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ABSTRACT

Within 40O square miles of the southeastern Wallowa
Mountains, Oregon, eugeosynclinel Permian and Triassic
formations comprising e section about 25,000 feet thick
have been exposed by uplift and erosion of overlying
Mioecene Columbia River basalt. Deposition appears to have
been continuous from Permian into Upper Triassic, but en
epparent anguler unconformity exists between Triassic
formations., Neritic clastics of the Permian Trinity Creek
formation ere overlain by mixed volcanics and clestiecs of
the Triasssic Imnsha formation, which is terrestrial and
1ittoral in 1ts lower Russel member and neritic in 1ts
upper Norway member, Sandstone and conglomerate of the
Upper Triassic Lower Sedimentary Series apparently rest
unconformably on deformed pillow lavaes end breccias of the
Norway member,

A varied suite of small stocks intrudes the area.
Gabbroic units of the Fish Lake complex are most wide-
spread; other stocks sre composed of metadiorite, kerato-
phyre, bostonite, and trondjemite. Varied dikes are ex-
tremely sbundant in older formations.

Marble and skarn of uncertain age, but bellieved
unrelated to the Imnsha or Trinity Creek formations, are
intimately assoclated with gebbroic stocks.

Deformation increases from east to west, and culmi-
nates with an overturned anticline in the Upper Trilassic
Lower Sedimentery Series at the western margin of the
erea. Faulting is minor except for the Pine Creek reverse
;au%t which has & minimum vertical displacement of 2500

eet. )

Alpine topography resulted from Pleistocene stream
erosion and glaciation; post-Pleistocene erosion has not
been extensive. _



GEOLOGY
OF
PART OF THE SOUTHEASTERN WALLOWA MOUNTAINS,
NORTHEASTERN OREGON

The purpose of this thesis is to set forth the nature
of a varied suite of rocks in a small aréa of the south-
eastern Wallowa Mountains; to show the relation of this
suite of rocks to the regional development of the geologiec
environment in which they are found; and to map accurately
the limits of the various units within the area so that
later workers may continue with more detailed study of
various problems.

The srea consists of approximately forty square miles
in northeastern Oregon between 117°04' and 117°16' W.
longitude and between 45°01' and 45°06!' N, latitude. Por-
tions of Baker and Wallowa counties are included.

(Figure 1) Entry into the eastern edge is provided by a
gravel surface road from the town of Halfway, Oregon; other
parts of the area may be reached only on foot or by
horseback.

A mountainous region of late youthful topography, the
aree has a maximum relief of 4215 feet, and meximum eleva-
tion of 9555 feet. An integrated drainege system has not
developed. Drainage 1s accomplished by numerous small

streams, many of which are raging torrents in early spring



Wallowa

1 Outline map of Oregon showing thesis erea as black insert,



3
but completely dry by August. Short summers and heavy win-

ter snowfall limit the field season from mid-June to late
September. Areas below timberline, particularly in the
canyons, are thickly covered with a heavy growth of ever-
green timber and underbrush.

Field work was done during the summer of 1958, from
June 12 to September 15. U. S. Geological Survey advanced
topographic sheets of the Cornucopia and Eegle Cap Quad-
rangles were used ss base maps, and the geology was plotted
et a scale of 1/48,000, Finished meps were enlarged to
1/2,4,000 to provide room for legible structural symbols,

Previous geologic work in the area is limited.

C. P, Ross (22) made a reconnaissance map of a large area
in the southern Wallowas, including the thesis area, in
1918; his report was published in 1938. Roland K. Reid
(21) studied approximately eight square miles around Fish
Leke in 1953, Other work in the Wallowa Mountains outside
of the thesis srea is included in the bibliography.

During field work, the writer experienced difficulty
in differentiating between glacial moresine and other uncon=-
solidated material, Errors were called to his attention
after the field season wes so far asdvanced that remapping
of such deposits was impossible. Areas covered by glacial
veneer had been included as morainal deposits. Where jus-

tified by known exposures of rock, such alluvial contacts



L

were redrawn from aserial photographs. Therefore, contacts
of Quaternary alluvium except in Cliff River, East Pine,
and Clear Creek canyons, can be only Approximate.

Laboratory work was limited to the examination of 252
thin sections and to determinations of pyroxene composition
for the Fish Lake complex by oil immersions. Composition
of plagioclase was determined by symmetrical extinction of
albite twins.

Modal analyses of igneous rocks were made with a point
counter after the method of Chayes (L4, p. 1-11l). Traverses
were made over the entire slide, and the total number of
points per slide varied from 1500 to 2200. Percentage com-
position of sedimentary rocks was computed from a series of
traverses with a Wentworth integrating stage.

Fogsil identifications were made by S. W. Muller of
Stanford University.



Age

Quaternary

Quaternary

Miocene

Upper
Triessic

Triassic

SUMMARY OF STRATIGRAPHIC UNITS

TABLE I

Formation

Unconformity

Unconformity

Columbia
River
basalt

Unconformity

Lower
Sedimentary
Series

Unconformity

(?)

Imnaha
formation

Norway
member

Blue
Creek
lentil

Lithology

alluvial valley
o &

glacial moraine

basalt flows

thin-bedded marine
sandstone, silt=
stone with minor
conglomerate

predominantly spile
itiec pillow lavas
and coarse jumbled
brecclas with
bedded units near
base

erystal tuffs, fine
conglomerate, sand-
stone, and silt~-
atone

Thickness

variable
1-200" (2)

appx. 1500!

3000«5000"

6000-8000"

meXe. 1)4.00 '



Age Formation

Russel
member

Sugar-
loaf
lentil

Permian Trinity
Creek
formation

(2) Marble

Lithology

lava flows, coarse
conglomerate, angu-
lar breccias of
meta=-andesite and
metabasalt

volecanic sandstones,
and conglomerate
cemented by exten=-
sive metrix of cal~
cite

feldspathic wacke
conglomerate, and
giltstone

small lenses sround
intrusive borders

Thickness

10-15000"

600-800"

6500=-7000"

300" (?)



STRATIGRAPHY

The Wallowa Mountains contain a thick section of
Permian and Triassic rocks, but only the lower part of the
section is exposed in the area covered in this thesis. 1In
contrast to the previously known Permian Clover Creek
greenstone, Permien rocks in the thesis aree comprise a
thick marine sedimentary sequence, herein called the
Trinity Creek formation. The Trinity Creek formation is
succeeded by the Imnsha formation, including the Russel and
Norway members, and the Lower Sedimentary series,

No apparent breask is recorded between the Permian
sedimentary sequence and the overlying Triéssic Imnaha for-
mation which is composed of mixed volcanics And coarse con-
glomerate, and believed to be, in part, terrestrial.

The Permo-Triassic boundery, a profound unconformity
throughout much of the world, here lies within several
thousand feet of apparently continuously deposited rocks,
separating fossil horizons for which Permian and Triassic
ages have been determined. The environment of deposition
is believed to have changed from neritic to littoral or
terrestrial after the onset of extensive vulcanism, but no
bresk in deposition is recognizable. Interfingering of the
Imnaha end Trinity Creek formations south of Fish Lake and

the presence of glomeroporphyritic endesite boulders in the



upper Trinity Creek formation which are characteristic of
the overlying Russel member of the Imnsha formation indi-
cate that deposition was continuous. Small lost intervals
may be overlooked in a terrestrial formation, such as the
Russel member of the Imnasha formation, but certainly no ma-
jor unconformity is present.

Triassic units, the Imnaha formetion and Lower Sedi-
mentary Series, are separated by an anguler unconformity
within the thesis area. Extent of this unconformity is not
known because of juxtaposition with a major fault. Possi-
bly the unconformable relation exposed in the area 1is the
result of deformation in conjunction with faulting.

The following correlation chart is a compilation taken
from published correlation tables for the Triassic of the
United States and Canada. (15,20) It is presented to show
the relation of the thesis area to the development of the
Permo-Triassic eugeosyncline in the Frazer belt, and 1s not
meant to imply absolute equivalency in either time or li-
thology. However, lithologic similarities'for certain
parts of the column throughout the eugeosyncline belt are
fairly consistent, and the sequence exposed in the thesis

area fits the regional pattern.
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STRATIGRAPHIC UNITS

The lithology and stratigraphic relations of each
stratigraphic unit shown on the geologic map (Pl-1) ere
described below., Correletion of these units with the re-
gional stretigrephy end structure is discussed in separate

sections.

Marble

This section concerns only those isolated bodies
around the perimeter of Cleer Creek stock; it does not in-

clude marble lenses, or calcereous sediments found in other

stratigraphic unlts.

Distribution and Expression

Six small irregular units of contact marble are pres-
ent at intervals sround the Clear Creek stock. Reid (21)
mapped similar marble units along the borders of a gebbroic
stoek east of the thesis area. The marble is exposed in
low, rounded outerops with distinective weathered surfaces.
Gradation from marble to skarn exists in the only outcrop

where the two ere in contact, in the NW} sec. 17, T. 6 S.,
R. 46 E,

Petrography
The marble is light blue gray with irregular dark
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streaks and patches present in a few outcrops. Weathering
has roughened the surface, producing fluted grooves.

‘ Jointing is well developed, generally parallel to foliation
of the dynamo-thermal aureole. Reid (11, p.3l) described
isoelinal folding in the marble, but the writer falled to
recognize any bedding or other markers by which folding
could be traced.

The marble effervesces freely in dilute HCl., Texture
is granular, but individual grains are generally too small
to recognize with a hand lens. Rarely the marble is
coarsely crystalline with calcite crystals up to 3/4 inch
across,

C. P, Ross (22, p. 29) described a chemical analysis
of the marble from T, 6 S,, R. 46 E, as follows: "The
merble contains 32,8l percent lime, 20.52 percent magnesis,
46,60 percent carbon dioxide, with traces of iron oxides
and water, & total of 99.96 percent."

The assemblage fosterite-periclase-calcite, typical of
magnesian marbles of the pyroxene hornfels facies
(30, p. 429), is characteristic of these units. Twinned
calcite, in anhedral to subhedral grains, constitutes about
90 to 95 percent of the rock. Only occasional remnants of
isotropic periclase are present in conspicuous rounded
patches of brucite. Small drop-like crystals of fosterite

and garnet, revealed by high relief, are scattered
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throughout the rock. Fosterite is largely altered to ir-
regular "veined" patches of antigorite; commonly only sev-
eral isolated fragments of the original crystal remain
"floating” in the fibrous mass. Garnet, clear, unzoned,
and isotropic, is rimmed by chlorite. Chemical composition
of the garnet was not determined.

Accessory minerals are clinohumite, pyrite, and mag-
netite., Clinohumite forms clear to very pale yellow crys-
tals with fine polysynthetic twinning. Euhedrel pyrite

cubes are partially altered to limonite.

Thickness
Maximum thickness of the marble is probably less than

300 feet. As no bedding was recognized, accurate measure-

ments were not possible.

Fogsil Content

Within the thesis area, marbles are nonfossiliferous
because of complete recrystellization, A limited fauna,
diseovered by W. H. Taubeneck, was collected from similar
marble near Twin Lakes. The precise fossil location is
SE:NE} sec, 2, T. 6 S.,, R, 1 E, about 50 feet east of the
new Twin Lskes road., The fossils were collected from a
single stratum near the southern edge of the exposure.

No age hes as yet been determined for the fauna.
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Age and Stratigraphic Relation

Distribution of the marble around stocks of the Fish
Lake complex, ﬁnd only around the two largest stocks, leaves
little doubt that the present position of the marble re-
sulted from intrusion of the stocks. Marble units may be
either (&) portions of an underlying stratum, broken and
carried up with magma, or (b) a calcareous lens or lenses
"shouldered" aside by the intrusive,

The second possibility is open to serious doubt, If
the marble units represent lenses in the "greenstone," they
would not reasonably be restricted to intrusive borders;
similar lenses should be present away from the stocks,
Also, lenses should be conformable with surrounding units,
Only one of the marble lenses suggests the possibility of
conformity with surrounding rock, the elongate mass in
NE} sec. 17, T. 6 S., R, 46 E., and as it is grédational
into skarn which is definitely included in the stock, con-
formity with the "greenstone" is doubtful. Lenses of equal

size were not found in the Imnaha formation; calcareous
lenses mapped are much smaller than most of the harble
units, and invariesbly contain scoriaceous cobbles.

No limestone older than Triassic is known in the
Wallowa Mountains, but some Permian limestone is known in
the Elkhorn Mountains near Sumpter. The nearest known

exposure of limestone, in the upper Triassic Martin Bridge
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formation, lies about 7 miles west of these lenses. If the
marble lenses are related to the Martin Bridge or other
Triassic limestone, they could only have originated from a
lower thrust plate, A regional thrust is described by
Livingston (14, p. 32-36) trending northeast from Burnt
River, Oregon to Cuddy Mounteain, Idaho’along the Oregon-
Idaho border, Along this fault, Paleozoic (?) argillites
have been thrust from the northwest over Jurassiec shales.
The fault can be traced for 40 to 50 miles, and is postu-
lated to extend possibly 125 to 130 miles.

Thrusting of such scale could involve units within the
thesis area but no thrusting of such magnitude was recog-
nized during the field work.

If the marble lenses were derived from a thrust plate,
the most likely parent would be the Triassic Martin Bridge
limestone. However, until a definite age has been deter-
mined for the fauna collected from the limestone lens near
Twin Lakes, or until further mapping has indicated a thrust
fault, no conclusions can be reached as to the ultimate
origin of the marble. The lenses are definitely considered
to have been carried into place by the intruding magma, bub
their age may be either pre-Permien, Permian (but pre-

Trinity Creek), or Triassic.
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Trinitx Creek Formation

For purposes of this thesis, the name Trinity Creek
formation is proposed informally to designate a thick group
of assorted sedimentary rocks, mostly sandstone and con-
glomerate, which have not heretofore been designated as a
stratigraphic entity. This formation was previously in-
cluded in the Cerboniferous (?) sediments by Ross. (12)

The double name is retained because "Trinity formation" has
been used elsewhere. No permanent formal name is suggested
here becesuse total thickness and areal extent of the forma-
tion are not yet known. The most typical and consistent
outerops of the formation in the thesis area are found in
seecs, 16, 21, and 27, T, 6 S., R. 46 E., along Trinity
Creek. Attitudes are consistent within the ares mapped,
but the formeation continues for an unknown distance to the
south, so that total thickness cannot be computed from

known data.

Topographic Expression and Areasl Distribution

Outerops of the Trinity Creek formation are irregular
and discontinuous. They occur generally as low rounded
protuberances on the tops of ridges and as precipitous
bluffs. Because of their extreme induration and extensive
jointing, the sedimentary rocks lack any distinctive out-

crop pattern or character by which they can be recognized
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at a distance.

This formation covers the southeastern portion of the
thesis area, and occupies a small window exposed through
Columbia River basalt near the head of Trail Creek. Out-
side of the thesis earea, the formation extends for an un-
known distance to the east and south, It 1s also exposed
near the junction of Trail and Clear Creeks, where the best
outerops along Trail Creek are at elevations between 4800
and 5000 feet. Sandstone, thought to belong to the Trinity
Creek formation, is exposed south of Simmons Mountain in

the NE} sec. 27, T. 6 S., R, 45 E.

Petrography
Lithology of the Trinity Creek formation is extremely

varied, both vertically and laterally. Because of varia-
tion end discontinuous outcrops, it was not possible to
trace any individual unit for more than a few hundred yards
laterally. Medium to coarse feldspathic sandstone is the
most common rock type. Several different types of con-
glomerate, in a wide range of size and sorting, are pres-
ent. Siltstones and mudstones are interbedded with coarser
clastics at infrequent intervals, and typical outcrops con-
sist of interbedded sandstone and conglomerate, usually
with indefinite gradation between individual beds. Large

exposures consisting entirely of one rock type are rare.
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To avoid confusion, the major rock types are discussed
individually.

Sandstone. Sandstones of this formation are feld-
spathiec and lithic graywackes according to the classifica~-
tion proposed by Gilbert (33, p. 293). Proportions of the
- main constituents are shown in Figure 3; as can be seen
from this diagram, two samples, C-377 and C-378, show a
marked increase in quartz content., The quartz content of
these two samples becomes more significant when one real-
izes that they are stratigraphically the lowest samples
from the rormation; therefore, these two samples are de-
seribed separately.

The sandstone is usually gray to dark green, depending
on the abundance of rock fragments and chloritic material,
but light ten to buff beds are common, and distinetive
bluish to purple horizons are rere. Coloration is little
different on the weathered surfaces than on freshly broken
surfaces. Induration is extreme, and therefore true bed-
ding surfaces are difficult to find, though the trace of
the beds is often clearly visible. Joint surfaces are ex-
tremely smooth, without deflection around the particles;
intersecting joints commonly produce sharply mitered
corners,

Units of the feldspathic wacke vary from thin beds of

sandy material interbedded with coarser conglomerate to
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PLAGIOCLASE ROCK FRAGMENTS
Fige 3  Trienpular diecrem showine madal enelysis of typicc]l sample~ o th
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massive cross-leminated layers 30-50 feet thick. Sorting
within individual units or beds is generally moderate to
good, or else distinctly graded. Graded bedding is com-
monly very well defined, but is by no means a universal or
cheracteristic feature of the wackes in this unit., Out-
érops of sandstone which grade gradually upward into grit,
pebbly sendstone, and conglomerate are common in this area.

Sorting has been most effective in cross-bedded units,
In these units, the bedding is defined by thin, dark col-
ored streaks. Most cross lamination is in small lenticular
to wedge-shaped units less than l feet long, and 1 to 2
feet thick. Outcrops of cross-laminated sandstone are
shown in Figures L and 5.

Microscopically the sandstones are seen to consist of
fragments of plagioclase, fine-grained volcanic rocks, and
quartz, in a silicified matrix of finer grains and a re-
erystallized equi~-granuler mosaic of quartz and elbite with
abundant finely divided sericite, chlorite, leucoxene, and
occasional irregular crystals of calcite., Relative abun-
dance of the constituents varies, but plagioclase and
lithic fragments predominate. The degree of rounding
varies from moderate to poor, but in general the scattered
quartz grains are somewhat better rounded than either pla=-
gioclase or lithiec fragments.

Lithie fragments, generally subangular to subrounded



Figure L.

Figure 5.

Cross-laminated sandstone in Trinity

Creek formation. Loecation: NWSW:
SecC. 22, T, 6 So’ R, L|-6 E.

