by igneous intrusions. An exception is the area of this report. The studies uponwhich
the report is based were undertaken with the hope, now amply confirmed, that the results would fill some
of the gaps in our knowledge of the pre-Tertiary geologic history of eastern Oregon. The area was at-
tractive for three reasons: (1) It had not previously been mapped or studied in detail; (2) Metamorphismis
slight and igneous intrusions are almost wholly lacking, hence, the original characters of the rocks and
the details of their deformation are preserved; and (3) The fossiliferous Mesozoic sequence permits de-
tailed correlations with other strata in the Pacific Coast region, precise dating of local diastrophic events,
and an interpretation of facies relationships. The principal knowledge gained from the study can be di-
vided into three general categories: (1) refinement and revision of the stratigraphy outlined by previous
workers involving new correlations, re-defined formation boundaries, and the delineation of several newly
recognized formations and mappable members; (2) evidence for the volcanic derivation of many of the Pa-
leozoic and Mesozoic clastic strata and description of the petrology of these rocks; and (3) interpretation
of the history of sedimentation, volcanism, and tectonism with appreciably more detail and accuracy than
has been possible previously .
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Figure 1. Location map of Suplee-lzee area.
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Location and Access

The Suplee-lzee area embraces approximately 250 square miles of grazing and timber lands in Crook,
Grant, and Harney Counties of east-central Oregon (figure 1). All-weather county roads lead into the
area from Prineville on the west, via Paulina, and from U.S. Highway 395 between Burns and John Day on
the east, via Bear Valley Ranger Station. In dry weather, one can travel to most parts of the area along
numerous ranching and logging roads.

Geography

The area lies astride a multiple drainage divide capped by Snow Mountain (7,135 feet) at the south-
ern edge of the area. South Fork of Beaver Creek drains the Suplee district westward to Crooked River;
South Fork of John Day River drains the lzee district northward to John Day Valley. The southern and
eastern extremities of the area drain southward into Harney Basin through Silver Creek and Silvies River.
Most of the area is an intricately dissected upland lying at elevations of 5,000 to 6,000 feet, but South
Fork of John Day River has trenched as low as 4,000 feet, creating local relief as great as 1,500 feet in
its drainage basin (see figures 2 and 3).

The vegetation is typical of cool, semiarid continental climes. Sagebrush, bunch grass, and scat-
tered junipers dominate the lowlands, whereas stands of ponderosa pine abound on summits and northern
slopes of many uplands. Aspen groves and willow thickets line the watercourses, and meadows carpet the
alluvial flats.

Regional Geologic Setting

The Suplee-lzee area is situated near the southwestern extremity of the Blue Mountains province, a
complex system of highlands and intermontane basins in northeastern Oregon bounded on the north by the
Columbia River Plateau of basaltic lavas and on the south by the southeastern Oregon volcanic provinces
of lava plateaus, alluviated basins, and fault-block mountains. The northwestern part of the Blue Mountain
province, including the Blue Mountains proper and the Ochoco Range of central Oregon, is underlain for
the most part by warped Cenozoic continental volcanic and sedimentary rocks. Pre-Cenozoic rocks are
most extensively exposed in the eastern- and southernmost parts of the Blue Mountains province as inliers
surrounded by younger rocks. The Suplee-lzee area lies within the most southwestern of these inliers, as
shown by figure 4.

Previous Work

Dr. E. L. Packard and his students at the University of Oregon were the first to explore systemati-
cally the pre-Cenozoic rocks near Suplee and lzee and the first to appreciate the great areal extent of
these exposures (Packard, 1928). Packard (1932) described in a general way the Paleozoic rocks and
Schenk (1934) the Triassic rocks. Lupher (1941) first took stock of the Jurassic rocks in a detailed and
highly informative stratigraphic report. Since that date, as base maps have become available, several
geologists have mapped areas of varying size within and near the ground described in this report (see fig-
ure 5).

Methods of Investigation

Geology was plotted on 1:20,000 air photos during 15 man-months of field work and compiled at
1:24,000 on U.S. Forest Service planimetric base maps. Vigrass mapped 110 square miles surrounding
Suplee. Dickinson mapped 140 square miles surrounding lzee. Vigrass examined approximately 75 thin
sections and Dickinson, approximately 250.
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Figure 2. View from Morgan Mountain southwest across valley of

South Fork of John Day River to Snow Mountain on skyline;
visible relief is 3,000 feet.

Figure 3. View east across volley of South Fork of Beaver Creek to
Mowich Mountain copped by Columbia River Basalt; angular
unconformity between Upper Triassic Begg Formation (left)
and Lower Jurassic Mowich Group (right) in center.
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8 GEOLOGY OF THE SUPLEE-IZEE AREA

Dickinson was supported by the National Science Foundation in 1957 and by a Gulf Oil Co. Aid to Educa-
tion Grant in 1960. Laboratory and office expenses were borne in part by a grant from the Shell Oil Co.
Fund for Fundamental Research at Stanford. Fellowship awards from the National Science Foundation
(Dickinson, 1956-57), Standard Qil Co. of California (Vigrass, 1954-56), and Shell Oil Co. (Vigrass,
1956-57) made our research as graduate students possible.

Mr. J. H. Beeson of Humble participated in the field work of the 1956 season, and gave generously
of knowledge and experience gained by previous work in the area with Mr. D.L. Morgridge of Humble.
Mr. E.E. Larson of Humble ably assisted Vigrass during the 1957 season. Dr. R.M. Touring of Humble
has been an interested and encouraging observer of the work since its inception.

We were extremely fortunate to have had the aid and advice of several outstanding paleontologists
who identified the materials in our collections. Their opinions of the significance of the fossils form the
basis for our interpretations of age relationships. These gentlemen and the collections they studied in-
clude: Drs. J.W. Skinner and G.L. Wilde of Humble Oil & Refining Co., Permian fusulinids; Dr. D.F.
Squires of the American Museum of Natural History, Triassic coelenterates; Dr. N.J. Silberling of the
U.S. Geological Survey, most Triassic collections; Dr. S.W. Muller of Stanford University, uppermost
Triassic and lowermost Jurassic collections; Dr. R.W. Imlay of the U.S. National Museum and Geological
Survey, most Jurassic collections; and Dr. D.L. Jones of the U.S. Geological Survey, Cretaceous col -
lections.

We also benefited greatly from field conferences and discussions of problems in the area with a num-
ber of geologists who had worked in or near the area previously, or were working concurrently in nearby
areas. These include Dr. E.L. Packard, Dr. R.L. Lupher, Dr. R.E. Wallace, Dr. T.P. Thayer, Dr. C.E.
Brown, Dr. J.W. Harbaugh, Mr. W.P. Kleweno, Mr. T.P. Hughes, Mr. R.L. Bateman, Mr. C.l. Tran-
tham, and Mr. M.O. Beeson. Active collaboration with Dr. R.W. Imlay, who spent several weeks col-
lecting in the vicinity during the 1956 and 1957 field seasons, was especially beneficial.

The kindness of the ranchers of the Suplee and Izee communities was essential to the progress of our
work, and was unfailing.

Mr. Ruperto Laniz, Stanford University, prepared all photographs of thin sections.

Finally, we must state our debt to Hollis M. Dole, State Geologist and Director of the State of
Oregon Department of Geology and Mineral Industries. To his patient urging and enthusiastic cooperation
must go the credit for the preparation of this joint report.

Fossil Collections and Localities

A number of geologists and paleontologists assisted us in the collection of fossils from nearly 250
localities. Although about 150 of the more important localities are shown on the geologic map (plate 1),
space prevents a detailed description of each locality or proper credit to each colleague. The interested
reader can find this information in our doctoral dissertations: "Geology of the |zee Area, Grant County,
Oregon, " by Dickinson (1958) and "Geology of the Suplee Area, Crook, Grant, and Harney Counties,
Oregon," by Vigrass (1961), obtainable from University Microfilms, Inc., Ann Arbor, Michigan.

Geologic Terminology

For the general reader, an explanatory glossary of technical geologic terms is included at the back
of this bulletin.

Petrologic Terminology

A few random comments concerning special, and perhaps controversial, aspects of the terminology
of sedimentary and volcanic rocks are included here to clarify the usage in the text:

a) The terms quartz keratophyre, keratophyre, and spilite are used for soda-rich al-
bitic analogues of dacite, andesite, and basalt, respectively.



b)

c)

INTRODUCTION

Calcirudite, calcarenite, and calcilutite are textural terms applied to calciclastic
rocks (fragmental limestones) and are analogous to conglomerate, sandstone, and

mudstone; sandy calcarenites, etc., contain admixtures of terrigenous siliciclastic
detritus.

Lutites: shale is fissile lutite, mudstone is non-fissile lutite, argillite is strongly
indurated lutite analogous to slate except that it breaks into blocky angular frag-
ments. Siltstone is either well-sorted rock composed of silt grains or poorly sorted
rock with median size in the silt range but containing both sand and clay.

For petrographic descriptions of sandstones, the terminology of Gilbert (1954, p.
289-297) has been adopted.

For megascopic descriptions of sandstones, the sorting terminology of Compton (1961,
p. 214) has been adopted.

For discussions of fragmental rocks of volcanic derivation (clastic volcanic or vol-
caniclastic rocks), the grain size limits proposed by Fisher (1961, p. 1411) have
been adopted. Moreover, as regards clastic materials and rocks in the stratified
column:

1. "Pyroclastic" refers to materials forcibly expelled from volcanic vents as
fragmental ejecta, set in motion initially by explosive eruption, and
owing their grain morphology to processes of eruptive disintegration
(most typically, vesiculation).

2. '"Epiclastic" refers to materials, of either volcanic or nonvolcanic
derivation, which owe their particulate nature, their grain shapes, and
their movement to processes of surficial weathering, erosion, and
aqueous transport.

3. "Volcaniclastic" refers to materials of volcanic derivation, whatever
their history, with no connotation as to their pyroclastic or epiclastic
origin; which means volcaniclastic beds may be either tuff or sand-
stone, etc.

4. "Vitroclastic" refers to volcaniclastic materials having the distinctive
curvilinear grain margins and branching, arcuate shapes of glass shards.

5. "Tuff," lapilli-tuff," "tuff-breccia," etc., refer to volcaniclastic rocks
composed of pyroclastic debris so little modified by sedimentary processes
of sorting or rounding that the original composition and texture of the
ejecta are preserved essentially unchanged.

6. "Volcanic sandstone," "volcanic conglomerate," etc. refer to volcani-
clastic rocks whose composition, texture, or structure give clear indication
of surficial reworking sufficient to appreciably modify the original vol -
canic character of the source materials.

7. "Sandy tuff," "tuffaceous sandstone, " etc., refer to rocks composed of

mixed pyroclastic and epiclastic debris in which the former or the latter

is respectively the more abundant.



PART ONE

STRATIGRAPHY, PETROLOGY, AND SEDIMENTATION

‘In this section of the report, information is assembled on the stratigraphic relations, the sedimen-
tary and volcanic petrology, and the history of sedimentation of the rock units of the area. Plate | shows
the outcrop pattern of the various units. Reference to Plate Ill, "Geologic History of the Suplee-lzee
Area," will clarify the position occupied by each rock unit with respect to the structural evolution and
tectonic history of the area. Reference to figure 6 will fix the major structural subdivisions of the areain
the reader's mind. In Part One, unconformities are noted where present, but are described more fully in
Part Two.

GENERAL STATEMENT

Stratified rocks of the Suplee-lzee area have an aggregate thickness of at least 35,000 feet (see
figure 7), although such a thick prism of strata may not be present beneath any one place. Lithologic vari-
ations and structural relations record a complex history of diversified sedimentation, recurrent volcanism,
and nearly continuous diastrophism from the Permian to the Pleistocene. Active volcanism contributed to
deposition during each geologic period except the Cretaceous. Pre-Cenozoic strata are dominantly clastic
sedimentary rocks and are probably entirely of marine origin. Cenozoic strata are of continental origin
and are dominantly lavas and tuffs. Twelve unconformities that differ greatly in their respective angular-
ity and stratigraphic hiatus have been recognized in the sequence (see Part Two). On the basis of struc-
tural relations, peak periods of orogenic deformation are inferred for Permian-Triassic time, the Sinemurian
Age (Early Jurassic), and Late Jurassic and/or Early Cretaceous time (see Part Two). With local excep-
tions, the degree of structural deformation is proportional to age, the oldest strata being the most com-
plexly folded and faulted, while younger and younger rocks are progressively less deformed. Despite the
long history of repeated orogenic deformation, metamorphism of the rocks is slight. Mesozoic rocks of
volcanic parentage were affected most by diagenetic alterations, but even in these rocks original textures
are preserved almost intact and metamorphic schistosity is absent. Appreciable mineralogic reconstitution
of pre-Cretaceous volcanic and volcaniclastic rocks has led to assemblages characteristic of the "zeolite
facies" of Coombs and others (1959) or the "zeolitic facies" ot Turner (i 958, p. 215-217; Turner and Ver-
hoogen, 1960, p. 532).

In the following account, the greatest emphasis is placed on the Mesozoic strata, particularly the
Jurassic rocks, which have been studied in the most detail. Detailed descriptions of keystratigraphic sec-
tions of Jurassic strata are given in the Appendix, pages 90 to 96.
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LEGEND

Peripheral plateaus mainly
Cenozoic volcanics

m Mainly Jurassic marline

[’ Mainly Triassic marine

Western upland mainly
Paleozoic

Figure 6. Major structural divisions of the Suplee -1zee area:

The western Paleozoic upland is a belt of up-faulted Paleozoic rocks along the western
edge of the area.

Pine Creek downwarp is a synclinorium of down-folded Jurassic strata lying mainly east
of the western Paleozoic upland and flanked on the northwest and southeast by exposures
of Upper Triassic rocks.

Mowich upwarp is an anticlinorium, cored by Upper Triassic rocks and flanked by Jurassic
strata, that trends from southwest to northeast across the heart of the area, and is thus
the dominant structural feature of the area. An unnamed companion upwarp of folded
Triassic rocks lies along the northwestern edge of the area.

Lonesome syncline is a deep structural trough of Jurassic strata lying southeast of Mowich
upwarp along the southeastern edge of the area.

The peripheral lava plateaus are discontinuous uplands of gently dipping Tertiary basalt
and tuff that ring the area on the north, east, and south.
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Period Symbol Name  Approx.Ft. General Lithology Data on Age
Twt,Tdb,Tlb, | Tertiary rhyolitic welded tuff, no fossils, continuous and/or
TERTIARY | Tpg, Tmb volcanic 2,000 olivine basalt, lacustrine | correlative with nearby Pliocene,
rocks beds, basalt, mudflow Miocene & Eocene(?)
breccia
ICRETA- Kb Bernard 1,500 pebbly lithic sandstone ammonites and pelecypods
CEOUS Fm. of Cenomanian Stage
Jlo Lonesome |10,000 intercalated gray lithic ammonites of Callovian Stage
Fm. (volcanic) sandstone in
graded beds and black
mudstone
Jt Trowbridge | 3,000 black mudstone with ammonites of Callovian Stage
Fm. intercalated volcani-
clastic rocks.
e e—.
v
7 Jsn Snowshoe 3,000 intercalated andesitic ammonites of Callovian,
< Fm. to volcaniclastic rocks with Bajocian, and uppermost
2 4,000 minor lava and lami- Toarcian Stages
nated argillaceousrocks
e
Jm Mowich 1,500 andesitic tuff and sand- ammonites of Toarcian Stage
Group stone with minor shale,
limestone, conglomerate
Jg Graylock 500 dark siltstone with ammonites of Hettangian Stage
Fm. minor limestone
TRrc Rail Cabin | 1,000 black to green argillite ammonites of Norian Stage
Argillite and felsitic tuff
O e
TRbr Brisbois black, gray, and green pelecypods, coelenterates,
Fm. 5,000 mudstone with intercalated | ammonites of Karnian Stage
sandy Is.,calcareous ss.,
=4 and volcaniclastic rocks
a and lava
<
I~
[
Begg gray fo green |Ume‘Wifh mollusks and coelenterates of
TRbg Fm. 7,500 intercal. chert-grain ss. Karnian(?) Stage
and chert-pebble cg.,
polymictic breccia & cg.,
volcaniclastic rocks and
minor lava, & rare bio-
clastic limestone.
———
Paleozoic varicolored flinty felsite, Permian fusulinids; contiguous
PERMIAN Psv Rocks ? limestone, and chert exposures include Devonian,
Mississippian, & Pennsylvanian.

Figure 7. Generalized columnar section, Suplee-lzee area.
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PALEOZOIC ROCKS (Psv)

Poorly exposed Paleozoic rocks of complex structure crop out in gently rolling uplands along the
western edge of the mapped area near Suplee and on Frenchy Butte north of Izee. In neither area is the
base of this Paleozoic sequence exposed. In both areas, the strata are overlain with angular unconformity
by coarse clastic rocks assigned to the Upper Triassic Begg Formation. The exposures near Suplee contain
Permian fusulinids and are continuous with the extensive exposures of Devonian, Carboniferous, and Per-
mian carbonate rocks, volcanic rocks, cherts, and clastic sedimentary rocks in the Grindstone Creek-
Twelvemile Creek district to the west studied by Merriam and Berthiaume (1943), Kleweno and Jeffords
(1961), and Dr. J.W. Harbaugh (oral communication, 1958). The unfossiliferous exposures on Frenchy
Butte were mapped as "basement complex" by Wallace and Calkins (1956) and are continuous with the
"Permian metavolcanic rocks" of Thayer (1956a) in the Aldrich Mountains to the north. The two terranes
of Paleozoic rocks presumably join beneath the Mesozoic exposures of the Suplee-lzee area. Neither the
original stratigraphic thickness nor the actual tectonic thickness of the Paleozoic sequence can be esti-
mated with confidence from any work to date. Gross structural and stratigraphic uncertainties are com-
pounded by intricate small-scale brecciation found in nearly all exposures.

Lithologic description

In apparent order of abundance, the Paleozoic rocks near Suplee include felsite, limestone, chert,
and volcaniclastic sedimentary rocks.

Craggy outcrops of varicolored, brecciated, flinty felsite locally veined by white chalcedony and
quartz account for the bulk of the Paleozoic exposures. The felsites are microporphyritic quartz kerato-
phyres in which embayed albite and quartz microphenocrysts are set without preferred orientation in a
felted groundmass of albite and quartz. The aphanitic groundmass, which locally displays spherulitic and
fluxion structures in thin section, assumes various shades of cream, gray, tan, brown, green, and purple
in hand specimen. Primary structures visible in thin section, but usually not discernible in the field, in-
dicate that the felsites include flow-banded lavas, flow-breccias, and laminated, strongly compacted tuffs.

The limestones crop out as isolated patches or discontinuous bands and are apparently lenses inter-
bedded with felsite flows and tuffs. Most outcrops are subdued, but some form prominent rounded or craggy
knobs. There are two common lithologic subtypes: 1) Most abundant is gray, massive or indistinctly bed-
ded fragmental limestone ranging from calcarenite to calcirudite. Terrigenous debris in the form of sand
grains or pebbles of quartz, chert, and felsite is common, and there is local gradation to subfeldspathic
lithic arenite cemented by calcite. The calcarenite generally consists of crinoidal debris set in a matrix
of calcilutite. The less abundant calcirudite consists of subrounded to subangular pebbles and cobbles of
calcarenite set in a matrix of calcarenite or calcilutite. Fusulinids and encrusting bryozoa occur sparing-
ly in the calcarenite and within the coarse fragments in the calcirudite. 2) Considerably less abundant is
thin-bedded calcilutite containing sparse brachiopods and rugose corals.

Laminated red and green chert occurs sparingly in the Paleozoic sequence. The chert bears some re-
semblance to the flinty felsite, but in hand specimen the chert is more translucent, has a more glassy luster,
breaks on more perfectly conchoidal fractures, has a less grainy appearance under the lens, and lacks the
tiny quartz and feldspar phenocrysts characteristic of the felsite. In thin section, the chert is seen to be
laminated chalcedony containing relict ghosts of monaxial and triaxial spicules, spheroidal radiolarians,
and chalcedony pseudomorphs of chambered foraminiferal tests.

Rare volcaniclastic strata similar in many respects to those of the overlying Begg Formation appear
to be intercalated with undoubted Paleozoic strata at several localities, most notably below the Begg
strata half a mile south of Suplee in the SEX sec. 26, T. 17 S., R. 25E. These Paleozoic rocks include
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moderately sorred volcanic sandstones, sedimentary breccias of felsite and argillite fragments and olive-
green mudstones. The grains of the sandstones are dominantly felsite and greenstone accompanied by var-
ying amounts of chert, argillite, and volcanic plagioclase.

The Paleozoic rocks on Frenchy Butte north of lzee are dominantly massive, dark-green aphanitic
lavas, flow-breccias, and agglomerates or pillow breccias best described in the field as greenstones. Cal-
cite and chalcedony amygdules, veinlets, and irregular replacement nodules are abundant. The lavasare
microporphyritic keratophyres containing widely spaced microphenocrysts of dusty albite set in a pilotax-
itic groundmass of albite microlites and interstitial microcrystalline chlorite, the latter probably pseudo-
morphous after pools of glass. A fine-grained variolitic fabric is locally developed and fluxion structure
defined by the preferred orientation of albite laths and elongate amygdules is prominently displayed. The
breccias are composed of angular and subangular fragments of microporphyritic quartz keratophyre felsite
set in a murky, argillaceous matrix. In this rock, scarce resorbed quartz microphenocrysts and scattered
dusty albite microphenocrysts are set in a felsitic groundmass of poorly formed albite laths, anhedral quartz,
and minor clots of granular epidote.

Origin

The sporadic, but widespread, intercalations of marine limestone and chert suggest that the entire
exposed Paleozoic sequence is of marine origin. The calcarenites are composed dominantly of the disin-
tegrated skeletal debris of sessile organisms that probably dwelt in shallow, aerated waters. The lithology
of the calcirudites suggests that their constituent fragments were derived from an area where wave action
was sufficient to disaggregate newly consolidated bioclastic limestone and to redistribute the coarse detri-
tus formed in that manner. The associated fusulinids are forms considered to have lived in shelf seas, rath-
er than in open oceans (Dunbar, 1957). The poor sorting and rounding of the fragmental calcareous debris
indicate that working and winnowing before deposition were slight. This fact might be held to discredit
an interpretation of shallow water deposition, were it not for the fact that many modern carbonate bank
deposits, such as some types in the Bahama Islands, are equally poorly sorted although deposited in shal-
low waters. The association of albitic soda-rich volcanic rocks and radiolarian cherts has long been re-
garded as characteristic of deposition in eugeosynclinal belts, often with connotation of deep waters at
the site of accumulation. There is no evidence that the calcareous debris of shallow water derivationwas
subsequently transported into deep water. The available data suggest that the Paleozoic sequence near
Suplee accumulated in waters of shallow to moderate depths during a time of continuing intermittent vol -
canism within and near the site of deposition. '

Age and correlation

Undescribed fusulinid species of the genera Boultonia, Pseudofusulinella, and Schwagerina were
collected from the calcarenites and from clasts in the calcirudites at five localities near Suplee (see
table 1). Schwagerina ranges through most of the Permian, Pseudofusulinella is abundant in lower Permian
rocks of the western United States, and Boultonia is known only from rocks of late Wolfcampian to early
Leonardian age, although information on its range is limited (Thompson, 1954, p. 33). These data suggest
that the fossiliferous Permian limestones near Suplee are correlative in whole or in part with the following
units along the west coast: Coyote Butte Formation of the nearby Grindstone Creek-Twelvemile Creek
district (see Bostwick and Koch, 1962, p. 420); limestones of Elkhorn Ridge Argillite near. Sumpter in
northeastern Oregon (Taubeneck, 1955b), McLoud Limestone of Shasta County, California (Thompson and
others, 1946); Havallah Formation of north-central Nevada (Roberts and others, 1958); and Cache Creek
Group of British Columbia (Armstrong, 1949). These units form parts of a vast eugeosynclinal terrane of
upper Paleozoic sedimentary and volcanic rocks deposited along the Pacific margin of North America
within the Fraser Belt of Kay (1951).
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TABLE 1. Fusulinid collections from Paleozoic limestones.
(Identifications by J. W. Skinner and G. L.
Wilde of Humble Oil & Refining Co.)
Locality! V185 V188 V192 V193 V415
Loccz'rion2
-3 of SW NE NE NE NwW
--3 of NE SW NE SW NW
Sectior 10 34 12 6 7
Township (S) 18 17 17 17 17
Range (E) 25 25 25 26 26
Forms
Boultonia sp. _— _— —_—— X X
Pseudofusulinella sp.  «--- x _— X x
Schwagerina sp. X X X X X
See Plate | for map location.
2 All localities are small limestone knobs.
TABLE 2. Thickness data for Begg Formation (see text for discussion).
Little Bear Anticline Divide Anticline Frenchy Butte-Peewee Creek
(type locality) (sec. 35, T. 17S., R. 26 E.) (secs. 25-28, 33-34, T. 16 S., R. 27 E.)
Strata est. 4,700 ft. est. 4,200 ft. est. 2,500+ ft.
above (faulted)
argillite
unit
Argillite est. 800+ ft. est. 2,000+ ft. est. 500+ ft.
unit base not exposed base not exposed (faulted)
Strata est. 2,000+ ft.
below 0 0 (faulted)
argillite (not exposed) (not exposed)
unit
Total
strata est. 5,500 ft, est. 6,200 ft. est. 5,000+ ft.
exposed
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SERPENTINE (Trsp)

Slickensided green serpentine intrudes the Permian (?) greenstones on Frenchy Butte and is overlain
unconformably by sandstones and conglomerates of the Upper Triassic Begg Formation. The rock is similar
to numerous serpentine bodies of varying sizes and shapes which intrude the Permian (? ) metavolcanic and
metasedimentary rocks in the Aldrich and Strawberry Mountains to the northeast (Thayer, 1956a,b,c).

The serpentines there are associated with dunite, peridotite, pyroxenite, gabbro, and minor quartz diorite.
From its gross structural relations, the whole plutonic complex appears tohave intruded deformed Paleozoic
rocks during a Permian-Triassic orogenic episode prior to Late Triassic deposition.

BEGG and BRISBOIS FORMATIONS

A tightly folded, conformable sequence of Upper Triassic strata, dominantly clastic and probably
entirely of Karnian age, is exposed as the core of the southwesterly plunging Mowich upwarp (see fig. 6)
in a belt 5 miles wide extending in a northeasterly direction across the center of the area. The same rocks
are exposed in a parallel belt of similar size lying to the northwest of the adjacent Pine Creek downwarp.
To the northeast, the two belts of outcrops merge near South Fork of John Day River and the sequence
passes to the north into the Deer Creek drainage, where it has been mapped as the "lowest member (Unit 1)
of the lower division" of the Upper Triassic strata of the Aldrich Mountains by Thayer and Brown (1960).
The sequence underlies about 100 square miles of the Suplee-lzee area, is about 12,500 feet thick, and
has been divided into two gradationally conformable new formations, Begg and Brisbois. Thayer and Brown
(written communication, 1963) intend to describe equivalent and lithologically similar strata in the Ald-
rich Mountains as Vester Formation, in which case the units here named Begg and Brisbois can properly be
regarded as members of the Vester.

Begg Formation (Trbg)

The new name "Begg Formation" is here applied to the oldest recognized Triassic strata that uncon-
formably overlie Paleozoic rocks in the area. The base of the formation is exposed in only two places:
on Frenchy Butte at the northern edge of the area, and near the western edge of the area. The Begg
Formation is characterized by resistant layers of sandstone, conglomerate, sedimentary breccia, pyroclas-
tic rocks, and lava that are intercalated with more abundant and more easily eroded mudstone and siltstone.
The resistant ledge-forming units range individually from a few feet to several hundred feet in thickness.
The thicker ones form distinctive strike ridges of craggy outcrops which stand above the smooth soil -
covered slopes underlain by the less resistant strata.

The exposures on the south-plunging nose and southeast limb of Little Bear anticline in the north-
western part of the area insecs. 7, 8, 17, 18, 19, and 20, T. 17S., R. 26 E., andsec. 24, T. 17S.,
R. 25 E., are designated as typical of the Begg Formation. The name is taken from Begg Creek, which
flows into South Fork of Beaver Creek within the type area.
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Thickness

Table 2 presents estimated figures for the thickness of different parts of Begg Formation at (a) the
type locality, (b) on the northwest flank of Divide anticline 5 miles southeast of the type locality, and
(c) at Frenchy Butte on the northern edge of the area where the base is exposed resting unconformably on
Paleozoic rocks intruded by serpentine. As the entire formation is not exposed in simple stratigraphic
sequence at these or any other localities, the key to an estimate of overall thickness is the recognition of
a distinctive member composed almost entirely of thin-bedded, gray siliceous argillite. This member lacks
the intercalated resistant beds so characteristic of the rest of the formation. The data outlined in the
table indicate that 7,500 feet is a reasonable estimate for the total thickness of Begg Formation. There
is a suggestion that the formation may thin progressively from west to east within the area.

Lithologic description

From 50 to 70 percent of Begg Formation is poorly exposed fine-grained sandstone, siltstone, mud-
stone, and argillite. Of the remainder, the following rock types form the estimated relative proportions
indicated: (a) chert-grain sandstone and chert-pebble conglomerate, 25 percent; (b) volcaniclastic rocks
and minor lava, 10 percent; and (c) polymictic conglomerate and sedimentary breccia, 5 percent. Rare
thin layers of gray bioclastic and biostromal limestone occur locally.

Fine-grained clastic rocks: The predominant fine-grained sedimentary rocks of Begg Formation are
characteristically soft, poorly sorted, generally noncalcareous, carbonaceous siltstones and mudstones of
somber hue. The rocks are typically dark gray or dark green, but weather to gray green or olive brown.
Bedding is indistinct, but is usually visible as imperfect, lenticular lamination; some laminae are fine-
grained sandstone.

Chert-grain sandstone and chert-pebble conglomerate: Most of the conspicuous resistant layers in
Begg Formation are well-indurated, dark-gray to gray-green sandstone and pebble conglomerate in beds
from 2 to 12 feet thick. The rocks are most commonly noncalcareous and weather to drab olive green or
brown. The sand grains and pebbles are commonly subrounded and moderately to well sorted. Bedding is
characteristically indistinct, revealed only by slight variations in grain size and the crudely planar ori-
entation of tabular rock fragments. Cross-bedding and sole markings were seen locally and some beds are
graded (see figure 8).

The rocks are subfeldspathic lithic arenites composed of the following grain types, most typically
in the approximate proportions cited: chert, 60 percent; argillaceous rock fragments ranging from pelitic
slate to siliceous argillite, 12.5 percent; felsite, including both keratophyre and quartz keratophyre, 10
percent; quartz and quartzite, 10 percent; mafic chloritic metavolcanic rocks (spilite?), 5 percent; cloudy
albite, 2.5 percent; and traces of detrital limestone.

Upon cursory examination in hand specimen, most of the rocks convey the impression of poorly
sorted graywackes. Pale gray and green chert, felsite, and quartz grains appear to be imbedded in an a-
bundant dark detrital matrix. The appearance is illusory, however, for the "matrix" is in reality a mass
of deformed argillaceous and metavolcanic grains of the same detrital size and shape as the other grains.
The unusual texture is a result of extreme compaction, during which the less competent grains were mashed
and squeezed between the more competent chert and felsite grains. The weaker thus came to occupy
spaces interstitial to the stronger, undeformed grains, much as cement or matrix might, and the margins
of the argillaceous and metavolcanic grains are now molded to the confines of the "diagenetic interstices"
bounded by the more competent grains. The irregular, attenuated outlines of the deformed grains, the
draping of deformed grains about rigid ones, and the penetration of weaker grains by undeformed ones
are all striking aspects of the distinctive texture produced by compaction (see figure 9).
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Figure 8. Graded conglomerate and sandstone bed of Begg Formation,
South Fork of Beaver Creek; view along strike, upright bed

dips parallel to hammer handle.

"matrix" of soft lithic grains (dark) deformed by

Figure 9. Diagenetic
compaction to conform to interstices between hard chert

grains (pale) in chert-grain sandstone of Begg Formation
(plain light; about 15 X).
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Volcaniclastic rocks: Volcaniclastic rocks of varying grain size occur sporadically in most Begg se-
quences. They are particularly abundant and overshadow other resistant types in the upper thousand feet
of the formation in the most southeasterly exposures, as on Big Flat and along the Poison Creek - Dry Soda
Creek divide. Two lithologic subtypes can be recognized: (1) coarse tuff and lapilli tuff interpreted as
the product of submarine eruption, and (2) fine felsitic tuff interpreted as the product of subaerial eruption.
The rocks are considered to be of pyroclastic derivation, partly because of their association with minor
lavas but mainly because they occur as thin sheets (2 to 200 feet thick) of essentially pure volcanic debris
interstratified with rocks composed entirely of epiclastic detritus. Very little mixing of volcanic andnon-
volcanic debris was noted, but slight rounding of some grains and fair to good sorting of the grains suggest

local working, winnowing, and redistribution of the pyroclastic materials before final burial.

The coarse tuffs and lapilli tuffs are massively bedded strata that are black to light green on freshly
broken surfaces but that weather to crumbly tan or brown outcrops. Sand-sized crystals of white plagio-
clase, locally concentrated into feldspathic laminae, are conspicuous in hand specimens and form as much
as a third of the rock. The fragmental character of many of the rocks is not readily apparent in hand speci-
men, because the volcanic rock fragments making up the bulk of the rock are much deformed by compac-
tion similar to that which has affected the less competent grains in the chert-grain sandstones. It appears
that the mesostasis of the volcanic rock fragments has behaved incompetently during compaction, so that
most of these fragments are deformed and tightly pressed against one another (see figure 10). In addition
to this deformation effect, there has been such-a strong diagenetic recrystallization of glassy materials that
many rocks megascopically resemble porphyro-aphanitic lavas. Upon thin-section examination, however,
the coarse tuffs are found to be reasonably well sorted, fragmental rocks containing 5 to 10 percent ma-
terial of "clay" and "fine silt" size. Petrologically, most are keratophyre and quartz keratophyre lithic-
crystal tuffs containing 25 to 35 percent cloudy albite, 0 to 15 percent quartz which is commonly resorbed,
and 55 to 75 percent pilotaxitic to hyalopilitic lithic fragments composed of cloudy albite laths set in the
diagenetic recrystallization products of an originally glassy groundmass. A few tuffs containing unaltered
plagioclase suggest that the rocks were dacitic and andesitic at the time of deposition. Some of the lithic
fragments in the coarse tuffs and lapilli tuffs have relict internal structures suggestive of the forms common
in curdy, amygdular palagonite formed during submarine eruption.

The fine felsitic tuffs are pale tan or green, thin-bedded, hard, tough rocks with subconchoidal
fracture. They are aphanitic quartz keratophyre tuffs composed of albite and quartz crystal fragments set
in a cloudy microcrystalline aggregate of albite, chlorite (?), and quartz recrystallized from glass shards
and argillaceous impurities. Relict vitroclastic textures in the fine felsitic tuffs suggest subaerial eruption
and delivery to the site of deposition in clouds of airborne ash.

Lavas: Minor lavas associated with the volcaniclastic rocks are stubby flows of porphyro-aphanitic
pyroxene keratophyre. Abundant albite (10 to 25 percent) and sparse augite (5 percent) phenocrysts are
set in a hyalopilitic to pilotaxitic groundmass of albite laths and interstitial chlorite. The flows crop out
as tan, green, and gray units 10 to 75 feet thick.

Polymictic conglomerate and sedimentary breccia: Massive beds of polymictic rudite composed of
poorly sorted, angular to subrounded gravel floating freely in a poorly sorted sandy matrix occur sporadi-
cally, but are especially abundant in the more northwesterly exposures. The rocks occur in lenticular
units 10 to 100 feet thick within which bedding is shown only by weak orientation of flat cobbles and slab-
by blocks (see figure 11). Lamination and cross bedding are rare; grading is inconsistent. Where thebeds
are abundant, a cyclic stratification is seen to consist of a breccia layer sharply overlain and locally chan-
neled by massive, coarse-grained sandstone which grades upward to flaggy or platy fine-grained sand-
stone, which is in turn overlain by mudstone and siltstone. The fact that breccia bodies can seldom be
traced individually along strike for more than a mile suggests pronounced lenticularity.

The sand fraction of the polymictic rudites resembles the chert-grain sandstones in composition. The
gravel fraction is mostly fragments of chert, limestone, sandstone, and conglomerate or breccia, but frag-
ments of felsite, porphyry, quartzite, slate, schist, marble, serpentine, and granitoid rocks also occur.
The largest boulders are sandstone and limestone. Blocks and slabs of these that are 2 to 3 feet across are
common and limestone blocks 10 to 20 feet across are encountered occasionally. Some of the limestone
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Figure 10. Andesitic volcaniclastic rock (submarine tuff?) of Begg
Formation showing deformation of lithic grains {plain light;

about 10 X).

Figure 11. Polymictic sedimentary breccia of Begg Formation near
Clear Creek; bedded sandstone (right) fills channel cut in
top of vertically dipping breccio; scale stick five feet long.
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TABLE 3. Fossils from Begg Formation
(Molluscan identifications by N. J. Silberling, March 26, 1958;
coelenterate identifications by D. F. Squires.)

2

Locality'” val  va8 V137 vais Vi
Location3
--7 of SW SW NE SE Nw
--% of swW W SW SE NE
Section 21 21 21 10 9
Township (S) 18 18 18 17 18
Range (E) 26 26 26 26 26
Forms
Proclydonautilus sp. x -— - - ———-
Myophoria sp. _— x -— -— —
Spiriferina cf. S.
coreyi Smith -—— x —-—— —-— -—-
Spiriferina sp. ——— x X -——- —-——
Spongiomorpha cf. S.
dendriformis - ——— ——— ———- x ———
Heptastylis cf. H.
sfromatoporoia—e_s Frech -———- —-—— —— —— X
Spongiomorphids x X

! See Plate | for map location.

2 | ocalities V421 , V238, V137 lie along same limestone band an estimated 2,000-
3,000 feet below upper contact; V418 an estimated 1,000 feet below upper contact;
V124 an estimated 250 feet below upper contact.

All localities are small limestone outcrops.

fragments contain Permian fusulinids and others contain the Mississippian brachiopod Striatifera. One
contained finely ribbed pelecypods resembling the Upper Triassic genus Halobia.

Origin

The sporadic occurrence of bioclastic and biostromal limestones which contain rare belemnoids,
brachiopods, spongiomorphid coelenterates, pelecypods, and nautiloid cephalopods, all suggest that Begg
Formation is of marine origin (table 3). Evidence bearing on depth of water is inconclusive; during the
deposition of such a thick sequence, water depth may well have been variable. The nature of the poly-
mictic breccias suggests a proximal source area of rugged relief for at least some of the detritus. Subma-
rine landslides analogous to subaerial mudflows may well have moved some of this coarse debris to itsfinal
site of burial. The nature of the more abundant chert-grain sandstones, however, suggests movement and
deposition by tractive bottom currents capable of winnowing sand clean of fines. Although local andnear-
by volcanism contributed some debris to the basin of deposition, most of the formation is composed of de-
tritus whose rock fragments of chert, greenstone, felsite, and limestone can be matched with exposures of
upper Paleozoic sedimentary and volcanic rocks or Permian-Triassic intrusive and metamorphic rocks ex-
posed in adjoining areas (Merriam and Berthiaume, 1943; Thayer, 1956 a,b,c; Wallace and Calkins, 1956).
It is our tentative suggestion that Begg Formation was deposited rapidly in the shallow waters of a subsid-
ing basin of tectonic origin. The debris was shed into this basin from eroding tectonic highlands which
were rising nearby and which were composed of Paleozoic strata and Permian-Triassic intrusive rocks like
those one now sees exposed in the vicinity.
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Brisbois Formation (Trbr)

The new name "Brisbois (Briz-bo) Formation" is here proposed for the sequence of dark mudstone and
siltstone, with intercalated beds of calcareous sandstone and calcarenite, that conformably overlies Begg
Formation in the Suplee-lzee area. Owing to extreme structural complexity, no continuous section is
exposed. The exposures along South Fork of John Day River between the mouths of Morgan and Dry Soda
Creeks, a distance of 3 miles, are designated the type area. The name is taken from the historic Brisbois
ranch at Dry Soda Creek. Intricate deformation makes a thickness determination difficult, but an esti-
mated 5,000 feet of Brisbois Formation is believed to be present in the area. The lower contact with Begg
Formation is gradational and difficult to define. In the field it was placed arbitrarily at a horizon such
that all closely spaced, resistant, noncalcareous coarse clastic beds were below it, and such that only
widely spaced calcareous sandstone or calcarenite beds were intercalated in the mudstones and siltstones
above it.

Lithologic description

Brisbais Formation is composed dominantly of black, gray, and green mudstones that crop out poorly
on subdued slopes. Fresh roadcuts, such as that at the Brisbois ranch, reveal that thin, tuffaceous layers
now altered to punky, white or tan zeolites are intimately interstratified with the clayey rocks. Gray
calcareous sandstone beds that weather tan or brown and gray, sandy calcarenite beds that weather gray
or brown are intercalated with the finer grained rocks. Sandstones are the more abundant of the two inter-
calated lithologies in the type area and vicinity, but the limestone beds are the more abundant in the
northwestern part of the map area. Strata composed of mixed terrigenous detrital material and calcare-
nitic debris are common. Both sandstone and limestone beds crop out as angular, resistant ledges with
gritty surfaces.

The sandstones of the Brisbois Formation are compositionally similar to the chert-grain sandstones of
the underlying Begg Formation, except that volcanic feldspars and rock fragments seem somewhat more
common. The rocks are cemented by abundant calcite and show none of the compactional deformation of
grains that is so characteristic of the Begg rocks. Many of the Brisbois sandstone beds are markedly graded
throughout their thickness, commonly 1 to 5 feet, from pebble conglomerate or coarse sandstone at the
base progressively upward to siltstone at the top (see figure 12). The sandstones also grade laterally in
a few places to lenticular units of calcareous conglomerate.

The calcarenite beds (see figure 13) consist largely of bioclastic debris, chiefly of fragmental brach-
iopod, pelecypod, gastropod, and crinoid shells. The calcarenites grade laterally in a few places to
massive bodies of coquinoid or reefoid limestone, which are most abundant in the exposures northwest of
Pine Creek. In the northernmost of the exposures along Camp Creek, poorly sorted calcirudite submarine
slide (?) breccias recur within a sequence 75 feet thick.

Volcanic member

Isolated exposures along fold axes and faults in the north-central part of the area show that a huge
lens of volcaniclastic rocks and spilite lavas occurs in the medial part of the Brisbois Formation. The
spilites attain an aggregate thickness of 600 feet and the entire volcanic member reaches nearly 2,000 feet
locally. The assemblage of strata includes the following types, which vary in proportion from place to
place:

(1) Hard, dark-green, aphanitic to diabasic spilite lava: typically massive but locally
pillowed; typically intergranular to intersertal but locally variolitic; 30 to 40 percent
cloudy albite in slender, commonly skeletal, laths with plumose margins; 25 to 35
percent fresh titanaugite in columnar, locally feathery, sheaves of elongate, locally
acicular, prisms; 15 to 25 percent chlorite in interstitial pools; 5 to 10 percent
titaniferous ore in branching columns and barbed needles; 2 to 3 percent granular
sphene; local relict plagioclase in the cores of laths; local analcite from alteration
of margins of laths.
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Figure 12. Graded calcareous bed of Brisbois Formation on Dry Soda
Creek; dip nearly vertical with massive pebble conglomerate
base to right, flaggy coarse- to medium-grained sandstone
center beneath hammer, and platy fine-grained sandstone
top to left.

Figure 13. Sandy calcarenite from Brisbois Formation on Pine Creek
(plain light; about 25 X).
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Pale-green aphanitic quartz-bearing felsic keratophyre lava.

Albite dolerite and albite granophyre sills, probably feeders for spilite and
keratophere lavas.

Pale tan and green felsitic quartz keratophyre tuff.

Massive beds of tuffaceous volcanic graywacke (chloritic detrital matrix 10 to 15
percent) in which keratophyric volcanic debris is mixed in varying proportions with
epiclastic lithic debris of the type common in the remainder of Begg and Brisbois

Formations (see figure 14).

Intercalated dark mudstone.

Figure 14. Graywacke of mixed chert-grain and volcanic detritus, volcanic member
of Brisbois Formation on Morgan Creek. (Plain light; about 25x)



TABLE 4. Fossils from Brisbois Formation (Identifications by N. J. Silverlingof U. S. Geological Survey March 26, 1958, except as noted).

1, 2

Locality

Stratigraphic position

(est. ft. above base of fm.)
Locations

--z of

% of

Section

Township (S.)

Range (E.)
Ammonites:

Arcestes sp.

Discotropites sp.

Discotropites cf. D. sengeli Mojsisovics
Discotropites off. D. theron Dittmar
. Gymnotropites sp.

Homerites semiglobosus (Hauer)
Juvavites sp.

Juvavites (Anatomites) intermittens

Mojsisovics

Parahauerites ashleyi (Hyatt & Smith)
Paratropites antiselli Smith

Tropites sp.
Tropitid

Pelecypods:

Carditids
Cassianella sp.
Chlamys sp.
Halobia sp.
Isognomonids
Mysidioptera sp.
Ostreids
Trigoniids
Brachiopods:
Rhynchonellids

Spiriferids
Terebratulids

Coelenterates:

Scleractinian colonial corals
Spongiomorphs

750

SE

18
27

800

SE
NE
11
17
26

V417 V231,V247 V422

900

V248

1000

SE
n
17
26

x

1500

SE
NE
7
17
27

V246

1600

SE
NE
7
17
27

V133

1750

NE
NE
2
18
25

V175

1750

SW
SE
36

25

V132

1800

NwW
NwW

18
25

V177

1950

SE
SW
36
17
25

V215

2000

V224

2750

Nw
SW
36
17
25

See Plate 1 for mop location.

2 See also Schenk (1935) for locality about 250 feet above base of formation in SW& SW} sec. 29,

Field identification by Dickinson; other material available in outcrop.

Localities extend for about 2,000 feet along strike of a folded limestone bed on Big Flat; the ammonites were collected from the bold outcrop known variously to previous workers
as "Fort Rock," "Castle Rock," or "Limestone Knob," and erroneously reported to be of Paleozoic age by Packard (1932) on the basis of limestone cobbles containing Paleozoic
fossils weathering from nearby Upper Triassic clastics. Bivalves identified in field by S. W. Muller of Stanford University.

Localities extend for about 2,000 feet along strike of a single limestone horizon. Bivalves identified in field by S. W. Muller of Stanford University.

Localities in same limestone bed tightly folded in complex syncline along Jackass Creek.

T.

17S., R. 27 E.

9C

VIRV 33Z1-331dNS IHL 40 AD010319
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Origin

The fossiliferous marine limestones of Brisbois Formation suggest deposition in shallow waters of the
neritic zone. Specific indicators include: thick-shelled oysters in some beds, algal and coralline hio-
stromal frameworks in some beds, the widespread occurrence of minor oclites in calcarenites, and the
presence, in the associated mudstones, of the brachiopod Lingula, a typical tidal-flat genus in present-
day seas. The scarcity of limestone east of South Fork of John Day River and the characteristic graded
bedding shown by the sandstones of that area may indicate that waters were deeper there and shelved to
the northwest. The sources of sediment continued to be the same late Paleozoic terrane which contributed
to Begg Formation, augmented by local volcanic eruptions.

Fossils and Age of Begg and Brisbois Formations

As reference to table 4 will indicate, several ammonite collections at wide stratigraphic spacings
in Brisbois Formation are all indicative of the Tropites subbullatus Zone, uppermost Karnian Stage of the
lower Upper Triassic. No ammonites collected suggest a different age for any part of the formation and
all other fossils collected are consistent with this age assignment. The sparse fauna collected from the
underlying Begg Formation (table 3) does not permit precise dating. The nautiloid Proclydonautilus is
known only from Upper Triassic rocks, the spiriferinid brachiopods and spongiomorphid coelenterates of
Begg Formation are comparable to those of Brisbois Formation, and the two units are conformable.

Accordingly, Begg Formation is provisionally assigned to the Karnian Stage below the zone of T. subbul-
latus, with the knowledge that some basal part of the unit could extend down into the Middle Triassic.

If the 12,500 feet of Begg and Brisbois Formations are, indeed, entirely of Karnian age, the sequence
is one of the thickest and coarsest known from the west coast region.

RAIL CABIN ARGILLITE and GRAYLOCK FORMATION

Erosional remnants of an apparently conformable sequence of dominantly fine-grained clastic rocks
that spans the Triassic-Jurassic systemic boundary crop out in the northern part of the area. The exposures
lie in a crenulated synclinal trough of north-northeasterly trend that extends from Morgan Mountain across
Morgan Creek to Graylock Butte. As discussed below, the sequence overlies lower Upper Triassic rocks
with angular unconformity and, in turn, is overlain with angular unconformity by upper Lower Jurassic
strata. The sequence has been divided into two new formations, Rail Cabin Argillite and Graylock For-
mation, on purely lithologic grounds.

Rail Cabin Argillite (Trrc)

The new name "Rail Cabin Argillite" is here proposed for a sequence of thin-bedded argillites and
argillaceous felsitic tuffs that-is approximately 1,000 feet thick and rests upon Brisbois Formation through-
out its outcrop belt. The name is taken from Rail Cabin Creek in sec. 31, T. 16 S., R. 28 E., but the
exposures on the upper slopes of Morgan Mountain, whose peak is in the SEsec. 11, T. 17S., R. 27
E., are here designated the type locality. Strata typical of the unit are well exposed in the big steep
gulch on the-southwest side of the mountain in the NW2% sec. 14, T. 17 S., R. 27 E. The basal contact
is nowhere well exposed, but appears to be a sharp lithologic break between comparatively soft mudstones
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of the underlying Brisbois Formation and hard argillites and tuffs above. The contact is interpreted here
as an angular unconformity for three reasons: (1) Bedding attitudes in Brisbois Formation and Rail Cabin
Argillite are markedly divergent in outcrops near the troughs of synclines, for example, around Graylock
Butte and on the south slope of Morgan Mountain; (2) from place to place, varying stratigraphic thick-
nesses of Brisbois Formation are exposed between Begg Formation, which underlies Brisbois Formation in
gradational conformity, and the overlying Rail Cabin Argillite; and (3) Rail Cabin Argillite on Graylock
Butte has been mapped as a part of the "middle division (unit 1V)" of the Upper Triassic rocks of the Ald-
rich Mountains by Thayer and Brown (1960); correlative rocks 10 miles to the northeast are separated from
correlatives of Brisbois or Begg Formations by 15,000 to 25,000 feet of intervening strata (Thayer and
Brown, 1960).

Lithologic description

Rail Cabin Argillite is characterized by hard green and black siliceous argillite in massive beds
typically from 1 to 3 inches thick. The rock breaks and weathers to angular fragments bounded by flat,
rectilinear joint sets along which films of iron and manganese oxides are commonly present. Exposures
are mostly rubbly colluvium of these small blocks. A typical rock might be composed of 70 percent turbid
argillaceous material rich in dark-brown organic matter, 5 percent angular quartz and feldspar silt, and
25 percent tests of siliceous micro-organisms. Most of the latter have the subspherical and helmet shapes
typical of radiolarians, but are now mostly recrystallized to dense orbicular bodies of chalcedony 0.003
to 0.010 mm in diameter. Some tests appear to have been filled with fine mud that has recrystallized to
microcrystalline brown chloritic (?) clay. Varied types of siliceous sponge (?) spicules occur os well,
but are less abundant.

Abundant, finely laminated, thin beds of gray or pale green argillaceous quartz keratophyre tuff
and tuffaceous argillite are interbedded with the darker siliceous argillites. Such rocks are tougher and
break along subconchoidal arcuate fractures. The pyroclastic debris in the rocks consists of quartz and
albite crystal fragments, similar to the silt in the nontuffaceous rocks, and abundant devitrified shardswith
curvilinear boundaries that contrast strongly with associated spicular rods.

Two types of limestone occur as minor intercalations in the unit. The most abundant type occurs as
massive, gray, bioclastic beds, of knobby appearance in outcrop, commonly brecciated, and locally grades
to a coquinite of brachiopod shells. Individual beds seldom persist more than a few hundred yards, al-
though they are commonly 2 to 8 feet thick and locally attain thicknesses of 50 feet or more. Some con-
tain oblitic layers. In the upper part of the formation, rare beds of dense, black calcilutite less than a
foot thick occur at wide intervals. They can be recognized by their brown, weathered surfaces.

Origin

The pods of bioclastic limestone in Rail Cabin Argillite may well have been banklike accumulations
that built up as small knolls and shoals above the general level of a shallow mud bottom. The mixture of
fine terrigenous detritus, pelagic organic debris, and airborne shards indicates a site of deposition shel -
tered from the influx of coarse detritus. Whether the unit accumulated far from shore or in a protected
embayment cannot be determined from available evidence.

Fossils and age

The following assemblage of Upper Triassic Norian Stage fossils was collected and identified by Dr.
S. W. Muller from the upper half of Rail Cabin Argillite on the west slope of Elkhorn Creek canyon
(loc. D15, NEZNWz sec. 13, T, 17S., R. 27 E.): Arcestes sp., Distichites (?) sp., Halorella sp.,
Metasibirites sp., Monotis sp., Placerites sp., Sirenites (?) sp., and Steinmannites (?) sp. According
to Dr. N. J. Silberling, the Halorella is cf. H. amphitoma Bronn. The Rail Cabin Argillite appears to
be conformably overlain by the lowermost Jurassic Graylock Formation and may include unfossiliferous
beds of the Rhaetian Stage (uppermost Triassic) as well as the fossiliferous beds assignedto the Norian Stage.
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Graylock Formation (Jg)

The new name "Graylock Formation" is here proposed for the sequence of thin-bedded, dark gray
to black siltstone that contains intercalated thin beds of black argillaceous limestone in its lower part and
rests with apparent conformity on Rail Cabin Argillite. The name is taken from Graylock Butte, a hill
underlain by Rail Cabin Argillite in the NEZ sec. 36, T. 16 S., R. 27 E., and exposures of Graylock
Formation occur near a-logging road less than a mile northeast of the summit. The better exposures on the
Elkhorn Creek-Morgan Creek divide insec. 12, T. 17S., R. 27 E., are, however, designated the type
locality (both "Morgan" and "Elkhorn" are preoccupied as stratigraphic names). The lower contact is
placed at the bottom of a basal member of interbedded limestone and siltstone that ranges from 15 to 75
feet in thickness. The contact is everywhere sharp but apparently conformable, for lenses of massive,
reef-like bioclastic limestone like those in the underlying Rail Cabin Argillite are locally included with-
in this basal limestone and siltstone member. Approximately 400 feet of Graylock Formation are present
in the type locality beneath an angular unconformity with rocks of Mowich Group. The discordance of
the upper contact is clearly shown by the fact that Mowich Group rests directly on Rail Cabin Argillite on
Morgan Mouritain less than a mile from the type locality of Graylock Formation, and truncates Graylock
Formation in the exposures northeast of Graylock Butte.

Lithologic description

The siltstones of Graylock Formation are firm, dark, poorly sorted rocks. The strata are laminated,
cross-laminated, and channeled on a fine scale, although the bedding is indistinct in most exposures. The
rocks are neither as hard nor as tough as the underlying Rail Cabin Argillite, and their fracture is hackly
rather than blocky or subconchoidal. Typical siltstone, which coarsens locally to very fine-grained vol -
canic graywacke, is composed of the following constituents: partly chloritized felsic volcanic rock frag-
ments (keratophyre ?), 50 percent; albite grains, 20 percent; quartz grains, 5 percent; mica flakes, 2
percent; sphene, 1 percent; and an argillaceous detrital matrix containing dark-brown organic matter, 20
to 25 percent. Many of the siltstones have a spotted or mottled appearance caused by the presence of
small, tan ovoid areas about 1 mm in diameter that coalesce locally to form irregular scalloped blotches.
These pale spots and blotches stand out megascopically in the otherwise dark rock and are abundant e-
nough to form a characteristic and distinctive lithologic feature of the formation. The pale spots are
polycrystalline, diagenetic sieved porphyroblasts of anhedral laumontite that has grown at the expense of
the abundant felsite rock fragments, apparently expelling dark organic and clayey substances to the sur-
rounding unaltered rock as it grew.

The basal 50 to 75 feet of the formation at, the type locality, 25 to 30 feet on Morgan Creek, and
15 to 20 feet near Graylock Butte, is 60 to 75 percent thin-bedded limestone that is intercalated with
siltstone similar to that in the monotonous sequence above. The limestone is dark gray, even-textured,
finely laminated calcilutite that occurs in layers 6 inches to 2 feet thick. In thin section, the rock is
seen to be somewhat argillaceous, clearly fragmental lime-siltstone that is laminated, cross-laminated,
and channeled on a fine scale, much in the same manner as the overlying siltstones. The sorting s also
similar to that of the siltstones, and dark-brown organic matter is similarly concentrated in a marly matrix.

Origin

The delicate depositional structures of Graylock Formation indicate that it was deposited in gently
agitated water that disturbed only a thin layer of bottom sediment. The laminated structures indicative
of some winnowing and the dominant silt size of the detritus do suggest, however, that the unit was
deposited in an area of more effective current action than was the underlying, finer grained Rail Cabin
Argillite. The presence of the inarticulate brachiopod Discinain the black siltstones above the basal
calcareous member suggests that the waters may have been brackish. The formation may well have been
deposited in a shallowing embayment transitional to an estuarine environment.
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Fossils and age

The following ammonites characteristic of the Hettangian Stage (lowermost Lower Jurassic) were col -
lected by Dr. S. W. Muller from the basal limestone and siltstone member in the type locality and in
Morgan Creek canyon (loc. D18, NEXSWz sec. 12, T. 17S., R. 27E.; and loc. D20, SWiNW% sec.
6, T. 17S., R. 28 E.): Paracaloceras sp., Phylloceras sp., Psiloceras sp., and Waehneroceras sp.

This ammonite fauna is similar to that reported from the basal 75 feet of Sunrise Formation in western Ne-
vada (Muller and Ferguson, 1939). No younger fossils were found in the Graylock Formation of the
Suplee-lzee area, but it is worth noting that the "upper division (unit V)" of the "Upper Triassic" rocks

of the Aldrich Mountains (Thayer and Brown, 1960) is believed to include strata correlative with Graylock
Formation and also includes beds of probable Sinemurian age (Thayer and Brown, written communications,
1961, 1962). Thus, some upper part of the type Graylock Formation may be Sinemurian and some of the
strata described below as Caps Creek beds may be correlative with part of Graylock Formation.

Caps Creek Beds (JTrc)

Along Poison and Caps Creeks and in the headwaters of Rosebud Creek (contiguous ground in the
northeastern part of the area), approximately 5 square miles are underlain by poorly exposed strata whose
stratigraphic relations are uncertain. These "Caps Creek beds" are in contact with Begg and Brisbois For-
mations along a fault which pre-dates the Lower Jurassic Mowich Group. The strata underlie the Suplee
Formation of late Early Jurassic age with apparent angular unconformity. The rocks are dominantly thin-
bedded calcareous sandstone, siltstone, and mudstone of somber hue. Discontinuous calcirudite beds com-
posed principally of reworked Upper Triassic and Paleozoic detritus are exposed locally. Abundant re-
worked Karnian fossils have been identified by Dr. N. J. Silberling from a locality near the Smith ranch
on Poison Creek (loc. D1, NEJNEZXsec. 19, T. 17S., R. 28 E.). Thayer (written communication, 1961)
has recently collected Lower Jurassic ammonites of probable Sinemurian age from road cuts along a new
logging road in the headwaters of Rosebud Creek.

From their lithology, geographic position, and geologic relations, the Caps Creek beds are believed
to be the same unit as the "upper division (unit V)" of the "Upper Triassic" rocks of the Aldrich Mountains
as mapped by Thayer and Brown (1960). As such, they probably include no beds older than Norian and
are probably in part correlative with Graylock Formation but, .as their lithology is different, they are
mapped separately. They are not formally named here, in the belief that this step should await the reso-
lution of the stratigraphic relations of their more extensive exposures in the Wickiup Creek-Keller Creek
district northeast of the mapped area.

MOWICH GROUP (Jm)

Revision of Nomenclature

Mowich Group of upper Lower Jurassic strata was originally defined by Lupher (1941, p. 235-242)
as consisting, in ascending order, of the conformable Robertson, Suplee, and Nicely Formations. The
type locality of these three units is in secs. 26, 27, 28, and 29, T. 18 S., R. 26 E., around the junction
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of Freeman Creek with South Fork of Beaver Creek (see Appendix A for measured section). Mowich Group
is here redefined to include HydeFormation, whose type locality is 12 miles to the northeast at South Fork
Bridge on South Fork of John Day River insec. 30, T. 17S., R. 28 E. Hyde Formation was originally
defined by Lupher (1941, p. 255) and assigned by him to his "lzee Group" of Middle Jurassic age. This
erroneous age assignment was based on a miscorrelation of type Hyde Formation, in which he found no
fossils, with fossiliferous Middle Jurassic beds of similar lithology lying high in the sequence exposed on
Freeman Creek and separated from Mowich Group by several hundred feet of intervening strata and an an-
gular unconformity (see Basey Member of Snowshoe Formation). Mapping discloses, however, that type
Hyde Formation is in reality traceable along strike into lithologically similar beds that rest conformably
on Nicely Formation of Mowich Group along Freeman Creek. These beds, accordingly mapped here as
Hyde Formation, were designated "incertae sedis" by Lupher (1941, p. 251), who correctly inferred their
conformable relation with Nicely Formation and regarded them as "post-Nicely beds of the Mowich com-
ing in beneath the ... unconformity." Our inclusion of Hyde Formation in Mowich Group is thus not

in fundamental conflict with Lupher's concept of the group, but proceeds solely from a clarification of the
stratigraphic relations of Hyde Formation.

Stratigraphic Relations

The base of Mowich Group is an angular unconformity and the group rests locally upon each of the
older bedded Mesozoic map units in the area. Mowich Group is overlain by Snowshoe Formation (for re-
definition, see below) of Middle Jurassic age along a contact that is conformable in the eastern part of
the area but passes into an angular unconformity in the western part. Mowich Group is progressively over-
lapped to the west by these younger Jurassic rocks and is absent northwest of the axis of Pine Creek down-
warp. Mowich Group crops out in discontinuous patches beneath the unconformity along the northwest
flank of Mowich upwarp and forms a thin, nearly continuous, belt of exposures for a distance of 25 miles
along the southwesterly plunging nose and the southeast flank of Mowich upwarp. Reconnaissance indi-
cates that this belt of exposures continues to the east along a zone partly masked by lava caps for at least
another 5 miles to Wickiup Creek. Isolated exposures occur in downfolded synclines within Mowich up-
warp, and along Vester Creek syncline in the northern part of the area.

Robertson Formation is the basal unit of Mowich Group in the western part of the area. Along the
southeast flank of Mowich upwarp, the Robertson Formation is absent and the Suplee Formation is the bas-
al unit of the group. The mapped relations almost certainly represent facies change within the basal part
of Mowich Group, rather than overlap of Robertson beds by Suplee Formation. The stratigraphic relations
and thickness variations of Mowich Group are shown by figure 15.

Robertson Formation (Jmr)

Robertson Formation forms the base of Mowich Group along the northwest flank and around the south -
westerly plunging nose of Mowichupwarp. The unit includes three rock types: basal polymictic conglom-
erate; somber green and brown voleanic sandstone; and gray limestone, largely biostromal. Bodies of the
different rock types are lenticular and intertongue with one another along strike, such that the lithologic
sequence within the formation varies markedly in detail. The variation is shown by figure 16. Descriptions
of the thickest, most variable, and most fossiliferous sections are given in Appendixes A to D.

Thickness

Robertson Formation is about 225 feet thick on "Robertson Ridge," a low spur in SEX sec. 28, T.18
S., R. 26 E., within the type area. The thickness varies rapidly along strike and reaches a maximum of



32

GEOLOGY OF THE SUPLEE-IZEE AREA

KEY
6
Rosebud
0 5 cr
MILES
> Jsn
(-
400 Ft.
1 % 1400’ 1200'
Robertson
Ridge Jmh 100’ Jmh Jmh Jmh
700’
Jswb Jmh
L~ 700 m
/~ &
280" Jmh g Jdmn | S e |- — 2 -
<_ 80| J
_ ,/;:': Jmnv \d\~ Jmhl _:,_12_? Jmhl SS
75| -Jmn 100] ymn | ® Jon | 2% 160] ymn 1207 Jmn 240( Jmn
35 Jms |_ _ 30| _Jms ~~ —_— _ _
, T e "> SO Ims | T 78] Jms | _ [ — S ———ms
20 Jme |2/5‘L_:JE£_1// ﬁbr Rbr J-Rc JRe
——~—1-" | Rbg
Rbg
LEGEND
Superjacent Mowich Group Subjacent

Jswb: Weberg Mem. of
Snowshoe Fm.
Jsn: Snowshoe Fm.

Jmh: Hyde Fm. JRe: Caps Creek beds
Jmhl: Calc. ss. of basal Rbr: Brisbois Fm.
Hyde Fm. Rbg: Begg Fm.

Jmn: Nicely Fm.

Jmnv: lava in Nicely Fm..
Jms: Suplee Fm.

Jmr: Robertson Fm.

Figure 15. Stratigraphic relations and thickness variations, Mowich Group.




STRATIGRAPHY, PETROLOGY, AND SEDIMENTATION

3
Sec. 26
T.17 S.
i R.26 E.
gc::;k 2 Jswb 2
= 1
Sec.17 \évr::;n LY ke \\ 50 Ft.
\
\\ s
Sec.28
\ 7.185. Typearea
R.27 E.
s\
\| Jms
Packwood -
Creek 6
?ecéé Mowich
.18 S. Mtn.
R.27 E. Sec.35
Jms T.18S.
; R.27E.

TV
Q0. .-
o

Q -
Cql

l,o:‘,ooo
02568
090 0 0 L © 6% 4]
25
@ o
200 o {, [ AL
For KRR 5051 B T
[7 0,0 00 Po®, 0
100'0 0027 04 22.0,°! po o 322
and 2, _pia i -Adar-3
»,
vfgooo Rbg Rbg
9,
2,00 %
g@a%o
0
0200
Rbg

LEGEND
KEY
Conglomerate

Pebbly chert-grain sandstone
Noncalcareous volcanic {andesitic) sandstone

Calcareous volcanic {andesitic) sandstone

Mudstone

@ Thin-bedded limestone

@ Biostroma! plicatostylid “reef" limestone

—_—
MILES

Figure 16. Stratigraphic relations and thickness variations, Robertson Formation.




34 GEOLOGY OF THE SUPLEE-IZEE AREA

335 feet between Swamp and Pine Creeks in the SW2 sec. 26, T. 17 S., R. 26 E. The formation thins
rapidly to the east, from 225 to 150 feet within the type area alone, and is not mappable east of a meri-
dian line passing through Snow Mountain, a prominent landmark on the south edge of the area. On the
nose of Mowich upwarp, the rate of thinning is about 50 feet per mile. Intercalations of green volcanic
sandstone of Robertson Formation lithology do occur, however, in the lower 20 feet of Suplee Formation
as far east as Big Flat.