Cross-laminated sandstone of the Trinity
Creek formation, immediately averlying
coarse well-rounded conilomerate at 6850

20

feet elevation in SWiNW: sec, 22, T, 6 S.,

R, 46 E.
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in these rocks, are predominantly fine-grained or porphy-
ritic volcanics, but chert greins, most abundant in C=305,
are present in a few of the slides studied. Volcanic frag-
ments are marked by pilotaxitic or felsitic plagioclase
microlites set in a dense accumulation of chlorite and iron
ore, or of iron ore alone. Phenocrysts of plagioclase are
infrequent, marked by crystal fragments partially enclosed
in a much finer ground mass., Only rarely, in some of the
larger grains, is a whole phenocryst prgsent. Parent vol-
canics are believed to have ranged from basaltic to tra-
chytic, as indicated solely by abundance and texture of
plagioclase microlites. All mafies have apparently been
removed by metemorphlic or diagenetic processes, for none
~were recognized in thin section.

Plagioclase fregments are generally angular to sub-
enguler, end have occasionally been crushed after deposi-
tion, Twinning and progressive zoning is common. Altera=-
tion has fregqenﬁly'obscured grain outlines, and not
uncommonly’has formed selectively in zones of the plagio-
clase, Incipient recrystallization of plegioclase to
albite was seen in all slides examined, and in some it has
progressed to a stage where the outline of original plegio=-
- clase 1s revealed only by an indistinet border. Early
stages of recrystallization are revealed by irregular

patches with individueal extinction and a general hazy
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appearance of the crystel under crossed nicols. Feathery
crystals of albite, without eny visible relation to the
original plsgloclase, occur frequently in the matrix.

Quartz is a minor constituent in most of the sandstone,
and is absent in many thin sections, In general, quartz is
somewhat better rounded than other grains, although round-
ing may have been caused by partial replacement by the si-
liceous matrix., Partial replacement is shown by fritted
borders and infrequent embayments. Authigenic overgrowths
formed on quartz in C-304 prior to recrystallization of the
matrix., Irregular "dust-trails" and general lack of inclu-
sions indicate that the quartz 1s of igneous origin, Wavy
extinction is charecteristic of these quartz grains, but
may have resulted from forces acting either before or after
deposition.

Tuffaceous origin is suggested for two samples, C-155
end C-l, by texture and mineral content, but metamorphie
processes have so obscured the relations that positive
identification is not possible. Irregular and discon-
tinuous sinuous stringers and arcuate patterns of hematite
are present in C-155, Hematite constitutes esbout 30 per-
cent of the rock, thus cesusing a distinctive purple colora-
tion. Cel is similar to distinctive rocks of the Blue
Creek lentil which are interpreted as crystal tuffs. The
close relation of C=l to these rocks is also indicated by
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its position on the triangular disgram (See Figure 31).
Therefore, pyroclastic sctivity may have been a contribu-
ting, though minor, factor in the history of this formation.

A sharp change in rock type is represented by samples
C-377 and C=378. As noted in Figure 3, the percentage of
quartz increases rapidly, and though less definitely indi-
cated in the diagram, sorting is much better. The matrix
is free of finely crushed rock and feldspar, consisting of
recrystallized chlorite-hematite-calcite in C~377, and
quartz-albite-sericite in C-378; in both samples the matrix
shows replacement of the larger grains, including quartz.
These samples cannot, therefore, be considered true gray-
wackes, but feldspathic arenites.

Sample C=-377 contains chert and siltstone fragments in
addition to volcanic rock grains; one chert grain contains
angular inclusions of quartz. Another feature not noted in
other samples 1s inclusions of zircon in the quartz eand
plagioclase grains of both C-377 and C-378.

Conglomerate. Conglomerates in the Trinity Creek for-

mation are irregular and discontinuous, both laterally and
vertically. No particular conglomeratic horizon could be
traced laterally for more than 100-150 yards. Fine, eangu~-
lar, non-bedded, pebble to cobble conglomerate, in zones
varying from 3 to 25 feet thick, are most common, but len-

ticular areas of coarse, well-rounded, cobble to boulder
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conglomerate are scattered throughout the formation, In
such outcrops, sorting is generally good; boulder size
reaches a maximum diasmeter of 1l inches, but cobbles L to
8 inches in diameter are predominant}. Commonly the len-
ticular conglomerates are immediately overlain by cross-
bedded sandstone, However, most of the outerops show ir-
regular gradations between coarse pebbly sandstone and
conglomeratic facies.

Cobbles and boulders in the conglomerates are pre-
dominantly fine-grained or porphyritic volcanic detritus.
Vesicular volcanic cobbles and fragments of sedimentary
rocks occur locally as the dominant clast type in a given
outerop., Occasional rounded boulders of strongly porphy=-
ritic volcanic rock, typical of the overlying member of the
Imnaha formation, are present in the upper portion of the
Trinity Creek formation. A single "granitic" cobble, C-198,
was found in the formation,

Several lenticular areas of coarse, well-rounded
boulders contain a high percentage of a single rock type;
in two counts of 200 pebbles each, & fine-grained porphy-
ritic rock of andesitic character was the only rock type
present. However, not all conglomerates in the formation
are monolithic, nor is the same rock type present in all
outerops which show a tendency toward monolithie content.

Variety is especlally conspicuous in the finer, more
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angular conglomerates, Because of extreme lateral varia-
tion in conglomerate from outerop to outérop, pebble counts
are characteristic only for the‘particular outerop con-
cerned.

A distinetive intraformational conglomerate, contain-
ing randomly oriented, 1 to 3 inch fragments of bedded
siltstone and mudstone crops out at 7060 feet elevation in
the NW$SE$SE: sec. 16, T. 6 S., R, 46 E, Large irregular
solution cavities, 8 inches to 2 feet wide, mark the posi-
tion of calcareous lenses or boulders. The matrix, about
60 to 80 percent of the rock, is composed of dark grayish
green sand to silt sized grains with crude bedding.

A few scattered outerops of conglomerate suggest de-
position by mudflow. Suech an outcerop occurs in the NESE:
sec. 16, T, 6 S,, R, ;6 E. where a narrow bench is composed
of angular vesicular boulders in a very coarse feldspathic
matrix. A reddish, baked appesarance, and extreme surface
irregularity serve to distinguish the rock from the more
common conglomerate types. In general appearance, this
outerop is similar to many of the mudflow brececias in the
Clarno Basin of central Oregon.

Mudstone end Siltstone. Fine-grained greenish to buff

mudstone and siltstone, with individual grains too small to

be distinguished in hand specimen, occur in scattered lo-

calities throughout the Trinity Creek formation, but are
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best exposed on the ridge immediately south of Fish Lake,
where they are the dominant rock and can be traced for
about half a mile without interruption, except for minor
sandstone and conglomerate lenses. Bedding is usually well
defined by color changes; individual beds vary from % to L
inches in width. The light gray rock has a slight greenish
cast, is siliceous, and breaks with & subconchoidal to ir-
regular fracture without reference to the bedding. Micro-
scopically the rock is seen to contain scattered, well-
‘sorted, angﬁlar grains of quartz, plagioclase, and an oc=-
casional, recognizable volecanic fregment in a dense re-
erystallized matrix of sericite, leucoxene, chlorite, and
microcerystalline quartz. Modes are shown in Figure 3.

Graded bedding end load casts are present in some out-
crops of the siltstone. Striking features of penecontempo-
raneous deformation, including load casts and slumping are
exposed in a series of irregular mudstone beds about 6 feet
thick, overlying about 30 feet of well-bedded coarse sand-
stone, in SWiNW} sec. 28, T, 6 S., R. 46 E. at an elevation
of 6000 feet. (Figures 6 and 7) Unsorted angular pebbles
and cobbles of vesicular volcanic rock, probably of pyro-
clastic origin, were dumped onto unsolidified muds, and
minor slumping further contorted the beds. The structure
could have resulted elther from a pyroclastic shower or

turbidity current.
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Pigure 6.

Penecontemporaneous deformation of fine
grained beds in the Trinity Creek forma-
tion; cobbles in- lower bed probably of
pyroclastic origin; note angularity
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Thickness

A section of the Trinity Creek formation between 6500
and 7000 feet thick is exposed in the thesis area. The
total thickness is unknown, but similar sedimentary rocks
are exposed southward along the road to an elevation of
about 5000 feet. Therefore, the total thickness ma& ap-
proach 8000 to 10,000 feet. Thickness was oomppted from
the map by using an average dip of 300, No sections were

measured with a chain,

Depositional Environment and Provenance

Coarse boulders in discontinuous lenticular bodies
frequently overlain by well sorted cross-laminated sand-
stone indicate rapid deposition by strong currents with
subsequent reworking by waves or currents. The fluctuation
of grain size through a vertical sequence, so character-
istic of the Trinity Creek formation, and thin discontin-
uous accumulation of fine-grained siltstone and mudstone
indicate vaeriation in competency and capacity of transport-
ing currents, or variation in the amount of available de-
tritus in the source area. Compositional immaturity indi-
cates little transportation or sorting prior to deposition.
All of the above conditions can be satisfied only by de-

position in shallow water near a land mass or group of

iglands with moderate to high relief, in which mechanical
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breakdown of parent rock was more .active than chemical
decay.

The occasional occurrence of tuffaceous (?) textures,
mudflows, and coarse, angular, vesicular debris (Rigures 6
and 7) suggests explosive eruptions in adjacent areas, and
the dominance of volcanic grains proves that the source
area was predominaﬁtly composed of volcanic rocks.

Therefore, the bulk of the Trinity Creek formation, is
considered to have been deposited in shallow seas adjacent
to a land mass or group of islands on which vulcanism was
active. The attitud; of cross-lamination in the sandstone
suggests that the source area was to the southeast.

Onset of extensive vulcanism may be recorded by the
sharp break in sedimentary types (C-377 and C=378. The
increased percentage of quartz with inclusions typical of
acid plutonic rocks, and the presence of chert and silt-
stone fragments in the two stratigrephically lowest semples
leave no doubt that sedimentary and probably erystalline
rocks were exposed in the early source areas, However,
definite conclusions would require additional mapping and
sampling in the Trinity Creek formetion south of the thesis

area to establish the extent of the arenites,

Fossil Content
Eight fossil localities are plotted on the accompany-

ing mep., A varied and well preserved fauna was collected
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from Fl-1, Fl-3, and F1-8, Other locelities yielded lim-
ited fauna usually consisting of poorly preserved casts.
The following forms were identified by Dr, S. W.
Muller: (16)

Fl-3 1, Neospirifer sp. Penn-Perm
2. Cheoiella sp.

F1-8 1, Punctospirifer pulcher Permien (Phosphoria)
e ﬁiotxocloatua SpP. Miss-Perm

Age and Stratigraphic Relation

The Trinity Creek formation is the oldest unit recog-
nized in the area; it is dated as Permian on the basis of
the previously listed fauna, and is conformably overlein by
the Imneha formation., Upper portions of the Trinity Creek
formation and "greenstones" of the Imnsha formation inter-
finger on the crest of the ridge immediately south of Fish
Lake., Other small bodies of "greenstone" within the
Trinity Creek formation crop out near the head of East Pine
Creek in the NEI sec. 21, T. 6 S.,, R, 46 E, The exact na-
ture of these small bodles is not definitely known, but
both intrusives and flows are probably present.

Definite intrusive contacts maj be seen on the ridge
immediately south of Fish Leke and in the eastern edge of
East Pine Creek (Pl-1), where & narrow ribbonlike dike of
"greenstone" has been injected into the older rock. Con-
tects of the other bodies of metavolcanics are obscured,

but there is no indication of intrusion.
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Figure 7.

Minor, faulting in same outerop of Figure 6
with boulder of similarly deformed strata
in conglomerate of downthrown block,



Imneha Formation

The name, Imnaha formation, is proposed for "green-
stones" end associated sedimentery rocks exposed in a wide
belt trending northeast through the south central portion
of the Cornucopia quadrengle. (Pl-1l) These rocks have pre-
viously been thought to be & part of the FPermian Clover
Creek greenstone. (21) However, lithology and fossil con-
tent indicate that these rocks form a separate strati-
graphiec unit.

The formation is hamed for exposures rimming the
Imneha canyon for several miles east from the junction of
the Imnsha and Cliff Rivers. A typical section is present
in nearly continuous exposures along the south rim of the
Imnaha canyon, ‘ |

The Imnsha formation is divided into two members on
the basis of lithology end inferred depositional environ=-
ment. Each member contains a single lentil of restricted
ereal extent but distinet character. The two members, with
their included lentils, are the Russel member, including
the Sugarloaf lentil, and the Norway member, including the
Blue Creek lentil.

Russel Member
The Russel ﬁember consists of a series of thick lava

flows, intercalated breccia and conglomerate, and minor
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pods of recrystallized limestone. It is named for typical

exposures in Roek Creek canyon, north of Russel Mountain, -
(Figure 8) This member occupies a linear belt about 3%
miles wide, comprising most of the northeast portion of the
thesis area., Bold outcrops, rounded roches moutonnees,
steplike cliffs, long smooth benches, and strong persistent
joints are typical of this member., Most outcrops are cut

- by one or more dikes which cause extreme difficulty in de-
tecting structural continuity.

Petrogpaphx. Both fregmental and flow rocks are dark

green, or blue to blue-~bleck, blotched with white pheno-
crysts and glomeroporphyritic rosettes of plagioclase. The
strongly porphyritic nature of the volcanics in this se-
quence is distinctive— non-porphyritic rock is almost to-
tally aebsent, even in the intercalated clastics.

The rocks are nearly structureless and lineation of
any sort was rarely noted. Pillow structure was noted at
a single locality, the small lenses of "greenstone" inter=-
bedded with thé Trinity Creek formation south of Fish Lake.,
Vesicular pillows are well formed, but obscured by erosion,
and are separated by thin septae of dense, devitrified
-chloritic meterial without phenocrysts. Content of vesi-
cles increases toward the top of the exposure, but within
individual pillows, the vesicles, now filled with calcite,

are concentrated in concentric zones near the edge of the



o

e

Figure 8, "Greenstone" outcrops in Rock Creek
canyon, type locelity for Russel member,

Figure 9. Typical exposure of eastern portion
of the Norway member, Note dikes.

34
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pillows. Pillow structure is best exposed on the north
face of the outcrops.

Flow Porphyritic and glomeroporphyritic meta-andesites
Rock and metabasalts with piagioclase phenocrysts set in
a deﬁse green to black groundmada, are composed of plagio=-
clase, augite, chlorite, actinolite,-epidote, and calcite
plus accessory magnetite, quartz, apatite, hematite, and
sphene, Plagioclase and asugite are relict; primary magne-
tite and apatite are also present. Other minerals are the
result of low grade regional metamorphism.

Metamorphism has not reached equilibrium in the green=-

schist facles, for relict augite and plagioclase are recog-
nizable. An equilibrium sssemblage should also include
albite instead of the calcic andesine and labradorite.
Thus low grade regional metamorphism, sufficient to allow
the formation of epidote, chlorite and actinolite, but not
sufficlent to completely remove augite or to allow recrys-
tallization of plagiociase to albite, 1s indicated.

Plagioclase composition varies from calcic andesine,
Anjo_)),, to sodic lebradorite, Ang),.gg, Complex carlsbad,
albite, and occasionally pericline twinning is visible in
all but the most altered crystals., Zoning is not common,
being present only in the outer portions of some pheno-
erysts. Unaltered patches of the phenocrysts are present

in most thin sections; frequently the groundmass feldspar
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is less altered than the phenocrysts. Alteration products
include sericite, epidote, chlorite, prehnite, lawsonite
(?), and a dark brown to black "scumlike", nearly opaque
aggregate of dustlike perticles., Prehnite and sericite
form minutely crystalline scaly overgrowths dotted with
granuiar epidote., Chlorite is present within the plagio=-
clase as small infrequent green flecks. The dark formless
aggregate usually shows no optical properties, but some-
times enomalous berlin blue, typical of clino-zoisite, and
a few brightly colored specks of epidote (?) may be seen
under crossed nicols,

Borders of the phenocrysts are usually well defined,
and in several slides the pilotaxitiec groundmass has flowed
around the larger crystals; a few broken crystals have been
intruded by the groundmass. In the more altered rocks
phenocryst borders sre indistinct, and groundmass plagio-
clase is detected only as rectanguler patches of light.

The lerge feldspar crystals common in the Russel mem-
ber were described by Ross as porphyroblastic. (22, p.22)
Steples (26, p. 7) found no evidence to indicate that they
were not phenocrysts. Careful examination in the field
failed to reveal a single instance where the feldspars
could be seen to cross clast boundaries, but hundreds of
1nstances were found where feldspars were truncated by the

clast boundery. In addition similar porphyritic boulders
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occur in other sedimentary units, and not all boulders are
porphyritic in a given outerop, as seems unlikely if the
feldspars were porphyroblastic. Microscopic evidence that
the groundmass has flowed around and even intruded these
large crystals leaves no doubt that they are phenocrysts.

Augite was recognized in only one thin section, C-217,
as small remnants, the original crystal being almost en-
tirely replaced by clustered actinolite. Many similar
groups of éctinolite likely mark completely altered py=-
roxene crystals, No other primary mafic minerals were
recognized.

Chlorite, actinolite, and epidote cause the dark green
color of the rock. The chlorite forms minute flaky crys-
tals intergrown between the actinolite fibers, or occurs in
distinet rounded patches, elther alone or with epidote. It
is yellowish to emerald green under plain light, and under
crossed nicols‘it varies from bright blue to deep purple.
Strongly pleochroic actinolite, changing on rotation from
pale yellow to bright blue-green, is usually present as a
mass of felted fibers intergrown with granoblastiec quartz.
Epidote, pleochroic in shades of yellow, is present in ag-
gregates of granoblastic grains and subhedral crystals.

Quartz and calcite are present in most slides as
rounded clusters and veinlets of granoblastic grains.

Prehnite veinlets occur, but are not common., Calcite
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occurs also as vesicular fillings. Magnetite is present as
an accessory in all samples examined; in some thin sections
it constitutes 10 to 12 percent of the rock, Other minor
minerals are bilotite, apatite, hematite, and sphene. Both
brown and green biotite &are present in small amounts; but
the brown variety probably indicates thermal effects, as
brown biotite is characteristic of thermal aureoles in
northeastern Oregon. (28, p. 1650)

Relict pilotaxitic and felsitic textures are common in
the groundmass. Hyalopilitic and intersertal textures are
suggested by the abundance of chlorite patches and the wide
spacing of feldspar laths in the groundmass, but similar
textures could also result from the replacement of original

mafic minerals., Vesicular texture is rare.

Clastic Clastic rocks, ranging from fine angular brec-
Rocks cla to very coarse well-rounded conglomerates com=-

prise most of the Russel member. The most striking feature
of these clastic rocks is the monolithic character of the
contained fragments., These fregments are indistinguishable
in the field from the intercalated flow rocks described
above., Induration is extreme, so that the clasts are
‘usually visible only on weathered surfaces, and it is often
necessary to examine outecrops in detail to be certain of
clastic composition, Clastic units are variasble and dis-

continuous; therefore, descriptions of several varied
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occurrences are given.

In the SW}NE% sec. 17, T. 6 S., R. L6 E,, a coarse,
extremely anguler breccia outcrops in a series of narrow
exposures trending northwest for about 500 feet. The rock
is mottled white and dark gfeenish black; irregular rust-
colored patches of iron stain cover most of the weathered
surface. The fragments are dark green to black, fine-
grained porphyritic and glomeroporphyritic volcanics,
broken into angular pleces averaging # inch to 2 inches
across, The phenocrysts are subhedral to euhedral plagio-
clase crystals occurring both singly and in groups; indi-
vidual erystals up to an inch long are common., Feldspar
fragments and feldspathic sand-sized rock fragments form
the matrix.

An exposure approximately 100 to 150 feet wide, ex-
posed in NW} sec. 8, T. 6 S., R, 46 E., is composed of fine
angular to subrounded basaltic fragments averaging # inch
to 2 inches across. Some white phenocrysts are present in
the fine fragments, but are less common than elsewhere in
the member. Occasional cobbles 6 to 10 inches across show
development of large phenocrysts up to an inch long. An
| earcuate, coarsely porphyritic boulder resembling the outer
"pind" of spherulitic weathering is tightly packed in the
finer angular matrix. (Figure 10) A boulder could not re-

tain this shape through much transportation. No trace of
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bedding was found in approximately an eighth of a mile of
continuous outcrop. Sample C-101l, described under the
heading "Dynamo-thermal Aureole," was taken from the west
end of this outcrop. Similar breccias occur frequently
throughout the formation; and another distinctive angular
boulder, broken during the compaction of the sediments, is
shown in Figure 11,

A more extensive, bedded breccia unit crops out in
several localities in the long tongue extending into the
Norway member (Pl-l) in secs. 1 and 2, T. 6 S., R. 46 E,
Thick, rudely defined beds of medium to coarse, blocky
breccia containing clasts up to 8 inches across are inter-
bedded with coarse feldspathic sendstone and angular con-
glomerate., The breccia beds, 6 to 30 feet thick, strike
N, 15° E,, and dip 20° WNW. They are separated by sand-
stone and conglomerate beds 1 to L feet thick. The sandy
calcareous matrix shows patchy differential weathering, but
usually the matrix is distinguishable only by texture from
the larger porphyritic and glomeroporphyritic volcanie
fragments. The clastic nature of the rock is not always
evident, for the rock bresks irregularly across fragments.
Smooth Jjoint faces and steplike outerop pattern cause con-
fusion with similar flow rocks under superficial exsmina-

tion,

The groundmess of the fragments is dense, dark green



Figure 10,

Arcuate boulder in matrix of anguler
breccia, proof of lack of transporta-
tion., Note injection of fine matrix
into fracture near top. Location:
NWiNW: sec. 8, T. 6 S., R. L6 E,

Figure 11l.

Broken irregular boulder in fine angular
breccia. Filling of fracture by finer
matrix indicates compaction before com=-
plete cementation. Location: about 7000
ft elevation, NW; sec. 9, T. 6 S., R. L6

4l

E.
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or black to blue-black. Rusty iron stain is sparsely pres-
ent, but not generally conspicuous because of the sharply
contrasting white and dark colors; plagioclase phenocrysts
range from 1/8 to 1% inches long. White radiating rosettes
of plagioclase up to 3 inches across, constituting nearly
the entire clast, are sbundant and give the rock a distinc-
tively spotted pattern., (Figure 12) Stratification of the
rogsettes is exposed at an elevation of 7300 feet in the
NW:NW sec. 12, T, 6 S., R, hé E. (Figure 13)

In the saddle between Clear and Soldier Creeks, the
distinctive "rosette-breccia” is interbedded with very
coarse boulder conglomerate consisting of porphyritic boul-
ders in & feldspathic, sandy or gravelly matrix, Similar
boulder conglomerate is the most abundant rock type in the
Russel member. Conglomerate forms most outcrops from this
saddle northwest to Deadman canyon, and 1s exposed in a
wide belt ecross the upper part of Rock Creek canyon. Fur-
ther exposures are present northeast of Fish Lake and south
of Russel Mountain between the road and the summit.

The clastic nature of these conglomerates can usually
be seen only on weathered surfaces where the boulders gen-
erally show as dark blue, green, or black zones thickly
spotted with white plagioclase phenocrysts in a rusty ma-
trix, but may be vaguely defined, spotted zones on a less

spotted background.
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Figure 12, Unusual breccia west of Clear Creek
Reservoir. Individual fragments visible
only on close exsmination, and do not
stand out in the photograph. Note size
of glomeroporphyritic cluster. (Hammer
hendle 20 in,)

Figure 13 . Bedding defined by accumulation of glom-
eroporphyritic cobbles in angular con-
glomerate. Location: 7320 feet elevation
NW%—NW% sec., 12, To"é So’ Ro L'»S E.
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These conglomerates vary in grain size, angularity,
and ratio of boulders to matrix. The smallest cobbles
noted were about 3 inches in diameter; the largest boulders
were about 2l inches in diemeter, but within an individual
outecrop the size range and degree of rounding remain fairly
uniform, Typicel outerops, chosen to show differences in
size and angularity, are shown in Figures 1ll4 and 15.

Two unusual outcrops in SWiNE} sec. 1, T. 6 S., R. I45
E, and NWiNW% sec. 12, T. 6 S., R. L}5 E., deserve special
mention, Both are thick units (75 to 100 feet) of medium
to coarse grained, angular feldspathic sandstone containing
large well rounded blue-black, white spotted porphyritic
"greenstone" boulders which eppear to float in the sand-
stone. Only rarely are two boulders in contact; they occur
usually as singles, but may be in.sﬁreaks and occasionally
in groups. A rough perallelism exists between boulder
streaks and bedding in the sandstone, but no definite hori-
zons exist at which boulders are most frequent. Joint sur-
faces cross boulder faces smoothly and wlthout deflection,
(Figure 16) In the northern exposure cobbles are small,
only about 6 to 8 inches in diemeter; boulders in the
southern exposure sverage 1 to 2 feet in diesmeter.
Lime-~ Recrystallized limestone occurs in the Russel
stone member as small lenticular pockets, most of which

were too small to show on the map. Such pods occur
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frequently only in secs., 32 and 35, T, 6 8., R, L6 E,

The limestone is light gray to dirty white stresked
with pale green. Fine sugary texture is predominant; cal-
cite grains average 1 to 3 mm across, and on weathered
surfaces bear a strong resemblance to poorly formed con-
crete. Figure 18 shows a typical outerop of such conglom-
erate, and Figure 19 is a close-up view of the same beds.
Such rock may be called calcareous conglomerate, but dis-
teance between beds varies widely and in many outcrops the
calcareous "matrix" forms by far the major portion of the
rock.

A single, poorly preserved ammonite (?) was taken from
mudstone‘beds within the northermmost limestone pod. (Pl-1)
The mudstone occurs as a series of thin beds totaling about
l} feet in thickness near the middle of approximately 50
feet of limestone. The fossil was taken about 50 feet from
the west end of the exposure near the top of the mudstone
beds. Vesicular cobbles in a calcareous matrix form the
lower 8 to 10 feet of the limestone pod; above the mud-
stone, limestone shows very thin, shaly partings parallel
to bedding in the mudstone., No pillow structures are pres-
ent in the overlying flow rock.

Thickness. As structure is inadequately known in the
Russel member, its thickness cannot be computed., Estimated

thickness, based on available structural data, is 10,000 to
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Figure 1llj. Exposure of coarse angular brececia in
lower portion of Russel member. Location:
SE$SE% sec. 9, T. 6 S., R, L6 E, x

Figure 15. Exposure of coarse conglomerate typical
of large portion of Russel member.
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Figure 16. Unusual conglomerate with huge boulders
"floeting" in sandy maetrix. Location:
NWiNw: sec. 12, T, 6 S., R. 45 E,

Figure 17. Close-up view of poorly sorted, hetero-
genous conglomerate in the Sugarloef
lentil with porphyritic boulder similar
to laves of Russel member. Note trunca-
tions at boundary of boulder.
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Figure 18, Pyroclastic conglomerate in a cal-
careous lens of the Russel member.

Figure 19. Close-up view of same unit to show
texture of conglomerate.
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15,000 feet, but the margin of error may be wide.

Provenance and Depositional Environment. The follow-

ing conditions must be considered to determine the deposi-

tional enviromment of the Russel member:

1.

2.

3.

6.

Extreme discontinuity of recognizable rock
units both vertically and laterally.

Almost total lack of sorting or bedding in
clastic units, coupled with the extreme angu-
larity of the finer breccias.

Pillow lavas limited to & single occurrence
of undoubted submarine origin.

Discontinuity end irregulaerity of limestone
lenses, without evidence of extreme deforma-
tion.

Sharply defined change in lithologic aspect
and both sedimentary and igneous structure
from known marine units above and below.

Lithosomal interfingering with overlying
marine member.

To explain these features, a terrestrial and littoral

strand line depositional environment is postulated for this

member,

Sediments and intercalated flows probably origi-

nated from nearby volcanic areas of high relief and fluc-

tuating coastline. The extremely angular and poorly sorted

breccias are thought to be mud flows and/br talus accumula-

tions; the coarse, rounded conglomerate to be beach accumu-

lation; and the calcareous lenses to be lagoonal deposits.

Gilluly (7) ettributed discontinuity of limestone in
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the Clover Creek greenstone to extreme deformation. Such
deformation seems to be ruled out for limestone pods in the
thesls area, because the interbedded mudstones and conglom-
erates are not greatly deformed, nor can the vesicular vole
ecanic cobbles be traced laterally into the surrounding rock
as would be expected if both had been deposited on the sea
floor.

Boulder accumulation on beaches bordered by volcanic
highlands occurs today, as at ‘Yaquina Head on the Oregon
coast, where the boulders are also nearly all similer in
’oomposition to the surrounding highlands, ~ If the clastic
units of the Russel member had been deposited in a normal
marine basin, they should contein a much higher percentage
of "foreign" fragments,.

Age end Stratigraphic Relation. The Russel member is

Triassic; and possibly a large portion of the lower Trilassic
is included in this great thickness of volcanic flows and
detritus. A Trisssic fesuna, probably upper Triassic (16)
was collected from the Sugarloaf lentil, which is near the

center of the member.

The Russel member conformably overlies the Trinity
Creek formation and interfingers lithosomally with the
Norway member. In the area just east of Clear Creek
Reservoir, known locally as "the Pothole," bedded units of

the Norway member are exposed under portions of the Russel
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member. Gradation between the two members is best exposed
along the northern edge of the Potholes, where the contact
is arbitrary. The true relation of the two units is best
exposed on the divide between Soldier and Blue Creeks where
a long tongue of porphyritic metavolcanics extends into the
Norway member.,

An angular uncohformity exists between all units of

the Imnaha formation and Tertiary basalt flows.

Sugarloaf Lentil

The Sugarloaf lentil, a steeply dipping bgnd of de-
formed fossiliferous siltstone, sandstone, and conglomer-
atlc limestone, liberally interspersed with irregular pods
and stringers of coarse boulders, is exposed for sbout half
a mile along the southern flank of Sugarloaf Mountain, and
is completely enclosed by the remainder of the Russel mem-
ber. Local contortion within the unit is suggestive of a
very tightly folded syncline, but probably results from a
crumpling.

Petrography. Varicolored thin-bedded siltstone ex-

posed in discontinuous outerops is charsacteristic of this
unit, Most siltstone 1s green, but blue to purple beds

occur frequently. Bedding is emphasized by differential
weathering, as fine grained beds, inch to l inches thick,

3
-3
stand out in relief, separated by # to 1 inch partings of
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sandy material. Irregular pods and streaks of cobbles, and
scattered well-rounded boulders in ill-defined zones are
intercalated in mosf outecrops. (Figure 20)

The main constituents of the siltstone are angular to
subangular quartz and plagioclase grains with less sbundant
lithic fragments set in a dense matrix of blotite, magne-
tite, and very minor chlorite. Only volcanic textures were
recognized in the lithic fragments; many contain abundant
mierovesicles. Chloritic alteration and formation of sec-
ondary iron ore have obscured much of the originesl texture
in the lithic grains, but twinning is sharply defined on
many plagioclase grains,

Bedding is well defined in this section as chloritic
partings. Metamorphism equivalent to greenschist facies 1is
indicated by the assemblage blotite-chlorite-epidote-ac-
tinolite. All minerals except biotite are present in minor
amounts. Calcite is also present, but was probsbly an
original component.

Conglomerates are extremely discontinuous and varied
(Figure 17); no single type can be called characteristic,
but rounded to subrounded cobble conglomerate with ir-
regular calcareous lenses, in which individual cobbles are
separated by gray carbonate matrix, 1s distinctive.

Calcareous deposits range from conglomeratic lenses

to "beds" 12 to 25 feet thick, of about 50 percent



Figure 20,

Outerops of near vertical fossiliferous
siltstones and scattered boulders with

minor lenticular groups of cobble con-

glomerate in the Sugarloaf lentil, Most
fossils were taken from the outecrop in

the foreground,

Figure 21.

Small anticlinal flexure in calcareous

siltstones of the Norway member. Loca-
tion: 7430 feet elevation, SE:NW: sec.

2. T, 68, R A5 XK,

53
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carbonate, containing both dense and veslcular, angular
volcanic fragments scattered throughout. Outerops of con-
glomeratic limestone are extremely rough, as though the
dark clasts had been sprinkled on the white surface of the
carbonate.

Semple C-157, teken from limestone containing fine
" gravel, 1s composed of slightly rounded rock fragments,
quartz, plagioclase and possibly detrital calcite in a
thick calcareous matrix. Most rock fragments are meta-
volecanics, either thickly dusted or almost completely re-
placed by iron ore., Plagioclase microlites are aligned in
some clasts, randomly oriented in others; a few fragments
are so fine-grained that plagioclase is not distinguishable.
Chlorite, biotite, calcite, and very minor epidote are ad-
ditional alteration products.

A few grains appear to be fragments of sedimentary
rocks; very fine-grained quartz and possibly albite form a
mosaie which is irregularly dusted with hematite and magne-
tite.

Angular plagioclase grains showing strong oscillatory
zoning are common and are characterized by very little
alteration., Unzoned grains are more highly altered to
gsericite and show incipient recrystallization to albite.

Recrystallized calcite in small xenoblastic crystals

constitute 50 percent or more of the rock, but several
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large crystals are completely surrounded by rims of much
finer grained calecite mixed with hematite eand biotite,
Such erystals may have been origineal clastic grains.

Formation of albite, chlorite, epldote, and secondary
iron ore, accompanied by recrystallization of calcite, in-
dicates low grade metamorphism., However, presence of rel-
f{ct minerels shows that equilibrium was not reached.

Thickness, The Sugerloaf lentil is about 600 to 800
feet thick and was included in the estimeate of thickness
for the entire Russel member.

Fossil Content. A poorly preserved, but varied fauna

was collected from the Sugarloef lentil (Fl-5). Muller
(16) states: "I have pretty good indication that lot Fl=5
is Triessic, probebly Upper Triassic." The fauna consists
of pelecypods, gastropods, and a single coral.

Provenance snd Environment of Deposition. Large boul-

ders scattered through fine-grained sends and silts which

show no evidence of scour could only have been emplaced by

gravity. Any current sufficient to transport them would
erode the finer deposits. Regularly bedded, fine-grained
sediments accuﬁulate in quiet water below wave base

(18, p. 593), yet the presence of carbonates and pre-
Cretaceous lime-secreting fossil forms indicate shallow
water deposition. (10, p. 596) Therefore, the Sugérloaf

lentil is believed to have accumulated in a narrow coastal -
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embayment protected from wave action and closely bordered
by rugged highlands., The bottom of the bay or arm may have
conteined irreguler potholes where fine muds accumulated
between iIntermittent deposition of sand.

Most sediment was derived from the surrounding land
through erosion and volcanic aotivity. Micro-vesicular to
pumiceous fragments prove explosive vulcenism, end it seems
unlikely that the larger boulders could have accumulated
except by rapid dumping into quiet water, No indication of
turbidity currents was found.

Age and Stretigraphic Relation. The Sugarloaf lentil

is tentatively dated as Triassic on the basis of the above
fauna,

The unit is cut off on the north by unconformably
overlying Columbie River basalt. A narrow spur, extending
southwest from the west end of the lentil, end another iso-
lated outcrop to the west suggest original continuity with
the lower portion of the Norway member. Similar lithology

further suggests such a relationship.

Norway Member

The name Norway member 1is proposed to designate a
thick marine sequence of heterogeneous clastic material and
intercalated pillow lavas. The member constitutes the up-

per portion of the Imnsha formation, and is best exposed on
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the ridges enclosing Norway Basin in the west central part
of the thesis area. Structure is well defined only in the

lower portion of the member,

Distribution and Expression. Total distribution of

the Norway member is unknown; the unit occuples a north-
south belt about 3 miles wide in the thesis area (Pl-1),
extends south to Simmons Mountain, and eppears north of the
Imnaha River on Marble Mountain, Typical exposures are
rugged blocky outcrops and steep ridges. (Figures 22 and
23) Dark colorations end bold cliff-forming outecrops per-
mit easy recognition,

Petrography. For ease of description the Norway mem-

ber is divided into three parts: bedded units, pillow
breccia, and}pillow lava., It must be emphasized, however,
that no stratigraphic division exists between the parts.
Bedding is found irregulerly throughout the member, but is
a common end consistent feature only in the lower portion,
Junbled, massive breccia becomes more abundant in the upper
portion. Pillow laves are a frequent and persistent fea-
ture of the member at all levels, Scattered irregulear
boulders of derk red chert occur as talus on the west side
of Bear Creek canyon, but none was found in place, so the
exact relation to the bedded units and pillow lavas is not

known.
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Figure 22, Typical outerops of the Norway member,
highly epidotized at this locality.
Contact with overlying Lower Sedimentary
Series drawn in upper left corner.