Lithologic description

Conglomerate: A basal member of massive, resistant, sandy pebble conglomerate, locally imbri-
cated and cross-bedded, containing layers of cobbles and rare boulders, and ranging from 10 to 100 feet
in thickness occurs wherever Robertson Formation rests unconformably on Begg Formation. Only at the
northern end of the exposures where Robertson Formation rests unconformably on Brisbois Formation is the
basal conglomerate absent. The gravel fraction consists of rounded and subrounded fragments of green and
gray chert, green and black felsophyre, dark argillite, gray limestone, and gray chert-grain sandstone in
varying proportions. The sand fraction consists of grains of albite, chert, felsite, argillite, mafic andes-
ite or basalt, and quartz. Although the gross composition of the basal conglomerate is similar to that of
many conglomerate beds in the underlying Begg Formation, the Robertson conglomerate is consistently bet-
ter rounded and its bedding is better defined. Thus, in mapping the basal contact of Robertson Forma-
tion, reliance need not be placed on angular discordance, although such is readily apparent in most areas
and approaches 90° in parts of the type area.

The basal conglomerate accounts for 20 to 40 percent of Robertson Formation. In addition, fine-
grained pebble conglomerate and pebbly chert-grain sandstone of similar composition afe intercalated at
various horizons within the overlying, dominantly volcanic, sandstones. These beds account for an esti-
mated additional 5 to 10 percent of the formation.

Volcanic sandstone: The dominant sandstones of Robertson Formation, accounting for 45 to 65 per-
cent of the formation, are massive, locally cross-laminated, well-sorted volcanic arenites composed domi-
nantly of subangular to subrounded grains of volcanic plagioclase, originally glassy volcanic rock frag-
ments of hyalopilitic to pilotaxitic texture, and minor volcanic augite. Typically less than 5 percent,
and commonly none, of the detrital grains are quartz, limestone, felsite, and chert. The rocks are ce-
mented by calcite or, more commonly, by chlorite and celadonite (see figure 17). Calcareous rocksare
gray and weather brown; those with iron-bearing phyllosilicate cement are green and form the typical green
beds of aphanitic appearance that serve to distinguish Robertson sandstones from conformably overlying
Suplee Formation, from unconformably overlying Weberg Member of Snowshoe Formation, and, along Pine
Creek, from gray calcareous siltstones and fine-grained sandstones of the unconformably underlying Bris-
bois Formation.

Some volcanic sandstones of Robertson Formation are unaltered andesite arenites. Most, however,
have been thoroughly albitized and might better be termed keratophyre arenites. Sieved porphyroblasts
of prehnite and anastomosing webs of diagenetic laumontite have given rise locally to spotted and mottled

tan and green rocks, especially in the northerly exposures. |n several sectioned specimens, an appre-
ciable percentage of the volcanic rock fragments appear to be abraded andesitic shards. These grains are
grossly equant, but have smoothly rounded re-entrants suggestive of vesicle walls and smoothly rounded
protuberances that are best interpreted as the result of abrasion of attenuated filaments.

Limestone: Lenses of gray, biostromal and massive bioclastic limestone, locally as thick as 30 feet
individually, are a distinctive feature of Robertson Formation. The poorly bedded lenses appear to grade
laterally into thinner sequences of calcilutite. Although the limestones form less than 5 percent of the
formation in the southern part of the exposures, including the type area, they account for 10 to 40 percent
of the formation in the north.

The biostromal beds of reefoid limestone are composed almost exclusively of closely packed, elongate
lower valves of the aberrant sessile pelecypod Plicatostylus gregarius Lupher and Packard, 1930, in up-
right growth position (see figure 18). As many as five separate biostromes of plicatostylid limestone occur
in sections of Robertson Formation exposed along the northwest flank of Mowich Upwarp. Body chambers
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Figure 17. Diagenetically albitized andesite arenite of Robertson
Formation; well-sorted and subrounded framework grains
are volcanic plagioclase and andesitic rock fragments,
cement is clear chlorite and celadonite (plain light; about
25 X).

Figure 18. Biostromal reef limestone of Robertson Formation near
Swamp Creek; composed mainly of lower valves of the
aberrant sessile pelecypod Plicatostylus.
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of plicatostylid shells and interstices between valves in the reefoid limestones are filled with sandy cal -
carenite or calcareous sandstone. The massive reefoid rocks grade laterally to beds of sandy calcarenite
and calcilutite containing scattered plicatostylid shells strewn parallel to bedding. Some of this layered
limestone contains shells of the gastropod Nerinea, pelecypods other than Plicatostylus, and terebratulid
brachiopods. Thin-bedded, locally nodular, dark gray, argillaceous calcilutite layers a foot or two thick
also occur within volcanic sandstones of Robertson Formation. Although clear evidence of the relation-
ship of these unfossiliferous limestones to the reefoid bodies was not obtained, they occur at the same
horizons and probably represent yet more distal equivalents of the reefoid lenses than do the fossiliferous
calcarenites.

Fossils and age

The abundant pelecypod Plicatostylus gregarius Lupher and Packard and the abundant gastropod
Nerinea sp. do not provide a basis for closely dating Robertson Formation. The lower part of the forma-
tion on Cow Creek in the northern part of the area contains Weyla questionably referrable to W. unca,
which has a known range extending through the Sinemurian and Pliensbachian Stages of the Lower Jurassic
(S. W. Muller, oral communication, 1958). The pelecypod genera Ostrea, Pinna, Trigonia, Modiolus,
Isocyprina, Pholadomya, Camptonectes, Pleuromya, Lucina, Lima, Astarte, and Coelastarte also occur
in northern exposures, but are of doubtful age significance.

On Silvies River, 25 miles southeast of the area, the Donovan Formation (Lupher, 1941) contains
upper Sinemurian eoderoceratid and echioceratid ammonites (R. W. Imlay, written communication, 1957)
at a horizon about 475 feet stratigraphically below a limestone bed containing Plicatostylus.

On the basis of the occurrence of Weyla on Cow Creek, the ammonites from below plicatostylid
limestone of the Donovan Formation, and conformity with the overlying Suplee Formation, Robertson For-
mation is provisionally assigned to the Pliensbachian Stage (Lower Jurassic) with the reservation thatsome
upper portion may be Toarcian (Lower Jurassic).

Suplee Formation (Jms)

Suplee Formation consists of fossiliferous gray calcareous sandstone and sandy limestone. Some beds
are gray-green or tan and weathered surfaces are commonly yellowish. The unit rests conformably on
Robertson Formation in the western part of the area but lies directly on older Mesozoic rocks with angular
unconformity farther east. The changing stratigraphic relations at the base of Suplee Formation are prob-
ably due in part to onlap, but the intercalation of noncalcareous green volcanic sandstones within the
lower part of Suplee Formation on Big Flat suggests that some lower part of Suplee Formation in the east
is at least a partial lateral equivalent of Robertson Formation in the west. Thickness variations within Sup-
lee Formation are consistent and compatible with this view: the unit is only 30 to 35 feet thick above Rob-
ertson Formation in the type locality, but thickens to 50 feet at Big Flat and to 75 feet between South Fork
and Poison Creek. Still farther east, the thickness decreases again to 50 feet at Caps Cregk and to 30 feet
in the headwaters of Rosebud Creek. The lower contact with Robertson Formation is placed ot the top of
the highest plicatostylid limestone or at the top of the highest noncalcareous green volcanic sandstone or
pebble conglomerate. As Suplee Formation is a homogeneous and distinctive unit, the contact is nothard
to define in most localities.

Lithologic description

Suplee Formation grades from calcareous volcanic sandstone in the west where it overlies Robertson
Formation to calcareous lithic sandstone in the east where it overlies older rocks. Bedding is everywhere
massive and indistinct. Grains are subrounded to rounded and in most exposures are fine sand, although
medium sand is not rare and pebbly beds occur at the base of the unit in a few places in the eastern part
of the area.



STRATIGRAPHY, PETROLOGY, AND SEDIMENTATION 37

Fossils and age

Abundant fossils are a characteristic lithologic attribute of Suplee Formation. The large pecten,
Weyla, is most characteristic and can be found, at least as incomplete specimens, in virtually every out-
crop of the unit. The pelecypods Astarte (Coelastarte) sp., Camptonectes sp., Pleuromya sp., and Tri-
gonia sp., as well as bicostate rhynchonellid brachiopods, are also abundant throughout the area. Near
South Fork, Gryphaea sp. is abundant, forming local coquinite along the outcrop belt between School -
house Gulch and Hole-in-the-Ground, but was not found elsewhere. Similarly, Meleagrinella sp. is vir-
tually restricted to the Snow Mountain-Mowich Mountain area in the southwest, where it is abundant.
Common forms throughout the area include Gervilleia sp., Homomya sp., and Ostrea sp. Less common
forms are included in table 5.

Ammonites are rare in Suplee Formation in comparison to the bivalves, but good specimens have
been obtained in about 10 localities (table 5) spread throughout the area. The ammonite genera are char-
acteristic of the lower part of Toarcian Stage (Lower Jurassic) (R. W. Imlay, written communication,
1957). On the other hand, a Gryphaea resembling G. cymbium Lamarck, which is characteristic of the
upper Pliensbachian Stage in Europe (R. W. Imlay, written communication, 1957), has been found at two
localities and the Weyla specimens are most probably a Pliensbachian assemblage (S. W. Muller, oral com-
munication, 1956). Gryphaea cf. G. cymbium is most common in the lower part of the unit and has not
been found above the middle, but VTezlo occurs throughout. At no single place, however, has either
Weyla or Gryphaea been collected from beds above an ammonite locality. Available data thus suggest
that Suplee Formation is in part of early Toarcian Age but may include upper Pliensbachian beds as well.

Nicely Formation (Jmn)

Nicely Formation consists dominantly of black mudstone and shale with subordinate intercalationsof
sandstone. Large concretions as much as 2 feet in diameter are-abundant in some exposures. The basal
contact with Suplee Formation is conformable and is placed ot the top of the continuous sequence of under-
lying sandstone and sandy limestone, which is broken only by minor shale or mudstone partings. The unit
is 75 to 100 feet thick at the type locality, but ranges from 100 to 300 feet in the eastern part of the area
(figure 15).

Lithologic description

In the type locality, Nicely Formation is almost entirely black, flaky shale. To the east, mudstone
and thin, intercalated beds of calcareous siltstone and sandstone are included within the unit. In many
exposures, black spheroidal limestone concretions that weather gray or white are abundant. The concre-
tions and the lutites are virtually massive, with little or no trace of lamination.

On BigFlat, a submarine lava flow of porphyro-aphanitic pyroxene andesite occurs within Nicely
Formation. The flow is about 50 feet thick, is exposed for 5 miles along strike, and is composed of white
labradorite and black augite phenocrysts set in a blue-gray to green groundmass that weathers brown: In
section, the groundmass is a turbid hyalopilitic mass of partly devitrified brownish glass in which andesine
microlites, clinopyroxene grains, and ore are imbedded. In some parts of the flow, plagioclase is largely
albitized and the groundmass largely chloritized. As far as a mile away from the edge of the flow along
strike, a thick, derived bed of moderately to poorly sorted andesitic and keratophyric sandstone occursat
the same horizon in Nicely Formation.

Fossils and age

Voluminous collections of ammonites have been assembled by breaking open the calcareous concre-
tions (table 6). The assemblage obtained is early to middle Toarcian (Early Jurassic) in age, not younger
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TABLE 5. Fossils from Suplee Formation of Mowich Group.

Locality 1,2,3
Location

--% of

-=3 of
Section
Township (S.)
Range (E.)

Ammonites:

Harpoceratoides(?) sp.

Hildaites sp.

Hildaites cf. H. serpentinum (Reinecke)
Hildaites cf. H. subserpentinum Buckman
Orthildaites sp.

Orthildaites cf. O. orthus Buckman

Phylloceras sp.
Whitbyiceras(?) cf. W. pingue (Simpson)

Pelecypods:

Astarte sp.

Astarte (Coelastarte) sp.
Camptonectes sp.
Cardinia sp.

Gervillia sp.

Goniomya sp.
erpﬁaea sp.

Gryphaea cf. G. cymbium Lamarck
Homomya sp.

Lima sp.

fA_uE-fromxn sp.
Meleagrinella sp.
Modiolus sp.

Ostrea sp.

Parallelodon sp.
Phacoides sp.

Pinna sp.

Pleuromya sp.

Trigonia sp.

Weyla sp.

Brachiopods:

Rhynchonellids (bicostate)
Terebratulids

212

30

D 31

D 34

35

NwW
SE
30
18
27

D 36

SE
30
18
27

D 37

! See Plate I for map location.
2 Localities yielding only Weyla sp. omitted.

3 Localities listed from west to east along southeast flank of Mowich upwarp.
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TABLE 6.

Locality 1.2

Location:
"
--z of
1
--z of
Section
Township (S.)
Range (E.)

Ammonites:

Catacoeloceras sp.

Catacoeloceras cf. C. annuliferum (Simpson)

Fossils from Nicely Formation of Mowich Group

w3y 7

Dcétxlioceras cf. D. directum (Buckman) *
Dactylioceras cf. D.. kanense McLearn

Dactylioceras cf. D. tenuicostatum (Young & Bird)

Eleganticeras sp.

Eleganticeras cf. E. pseudoelegans Buckman

Fanninoceras cf. F. fannini McLearn

X -

Fanninoceras cf. F. kunae MclLearn

Harpoceras cf. H. exaratum (Young & Bird)
Harpoceras (Ovaticeras) sp.

Hildaites sp.

Hildaites cf. H. serpentinum (Reinecke)

X X X X X

Hildaites cf. H. subserpentinum Buckman

X ———

Lytoceras sp.

Orthildaites cf. O. orthus Buckman

Protogrammoceras(?) sp.

Subcollina(?) sp-

Zugodactylites cf. Z. braunianum (d'Orbigny) x

Pelecypods:

Otapira(?) cf. O. marshalli (Trechman) x x

Brachiopods:

Rhynchonel lids

-—— X

(Identifications by R. W. [mlay of U. S. Geological Survey)

SE
SW
20
17
28

NW
NE
16
17
28

83 84

----  NW
SW-NW NE
36-1 1
16-17 17
28 28

X —_——

X —_———
X ——

X _——

x —
x _——
x —
x _—

X ————

X -————

X _———

D 85 D 86
SW NE
NE NE
14 14
17 17
27 27
-—-- ?
-—-- X

x x
-—-- X
-—— X

x —
-—-- X
-—— X
-—— X

See Plate | for map location.
Localities listed from west to east.

3 Callections of R. L. Lupher in period 1926-1937 from type locality near Jim Robertson ranch.
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than the European zone of Hilderoceras bifrons (R. W. Imlay, written communication, 1957). As Hildo-
ceras is absent, the formation may be entirely older than this zone.

Hyde Formation (Jmh)

At the type locality on South Fork of John Day River and in contiguous exposures extending for 15
miles along strike, Hyde Formation is composed dominantly of thick, massive beds of blue-gray andesitic
marine tuff and tuffaceous volcanic graywacke and averages 1,000 to 1,200 feet in thickness. The unit
is the most resistant in the Jurassic sequence and supports prominent hogback ridges. The formationrests
conformably on Nicely Formation and is overlain by Snowshoe Formation. The upper contact is con-
formable except along Freeman Creek in the southwest, where Weberg Member of Snowshoe Formation
overlies Hyde Formation unconformably along a contact with mappable angularity. The upper and lower
conformable contacts, both gradational through about 25 feet of strata, were placed at the top and base,
respectively, of the highest and lowest massive andesitic tuff or sandstone bed in a continuous sequence
of similar strata.

Lithologic description

At the type locality hard, tough, resistant volcaniclastic beds:composed of dominantly sand-sized
andesitic debris account for 90 percent of the formation. These homogeneous rocks are blue-gray where
fresh, but weather green or greenish brown and form spheroidal exfoliation nodules ranging from 5 to 15
inches in diameter. The resistant beds range from 1 to 10 feet in thickness and are separated by interca-
lated layers of dark, laminated volcanic siltstone and mudstone 1 inch to 2 feet thick. The coarse vol -
caniclastic beds are massive throughout most of their thickness. Their uppermost parts, however, grade
into the overlying lutite intercalations by a decrease in grain size and the appearance of faint lamina-
tions. Some beds grade downward into lutite in similar fashion, but others have abrupt bottoms. In rare
instances, layers of angular andesitic lapilli occur within some thick beds.

The predominant volcaniclastic andesitic strata of Hyde Formation are best described texturally as
moderately sorted, medium-grained sandstones. Most grains are subangular, but angular and subrounded
grains are both represented. Some rock fragments are equant andesitic shards with cuspate margins formed
of arcuate indentations and pointed projections. Other fragments appear to be somewhat abraded shards.
The degree of sorting is difficult to estimate, because interstitial areas between framework sand grains
are occupied jointly by chlorite and celadonite formed in part by recrystallization of detrital matrix and
in part as authigenic cement grown in open pores. Apart from minor admixtures of nonvolcanic quartz,
chert, and argillite grains in amounts less than 5 percent and most commonly less than 1 percent, thepre-
dominant rocks are composed entirely of clastic andesitic debris. This material consists of abundant plagio-
clase crystals that are commonly albitized, common fresh augite, rare fresh hornblende, and abundant
fine-grained, originally glassy, rock fragments of hyalopilitic and vitrophyric texture. The relative pro-
portions of these different constituents are remarkably constant and hold near the following values in most
rocks: plagioclase, commonly albitized, 25 percent; andesitic rock fragments, 55 percent; and augite
and minor hornblende, 4 percent. Interstitial matrix and cement account for the remaining 15 to 20 per-
cent (figure 19).

The andesitic strata of Hyde Formation have undergone intense diagenetic alterations (for details,
see Dickinson, 1962b). Originally glassy portions of rock fragments are replaced by zeolites, celadonite,
and chlorite. The plagioclase in many rocks is partly or entirely altered to albite clouded with inclusions
of pumpellyite and prehnite. Of the volcanic materials, only augite and hornblende are fresh; on fresh
surfaces, augite is readily visible as small, sparkling black crystals. Local migration of lime during al-
teration (see Dickinson, 1962b) has given rise to a variety of segregations and spotted or mottled strata:
(1) Spheroidal calcareous concretions occurin some beds; (2) prehnite porphyroblasts appear as paleovoid
spots in some siltstone intercalations; (3) pale prehnite and laumontite veinlets transect some massive vol-
caniclastic beds; and (4) anastomosing webs, parallel bands, and massive blocks of pale laumontite after
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Figure 19. Diagenetically albitized marine andesite tuff of Hyde
Formation; moderately sorted and subangular framework
grains are chiefly volcanic plagioclase and andesitic rock
fragments with minor augite; cement and matrix is mainly
chlorite and celadonite (plain light; about 25 X).

Figure 20. Basal calcareous andesitic sandstone of Hyde Formation
(crossed nicols to show presence of calcite cement and lack
of detrital matrix); grain types same as Figure 19 except
plagioclase unaltered (note albite twinning) (about 25 X).
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plagioclase and zeolitized glass have given rise locally to mottled tan and green rocks, banded tan and
green rocks, and massive tan rocks. The diagenetic growth of easily weathered laumontite is most notable
in the area around Mowich Mountain and Freeman Creek, hence the Hyde graywackes of that area are
softer and less resistant than elsewhere.

Lithologic variants

East of Big Flat within the mapped area, Hyde Formation is lithologically homogeneous, although
the thickness varies from 700 to 1,500 feet (figure 15). West of Big Flat, the proportion of lutite in the
unit increases, and on Freeman Creek the formation consists of alternating members, each 50 to 100 feet
thick, of tuffaceous volcanic graywacke and poorly sorted volcanic siltstone or mudstone. Similarly,
lutite intercalations increase in abundance toward Bear Valley outside the mapped area to the east.

In the drainage of South Fork of John Day River, the lower 25 to 100 feet of Hyde Formation (fig-
ure 15), and the upper 10 to 25 feet, are dominantly well-sorted calcareous volcanic sandstone (andesite
arenite) composed also of subangular grains (see figure 20). These beds are also massive, like the non-
calcareous beds, but outcrops weather typically to gritty, brown, angular surfaces that contrast with the
nodular, dark green surfaces typically formed on the noncalcareous beds in the bulk of the formation.
Moreover, the relative proportion of plagioclase grains and andesitic rock fragments appears to vary more
in the calcareous rocks, perhaps reflecting a greater degree of hydraulic sorting of the volcanic debris.
The calcareous arenites appear to grade locally to sequences of dark mudstone with intercalated calcareous
sandstone beds mapped as upper Nicely Formation.

In places, lenses of volcanic pebble conglomerate occur in the basal beds of the formation.

Fossils and age

No diagnostic fossils have been found in Hyde Formation. With the exception of bicostate rhyncho-
nellid brachiopods near Izee (loc. D87) and poorly preserved hildoceratid (?) ammonites from Freeman
Creek and the type locality, the unit has proved barren. Early to middle Toarcian ammonites from the
conformably underlying Nicely Formation and an assemblage of late Toarcian (Lytoceras jurense Zone)
ammonites from the basal part of the conformably overlying Snowshoe Formation indicate, however, that
Hyde Formation is Toarcian and, despite its thickness, may well represent only the Hildoceras bifrons
Zone of that stage.

Origin of Mowich Group

Mowich Group was deposited in a transgressing sea that inundated an erosional surface of low relief
during the late Early Jurassic. Ammonites from the group and from the overlying Snowshoe Formation in-
dicate that deposition occupied a geologically brief period from late Pliensbachian to middle or late To-
arcian time. In Robertson andSuplee Formations, there are abundant ecologic indicators of shallow marine
waters. Chief among these are (a) biostromes of the aberrant sessile pelecypod Plicatostylus in Robertson
Formation; (b) Gryphaea coquinites in Suplee Formation; (c) the presence of other massive, thick-shelled
pelecypods such as Weyla, Ostrea, and Trigonia; and (d) the presence of rhynconellid and terebratulid
brachiopods, known to be abundant in neritic deposits elsewhere (Imlay, 1957, p. 498). These forms, as
well as the clean texture and coarse grain size of the rocks, suggest that Robertson and Suplee Formations
were deposited in shallow, wave-agitated waters. The restriction of the Robertson Formation reefoid
limestones to the western part of the area may possibly indicate shoaling in that direction. The finer
grain size of Nicely Formation suggests deposition in quieter, but not necessarily notably deeper, waters
farther offshore. The fossils of Hyde Formation are too sparse and fragmentary to permit valid ecologic
interpretations, but the thickness of the unit requires prior or concurrent subsidence in excess of 1,000
feet.

The basal conglomerate of Robertson Formation is probably composed largely of detritus reworked
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from directly underlying Upper Triassic conglomerates of Begg Formation. The supposition is strengthened
by the fact that the basal conglomerate is absent where Robertson Formation rests on finer grained strata
of Brisbois Formation. Likewise, the nonvolcanic sand of Suplee Formation in the eastern part of the area
was likely derived from underlying strata.

Andesitic debris of similar microscopic appearance is overwhelmingly predominant in Mowich Group
as a whole. Convergent lines of evidence suggest that the debris was derived from contemporaneous pyro-
clastic deposits: (a) It is almost wholly absent from the basal Robertson Formation and from the eastern
exposures of Suplee Formation for which an epiclastic source from the substrate can be postulated with
confidence; (b) it is microscopically unlike Paleozoic and Triassic volcanic rocks exposed nearby; (c) it
closely resembles younger Jurassic andesite debris present higher in the column; (d) augite andesite lava
of similar groundmass texture is intercalated within Nicely Formation on Big Flat and provides positive
evidence of contemporaneous eruption of similar andesite magma; (e) fresh shards and abraded shards in
Robertson and Hyde Formations provide direct evidence of some pyroclastic activity; and (f) the remarkable
homogeneity of Hyde Formation and, to a somewhat lesser degree, of the volcanic sandstones of Robertson
Formation, suggests derivation from homogeneous ash with only slight reworking.

The locations of the pyroclastic vents are unknown. Andesitic debris appeared first in the west,
where it is interstratified with nonvolcanic lithic sandstone and limestone of Robertson Formation. Inter-
calations of andesitic sandstone in basal Suplee Formation on Big Flat, but not eastward, suggest not only
that Robertson Formation to the west is a lateral equivalent of lower Suplee Formation to the east, but
also that andesitic debris from the west was intertonguing with nonvolcanic detritus being deposited to the
east. Hyde Formation represents a later flood of slightly reworked pyroclastic debris, much of which may
well have been erupted initially into the sea and redistributed only by bottom currents. The general thick-
ening of Hyde Formation toward the northeast may possibly reflect a source in that direction, although
vagaries of bottom topography could equally well account for thickness changes.

SNOWSHOE FORMATION (Js)

Revision of Nomenclature

Snowshoe Formation is a heterogeneous, conformable assemblage of Middle Jurassic strata. |t rests
conformably on Hyde Formation along the southeast flank of Mowich upwarp, unconformably on Hyde
Formation and older units of Mowich Group near the axis of Mowich upwarp, unconformably on Upper
Triassic strata in Pine Creek downwarp where Mowich Group is overlapped, and unconformably, finally
on Paleozoic rocks near the western edge of the area. |In the lzee district, the unit is overlain uncon-
formably by Trowbridge Formation. In the Suplee district, no younger Jurassic rocks are present above
it, but locally the formation is overlain unconformably by Upper Cretaceous strata.

As here described, Snowshoe Formation represents a major revision of the usage of Lupher (1941),
in that several units he defined as separate formations are included as members of Snowshoe Formation. As
the units in question are lateral facies equivalents of type Snowshoe Formation and are known to have only
limited extent, the usage proposed here represents a desirable simplification of Lupher's terminology, yet
retains and clarifies the critical lithologic distinctions which he recognized. The stratigraphic relations
and thickness variations of the various members of Snowshoe Formation are shown by figure 21.

Snowshoe Formation was established by Lupher (1941, p. 259) for the sequence of well-beddedstrata,
dominantly laminated siltstone and mudstone but including sandstone intercalations, that conformably over-
lies Hyde Formation and is overlain by Trowbridge Formation along South Fork of John Day River at lzee.
Hyde and Snowshoe Formations were bracketed together in "lzee Group" by Lupher (1941); in view of our
present assignment of Hyde Formation to Mowich Group (see above) we have abandoned the term "lzee
Group." In the type locality at Izee, three lithologically distinctive members have been informally rec-
ognized but not mapped, within Snowshoe Formation: (a) a lower member of dark lutite, (b) a middle
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member of interlaminated dark lutite and greenish volcaniclastic siltstone and sandstone, and (c) an upper
member of interbedded dark lutite and gray calcareous sandstone.

To the east of the type locality at lzee, the middle part of Snowshoe Formation grades by inter-
tonguing into a sequence of interbedded lutite and volcaniclastic graywacke and conglomerate. For this
sequence, the new name "Silvies Member of Snowshoe Formation" is proposed below .

To the west of the type locality af Izee, the conformable lower contact with Hyde Formation passes
into an angular unconformity overlain by gray calcareous sandstone that is a lateral facies equivalent of
a horizon somewhat above the base of type Snowshoe Formation. This transgressive sandstone unit, which
successively overlaps the formations of the underlying Mowich Group, was named Weberg Formation by
Lupher (1941), but is here described as "Weberg Member of Snowshoe Formation." Above Weberg Mem-
ber are dark lutites similar in lithology and partly equivalent in age to those of the lower member of type
Snowshoe Formation. These strata were named Warm Springs Formation by Lupher (1941), but are here
described as "Warm Springs Member of Snowshoe Formation." Lupher (1941) bracketed his Weberg and
Warm Springs "Formations" in "Colpitts Group, " a term we have abandoned. Above Warm Springs Mem-
ber in the western part of the area is a sequence of andesitic lavas and volcaniclastic rocks that intertongue
eastward into a laterally equivalent part of the middle member of type Snowshoe Formation. For these
strata, the new name "Basey Member of Snowshoe Formation" is proposed below. These strata were in-
correctly referred to Hyde Formation by Lupher (1941), who erroneously dated Lower Jurassic Hyde For-
mation as Middle Jurassic on the basis of ammonite collections from Basey Member (see Appendix A for
the relative stratigraphic position of the two units where both are present in the same vertical succession).
For lutites that overlie Basey Member in the western part of the area, the new name "Shaw Member of
Snowshoe Formation" is proposed below.

All these units of diverse lithology are included within Snowshoe Formation on the basis of the fol-
lowing reasoning. The transgressive Weberg Member is limited to a few square miles in the western part
of the mapped area and contiguous ground to the west, and a good purpose appears to be served by ter-
minology that reflects its relation to type Snowshoe Formation. The volcaniclastic Basey and Silvies
Members intertongue completely with lutites of type Snowshoe lithology and appear to be the result of
volcanism contemporary with Snowshoe sedimentation; similar volcaniclastic accumulations may well occur
at various horizons in lutites of Snowshoe lithology eastward in central Oregon. Warm Springs and Shaw
Members could not be mapped separately were it not for the intervening Basey Member. Erosion over
Mowich Upwarp has largely removed the facies transition from Warm Springs, Basey, and Shaw Members
eastward to undifferentiated Snowshoe Formation, and resort must be made to an "arbitrary cut-off"
(Wheeler and Mallory, 1956) to delimit the eastern extent of these members at Mowich Mountain.

Snowshoe Formation (Jsn) at lzee

In the type locality along South Fork of John Day River at lzee, Snowshoe Formation includes ap-
proximately 2,750 feet of dark, thin-bedded, poorly exposed strata that underlie smooth, sage-covered
slopes. Three gradational but lithologically distinctive members can be recognized.

Lower member

The basal 600% feet are dominantly soft, dark-gray to black, thin-bedded mudstone, shale, and
siltstone. Upon weathering, these fine-grained rocks exhibit a bedding parting that yields platy slabs.
In some exposures, casts of ammonites and of the pelecypod Posidonia are abundant on parting planes.

The rocks consist largely of fragments of crystals and groundmass of andesitic rocks and of clays
inferred to have been derived from weathering of andesitic materials. Occasional devitrified shards are
seen, but most of the recognizable clastic grains are angular silt grains of irregular shape. Small quanti-
ties of quartz silt may represent an admixture of nonvolcanic detritus. To the terrigenous detritus are
added several kinds of organic debris. Volumetrically most important are tests of radiolarians, which com-
prise 10 to 25 percent of the rocks that have been examined in thin section. All the tests observed have



STRATIGRAPHY, PETROLOGY, AND SEDIMENTATION 47

been recrystaliized to fibrous chalcedony or replaced by calcite, with one or the other modification occur-
ring to the exclusion of the other in any given section. The derivation of the bodies from radiolarian tests
can be inferred with reasonable confidence from their ovoid, bell-shaped, or helmet-shaped outlines and
from their pitted or grainy appearance. In addition to the preserved tests, dark organic material is widely
and abundantly dispersed throughout the fine clays interstitial to silt grains and tests. Bedding is shownin
thin section by the alternation of thin laminae of contrasting grain size, a condition that doubtless gives*
rise to the platy parting so characteristic of the strata.

Most of the lutites of the lower member are calcareous to some degree. Locally, nodular concretions
have formed by replacement. Remnants of more silty laminae are preserved in these concretions and are
etched into relief on weathered surfaces. In exposures near Big Flat, thin beds of limestone from a few
inches to a few feet in thickness are spaced at wide intervals of a hundred feet or more within the member.
These relatively competent layers have been severely brecciated by the deformation which the rocks have
undergone and, for this reason, their origin is difficult to ascertain. Sume appear to represent coalesced
chains of concretions formed along a specific horizon. Others contain fragmental calcareous fossils and
may represent recrystallized bioclastic layers.

The lower member can be traced without significant lithologic change westward to Big Flat and east-
ward beyond the edge of the mapped area to Wickiup Creek near Bear Valley. Throughout this span, a
distance of some 20 miles, the unit maintains a thickness of 500 to 750 feet. The Warm Springs Member
of the Suplee district is similar in lithology and presumably is a western tongue of the upper part of the
lower member of the |zee district.

Middle member

The middle 1,000% feet are dark-gray to black lutite, interlaminated with gray to green volcani-
clastic siltstone and fine-grained sandstone, with the alternating laminae on the order of 1 to 10 mm thick.
The dark lutite layers, like the strata of the lower member, are composed of a mixture of terrigenous silt
and clay, recrystallized or replaced radiolarian tests, and dispersed dark organic material. The coarser
volcaniclastic layers lack abundant organic matter, contain no radiolarian tests, and are typically graded
from sandy or silty bottoms to clayey tops. The coarse layers are composed entirely of andesitic plagio-
clase that is largely albitized, and rock fragments that were originally glassy but are now zeolitized.
Vitroclastic texture is not apparent in the volcaniclastic layers. Common bleached spots or patches in the
siltstone and fine-grained sandstone layers are the result of the porphyroblastic growth of diagenetic lau-
montite; locally entire vitroclastic laminae are converted to the pale mineral.

The middle member can be traced without significant lithologic change westward to Big Flat and
eastward to upper Rosebud Creek. Farther west it grades laterally to Basey Member of the Suplee district,
and farther east it grades laterally to Silvies Member near the eastern edge of the area.

Upper member

The upper 1,250% feet are dominantly thin-bedded dark mudstone and siltstone with thick interca-
lated beds of gray calcareous sandstone. The sequence is poorly exposed and has been little studied.
Sparse data suggest it contains both volcaniclastic and nonvolcanic detritus, but the proportions are un-
known. To the west, the member is progressively overlapped by the Trowbridge Formation and does not
reach to Big Flat. To the east, more and more strata appear beneath the sub-Trowbridge unconformity so
that thicknesses of 1,500 to 2,000 feet are present where the member is poorly exposed on upper Rosebud
and Lewis Creeks. A long roadcut on Lewis Creek opposite the mouth of Johnie Creek exposes an inter-
bedded sequence in which green, gray, or black siltstone alternates with gray sandstone at intervals of 1
to 6 inches. Lamination, defined by color banding of carbonaceous layers, alternating feldspathic and
lithic layers, and alternating gray-green and dark-gray layers, occurs on a scale of 1to 5 mm. Sandy beds
tend to contain calcareous cement and display small-scale cross bedding. The coarser beds are thickest
and tend to be graded without lamination, except in their upper parts where fine laminae and cross-
laminae are present in very fine-grained sandstone. Weathered surfaces range from somber brownish tones
to pale hues of buff and cream.



TABLE 7. Fossils from lower member of Snowshoe Formation in South Fork of John Day River basin.

(Identifications by R. W. Imlay of U. S. Geological Survey)

Locality!

Stratigraphic position
(Feet above base of member)

Location
--z of
--% of
Section
Township (S)
Range (E)

Ammonites
Catulloceras cf. C. dumortieri (Thoiolliere)
Grammoceras cf. G. striatulum (Sowerby)
Grammoceras cf. G. toarcense (D'Orbigny)
Harpoceras cf. H. exaratum (Young & Bird)

Haugia cf. H. variabilis (D'Orbigny)

Erycites (?) sp.
Hammatoceras (?) sp.

Lytoceras (?) sp.
Phymatoceras (?) sp.

Tmetoceras cf. T. scissum (Benecke)

Stephanoceras sp.
Witchellia sp.
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Posidonia ornati (Quenstedt)
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Fossils and age

In the drainage of South Fork of John Day River, fossil ammonite collections ranging in age from
late Toarcian (Early Jurassic) to early Callovian (Late Jurassic) have been collected from exposures of
Snowshoe Formation contiguous with the type locality. The pelecypod Posidonia is associated with the
ammonites throughout the sequence.

The oldest faunule occurs in the basal 100% feet of the lower member (table 7) and has been col -
lected from localities on Flat Creek (D104) and near Sheep Creek (D111). The presence of Harpoceras
is good evidence that the faunule is Early Jurassic and the other ammonites are characteristic of the
Lytoceras jurense Zone, the uppermost zone of Toarcian Stage (R.W.Imlay, written communication, 1957).
This Toarcian portion of the lower member may well continue east of Izee where diagnostic fossils were
not found, but thickening of the underlying Hyde Formation suggests that the gradational basal contact
may rise into the Bajocian Stage.

Somewhat higher in the formation on Flat Creek, early Bajocian (Middle Jurassic) ammonites prob-
ably representative of the Tmetoceras scissum Zone (R. W. Imlay, written communication, 1957) were
collected at three localities (D105, D106, D107) spaced from 125 to 200 feet above the base of the lower
member (table 7).

Above the basal 200 feet, the middle Bajocian ammonites Witchellia sp. and Stephanoceras sp. have
been collected from a number of localities in the lower member (table 7).

The middle member has yielded few fossils, but middle Bajocian ammonites were found at four lo-
calities (table 9, following page 56). The presence of Stephanoceras (Skirroceras) sp. at two localities
suggests the Otoites sauzei Zone.

Abundant large concretions in the upper member yielded several ammonites at a locality (D115,
SEXSWZ% sec. 14, T. 17S., R. 28E.) on a hill slope in the drainage of Rosebud Creek. The forms are
characteristic, in Alaskan assemblages, of the lower part of the Callovian Stage (Upper Jurassic) and
include the following: Calliphylloceras sp., Choffatia sp., Gowericeras cf. G. spinosum Imlay, Lil-
loettia sp., Lilloettia sp. juv., and Xenocephalites vicarius Imlay. With the ammonites are associated
Posidonia and Ostrea (R. W. Imlay, written communication, 1957).

Silvies Member (Jssv)

The new name "Silvies Member of Snowshoe Formation" is here proposed tor the thick lens of vol -
caniclastic strata characterized by abundant intercalations of andesitic sandstone and conglomerate that
crop out in the headwaters of Silvies River. Between the thick graywacke and conglomerate sequences,
which individually attain thicknesses in excess of 100 feet, are sequences of laminated volcaniclastic silt-
stone similar to the strata of the middle member in the type locality of Snowshoe Formation. The type lo-
cality designated for Silvies Member embraces the four quarter-sections surrounding the juncture of secs.
21, 22, 27, and 28, T. 16 S., R. 29 E., where Silvies River and a small tributary from the west have cut
steep-sided, well-exposed canyons across the strike of the unit. At the type locality, approximately
1,500 feet of strata are exposed within Silvies Member; the upper and lower contacts are placed at the
highest and lowest ledges of massive andesitic sandstone or conglomerate (see Appendix G for a detailed
lithologic description of the type section). The extent of Silvies Member to the east is not known; to the
west, it grades laterally by intertonguing to finer grained volcaniclastic strata comprising the middle mem-
ber of type Snowshoe Formation. The facies change occurs in the headwaters of Lewis Creek (see plate 1).

Lithologic description

The lutite intercalations of Silvies Member are identical in lithology to the strata of the middle
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Figure 22. Diagenetically albitized andesitic sandstone of Silvies
Member of Snowshoe Formation; grains are mainly volcanic
plagioclase and andesitic rock fragments with minor augite
and rare quartz and detrital carbonate; note grain deforma-
tion and pressolved grain contacts (plain light; about 25 X).

member of type Snowshoe Formation and will not be described separately. The sandstones and conglom-
erates are massive, hard, blue-gray rocks that weather green or brown. They occur in graded deposition-
al units that are typically 1 to 12 feet thick and are commonly separated by 1 to 25 feet of dark volcani-
clastic siltstone and mudstone. Some of these depositional units consist of a single graded bed, but others
are composed of two or more graded subunits or beds in vertical succession. In the compound units, the
base of each graded bed above the basal one rests with scoured contact on sandstone or conglomerate of
the subjacent graded subunit.  As many as five graded beds, each 2 to 10 feet thick, have been ob-
served thus in a single depositional unit, the whole aggregating 25 feet or more. Internal laminations
caused by the alternation of layers of slightly different grain size or composition are common within graded
sandstone beds, and these laminations are especially abundant in the upper parts of the beds. The lam-
inae range from % to 1 inch in thickness, the coarser laminae being correlated with coarser grain sizeand
the finer laminae with finer grain size.

The grain size of the coarse volcaniclastic strata ranges up to cobble conglomerate, but coarse-
grained sandstone is perhaps most typical. The rocks are moderately sorted and composed of subrounded
to subangular grains. They are composed predominantly of andesitic debris in the form of plagioclase
grains that are now largely albitized, devitrified zeolitic and chloritic rock fragments of originally hya-
lopilitic and vitrophyric texture, and minor augite and hornblende grains. Minor admixtures of nonvol-
canic quartz and chert are common. Abraded calcite grains, many clearly of organic derivation as
viewed in thin section, are characteristically present in amounts of 1 to 5 percent. Authigenic calcite
is rare, for the rocks were lithified principally by compaction which pressed the framework sand grains
tightly together, deforming some lithic grains and causing minor pressolution at grain contacts. The per-
centage of inferstitial detrital matrix of clay and fine=silt size is variable, but is generally less than 10
percent (see figure 22).

The strata of Silvies Member superficially resemble similar massive, andesitic, volcaniclastic rocks
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of Basey Member and of Hyde Formation. Silvies Member, however, has the following lithologic attri-
butes that differentiate it from the other two units: (1) Conglomerate beds are present and pebbly lenses
and layers are common; (2) a greater variation in the proportions of feldspar grains and lithic fragments
from bed to bed is evident, and some beds have more feldspar grains than lithic fragments; (3) small-scale
laminations, especially feldspathic ones, are more common in the sandstones; (4) graded bedding is char-
acteristic, especially the compound units made up of several graded beds; (5) median grain size is coarser
(coarse sand versus medium sand) in the typical thick sandstone beds; and (6) weathered surfaces often
display a speckled aspect of white feldspar grains against a dark background.

Lithologic variants

As Silvies Member grades westward to the middle member of type Snowshoe Formation, two separate
conglomeratic tongues extend across Tamarack Creek (see plate |). Still farther west, conglomerate beds
and stringers exposed along Rosebud Creek probably represent even more distal equivalents.

To the east of the type locality and outside the area mapped, Silvies Member thickens and, south
of Seneca along U.S. Highway 395, includes intercalated andesitic lavas and flow-breccias similar to
those in Basey Member of the Suplee district.

Fossils and age

No fossils were found at the type locality. Middle Bajocian (Middle Jurassic) ammonites have been
collected, however, from similar strata near Seneca. This fact, together with the demonstrated lateral
facies relation to the middle member of type Snowshoe Formation, leaves little doubt thatSilvies Member
is middle Bajocian.

Weberg Member (Jswb)

Weberg Member is a thin, transgressive unit of fossiliferous calcareous sandstone and sandy limestone
that appears at the base of Snowshoe Formation only in the western part of the area where the base of the
formation is an unconformity. Throughout most of the Pine Creek downwarp the member varies from 50 to
200 feet in thickness, presumably because of erosional relief on the surface of unconformity beneath it.
The member thins eastward around the nose of Mowich upwarp and pinches out on the west slope of Mowich
Mountain, where the unconformity between Hyde and Snowshoe Formations also disappears. The member
is onlapped by the conformably overlying Warm Springs Member at the northeastern end of Pine Creek down-
warp and locally in Smith Basin syncline at the western edge of the area. The contact with Warm Springs
Member is gradational and was placed at the top of the highest calcareous sandstone or sandy limestone
bed in a continuous sequence of these rocks and was drawn so as to exclude all but thin intercalations of
dark lutite. On the southwesterly plunging nose of Mowich upwarp, Weberg Member rests unconformably
on units of Mowich Group, which it progressively overlaps toward the west. The member rests on Upper
Triassic strata throughout much of Pine Creek downwarp and on Paleozoic rocks near the western edge of
the area.

Weberg Member was established (as Weberg "Formation") by Lupher (1941, p. 249), who designated
the east side of Warm Springs Creek valley in secs. 19, 20, 29, and 30, T. 18 S., R. 26 E., as the type
locality. A complete section of the member is exposed in the SWiSEZ sec. 19 on the north side of a gully
that empties into Warm Springs Creek at the north boundary of sec. 30. This exposure is here designated
the type section of Weberg Member and is described in Appendix E.

Two lithologic divisions can be recognized within Weberg Member: a lower division composed dom-
inantly of calcareous sandstone and sandy pebble conglomerate, and an upper division composed dominant-
ly of silty and sandy limestone. The lower division is thin or absent where the member rests on Mowich
Group, but is invariably present elsewhere and locally accounts for the entire member. At the type local-
ity, the lower division is nearly 110 feet thick, the upper division 90. The lower division thins to 15feet
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where the Weberg Member overlies shaly Brisbois strata a mile and a half northwesr of the type section.
Along the southeast flank of Mowich upwarp, where Weberg Member lies unconformably on Mowich Group,
the lower division is absent and the upper division ranges from 150 feet in sec. 28, T. 18 S., R. 26 E.to
about 50 feet east of Freeman Creek. Only the lower division is present on Ontko anticline, where the
thickness ranges from 60 to 105 feet. The Weberg Member ranges from 60 to 140 feet in thickness along
the southeast flank of the Pine Creek downwarp. In this vicinity, the lower division is generally absent
or less than 10 feet thick where the Weberg overlies Mowich Group, but is as much as 25 feet thick where
Triassic rocks form the substrate. The upper division occurs only locally in Smith Basin and along the
northwest flank of the Pine Creek downwarp. The Weberg Member is locally 60 feet thick in Smith Basin,
but is absent as a result of onlap by Warm Springs Member in the NE% sec. 33, T. 17S., R. 25 E. About
100 feet of Weberg strata, probably including both lower and upper divisions, is present in the NEZ sec.
1, T. 18 S., R. 25 E., but the member thins rapidly northeastward and there is only 25 feet of chert-
pebble conglomerate belonging to the lower division in the NWZSWz sec. 31, T. 17S., R. 26 E. The
Weberg Member is absent at the northeast end of the Pine Creek downwarp, and Warm Springs strata lie
directly upon Mowich Group or upon Triassic rocks.

Thicknesses of the upper and lower divisions change rapidly, even where the thickness of the entire
member remains fairly constant over a local area. It is also apparent, as pointed out earlier by Lupher
(1941, p. 248), that the distribution of the two divisions is controlled in part by lithology of the rocks
below the sub-Snowshoe unconformity. These observations strongly suggest that the two divisions are, in
part, facies equivalents.

Lithologic description

The lower division is dominantly resistant gray, yellowish-gray, or brownish-gray, medium- to
coarse-grained, well sorted calcareous sandstone which occurs in beds 6 inches to 2 feet thick. Detrital
grains of the sandstone, generally well sorted, are mostly gray and green chert and felsite, but grains of
quartz, albite, and biogenic calcite are also common. The grains are generally subrounded to subangular,
but the detritus in some beds near the base of the unit is conspicuously angular. Many of the sandstones
are pebbly, and sandy conglomerate commonly occurs as a massive layer as much as 5 feet thick at the
base of the unit or as thinner layers higher in the lower division. The conglomerates consist largely of
subangular to rounded pebbles of chert, felsophyre, and limestone set in a matrix of calcareous sandstone.
Cobbles and slabby boulders of chert and limestone occur locally in the basal beds of the lower division.
Thick-shelled pelecypods, including Ostrea and fragmentary Pinna, and abraded bioclastic detritus are
abundant in parts of the lower division. Rhynchonellid brachiopods and belemnite guards occur locally.

The upper division is dominantly gray or grayish-brown, silty or sandy limestone that commonly
weathers to tan or yellowish-buff, flaggy or nodular blocks imbedded as residuals in a mantle of soil. The
limestone is composed largely of fibro-lamellar bivalve fragments and monocrystalline echinoderm plates
with clear, optically continuous, authigenic overgrowths set in a matrix of turbid microcrystalline calcite,
probably largely derived from lime mud. The terrigenous detritus includes subangular quartz and plagio-
clase grains and subrounded fragments of chert, felsite, argillite, and dark volcanic rock. Glauconite,
authigenic pyrite, and brown phosphorite are present in amounts of 1 percent or less.

The upper division is abundantly fossiliferous and casts of pelecypods in varying states of preservation
can be found in almost all exposures. Rhynchonellid brachiopods are common and belemnite guards occur
sporadically. Large terebratulid brachiopods and large ammonites are locally abundant in the upper di-
vision. Reptilian vertebrae and carbonized plant remains occur sparingly.

Fossils and age

The lower division contains no fossils diagnostic of age, but voluminous collections have been made
from the upper division (table 8). - The ammonites are indicative of lower to middle Bajocian Stage (Mid-
dle Jurassic). Absence of reliable marker beds and suspected facies changes prevent the arrangement of
the collections in a firm stratigraphic order. It is worthy of note, however, that Tmetoceras occurs low in
the division, and both Stemmatoceras and Stephanoceras occur very near the contact with Warm Springs
Member. These data suggest that Weberg Member may include the Tmetoceras scissum Zone (collections




TABLE 8. Fossils from upper division of Weberg Member of Snowshoe Formation (Identifications by R. W. Imlay of U. S. Geological Survey).

Locality 1,2,3

Location
T==of
--% of
Section
Township (5.)
Range (E.)

Ammonites:

Docidoceras cf. D. biforme Buckman
Docidoceras cf. D. planulatum Buckman
Euhoploceras cf. E. ‘acanthodes (Buckman)
Euhoploceras cf. E. crassispinata (Buckman)
Echoploceras cf. E. dominans (Buckman)
Euhoploceras cf. E. gibbera {Buckman)
Euhoploceras cf. E. gibberosa (Buckman)
Evhoploceras cf. E. modesta (Buckman)
Papilliceras(?) sp .

PhylToceras(?) sp.

Praestrigites cf. P. deltotus (Buckman)
Stephanoceras(?) sp.

Stephanoceras (Skirroceras) sp.
Tmetoceras scissum (Benecke)

Witchellia cf. W. albidus (Buckman)
Witchellia cf. W. zugophorus (Buckman)
Witchellia sp.

Pelecypods:4

Astarte, sp.
Camptonectes sp.
Gervillia sp.
Homomya sp.
Isocyprina sp.
Ostrea sp.
Pleuromya sp.
Trigonia sp.

Brachiopods:

Rhynchonel lids
Terebratulids
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V205 D 90 D 92

SE
NE
34
18
26

NE
NE
3
19
26

10¥13d ‘AHAVYOILVYLS

i 1
x

1

i

O

‘AD

NV

v
I X X
1
!

NIWId3s d

XX:)(
[
i
1

NOILV

€g



54 GEOLOGY OF THE SUPLEE-IZEE AREA

with Tmetoceras alone), Ludwigia murchisonae and Graphoceras concavum Zones (collections with
Tmetoceras, Praesirigites, and Docidoceras associated), lower Sonninia sowerbyi Zone (collections with
Euhoploceras and Witchellia), and upper Sonninia sowerbyi Zone (collections with Stemmatoceras and

Stephanoceras) (R. W. Imlay, written communication, 1957).

Warm Springs Member (Jsws)

Warm Springs Member is a unit of dark lutite that presumably represents a thin tongue of the lower
member of type Snowshoe Formation extending westward into the Pine Creek downwarp. The member rests
conformably with gradational contact on Weberg Member, or unconformably on Mowich Group and Upper
Triassic strata where Weberg Member is absent. The Warm Springs Member is overlain conformably with
gradational contact by Basey Member, a relationship discussed more fully inthe description of Basey Mem-
ber. The eastern limit of Warm Springs Member is an arbitrary vertical cut-off (Wheeler and Mallory,
1956) passing north-south beneath the lava cap of Mowich Mountain, thence northeast along the axis of
Mowich upwarp. The thickness of the member varies from about 200 feet near the plunging nose of Mowich
upwarp to about 300 feet in the northeast end of Pine Creek downwarp.

Warm Springs Member was established (as Warm Springs "Formation") by Lupher (1941, p. 249),
who designated the east side of Warm Springs Creek valley in secs. 19, 20, 29, and 30, T. 18 S., R. 26
E., os the type locality. The member is easily eroded and occupies topographic depressions.

Lithologic description

In the type area, sporadic exposures indicate the member consists of gray, silty, calcareous shale
and mudstone with subordinate intercalated gray calcareous siltstone and fine-grained limestone. Most
beds are finely laminated and weather to gray or brown platy flakes and sheets. Flattened shells of the
pelecypod Posidonia are abundant along bedding planes. Massive, blocky calcareous siltstones and mud-
stones are abundant in the member outside of the type area. In thin section, the rocks are seen to consist
of the following in varying proportions: murky argillaceous material, dark brown organic matter, radio-
larian (?) tests, microcrystalline calcite, and subangular lithic silt and minor sand. Terrigenous silt par-
ticles include quartz, albite, biotite, chert, felsite, andesitic rock fragments, and argillite.

Fossils and age

Warm Springs Member is abundantly fossiliferous, but does not contain the variety of forms present
in the underlying Weberg Member (table 9). Posidonia is present in most exposures. Gradational rela-
tions with the Weberg and Basey Members, and ammonites that are abundant locally, suggest correlation
with the upper part of the Sonninia sowerbyi Zone and the lower part of the Otoites sauzei Zone of the
middle Bajocian (R. W. Imlay, written communication, 1963). Of the forms present, Euhoploceras is
most common in the Sonninia sowerbyi Zone, Stephanoceras is unknown below the upper Sonninia sowerbyi
Zone, Stemmatoceras and Skirroceras are not likely to be older than the Otoites sauzei Zone, and Para-
bigotites occurs in the lower Otoites sauzei Zone in Alaska.

Basey Member (Jsby)

The new name, "Basey Member of Snowshoe Formation," is here proposed for the sequence of inter-
stratified andesitic lava and volcaniclastic rocks exposed in the vicinity of the Basey ranch at the head ot
Camp Creek. -The member is typically exposed in secs. 1, 12, and 13, T. 18 S., R. 25E. (see Appendix
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Figure 23. Outcrop of Basey Member
of Snowshoe Formation near Camp
Creek showing spheroidal weather-
ing forms typical of massive marine
tuff units.

Figure 24. Partly albitized marine andesite tuff of Basey Member of
Snowshoe Formation; mainly pale volcanic plagioclase
grains and dark andesitic rock fragments; minor augite grains
and interstitial chlorite-celadonite (plain light; about 25 X).



56 GEOLOGY OF THE SUPLEE-IZEE AREA

F for detailed lithologic description in type locality). The member underlies approximately 30 square
miles of the mapped area, occupying the troughs of Pine Creek downwarp and Smith Basin syncline, and
dipping off the plunging nose of Mowich upwarp. East of Freeman Creek on the nose of the upwarp, the
coarse volcaniclastic beds that permit the recognition of Basey Member lens out into the uniformly fine-
grained rocks of the middle member of type Snowshoe Formation. Accordingly, the eastern extent of the
member is an arbitrary cutoff (Wheeler and Mallory, 1956) passing north-south beneath the lava cap of
Mowich Mountain, thence northeast along t he axis of Mowich upwarp. Basey Member has been traced
in reconnaissance west of the mapped area into the Twelvemile Creek area and was noted beneath the
lava cap on Wade Butte near Grindstone Creek. Its extent to the south is unknown.

Basey Member is approximately 2,500 feet thick at the type locality, but thins rapidly toward the
east and is only 500 feet thick on the Wilson Creek anticline at the northeast end of Pine Creek downwarp.
Mapping in Pine Creek downwarp and around the nose of Mowich upwarp indicates eastward thinning of
the member at the rate of 250 to 500 feet per mile.

Lithologic description

The most characteristic and abundant strata in Basey Member are hard, massive marine volcaniclastic
rocks, with median size in the sand range, that are devoid of bedding for thicknesses as great as 200 feet.
The strata are dark gray or blue-gray on fresh surfaces, but weather gray-green, green, or rust brown.
Weathered outcrops have a nodular appearance formed by closely spaced ellipsoidal and spheroidal exfo-
liation cells (see figure 23). Some rocks are marked by mottles as much as a quarter of an inch across,
caused by the diagenetic growth of alteration minerals. The beds are composed of the following consti-
tuents: (a) 30 to 50 percent plagioclase grains, clear labradorite or albite clouded with pumpellyite in-
clusions; (b) 40 to 70 percent rock fragments of originally hyalopilitic or vitrophyric texture but now zeo-
litized and chloritized: (c) 3 to 6 percent augite grains; (d) 1 to 3 percent fragmental calcite grains; and
(e) 0 to 1 percent admixtures of quartz grains. Most grains are subangular to subrounded, although a few
lithic fragments have the shapes of blocky andesitic shards (see figure 24). Many of the strata are prob-
ably only slightly reworked marine tuffs, but they grade laterally to softer tuffaceous andesitic sandstones,
some of which contain abundant chert, quartz, and calcite grains and all of which display more distinct
stratification. Like the similar rocks of Hyde Formation, the whole assemblage can be described textur-
ally as moderately sorted volcanic sandstone. Diagenetic changes are marked. Compaction and defor-
mation of lithic grains are pronounced in many of the rocks. Some of the better-sorted andesitic sandstones
contain abundant calcareous cement. In noncalcareous rocks, the diagenetic growth of new mineralssuch
as albite, pumpellyite, celadonite, and zeolites is widespread. Some of the mineralogic changes in medium-
grained volcaniclastic rocks from Freeman Creek have been described by Dickinson (1962b).

Intercalated between the layers of massive volcaniclastic rock are sequences of thin-bedded, green-
ish volcaniclastic siltstone and mudstone. The rocks are blocky, contain graded volcaniclastic layers,
and closely resemble the strata of the middle member of type Snowshoe Formation into which they pass lat-
erally around the plunging nose of Mowich upwarp. The finer-grained strata are especially abundant in
the lower 500 to 1,000 feet of Basey Member.

In the western part of the area, two porphyro-aphanitic andesite lava flows occur within Basey Mem-
ber (figure 21). One flow, as much as 200 feet thick, occurs ot the base of the member and the other,
up to 100 feet thick, occurs about 1,000 feet above the base. Both flows are widely distributed, the basal
flow occurring in the type area and in Smith Basin, and the upper flow in the type area and near the south
end of the area insec. 26, T. 18 S., R. 25 E. The flows grade locally to flow breccia with a calcareous
matrix. The rocks consist of labradorite phenocrysts (20 to 30 percent), augite microphenocrysts (3 to 5
percent), hypersthene microphenocrysts (0 to 1 percent), and olivine (?) pseudomorphs (1 to 3 percent)
set without preferred orientation in a hyalopilitic groundmass (60 to 75 percent) of andesine and clino-
pyroxene imbedded in brownish glass or devitrified glass. Residual glass has an index of 1.53 to 1.56,
suggesting an andesitic composition.

Beds of bright green or gray flinty aphanitic tuff, each 5 to 20 feet thick, occur sporadically in
Basey Member, particularly in the northeast part of Pine Creek downwarp. The rocks contain about a third
of angular plagioclase crystals (0.03 to 0.1 mm) set in a felsitic groundmass displaying ghosts of shards.
Most such layers are entirely massive, but some contain laminations and cross laminations half an inch to
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Section
Township (S.)
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Ammornites:
Emileia(?) w.
Es ®. juv.

Holcophylloceras sp.

Ligocers sp.

Papilliceray(?) sp.

Popilliceras cf. P. papillatum (Buckman)
Parabigotites .

Ostrwo sp.
Posidonia ornoti (Quenstedt)
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an inch apart. In places, these altered tuffs have been almost entirely replaced by pale tan or buff lau-
montite to form massive layers as much as 20 feet thick. The interlocking laumontite crystals are sieved
anhedral individuals 1 to 2 mm in diameter, each containing myriads of dusty inclusions.

Contacts

The basal contact with Warm Springs Member is placed at the base of the lower andesite lava where
it is present. Elsewhere, the contact is broadly gradational and can be drawn only with difficulty, for it
is typically located within a nonresistant sequence of fine-grained rocks. It is placed at the lowest hori-
zon of tough, brittle, green, laminated, fine-grained volcaniclastic strata, or rarely at the lowest massive,
coarse volcaniclastic layer, and is drawn so as to exclude beds of those types from the underlying softer,
darker lutites of Warm Springs Member. The upper contact with Shaw Member is located in similar fashion.

The coarser volcaniclastic strata of Basey Member are remarkably similar to the typical rocks of
Hyde Formation. The two units can be distinguished readily in the field or in thin section, because the
andesitic debris in Basey Member includes a few percent of bright orange and red shards, now largely de-
vitrified. These brightly colored grains can be spotted as tiny red flecks with a hand lens and, in our ex-
perience, serve as on infallible field criterion to distinguish Basey rocks from Hyde rocks. In thin section
the task is easier: most rock fragments ir. Basey Member are colored brownish, whereas most rock fragments
in Hyde Formation are partly replaced by chlorite and celadonite and hence have a greenish cast.

Fossils and age

Basey Member is only sparingly fossiliferous. Collections from 10 widely spaced localities (table 9)
all substantiate assignment of the unit to the middle part of the Bajocian age (Middle Jurassic) and suggest
that it belongs to the Otoites sauzei Zone (R. W. Imlay, written communication, 1963). Of the forms
present, Papilliceras and Witchellia are unknown above that zone, but Stemmatoceras and Skirroceras are
uncommon below that zone.

Shaw Member (Jssh)

The new name "Shaw Member of Snowshoe Formation" is here proposed for the sequence of gray shale
with minor limestone and sandstone intercalations that conformably overlies Basey Member in Pine Creek
downwarp. The strata crop out best at the northeast end of the downwarp, where they are typically devel-
oped in exposures near the mouth of Shaw Creek in sec. 24, T. 17 S., R. 26 E. The top of the unit is
nowhere exposed and less than 1,000 feet are present within the area mapped. The member is nonresistant
to erosion and generally exposures are poor.

Lithologic description

Shaw Member consists dominantly of gray or dark brownish-gray, platy to fissile shale that weathers
to small gray flakes and chips. Some fissile green shale and thin beds of hard gray calcareous mudstone,
siltstone, and sandstone occur locally. Ellipsoidal gray calcareous concretions, some fossiliferous, are
concentrated dlong certain horizons. Widely spaced brown or brownish gray sandy calcarenite and gray
microcrystalline limestone beds a foot or two thick form about 5 percent of the member. Scattered beds
of green volcaniclastic sandstone occur in the lower part of the member.

Fossils and age

Only two localities yielded diagnostic fossils (table 9). The ammonite genera Sonninia, Stemmato-
ceras, and Stephanoceras show that the member belongs to the middle part of the Bajocian Stage (Middle
Jurassic). The subgenus Skirroceras suggests the Otoites sauzei Zone (R.W. Imlay, written communication,

1957).
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Origin of Snowshoe Formation

The patterns of lithologic variation in Snowshoe Formation within the area point to a complicated
depositional history. The rock record suggests four general interpretations: (1) That the sequence in the
Suplee district on the west was deposited during the Bajocian Age on a relatively shallow platform which
had been emergent during the latest Toarcian (Early Jurassic) or earliest Bajocian (Middle Jurassic) Ages;
(2) that the sequence in the |zee area on the east was deposited in a relatively deeper basin separated
from the "Suplee platform" by a sloping "hinge" located near the present axis of Mowich upwarp; (3)
that much of the detritus in the formation was derived from contemporaneous volcanic eruptions; and (4)
that Silvies Member, lying largely outside the area to the east, is a thick volcaniclastic wedge deposited
on a slope leading out of the "lzee basin" toward an eastern rise of volcanic construction.

Lower member and Weberg and Warm Springs Members

In the lzee district, the conformable lower contact with Hyde Formation and the local occurrence
of late Toarcian fossils in the basal 100 feet of the Snowshoe Formation suggest continuous deposition from
late Early Jurassic into Middle Jurassic time. The homogeneous lower member of the type Snowshoe, com-
posed of 500 to 750 feet of dark lutites, suggests that quiet and probably slow deposition of suspended an-
desitic silt, clay, and pelagic organic remains occurred more or less continuously in the "lzee basin" from
late Toarcian to mid-Bajocian time. The whole tract of country from Big Flat to Bear Valley, a distance
of 20 miles, probably experienced the same colorless history.

Conditions were quite different in the Suplee district, where the oldest strata of the Snowshoe For-
mation are fossiliferous sandstones and limestones of the Weberg Member. The Weberg Member is of Ba-
jocian age and strata correlative with the basal 100 feet or so of the lower member of the lzee district
are absent. An unconformable lower contact, basal conglomerate and coarse sandstone, good sorting of
the sandstones and limestones, and oyster beds and voluminous remains of other thick—shelled pelecypods
show that the Weberg Member was deposited in shallow, neritic waters of a transgressive sea. The epi-
clastic detritus in the Weberg suggests local derivation from older Mesozoic and Paleozoic strata like those
upon which the member rests. The Warm Springs Member, which rests conformably on the Weberg, is
correlative with and similar in lithology to the upper part of the lower member of the type Snowshoe in
the lzee district.

The record of the rocks shows, therefore, that while the lower member was deposited in the "lzee
basin, " the following sequence of events took place only a few miles to the west: (1) The "Suplee plat-
form" was formed by tectonic warping and the progressive westward removal of Mowich Group and unknown
thicknesses of older rocks by erosion; (2) the neritic terrigenous and calcarenitic sands of Weberg Member
were spread as an irregular sheet over the erosional surface by renewed transgression; and (3) a regime of
dark lutite sedimentation similar to that which prevailed throughout the deposition of the lower member in
the "lzee basin" was finally established near mid-Bajocian time (probably time of deposition of Sonninia
sowerbyi Zone) with the deposition of Warm Springs Member .

The laminated fine-grained sediments of the lower member in the "lzee basin" and Warm Springs
Member on the "Suplee platform" were doubtless deposited in quiet water. The depth of water, however,
need not have been great and, possibly was still within the neritic zone. Abundant Posidonia in both
members suggest the presence of sessile seaweeds to which these small pelecypods could have attached
themselves with byssal threads. The abundance of dark organic matter perhaps lends credence to this in-
terpretation. Occasional specimens of Ostrea in calcareous beds and rare Lingula in mudstone beds of
Warm Springs Member offer corroborating evidence of shallow waters on the "Suplee platform, " evidence
that is lacking in the lower member of the "lzee basin." It seems likely that Warm Springs Member may
have been deposited in shallower water several miles closer to shore than was the lower member near Izee.

Middle member and Silvies and Basey Members

Much of the terrigenous detritus in the lutites of lower Snowshoe Formation is andesitic debris simi-
lar to that contained in older and younger Jurassic volcaniclastic strata. The lowest Middle Jurassic rocks
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that show clear evidence of contemporaneous volcanic activity, however, are assigned to the middle part
of the Bajocian Stage, possibly including only the Otoites sauzei Zone. This suggests that the andesitic
volcanism contemporaneous with the deposition of the Lower Jurassic Mowich Group subsided in latest
Toarcian or earliest Bajocian time and was not renewed until mid-Bajocian time. The predominantly vol-
caniclastic middle Bajocian members of Snowshoe Formation are Basey Member on the "Suplee platform,"
the middle member in the "lzee basin," and Silvies Member farther east.

Basey Member includes submarine lavas and flow-breccias, massive tuffs, and volcanic sandstones
and siltstones. The following observations suggest that Basey Member was deposited in relatively shallow
waters: (1) Off the edges of submarine flows, debris from the flows has been reworked as coarse clastic
tongues intercalated within finer volcaniclastic strata; (2) some of the volcanic sandstones are well -sorted
calcareous andesite arenites, a lithology suggestive of working in shallow water by currents of high energy;
(3) the scattered occurrence of Posidonia in laminated volcaniclastic siltstones suggests possible shallow
waters; and (4) scattered oysters in the overlying Shaw Member suggest shallow waters, and indicate the
likelihood that the volcanic construction of Basey Member kept pace, roughly speaking, with the gradual
subsidence of the "Suplee platform," so that water depths remained shallow to moderate throughout its
deposition.