Figure 23. Typical somber ridges of Norway member
composed of breccia and pillow lavas.
Contact with overlying Lower Sedimentary
Series drawn in upper right corner.
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Bedded Thin bedded light gray, green, and purple silt-
Units stones, sandstones, gravels, and calcareous conglom-
erates are characteristic of the lower lNorway member. The
best exposures are in the Potholes, east of Clear Creek
Reservoir. (Figure 9) The beds var§ in thickness and se-
quence but series of fine-grained green and purple silt-
- stone beds 1 to l inches thick are generally separated by 1
to 6 feet of celcareous conglomerate, The calcareous con-
tent varies from minor cementing material in the gravel to
more than 50 percent of the rock., Fine conglomerates with
few clasts longer than 1 inch across occur et infrequent
intervals in beds from 1 to 12 feet thick. From Bear Creek
west, bedding decreases rapidly in frequency and continuity.
Local flexures are common, (Figure 21)

The siltstones are feldspathic and'lithic graywackes
composed of fine, subangular to subrounded quartz, plagio-
clase, end lithic grains embedded in a recrystallized ma-
trix clouded by leucoxene. Quartz is a minor constituent
which seldom comprises 10 percent of the rock. Plagloclase
is generally highly eltered to calcite-ﬁlbite-sericite
intergrowths with only an outline of the original grain
preserved; a few grains with sharp twinning and progressive
zoning appear unaltered, However, such crystals generally
have an index of refraction less than balsam so original

composition is doubtful. Lithie grains are pfedominantly
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highly altered volcanic fragmeﬂts, recognized only by heavy
matted alteration products and microlitic plagloclase.

Most fragments contain micro-vesicles filled with csalcite
end greenschist assemblages. In C-220, recrystallized cal-
clte constitutes more than 50 percent of the rock, but
whether the calcite represents originsl greins or cement is
not clear.

The sandstones are typical feldspathic and lithie
graywackes differing from siltstones only in size of con-
stituent grains, Lithic grains are prodominantly volcanie,
but infrequent sedimentary fragments occur. A high per-
centage of magnetite is present in C-22l, causing strong
deflection of a compass needle in the fileld.

The rock most characteristic of the lower portion of
the Norwsy member is a recurring conglomerate composed of
anguler, scoriaceous cobbles which are genersally separated
by calcareous cement. These conglomerates generally occur
in strete less than 10 feet thick with strong blue to pur-
ple coloration on the weathered surface. Freshly broken
rock has a reddish-white maetrix end dull gray to black
clasts. More repid weathering of the calcite matrix caused
extremely rough, pitted surfaces.

Thin sections from finer portions of such conglom-
erates are largely calcite and altered micro-vesicular vole

canic fragments. Hematlite produces the red coloration.
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Nearly all clasts contaein mierolites or crystallites of

altered plegioclase but no other original minerals are
recognizable. Iron ore is usually concentrated around
outer rims of the clasts and around the vesicles. Biotite,
chlorite, and calcite occur as alteration products of the
clasts, but are best formed as vesicle fillings, In C-187,
fine blotite flekes are extremely abundant and thickly
matted throughout the slide.

Hematite and calecite were originsl cements, but it is
not certain whether calcite grains also existed. Other
minerals typical of the greenschist facies have formed dur-
ing low-grade metamorphism, The abundance of secondary
megnetite and the microlitic texture aﬁggests that the
clasts may have been glassy.

Minor amounts of pyrite, apatite, and zircon are
present. Pyrite occurs infrequently as euhedral cubes up
to 0.5 mm, Apatite is & common accessory. A single de-
trital grain of euhedral zircon is present in section
C~-205F,

Textures, although greatly obscured by alteration
products are sufficiently recognizable to be placed in two
classes: clastic and pyroclastic., Typical sandstones and
conglomerates fall into the first group and are discussed
no further, Many dark-colored, fine-grained beds contain

shardy patterns, pumiceous fragments, and dark-rimmed,
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scoriaceous clasts indicative of pyroclastie origin.
(Figure 2l) Rounded blebs and sinuous ribbons of magnetite
form outlines closely resembling vitroclastic texture as
pletured in Williems, Turner, and Gilbert. (33, p. 151)
Lacy pumice shards are shot through with tiny vesicles, and
contein hairlike plagioclase microlites, but are otherwise
complefoly altered to chlorite and magnetite, (Figure 25)
Larger clasts frequently rimmed by heavy accumulations of
megnetite are suggestive of original palagonitic material
in lithic tuffs, (C-231)

As these rocks are usually bedded and show all field
Indications of water deposition, they should properly be
called volcanlic siltstones after Hay., (10) Two particular
rocks, spparently actual tuffs, deserve special description
because of lithologic peculiarity and structural signifi-
cance: (1) fine lithic tuff, and (2) welded or crystal
tuff., They are exposed together in two locelities, and in
each occurrence the first is stratigraphically approxi-
mately 50 feet beneath the second.

(1) A highly sheared, fine-grained purple roek with
sinuous gray patterns on the weathered surface crops out in
ledges 15 to 20 feet thick below East Lekes Reservoir and
along the Ice Creek Trail. On fresh surfaces the sinuous
gray ribbons are not visible, and the purple coloration is

less pronounced,
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Figure 24, Photomlecrograph showing typical micro-
vesicular clast and tuffaceous (?)
texture of fine-greined beds in the lower

Norway member, (X 130) plein light.

Figure 25, Photomicrograph of microvesicular pumice
clast in siltstone of Norway member,
Note altered plagioclase microlites and
heavy sccumulation of magnetite. (X 130)

plain light.
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Miecroscopically this rock consists of albite, calcite,
hematite, thorite, and quartz, none of which is primary.
Outlines of ofiginal plegioclase, now filled with a fine
-albite moseic or elbite-calcite intergrowths, show definite
preferred orientation roughly parallel to shearing.
Hematite 1s concentrated in thick bands and streaks of
finely divided, dustlike particles, and accompanies magne-
tite as heavy borders around prismatic areas which are
filled by fine intergrowths of quartz, caleite, chlorite,
and rare albite. The outline and alteration products are
- suggestive of originsl pyroxene; Relations are obscured by
a finely divided, scaly mat of chlorite and sericite (?).
Granoblaatic quartz forms small lenses and irreguler bands
through the rock.

Elongate volcanic grains are revealed by vague out=-
lines and microlitic texture., Grain borders are very ir-
regular, but may have been partly replaced. Circular areas
of quartz-chlorite-calcite within the grains show sugges=
tion of flow around clasts, but metted accumulation of
chlorite prevents certain identification.

The texture is cataclastic to schistose, marked by
twisted calecite cleavage and twinning and by hematite
streaks. Sinuous bands of hematite form bulbous and
arcuate patterns (vitroclastic texture) which interrupt

alignment of plegioclase microlites. Such disruption
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would not be likaly'if the microlitic alignmenyfwﬁz/;;e re-
sult or'shearing stress,

The rock is therefore thought to be a lithic-turf now
metamorphosed to greenschist, lMetemorphic recrystalliza~-
tion and shearing have so altered the relations that a
definite origin cannot be stated. Shearing is believed to
have resulted from movement along the Bear Creek Fault.

(2) A light gray band of crystal or welded tuff 10 to
15 feet thick can be traced continuously for half a mile
southwest along the east side of the ridge from the point
where Ice Creek Trall crosses the 7520-foot contour, but
ends abruptly near the edge of ‘a shallow ravine west of
East Lakes Reservoir. (Pl-1l) A similar but slightly thick-
er unlt crops out at an elevation of 7250 feet immediately
northeast of the reservoir, but cen be traced laterally for
only about 200 feet.

Microscopically the two rocks are indistinguishable
except for degree of alteration, Both thin see¢tions, C-218
end C-226, are composed of large (0.25-2.5 mm) quartz end
sodie oligoclase grains set in a fine granoblastic quartz-
albite-sericite matrix, (Modes in Figure 26) Two kerato-
phyre grains aere present in C-218, none in C-226, Most of
the grains "float" freely in the matrix, but occasionally

two or more grains are in contact.

Quartz grains have been corroded and embeyed by the
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recrystallized matrix, Narrow, rounded embayments extend
to the centers of meny grains, and irreguler, rounded cores
of the matrix are common in quartz. Serrate cusped borders
on quartz grains indicate replacement by the matrix, but
replecement has generally been most active along fractures
in the quartz, and frequently several tongues join to iso-
late fregments of the original quartz crystel.

Crystals of albito-oligqclaso, An8;12, appear only
slightly altered with sharply defined complex twinning
under crossed nicols, However, under plain light they ap-
pear clouded and patchy. Because of the complex twinning,
unlikely in meteamorphic erystals, albite-oligoclase is con-
sidorod_to be original.

. The metrix is predominantly quartz and albite, but
finely divided sericite is also an important constituent.
Very fine, scattered iron ore and irreguler clusters of
chlorite and epidote are minor., Chlorite tends to be con-
centrated as narrow borders on plegioclase, showing pref-
erence for alternate twin lamellae.

The southern outerop eontains irregular nodules which
appear to be pale bluish chert in hand specimen, Micro-
scopically they are similar to the matrix just described.
Fine grains of quartz and plagioclase are visible, but
feathery albite is the dominant mineral, C. S. Ross (24)

lists corroded quartz grains as characteristic of acid
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tuffs. Corroded quartz grains and euhedral plagioclase are
known also from welded tuffs near Bishop, Celifornia,

(33, p. 155) A quartz-albite-sericite matrix is common in
slightly meteamorphosed tuffs. (33, p. 154) Therefore, this
rock 1s considered to be crystal tuff.

The relation of the two exposures“is not certain, But
they are thought to be faulted sections of the same bed,
because of the similar occurrence of the highly sheared
purple beds beneath both exposures,

Two edditional bedded units deserve special considera-
tion because of their isolated occurrence and structural
significance,

Silicified mudstone crops out }n e series of laminated
beds 20 to 25 feet thick at en elevation of 8750 feet on
the ridge southeast of Red Mountein, (Pl-1l) These beds
provide the best clue to structure in the upper portion of
this member. (Figure 27) The rock bresks into sherp irregu-
lar fragments without reference to bedding. Angular frag-
ments of quartz and plagioclase with minor elongate sedi-
mentary grains are enclosed in a silicified matrix. The
relations and textures are greatly obscured by the forma-
tion of chlorite and leucoxene, but definite laminase agver-
eging 5 mm thick are still visible. Grading was not re-
cognized,

Exect origin of the beds is not certain, but they



Figure 27.

Silicified mudstone dipping away from
Pine Creek Fault. Location: 8750
feet elevation, half a mile east of
Red Mountain

Figure 28.

Pillow lavas characteristic of the
Norway member. Note concentric struc-
ture. Location: 7300 feet elevation
NE:SW: sec., 6, T. 6 S., R, 46 E,

69
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probebly represent action of turbldity currents as there 1is
no other indication of deep water deposition.

A small lens of thin-bedded brown siltstones about 25
feet thick, which appears unconformable with the breccias,
ocecuples a shallow swale on the crest of the ridge east of
Norway Basin (7850 feet elevation, NWiNW sec. 10, T. 6 S.,
R, 45 E,) The lens is so small (only about 350 feet long
by 200 feet wide) that its true aigniffcance is unknown,
but the dip is nearly at right angles to reliable dips
northeast of East Lakes Reservoir,

Pillow Pillow breccia is & name coined by Henderson
Breccia (11, p. 29) to designate angular, unsorted brec-
cies intimately essociated with pillow laves in the
Yellowknife district, and considered by him (11, p. 31)
to heve formed by the ejection of hot lava into water.

The upper portion of the Norway member is composed
predominently of engular to subrounded, unsorted vesicular
brececis. Vesicular to scoriaceous boulders and fragments
of dark colored sphanitic lava are virtually the only rock
type present in the breccis. They are set- in a sandy,
usuelly somewhet calcareous metrix., Bedding 1s uncommon,
but oceurs et scattered localities. Boulders reach 14 to
18 inches in diesmeter, but cobbles 4 to 8 inches are domi-
nant, Many of the larger bquldors sre indistinguishable

from sssocisted pillows; others conteining arcuste bands
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of vesicles are clearly fragments of pillow structure, but
vesicles form no recognizable pattern in some bomblike
clasts.

Thin sections of finer portions contain sand to grit-
sized, microvesicular, voleanic fragments., Rounded to el-
liptical veéicles filled with gfeenschist mineral are very
abundant, Most clasts contein thin needlelike microlites
of plagioclase, but many are altered to a dense mass of
iron ore thickiy sprinkled with rounded vesicles, Vesicles
are generally rimmed by concentrations of iron ore which
thin out gradually into the rock.

Typlcal assemblages of both greenschist subfacies are
common, The biotite~chlorite subfacles 1s represented by
assemblages:

(1) epidote-albite-chlorite-(quartz-biotite)

(2) actinolite epldote-albite-chlorite-(quartz-

biotite)
The muscovite-chlorite subfecles is represented by:

(1) muscovite-epidote-chlorite-(quartz-alblte)

(2) epidote-chlorite-calcite-(quartz-alblte)

Both biotite and muscovite are present in some samples and
indicate a transition between the two subfacies.

Mineral characteristics are typical of the greenschist
facies. Chlorite is very asbundent in bright green to yel-
low-green patches and rounded aggregates which show no

reference to clast borders. Interference colors vary from
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dull olive-brown to bright purple. Chlorite is best formed
88 blades intergrown with biotite in vesicles. Biotite is
light green to dark brownish green; it occurs as vesicle
fillings, fine borders on clasts, and in finely divided,
extensive aggregates. Epldote forms irreguler grains, eu-
hedral laths, end distinctive spherulites; amounts vary,
but partial vesicle fillings of epidote are common, BElue-
green actinolite is usuelly minor in amount, ocecurring most
frequently on the clasts in irregular needles and tufts,
Feathery sggregates of alblte and albite-sericite-calcite
pseudomorphs after plagioclase are generally present., KRe-
lict, highly eltered plagloclase i1s present in C-275; epi-
dote, sericite, and a dark brown amorphous mat cover most
grains.,

Hematite is the only other original minersl recognized,
It is considered to have formed a partial cement in local
ereas of the originel rock. GQuartz is a common but minor
constituent, usually occurring as lenticular groups of
granoblastic grains., Accessory aspatite and sphene also
occur frequently.
Pillow Dark, fine-grained, vesicular, spilitic pillow
nggg lavas occur frequently in the Norway member; lava
without pillow structure is rere., Individual pillows are
rounded ellipsoids 8 to 60 inches long, and typically de-

fined by concentric vesiculer bands and spongy cores. No
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connection was observed between pillows; irregular moulding
around adjacent pillows is common, Continuous, dense
"eell-walls" frequently separate individual pillows

(Figure 28), and interstices filled with breccie or calecite
are common, Caleite fillings of interpillow spaces, broken
pillows, and spongy pillow cores are common in the vicinity
of East Lekes Reservoir,

Well defined pillows are generally localized in len-
ticular or irregular areas., Wher§ exposures are continuous,
as along the ridge east of Red Mountain, pillow structure
grades imperceptibly into coarse engular breccia., Because
of extreme jointing in the area, to distinguish between
pPillow lava and associated breccia is difficult.

A series of unusual outcrops, believed to be profile
sections across individual flows, occurs in W& sec. 6, T.

6 S,y R. 45 E, Well-formed pillow lavas in rounded
"wedges," 75 to 150 feet thick by 200 to 300 feet wide, are
seperated end enclosed by ecross-bedded sediments., Parallel
groups of foreset beds dip into the "valleys" between flows
at nearly right angles to the regional dip. (Figure 29)

The sides of the flbws are steep, 4O to 60°, but show no
evidence of intrusion. It seems certain that parallel
tongues of viscous lava flowed from the east, leaving nar-

row ridges to be covered by sediment.

The pillow lavas were originally of andesitiec
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composition; albite has partially or entirely replaced

original plagioclase to form spilite. Composition of re-
cognizable relict plagioclase varies from An30-h0 to
Anjg.)0. No relict mafic minerals were recognized.

Albite-celcite~sericite pseudomorphs are best devel-
oped after plagioclase phenocrysts, but also replace micro-
lites of plagioclase. Generally calcite and sericite form
borders around centers of clear, infrequently twinned al-
bite. Sericite is less abundant than either celcite or
elbite, but well-formed tebular erystals up to 0.3 mm long,
more properly called muscovite, are present in several
sections,

Biotite-chlorite intergrowths in rounded aggregates
end scattered irregular patches are common throughout the
rock, but ere best developed in vesicles, Chlorite is
often concentrated as narrow bands around inside edges of
vesicles, Blotite varies from pale green to brown, but
dark green blotite with brown tints is typical., Small
tabular erystals of both minerals form rasdiating sheaves
either alone or as intergrowths. None of the sheaves show
deformation,

Blue green actinolite occurs frequently, either as
individual needles, fibrous laths, or tufted clusters. It
often extends into vesicles from the surrounding rock.

Epidote 1s present in nearly every slide in widely
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Figure 29, Crossbedding neer pillow lavas of Figure
28, Hammer rests on bedding plene; hen-
dle bisects foreset beds (fine gravel
stresks). Location: 100 yds SW of
Figure 22,

Figure 30, Outerop of strongly sheared crystal tuff
in the Blue Creek lentil. Note stretched
rains, Location: 7500 feet elevation,
mile W, of Blue Creek.
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varying emounts, Euhedral laths, anhedreal grains, clus-
ters, and spherulites are all common forms of epidote in
the spilitic lavas.,

Iron ore is very abundant; magnetite, pyrite, and leu-
coxene are all present. Magnetite grains occur throughout
the rock, but are conspicuous as heavy rims around vesicles.
Spongy leucoxene forms an obscuring mat, often over large
areas. Pyrite occurs in cénspicuous, but never abundant,
small euhedral cubes,

Other minérals occur frequently, but are not present
in all rocks. Quartz generally forms clear lenticular
patches of granoblastic grains, either alone or intergrown
with elbite and calelite. It is definitely secondary in all
slides but C-274, where two large (2 to 6 mm) greins are
- rimmed by chlorite. The relation is not certain; these
crystals could be either phenocrysts or vesicle fillings.
However, vesicle fillings composed of single grains are
rare, and these grains are thought to be phenocrysts.
Clinozosite occurs in a single slide, C-274. Other minor

minerals are sphene and apatite.

Vesicles are filled with intergrowths of two or more
greenschist minerals; biotite-chlorite-epidote aggregates
occur most frequently. The bladed minerals occur in
rounded undeformed shesves. Well-formed, radisting spheru-

lites of epidote fill smaller vesicles and in many sections
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are the major vesicle filling, Vesicles in C-349 are al-
most entirely filled with albite; epidote is uniformly con-
centrated albng the seme side of nearly all vesicles in the
rock., Indication that vesicles were filled after solidifi-
cation of the rock is seen in C-3lly where concentric hemi-
spherical bands of hematite marked the outlines of progres-
sive filling of vesicles with calcite.

Blestoporphyritic vesicular textures with plesgioclase
phenocrysts less than 2 mm long are characteristic of these
pillow‘lavas. Glomeroporphyritic clusters of plegioclase
ere rare (C-347), end no coarse clusters, so characteristic
of the Russel member, were seen in the Norway member.
Groundmass microlites are small laths to needles set in
thickly matted chlorite-biotite-actinolite-iron ore aggre-
gates. Streaming of the microlites is not usually well
developed. The original rock may have contained glass, but
alteration products are too extensive to be certain., How-
ever, oonﬁontration of magnetite as vesicle rims is sug-
gestive of glassy textures.

Metamorphism is more advanced, though spotty, in the
Norway member than in the Russel member; this condition is
particularly noticeable in the spilitic laves where equi-
librium in the greenschist facles has generally been
achleved, Albite is much moré abundent in this member. No

certaln explanstion can be formulated without more dotai;od
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work, but reaction of the lava with Na available in the
sea water at the time of extrusion is suggested. Turner
end Verhoogen (30, p. 209) suggest that albite can form as
the result of sea water streaming up through hof lavas.

Thickness. Computations from the maep indicate a
thickness of sbout 8500 feet for the Norway member, How-
ever, some repetition has been produced by faulting, and
scanty structural information limits accuraey. Therefore,
the Norway member is estimated to be between 6000 and 8000
feet thick,

Depositional Environment and Provenance. The Norway

member is considered to have been deposited in moderately
deep to shallow coastal seas with adjacent volcances. As
the great thickness could only accumulate in a sinking
trough, volcanie¢ islands are more likely than a continental
mass.

Well stratified sedimentary units with intercalated
calcareous beds indicate marine conditions and deposition
in quiet water below wave base. Decreasing regulerity and
frequency of recognizable beds may indicate decreasing
depth and greater turbulence. However, an increase of fre-
quency end size of lava flows forming both brececia and
pillow leva seems more likely. Henderson (11, p. 29) sug-
gested that coarse breccia associated with pillow lava

merely represents granulation and shattering of lava



79
ejected into water, and that pillow lava end pillow breccisa
differ only in degree of shattering. Decause of the gener-
al lack of stratification in the breccia end the indistinct
contact between lesva end breccla, thlis seems a satlisfactory
hypothesis for the Norway member, Part of the breccla was
undoubtedly formed from the breakup of pillow lava as par-
tisl pillows can be recognized in the breccia., The immense
volume of the breccias relative to lavae rules out complete
derivation from the breskup of associated pillow lava after
solidification,

Henderson (1ll) considers pillow lavas as merely a dis-
tinetive type of brececia., This conclusion seems warranted
for the Norwasy levas because concentric bands of veaicles
could have formed only if each ellipsoid was an entity.
Similer, concentrically banded pillows have been described
from various parts of the world (13), end have generally
been attributed to individual globular masses formed upon
ejection of hot lava into water.

Age and Stretigraphic Relation., The lower Norway mem-

ber is considered equivalent to the Sugarloaf lentil,
probably Upper Trisssic (16)., The entire member is plaes
than the Lower Sedimentary Series which 1s known to be
Upper Triassic (26, p. 8).

The Norwey member is in faulted contact with the Upper

Triessic Lower Sedimentary Series except for a small area



80
east of Red Mountain. In this locality the younger forme-
tion occupies a small shallow syncline resting unconform-
ably on breccias of the Norway member; crumpled silicified
mudstone of the Norway member exposed within 150 feet of
the contact dips steeply northeast. (Figure 27) However,
such angular unconformity mey not be consistent for the en-
tire formation. Shear planes in the overlying unit tend to
obscure bedding, and full effects of the adjacent Pine
Creek fault are not known.

The Blue Creek lentil is enclosed and interbedded with

brecclas and lavas of the Norway member,

Blue Creek Lentil

The name Blue Creek lentil is used to designate a.
small area of highly indurated clesstic rocks which are
1ithologicelly distinect from interfingered and surrounding
breccias and lavas. The lentil is well exposed in rounded
outerops between Blue and}Fly Creeks on the south side of
the Imnsha Cenyon. Light colors and "clean" appearance set
this unit apart from the derk-colored, "dirty" breccias.

Petrography. The lentil is composed predominantly of
fine light-colored conglomerate and coarse sandstone.
Anguler to subrounded volcanie and sedimentary rock freg-
ments are tightly compressed in a siliceous matrix to form

a dense hard rock which breasks across grains, Weathered
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outerops are smoothly rounded; surface irregularities are
pronounced only where lenticular calcareous sareas have been
partially removed by weathering. Matrix forms a very low
percentage of the rock in most congloﬁerate outcrops; ex=-
treme compaction is oharactoriétic.

As seen microscopicelly, sandstones are composed of
slightly rounded, porphyritic, and pilotaxitic volceaniec
grains. (Modes in Figure 31) Several textural varleties
can be recognized, but actual composition cannot be deter-
mined., Much of the plagioclase has been altered to albite,
sericite, and calcite; no relict mafics are present. Ve-
sicular clasts are rere, Green biotite, chlorite, and epi-
dote are thickly scattered through all clasts. Quertz and
calcite are well developed in the cementing matrix, but
granular epidote and sggregates of biotite and chlorite are
also common in the metrix, especially as rims and exten-
sions of the clasts. Fragmental detritus of larger grains
is notably lacking in most conglomerate, thus causing the
"elean" appearsnce. Sedimentary rock fragments were not
recognized in thin section, but are occasionally present in
outerop in the western portion of the lentil.

Thin, 1 to l-inch, gray-green and dark, reddish purple
beds of fine tuffaceous (?) siltstone alternate at irregu-
lar 6 to 18-inch intervals with crystal tuffs and lenticu-
ler conglomerate through asbout 150 feet of section on the
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PLAGIOCLASE ROCK FRAGMENTS

Modal enelysis of typical samples from the 3lue Creek lentil by volume percent.
Quartr is indicated by the trian-les. Sawvple 218 from the Norwav member is plotted

to show the relation to the crystel tuffs rrouped in the upper 1= 7t =ide of the
diapran.
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west side of Blue CreekJ{TZOO feet elevation). Lateral
gradation 1s well developed; sequences cannot be traced
from outerop to outerop, Yt persistent purple bands mark
all outerops in a local area., This purple rock contains
fine needlelike plegioclase which was recognized by pseu-
domorphous aggregates of albite-sericite-calcite and grain
outline, Formation of matted chlorite has so obscured
original textures that no other clasts are recognizable.
Secondary calclite, epidote, and quartz have developed in
minor amounts,

Needlelike plagioclase grains seem incompatible with
reduction of grein size produced by abrasion during water
transportation. However, such forms could easily result
from eruption and transportation by eir. The thin purple
bands are interbedded with erystal tu:fs; therefore, they
are called tuffaceous (?) siltstones.

Rounded concretionary masses of caleite 1/16 to % inech
in diaﬁeter are liberally sprinkled through sn exposure of
similar rock at 7500 feet elevation half a mile east of Fly
Creek. Chlorite has grown between calcite grains in the '
concretions, but no definite cause for the concretions can
be recognized. The rock is an altered feldspathic silt-
stone without definite tuffaceous features. However, Ross
(23, p. 182) described somewhat larger calcareous concre-
tions in tuff.

Crystal tuff beds, microscopically identical to those
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in the Norway member proper, are very common in the Blue
Creek lentil., The tuff is generally exposed in unstrati-
fied outerops 10 to 50 feet thick. Bedding is never pres-
ent within the tuff, and only the surrounding beds reveal
structure, In hend specimen the rock appeers to be =z
quartz-bearing, feldspathic sandstone, colored light bluish
gray on fresh surfaces. Quartz grains are large, 1/8 inch
or more, end sufficlently abundant to be striking. These
grains, microscopically revealed to be corroded, are a dis-
tinetive feature of all thin sections., Crystal tuff is
found throughout the lentil, but no single bed or horizon
could be traced for correlation.

The strong resemblance between these tuffs and similer
tuffs in the Norway member proper is graphicelly shown in
Figure 31, All samples form a closely compect group on the
chart. Sample C-lj from the Trinity Creek formation also
falls in this group.

Semple C=26l, strongly deformed by shearing, was taken
from sbout 7500 feet elevetion immediately west of Blue
Creek. (Figure 30) Clasts are stretched and dragged out,
but lenticular groups of alteration products contain unde-
formed biotite.

Thickness. The Blue Creek lentil has a maximum thick-
ness of about 1400 feet. No repetition is indicated by

structure so the computations should be accurate.
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Depositional Environment and Provensnce. The exact

environment in which this lentil formed is not certain.
Flows which formed breccie pillow lavas were for some un-
known reason ebsent from the area of accumulation., Because
of the general lack of extensive calcareous units, and an
ebundance of slightly rounded, generally well sorted con-
glomerates, a shallow coastal lake or lagoon fed by small
streams is postulated as the depositional environment.
Another possibility is a small bay at a river mouth. How-
ever, no crossbedding typical of deltaic deposits was found
in the fiéld. It seems certain that the area was fed by
streams because of the much larger accumulation of crystal
tuff then in the surrounding portions of the member, and
the better sorting definitely indicates greater reworking
by water,

The provenance area was nearby, and vulcanism was
active., Such conditions are clearly indicated by esbundance
of tuffs, slight rounding of clasts, and compositional im-
maturity of the rock. Mechanical breaskdown more effective
than chemical decay is indicated by the feldspathiec

detritus.

Lower Sedimentary Series

Upper Triassic units stretigraphically underlying the
Martin Bridge limestone were called the Lower Sedimentary
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Series by Smith and Allen. (26, p. 8) The designation is
retained in this thesis for a tightly folded, sedimentary
sequence which i1s well exposed on both sides of Cliff
River, and which underlies Martin Bridge limestone., Out-
crops are easily recognized by the cheracteristic rusty
brown weathered surfaces; Red Mountein takes its name from
this coloration.

Petrography. The Lower Sedimentaery Series in the

thesis area is predominantly composed of thin repetitious
beds of fine-grained pyritiferous sandstone. Large aresas
of coarse, jumbled conglomerate are also present; most of
the area south of Red Mountain summit is devoid of recog-
nizable bedding. Fine, bedded conglomerate occurs in the
formation, but is far less sabundant than the finer thin-
bedded sandstone.

Sandstone., Fine-grained pyritiferous sandstone is
typlcally exposed in thin, well defined beds. Individual
beds, characteristically £ to 2 inches thick, reach 1 foot
in thickness. Each bed is sharply defined, usually by a
derk line or sharp chenge in grain size. Typlcal outcrops
contein hundreds of beds, Generally the grains are too
fine and too well sorted to permit field recognition of
graded bedding, but most of the thicker beds are distinctly
graded.

Freshly broken surfaces are dark gray to black with a
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fine, greainy texture. The characteristic rusty brown color
is present only on weathered surfaces. Discoloration is
caused by the breakdown of pyrite to limonite, but the dark
browns or grays result from e high content of volcanie rock
fragments,

The sandstones are lithic and- feldspathic graywackes,
firfmly cemented by recrystaellization of the chloritic me-
trix, A high degree of compaction suggests that the ori-
ginel metrix wes relatively minor. Most semples studied
were inadvertently collected from within thermal aureoles
of the Cornucopia or Coral Creek stocks, and show thermal
conditions superimposed on regionel greenschist metamorph-
ism, These specimens are so sltered that accurate modes
for the originel sandstone can not be determined.

Recognizable constituents include rock fragments, and
grains of plagioclase and quartz. Plagioclese and rock
fragments ere asbout equally divided, but quartz 1s minor.
Volecanie roek fragments contain no relict minerals except
mierolitic plegioclase, and albitic replecement is far
advenced in the microlites. Detrital grains of plagioclase
are also in an advenced stage of albitization. All tex-
turel relations are greatly obscured by a matrix consisting
of chlorite, green biotite, actinolite, and quartz, but in
the least metamorphosed samples, individusl grain outlines

are recognizable. In more altered semples, blestopsemmitic
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to hornfelsic textures, in which only bedding can be recog-
nized, are more common,

Assemblage of the hornblende hornfels facies, marked
by dark red-brown biotite and plagloclase more calclc then
albite, are present in all samples taken south of the sum-
mit of Red Mountain, Bedding is marked by color, texture,
and mineral content., In these samples, biotite is re-
stricted to certain leminse, indicating that the assem-
blages have developed in response to bulk composition of
individual beds. However, a narrow gradational zone in
which biotite greduslly disappeers, not a sharp breek, merk
the division between assemblages. Amphibole is much less
abundant in beds where biotite has formed. Definite iden-
tification of actinolite or aluminous hornblende could not
be made, but aluminous hornblende is more compatible with
the hornblende hornfels faclies.

Cheracteristics of the individual minerals are typical
of the hornblende hornfels facles. Biotite forms tiny
brown to red-brown disoriented laths, usually ealone, but in
C-237, biotite is formed from chlorite. Amphibole is typi=-
cally developed as pale to dark green tufts and fibrous
laths, but small fibers ere also present. Plagioclase is
rarely twinned, has "n" greater than balsam, and commonly
occurs as granoblastiec groups within recognizable outlines

of original erystels., Granoblastic quartz occupies rounded



areas, and may have formed from original greins, Irregular
grains of potash feldspar and spstite are minor accessories
which do not occur in all samples.

Abundance of pyrite is & distinctive and charascteris-
tic feature of the fine clastics. Euhedral pyrite cubes
are present in both greenschist and hornfelsic samples, but
have been largely altered to limonite. They are generally
ealso visible in hand specimen as cubes averaging about 1/8

inch escross.

Mudflow Conglomerate. Much of the jumbled conglom-

erate exposed on the south flanks of Red Mountain contains
extremely coarse boulders, commonly 1 to 3 feet in diame-
ter, scattered through a sandy, or gravelly matrix which
constitutes by far the largest portion of the rock. The
most persistent rock type is a2 fine-greained dioritic rock
with faintly mottled surfaces. Although the conglomerate
has an estimated thickness of several hundred feet, no bed-
ding was found, and the rock is similar in outerop to mo-
rainal deposits. Extremely rugged exposures and loose
talus prevent accurate delineation of the breccia unit or
units. This area closely fits a description of mudflow
breceia by Keunen and Carrozzi: (12, p. 367)

"Slide conglomerates or breccias ocecur interbedded

among normal rocks, These conglomerates can be

entirely isolated, or they mey be present in

groups with or without graded beds and 'pelagic'
beds between them, Although usually emplaced
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without marked erosion of the underlying beds,
local stripping of some thin beds for laminae
of underlying deposits may occasionally be
noted..."

Conglomerastes. Finer conglomerates interceslated with

thin-bedded sandstones are well exposed on the west side of
Red Mountein between elevations of 8000 and 8500 feet.
Rendomly oriented angular clasts of bedded sheale scattered
through & sendy matrix are exposed st an elevation of 8200
feet about half a mile N 10° W from the summit of Red
Mountain, Similar fragments sre common in the general
area, but are more frequently associated with assorted vole-
canic¢ cobbles in conglomerate., Scour is common in the
finer conglomerate beds and associated sandstone, but was
recognized nowhere else in the formation., In generasl, con-
glomerate beds ere much thicker then sendstone beds; they
average 1 to 6 feet.

Thin sections of grit-sizedAfragmenta show volcanic
‘textures denoted now only by asbundance and relation of
plegioclase microlites and phenocrysts. The cementing
matrix 1s composed of granoblastic quartz and aslbite, abun-
dant chlorite, actinolite, biotite, and fine fragments of
plagioclase and lithic grains. Detrital hornblende shows
fibrous overgrowths on deformed crystals in C=356.

Thickness. About 3000 feet of the Lower Sedimentary

Series 1s exposed in the canyon of Cliff River, As the
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eastern contact is faulted, true thickness cannot be meas~
ured in the thesis area. However, as the contact with the
Martin Bridge limestone lies just west of the thesis area,
the Lower Sedimentery Series is estimated to comprise 4000
to 6000 feet.

Fosgsil Content

Fossils were discovered at a single locality in this

formation west of the thesis area, A small fauna was col-

lected from a series of peper-thin, brown calcareous shale
laminae at the contact ageinst the Martin Bridge limestone
in the canyon of East Eesgle Creek.

This locelity, first discovered by D. E. Ogren and the
writer during a preliminery reconnaissance in the summer of
1957, is between 6800 and 6850 feet elevation, 3800 feet
west of the summit of Krag Peak.

Depositional Environment and Provenance. The Lower

Sedimentary Series is regarded as an offshore facies which
accumulated in a moderate to deep basin beyond the shelf.
Many features of this formation ere indicative of deposi-

tion from turbidity currents: (12, p. 364~367)

l. Regular bedding

2. Each bed maintains features through exposure

3. Sharply defined beds

L. Absence of scour in most beds

5. Coarse-grained beds thicker

6. Absence of crossbedding and other shallow water
features
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7. Graded beds

8. Cementing matrix

9. Associated mudflow conglomerate
Therefore, there is little doubt that turbidity currents
were the depositing agent for at least part of the forma-
tion, The coarse Jjumble of unsorted conglomerate south of
Red Mountain probably represents a submarine landslide.
Though more commonly associated with finer sediments the
sbundence of pyrite is a further indicetion of deposition
in e deep, poorly ventilated basin. (31, p.333)

Age end Stratigraphic Relation. The small exposure of

the Lower Sedimentary Series east of Red Mountain overlies
the Norway member with engular unconformity. Sandstone of
the Lower Sedimentary Series lies topographically over, but
stratigrephically under overturned Martin Bridge limestone
in the east wall of East Eagle canyon, As this srea was
not mapped, relations cannot be definitely stated, but a
superficiel reconnaissance revealed no indication of un-
conformity. Smith and Allen (26, p. 8) reported an "ap-
parent strong unconformity" between the two units in the

northern Wellowas.

Columbia River Basalt

The youngest rocks in the area are a series of basalt

flows which cap the ridges in the eastern part of the thesis
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ares, They hsve been included in the Columbls River beaaslt
by Ross (22) and by Smith snd Allen (26)., The besalt forms
relatively smooth, rounded ridges and precipitous canyon
walls, Persllel flows and dark reddish coloration meke the
basalts esslly recognizable for long distences. (Figure 32)

Petrogrephy. Columbis River basslt 1s typleelly exe
posed in a series of slightly dipping flows which weesther
to shades of red or brown; dense flows with poorly formed
platy structure or columnar joints are most typicsl, but
sbundant vesiocles pertislly filled with zeolites sre char-
scteristic of some flows. PFlllow structure was discovered
et & single locelity, (Pigure 33) Noat flow swrfeces sre
rether sparsely timbered, snd are marked by scoumulations
of loose, snguler to subrounded boulders. Large dikes of
gimilar besalt se wide as 50 feet are very comwon in the
western psrt of the area where all flows heve been removed
by erosion, :

The roeks ere composed of lawiéerito. pyroxene, snd
olivine, with.scoessory magnetite, apatite, and glass,
Modes of three typleal sanples are shown in Figure 3.