Basey Member lenses out rapidly toward the east into finer grained strata of the middle member of
the "lzee basin"; the belt of intertonguing near the present axis of Mowich upwarp is interpreted as a
limit imposed by deepening waters on the offshore movement of coarse volcaniclastic debris. Judging from
the eastward wedging-out of the member and the occurrence of Basey lavas and flow breccias in the west,
the locus of Basey volcanic activity lay to the west of the Suplee district. Feeders for the lava flows or
vents for pyroclastic eruptions have not been identified, but a sill of analcite-bearing diabase intruded
along the unconformable contact between Paleozoic rocks and Weberg Member in the SEX sec. 25, T. 18
S., R. 25 E. may be a manifestation of minor intrusive activity which accompanied the Middle Jurassic
eruptions.

Silvies Member, though generally similar in overall composition to both Basey Member and Hyde
Formation, gives evidence by its stratification of a radically different mode and environment of deposition.
The conspicuous graded bedding observed in beds of all grain sizes from silt to gravel is strongly suggestive
of deposition by turbidity currents. Although the equally characteristic scour features and widespread lam-
ination are not considered typical of turbidity current deposits by many geologists, Gorsline and Emery
(1959, p. 285-286) have reported exactly analogous stratification features in Quaternary subsea fan tur-
bidites in the San Pedro and Santa Monica Basins off southern California. It seems likely that scour and
lamination might well be common in deposits laid down by turbidity currents of high energy in sites where
turbidity currents could spread bed load as well as suspension load along their course of travel. The facies
relations of Silvies Member are suitable for the interpretation that it is a wedge-shaped apron of andesitic
detritus deposited by turbidity currents moving downslope toward the "lzee basin" from a constructional
volcanic pile lying more than 25 miles east of |zee beyond Seneca. The following data are offered in sup-
port of the hypothesis:

(1) Silvies Member thickens markedly toward the east. It grades laterally to lutite near Lewis Creek
within the area mapped in detail, but is about 1,500 feet thick at its type locality on Silvies River, less
than 5 miles to the east. Reconnaissance suggests that the member is in excess of 5,000 feet thick near
Seneca on U.S. Highway 395, about 15 miles east of the type locality. These data indicate an eastward
thickening of the volcanic wedge at the rate of 250 to 500 feet per mile.

(2) Silvies Member coarsens to the east, as conglomeratic layers become more abundant.

(3 There is some evidence that scour may be appreciably more intense toward the east, but no
statistically significant data have been gathered.

(4) To the east, near Seneca, andesitic lavas and flow-breccias indistinguishable from those of
Nicely Formation and Basey Member are interstratified with andesitic conglomerates and sandstones refer-
rable with confidence to Silvies Member .

Silvies Member grades westward by intertonguing into the middle member of type Snowshoe Forma-
tion, a sequence of interbedded dark lutite and volcaniclastic siltstone. The volcaniclastic siltstone occurs
in graded layers and contains andesitic debris similar to that of Silvies Member, except for the finer aver-
age grain size. The graded volcaniclastic siltstone layers of the middle member of type Snowshoe Forma-
tion are interpreted as the deposits of the disperse distal ends of turbidity flows as they slowed and stopped
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in the "lzee basin" after traversing the area of deposition of Silvies Member. The dark intercalated lu-
tites in the middle member and in Silvies Member are interpreted as the normal pelagic deposits of sus-
pended terrigenous detritus and organic remains that settled to the floor and slopes of the "lzee basin"
during the relatively long intervals between the arrival of coarser volcaniclastic sheets as turbidity currents.

Upper member and Shaw Member

In comparison to the underlying members, little is known of the upper member and the Shaw Member
of Snowshoe Formation. Shaw Member of the "Suplee platform" appears largely to interfinger with andto
be equivalent in age to the upper part of Basey Member. The upper member of the "lzee basin," however,
seems to be a conformable succession, with beds near the base assigned to the upper part of the Bajocian
Stage and beds near the top assigned to the Callovian Stage. Rare oysters in calcareous beds of both mem-
bers suggest shallow -water environments.

Progressive westward overlap of the upper member by the unconformably overlying Trowbridge For-
mation along the southeast flank of Mowich upwarp is regarded as evidence that renewed upwarping of the
"Suplee platform" occurred after the deposition of Snowshoe Formation. The record of both pre-Snowshoe
and post-Snowshoe uplift and erosion of the Suplee district strengthens the interpretation of Snowshoe fa-
cies relationships in terms of western shelf deposits and eastern basinal deposits.

TROWBRIDGE and LONESOME FORMATIONS

Along South Fork of John Day River southeast of |zee, a conformable sequence of Jurassic rocks
about 12,500 feet thick rests unconformably on Snowshoe Formation and forms the trough of Lonesome syn-
cline. The sequence is composed dominantly of noncalcareous, moderately sorted lithic (volcanic) sand-
stone and dark mudstone. Trowbridge Formation, dominantly mudstone, forms the lower 20 to 25 percent
of the sequence and the remainder is interbedded sandstone and mudstone of Lonesome Formation. In con-
trast to much of the underlying thinner Jurassic section, both units are only sparingly fossiliferous.

Trowbridge Formation (Jt)

The name Trowbridge Formation was established by Lupher (1941, p. 263) for the thick sequence
dominated by black lutite with pencil fracture that overlies Snowshoe Formation along South Fork of John
Day River. The type area is along the valley of South Fork in the vicinity of Rosebud Creek. Exposures
form a continuous band that lies within the complex homocline between Mowich upwarp and Lonesome
syncline, from Snow Mountain at the south edge of the area northeast for 12 miles to Officer Creek at the
eastern edge of the area. The strata crop out in barren hills of subdued relief. Reconnaissance indicates
that additional exposures are present in the headwaters region of Silvies River as far east as Bear Valley,
5 miles from the edge of the area mapped. Within the area mapped, Trowbridge Formation thickens to-
ward the northeast at a rate slightly less than 100 feet per mile, from 2,250 feet on Flat Creek below Snow
Mountain to 2,750 feet on South Fork in the type area and to 3,250 feet on Lewis Creek. The basal con-
tact is sharp between laminated mudstone, siltstone, and sandstone of the underlying Snowshoe Formation
and massive black or green mudstone of basal Trowbridge Formation.

Members
Trowbridge Formation is here subdivided into three newly named, lithologically distinctive, and

mappable members, in ascending order as follows:
(@) Rosebud Member (Jtr) of massive black and green mudstone; type locality in type area of
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formation on spur along line between SWZ sec. 28 and SEX sec. 29, T. 17 S., R. 28 E.; thickness 400 to
500 feet except southwest of Sheep Creek, where it is progressively onlapped by overlying member;
name from Rosebud Creek.

(b) Officer Member (Jto) ot massive black and green mudstone with 35 to 55 percent intercalated
resistant volcaniclastic rocks; type locality in Cottonwood Draw (tributary to Rosebud Creek) in the NW%
sec. 22, T. 17S., R. 28 E. (see Appendix H for generalized section at the type locality); thickens to the
northeast at 50 feet per mile from 100 feet on Flat Creek to 400 feet on South Fork, then continues with
but slight change to 500 feet on Lewis Creek; name from Officer Creek.

(c) Magill (Ma-gill') Member (Jtm) of massive black mudstone with sparse and thin intercalated beds
of calcareous sandstone and limestone; type locality is type area of formation; about 2,000 feet thick;
name from Magill Creek in type area in NEZ sec. 32, T. 17S., R. 28 E.

The units are mapped as members because only the presence of resistant volcaniclastic strata, prob-
ably restricted in extent, serves to distinguish Officer Member and to set it surely apart from the other two.
Officer Member thins rapidly toward the southwest and may not persist far in that direction. Toward the
northeast, however, reconnaissance indicates its presence as far away as Bear Valley 5 miles beyond the
area mapped.

Rosebud Member (Jtr)

Rosebud Member is composed dominantly of hard, faintly laminated dark mudstone with character-
istic pencil fracture. Though massive in appearance, some exposures display indistinct bedding planes 3
to 6 inches apart. The rock is composed chiefly of illitic (?) clay and silt of volcanic derivation. The
volcanic silt consists of plagioclase crystal fragments and tiny devitrified brownish rock fragments, the
latter intergrown on their margins with the surrounding clay. Less abundant angular quartz grains may be
volcanic or an admixture of nonvolcanic detritus. The colors of the rocks vary from black to green de-
pending upon the proportion of disseminated dark organic material present. Recrystallized chalcedonic
tests of radiolarians are dispersed in small quantities throughout the terrigenous detritus. In the type lo-
cality, a 50-foot sequence of soft, gray-green, biotitic, tuffaceous (?) siltstone and interlayered fine-
grained sandstone occurs in an interval between about 35 and 85 feet below the top of the member. Two
horizons of ellipsoidal calcareous concretions, each 1 to 3 feet in diameter, occur 20 and 40 feet above
the base in the type locality.

Officer Member (Jto)

Officer Member is about half black and green mudstone seemingly identical to that in Rosebud
Member. The other half is made up of resistant volcaniclastic strata. The two rock types occur in alter-
nating sequences, each 25 to 100 feet thick, that give rise to a ridge and swale topography. Within the
mapped area, the basal resistant sequence is a ledge-forming felsite tuff unit (see figure 25) informally
named "Buck Creek felsite tuff" (Dickinson, 1962a), that maintains a thickness of 60 to 75 feet through-
out the area east of Sheep Creek, but thins rapidly to a feather edge to the west. Resistant sequences
higher in the member, of which three are prominent and traceable from South Fork to Lewis Creek, are
dominantly moderately sorted volcanic sandstone, but commonly contain felsite tuff in their upper portions.
The upper and lower contacts of Officer Member are placed at the top and bottom, respectively, of the
highest and the lowest sequences of hard, resistant volcanic sandstone or felsite tuff.

The felsite tuffs of Officer Member are hard, tough microcrystalline rocks of stony or sugary aphan-
itic appearance in hand specimen, and they break with difficulty on subconchoidal fractures. Thin layers
of softer tuffaceous mudstone are visible as minor widely spaced intercalations in boldly outcropping ledges.
Much of the rock is massive but some is indistinctly laminated, the laminated rock occurring in sequences
from a few inches to 3 feet in thickness spaced at intervals of 2 to 10 feet in the massive rock. Cross-
lamination is rare but is present locally. The tuffs were deposited as accumulations of vitric shards in-
cluding minor quantities of andesine, quartz, and biotite crystal fragments. A sequence of diagenetic
alterations has thoroughly changed the original mineralogy and chemistry of the tuffs (for details, see
Dickinson, 1962a). Consequently, four varieties of felsite representing four successive stages of alter-
ation are now seen in outcrop: (1) Dark green or, if organic material is abundant, black heulandite-rich
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Figure 25. Bold ledge outcrop of basal
felsitic marine tuff ("Buck Creek fel-
site tuff") sequence of Officer Mem-
ber of Trowbridge Formation on Buck

Creek.

Figure 26. Partly albitized volcanic graywacke, Officer Member of
Trowbridge Formation; subangular detrital grains are mainly
volcanic plagioclase and felsic dacitic lithic fragments;
note pressolved grain contacts and distorted clayey films of
matrix (plain light; about 25 X).
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rhyodacitic rock resembling argillite and representing the least altered phase is common; (2) soft tan or
cream laumontite-rich rock is rare and occurs chiefly as compound porphyroblasts, spheroidal nodules,
and irregular concretionary bodies in the heulandite-rich rock; (3) hard, brittle, albite-rich quartz ker-
atophyric rock of pale green, gray, tan, or cream hue is most abundant; and (4) flesh-pink adularia-rich
rock is rare and occurs chiefly as veinlets and irregular replacement bodies in albite-rich rock.

Relict vitroclastic textures are well shown in thin section by all the rocks (for illustrations, see
Dickinson, 1962a). Primary quartz crystal fragments persisted unchanged throughout the alterations. Other
constituents are more or less recrystallized, as follows: Plagioclase is fresh in heulanditic rocks, but is
altered to laumontite in laumontitic rocks and to albite and pumpellyite in albitic rocks; biotite is fresh
in zeolitic rocks but is altered to chlorite in feldspathic rocks; glass shards and triturated glassy dust are
altered to zeolites plus celadonite and chlorite in zeolitic rocks, and to quartz plus albite or adularia
with lesser chlorite in feldspathic rocks. The altered tuffs are of considerable petrologic interest in that
they represent a clear-cut case of the metasomatic conversion of rhyodacitic ash to quartz keratophyre
felsite during diagenesis (see Dickinson, 1962a).

The volcanic sandstones of Officer Member are moderately sorted, gray to black, dacitic graywackes
containing 10 to 15 percent dark, clayey, interstitial detrital matrix now recrystallized to a murky ag-
gregate of largely chloritic materials (see figure 26). The sand grains are chiefly angular and subangular
fragments of plagioclase crystals and felsic volcanic rock fragments, originally vitrophyric and hyalopili-
tic dacite but now largely recrystallized to spherulitic and felsitic quartz keratophyre. Less abundant
quartz grains may have come in part from the same volcanic sources, but scattered argillite and chert grains
represent admixtures of nonvolcanic detritus or accidental pyroclastic debris. Minor devitrified shards,
generally smaller than the bulk of the sand grains, give evidence of contemporaneous volcanism. More-
over, the volcanic sandstone sequences commonly grade to felsitic tuff in their upper portions. The inter-
penetration of adjacent grains along sutured grain boundaries and the distortion of thin clay films between
grains give evidence of extensive pressolution during compaction.

The nature of the bedding in the volcanic sandstone sequences is distinctive. The sequences are
typically 25 to 50 feet thick individually and are laminated throughout. Alternating layers Z to % an
inch thick are composed of dark, relatively poorly sorted, dominantly lithic fragments, and light-colored,
relatively well -sorted, dominantly feldspathic fragments. Despite the persistent lamination, there is a
progressive and continuous gradation in grain size from coarse, even pebbly, sandstone at the base of each
unit to fine-grained sandstone or siltstone and finally to felsitic fine tuff and dark mudstone at the top and
above. As the grain size lessens in an upward direction, so the scale of lamination grows progressively
finer in a sympathetic manner, from laminae as coarse as 1 inch near the base to laminae as fine as 1/8
of an inch near the top. In many places, the lowermost foot or two of each sequence is massive, with-
out lamination, and on the soles of these basal massive layers flute casts, indicating bottom currents flow-
ing toward the southwest, and load casts are visible in artificial cuts.

Magill Member (Jtm)

The dominant rock type of Magill Member is black mudstone similar to the dark mudstones of Rosebud
Member. Within the mudstones are intercalated thin, graded beds of dark volcanic sandstone, commonly
calcareous, and knobby, lenticular beds of black argillaceous limestone that locally pass laterally into
chains of subspherical concretions aligned parallel to bedding. Isolated black limestone concretions are
dispersed widely in the mudstones. The limestones appear to have formed by diagenetic replacement of
terrigenous mudstone and siltstone, as shown by residual plagioclase grains and calcareous pseudomorphs
of radiolarians commonly visible in thin section. The sandstones are poorly sorted, fine grained, and com-
posed dominantly of dacitic or andesitic detritus, chiefly quartz, biotite, plagioclase, and brownish vol-
canic rock fragments.

Origin
Rosebud Member, although fine grained, is demonstrably a transgressive unit: Snowshoe Formation

beds lying unconformably beneath its base are truncated at the rate of 250 stratigraphic feet per mile be-
tween South Fork and Big Flat 5 miles to the west. In the same distance, Rosebud Member thins to a
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feather edge as a result of onlap, and the conformably overlying Officer Member finally lies directly on
Snowshoe Formation. The depositional environment of Rosebud Member is not definitely known, but its
fine grain size, transgressive nature, lack of fossils, and black color suggest that it was deposited in a
lagoon or broad bay, perhaps brackish or even euxinic, off a lowland coast.

The tuffaceous mudstones and sandstones and felsitic tuffs of Officer Member record a period of epi-
sodic dacitic volcanism. In times of quiescence in the volcanic sources, fine muds continued to accumu-
late. Northeastward thickening of the whole member and, in general, of its individual volcaniclastic
sequences, suggests that the volcanic sources lay in that direction. The fine tuffs, such as "Buck Creek
felsite tuff," are composed of ash so pure and so clearly vitroclastic as to suggest deposition from succes-
sive showers of airborne ash settling from eruption clouds into quiet waters. Minor redistribution of ash
by bottom currents is indicated by faint lamination in parts of the deposits and by local cross-lamination.

The volcanic sandstones are more enigmatic. Slight abrasion of the particles, lack of vitroclastic
texture except for minor amounts of admixed shards, admixed nonvolcanic epiclastic ‘detritus, and the
distinctive bedding structures described above all suggest hydraulic transport for an appreciable distance.
The manner in which the sandstone layers commonly grade upward to felsitic tuffs suggests that the arrival
of volcanic sand in the site of deposition was linked to episodes of explosive volcanism. Evidence as to
the mode of transport of the sands is inconclusive, but it seems conceivable that they were deposited by
turbidity currents triggered by the oversteepening of submarine slopes in the volcanic source area during
major periods of eruptive activity. If so, the presence of the sandstones, which are most abundant and
coarsest east of South Fork, suggests deepening waters here, even though Officer Member rests unconform-
ably on Snowshoe Formation 5 miles to the west. On Flat Creek, all of the resistant volcaniclastic strata
are fine tuff, and this lack of sandstone in the western thin extremity of the member is at least consistent
with the hypothesis of an eastern source for the sand.

From its lithology and that of the overlying Lonesome Formation, Magill Member appears to have
been deposited in deep, offshore waters where quiet settling of fine muds was interrupted at rare intervals
by the influx of thin turbidity flows carrying volcanic sand and silt.

In summation, Trowbridge Formation is interpreted to have been formed by the fine clastic deposits
laid dowh on an erosion surface of low relief as it foundered rapidly beneath the sea. The supply ofclastic
detritus apparently did not keep pace with the sinking, so that waters deepened during Trowbridge depo-
sition. Contemporaneous rhyodacitic volcanism contributed appreciable sediment to the basin, largely
during periodic outbursts of explosive eruption.

Lonesome Formation (Jlo)

The name Lonesome Formation was proposed by Lupher (1941, p. 265) for the thick sequence of
interbedded gray sandstone and black mudstone at the top of the Jurassic sequence exposed along South
Fork of John Day River. The unit underlies about 20 square miles within the area, entirely in the trough
of Lonesome syncline. Lupher designated the rugged hills north of Flat Creek between Spoon Creek onthe
west and South Fork of John Day River on the east as the type locality. The well-exposed section along
the steep-walled canyon of South Fork is here designated the type section, for the greatest known thick-
ness of approximately 10,000 feet is present there, although the stratigraphic top is not exposed. The
formation rests conformably with gradational contact on Trowbridge Formation. The contact mapped isnot
the same as that defined by Lupher (1941), who chose a particular pebbly sandstone bed on South Fork in
the north limb of Lonesome syncline as the base of Lonesome Formation. This bed he erroneously corre-
lated with a conglomerate bed much higher in the formation in the south limb of Lonesome syncline. Map-
ping discloses that the pebbly sandstone regarded as the base of the formation by Lupher is no different
from a number of other similar beds within the unit. Accordingly, the basal contact was dropped approxi-
mately 1,500 feet to a horizon of significant lithologic change, and is here redefined as an arbitrary ho-
rizon at the base of the lowest massive gray sandstone bed in a continuous sequence of intercalated sand-
stone and mudstone. Beneath are the mudstones of Trowbridge Formation. A certain lack of precision in
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placing the contact is inevitable, owing to the gradational nature of the contact, which was caused by
arrival of the first sheets of sand at different times in different parts of the site of deposition. Once well
begun, however, intermittent sandstone deposition continued, so that the stratigraphic doubt at the con-
tact is no greater than 25 to 75 feet, only 1 to 2% percent of Trowbridge Formation and less than 1 percent
of Lonesome Formation.

Lithologic description

Lonesome Formation is a singularly monotonous alternation of moderately sorted, graded sandstone
beds, ranging from an inch or less to 10 feet or more in thickness, with massive, dark mudstone layers of
about the same range in thickness. The two rock types are about equally abundant. Except for the appear-
ance of pebble conglomerates in the upper few hundred feet of the exposed section, no systematic vertical
changes in lithology were noted, even though the relative proportions of mudstone and sandstone vary
erratically. Reconnaissance of Lonesome Formation exposures within an area of 200 square miles south of
the Suplee-lzee district revealed no systematic lateral variations in lithology .

The sandstones of Lonesome Formation are hard, massive, gray rocks that form resistant ribs on hill
slopes. Pale blue-gray on fresh surfaces and dull green, gray, or buff where weathered, their grain size
ranges from coarse pebbly sand to fine silty sand. They are lithic (volcanic) graywackes in which the pro-
portion of fine-grained detrital matrix interstitial to the sand grains ranges from 10 to 173 percent. In
most rocks, authigenic calcite cement in amounts as high as 5 percent occupies part of the interstitial
areas. One-half to two-thirds of the framework grains are composed of plagioclase crystals, largely al-
bitized, and andesitic rock fragments. The other grains present are chiefly quartz, chert, felsite, and
argillite in variable but approximately equal proportions. Many of the softer argillaceous and volcanic
fragments have been deformed between harder grains during compaction (see figure 27). The andesitic
detritus in the rocks resembles the andesitic debris so common in older Jurassic units within the area. The
remaining grains, including rare detrital limestone, are formed only of materials common in the Paleozoic
rocks of central Oregon and in nearby Upper Triassic sandstones composed of reworked Paleozoic debris.

Near the top of the exposed section, several graded pebbly graywacke and pebble conglomerate
beds occur. Nearly all the pebbles are hard, gray or green chert and felsite. In one thin section that
was examined, the ratio of felsite grains to chert grains was 3 to 2.

The finer grained rocks of Lonesome Formation are dark colored, massive siltstones, mudstones, and
claystones that contain abundant organic matter. Although constituent clay flakes display some degree
of preferred orientation in thin section, no fissility was noted in the field.

Sedimentary structures

Many of the volcanic graywacke beds are distinctly graded upward from medium-grained or coarse-
grained graywacke at their sharply defined bottoms to finer grained graywacke and lastly to mudstone (see
figure 28). Within many of the beds the gradation is difficult to observe, because the abundance of vol-
canic rock fragments imparts an aphanitic appearance to rocks of any grain size. A systematic variation
in grain size is typically best developed and certainly most visible in the upper parts of graywacke beds
where they pass gradationally upward to mudstone. Grading is apparent in beds of graywacke that are
from 1 inch to 10 feet in thickness. Some very thick beds of graywacke, a few rare ones more than 25
feet thick, appear completely massive in outcrop.

Bedding surfaces within the formation are parallel, even, and smooth except for the presence of
sole markings on the bottoms of graywacke beds. The sole markings are especially well displayed along
South Fork in the overturned strata of the upper part of the unit. Continuous, subparallel, linear groove
casts form coherent patterns over areas as large as 10 square feet of the lower surfaces of beds. Flute casts
and irregular flow markings are also common. One unusual group of lineations has the appearance of
groove casts in reverse and may be longitudinal ripple marks.

Because of poor exposures, few measurements of the attitude of directional current lineations could
be made. In 10,000 feet of section exposed along Antelope Creek and South Fork, well-exposed linear
sole markings could be measured in only 20 separate outcrops. The beds from which the lineations were
recorded were graphically restored to the horizontal by a single rotation, using the stereonet technique.
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Figure 27. Albitized volcanic graywacke, Lonesome Formation;
about two-thirds of grains are volcanic plagioclase and rock
fragments; remainder are mainly chert, felsite, and argil-
lite (plain light; about 35 X).

Figure 28. Graded volcanic graywacke beds (upright) and black mud-
stone of Lonesome Formation in roadcut on Antelope Creek.
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The resulting azimuths of the current lineation trends were plotted on a rose diagram. The results show
considerable scatter, perhaps because complex folding twisted beds, thus distorting reference axes. How-
ever, there is a strong suggestion that the depositing currents came from a northerly source and flowed in
a southerly direction.

Origin

The cyclic interstratification of dark mudstone and volcanic graywacke in Lonesome Formation sug-
gests that deposition of the sequence involved alternation of mud and sand supply. Characteristic graded
bedding in volcanic graywacke layers suggests that sand reached the site of deposition in discrete pulses.
The regular, parallel, and even character of bedding surfaces suggests that the pulses of sand arrived as
widespread sheets of sediment-laden water. Abundant groove casts, flute casts, longitudinal ripples (?),
and other sole markings of current lineation typessuggest that the sand-laden sheets of water were moving
along the bottom and were scouring the substratum before they began depositing volcanic sand upon it.
The mud substratum was firm enough to preserve flow markings, but plastic enough to deform into small
load-cast structures, many of them flute casts modified by sediment flowage.

The absence of slump structures and the scarcity of other evidence of deformation of unconsolidated
sediments suggest that slopes were gentle in the site of deposition. This conclusion is supported indirectly
by the nature of the graded bedding.  Individual volcanic graywacke layers represent single, complete
graded units whose basal contacts with mudstone are sharp, but whose upper contacts with mudstone are
gradational . The absence of superposed graded units within any individual volcanic. graywacke layers
suggests that currentsdid not scour the bottom deeply. The absence of lamination inthe graded graywacke
beds, even in their uppermost portions, suggests that each graywacke layer was the result of a single,
simple depositional event. Judging from these details of the bedding, the site of deposition may have
been a flat, deep basin floor that extended outward from the base of a submarine slope upon which tur-
bidity currents were generated to flow out on the basin floor and there to deposit their loads quietly as
their velocity decreased. Thus, the mudstone layers may represent the accumulation of slowly settling
clastic detritus’ dispersed in suspension throughout the basin waters, and the sandstone beds may denote
the load of turbidity currents which arrived at intervals during the deposition of the unit.

Composition of the formation suggests a compound source area where rocks similar to older strata
of the region were exposed. Indications of current direction suggest that the source may have lain tothe
north. Considering the great thickness of the unit, the implications are that the source may have been
a tectonic highland which rose as an eroding welt while the site of deposition sank. The andesitic detri-
tus in the sandstones may have been derived from pyroclastic blankets maintained by continuing volcanism
in the source area.

Fossils and Age of Trowbridge and Lonesome Formations

The only fossils discovered in Trowbridge Formation were collected from the north slope of Flat
Creek canyon insec. 15, T. 18 S., R. 27 E., near the middle of Magill Member. They include the pe-
lecypod Arcomya sp. (loc. D 120) and the lower Callovian (Upper Jurassic) ammonites Gowericeras cf.
G. spinosum Imlay (loc. D 122) and Lilloettia buckmani (Crickmay) (loc. D 121). The Callovian ammo-
nite Xenocephalites sp. was collected from Lonesome Formation at five localities (D 123 to D 127) along
South Fork of John Day River. One specimen was specifically identifiable as X. vicarius Imlay (loc.

D 124). The five localities are spaced stratigraphically from the lower part of Lonesome Formation along
Antelope Creek to the trough of Lonesome syncline, in which the youngest beds known are exposed. As
Callovian ammonites were ‘also found in the upper member of type Snowshoe Formation below, consistent
though admittedly sparse data indicate that the entire 12,500 feet of Trowbridge and Lonesome Formations
are of Callovian age.
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BERNARD FORMATION (Kb)

The new name "Bernard (Ber-nard') Formation" is here proposed for the Cretaceous beds exposed
northwest of Suplee. The name is taken from the Andrew Bernard ranch on South Fork of Beaver Creek in
the SExsec. 11, T. 17S., R. 25 E. Strata typical of the unit are exposed near the Andrew Bernard ranch
house, in Smith Basin, and north of Camp Creek near Soda Spring. The elongate outcrop belt, whichoc-
cupies approximately 4 square miles, is largely obscured by soil, alluvium, and colluvium. The poor ex-
posures preclude an accurate determination of the thickness, but geologic mapping indicates that as much
as 1,500 feet of the formation may be present within the area. Bernard Formation rests with angular un-
conformity on Paleozoic, Upper Triassic, and Middle Jurassic strata and is overlain, also with angular
unconformity, by Tertiary lavas and tuffs.

Lithologic description

Bernard Formation consists dominantly of yellowish-brown, calcareous and limonitic pebbly sand-
stone that grades locally to sandy "roundstone" conglomerate. Minor amounts of white and gray clayey
sandstone, poorly consolidated gravel and sand, bentonitic clay, gray mudstone, and brown shale arealso
present in the sequence.

The pebbly or cobbly sandstone most characteristic of the formation occurs in massive units as much
as 200 feet thick. The sand matrix is fine to medium grained and generally fairly well sorted. Many of
the sands are tightly cemented by calcite, but others are friable and have large porosities and high per-
meabilities. The coarse fragments, commonly pebbles or cobbles but grading locally to small boulders,
are generally well rounded and are dominantly aphanitic porphyry of intermediate composition (andesite?),
chert, granitic rocks, and metaquartzite. In many of the sands and sandstones these coarse fragments are
not in contact but "float" in the sand matrix.

Petrographic examination of two sandstones, both lithic arenites, yielded the following estimates
of relative percentages of major allogenic grain types: quartz (10 to 30); chert and felsite (5 to 30); plagi-
oclase (12 to 30); hyalopilitic andesitic (?) aphanite (30 to 35); and argillaceous sedimentary rocks (5to
12). Traces of potash feldspar and metaquartzite are present. Prominent heavy accessory minerals include
epidote group (1 to 5 percent), and traces of colorless garnet and blue-green hornblende.

Origin

Primary sedimentary features and the fauna of Bernard Formation suggest deposition of detritus moved
principally in traction transport by currents sweeping a wave-washed shallow bottom. Cross-bedding, good
sorting and rounding, the abundance of the thick-shelled marine pelecypod Trigonia evansana, and the
transgressive stratigraphic relations of the unit are all suggestive of such an environment.

The detritus in the unit was derived from a compound source. Many of the lithic fragments were de-
rived from the erosion of rock types similar to the Paleozoic, Triassic, and Jurassic strata exposed nearby.
A number of the grain types, however, are not represented in the older sequences present in the area,
and these give evidence of contributions from a provenance of silicic plutonic rocks and associated meta-
morphic rocks. This type of source contrdsts strongly with the dominantly volcanic parentage of the pre-
Cretaceous strata exposed in the area. Chief among the grain types that make their first appearance in
any quantity in Bernard Formation are the following: (a) pebbles and cobbles of granitic rock; (b) meta-
quartzite fragments; (c) grains of plutonic quartz containing crystal inclusions, including acicular rutile
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TABLE 10. Fossils from Bernard Formation.
(Identifications by D. L. Jones of U. S. Geological Survey, except as noted)

Locality! V407 V409 VI7Zl o+
Stratigraphic position: 20-30 100-200 500-600 2
(Est. ft. above base of fm.)
Location:
--% of NW  NW SE
--4 of SW NW NE
Section 6 23 11
Township (S.) 17 17 17
Range (E.) 26 25 25
Forms:

Ampullina cf. A. pseudoalveata Packard =----  ——-- —_—-
Anthonya cultriformis Gabb X x —
Calva varians (Gabb) S ———
Dentalium stramineum Gabb ——— - ———
Desmoceras (Pseudouhligella) sp. X —_— x
Exogyra parasitica Gabb ——— o ————
Gervillia sp. —— - ——
Hemiaster cf. H. californicus Clark SR — ———
Homomya concentrica Gabb ———— mmem e
Inoceramus sp. . mmem ———
Linearia multicosta (Gabb) S — —
Meekia sp. x ——— ———— I
Ostrea malleiformis Gabb ——— - ——— X
Periplomya (?) oregonensis (Gabb) ——— e —_— N
"Tellina" sp. x —— —_—— —_——
Tenea inflata (Gabb) (?) —— ——— —_—— x
Trigonia evansana Meek ———— meea x x
Trigonocallista cf. T. regina (Popenoe) x x —— -
Turrilites oregonensis Gabb

(=I. acutus Passy) X _— X ——m

X X X X X X X X X X

X

See Plate | for map location.
* Collection of Washburne (1903) on Charles Bernard (now Andrew Bernard)
ranch on South Fork of Beaver Creek; identifications by R. W. Imlay.

needles and hairs, and lacking the ragged inclusions of altered glass common in the quartz grains of older
sequences in the areq; (d) oligoclase-andesine of probable plutonic origin; (e) abundant biotite and
muscovite; and (f) detrital epidote and zoisite. Taubeneck (1955a) has presented evidence that Late
Jurassic or Early Cretaceous granitic rocks of Bald Mountain batholith in the Elkhorn Mountains of north-
eastern Oregon were exposed to erosion by mid-Cretaceous time. This body, or some generally correla-
tive body, of granitic rock was presumably the source for the plutonic debris in Bernard Formation.
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Fossils and age

The occurrence of Turrilites and Pseudouhligella in the lower 500 to 600 feet of Bernard Formation
(table 10) clearly indicates that this basal portion of the unit belongs to the Cenomanian Stage, lower-
most Upper Cretaceous. The following considerations strongly suggest further that this part of the unit be-
longs to the lower part of the Cenomanian Stage: (a) Turrilites acutus is restricted to the lower part of
the Cenomanian Stage in England (zone of Schloenbachia varians); (b) the subgenus Pseudouhligellaranges
from upper Albian through Cenomanian, but the undescribed species from locality V407 occurs in southern
Oregon in rocks of lower Cenomanian age (D. L. Jones, written communication, 1958); and (c) Anthonya
cultriformis occurs with the lower Cenomanian aimonite Mantelliceras near Jacksonville, Oregon (R.W.
Imlay, written communication, 1958). In the absence of faunal evidence, the upper 1,000 feet of Bernard
Formation is assigned provisionally to the Cenomanian also. It is worth noting, however, that Turonian
beds are present above similar Cenomanian strata less than 25 miles north of Suplee along Battle Creek in
sec. 3, T. 13S., R. 26 E. (R. W. Imlay, written communication, 1958).