Labrddorite, Ango.gy to Angg.7g, shows complex twine
ning end only slight zoning. Fhenoorysts rerely reech 8
mm in length, but average 0,5 mm to 1 mm in length.
Lebredorite forms small disoriented laths which ere some-
times partially surrounded by augite.
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Figure 32. Exposure of Columbia River bssealt flows
on the west side of Deadman Canyon which
show minor faulting.

Figure 33. Crudely formed pillow structure in
Columbia River basalt. Location: NWi
NE%‘ sec. 3, T, 6 3., R, uSEo :



Sample lo, C=1lJy C-21l C~216
Labradorite 61.0 1s3 %9.2
Pyroxene 17.5 " | 5.1
Olivine 949 4.3 3.6
Apatite 0.% 0.5 el
Fe ore 5 8.2 11.3
Alteration products 6.0 10,9

Gless - 103 9.7
Total 100,0 00 100.0

Figure 34, Modes of three typical samples of Columbia
River basalt, Alteration products include
serpentine after olivine and devitrifica-
tion products after glass, .

Titeniferous augite and pigeonite are present and ir-
regular grains of both pyroxenes are commonly associated
with olivine in the groundmass., Pale purple auglte occurs
a8 twinned phenocrysts and as tiny grains in the ground-
mass. No augite phenocrysts larger than 0,3 mm long were
found, Pigeonite was recognized only by its low 2V,

Oiivine occurs as acattergd irreguler greins in the
groundmass. Although generally somewhat altered to serpen-
tine and iron ore, unaltered gralns are present.

Dark brown, lsotropic glass occurs in nearly every
slide e&s irregular patches and fillings between labradorite
laths and surrounding sugite. Glasss, in C-21l, 1s altered
to a fibrous red palagonitic mass which produces megascopic
red spots, and in C-193 a devitrification product similar
to chlorophseite is extensive, Small rounded areas are

composed of spherulitic flbers that superficlally resemble
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chlorite, but thelr birefringence is too high for chlo?ite.
Relations to surrounding minersals are identical to those of
glass, and glass is occasionally seen in the process of
alteration to these spherulites.

Thickness. The ridge west of Clear Creek Reservoir
conteins about 1500 feet of nearly horizontal lava flows.
Elsowhofe in the thesis area, bessalts are thinner or ab-

sent.,

Age and Stratigraphic Relation

No definite age can be given from the thesis aresa.
If these lavas are indeed Columbia River basalts, then a
' Middle Miocene age is well established (2, p. 83). Except
for Quaternary deposits, they are the youngest rock in the
area, Besalts cover an irregular erosion surface on tilted
eand folded strate of the Imnaha and Trinity Creek forma-

tions.

ggafernagx Alluvium

Quaternary alluvium is widespread; nearly every canyon
floor is choked with coarse debrls, probebly derived in
pert from glacial action and in part from rapid erosion of
the high ramparts. ©Subdivision into deposits of purely
glacial origin and deposits transported by water was at-

tempted during field mapping. Landslide deposits are also
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shown on the map.

'Glacial Moraines

Morainal deposits are divided into lateral moraines
and ground moraines., Glacial veneer is very widespread in
the area, and caused difficulty in mapping. Veneer is not
shown on the map, as to do so would obscure relations of
the principal map units,

Lateral Moraines, The best formed lateral moraines

are on East Pine Creek, where blocky boulders, pfsdomi-
nantly from the gabbroic stock, are piled into a long nar-
‘row ridge. Topographic expression, lack of sorting, angu-
larity of fragments, and frequent striations on fragments
definitely maerk this deposit as morainal. Position with

reference to the canyon indicates lateral relation to the

former glacief.

Less obvious moraines in Clear Creek have been altered

by postglacial erosion, Ross (22) referred to the deposits
on the east wall a&s "high gravels." Blocky gabbroic boul-

ders, as much as 8 feet in diameter, are scattered from the
brink to the floor of the canyon for esbout 1} miles., Such
large boulders could not have been transported the two or
more miles from thelr source by water because they are de-
posited at nearly the same level as the source. Water or

gravity trensport would have carried boulders into the
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canyon, not laterally along the rim, Post glacial erosion
cut notches into the moraine and removed much of the fines,
leaving areas composed entirely of huge boulders, This ma-
terial was redeposited as small fans at the end of shallow
gullies,

A sharp "headland" composed of loose boulders juts
into Clear Creek Canyon at the extreme south edge of the
map. The form and position at the end of a long morainal
wall suggest & breached terminal moraine.

Morainal material on the west side of the canyon
apilled out over Golumbia River basalt, and stands now as
a small ridge of loose, jumbled material, The slopes into
Clear Creek are covered with a dense growth of willow un-
derbrush, but no outerops of solid rock were found.

Other lateral moraines were recognized by characteris-
tic tongue shape, but are so similar to those described
that no special discussion is warranted, Many are too
small to have topographic expression on a map with an 80
foot eontour interval.

Ground Moraine. The floor of the shallow bowl imme=

dlately northwest of Fish Lake is covered by hummocky ac-
cumulations of detritus. Large erratics are frequent; the
largest recognized was over 20 feet in dismeter. Most of
the deposit has no form, but two narrow ridges extend into

the bowl., These ridges are accumulation of unconsolidated
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material behind abutments of resistant rock, Downstream
terminations are steep faces, and consolidated rock is
usually exposed for only a short distance, with rounded and
polished upper surfaces., Striae indicate movement parallel
to the ridges. Therefore, the ridges clearly were formed
by accumulation of englacial detritus on the upstream side

" of the abutments contemporaneously with downstream plucking.

Water-laid Deposits

Water-laid alluvial deposits are divided into three
categories: valley fill, alluvial fans, and alpine meadows.

Valley Fill. Narrow valley fillings have accumulated
at the base of steep canyon walls, indicating a greater
supply of sediment eroded from the highlands than the small
streams have been able to carry down relatively flat gla-
clal canyons., Only Cliff River and Trall Creek have ex~-
posed bedrock, Alluvium along Cliff River rests on the
flat glacial floor out of reach of the main stream, which
is entrenched in a narrow gorge.

A narrow "flood plain," covered by fine silty soil,
has formed along Clear Creek, but ends at the upstream side
of the morainal "headland" described above. A stream with
such & small catchment basin is not likely to produce this
"flood plain" from runoff water alone. Coupled with the

jutting "headland"” of morainal boulders, this "flood plain"
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glves strong'evidence of a smell postglacial lake formed
behind a terminal moraine,

Alluvial Fens., Near the head of Cliff River, on the

west slide of the canyon, a large alluvial fan has formed,
part of which extends into the extreme western edge of the
thesls area, The fan consists mostly of rounded to sub-
angular, poorly sorted, unstratified cobbles and boulders
with large amounts of finer material as interstitial fill-
ing, This deposit resulted from rapid erosion of adjacent
highlands and deposition from torrentiel runoff., Loose
material left by glaclal ice may have contributed detritus.
Alpine Meadows. Alpine meadows lend beauty and charm
to the area, All sizes and shapes are nestled ;nto little
basins, Each 1s level or nearly so, and represents fill-

ing of small postglacial lakes with fine sediment.

Landslide Deposits

Only one landslide was recognized; it forms an elon-
gate scar on the south wall of the Imnaha Canyon, just east
of Fly Creek.

Two other deposits, probably derived from repeated
snow slides, are shown high on the ridge east of Cliff
River, These deposits are slightly arcuate in form, and
are composed‘of semi-circular "bands" of angular boulders.

Each "band" is pushed tightly egainst the preceding one;
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crests are separated only by a narrow indentation. IHow-
ever, to one standing on the surface, the composite nature
of the deposit is clearly visible,

Each deposit 1s situated below a steep-walled, west-
faeing cup in which heavy snow accumulates. This position
end the composite nature lead to the belief that these
piles of loose detritus ere derived from frequent snow

slides,
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INTRUSIVE UNITS

Varied intrusive units occurring in the thesis area
are described in related groups as follows: Metadlorite
Group, wuertz Keratophyre, Fish Lake complex, Bostonite
Group, Corral Creek stock, Cornucopias stock, and Dikes.

The order of description corresponds approximately to age.

Metadiorite Group

A series of small metadiorite stocks crops out along
Trail Creek, Fast Pine Creek, and on Trinity Mountain,
None is more than & few hundred yards across, and outecrops
are not conspicuous., Exposures are generally in isolated,

somewhat rounded blocks,

Petrography
The metadiorite is dull green, blotched with white

areas of andesine. Only in the exposures on Trinity
Mountaln are individual mineral gralns recognizseble., 1In
this rock, slender andesine laths are loosely interwoven
through a dark green background.' However, samples from
each unit contain two distinct microscopie characteristics:
pale lavender, titeniferous augite and well-developed
skeletal crystels of titaniferous ilron ore.

Essential minersls are andesine, An30_3u’ pyroxene,
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and hornblende. Accessory minersls include iron ore, apa-

tite, and rarely zircon. Modes are shown in Figure 35.

Sample No, C-199-B C=15 C=3608
Andesine 59.% L9.7 L7.9
Augite Te 5- 7 905
Hornblende a7 18,6 12.4
Epidote 13.9 13.4 3.7
Actinolite 23 2+ 2sd
Chlorite 12,8 7.0 10,9
Fe ore 2.3 3.5 13.1
Quartz O.h
Totel 100,0 100.0 100,0

Figure 35. Modal enalysis of typical semples of

metadiorite by volume percent.

Andesine forms long, slender laths up to 6 mm long end
1 mm wide in C-368. In other slides the slender lathlike
form is ebsent; andesine is more blocky, and euhedral crys-
tals are rare, Complex twinning is often visible through
the overgrowth of sericite, epidote, and chlorite, but
zoning is not well developed.

Sericite is the most abundant alteration product of
andesine; chlorite and rare calcite accompany the seritie
mat. Though chlorite occurs in the andesine, it has not
formed from andesine. In C-368, small opaque inclusions
cloud the endesine, suggesting slight thermal alteration.
Two generations of andesine are recognizable in this slide,

but no change in composition is noted in the finer grains.,
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Auglte forms pale lavender laths and twinned plates.
Hourglass zoning is visible in some sections, and polysyn-
thetic twinning of augite is present in C-197. The auglte
formed after andesine, and frequently pertially surrounds
or includes andesine crystals, Augite is usually rimmed by
deuteric hornblende, but alteration to fibrous actinolite
is commonly developed within the rims,

Hornblende forms either partial or complete rims
around augite. The rims are dark green to very light
brown, and strongly pleochroie¢ from nearly colorless to
dark green. Uralitic hornblende has largely replaced au=
gite in C=15; and only irregular asugite cores remain,

Chlorite and epidote are the most common alteration
produets., Generally chlorite shows no definite relation to
any other mineral, but forms irregular patches which
usually contain epidote and actinolite. Rounded granular
aggregates and euhedral laths of eplidote are nearly always
present in chloritic patches. Actinolite is usually inter-
woven with chloritic aggregates, but also forms fibrous
mats after pyroxene, and ragged fringes on hornblende.

Skeletal erystels of titaniferous iron ore up to 0,5
mm across are characteristic of these rocks. The crystals
are formed of several narrow, metallic bars separated and
surrounded by leucoxene. In the modes, leucoxene is in-

cluded as ore; it averages 39 percent of the iron ore
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listed for the three samples.
Accessory apatite sppesrs in all sections but did not
fall uhder the cross-hairs in the three slides counted,

Zircon, marked by a pleochroic halo, occurs only in C=371.

/

Contact Relation

Cleerly intrusive contacts were observed only slong
the north side of the stock on East Pine Creek, where the
metadiorite cuts the Trinity Creek formation, ' Exact rela-
tibns are obscured elsewhere. No metamorphic effects were

recognized.,

Age
Low-grade regional metamorphism is indicated by the

extensive development of chlorite, epidote, and actinolite
in the samples. As metamorphism is more advanced in these
stocks than other intrusive rocks, they are considered to
be the oldest intrusive group. Slight thermal effects in
C-368 further indicate that the metadlorite stocks are
older than the Fish Lake complex. Only rocks of the
Trinity Creek formation are in contact with the metadiorite.

Suartz Keratophyre

A very small but distinective quartz keratophyre stock
protrudes through the Trinity Creek formation in the
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extreme southeast corner of the thesis area, Weathered
surfaces are light gray with indistinct spots, superfici-
ally resembling & coarse sandstone. Fresh surfaces are
dark gray to brown with distinet white plagioclase and
quartz phenocrysts set in an aphenitiec gray-brown ground-
mass.

Quartz phenocrysts are corroded with deep embayments,
fritted edges, and generally rounded outlines. The size is
relatively constant, 2 to 3 mm across. "Dust trails" and
unduletory extinction are characteristic, and scattered
inclusions of zircon are present. Portions of the ground-
mass occupying embayments into quartz are more dense than
in Surrounding areas,

Albite-oligoclase, An8-12, is euhedrsl; individual
crystals as long as I} mm are common, Although altered to
stringers and patches of sericite, albite and carlsbad
twins are distinetly visible., Sericite also generally
forms very narrow (0,0l mm) rims around plagioclase pheno=-
erysts. Fossible glbitization during low-grade metamorph-
ism may have changed the composition of the plagioclase.

The groundmass contains a few plagloclase crystals up
to 0,1 mm long and small patches and veinlets of interlock-
ing quartz grains., No other primary minerals, except a
single zircon, were recognized in the groundmass. JSecond=

ary chlorite and fine sericite are also present.
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No mafic minerals, except accessory iron ore, are
present, However, clusters of chlorite suggest the pre-
vious existence of amphibole or biotite. Such eclusters are
rectangular to hexagonal in outline, generally rimmed by
nearly solid chlorite, and contain intergrowths of chlorite
and aerioité.

Accessory iron ore, apatite, and zircon accompany the
principel minerals, Iron ore is slightly altered to leu-
coxene, Secondary calcite is associated with veinlets of

quartz.,

Contact Relation

As only two outcrops of quertz keratophyre were lo-

cated exact relations are not definitely known. The con-

tact 18 not visible, but the rock is considered intrusive.

Age
The age cannot be definitely stated from such isolated

exposures. However, this stock is assumed to be early in
the sequence of intrusion, probaebly before the Fish Lake

complex.

Fish Lake Complex

The Fish Leke complex comprises a group of small basic

stocks in the eastern part of the area. Several individual
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stocks are composite, consisting of two or more magmatic
units, which were emplaced in mafic to felsiec sequence.,

The complex wes first reported by Ross., (22) Reid (21)
differentiated four large stocks of the complex, one of
which lies just east of this thesis area. The four largest
stocks in the thesis area are designated by topographic
features as follows: Clear Creek stock, Fish Lake stock,
Russel Mountain stock, and Melhorn stock. Smaller bodies
are unnamed; where specific references sre made to them,
their locations are given. An attempt to map individual
megmatic units wes deemed inadvisable at the map scale, snd
for the scope of the thesis.

Petrography and relations of the units are discussed
individually, but metemorphic effects are deseribed for the

complex as a whole.

Hyperi te
The hyperite is composed of quartz-bearing hornblende

norite and gabbro, gradational in ell proportions; slight
changes in pyroxene ratio is megaﬁcopically imperceptible.
Petrography. The rock 1s mottled gray to blaek in

varying shédes; texture and grain size ealso vary. In ad-
dition to essential labradorite, pyroxene, hornblende, and
thelr eslteratlion products, the rock contealns accessory

spatite, iron ore, quartz and olivine, Deuteric
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hornblende, cummingtonite, and biotite are characteristiec
es shown by modes. (Figure 36)

Plegioclese varies in composition from lebradorite,
An58-62, to bytownite, An68-72. The more calcic varieties
occur in semples containing less amphibole. The crystals
are subhedral to anhedral, complexly twinned, end frequent-
ly zoned, Combinations of carlsbad and albite twinning sere
most common, but pericline twinning occurs infreguently.
Zoning 1s generally not well defined; however, some samples
show well defined progressive zoning with 8 to 10 bands.

No correlation between plagloclese zoning and bulk composi-
tion of the rock was recognized,

In many ssmples, the plagioclese is so altered that
the composition could not be determined. A nearly opaque,
fibrous to scaly mat of chlorite, "white mica," epidote,
prehnite (?), and leucoxene obscures the erystals, Such
alteration is probably the combined result of deuteriec
"seussuritization" end low grade metemorphism, Shand
(25, p. 172) describes sesussuritization es follows:

"..othe anorthite fraction of a calcie plegio-

clase 1s converted by the addition of water into

en aggregate of zolisite and sericite, with which

caleite and chlorite are often assoclated.......

Plagioclase crystels, which have suffered this

alteration become semi-opaque by the development

of minute scales of sericite and grenules of
epidote or zoisite."

Prehnite may replace plagloclase during the early stage of



Phase : Hyperite : Tonalite Trond jemite

Semple No, - C=-33 C=158 C=-78 C-292 C=202 C-ZQA C-166 C=201
Quartz 0.7 0.6 22.7 14.2 33.3
Plaglioclese 13.2 37.7 61.3 L48.1 67.9 50.7 5%-1 55.6
Potash fﬂldspar 307 . .0
Hypersthene ig.o 7.4 %7 25.3 10.9

A ite .7 Gl . 1909 O7

Hggnblende 2l T ug. lg.g L.0 ot 13.2 22,2

Biotite 0. 0.2 0.3 4.0
Actinolite h.7 0. 3 3 b 5

Cummingtonite - 16 1.2 5.5 0.6 I 8

Iron ore 1.5 0.7 2.9 1.0 3l 0.k . 0.7 0.2
Tale 0.6 0.1l 0.5 0.1

Olivine 0.1l

Serpentine 0.6 0.3 0.4

Apatite 0.1 0.1 001 0.1

Chlorite 0.1 0.1 6.9 7.0 2.2
Epidote &3 0.7 0.7
Muscovite 0.3

Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

Figure 36. Modal analysis of typical samples of the Fish Lake complex.

0TT
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regional metamorphism (6, p. 170, but is not a deuterie
mineral. Therefore, both saussuritization and low grade
regional metamorphism seem to have affecﬁed the plaglo-
clase. Lerge blades of "white mice" as long as 1.3 mm
occur in C-X-3 as alteration of plagioclase; they are
thought to be paragonite instead of sericite.

. Pink, strongly pleochroic hypersthene, F325;23, is
characteristic of the hyperite phase, but varies widely in
abundence. Both euhedral crystals with well developed
lemellar exsolution and irregular grains asre common.
Deuteric rims of cummingtonite enclose most hypersthene;
rarely; only isolated remnants of hypersthene remain in
pseudomorphs of cummingtonite. Alteration to tale and
bastite 1s occasionally well developed. Cores of hyper-
sthene occur in auglite without sharp demerkation, but are
easily distinguished by the strong pleochﬁoism of hyper-
sthene., Such Inclusions are sometimes separated from sur-
rounding augite by a rim of iron ore,

Augite is distinguished from hypersthene by its lsek
of pleochroism, tabulsr form, and characteristic partisl
alteration to hornblende. Twinning is well developed,
hourglass structure is occasionally present, and zoning is
rarely observed. Crystal size varies largely in relation
to the degree of replacement by hornblende; large sugite

greins with narrow hornblende rims, and small irregular
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cores of augite in hornblende are both common, Outer bor-
ders of augite are generally granular with spongy, optic-
ally continuous grains of hornblende embedded through a
wide zone. However, few augite crystals show sharp con-
tacts against hornblende. Auglte composition ranges from
26 to L0 percent CaFeSiz0, molecule in four typical sam-
ples. Alteration of augite to actinolite is occasionally
far advanced.

Strongly pleochroic, dark brown hornblende was formed
in response to inecreasingly hydrous conditions during late
magmatic stages. Its color grades outward from dark brown
to pale bluish green in large crystals, Lack of any sem=
blance of erystal form, and thickly scattered, rounded in-
clusions of all principal minerals are characteristic of
the hornblende. Nerrow rings of cummingtonite separate
hypersthene inclusions from hornblende. Augite inclusions
are seldom rounded; the zone of contact is irregular.

Some small cores of augite remain even in the most horn-
blende-rich samples. Alteration of hornblende is usually
not far advanced, but small amounts of chlorite are typi-
cally present, ‘

Cummingtonite has a similar role in relation to hy-
persthene as hornblende has to suglte; narrow rims of
cumingtonite around hypersthene are characteristic even

in the most basic samples. Where amphibolitic alteration
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of hypersthene has teken place, the secondary mineral is
oummingtonita.‘ No hornblende has formed from hypersthene.

Dark red-brown blotite is usually minor, formed aft;r
hornblende, and around iron ore, but is occasionally a ma-
jor constituent, (C-X~1l) Where biotite is abundant, the
rock is generally finer grained, and contains only minor
pyroxene and more sodie plegioclase, Pale green, bladed to
flbrous hornblende is also usually present, ‘However, only
the finer texture 1s megascopically recognizable.

Accessory minerals, except for the simultaneous oc-
currence of quarti and megnesian olivine, are typical of
gabbroic rocks, Apatite is consistently present, often in
large crystals up to 1.3 mm long. Magnetite 1s abundant;
and skeletal crystals of titaniferous iron ore are infre-
quently present., Interstitial quartz is slightly more
abundant and widespread than olivine.

Olivine occurs only as rounded blebs and corroded
erystals, usually in an advanced state of elteration, in-
cluded either in single erystals, or tightly packed aggre-
gates of augite or hypersthene, Dark red-brown serpen-
tinous pseudormorphs are more common than the parent oli-
vine, Talc end serpentine have formed along fractures, and
all fragments are rimmed by heavy bands of iron ore., 0Oli-
vine composition (Fajg.pg) is based on a negative optic
axis figure with an estimated 2V of 85-90°,
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Shend (25, p. 120-121), in his discussion of incom-
patible phases states:

"If the magma is cooled rapidly efter olivine

has begun to erystallize, then the resection

between olivine and silica is prevented and we

have a rock composed of & few crystals of oli-

‘wéne with or without other minerals embedded

in a siliceous gless.... A similar effect may

be produced by the olivine reacting with the

siliceous residual magma; the latter, if it

crystallizes completely, must then yleld some

quartz,.”

The second effect is well illustrated in the Fish Lake
complex. Olivine erystallized early, and was incompletely
resorbed before becoming isolated from the magma by forma=
tion of the surrounding pyroxene. No evidence exists that
elther quartz or olivine originated by contamination in the
rocks of the Fish Lake complex.

Erratically shaped, glossy-black schlieren, charscter-
1zed by coarsely crystalline texture and brownish weathered
surfaces, occur in hyperite throughout the complex.

(Figure 37) Schlieren composition is usually melagabbro,
but hornblendites also occur. Extensive replacement of
auglite by poikilitic hornblende is characteristic of these
"inclusions" and hornblende is much more abundant in the
schlieren than in the surrounding rock, Individuallcrya-
tals of both pyroxene and hornblende one-quarter to one~
half inch across are typical of the schlieren.

If these "inclusions" were remnents of an earlier
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Figure 37. Erretically shaped schlleren typical of
hyperite in the Fish Lake complex.
Locatlion: center NW{ sec. 7, T, 6 S.,
R' l‘.é E.

Planar flow banding in hyperite of the
Fish Lake complex. Location: SEiNw:
sec. 7, T, 6 S,, R, 46 E,

Figure 38,
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phase which was dragged out into such weird patterns, large
tebular minerals should record the darormétion, but no such
deformation 1s present, even biotite does not have bent
cleavage., The schlieren, therefore, are not believed to be
inclusions in the ordinery sense; either they were a part
of the parent masgma or oh;mioal essimilation has resched
complete equilibrium with the magma,

Local concentrations of water could cause replacement
of augite by hornblende without change in temperature.
Complex patterns developed in the schlieren are more sug-
gestive of the diffusion of one fluid through snother than
.of deformation produced by shearing or pressure. (Figure 37)
It is therefore suggested that the schlieren represent lo-
cel concentrations of water vepor and volatile constituents
in the erystallizing magma.

Flow ﬁanding. Plener flow banding is well developed

in several parts of the complex. (Figure 38) The most
striking exposures are in the northern part of Clear Creek
stoek where a zone 100 to 150 feet wide can be traced con-
tinuously for about half a mile, Other areas with well
developed flow banding are in the center SW} sec. 16; SWi
SW: sec. 17; and E}Nw} seec, 9, T, 6 S., R. 46 E. and also
in the small gabbroic bodies east of Deadman Point. Bend~
ing is caused by segregations of hornblende énd labrador-

ite. Individual bands are well defined in outerop, but
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scarcely visible in thin section, Relative concentrations
of hornblende grade into feldspathic areas on both sides.
Dark bands generally 1/16 to i inch wide are separated by a
maximum width of 2 inches; a few dark bends are several
inches wide. No preferred orientation of the minerasls was
observed in the bands,

In all occurrences, the banding roughly parallels the
borders of the stock, though in the Clear Creek stock the
bended zone is in places 100 to 150 yards from the contact.
Swirls eand eddies on horizontal surfaces suggest a slow
moving stream (Figures 39 and 40), but on exposed vertical
surfaces the lineation is regular. (Figure 38) Vagner and
Deer (32, p. 27) interpret greater vertical regularity in
flow banding along the border of the Skaergaard Intrusive
to flowage either upward or downward, not horizontelly.
They believe that greater irregularity would result on
vertical surfaces from horizontal movement. Platy flow
banding of disoriented mineral grains is a common feature
of basie plutons, (3, p. 16)

Inclusions. Hyperite contains ultrabesic and skarn

inclusions ‘which are large enough to show on the mep.
Other smsall rounded xenoliths of uncertain parentage are
scattered through the complex at random intervals, gener-

ally near the borders. Each typo is described individually.
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Figure 39. Irregular swirls suggestive of sluggish
stream in zone of planar flow, Location:
6640 feet, NE;SW} sec. 7, T. 6 S., R. U6 E,

Figure J0. Darker rock pulled into pointed "cusps" by
flowage of light-colored rock. EBoth are
part of the hyperita phese., Location:

6800 feet, NWzNWz see. 7, T. 6 S., R, 46 E,
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Ultrabasic Ultrabaq;c inelusions are marked by distine-

Inclusions tive, weathered surfaces; deep reddish brown

coloration contrasts sharply with grays of the surrounding
rock, Many of the ultrabasics are stresked on weathered
surfaces with closely spaced parellel bands supefficially
resembling bedding. The bands are composed of chalky white
fibers, marking e high serpentine content., The rock on
fresh surfaces is jet black, and generally fine-grained;
bloecky, prismatic cleavage faces typical of freshly broken
schlieren are absent.

These inclusions are usually rounded to elliptical in
form, but irregular shapes also occur. Contacts are gener-
ally sharp, although some assimilation has undoubtedly
taken place. The largest ultrebasic inclusions are 250 to
300 feet long by 100 to 150 feet wide. (1-1)

thin sections of typical inclusions are classified as
emphibole olivinites, peridotites, and serpentinites., Oli-
vinites and peridotites are gradational es only the ratio
of olivine to pyroxene changes. Deuteric hornblende and
cummingtonite riy the pyroxenes in both rock types. DBasie
plagioclase is adbessory, but is so much altered that com-
position could not be determined. Coronas formed at the -
contact of .olivine and plegioclase, Other accessories are
foxy-red biotite, apatite, and iron ore. Alteration prod-
ucts are similar to those described in the hyperite phase.
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Serpentinites are composed of myriad veinlets of
antigorite and magnetite. Fibrolsmellar banding is dis-
tinet in some thin sections, In others subeircular patches
of antigorite are sometimes interfingered, sometimes sepa-
rated by thin partitions of magnetite., Deep foxy-red bio-
tite partially replaced by chlorite infrequently encircles
magnetite; rims of biotite probably indicate primary rather
than secondary magnetite.

Rounded Smell, rounded xenoliths, usually less than a
Xenoliths foot in diemeter occur in scattered zones around
the stock borders. Though xenocliths are not common, where
one is noted, several can usually be found in the vieinity.

The most distinective type (Figure Ll) conteins large
laths of hornblende 1 to 3 inches long in a matrix of
highly altered plagioclase. A dense white border & to 2
inches wide encircles inclusions of this type, which are
generally associated with banded portions of the hyperite
phase.

Dark, fine-grained xenoliths, apparently'fragmonta of
the country rock, are generally within a few feet of con-
tacts with "greenstone."

Skarn Skarns are present as inclusions in both the

Inclusions hyperite and tonalite phase. They are dis-

cussed in detall under metamorphic units because some skarn

localities are not inclusions,
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Figure 4l. Xenolith in hyperite of the Fish Lake
complex, Note formation of heavy rim,
and long crystals of hornblende.

Pegmatitic dike cutting gabbroic rock of
.the Fish Lake stock., Note heavy margins
of coarse hornblende. Location: 6700

feet elevation at west end of Fish Lske.

Figure L42.
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Pegmatitic Dikes. Small, irregular, pegmatitic dikes
are infrequently developed in the hyperite. (Figure 42)

The best exposures are at the west end of Fish Lake at an
elevation of 6850 feet, and in the small elliptical stoek
in SWiSW} sec., 16, T. 6 S., R, U6 E,

These dikes are coarse-grained, mottled black and
white, and generally very irregular in paettern. Ribbonlike
patterns cut planar flow bands in the small stoek. Laths
of randomly oriented hornblende up to 2 inches long are
present in many such dikes. Others are bordered by heavy
rims of coarsely crystalline hornblende. Plagioolaao is
the prineipal light-colored mineral; No thin sections of
these dikes were prepared,

Contact Relations. The contact between the hyperite

phase and "greenstone" is exposed at a single locality
along the north side of Fish Lake stock (Figure L3), and
around the small dikelike body near the center of seec. 9,
Te 6 8., Rs 46 E, Slight chilling effects produced a
"groundmass" of rounaod granular sugite, hypersthene and
labradorite. Largémphonooryqta-of dark' brown hornblende
formed later, and poikilitically include grains of the
early minerals. Chilling is not readily epparent in hand
specimen because of the large prismatic hornblende crystals
which frequently reach a half inch in length.

Stoping or breccigtion of enclosing "kreenstone" is
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Figure }43. Contaect with metamorphosed "greenstone"
on the north side of Fish Lake stock.
The pocket knife lies on the contact, with

chilled border facies of the stock on the

right, Locatlon: 6850 feet NE:SW: sec. 9,
T, 6 S., R, 46 E,

Figure llj. Large boulder composed of intrusive brec-

: cla typiecal of the marginal tonalite in
the Fish Lake complex. Location: 7000
feet NW%SW% 8S8C. 17, T 6 S.’ Re L’-6 Ee
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suggested only at the southeastern corner of the small
stock south of Russel Mountain, About 200 feet north of
- the road, snguler xenoliths of "greenstone" occur in a gab-
broie matrix, and 100 to 125 feet inward, derk, rounded
xenoliths are scatt;fed through outerops of hyperite.

Near the contact with later tonalite,_ﬁhenmal meta-
morphism of hyperite is donoted by the appearance of antho=-
phyllite. |

Tonalite

Tonalite was generally reoogn}zed in the field only
by its characteristic intrusive breccia. The rock is
lighter than the hyperite whqn the two eare viewed together,
but th; difference in color was not sufficlent to allow the
writer to map with confidence. Intrusive breccias with
dark inclusions in the lighter tonalite are distinctive
(Figure ULli), and occur with sufficient frequency to {ndi-
cate that the tonalite is extensive. However, breccia
could not be traced continuously, so the tonalite units mey
be discontinuous within the Clear Creek stock. Although
best exposures are in the eastern paft of Clear Creek
stock, most of the small stocks also cénﬁain breccias where
tonelite has intruded the older hyperite. .However, no

tonalite was recognized in the Melhorn, Fish Lake, or

Russel Mountain stocks.
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Petrog:aggx. Andesine, quartz, and hornblende are ma-
jor components of the tonalite (Figure 36). Chloritic
pseudomorphs have replaced nesrly all of the original bio-
tite, therefore biotite does not appear in the mode though
it was an original component. Zircon, sphene, and ellanite

also failed to fall under the cross-hairs during counts,

but are accessory minerals in addition to the apatite
shown,

Andesine is genoially 80 altered as to make determina-
tion of composition difficult; Anhh-u7: and An36-38, mark
the range of determined composition., Complex carlsbad aend
albite twins are common; pericline twinning rerely occurs,
Stroné progressive zoning is still visible in many ecrys-
tals. Alteration has progressed by zones, and frequently
is reatricfed to the more calcic cores. The most consis~
tent alteration products are "white-mica" and epidote, but
minor calcite has formed on & few grains, Prehnite (?)
and the opaque spongy mass 80 characteristic of plagioclase
alterat;on in the thesls area are also present.

Green hornblende is euhedral to subhodral; long prisms
and euhedral cross-sections are common, Color éhangea on
rotation from bright green to pale yellow-green., Small
cores of asugite are rarely present, and hornblende is com-
monly rimmed by chloritic pseudomorphs of biotite; less

commonly partially altered to chlorite.
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Quertz is anhedral, occurring only as interstitial
grains, Coerse grains up to 1,5 mm across show well de-
veloped "dust trails" and undulatory extinction. Small
inclusions of euhedral zircon and spatite are characteris-
tic of the quartz grains.

Biotite is seldom unaltered; it is generally recog-
nized only as dark brown remnants in pseudomorphous aggre-

gates of chlorite, epidote and rutile. Alteration has

proceeded inward along cleavage planes from the outer bor-
ders, and distinet stages of alteration are recognizeble.
The biotite first bleaches, then alters to strongly
pleochroic chlorite with granular aggregates of epidote
concentrated along cleavage traces, often completely sepé-
rating the shreds of chlorite. Minute scaly aggregates of
leucoxene and rutile form dark patches in the chlorite.
The final product, under plain light, is a rectangular
pateh either of banded, green and black, shreddy flbers

separated by broader bands of yellowish epidote, or ir-

regular grains of epidote completely surrounded by fibrous
masses of chlorite., Irreguler calcite grains are infre-
quently associated with alteration products of biotite.
The pseudomorphs occur alone or less frequently as partial
rims and replacement of hornblende.

Two types.of chlorite are present: (1) formed after

biotite, strongly pleochroic, tan to bright green, in
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shreddy aggregates with deep purple interference colors,
and (2) formed after hornblende, slightly pleochroic, light
green to nearly colorless, in rounded sggregates which show
polarization crosses.

Contact Relations. Wherever the contact is exposed,

the tonalite brecciated the surrounding rock., Intrusive
breccia is best exposed along the west side of East Pine
Creek, where the inclusions are well rounded (Figure Ll).
At several other localities angular fragments of the gab-
broiec phase show little displacement. Interlocking pleces
are separated only by narrow injections of tonalite. The
degree of rounding increases away from the contact. Simi-
lar relations are exposed where the tonalite cuts deformed
"oreenstone" of the thermo-dynamic aureole (Figure 45).
Well developed breccias indicate rapid, forceful injection
with subsequent stoping and partial esssimilation to round
the innermost inclusions.

Inclusions. Xenoliths of other than hyperite and

skarn were noted only at the head of East Pine Creek where
angular fragments of country rock are included (Figure 45).
Reid (21, p. 73) reported inclusions of pyroxenite, gabbro,
skarn, and greenstone, but does not cite localities.

Petrographic studies of the breccia were considered beyond

the scope of this thesis,
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Figure 45. Angular blocks of "greenstone" inecluded in
the tonalite phase of the Fish Lake com=

plex. Location: 7120 feet, center of
NW%‘ 8ec., 17’ To 6 So, RQ E.

e e hy ¥ . e " q’

Angular fragments of the hyperite phase
brecclated by the intrusion of the
tonalite.

Figure L6.
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Trond jemite

Trond jemite is conspicuous by its very light color;
white weathered surfaces stand out sharply sgainst the
derker surrounding rocks. Only a small area, 600 to 800
feet long by about 200 feet wide, was found. The exposures
are near the bottom of Clear Creek canyon at an elevation
of 6000 feet in the SWiNWi{ sec. 18, T. 6 S., R, 46 E.

Petrography., Large anhedral crystals and interstitial
grains of quartz are very abundant. Inclusions of zirecon
and apatite are generally present in the quartz grains, and
irregular grains of potash feldspar are associated with
quartz.

Andesine, An30,3u, is complexly twinned and strongly
zoned; outer zones show parallel extinetion., Alteration to
"white-mica" and epidote is concentrated in cores and along
preferred zones,

Dark Srown biotite is the only mafic'présont. Altera-
tion to chlorite, epldote, and rutile is far less advenced
then in the tonalite. Some e¢rystals show slightly bent
cleavage.

Accessory minerals are apatite, zircon, and iron ore.
Zircons are well formed, large, and relatively abundant;

individual crystals attein a length of 0.15 mm. Modal

enalysis is shown in Figure 36.
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Contact Relation., Intrusive breccias are present in

the southeast end of the exposure, but are less well de-
veloped than in the tonelite phase. The inclusions are
slightly rounded. Knife-edge contacts between trondjemite
and tonalite are not exposed, but the contact can be
placed within three to five feet. Abrupt change in color

and in megascopic quartz content allows easy recognition,

Metamorphic Aureole

No attempt was made to sample sufficlently to make a
detailed study of metamorphic aureoles around units of the
Fish Lake complex, but samples were taken immediately ad-
jacent to the contact of the Fish Lake stock and the narrow
dikelike unit near the center of sec. 9, T. 6 S., R, 46 E,
The precise contacts are not visible around other units.
The dynamo-thermal sureole around the western two units is
discussed in detall under metamorphic units (Page 159).