TERTIARY ROCKS

Tertiary volcanic strata having an aggregate thickness in excess of 1,000 feet underlie high periph-
eral plateaus near the margins of the mapped area, and their erosional remnants locally cap isolated buttes
in the interior of the area. The base of each of five continental volcanic units recognized in the Suplee-
Izee area is an erosional unconformity and each unit rests locally upon Mesozoic strata with angular un-
conformity. The stratigraphy and petrology of these rocks were not studied in detail, but brief descriptions
are included here, hopefully as a guide and impetus to the future work of others. The thin, discontinuous
volcanic cover of the Suplee-lzee area and the neighboring plateaus affords a connecting link between
the thick Tertiary sequences of the John Day River valley to the north, the Strawberry Mountains to the
east, Harney Basin fo the south;, and the Crooked River lowland to the west.

Mudflow Breccia (Tmb)

On Morgan Mountain north of Izee, approximately 200 feet of mudflow breccias and intercalated
amygdaloidal basalts rest unconformably on Mesozoic strata and are overlain with angular discordance by
flows of Picture Gorge Basalt. The breccias are composed of angular pebbles and cobbles of black mafic
volcanic rocks, which weather brown or red and which are set in a friable, tan to brown, clayey matrix
of finer grained debris. Triassic mudstone and siltstone blocks are included in subordinate amounts. Bed-
ding is indistinct, marked only by layers rich in the coarser grained debris interspersed at 6- to 10-foot
intervals in the deposit. The associated lavas weather readily to a purplish hue and form soft, friable
outcrops that contrast strongly with the ledge exposures of the overlying and more resistant Picture Gorge
Basalt flows. The mudflow breccias thus appear to be channel or slope deposits of pre-Miocene age. They
may well be correlative with the Eocene "volcanic conglomerate" mapped by Thayer (1956a,b,c) in the
John Day River valley to the north and northeast.
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Picture Gorge Basalt (Tpg)

Stratigraphy

Dark-gray to black aphanitic and porphyro-aphanitic basalt lavas underlie high timbered plateaus
around the margins of the area and crop out on the crests of a few hills in the interior of the area. These
flows are here assigned to the Picture Gorge Basalt Formation (Waters, 1961; equals Columbia River Ba-
salt of Merriam, 1901) of the Columbia River Group (Waters, 1961). The unit rests with angular uncon-
formity on various Mesozoic formations and attains a maximum exposed thickness approaching 1, 500 feet
in the northwestern part of the area. Immediately to the west of the mapped area, along Camp Creek in
secs. 16 and 21, T. 17S., R. 25 E., basalt lavas continuous with exposures in the Suplee-lzee areaare
overlain concordantly by semiconsolidated pale tuffs probably correlative with Mascall Formation of the
John Day River valley (Brogan, 1952). As this stratigraphic relation duplicates the situation in the type
area of the Picture Gorge Basalt, the flows of the Suplee-lzee area are probably of lower to middle Mio-
cene age, as are those in the type locality (Chaney, 1932; Downs, 1956).

Petrology

The Picture Gorge Basalt flows range from dominantly porphyritic rocks in the Suplee area to prima-
rily nonporphyritic or microporphyritic rocks in the Izee area. Groundmass textures are chiefly inter-
granular and intersertal, in many cases ranging from the one to the other within the space of a single thin
section, for the distribution of amorphous materials is commonly uneven. Some rocks are ophitic. The
preponderant minerals are labradorite and clinopyroxene. Olivine is decidedly subordinate, forming less
than 5 percent of most flows, and is commonly partly altered to reddish iddingsite or greenish saponite (?).
Granular ore makes up as much as 5 percent of typical rocks. Interstitial amorphous materials include both
glass and chlorophaeite. Pale brown siliceous glass (R.1.=1.50 to 1.52), which occupies as much as 20
percent of some intersertal rocks, is heavily charged with tiny elongate clinopyroxene prisms, feldspar
microlites, branching columnar ore crystals (ilmenite?), or clouds of minute granular ore dust (magnetite?).
Pale green, yellow, or red-orange chlorophaeite (R.1. near 1.55) occurs as interstitial pools in intersertal
fashion and in vesicles in amounts as high as 5 percent. Chabazite occurs in vesicles in some areas. Judg-
ing from the examination of 20 thin sections, four intercalated petrologic types can be distinguished with-
in the sequence, although the stratigraphic distribution of the types is unknown in detail:

(1) Porphyritic olivine-bearing basalts: 10 to 25 percent labradorite (chiefly) and
augite phenocrysts, 1 to 5 percent olivine microphenocrysts, dominantly intergranular but
in part intersertal groundmass.

(2) Equigranular olivine-bearing basalts: dominantly intergranular with only minor
glass but locally intersertal where chlorophaeite abundant, 1 to 2 percent equant olivine,
plagioclase and clinopyroxene locally subophitic.

(3) Olivine basalts: nonporphyritic, glossy black appearance, 15 percent olivine
in tiny equant grains which partly envelop edges of plagioclase laths in some places, clino-
pyroxene in sheaves of elongate ore-charged prisms in areas interstitial to plagioclase laths.

(4) Olivine-free basalts: microporphyritic with labradorite and augite microphenocrysts
in cumulophyric clots, intersertal groundmass.

Of these types (1) and (2) are most abundant; types (3) and (4) appear to be rare.
In the vicinity of Indian and Peewee Creeks in the northern part of the area, fluvial gravels are
intercalated with the lava flows.
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TABLE 11. Composition of dolerite feeder dikes for Picture Gorge Basalt flows.
(Petrography by Dickinson)

Percent Constituent
40-45 Labradorite near Angg in laths 0.5 mm across.
25-30 Augite granules 0.1 - 0.4 mm in diameter.
12.5-22.5 *Chlorophaeite: orange or brown in thin-section, red or black

in hand specimen, R.1.=1.52 - 1.56, locally crystallized to
birefringent substances.

3-10 *Glass: tan to pale brown, charged with feldspar microlites,
siliceous with R.1. near 1.50.

0-1 Olivine, commonly altered to saponite(?) pseudomorphs.

* Proportions of glass and chlorophaeite, both of which occupy interstitial areas,
are complementary, such that the two total about 25 percent.

TABLE 12. Composition of diktytaxitic olivine basalt flow.
(Petrography by Dickinson)

Percent* Constituent

55-65 Labradorite, normally zoned, in large (1-5 mm.) laths.
12.5-17.5 Augite (2V=50), faintly pleochroic.

12.5-15 Olivine, magnesian, partly altered to iddingsite.

5-10 Glass, pale tan to brown, locally charged with columnar ore
crystals (probably ilmenite) and elongate clinopyroxene prisms.

2-2.5 Granular ore (probably magnetite).
0-1 Chlorophaeite, pale green, R. . near 1.55.
tr Arboréscent white opal (R.1. < 1.46) in vesicles.

* As much as a third of the volume of the rock may be angular vesicular voids
interstitial to the plagioclase laths.
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Feeders

Frozen feeders for the Picture Gorge Basalt flows are preserved as dolerite dikes and pipes with
chilled margins of aphanitic basalt,some of which contain clusters of small calcite amygdules. The approx-
imate composition of the dolerites is given in table 11. Three dike swarms occur inthe area, the most ex-
tensive one in sec. 12, T. 17S., R. 28 E., a second farther east on the divide between Lewis and Tam-
arack Creeks, and a small one near the head of Morgan Creek. One of the dikes of the third group can
be traced tothe base of a basalt flow (see platel). Isolated dikes and pipesare widely distributed through-
out the northeastern part of the mapped area. Nearly all the dikes strike northwest or north-northwest,
dip steeply to the east, range from 20 to 50 feet in thickness, and have a platy structure parallel to their
walls. Within 10 feet of the walls, the Mesozoic sedimentary country rocks are hardened, bleached, and
partly recrystallized.

Lacustrine Beds (TIb)

Approximately 250 feet of variegated cream, tan, and orange lacustrine tuffs and tuffaceous clay-
stones are exposed in intricately dissected "badlands" on the south slopes of Buck Mountain in the south-
eastern part of the area. The unit is poorly consolidated and is well exposed only on the east slopes of
Green Spring Draw. The beds rest unconformably on Lonesome Formation of Jurassic age and are overlain
unconformably by welded tuff-breccia of probable Pliocene age. The lithology and stratigraphic position
of the lacustrine strata suggest a tentative correlation with Mascall Formation of upper Miocene age in
John Day River valley (Merriam, 1901; Merriam and others, 1925; Thayer, 1956 a, b) and in the Crooked
River drainage (Chaney, 1927; Wilkinson, 1939 a; Brogan, 1952).

Diktytaxitic Olivine Basalt (Tdb)

A diktytaxitic olivine basalt flow from 50 to 100 feet thick rests unconformably on Picture Gorge
Basalt and is overlain unconformably by Pliocene (?) welded tuff-breccia in the southwestern corner of
the area. The best exposures are on the plateau rims overlooking the old Allison ranch in Howard Valley.
The rock is gray where fresh, but weathers to reddish brown. Its mineralogic composition is given in
table 12. The flow is petrologically similar to the "Pliocene-Quaternary olivine basalts" of Waters (1961,
p. 605). It is petrologically different from and, judging from its stratigraphic position beneath welded
tuff, is apparently older than the Plio-Pleistocene "Ochoco Lavas" (Wilkinson, 1939a) which overlie
welded tuff in the Round Mountain quadrangle to the northwest. The unit is here tentatively assigned to
the lower Pliocene.

Welded Soda-Rhyolite Tuff-Breccia (Twt)

The youngest consolidated rock unit exposed in the area consists o f welded soda-rhyolite tuff,
lapilli-tuff, and tuff-breccia. It attains a maximum thickness of nearly 100 feet, but is typically only
40 to 50 feet thick. The exposures are isolated erosional remnants, typically butte cappings and rimrocks,
of a once continuous sheet or group of sheets, of ignimbrite. Mapping of the remnants was unfortunately
completed on the premise that only one continuous sheet of variable lithology was represented. A sub-
sequent field trip to the Emigrant Creek area to the south where R. L. Bateman (1961) has mapped several
superposed cooling units, each of distinctive lithology, suggests by analogy that more than one discrete
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sheet may be present in the Suplee-lzee area.

Lithologic description

‘he groundmass of the rock is welded vitric and vitric-crystal tuff, locally devitrified, in which the
content of crystals ranges as high as 25 percent but is less than 5 percent in most outcrops. Fresh rock is
gray, hard, and brittle, with vitreous luster. Devitrified rock is softer, has a dull appearance, and ranges
from gray or cream to shades of tan and pink, colors which may be due to the presence of fumarolic iron
oxides. Flattened lensoid pumice lapilli and bombs, which occur sporadically in varying proportions, are
preferentially oriented to define a foliation parallel to the base of the unit. Closely spaced joints and
wavy color banding parallel this megascopic foliation. In thin section, the welding of the rock is clearly
attested by the following features: (a) the distorted flattened shape of branching shards, (b) the draping
of flattened shards around incompressible crystal fragments, and (c) the presence of attenuated collapsed
pumiceous fragments, some of which are cut by perlitic cracks. In general, the finest tuffs in the unit
show the least evidence of welding and contain the most crystal fragments.

Petrology

Fresh glass shards have a refractive index of 1.496 to 1.498, as determined in oils. These values
suggest the glass is rhyolitic, with a silica content on the order of 70 to 75 percent (George, 1924; Wil-
liams, 1955). |In many exposures, much of the glass has devitrified wholly or partly to microcrystalline
spherulitic aggregates of quartz and a zeolite (heulandite ?) with refractive index near 1.500. The most
abundant crystal fragments are sanidine. Quartz is also common and oligoclase-andesine is seen occasion-
ally in thin section. The only mafic crystals observed, and they are rare, were aegirine, glaucophane,
and riebeckite. Their presence constitutes evidence that the rock is an alumina-poor soda-rhyolite, to
our knowledge the first indication that the welded Tertiary pyroclastics of central Oregon are alkalic rocks,
at least in part. Accidental lithic fragments of sandstone, siltstone, felsite, pilotaxitic and hyalopilitic
andesite, and intergranular and intersertal basalt indicate that the source vents, which were not seen,
traversed a column of rock similar to that which underlies the Suplee-lzee area, hence may not be far
distant. The widespread extent of the remarkably tabular unit argues for eruption from a fissure system
rather than from centralized volcanic vents.

Age and correlation

The mapping of Thayer (1956a) and Wallace and Calkins (1956) has shown that the welded rhyolitic
pyroclastics of the Suplee-lzee area can be traced to the north into the welded tuff member (Wilkinson,
1950) of the type Rattlesnake Formation (Merriam, 1901; Merriam and others, 1925) of Pliocene age in
the John Day River valley. Campbell and others (1958) have shown further that the unit can also be
traced to the south into the upper Danforth Formation (Piper and others, 1939) of Pliocene age in Harney
Basin. Accordingly, the welded soda-rhyolite pyroclastic rocks of the Suplee-lzee area are provisionally
assigned to the Pliocene also. We forego the use of a formal stratigraphic name pending a more certain
determination of the stratigraphic relations.
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QUATERNARY DEPOSITS
Alluvium ( Qal)

Most stream courses are alluviated and outcrops are few in canyon bottoms. The margins of the
alluvium were mapped with considerable care, largely from aerial photographs. These contacts should
prove an invaluable aid to the visitor trying to locate points on our planimetric map in the field. The
contacts of alluvium with bedrock lie typically along abrupt changes in slope declivity. It should be
noted that no distinction is made on the map between canyon bottom "floodplains" and the contiguous
alluvial fans of side draws.

Landslides (Qls)

Slumps, block glides, debris flows, talus slopes, and rock-creep aprons are grouped as "landslides"
on the map. Only features large enough to interfere with field interpretations are shown. |t will be
noted that most landslides mapped lie downslope from rimrocks of Tertiary basalt or welded tuff-breccia.
With few exceptions, the landslides themselves are composed of these materials.
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LEGEND

@ Peripheral plateaus mainly
Cenozoic volcanics

[‘I] Mainly Jurassic marine

IE] Mainly Triassic marine

Western upland mainly
Paleozolc

Maijor structural divisions of the Suplee-lzee area
(figure 6 repeated from page 12)

The western Paleozoic upland is a belt of up-faulted Paleozoic rocks along the western
edge of the area.

Pine Creek downwarp is a synclinorium of down-folded Jurassic strata lying mainly east
of the western Paleozoic upland and flanked on the northwest and southeast by exposures
of Upper Triassic rocks.

Mowich upwarp is an anticlinorium, cored by Upper Triassic rocks and flanked by Jurassic
strata, that trends from southwest to northeast across the heart of the area, and is thus
the dominant structural feature of the area. An unnamed companion upwarp of folded
Triassic rocks lies along the northwestern edge of the area.

Lonesome syncline is a deep structural trough of Jurassic strata lying southeast of Mowich
upwarp along the southeastern edge of the area.

The peripheral lava plateaus are discontinuous uplands of gently dipping Tertiary basalt
and tuff that ring the area on the north, east, and south.
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PART TWO

STRUCTURAL GEOLOGY AND TECTONIC HISTORY

In this section of the report, information is assembled on the geologic structures of the area, their
evolution through geologic history, and their relation to inferred tectonic conditions. Reference to plate
[Il, "Geologic History of the Suplee-lzee District," will clarify the position occupied by the various
rock units with respect to the structural elements and tectonic events of the area. Plate Il includes sev-
eral cross sections within the area. In the following, structural features are described, insofar as is pos-
sible, in chronologic order of development. As the area is one of complex structure, no attempt is made
here to describe every fold and fault; rather, genetic groupings are emphasized and their general features
discussed. For sake of convenience, figure 6, "Major structural divisions of Suplee-lzee area," isre-
peated on page 76.

GENERAL STRUCTURE and TECTONICS

In terms of structural style, the rocks of the Suplee-lzee area can be assigned to three major super-
posed structural units: (1) An upper unit, composed of Cretaceous marine strata and continental Cenozoic
volcanic rocks, which is mildly warped and offset by normal faults; (2) a middle unit, composed of Triassic
and Jurassic marine strata that are strongly folded and offset by both normal and reverse faults; and (3) a
lower unit, the basal substrate of indurated, intruded, and mildly metamorphosed Paleozoic rocks. The
middle unit of strongly folded Mesozoic strata can be further subdivided into (a) a dominantly Jurassic
sequence whose folds stem from one principal diastrophic episode, and (b) a dominantly Triassic sequence
in which superposed folding has resulted in flexures of complex geometric configuration.

In terms of tectonic history, three major periods of tectonic deformation can be discerned and cor-
related with the three major structural units: (1) A little-known period of Upper Paleozoic marine sedi-
mentation and volcanism terminated by Permian-Triassic orogeny and igneous intrusion; (2) a Triassic-
Jurassic period of marine sedimentation and volcanism punctuated by intermittent diastrophism recorded
both by lithologic types and by angular unconformities; and (3) following late Mesozoic orogenesis, a
Cretaceous-Cenozoic period of shallow marine sedimentation and continental volcanism punctuated by
intermittent warping, faulting, uplift, and erosion.

As with the middle structural unit, the middle tectonic period can be divided, in analogous fashion,
info two halves separated by an Early Jurassic diastrophic climax here termed Ochoco Orogeny, a name
first suggested by S. W. Muller (oral communication, 1956). The mainly Triassic part (a) of the middle
period was characterized by the rapid deposition of clastic detritus eroded from contemporaneous tectonic
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highlands and deposited in adjacent basins of probable tectonic origin; contemporaneous volcanism was
subordinate. The mainly Jurassic part (b) of the middle period was characterized by the rapid deposition
of contemporaneous volcaniclastic debris with subordinate contributions from older sources.

PERMIAN-TRIASSIC OROGENY

Sub-Begg Formation Unconformity

Begg Formation is in contact with Paleozoic rocks on Frenchy Butte in the northeastern part of the
area and at several places in the hills southwest of Suplee along the western edge of the area. On Frenchy
Butte, the contact is clearly an angular unconformity: conglomerate beds of Begg Formation lie parallel
to the unconformity and contain reworked cobbles of the underlying greenstone and serpentine, whereas an
intrusive contact between Permian (?) greenstones and serpentine is truncated by the unconformity. South-
west of Suplee the relations are not as clear, but the truncation of Permian beds by the contact and the
parallelism of beds of Begg Formation to the contact are again suggested. Since no fusulinid collections
younger than mid-Permian have been found in the Paleozoic rocks, and since Begg Formation probably
belongs entirely to Karnian Stage of the Upper Triassic, approximately half of the Permian and half of the
Triassic are apparently represented by the unconformity.

Geologic Structures

Examination of the limited exposures of Paleozoic rocks within the area suggests that they are less
intensely crumpled than the less competent overlying Triassic strata, but that they are more severely brec-
ciated. Mapping by Merriam and Berthiaume (1943) and by Thayer (1956 a,b,c) in more extensive ex-
posures to the west and to the northeast indicates, however, that the Paleozoic rocks are also strongly
deformed. The intrusion of ultramafic rocks, such as the serpentine on Frenchy Butte, prior to the depo-
sition of Begg Formation suggests, moreover, that the Permian-Triassic diastrophism in the area was of
orogenic magnitude. This judgment is strengthened by the presence of schistose metavolcanic rocks and
phyllitic metapelites in the Paleozoic exposures studied by Thayer (1956 a, b, c).

Regional Relations

Dott (1961) has recently assembled the evidence suggesting "that the latest Permian-earlier Triassic
interval was one of complex diastrophism, plutonism, volcanism, and elevation of lands in much of the
western Cordilleran belt" (Dott, 1961, p. 561). The Permian-Triassic unconformity in the Suplee-lzee
area appears to be but a local record of the crustal unrest noted by Dott within the entire mobile belt
along the continental margin, and thus lends support fo his interpretations.
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UPPER TRIASSIC DIASTROPHISM

Three convergent lines of evidence point to extensive local diastrophism contemporaneous with the
deposition of the Upper Triassic marine strata in the area. The evidence includes: (a) the lithology of
the sedimentary breccias in Begg Formation, (b) stratigraphic unconformity within the sequence, and (c)
thickness relations of facies equivalents in nearby areas strongly suggestive of local tectonic basins.

Sedimentary Breccias

The polymictic conglomerates and breccias have already been described. Four salient features may
now be recalled: (1) They are composed dominantly of detritus apparently derived from Paleozoic rocks
like those exposed within the areq; (2) they were apparently emplaced by some type of submarine mass
movement; (3) they are most abundant in the more northwesterly exposures, especially in the area north-
west of Pine Creek downwarp; and (4) they locally contain indurated limestone blocks which themselves
contain Upper Triassic fossils. The angularity of the coarse debris and the chemical instability of some of
the coarse rock fragments under present surface conditions strongly suggest derivation from a nearby source
of high relief undergoing rapid erosion. As the breccias are stratigraphically distributed through several
thousand feet of strata, this suggestion implies continuing or intermittent diastrophic uplift of the nearby
source during deposition. The source, lithology, and distribution of the breccias suggest derivation from
a high block along or beyond the northwestern edge of the area mapped. We advance the hypothesis that
the Camp Creek fault, described more fully in the next section of the report dealing with Ochoco Orogeny,
may have become active as early as Karnian time to form a tectonic northwestern margin to the basin of
Late Triassic deposition. Attendant fault scarps, perhaps in part submarine, may have been a source for
the sedimentary breccias.

Unconformity

Rail Cabin Argillite of Norian age rests with angular unconformity on Brisbois Formation of latest
Karnian age. In the synclinorium beneath Morgan Mountain, where the two units are involved in thesame
folds, the strata of Brisbois Formation are appreciably more appressed than those in the Rail Cabin Argil-
lite. The angular discordance there is on the order of 10° to 30°, indicating folding and erosion during
the Late Triassic.

Tectonic Basins

In studying the Triassic rocks of the Aldrich Mountains to the northeast, Thayer and Brown (1960)
have developed a picture.of Norian deposition in tectonically defined basins whereby successive members
of a thick Norian sequence rest unconformably upon older members and change thickness drastically where
they cross folds and faults in older members. Materials transported by mass movement and reworked Upper
Triassic debris suggest unstable basin margins in a fashion analogous to the Karnian sedimentary breccias
of the Suplee-lzee area. Each member of the Norian sequence they describe is apparently a great clastic
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wedge; one such wedge thickens at the rate of 1,000 feet per mile from west to east across about 10 miles
of country. Each such wedge overlaps strata of the subjacent wedge along, an angular unconformity. It

is our suggestion that the conformable Begg and Brisbois Formations of the Suplee-lzee area together rep-
resent such a clastic wedge of slightly older (Karnian) age, a wedge that was somewhat deformed, uplifted,
and eroded before or while some of the more easterly Norian wedges were deposited. This hypothesis im-
plies that each wedge filled or partly filled one of a related sequence of tectonic basins formed by con-
temporaneous diastrophism.

OCHOCO OROGENY

The basal contact of Mowich Group of late Early Jurassic age is an angular unconformity. The
group rests in turn on each of the older Mesozoic units in the area, and the structures above and below the
unconformity are markedly discordant in many places (see plate |1). The name "Ochoco Orogeny" is
here applied to the diastrophism which gave rise to this widespread surface of unconformity. Inasmuch as
the youngest strata beneath Mowich Group are the Hettangian beds of Graylock Formation and some prob-
able Sinemurian strata of the Caps Creek beds, and considering that theoldest strata of Mowich Group are
likely Pliensbachian, and certainly no younger than Toarcian, it is tempting to assign the Ochoco Orogeny,
with all its attendant diastrophism and erosion, to some portion of the Sinemurian and Pliensbachian Ages
of the Early Jurassic. In a sense this may be a valid conclusion, but the evidence of closely preceding
Late Triassic diastrophism suggests the clear possibility that the unconformity beneath Mowich Group may
be a surface compounded of the effects of long-continued deformation and erosion. Some of the structures
in the oldest strata beneath the unconformity may have begun forming even before the youngest strata be-
neath the unconformity had been deposited; indeed, so far as direct evidence can be applied, there is no
way to refute the supposition that some of the older rocks beneath the unconformity may have been under-
going erosion throughout the time some of the younger rocks beneath the unconformity were deposited.
Despite these uncertainties, there are related pre-Mowich Group structures that can be treated as the re-
sults of an integrated episode of orogenic deformation, and it is to this diastrophism of integrated style and
effect that the name Ochoco Orogeny is applied. The Ochoco Orogeny had certainly terminated as Mowich
Group was deposited, but its earliest antecedents cannot be dated with certainty; the Late Triassic diastro-
phism described above may well have been an inseparable precursor.

Sub-Mowich Group Unconformity

West of Big Flat, Mowich Group rests with marked angular discordance on Karnian or older strata of
Begg and Brisbois Formations, and chiefly upon the Begg, which is the older of the two. In places, as near
Freeman Creek, the angular discordance is essentially 90° where Mowich Group lies across the bevelled
limbs of nearly isoclinal folds in the underlying strata. Between Big Flat and South Fork of John Day River,
Mowich Group also rests on Karnian strata, but only on Brisbois Formation, and the discordance is less.
Still farther east, Mowich Group rests with comparatively slight angular discordance on Norian and Het-
tangian strata of Rail Cabin Argillite and Graylock Formation in Vester Creek syncline, and upon strata
of the Caps Creek beds apparently as young as Sinemurian near the eastern extremity of the area.

There is thus a progressive decrease in the angular discordance and the stratigraphic hiatus at the
unconformity from west to east. This fact is indicative of one of two alternative interpretations, or of some
blend of the two: (1) Ochoco Orogeny was synchronous and short-lived throughout the area, but defor-
mation was more intense and erosion deeper toward the west; or (2) Ochoco Orogeny spanned an appreci-
able part of Late Triassic and Early Jurassic time, with deformation beginning earlier and continuing longer
toward the west, where the degree of deformation and depth of erosion were thus ultimately greatest owing
to cumulative effects.
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Folds

The folds formed by Ochoco Orogeny have been strongly modified by refolding during a Jurassic-
Cretaceousorogeny . They are described here as they existed before the refolding (figure 29). The reader
who would gain a clear picture of their present configuration must also read the section dealing with the
later deformation.

West of long 119°30', Upper Triassic (Karnian) strata of Begg and Brisbois Formations were thrown
into tightly appressed upright or slightly overturned folds with northerly trends prior to the deposition of
Mowich Group, which was later folded about axes markedly divergent to the axes of the older folds. Along
Mowich upwarp in the southern part of the tract, the folds in the Upper Triassic strata strike nearly due
north and are uniformly isoclinal or nearly so; for example, Divide anticline, Fordham anticline, etc.,
on plate I. North of Pine Creek downwarp, in the northern part of the tract, the folds are more open and
have more variable northerly trends; for example, Little Bear anticline, Jackass Creek syncline, etc.,
on plate |; dips less than 50° are common.

East of long 119°30', the folds of Ochoco Orogeny swing about to a northeasterly trend. As they
do so, the divergence between their axes and those of younger folds in Jurassic strata decreases, just as
the angular discordance at the base of Mowich Group decreases. These relations suggest that the tightly
appressed folds to the west tailed off into more open folds to the northeast, where the intensity of the
orogeny was less.

The geometry of the tightly appressed, closely spaced folds in Upper Triassic strata suggests that the
comparatively rigid Paleozoic substrate at depth did not fully participate in the folding. The inferred dif-
ference in competency suggests the likelihood of a décollement sole at the base of the Ochoco Orogeny
folds. ‘
It is interesting to note the depth at which the folds must have formed. In the lzee district, solittle
stratigraphic hiatus is present at the base of Mowich Group that no great thickness of strata could have
once been present before folding and erosion. If this observation is valid, the oldest beds of Begg Forma-
tion involved in the folds could not have been at depths greater than about 15,000 feet. Younger beds
must have been at proportionately shallower depths.

Faults

A crudely coparallel set of north-northeasterly trending reverse (?) faults was apparently active
during Ochoco Orogeny. There are three major faults in the set, spaced at intervals of about 6 miles
(figure 29). The three can be dated as follows on the basis of the youngest rocks offset and the oldest
rocks which lie unconformably across their traces without offset:- (1) Camp Creek fault, post-Brisbois
Formation (Karnian, Upper Triassic), pre-Weberg Member of Snowshoe Formation (Bajocian, Middle
Jurassic); (2) Keerins ranch fault (and its subsidiary, Big Flat fault), post-Brisbois Formation, pre-Mowich
Group (Pliensbachian or Toarcian, Lower Jurassic); and (3) Poison Creek fault, post-Caps Creek beds
(Sinemurian? , Lower Jurassic), pre-Mowich Group. Each of the three faults, as can be noted on the
map, brings together rocks of greatly different age and structure. With few exceptions, structures on op-
posite sides of the faults cannot be matched with confidence, hence their displacements cannot be closely
estimated, although they doubtless total thousands of feet in each case. On each fault, older rocks on
the west side have been brought against younger rocks on the east side. The interpretation as reverse faults
is based upon two lines of evidence: (1) In a number of places, the stratigraphic thickness of fold limbs
has been apparently reduced where the faults pass along them, suggesting foreshortening rather than the
repetition of beds expected from normal faulting; and (2) in a few instances where the faults pass through
areas of fairly rugged topography, the fault traces indicate that the fault planes dip to the west and hence
have reverse movement. Camp Creek fault passes northward into a gently dipping thrust, and several
klippe of Paleozoic rocks of the upper plate lie on Begg Formation in the northwestern corner of the area.

The structural discordance along the reverse faults could be due simply to great displacement. ltis
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likely, however, that the circumstance of faulting during folding led in part to the growth of different
structures on either side of the faults, such that few structures were ever truly continuous across them.

The continuity of the faults in such a complexly folded terrane and their wide spacing relative to the wave
length (about 1 mile) of the Ochoco Orogeny folds suggest that their positioning may arise from conditions
in the underlying Paleozoic substrate beneath the postulated decollement surface. It is also possible that
they first became active, as has been suggested for the Camp Creek fault, during the diastrophism con-
temporaneous with Late Triassic sedimentation. If so, the faults may actually be somewhat older structures
than the folds which they transect and may have helped delineate the tectonic basins in which were de-
posited the Triassic strata they later offset at higher levels.

Frenchy Butte Buttress

In the northern part of the area, folds and faults cutting Upper Triassic strata diverge around a but-
tress of intruded Paleozoic rocks exposed on Frenchy Butte and in the ground to the north outside the mapped
area (Wallace and Calkins, 1956). Both folds and reverse faults thus locally adopt east-west trends at a
high angle to the structures of Ochoco Orogeny to the south. There is no positive evidence of their pre-
Mowich Group age, but these anomalously trending structures appear to be continuous with northerly trend-
ing structures in Upper Triassic rocks to the south and probably also formed during Ochoco Orogeny. Their
anomalous trend is attributed to the uparched pre-Late Triassic "basement" complex of Frenchy Butte, our
thought being that its presence at an unusually high structural level caused the folds of Ochoco Orogeny
to be draped semiconcordantly about it as a nucleus (see figure 29).

JURASSIC DIASTROPHISM

In Middle Jurassic time, after the regime of volcaniclastic sedimentation which followed Ochoco
Orogeny was well established, mild warping and local erosion gave rise to angular unconformities within
the Jurassic sequence.

Sub-Weberg Member Unconformity

Late in Early Jurassic or early in Middle Jurassic time, upwarping of the western part of the area
was accompanied by erosional removal of Mowich Group from the area northwest of the axis of Pine Creek
downwarp. The warping established the raised "Suplee platform" as distinct from the "lzee basin" to the
east, a local tectonic distinction with important implications for the sedimentation of Snowshoe Formation.
The possible indications of the early onset of Ochoco Orogeny in the west, the restriction of plicatostylid
reefs in Mowich Group to the western part of the area, and the thinning of Hyde Formation of Mowich
Group toward the west all suggest that the Middle Jurassic positive structural feature termed the "Suplee
platform" may actually have had older antecedents.

Weberg Member of Snowshoe Formation was deposited on the bevelled edges of Mowich Group, over-
lapping to the west onto Triassic and Paleozoic rocks and passing to the east into a conformable sequence
of dark lutite on Big Flat. Around the plunging nose of Mowich upwarp between Mowich Mountain on
the east and the Ammonite Hills on the west, Weberg Member truncates approximately 1,000 feet of Mow -
ich Group in a distance of about 3 miles. Assuming the bevelled surface of unconformity was flat as We-
berg Formation was deposited, the eastward dip of Mowich Group as a result of the warping was on the
order of 33° to 4°. The stratigraphic hiatus along the unconformity probably includes two ammonite zones:
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the Lytoceras jurense Zone (Toarcian, Lower Jurassic) and the Leioceras opalinum Zone (Bajocian, Middle
Jurassic).

Sub-Trowbridge Formation Unconformity

In the drainage of South Fork of John Day River, Trowbridge Formation rests unconformably on Snow -
shoe Formation, progressively overlapping that unit as far west as Big Flat. In the type locality of Snow-
shoe Formation near lzee, the lower or Rosebud Member of Trowbridge Formation rests upon approximately
1,250 feet of the upper member of Snowshoe Formation. Six miles to the west, the middle or Officer Mem-
ber of Trowbridge Formation has onlapped 400 feet of the Rosebud Member. In this distance, the Trowbridge
Formation also overlaps 1,250 feet of Snowshoe Formation so that the Officer Member at Flat Creek rests
directly on the middle member of Snowshoe Formation. Six miles east of Izee, as much as 2,000 feet of
the upper member of Snowshoe Formation may be present beneath the unconformity in exposures of tightly
folded strata near Lewis Creek. These data suggest warping of Snowshoe Formation to eastward dips on the
order of 2° to 23° and local erosional removal of more than 1,000 feet of section prior to the deposition
of Trowbridge Formation. Because ammonites of Callovian Stage (Upper Jurassic) have been found above
and below the unconformity, these events apparently occurred within the span of Callovian time.

Tectonic Basin

After the Callovian warping but, judging from meager but apparently definitive ammonite collec-
tions, still within the Callovian Age, at least 12,500 feet of strata were deposited in conformable succes-
sion to form Trowbridge and Lonesome Formations. The rapidity of sedimentation of marine strata, chiefly
volcanic sandstone and dark mudstone, is evidence of downwarping of major proportions. Since many of
the strata are interpreted as turbidity current deposits, a major tectonic trough of regional extent is sug-
gested.

JURASSIC-CRETACEOUS OROGENY

During Late Jurassic (post-Callovian) and/or Early Cretaceous time, orogenic deformation and intense
diagenetic alteration of the Jurassic strata in the area occurred prior to deposition of the Cenomanian
(Upper Cretaceous) Bernard Formation.

Sub-Bernard Formation Unconformity

In the northwestern corner of the area, a northwesterly dipping homocline of Bernard Formationrests
with angular unconformity on folded Paleozoic, Upper Triassic, and Middle Jurassic strata and affords clear
evidence of post-Bajocian, pre-Cenomanian deformation of orogenic magnitude. The structural accordance
of Bajocian and Callovian rocks farther east near lzee suggests that the diastrophism was entirely post-
Callovian. The possibility of somewhat older deformation in the west cannot, however, be entirely dis-
missed on any direct evidence.
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Folds in Jurassic Strata

West of long 119°30' in the "Suplee platform" area, where the Jurassic sequence has a thickness of
4,000 feet or less and belongs mainly to the Middle Jurassic Series, the folds in Jurassic rocks are com-
paratively gentle, open structures with easterly or southeasterly trends (figure 30). Dips in the limbs of
the folds are commonly less than 45° and most fold amplitudes are less than 2,500 feet, for example,
Wilson Creek anticline, Smith Basin syncline, etc. on plate I.

In the "lzee basin" area to the southeast, the Jurassic sequence is 17,500 feet thick and has been
arched downward into the easterly trending Lonesome syncline, a tremendous downfold with many thou-
sands of feet of structural relief. Minor folds in this area are rare and are confined to wrinkles on the
limbs of the great syncline. Dips throughout the sequence are commonly in excess of 45° and the beds in
the upper part of Lonesome Formation are steeply overturned, dipping to the north.

In the northeastern part of the area, the folds in Jurassic strata swing to northeasterly trends andare
tightly appressed, locally isoclinal, upright or slightly overturned structures. In this area, a pattern of
divergent folds presents a major puzzle: Tamarack anticline of east-northeasterly trend lies athwart the
strike of the Lewis syncline and associated structures (figure 30), which have a more northerly trend in
this vicinity. To the northeast, the two divergent sets of folds swing into alignment with common north-
easterly trends. To the west, however, along upper Rosebud Creek, nearly isoclinal folds with northerly
trends and easterly dipping axial planes appear to plunge down the south flank of Tamarack anticline. In
discussion of the map, T. D. Barrow of Humble Oil & Refining Co. made the suggestion, by analogy with
the experimental results of W. H. Bucher (1956) that the anomalous northerly trending folds may have
originated by westward gravitational crumpling of part of the Jurassic sequence prior to folding aboutaxes
with easterly trends. We believe the suggestion has merit, for the anomalous folding bears a similarity to
"soft sediment slumping, " in that it is largely confined to a particular package of incompetent strata of
Snowshoe and Trowbridge Formations. The underlying and overlying strata of Hyde and Lonesome Forma-
tions are not appreciably affected.

Folds in Triassic Strata

The Upper Triassic strata folded during Ochoco Orogeny were refolded during the Jurassic -Cretaceous
orogeny. The effects of refolding fall into three general categories, depending upon the intensity of the
earlier folding and upon the angle between the trends of the two ages of folds.

West of long 119°30"' the Ochoco Orogeny folds were northerly trending structures and had steep,
locally isoclinal limbs, upon the bevelled edges of which the Jurassic strata were deposited. The folds
in Jurassic strata trend easterly, nearly at right angles to the axes of the older folds. In this area, re-
folding produced three marked effects, all of which can be deduced from a study of the geologic map
(plate 1): (1) Some earlier northerly trending folds buckled longitudinally, developing a train of alter-
nating culminations and depressions along their course. Such longitudinal buckling of anticlines formed
trains of alternating domes and transverse synclinal saddles, whereas longitudinal buckling of synclines
formed trains of alternating basins and transverse anticlinal saddles; (2) other northerly trending folds
buckled laterally, forming sinuous crests or troughs, or forming steeply plunging subsidiary folds on their
flanks, for example, Fordham anticline; (3) numerous small hinge faults developed to take up, in minor
shear displacements, some of the strain necessary for the refolding to proceed. In net, the re-orientation
of bedding caused by the refolding has changed the statistical fold axis from a horizontal position, with
northerly strike, to a vertical position where the original folds were isoclinal and to a nearly random
position where the original folds were more open.

In the northeastern part of the area, where the earlier folds were more open and the folds in Jurassic
strata have a northeasterly trend more or less parallel to the earlier folds, the effects of refolding are
slight. Attitudes in Triassic beds are somewhat steeper than in Jurassic beds, but strikes are not divergent.

Near South Fork of John Day River, where a slight divergence of trend is noticeable, minor oblique
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buckling of the older folds can be seen locally. Most apparent is the separation of Roba and Abbott-
Walker anticlines by the obliquely transverse Dry Soda syncline. Also noticeable is the oblique crenu-
lation of the trough of Vester Creek synclinorium around Morgan Mountain.

Faults

Only in the northeastern part of the area can any but minor faults be tied to the Jurassic-Cretaceous
orogenic folding. Near the east edge of the area, eastward dipping longitudinal reverse faults break and
foreshorten the limbs of Johnie anticline and associated structures of the anomalous northerly trending set
of folds south of Tamarack anticline.

Depth of Deformation

Judging directly from the 17,500 feet of Jurassic strata present along South Fork of John Day River,
the refolding of the Ochoco Orogeny folds in the Upper Triassic strata took place at depths definitely in
excess of 3 miles. Judging indirectly from the widespread zeolitization and albitization of the entire
Jurassic sequence, even the youngest Jurassic strata now exposed were once depressed to depths probably
in excess of 3 miles. If so, the Upper Triassic strata beneath the Jurassic sequence may have lain at
depths in excess of 6 miles and some parts of the Triassic terrane may have been at depths approaching 10
miles.

MOWICH UPWARP and PINE CREEK DOWNWARP

In terms of gross dimensions, the major structural features within the Suplee-lzee area are three:
(1) Lonesome syncline, the easterly trending fold in the southeast initiated during the Jurassic-Cretaceous
orogeny and described briefly in the preceding section; (2) Mowich upwarp, a broad anticlinorium which
trends northeasterly through the center of the area; and (3) Pine Creek downwarp, a broad synclinorium
lying parallel to Mowich upwarp on the northwest near Suplee. Lonesome syncline is composed of Jurassic
strata that dip more steeply in the north limb (50° to 90°) than in the south limb (20° to 60°). Mowich
upwarp is a southwesterly plunging elongate welt with complexly folded Triassic strata comprising most of
the core and Jurassic strata on its flanks. Pine Creek downwarp is a doubly plunging spoon of folded Ju-
rassic strata, flanked by Mowich upwarp on the southeast and by an unnamed companion upwarp of folded
Triassic rocks along the northwestern edge of the area. The flanks of Pine Creek downwarp dip inward at
angles of 10° to 30°, although structural relationships are complicated by smaller transverse and oblique
folds produced in the Jurassic strata by the earlier (?) Jurassic-Cretaceous orogeny.

On the twin bases of divergent trend and contrasting style of deformation, Mowich upwarp and
Pine Creek downwarp appear to have been formed by diastrophism divorced in time from the Jurassic-
Cretaceous orogeny described in the preceding section. On the plunging nose of Mowich upwarp, a com-
plex system of radial and transverse faults resembles patterns described by Wisser (1960) for vertically up-
lifted domal warps and noses; the faults of this system transect folds in Jurassic strata in an unsystematic
manner, suggesting that the folds are older than Mowich upwarp. If so, the upwarp and the Pine Creek
downwarp apparently post-date the Jurassic-Cretaceous orogenic folding of the Jurassic sequence. In
either case, the broad warps were apparently outlined by mid-Cretaceous time, for Bernard Formation
rests on Upper Triassic beds in the eroded core of the unnamed upwarp lying along the northwestern edge
of the area.
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CENOZOIC DIASTROPHISM

Early Tertiary Diastrophism

In the northwestern part of the area, Picture Gorge Basalt of the Miocene Columbia River Basalt
Group rests with slight angular.unconformity on Upper Cretaceous marine strata of Bernard Formation. The
relationship is evidence of uplift and erosion during latest Cretaceous or early Tertiary time. Indirect
corroborating evidence of early Tertiary highlands in the area is afforded by the absence, owing to non-
deposition or erosion, of the widespread Clarno and John Day Formations of Eocene and Oligocene age,
respectively.

The Picture Gorge Basalt sequence rests upon an erosion surface with appreciable local relief. Be-
tween Big Flat and Snow Mountain, the flows appear to be banked against a long slope that descended to
the north about 500 feet on a 5-percent grade. To the north and to the southwest of Keerins ranch ot the
mouth of Pine Creek, basalt exposures occur at unusually low elevations. The exposures between Keerins
ranch and Indian Creek clearly represent the eroded fill of a canyon which had several hundred feet of
relief. The flat-lying flows and intercalated stream gravels occupy a V-shaped wedge which is in steep
contact with Triassic rocks.

Miocene-Pliocene Diastrophism

The Miocene flows of Picture Gorge Basalt were warped and deeply eroded prior to the eruption of
the Pliocene diktytaxitic basalt and welded soda-rhyolite tuff-breccia. The diktytaxitic basalt flowed
northward over a steep rim of Picture Gorge Basalt and down into a valley or basin with a floor some 500
feet below the rim and near the present valley of South Fork of Beaver Creek. The welded pyroclastic
rocks lie on Picture Gorge Basalt around the periphery of the area, but rest on Mesozoic rocks in the in-
terior of it. The deformation and erosion of the Miocene lavas is a local record of the extensive Miocene-
Pliocene diastrophism discussed by Thayer (1957). From his work, it is apparent that the Picture Gorge
Basalt of the Suplee-lzee area lies on the warped, gently dipping south limb of the asymmetric Aldrich
anticline, a regional structure with its crestal area just south of the main fork of the John Day River north
of the area and its southerly flank extending to Harney Basin south of the area.

Pliocene-Pleistocene Diastrophism

Dips as high as 20° in Pliocene welded pyroclastic rocks and deep Quaternary erosion attest to sig-
nificant deformation and uplift in Pliocene-Pleistocene time.
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A. Section of Mowich Group and part of Snowshoe Formation on "Robertson Ridge" in SEX sec, 28,
T.18S., R. 26 E.; within type locality of Mowich Group; direction of up-section traverse
is north to south; exposures rare on rounded, sage-covered slopes; the section is a critical
one, for the superpositional juxtaposition of units representing the "Suplee platform" facies
and the "lzee basin" facies is a unique key to stratigraphic relations between the two facies:

Basey 500+ ft. Andesitic tuff and volcanic graywacke: hard, tough, blue gray, weathers
Mem. brown and spheroidal, bedding massive and indistinct, yielded one

of stephanoceratid ammonite about 10 ft. from base.

Snow -

shoe 200 ft. Fine-grained andesitic tuff and tuffaceous silty argillite: hard, pale

Fm. green to black, laminated, blocky weathering, mainly non-calcareous.

Conformable, gradational contact.

Warm
Springs Siltstone and mudstone: soft, dark gray to black, thin-bedded, blocky
Mem. 200 ft. to platy, calcareous in part.
of Snow-
shoe Fm.
Conformable, gradational contact.
Weberg Fine-grained calcareous sandstone and sandy limestone: gray, weathers
Mem. of 150 ft. buff, abundant pelecypods, locally contains ammonites Tmetoceras
Snowshoe scissum (Benecke) and Docidoceras cf. D. planulatum Buckman.
Fm.
Unconformable contact, angularity demonstrated by progressive westward overlap of
alternating sandstone and mudstone-siltstone sequences in underlying Hyde Formation by
overlying transgressive Weberg Member.
Hyde 100 ft. Mudstone and siltstone: dark gray, massive.
Fm. of
Mowich 175 ft. Andesitic graywacke: gray-green but weathers brown, poorly sorted,
Group mottled with buff to cream laumontite, thick-bedded.
Conformable, sharp contact.
Nicely Shale: dark gray to black, fissile, calcareous, sporadic 2-inch interbeds
Fm. of 75 ft. of fine-grained yellowish brown sandstone, hildoceratid ammonites col-
Mowich lected by Lupher (1941 and locality "L", this report).
Group
Conformable, sharp contact.
Suplee Volcanic sandstone: gray but weathers buff or green-brown, calcareous,
Fm. of 30-35 ft. abundant Weyla and other pelecypods, massive, locally pebbly.
Mowich
Group

Conformable, gradational contact.
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Robertson
Fm.

of
Mowich
Group
(total
about 210
ft.)

.
40 ft.

5 ft.

40 ft.

5 ft.

10 ft.

45-50 ft.

60-65 ft.
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Interbedded (in 5to 10 ft. massive layers) chert-pebble conglomerate
and andesitic sandstone, locally mixed; green, weathers brownish;
contains Nerinea near base.

Andesitic sandstone: fine- to medium-grained, gray-green, weathers
brown, massive, contains Nerinea near top.

Limestone: gray, sandy, bioclastic, abundant Pliccfosfxlus shells lie
parallel to bedding; in two beds, each with green-brown calcareous
volcanic sandstone near base.

Andesitic sandstone: medium-grained, gray-green, weathers brown with
spheroidal or nodular surface, massive beds 1 to 5 feet thick with thin
intercalations of dark siltstone between.

Hard, brown, calcareous siltstone and olive-green to yellowish mudstone.

Andesitic sandstone: fine-grained, soft, green.

Sandy pebble and cobble conglomerate: crudely stratified in layers 2 to
4 feet thick, chert and felsite pebbles most abundant, subrounded.

Unconformable contact with Upper Triassic Begg Formation, angular discordance slight

locally.

Section of Robertson Formation of Mowich Group near the old Harris place in SEZSW3 sec. 26,
T.17S., R. 26 E., where the formation is thickest (total 335 ft.) and has the most (5)
limestone horizons:

Disconformable contact with overlying Weberg Member of Snowshoe Formation.

15 ft.

40 ft.

3 ft.

40 ft.

3 ft.

35 ft.

19 ft.

15 ft.

45 ft.

Plicatostylid limestone: light gray.

Chert-grain sandstone: gray to buff, calcareous with Ostrea and Pinna.

Plicatostylid limestone: light gray.

Volcanic sandstone: fine-grained, greenish to yellowish gray, mottled,
weathered surface spheroidal .

Plicatostylid limestone: gray, weathers yellow.

Sandstone: gray to brown, three 1-ft. to 2-ft. interbeds of light gray
limestone with Nerinea and Plicatostylus.

Calcareous volcanic sandstone: dark gray, weathers brown, contains
sparse plicatostylid valves.

Limestone: light gray-brown, aphanitic, contains sparse plicatostylid
valves.

Sandstone: calcareous in part, brown, contains chert pebbles and Nerinea.
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Limestone: gray-brown, brecciated, abundant plicatostylid valves. .

Conglomerate: sandy with chert, felsite, and limestone pebbles,
cobbles, and boulders.

Unconformable contact with underlying Begg Formation.

Section of Robertson Formation of Mowich Group east of Cow Creek in north part of sec. 17,
T.17S., R. 27 E., where the formation is most fossiliferous and totals about 220 feet:

Disconformable contact with overlying Warm Springs Member of Snowshoe Formation;
sharp but concordant.

4 ft.

5 ft.

15-20 ft.

25 ft.

75 ft.

3 ft.

35-40 ft.

8 ft.

20 ft.

25 ft.

Limestone: gray, weathers brown, coarse sandy; possibly basal
Snowshoe Formation.

Limestone: gray, coarse fragmental; locally biostromal with plicatostylid
valves in upright growth position, but grades laterally to massive, coarse-
grained sandstone.

Volcanic sandstone: green, locally gray and calcareous, locally mottled,
abundant Pinna fragments.

Limestone: biostromal limestone composed of plicatostylid valves in up-
right growth position; sharp basal contact with 1 to 2 ft. of erosional (?)
relief.

Volcanic sandstone: medium- to coarse—grained, mainly green mottled
with pale patches but in part calcareous, gray, and weathered brown;
spheroidal weathering common; thin interbeds of dark limestone near
middle; contains sporadic Plicatostylus near the top and Nerinea near
base; bed 22 ft. above base contains Isocyprina sp., Modiolus sp.,
Trigonia sp., Weyla sp., Nerinea sp., terebratulid brachiopods, and
fragments of Plicatostylus gregarius.

Limestone: sandy, dark maroon, weathers gray; contains Coelasrtarfe sp.,
Modiolus sp., Pholadomya sp., Trigonia sp.

Volcanic sandstone: greenish gray, massive, contains Astarte sp.

Limestone: sandy, maroon, thin-bedded; grades to fine-grained cal-
careous sandstone; contains Camptonectes sp., Lucina sp., Modiolus sp.,
Pholadomya sp., Pleuromya sp., Weyla sp.; probably correlative with
25 feet of plicatostylid limestone exposed 1 mile farther west.

Mudstone: silty, brown with interbeds of nodular gray -brown limestone;
near base contains Astarte sp., Homomya sp., Isocyprina sp., Limasp.,
Pholadomya sp., Weyla sp.

Volcanic sandstone: dark green, medium- to coarse-grained, cross-
bedded; spheroidal weathered surfaces.
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Unconformable contact with Upper Triassic Brisbois Formation; no angular discordance
evident locally.

D. Section of Robertson Formation in erosional outlier near head of Packwood Creek in SW% sec.
6, T.18S., R. 27 E. (total thickness 155 ft., incomplete).

Erosional top of incomplete section.

40 ft. Andesitic sandstone: medium-grained, green.
10 ft. Andesitic sandstone: medium-grained, calcareous, gray, weathersbrown.
12 ft. Limestone: gray, biostromal, contains plicatostylids.
25 ft. Andesitic sandstone: fine-grained, green.
8 ft. Limestone: gray sandy, biostromal, contains plicatostylids.
60 ft. Interbedded green andesitic sandstone and chert-pebble conglomerate;

contains Nerinea.

Unconformable contact with Upper Triassic Begg Formation.

E. Section of Weberg Member of Snowshoe Formation at the type section of the member in SWZ and
SEXsec. 19, T. 18S., R. 26 E., about 1,800 ft. north of old Washburn place on the north
side of a gully tributary to Warm Springs Creek at the north boundary of sec. 30 (total
thickness 203 ft.).

Conformable gradational contact with overlying Warm Springs Member of gray, calcar-
ous, platy, silty to sandy shale that weathers to dark chips and plates.

90 ft Dominantly gray-brown silty to fine sandy limestone with intercalated
layers of calcareous shale; weathers to yellowish buff or rusty yellow
chips and blocks.

110 ft. Gray calcareous sandstone; weathers rusty yellow to yellowish green;
composed dominantly of quartz and chert grains; some beds contain
coarse bioclastic detritus and grade to sandy limestone; pebbly near base.

3 ft. Pebbly calcareous sandstone, crossbedded; contains Ostrea, Pinna, and
rhynchonellid brachiopods.

Angular unconformity with Upper Triassic Begg Formation evident.

F. Composite section of Basey Member of Snowshoe Formation in the type locality of the member
south and southwest of Windy Ridge in secs. 1, 12, and 13, T. 18 S., R. 25E., and sec.
6, T.185S., R. 26 E. (approximate total thickness is 2,500 ft.).

Conformable, gradational contact with Shaw Member composed dominantly of dark gray
mudstone and shale with sporadic thin interbeds of gray limestone and greenish brown
sandstone.
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300 ft. Andesitic sandstone: gray-green, medium- to coarse-grained, massive
beds; laminated interbeds of yellowish brown siltstone, mudstone, and
shale.

1,200 ft. Dominantly andesitic marine tuff: blue-gray to gray-green, medium- to

coarse-grained, spheroidal to blocky weathered surface, massive layers
from 5 to 200 feet thick; tuff grades locally to bedded sandstone; inter-
beds of greenish brown siltstone and mudstone.

0-90 ft. Porphyritic andesite lava: massive, one-quarter to one-third of rock is
plagioclase phenocrysts of lath-shape, pale phenocrysts set without pre-
ferred orientation in blue-gray or olive-green aphanitic groundmass;
angular blocks of lava occur in immediately overlying strata. A thin
andesitic conglomerate bed occupies the same horizon where the flow is
absent.

750 ft. Dominantly shale and argillite: laminated, green, slightly calcareous,
tuffaceous, hard; minor brown calcareous andesitic sandstone.

10-70 ft. Sandstone and conglomerate in layers 5 to 10 feet thick; sand fraction
andesitic; gravel fraction includes rounded pebbles of limestone, chert,
argillite, and quartzite as well as porphyritic andesite.

0-150 ft. Porphyritic andesite lava: about one-quarter of rock is plagioclase pheno-
crysts of lath-shape; pale phenocrysts set without preferred orientation in
blue-gray to gray-green aphanitic groundmass; grades locally to flow-
breccia of aphanitic lava fragments in a calcareous matrix.

Conformable contact with underlying Warm Springs Member; sharp where the basal lava
of the Basey is present; gradational where the flow is absent and the overlying pebbly
sandstone beds rest directly on the Warm Springs.

Section of Silvies Member of Snowshoe Formation in the type locality of the member along Little
Snowshoe Creek and Silvies River near their confluence and near the common corner of secs.
21, 22, 27, and 28, T. 16 S., R. 29 E. (approximate total thickness is 1,500 feet).

Conformable, gradational contact with overlying part of Snowshoe Formation.

125 ft. Coarse-grained andesitic graywacke and andesitic pebble conglomerate
in alternating graded layers with scoured bottoms; blue-gray to gray-
green.

550 ft. Intercalated fine- to medium-grained blue-gray to gray-green andesitic

graywacke and dark siltstone.

40 ft. Massive andesitic pebble conglomerate (basal 10 feet) and coarse-grained
andesitic graywacke.

80 ft. Intercalated andesitic graywacke and dark siltstone.

30 ft. Massive andesitic pebble conglomerate.
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40 ft. Massive coarse-grained andesitic graywacke.
200 ft. Intercalated andesitic graywacke and dark siltstone.
120 ft. Coarse-grained andesitic graywacke: blue-gray and weathers brown; in

beds that are 1 to 5 feet thick, graded, and laminated in upper part;
scour common at base of each bed; local convolute lamination.

30 ft. Intercalated, thin-bedded, fine-grained andesitic graywacke and dark
siltstone.
80 ft. Medium- to coarse-grained andesitic graywacke, like the 120 ft. se-

quence above but with some thin interbeds of laminated volcanic siltstone.

175 ft. Intercalated, thin-bedded, fine-grained andesitic graywacke and dark
siltstone.
30 ft. Coarse-grained andesitic graywacke: blue-gray and weathers brown.

Conformable, sharp contact with underlying lower part of Snowshoe Formation.

H. Section of Officer Member of Trowbridge Formation at the type locality of the member along
Cottonwood Draw, a tributary of Rosebud Creek, in NWZ% sec. 22, T. 17S., R. 28 E.:
(approximate total thickness is 450 ft.; the lowest resistant sequence and associated strata
are repeated by faulting subparallel to bedding):

Conformable, gradational contact with black mudstone of the overlying Magill Member.

25 ft. Dark gray and green, laminated dacitic graywacke grading upward to
fine-grained felsite tuff.

75 ft. Black and green mudstone with pencil fracture.

25 ft. Dark gray and green, laminated dacitic graywacke grading upward to
fine-grained felsite tuff.

100 ft.. Black and green mudstone with pencil fracture.

50 ft. Dark gray and green, laminated dacitic graywacke grading upward to
fine-grained felsite tuff.

100 ft. Black and green mudstone with pencil fracture.
75 ft. Hard, green to gray felsite tuff.

Conformable, sharp contact with black mudstone of the underlying Rosebud Member.



GLOSSARY OF TECHNICAL GEOLOGIC TERMS



GLOSSARY 99

GLOSSARY OF TECHNICAL GEOLOGIC TERMS

Albitized: Converted in whole or in part to albite, the soda end-member of the plagioclase feldspars, by
volume -for-volume replacement.

Alluvium: Unconsolidated stream deposits, whether gravel, sand, silt, or clay.

Ammonite: One of an extinct order of mollusks related to the living chambered nautilus; most ammonites
had coiled, chambered shells and their fossil remains or imprints in rocks resemble coiled worms or
snakes; to the paleontologist, ammonites are among the most informative fossils in the geoiogic record
and the complex variations of their shells define sequences of evolutionary changes that are our best
present guide to the time-sequence of strata deposited during the Mesozoic Era (see plate II1).

Amygdule: An ovoid mineral growth formed by the filling of a gas cavity or vesicle in a volcanic rock.

Angular discordance: Lack of parallelism between contiguous strata or other geometrically linear or planar
structural elements.

Aphanitic: Refers to textures of rocks in which the crystalline constituents are too small to be seen with
the unaided eye or a small pocket lens.

Appressed strata: Folded strata closely and flatly pressed against one another, face-to-face or sole-to-sole.

Arenite: In the usage of Gilbert (1955), a sandstone containing less than 10 percent silt and clay impurities
in the interstices between sand grains.

Argillite: Strongly indurated rock composed of silt and clay; breaks into hard, angular fragments bounded
by smooth, gently curving or planar fracture surfaces.

Authigenic: Refers to minerals that formed in place within a sediment or sedimentary rock after deposition.

Belemnite guard: The tapered, cigar-shaped internai shell of 6ne of an extinct order of mollusks; similar
to the cuttlebone of modern squids.

Bioclastic: Usually refers to calcareous rocks consisting mainly of fragmental organic remains.

Biogenic: Refers to rocks formed by the physiological growth of organisms,

Biostromal rock: A massive bed formed by the growth in place of biogenic rock with which lenses of bio-
clastic rock may be interstratified.

Breccia: Fragmental rock whose constituent pieces are angular, and not waterworn as in conglomerate .

* Prepared by Dickinson with help from the Department staff and the American Geological Institute's
"Glossary of geology and related sciences. "
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Byssal threads: Hair-like appendages by means of which some bivalves attach themselves to submerged
rocks or floating objects.

Calcarenite: A "lime-sandstone" in which the grains are composed of calcium carbonate of various origins;
a kind of limestone.

Calcareous: Containing calcium carbonate, especially as cement in sandstone filling the void spaces be-
tween sand grains.

Calcilutite: Fine-grained fragmental limestone analogous to calcarenite (see above); a lime-mudstone
or lime-shale.

Caicirudite: Coarse-grained fragmental limestone analogous to carcarenite (see above); a lime-conglomerate
or lime-breccia.

Cement: The minerals, usually quartz, carbonates, or iron oxides, deposited in the spaces between grains
in fragmental rocks by precipitation from solution.

Clast: General term for a single fragment in a clastic rock.

Clastic: Refers to textures of rocks composed of separate fragments of material of any origin.
Coelenterates: A phylum of invertebrates with radial body symmetry; includes corals and jellyfish.

Colluvium: Unconsolidated, surficial mass movement deposits; includes talus, rock creep aprons, slumped
soil cones, etc.

Compaction: Volume reduction of sediments under the load of overlying strata accompanied by decrease
in porosity and increase in density .

Conchoidal fracture: The shell-like, furrowed, curviplanar fracture surface characteristic of such hard,
brittle, non-cleavable substances os quartz, chert, obsidian, window glass, etc.

Conformable: Defined as the relation that exists between beds or strata in places where each lies in un-
broken sedimentary succession upon its neighbor, with bedding planes generally parallel.

Coquinite: Fragmental limestone composed of whole shells and slabby shell fragments.

Décollement: A type of deformation in which a sheet of sedimentary rock breaks loose from the under-
lying formations and folds independently .

Detrital: Refers to material eroded from pre-existing rocks, and to the clastic rocks formed by the depo-
sition of such material.

Detritus: Fragmental material derived from pre-existing rocks by weathering and erosion.

Devitrified rock: Rock originally composed in whole or in part of volcanic glass, which, with the passage
of time and under proper conditions, has crystallized to newly formed mineral grains of microscopic
size. The process gives the rock a dull, stony appearance.

Diastrophism: The processes by which the earth's crust is deformed, and the events of the deformation.

Diagenesis: The chemical and physical changes that take place in stratified surficial rocks after depo-
sition; in theory, not including metamorphic events.
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Diktytaxitic: Refers to a net-like texture of lavas distinguished by the abundance of jagged, irregular
vesicles or gas cavities bounded by crystals, some of which protrude into the cavities.

Echinoderm plates: The single-crystal calcareous plates of segmented echinoderm skeletons, as in echi-
noids or crinoids.

Ecology: The study of the mutual relationships between organisms and their environments.
Effusion: A pouring out or ejection at the earth's surface.

Epiclastic: Refers to rocks composed of particles derived from mechanical disaggregation of pre-existing
rocks, shaped and sized by dispersal in surface waters or winds, and deposited by these agencies.

Eutaxitic: A term applied to the structure of certain welded pyroclastic rocks (see below) having a
streaked appearance due to the alternation of lenses of different color, composition, or texture.

Eugeosyncline: A vast, elongate belt of the earth's crust, the surface of which subsides over long periods
of time, while processes of volcanism and sedimentation concurrently fill the space thus formed with a
growing prism of stratified rocks.

Euxinic: Refers to environments and sediments of poorly oxygenated basins where water circulation is
restricted, bottom sediments are black, and toxic gases are liberated into the waters by the anaerobic
decay of organic debris.

Facies: Any particular distinctive characteristic displayed locally by strata whose lateral equivalents
are different.

Faunule: An assemblage of fossil animals found together in a particular place, usually confined to a
single stratum or thin sequence of strata.

Felsophyre: Any pale-colored volcanic rock composed of a minority of visible crystals, mainly of quartz
and feldspar, set in a stony groundmass whose crystalline constituents are too small to be individually
visible.

Fissility: The cleavage of shales, whereby the rock can be split into arbitrarily thin plates. The break-
age is controlled by the tendency for the microscopic plates of the constituent clay minerals to be
aligned parallel to bedding.

Flow markings: Any of a variety of kinds of convex markings on the soles of sandstone beds formed as
casts or counterparts of concave markings cut by currents moving over the Underlying finer grained
sediments before or as they were buried (see also: sole markings).

Flute casts: Sandstone sole features of flow-mark type; fan-shaped in plan view, with the most relief at
the apex, which points in an up-current direction.

Foliation: General term for planar or layered structural elements or patterns in rocks formed by mass
deformation during metamorphism, but not including sedimentary stratification.

Formation: The fundamental unit in rock-stratigraphic classification and the basic unit for the geologic
mapping of stratified rocks; recognition based on its lithologic character.

Framework: Applied to the clasts of fragmental rocks, especially sandstones, in which the sand grains or
other fragments constitute a mechanically firm structure capable of supporting open pore spaces, al-
though interstices may be occupied by cement or matrix.

Graded beds: Individual beds which display a progressive decrease in mean or maximum grain size from
base to top.
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Graywacke: A much-debated and variously defined term for sedimentary rocks; used here in the sense of
Gilbert for poorly sorted sandstones in which a dark, indurated matrix of silt and clay interstitial to
the sand grains makes up more than 10 percent of the rock.

Greenstone: A general and imprecise term for slightly metamorphosed massive volcanic rocks of greenish
hue.

Groove casts: Sandstone sole features of flow-mark type; narrow linear ridges, the casts of grooves scribed
in the underlying finer grained rock, aligned parallel to the flow direction of the current which de-
posited the sandstone.

Groundmass: The fine-grained material between the coarser crystals in a porphyritic rock.

Group: Rock-stratigraphic unit composed of two or more associated and related formations.

Hackly: Refers to an irregular, jagged fracture surface.

Hyalopilitic: Refers to microscopic texture in which tiny plagioclase microlites with haphazard orienta-
tion are enclosed in volcanic glass.

Imbrication: In fragmental rocks, the current-controlled arrangement of tabular clasts in the manner of
overlapping shingles inclined up-current at an angle to the bedding.

Intercalation: Interlamination of different kinds of rocks in vertical succession, as of sandstone beds in
a shale succession.

Intertonguing: Lateral sedimentary intermingling of different kinds of beds, as an intertonguing of sand-
stone and shale facies.

isoclinal: Refers to folds in which strata are so appressed that opposing limbs are parallel.
Keratophyre: Soda-rich analogue of andesite.
Klippe: An isolated block of rock separated from underlying rocks by a fault surface.

Lapilli-tuff: A poorly sorted pyroclastic volcanic rock composed of particles ranging in size from the
finest ash to clasts about 2% inches in diameter.

Lithic: Refers to sedimentary or pyroclastic rocks in which rock fragments are more abundant than min-
eral grains.

Lithification: The conversion of unconsolidated sediment to coherent rock, commonly through the effects
of compaction or cementation.

Load cast: Any of a variety of irregular convex markings on the soles of sandstone beds formed as pro-
trusions into the underlying stratum of mud or clay.

Lutite: Any rock formed by the lithification of sediment composed mainly of clay and/or silt (thus,
particles less than 0.0625 mm in diameter).

Matrix: Detrital interstitial filling of silt or clay-sized particles in a sandstone or conglomerate; also,
the groundmass o f porphyritic igneous rocks.

Member: Rock-stratigraphic subdivision of a formation, recognized on the basis of lithologic variations.

Mesostasis: The interstitial material, commonly glassy, between the larger mineral crystals of a volcanic
rock.
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Metasomatism: The processes by which one mineral or mineral aggregate is replaced by another of partly
or wholly differing chemical composition owing to the introduction of material from external sources.

Mudflow: Rapid downslope flowage of heterogeneous debris including a large proportion of muddy matrix
in which various objects of large size may be enclosed and transported.

Mudstone: Massive, soft rock formed by the lithification of mud, that is, mixed clay and silt; lacks fis-
sility but may display consistent nodular or blocky fracture.

Neritic: Refers to the environment of shallow marine waters extending in depth approximately to the
lower limit of effective penetration of radiant sunlight at about 100 fathoms (600 feet).

Onlap: Increasingly greater areal extension of successive sedimentary rock units; formed as a sea trans-
gresses across an erosion surface.

Orogeny: Mountain formation, particularly the folding and faulting of eugeosynclinal prisms of rockalong
their belt-like trend.

Overlap: Extension of one formation beyond others by covering their erosion-bevelled edges.

Pilotaxitic: Refers to microscopic texture of volcanic rocks in which tiny, interwoven plagiociase micro-
lites are arranged in sub-parallel alignment as a result of magma flow .

Polymictic: Refers to sedimentary rocks, especially conglomerates, composed of clasts derived from a
variety of source rock types.

Pipe: A cylindrical intrusive body.
Plunging structure: Any fold whose axis of flexure is inclined to the horizontal.

Porphyro-aphanitic: Refers to the texture of a rock, usually volcanic, in which large visible crystals,
called phenocrysts, are set in an aphanitic groundmass.

Porphyroblasts: Crystals of metamorphic, commonly metasomatic, origin that have grown in place in a
rock to sizes greater than those of the other crystals in the rock.

Pressolution (pressure solution): Solution at the contact surfaces of grains in fragmental rock; the result-
ing enlargement of contact surfaces reduces pore space and tightly welds the rock.

Pyroclastic: Refers to materials forcibly expelled from volcanic vents as fragmental ejecta.

Provenance: The terrane from which the detrital material within a given set of sedimentary strata was
derived by erosion; embodies concept of source rocks plus modifications produced by weathering.

Reefoid rocks: An accumulation of hard, unstratified biogenic material as a ridge of rock at or near sea
level.

Rudite: Any rock formed by the lithification of sediment composed mainly of gravel (thus, particles
greater than 2 mm in diameter).

Rugose: Applied to fossils with characteristic strongly and irregularly wrinkled surfaces.

Sessile: Applied to orgonisms that live closely attached to other objects and never or rarely move about
under their own power.

Sheif: A marine bottom of gentle slope in shallow waters.

103
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Sole markings: A general term for geometric patterns, mainly convex irregularities of surface, on the
soles of sandstone beds; restricted to features that formed about the time of deposition when the sedi-
ment was unconsolidated.

Spicule: Tiny siliceous or calcareous object, commonly needle-like or branching, contained in the tissues
of certain invertebrates, such as sponges.

Stage: A time-stratigraphic unit employed to classify rocks as the record of a specific interval of time
without regard to lithology; recognition based on the position of its fossils in the evolutionary succession.

Substrate: A general term to denote material of type and properties different from an overlying cover.
Superposition: The order in which stratified rocks are deposited in succession one above the other.

Tectonic: Refers to geologic features and processes pertaining to or resulting from deformation of the
earth's crust.

Terrigenous: In sedimentation, refers to detrital material derived from the erosion of land areas.

Tests: Small hard covering or supporting structure of some invertebrate animals, especially one-celled
forms; may be enclosed within living tissue while the animal lives.

Tongue: A local rock-stratigraphic unit known to wedge out laterally between strata of different lithology
and to merge in the other direction with a larger thickness of strata of like lithology, perhaps a forma-
tion of which the wedge is said to be a tongue.

Turbidite: Sediment or sedimentary rock inferred to have been deposited from a turbidity current.

Turbidity current: A turbid mass of mixed sediment and water which acts as a semi-homogeneous fluid and
pours downslope beneath a body of clear, still water because of the greater density of the sediment-
laden water, much as water will flow under oil; ideally conceived as turbulent flow of a muddy sus-
pension, but probably grading in nature to submarine landslides on the one hand and to sand runs or
grain-dispersion flows on the other.

Vitroclastic: Refers to rocks'whose fragmental texture is dominated by the abundance ot glass shards.

Vitrophyre: Any volcanic rock composed of a minority of visible crystals set in a glassy groundmass.

Volcaniclastic: Refers to fragmental rocks, whatever the details of their history, whose constituent
particles are composed of products of volcanism.

Wacke: In the usage of Gilbert, a sandstone containing more than 10 percent silt and clay impurities in
the interstices between the grains.

Warping: Gentle folding of rocks in the earth's crust resulting in slight changes in elevation or bending
of strata.

Welded tuff: Pyroclastic volcanic rock whose constituent glassy particles were so hot at the time of depo-
sition that the particles welded themselves to one another; commonly the glassy material was hot
enough to be plastic so that irregular shards, frothy pumice blocks, etc., are compressed by the weight
of accumulating material to form characteristic banded or eutaxitic structure.

Zone: |In this report synonymous with faunizone, which may be defined as a succession of beds character-
ized by an assemblage of organisms, such assemblage being recognized by the joint occurrence of cer-
tain forms with different, but overlapping, total ranges in the time span of the geologic column; thus
a time-stratigraphic unit whose recognition is based upon the orderly evolutionary sequence of changing
organisms; each stage is composed of several zones.



BIBLIOGRAPHY



BIBLIOGRAPHY 107

BIBLIOGRAPHY

Armstrong, J.E., 1949, Fort St. James map-area, Cassiar and Coast districts, British Columbia: Canada Geol. Sur-
vey Mem. 252, 210 p.

Bateman, R. L., 1961, Geology of the south-central part of the Sawtooth Creek quadrangle, Oregon: unpublished
master's thesis, Univ. Oregon.

Beeson, M. H., 1962, Geology of the north-central part of the Sawtooth Creek quadrangle, Oregon: unpublished
master's thesis, Univ. Oregon.

Bostwick, D.A., and Koch, G.S., 1962, Permian and Triassic rocks of northeastern Oregon: Geol. Soc. America
Bull., v. 73, no. 3, p. 419-421.

Brogan, J.P., 1952, Geology of the Suplee area, Dayville quadrangle, Oregon: unpublished master's thesis, Oregon
State Univ.

Bucher, W. H., 1956, Role of gravity in orogenesis: Geol. Soc. America Bull., v. 67, no. 10, p. 1295-1318.

Campbell, lan, Conel, J.E., Rogers, J.J.W., and Whitfield, J.M., 1958, Possible correlation of Rattlesnake and
Danforth Formations of eastern Oregon (abs.): Geol. Soc. America Bull., v. 69, no. 12, pt. 2, p. 1678.

Chaney, R.W., 1927, Geology and paleontology of the Crooked River basin: Carnegie Inst. of Washington Pub.
346, p. 47-141.

, 1932, Central Oregon: 16th International Geol. Cong. Guidebook 21, Excursion C-2, 14 p.
Compton, R.R., 1961, Manual of field geology: New York, Wiley, 378 p.

Coombs, D.S., Ellis, A.J., Fyfe, W.S., and Taylor, A.M., 1959, The zeolite facies, with comments on interpre-
tation of hydrothermal syntheses: Geochim. et Cosmochim. Acta, v. 17, p. 53-107.

Crowley, K.C., 1960, Geology of the Seneca-Silvies area, Grant County, Oregon: unpublished master's thesis,
Univ. Oregon.

Dickinson, W.R., 1958, Geology of the izee area, Oregon: unpublished doctoral dissertation, Stanford Univ.
, 1962a, Metasomatic quartz keratophyre in central Oregon: Am. Jour. Sci., v. 260, p. 249-266.

, 1962b, Petrology and diagenesis of Jurassic andesitic strata in central Oregon: Am. Jour. Sci.,
V. 260, p. 481-500.

Dickinson, W. R., and Vigrass, L. W., 1964, Pre-Cenozoic history of Suplee-lzee district, Oregon: Implications
for geosynclinal theory: Geol. Soc. America Bull., v. 75, p. 1037-1044.

Dott, R.H., Jr., 1961, Permo-Triassic diastrophism in the western Cordilleran region: Am. Jour. Sci., v. 259,
p. 561-582.

Downs, Theodore, 1956, The Mascail fauna from the Miocene of Oregon: Univ. Calif. Pub. Geol. Sci., v. 31,
no. 5 p. 199-354.

Dunbar, C.O., 1957, Fusuline foraminifera: I_n-Geoi. Soc. America Mem. 67, v. 2 (Paleoecology), p. 753-754.



108 GEOLOGY OF THE SUPLEE-IZEE AREA

Fisher, R.V., 1961, Proposed classification of volcaniclastic sediments and rocks: Geol. Soc. America Bull., v.
72, no. 9, p. 1409-1414.

George, W.O., 1924, The relation of the physical properties of natural glasses to their chemical composition: Jour.
Geology, v. 32, p. 353-372.

Gilbert, C.M., 1954, Sandstones, classification: p. 289-297 in Williams, H., Turner‘, F.J., and Gilbert, C.M.,
Petrography: San Francisco, Calif., Freeman, 406 p.

Gorsline, D.S., and Emery, K.O., 1959, Turbidity -current deposits in San Pedro and Santa Monica basins off south-
ern California: Geol. Soc. America Bull., v. 70, no. 3, p. 279-290.

Imlay, R.W., 1957, Palececology of Jurassic seas in the western interior of the United States: Geol. Soc. America
Mem. 67, v. 2 (Paleoecology), p. 469-504.

, 1964, Upper Jurassic mollusks from eastern Oregon and western Idaho: U.S. Geol. Survey Prof.
Paper 483-D, 21 p.

Kay, Marshall, 1951, North American geosynclines: Geol. Soc. America Mem. 48, 143p.

Kleweno, W.P., Jr., and Jeffords, R.M., 1961, Devonian rocks in the Suplee area of central Oregon (abs.): Geol
Soc. America Spec. Paper 68, p. 34-35; Oregon Dept. Geology and Mineral Industries ORE BIN, v. 23,
no. 5, p. 50.

Lupher, R.L., 1941, Jurassic stratigraphy of central Oregon: Geol. Soc. America Bull., v. 52, no. 2, p. 219-270.

Lupher, R.L., and Packard, E.L., 1930, The Jurassic and Cretaceous rudistids of central Oregon: Univ. Oregon
Pub., Geol. Ser., v. 1, no. 3, p. 203-312.

McKitrick, E.W., 1934, The geology of the Suplee Paleozoic series of central Oregon: unpublished master's thesis,
Oregon State Univ.

Merriam, C.W., and Berthiaume, S.A., 1943, Late Paleozoic formations of central Oregon: Geol. Soc. America
Bull., v. 54, no. 2, p. 145-171.

Merriam, J. C., 1901, A contribution to the geology of the John Day basin: Univ. Calif. Bull., Dept. Geol.,
v. 2, p. 269-314.

Merriam, J.C., Stock, Chester, and Moody, C.L., 1925, The Pliocene Rattlesnake Formation and fauna of eastern
Oregon: Carnegie Inst. Washington Pub. 347, p. 43-92.

Muller, S.W., and Ferguson, H.G., 1939, Mesozoic stratigraphy of the Hawthorne and Tonopah quadrangles,
Nevada: Geol. Soc. America Bull., v. 50, no. 10, p. 1573-1624,

Nesbit, R.A., 1951, Triassic rocks of the Dayville quadrangle, Oregon: unpublished master's thesis, Oregon State
Univ.

Packard, E. L., 1928, A new section of Paleozoic and Mesozoic rocks in central Oregon: Am. Jour. Sci., v. 215,
p. 221-224,

, 1932, A contribution to the Paleozoic geology of central Oregon: Carnegie Inst. Washington Pub.
478, p. 105-113.

Piper, A. M., Robinson, T. W., and Park, C. F., Jr., 1939, Geology and ground-water resources of the Hornéy
Basin, Oregon: U.S. Geol. Survey Water-Supply Paper 841, 18%p.

Popenoe, W.P., Imlay, R.W., cnd Murphy, M.A., 1960, Correlation of the Cretaceous formations of the Pacific
Coast (United States and northwestern Mexico): Geol. Soc. America Bull., v. 71, no. 10, p. 1491-1540.

Roberts, R.J., Hotz, P.E., Gilluly, James, and Ferguson, H.G., 1958, Paleozoic rocks of north-central Nevada:
Am. Assoc. Petroleum Geologists Bull., v. 42, no. 12, p. 2813-2857.



BIBLIOGRAPHY 109

Schenk, E.T., 1931, The stratigraphy and paleontology of the Triassic of the Suplee region of central Oregon:
unpublished master's thesis, Univ. Oregon.

, 1934, Marine Upper Triassic of central Oregon (abs.): Geol. Soc. America Proc. for 1933, p.388-389.

, 1935, A new ammonite genus from the Upper Triassic of central Oregon: Amer. Midland Naturalist,
v. 16, p. 401-405.

Taubeneck, W.H., 1955a, Age of the Bald Mountain batholith, northeastern Oregon: Northwest Sci., v. 29, °
p. 93-96.

, 1955b, Age of the Elkhorn Ridge Argillite, northeastern Oregon: Northwest Sci., v. 29,
p. 97-100.

Thayer, T. P., 1956a, 1956b, 1956c, Preliminary geologic maps of the Aldrich Mountain, Mount Vernon, and John
Day quadrangles, Oregon: U.S. Geol. Survey Mineral Inv. Maps MF49, MF50, and MF51.

, 1957, Some relations of later Tertiary volcanology and structure in eastern Oregon: 20th International

Geol. Cong., sec. |, p. 231-245,

Thayer, T.P., and Brown, C.E., 1960, Upper Triassic graywackes and associated rocks in the Aldrich Mountains,
Oregon: U.S. Geol. Survey Prof. Paper 400-B, p. 300-302.

Thompson, M.L., 1954, American Wolfcampian fusulinids: Kansas Univ. Publ., Paleo. Contr., Protozoa, Art. 5,
p. 9.

Thompson, M.L., Wheeler, H.E., and Hazzard, J.C., 1946, Permian fusulinids of California: Geol. Soc. America
Mem. 17, 77 p.

Turner, F.J., 1958, Mineral assemblages of individual metamorphic facies: Geol. Soc. America Mem. 73, p.199-240.
Turner, F.J., and Verhoogen, J., 1960, Igneous and metamorphic petrology: New York, McGraw-Hill, 694 p.
Vigrass, LW., 1961, Geology of the Suplee area, Oregon: unpublished doctoral dissertation, Stanford Univ.

Wallace, R.E., and Calkins, J.A., 1956, Reconnaissance geologic map of the |zee and Logdell quadrangles, Ore-
gon: U.S. Geol. Survey Mineral Inv. Map MF82.

Washburne, Chester, 1903, Notes on the marine sediments of eastern Oregon: Jour. Geology, v. 11, p. 224-229.

Waters, A.C., 1961, Stratigraphic and lithologic variations in the Columbia River Basalt: Am. Jour. Sci., v. 259,
p. 583-611.

Wheeler, H. E., and Mallory, V. S., 1956, Factors in lithostratigraphy: Am. Assoc. Petroleum Geologists Bull.,
v. 40, no. 11, p. 2711-2723.

Wilkinson, W.D., 193%9a, Tertiary stratigraphy of the Dayville quadrangle (abs.): Geol. Soc. America Bull., v.
50, no. 12, pt. 2, p. 1962.

, 1939b, Geologic map of the Round Mountain quadrangle, Oregon: Oregon Dept. Geology and
Mineral Industries.

, 1950, Welded tuff member of the Rattlesnake formation (abs.): Geol. Soc. America Bull., v.
61, no. 12, pt. 2, p. 1534.

Williams, Howel, 1955, Igneo'us rocks: p. 3-160 in Williams, H., Turner, F.J., and Gilbert, C.M., Petrography:
San Francisco, Calif., Freeman, 406 p. -

Wisser, Edward, 1960, Relation of ore deposition to doming in the North American Cordillera: Geol. Soc. America
Mem. 77, p. 5-61.



35

119°30'

10'|—
05'|—
|
|
|
\
GEOLOGIC SYMBOLS
_____ . ——g ? ?
Contacts. dashed where approximate. dotted where concealed. questioned where inferred.
——— e —
Faults. showing relative movement.
45
44°00 — —W____._?_?_
L A D = R T
) 2 "
Folds: Upright and overturned anticline; syncline; showing direction and amount of plunge.
WE % ~ ®
Strike and dip of bedding: Upright. overturned. vertical. korizontal.
Arrow, if included in symbol, indicates direction that beds
face where definite evidence (grading, channeling, etc.)
of uprightness or overturning is present.
o pw o
Fossil localities (see tables in text).
IOr O JI I 7= m 3= ——— e — eccccececee cos,p
limestene sandstone conglomerate
KEY
County roads R
Private roads: ranch, forest, logging P
Pass or summit on road ol
Occupied buildings a
Abandoned buildings QO *“old”
Peaks with elevations A 5580
Bench mark with elevation x 5120
Streams and intermittent streams
el
»
—i
—_LGrant _ Co. =
6[: Harney Co.
oo
sl g
i
B
UII
-
INDEX MAP
L
| 2 (o]
EH e B HFHd A |

19°40'
[

GEOLOGY OF THE SUPLEE-IZEE AREA
CROOK, GRANT, and HARNEY COUNTIES, OREGON

Based upon the Dayville 4, Izee, Riley 1 and Burns 2 planimetric
quadrangles issued by the U.S. Forest Service.

Map prepared by

STATE OF OREGON
DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES

4i MILES

West Half —PLATE

x

HBynd

< b
. | 185
%ward

el

Geology by William R. Dickinson and Laurence W. Vigrass

ul

Gi

ing

P

G2 /0!

a5

| wge

Lo
119°40

119'30



) ugeis'

19°30' 25 20
| - | T T
] [
East Half — PLATE 1
o0’ _’_ i
42 [0 GEOLOGY OF THE SUPLEE-IZEE AREA i T
CROOK, GRANT, and HARNEY COUNTIES, OREGON
lll
5"
140 05" — —os’
GEOLOGIC SYMBOLS
Contacts, dashed where approximate, dotted where concealed, questioned where inferred.
Y _—_—=— T et
Faults, showing relative .
L. - SR S
$ o L1 — e e
R ] [
Folds: Upright and overturned anticline; syncline; showing direction and amount of plunge.
45
ow ~ ®
Strike and dip of bedding: Upright, overturned, vertical, horizontal.
Arrow, if included in symbol, indicates direction thot beds
face where definite evidence (grading, channeling, etc.)
of uprightness or overturning is present.
Fossil localities (see tables in text).
—_———— s — 0 ™ IID T T o ar p0e0e0ec0.0e0n
sandstone limestone conglomerate
KEY
County roads -
Private roads: ranch, forest, logging | ——=~ _lag® 00
— | . == 44 00
i 1 g. g Pass or summit on road i
! = Occupied buildings )
@
c
3" §! 3 2 Abandoned buildings o“ld’
OREGON Peaks with elevations AS580
Bench mark with elevation X 5120
INDEX MAP Streams and intermittent streams gy
Map prepared by
STATE OF OREGON
DEPARTMENT OF GEFO!1 OGY AND MINERAL INDUSTRIES
4
ll—-[ | S= l'-j H H FE l' % 3' il
Based upon the Dayville 4, Izee, Riley 1 and Burns 2 planimetric . - == s J Geology by William R. Dickinson and Laurence W. Vigrass
quadrangles issued by the U.S. Forest Service.
| - | L
20' 119°15'

119°30'



Generalized Geologic Sections

¥
¥ -
A N
¥ ¢ & & .
] & & @ (} ;}- o R .(}' () I ]m
& § N & & k5 N L ¢
' % of © =
& & MOWICH N UPWARP & & &' sle & .{? .
& &
(y)

5500'

4500'
4000'

¢ &
6000° B B PINE CREEK DOWNWARP § ol

46000
5500 — : Jswh,

5500'
5000'
4500'
4000'

4500

4000* Structure in Rbr Uncertain

\\g‘ ; & 3™

DOWNWARP MOWICH UPWARP ﬁv* . T 4000
§ \Rbr R A e x 5500°
: 5000'
4500
4000"

L

y o & @'s

S & MOWICH gsy . < g“ B & )

4 S & v ¥ 4
£000" A & PINE CREEK 53’” DOWNWARP LONESOME & SYNCLINE S0607
5500" Windy Ridge Tt 2 5500'
5000' 5000"
4500 4500'
4000' 4000

5

w
N 5

¥
o & PINE CREEK DOWNWARP 3 3 N Vester Cr. Syncline
Little Bear Anticline & ¢ hd
Spring Cr. Anticline

6000'
5500'

W :
: X i \ {0 / \ \ 757 eI ? Y RN : - : \ chyrenN AR
Structure in PSV Uncel A ) \ 2 AN, 25 =8 & 4 / 5 &‘ 7 PANN == 7 W 3 N0 N \\§ N

|«————— Beds Overturned ———|

N & - N LONESOME SYNCLINE s

4500'
4000
3500'

Frenchy Butte

LONESOME & SYNCLINE

| Beds Overturned




QUATERNARY

TERTIARY

MIOCENE

CRETACEOUS

JURASSIC

TRIASSIC
KARNIAN

PERMIAN

N

N

N

CENOMANIAN EOCENE

CALLOVIAN

BAJOCIAN

TOARCIAN

NORIAN-RHAETIAN HETTANGIAN

N

PLIOCENE

PLIENSBACHIAN?

EXPLANATION

S -I L FS
v°° s °

: “8000‘7 oo'
Landslides

Slumps, block glides, debris flows, talus. creep deposits

masking bedrock

Qol

Alluvium
Valley flats, fans, basin fills

UNCONFORMITY

Twt

Welded Soda-Rhyolite Tuff-Breccia
Includes welded tuff and lapilli tuff (=Rattlesnake Fm.?,—
Danforth Fm.?)

UNCONFORMITY

Diktytaxitic Olivine Basalt
L UNCONFORMITY

Lacustrine Beds
Variegated soft tuffs and clays (—Mascall Fm.?)

UNCONFORMITY

Tpi—
Picture Gorge Basalt

Black aphanitic and porphyro-aphanitic basalt Tpi, dolerite
feeder dikes; includes minor gravels

UNCONFORMITY

Mudflow Breccia
Includes intercalated amygdaloidal basalt

= UNCONFORMITY

Bernard Formation
Yellowish-brown, calcareous & limonite. pebbly sandstone

- UNCONFORMITY

Jlo

Lonesome Formation
Gray volcanic sandstone and black mudstone

Magill Member

Black mudstone with minor intercalated sandstone
and limestone

Officer Member

Black to green mudstone with resistant volcanic sandstone
and vitroclastic tuff layers

Rosebud Member

Black to green mudstone

UNCONFORMITY

TROWBRIDGE FORMATION

(Younger Jurassic units absent in west of area)

Shaw Member

Gray shale with minor limestone and sandstone

(BAJOCIAN)

Basey Member
Andesitic lava. tuff. and vol-aniclastic rocks with minor
mudstone; ] sbv: Lava flows & flow-breccias

Jsws

Warm Springs Member
Gray silty shale and mudstone

Weberg Member

Sandy limestone and calcareous sandstone

s UNCONFORMITY =

Jmh

HYDE FORMATION

Blue-gray andesitic tuff and sandstone

g

NICELY FORMATION

Black concretionary shale with minor sandstone
Jmnv andesite lava flow

N

SUPLEE FORMATION

Calcareous sandstone

ROBERTSON FORMATION

Basal conglomerate, andesitic sandstone, plicatostylid
biostromal limestone

UNCONFORMITY

GRAYLOCK FORMATION

Gray to black siltstone with gray to black limestone
in lower part

RAIL CABIN ARGILLITE

Black to green argillite and felsitic tuff

. UNCONFORMITY

SNOWSHOE FORMATION IN WEST OF AREA

MOWICH GROUP

Rbr < ——Rbrv

BRISBOIS FORMATION

Black, gray, and green mudstone with intercalated sandy
limestone, calcareous sandstone, and tuff;
R brv Volcanic member of spilite and keratophyre lava,
vitroclastic felsite tuff. and volcaniclastic sandstone

BEGG FORMATION

Gray to green lutite with intercalated chert-grain
ss. & chert-pebble cg., polymictic breccia & cg.,
volcaniclastics & minor lava, and rare bioclastic Is.

S UNCONFORMITY

SERPENTINE

PALEOZOIC ROCKS

Varicolored flinty felsite, limestone, and chert

(upper member extends into Callovian)

SNOWSHOE FORMATION
Lower member of gray to black lutite;
middle member of same interbedded with green volcaniclastic
siltstone and sandstone;
upper member of dark lutite with intercalated calcareous sand
stone.
Jssv: Silvies Meniber

of volcaniclastic andesitic conglomerate and sandstone inter-

bedded with lutite

(lower member extends into Toarcian)

Sk

Caps Creek beds (see text)



PLATE (Il. GEOLOGIC HISTORY OF THE SUPLEE - IZEE AREA
Agflin Period Epoch STRATIGRAPHIC COLUMN
MiGions for o VOLCANISM DIASTROPHISM
of Years IF;ort odf Age™ Suplee Area (West) lzee Area (East) FAUNA BB IS IOIN
erio
':(. RECENT Alluvium (Qal) and Landslides (Qls) Valley fills, alluvial fans. Continuing uplift(?) and erosion.
3 | PLEISTOCENE = : 3
1 Gentle folding, uplift(?), and deep erosion.
Welded soda-rhyolite tuff-breccia (Twt) None Pyroclastic eruption of soda-rhyolite ignimbrite sheets
50-100 ft. from nearby fissures(?).
PLIOCENE Z : { :o_ .g.e_é..o.rd Continuing(?) erosion.

> diktytaxitic olivine Quiet effusion of gas-charged olivine basalt from

x basalt (Tdb): 0-100 ft. Age relations established by superposition and by cor- vent(s) near southwest corner of area

5 72 relation with fossiliferous rocks to the north (Thayer,

. 1956 a, b, c; Merriam, 1901, Merriam and others, —— ot . ey h1

w lacustrine beds (TIb) 1925), West (Chaney, 1927; Wilkinson, 1939 b); and . . XplOsive pyrocldstic erupiion of:sillgtc ash. Incor= Gentle foldi lift(?), and erosion.

s / 0-250 ft. south (Piper and oth);rs, 1939). ' Eacal Sy | e sratite porated in lacustrine beds. SR G B G

-

= __
MIOCENE
Picture Gorge Basalt (Tpg) Quieteffusion of flood busf:lf of Columbia River Group (e () e
1500 ft. from fissure systems, now dike swarms, east partof area.
— 25
OLIGOCENE
>
> % mudflow breccia Local (?) eruption of basaltic lava and mudflow
=zZ EOCENE 0-200 f 3
3= - - breccia. Gentle folding, uplift, and erosion accompanied by
= PALEOCENE normal faulting.
— 63
- MAESTRICHTIAN
po) SENONIAN None
W9 [TURONIAN
52
- E CENOMANIAN Bt Foo Calcareous and limonitic pebbly lithic ss. with sub- . .
(v} ](5Kob()) e Common pelecypods, rare ammonites. ordinate cg. & lutite; shallow marine. Subsidence as shallow marine shelf(?).
>, |ALBIAN /
=z APTIAN
ui U NEOCOMIAN JURASSIC-CRETACEOUS OROGENY .

——135 Strong folding near Suplee; intense folding near
PORTLANDIAN None Izee; reverse faulting east of |zee; uplift and deep
KIMMERIDGIAN erosion.

OXFORDIAN
% Lonesome Fm. Marine deposition of lithic (volcanic) graywacke,
2 (Jlo) Rare ammonites. E:robab|y in deep water by turbidity currents, and Rapid and deep subsidence of at least 23 miles,
= 10,000 ft. intercalated dark mudstone. Possible continuing eruption of andesitic pyroclastic apparently entirely during a part of Callovian Age;
- Magill Member (Jtm) s R . | d Marine deposition of dark mudstone with thin inter- debrisllinpedrby areas’ time at end of subsidence and deposit'ion unknown;
w 2000 ft == are ammonites, pelecypocs. calations of volcanic sandstone; probably deep water. probable development of deep tectonic trench,
by CALLOVIAN . "‘o" ! possibly linked to adjacent tectonic and volcanic
= Officer Member (Jto) | © Marine deposition of dark mudstone, volcanic gray- Explosive pyroclastic erustion of rhyodacitic ash island arc, and possibly of regional extent.
100-500 ft. = wacke, and vitroclastic rhyodacite ash. P 24 P Y :
Rosebud Member (Jtr) é None A:a;':ne deposition of dark mudstone; probably in
0-500 ft. — shallow water.
Warping, uplift, and erosion.
Probably no active volcanism; andesitic detritus
Rare ammonites, pelecypods. common in rock sequence.
BATHONIAN LRl membgr None, possibly undetected hiatus. Marine deposition of laminated dark lutite with
2000 (?) f+. 7 intercalated thin sandstone and limestone beds; Moderate subsidence, probobly somewhat greater in
Shaw Member (Jssh) o Rare ammonites and pelecypods, probably of Otoites probably at shallow to moderate depths. "lzee basin” in the elasf than on "Suplee platform" in
= o0kt (Z) < pauzciiZene JalshanaN er Do the west; active andesitic volcanismiuggZSts likeli
v 4 -
] E ) g Middle member ofbasinal interlaminated dark lutite and hood of diastrophism in nearby areas.
=3 Basey Member(Jsby) S | middle |Silvies Q (e L e e e e T e e L ey graded volcaniclastic siltstone at |zee; grades east to Contemporaneous eruptions, dominantly pyroclastic,
B 8 member [ Member and Posidonia in Bosey Member and middle member . graded andesiticss. & cg. of Silvies Memberand grades of augite andesite supplied nearly all detritus in
g BAJOCIAN 0-2500 ft. = | 1000 ft. éJSiS;())O . —_ west to shallow (?) water volcaniclastic rocks and mi- rock sequence; two thin lava flows near Suplee.
o) - t. | fB Member at Suplee.
o o) nor lava of Basey Mem p
b3 " o 5
Warm Springs Mem. g g): Lower to middle Bajocian ammonites and pelecypods; X .
(Jsws) 200-300 ft. e} £ abundant in Weberg and Warm Springs Members; com- Laminated dark lutite of lower member at lzee and
Weberg Member % lower member @) mon in lower member; abundant Posidonia. eastward probably deposited at moderate depth; Probably no active volcanism; andesitic detritus
(Jswb) 0-200 ft. 500-750 ft. g’ — passes westward to dark lutite tongue of Warm Springs abundant in rock sequence.
Common| ammonites of lytoceras jGrense Zone in Member, transgressive shaliow marine sandstone of
lower 100 ft. of |owerml_ Weberg Member, and hiatus at unconformity . ngpingtr ::‘P“ffr Onld erosion near Suplee, unbroken
sedimentation near lzee.
= Marine deposition of andesitic tuff and volcanic Pyroclastic eruptions of augite andesite supplied all
TOARCIAN Hyde Fm. (Jmh), 700 - 1500 ft. o) None diagnostic . sandstone at shallow to moderate depths. detritus to basin.
4
Nicely Fm. (Jmn), 75 - 350 ft. g Common lower to middle Toarcian ammonites. Marine deposition of black shale. Augite andesite lava flow (50 ft.) at Big Flat. Subsidence of shelf formed by inundation of erosion
9]
& Suplee Fm. (UJms), 25 - 75 ft. § Abundant pelecypods; common ammonites. surface.
< -  o) Marine deposition of shallow water sandstone with Pyroclastic eruptions of augite andesite supplied
s Robertson Fm. (Jmr), 0-335 ft. = None diagnostic. minor limestone and conglomerate. most detritus.
o PLIENSBACHIAN -
> OCHOCO OROGENY; intense folding near Suplee
% None declining to the east; reverse faulting.
W 2-92-2-2-2-7- =?2-2-2-2-2-2-2-2-72-2-7-72-72%H
SINEMURIAN C°F;5 Grask e (IRC) ’:g;’;i”"f;;]‘)’”e”ed AL ) Gl Marine deposition of mainly lutite.
e R ) s ! Record uncertain; possible eruption of andesitic Details unknown owing to uncertainty regarding age
= ~ 7 i iti f icsi lastics.
R Y Graylock Fm. (Jg) _ e R C e S Cllclzlrrtl:szosmon of volcanic siltstone and pyroclastics of Caps Creek beds.
500 ft. ’
—— 180
RHAETIAN . . . None . » . o Subsidence of shelf(?), probably marginal to rapidly
Rail Cabin Argillite (Rrc) Mar.u?e deposition 'of dark argillite .wnh intercalated Explosive pyroclastic eruption of silicic ash. subsiding tectonic basins to the NE (see Thayer and
2000 ft. . felsitic tuff and minor fragmental limestone. B 1961
" TN Rare ammonites. UG ).
a Gentle folding, uplift, and erosion.
<
o
E Brisbois Formation (TRbr) Common ammonites and pelecypods of Tropites Marine deposition of lutite with intercalated cal- Rapid and deep subsidence of at least 2} miles,
< KARNIAN 5000 ft. subbullatus Zone. careous ss. and sandy Is. Subordinate subaerial and submarine eruption of apparently entirely during Karnian Age; probably
silicic ash, dacitic to andesitic ash, dacitic to in local tectonic basin adjacent to tectonic
Begg Formation (TRbg) Rare pelecypods and coelenterates of probable Marine deposition of lutite with intercalated ss., andesitic lava, and spilitic lava. highland of rugged relief.
7500 ft. Karnian Age. cg., breccia, and volcaniclastic rocks.
v LADINIAN
25
2 | ANISIAN
i =
= SCYTHIAN PERMIAN-TRIASSIC OBOGENY ) )

— 230 None Moderate to strong folding, rock alteration, in-

OCHOAN trusion of serpentine, and deep erosion.

Z

< GUADALUPIAN

=

oL

fre] LEONARDIAN g o . : g S . .

a Peleszoic iaaks i) Rare lower Permian fusulinid. Shallow marine deposition of felsite lava and tuff, Eruption, |orge|y'pyroc|asnc, of silicic volcanic SunSdencey
WOLECAMPIAN chert, and limestone. rock, largely dacite.

— 280

* Note:

Spacing of age boundaries is not proportioned to their duration.
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