Pyroxene Hornfels. Pyroxene hornfelses were formed

within a few inches of the contact, but probably do not ex-
tend more than 3 to 5 feet from i1t. The extreme outer
limit is certainly less than 50 feet, because samples taken
at that distance were hornblende hornfelses with relict
plagioclase, Rounded hypersthene inclusions, largely al-~

tered to cummingtonite and iron ore are present in one

slide, and cummingtonite-hornblende intergrowths in
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another, each taken within 5 to 8 feet of the contact. The
hornfelses are dark, medium-grained, irregularly spotted
rocks with indistinet streasking parallel to the stock, and
are difficult to distingulish by eye from the similerly
spotted chilled border of the intrusive (Figure Ll).

The assemblage diopside-hypersthene-plagioclase is
characteristic of the pyroxene hornfels facies (30, p. L2
In the thin sections examined, hypersthene and diopside
occur as xenomorphic grains and partielly formed leaths,
end as rounded inclusions in hornblqnde. The hypersthene
is strongly pleochroic from pale green to pink, Colorless
or pale green diopside 1s closely assoclated with hyper-
sthene and hornblende, but is distinguished by its total
lack of pleochroism, Some larger crystals of diopside
display sieve structure. Both pyroxenes are somewhat al-
tered, hypersthene to cumingtonite and biotite, and diop-
side to actinolite and hornblende.

The plagioclase varies in composition from caleic
andesine, An)g.go, to labradorite, Angg.gg, Recrystal-
lized xenoblastic plagioclase is clouded with tiny rodlike
inclusions, in part apatite, but most commonly too small
to identify, aligned parallel to ecrystel axes., Usually the
erystal borders ere free of inclusions but the core may be
quite dark., Orientations of the inclusions commonly vary

in adjacent twin lsmellae. Dense rounded intergrowths of |
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sericite, epidote, prehnite, and lawsonite are common in
the plagioclase, usually accompanied by minor flaky chlor-
ite.

Cummingtonite and biotite are commonly intergrown as
replacements of hypersthene. Cummingtonite, dusty with
iron ore, usually rims hypersthene, but complete pseudo-
morphs are less common. Small blades of dark red-brown
biotite have formed with cummingtonite and occasionally
directly replace the hypersthene, Bilotite also occurs as
rims on iron ore.

Minereals present in minor amounts include chlorite
formed on hornblende; fibrous blue-green actinolite formed
from diopside; and granular epldote associated with densely
matted alteration products of plagioclase. Calecite is
present in a single section, but apatite and iron ore are
constant accessory minerals; skeletal crystals of titan~
iferous iron ore are present in C=75, '

Amphiboles are not characteristic of the pyroxene
hornfels facles, but are indicative of lower facies
(30, ps 413). Therefore, the assemblage described above
does not indicate equilibrium in the pyroxene hornfels
facies. The‘dark hornblende mey indicate transition be-
tween hornblende hornfels and pyroxene hornfels. Altere-
tions of pyroxene to amphibole, and amphibole to chlorite

are indicative of retrograde adjustments to waning
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temperature or continuing low-grade regional metamorphism.
The presence of sericite, eplidote and other aslteration
products on the plagioclase of both the stock and thermally
reconstituted rock is probably indicative of deuteric al-
teration and slight regional metemorphism after emplacement

of the stoecks,

Hornblende Hornfels. Hornblende hornfelses, marked by
the abundant formation of green hornblénde, recrystallized
plagioclase, and granoblastic quartz, are found outside the
pyroxene hornfels zone, Most sections contain altered
relict plagioclase, asnd varying emounts of actinélite,
chlorite and other greenschist minerals,

A detailed discussion of samples of the hornblende
hornfels facies is glven in the description of the dynamo-

thermal aureole around the Clear Creek and Melhorn stocks.

Limits of Aureole. The outer limits of the thermal

aureole are not known, Samples taken up to a guarter of a
mile from intrusive contacts show incipient recrystellize-
tion of clouded plagioclase to albite, and contain brown
blotite in addition to greenschist minerals: actinolite,
chlorite and epidote. Clouded plaglioclase alone cannot be
used as a criterion for thermal metamorphism (19, p. 76).
Taubeneck (28, p. 1650) indicates that brown biotite is
characteristic of thermal asureoles in northeastern Oregon.

Albite is not found in other semples of the Russel member
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which were taken at grester distances from the contact.
Therefore, thermal aureoles around the Fish Lake complex
are believed to extend at least one quarter mile from the

outer contect of the stocks.

Age
The Fish Lake complex cuts through all units older

than the Lower Sedimentary Series, Thermal effects from
the stocks have been imposed on regional metamorphism in
thé surrounding rocks, and regional metamorphism of the
stocks 1s not well developed. Therefore, the complex was
intruded after metamorphism had begun in the Imnaha forma-
tion, but before all regional metamorphism had ceased.
Howe§er, no definite age can be given. This complex may
be related to early units of the Wallowa batholith to the

west, generally considered to be Cretaceous.

Bostonite Stocks

A small stock of bostonite about one-half square mile
in extent protrudes through breccias of the Norway member
just west of Norway Basin and occupies most of an earea

known locally as Clipper Basin., Two smaller bostonite in-

trusives are located sbout 1 mile west and 1% miles north,
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respectively. 'The main stock 1s exposed in a series of
roches moutonnées and is recognized from a distance by
white weathered surfaces. The small exposure west of
Clipper Gap (Pl-1) is merked by rustyred discoloration on

we@thered surfaces.

Petrography
The bostonite is a finely porphyritic, dense siliceous

rock with tiny white alblte phenocrysts as long as 1.5 mm
scattered through a blue-black to faintly purple ground-
mass, Components are albite and quartz with secondary
green bilotite, epidote, calcite, and pyrite as minor con-
stituents, but the rock is too fine-grained for accurate
modal analysis.

Albite phenocrysts, Ané-lo, are set in a very fine
groundmass of eryptocrystalline quartz and microlitic al-
bite. Flowage is indicated by poorly developed streaming
of microlites around phenocrysts, but is not developed in
all slides., All albite is clouded with sericite and
"dusty" alteration produects. The composition was deter-
mined from symmetrical extinection of albite twins, which
are well developed and show no indication of replacement.

Quartz, where large enough to be recognized es indi-
vidual crystals, occurs as rounded to elliptical aggregates

of sutured grains.



136

Fine flakes of green biotite are scattered through
most slides, but biotlite is a very minor constituent, and
is not regarded as primary. Pyrite in the main stock oc-
cur§ as sparsely scattered euhedral cubes less than 0.5 mm
across, but is very abundant in portions of the west Iin-
trusion, Widely scattered irregular grains of calcite oc-
cur in some slides, but are not consistently present.

Brecciated portions of the stock contain angular %o
slightly corroded fregments separated by thin bands of
microerystalline quartz, alblte, green biotite, and pyrite.
Some fine magnetite may also be present, Albite microlites
are frequently in clusters which are thought to be fine
fragments of the original rock. Blotite, most abundeant
along fragment borders, decreases rapidly in size and fre-
quency toward the center of the fragments, Epidote is
also more esbundant in the inter-fragment bands.

In contrast to the main stock, the west intrusive is
more brecciated, contains more and larger pyrite, and has
dark red-brown biotite. However, the abundance of twinned
albite laths in a siliceous matrix leaves no doubt that
this rock is related to the main bostonite. The exact
cause of the red-brown biotite and pyrite cubes up to L mm
acrosa is not known, Red-brown biotite, not & primary
constituent in this rock, indicates elther thermal or in-

tensive dynamic metamorphism.
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Contact Relation

The contact of the bostonite, well exposed in several
places, cuts steeply through the older rock on the south.
The upper surface is exposed in a vertical face on the
north, and dips slightly to the east., Shearing and defor-
mation are well deﬁeloped in a narrow belt parallel to the
stock, Deformation and stretched cobbles within three feet
of the contesct are shown in Figure ;7. Closely spaced,
nearly vertical shear planes are revealed about 15 to 20
feet from the southwest contact. Maximum width of shearing
is 50 to 75 feet around the mein body and 10 to 15 feet
around the smaller bodies, Attitude of shearing end de-
formation on the north side of the main stock suggests that
the present exposures sre near the top of the intrusive.

A wide zone of intrusive breccia is present in the
marginal bostonite of the main stock. The breccia zone,
varying from 8 to 100 feet>1n width, consists of white
sngular clasts sapérated by dense dark blue to black bends.
The clasts are thick and well defiﬁed at the contact but
gredually thin out and become less distinet toward the
center of the intrusive (Figures hS-SO). Where the stock
18 in conteect with well defined older breccla, a replace-
ment contact 1s suggested, but clests in the stock are non-
vesicular and those in the older formation are vesicular to

scoriaceous, Microscopic examinetion proves that clasts
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Figure ;7. Stretched cobbles in deformed zone bor-

dering the main bostonite stock. Note
long pebble above pipe bowl.

Figure 8, Large exposure of intrusive breceia near
south contact of main bostonite stock,
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Figure }9. Close-up view of coarse angular intrusive
breccia in main bostonite stock showing
well defined clasts., Within 5 feet of
the contact.

Figure 50, Similar intrusive breccia in the small
northern bostonite unit, HNote indistinct
character of clasts.
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and enclosing siliceous matrix are related.

Intrusive brecele indlcates thet the stoek was force-
fully emplaced in two or more pulses which were far enough
epart to allow solidification of the first phase, No stop-
ing is evident; the deformed zone sround the stocks shows
that older rocks were shouldered aside by the intruding
magma. Thermal effects on country rocks are negligible,
but a darker colored biotite and more advanced albitization

occurs in samples taken within 100 yards of the contact,

Lge
As the bostonite group is in contact only with rocks

of the Norway member, it cannot be eclosely dated. Low
grade metamorphism is considered responsible for the pres-
ence of green biotite in the bostonite, so it seems likely
that the stocks weré emplaced during early stages of the

orogenic cycle.

Corral Creek Stock

The Corral Creek stock is a small, irregularly sheaped,
simple trondjemite stock exposed south of Corral Creek on
the west side of Cliff River. The stock has an areal ex-
tent of about helf a square mile, with about 1650 feet of
relief between the upper and lower conteacts. Nearly all of

the stock lies within the thesis ares; only irregular
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dikelike seslients extend beyond the map borders,

Petrography
The milky-white rock, lightly flecked with black, is

exposed in moderately jointed, rounded, blocky outerops and
smooth flat faces. Extreme abundance of coarsely crystal-
line quartz is a striking feature of the stock; crystals
5/8 inch in diemeter were measured., Concentration of
quartz varies, and crystals are larger in localities of
higher concentration.

Narrow hair-like quartz veins, bordered by pink bands,
% to 2% inches wide, of potash feldspar, mark irregular
lines of healed joint planes, When broken, these quartz
stringers show a thin central layer of faintly bronze mus-
covite., Near the borders of the trondjemite, stockwork
quartz stringers & to 8 inches wide locally are concen-
trated so as to make up neerly 50 percent of the rock
(Figure 51). The veins cut both trondjemite end the sur-
rounding country rock. An increase in potash feldspar and
muscovite occurs in the trondjehite near these stockworks.
At an elevation of 7200 feet along the north contact,
flakes of muscovite were noted in a quartz vein, Quartz
veins are common throughout the stock, but such intense
concentrations are formed only near the periphery on the

north and east.



Figure 51, Stockwork maze of postmagmatic quartz
veinlets. in country rock near the con-
tact of Corrsl Creek stock. Location:

7220 feet elevation in bed of Corral
Creek,

-
M R T e

Figure 53. "Knife-edge" contact on Corral Creek
stoeck. Note deformed beds to left of
pick., Location: 7200 feet elevation
on west side of Cliff River.

ly2
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The principal minerals are quartz, potash feldspar,
zoned oligoclese, biotite and muscovite. Accessory miner-
als are zlrcon, apatite, monazite, epidote and iron ore.

Modes are shown in Figure 52.

Sample No., C-321  C=31b=B C=1320=A _ C=35L C=327=A
Quartz 40.5 30.5 30.3 31.5 30.9
Plagioclase 49.2 L47.8 58.6 58.4 58.3
Potash feldspar 1,6 13.1 i.h 3.% 6.1
Biotite 3.2 o Py 5 . 3.3
Muscovite L.6 7.0 1.7 2,0 O
Fe ore 042 0.1 0.4 0.2 0.2
Apeatite 0.1

Chlorite O'L" 0.2 007 06 008
Epidote 0.1 0.2

Sphene 0.1 0.1 ' (6 % §

4Zircon 4 0.1 0.2

—-Total IOOdO 100. L 100u 0 100.5-—

Figure 52. Model snalysis of trondjemite in Corral Creek
stock. Percentage is by volume.

‘Quartz is the most ebundant minéral, occurring in sub-
hedral to anhedral grains, 1rregu1ar1y interlocked with
potash feldspar. Minor "dust trails," irreguler wavy ex- -
tinction,.and inclusions of apatite and zircon are charac-
teristic of quartz., Grains join along irregularly sutured
contacts as in vein quartz.

Anhedral, extremeiy irregular; interstitial grains of
potash feldapar show faint traces of microperthitic exsolu~
tion lamellae. Immediately adjacent to the contact, the

potash feldspar increases in size and frequency, exsolution
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becomes stronger, and the lamellae appear as irregular
stringers and patches. Potash feldspasr has partially re-
pleced oligoclase, and optically continuous, irregular in-
clusions of oligoclase are common in potash feldspar. The
potash feldspar shows slight alteration to kaolin, Aibng
the contact and in the pink bands, replacement of oligo-
clase 1s advanced, and sufficient potash feldspar is pres-
ent to give the rock a local composition of granodiorite.

Oligoclase Anpg.3g, shows oseilletory zoning; the in-
side of a given zone has a more calcic composition than the
outer edge of the preceding zone, but the average composi-
tion of each zone shows a gradual decrease in An content.
Albite twinning is most common, but pericline and carlsbad
twinning are also present. Differential alteration of
oligoclase to micaeous aggregates 1s generally conflned to
certain zones, or to the cores.

Light brown, strongly pleochroiec biotite is the most
common mica, except along joint planes where late crystal-
lization of muscovite has taken place. Biotite alters to
dark green, strongly pleochroic chlorite; random ecrystals
show formation of secondary epidote ealong cleavage traces.
In & single thin section from near the contaet, chlorite,
formed after bilotite, contains sagenltic and rediating
needles of rutile. Blotite commonly interfingers with

muscovite.
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Muscovite is°nearly colorless, but shows slight
pleochroism, changing to a very pale bronze on rotation,
Abundence varies widely, but small emounts are generally
present, Concentrations are characteristic aslong hesled
Joints and as large clots in pegmatites,

Zircon, spatite, and iron ores are the most common
accessory minerals, Doubly terminated euhedrsl crystals of
zircon are abundant, occurring most frequently as inclu-
sions in quartz and biotite. Apatite is present in small
euhedral crystals and large irregular messes, Irregulsar
massive spatite erystallized as late interstitial filling,
but the small crystals were formed early and oceur as in-
clusions in all essential minerals, Small irregular grains
of magnetite are common and cubes of pyrite with reddish
alteration rims occur occasionally.

Monazite, as anhedral masses from 0.5 mm to 0.75 mm
across is present in two slides teken near the outer bor-
der of the stock. The number of slides examined is insuf-
ficient to reach any conclusions as to the distribution of
monazite.

In addition to previously mentioned alteration prod-
ucts, calcite has replaced plagloclase in a sample taken
less than two feet from the north contact at an elevation
of 7100 feet, end in an area of extensive postmagmetic

quartz veins, This thin seetion (C=317) also shows a more



146
extensive formation of keolin and micaceocus alteration of
oligoclase than in other thin sections. The unusual emount
of alteration is probably of hydrothermal origin, caused by

the formation of stockwork quartz veins,

Aplite Dikes

Aplites and pegmatites occur in the Corral Creek stock
in narrow, subparallel dikes less than 100 feet long and 12
inches wide. Aplitic dikes grade rapidly into pegmatitic
pockets containing clustered tablets of pasle bronze mus-
covite, coersely crystalline potash feldspar, and quartz,
but pegmatites were not found independent of the aplite
dikes. Crude parasllelism of adjacent dikes 1s common, but
widely separated dikes are not consistent in direction.
The aplites form fine to medium-grained, white to pink
saccharoidal dikes; principal constituents are quartz,
microperthitic potash feldspar, slightly zoned oligoclase,
Anpg.30, end bladed muscovite. Accessory minerals include
apetite, pink garnet and sparse granular iron ore. Modal

enalysis (Figure 5l) shows the rock to be quartz monsonite,

Semple No. C=365-8
Quartz 34.2
Plagioclase 29.0
Potash feldspar 30.1
Muscovite 6.7
Total 100.0

Figure 54. Modal analysis of
typical aplite from
Corral Creek stock.
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Garnet occurs in a single aplitic dike on the east
slde of the stock, Pink crystals show poor crystal form,
and are slightly altered to chlorite.

Contact Relation

-The econtact between the Corral Creek stock and the en~
closing sedimentery formation is extremely irregular, with
numerous dikelike salients extending verying distences into
the older rock (Pl-1)., Visible bedding in the sedimentary
rock has been disrupted where the salients intersected it
et high angles, but where intersected at & lower angle,
bedding 1s bent aside to parallel the stock (Figure 55).
Exeollont'expoauraa of deformed bedding are located along
the esstern edge of the stock, where an earm of the older
rock 1s partislly enclosed. Near this location, visibly
continuous bedding curves through spproximately 160° of

' al‘c.

Irreguler inclusions of country rock as much as 6
inches in diameter are exposed in the bed of Corral Creek
within 12 feet of the contact. Chilled margins were not
observed, although & "knife-edge contact" is visible in
several places, In thin section, a slight incresse in
mieroperthitic exsolution is shown for a distance of at
least 1 cm, but the igneous border is sharply defined
against the granoblestic texture of the hornfelsiec country

rock,
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Metamorphic Aureole

Hornblende hornfelses were formed édjacant to the
Corral Creek stock; but the width of the aureole is not
definitely known, Sampling revealed two distinet types of
hornfels immediately adjacent to the contact, one an equi~
libriun assemblage and the other & disequilibrium assem-
bleage.

Equilibrium Assemblages. Most country rock at the

contact is dark gray to black, and very fine-grained., Al-
though bedding is still visible, other sedimentary textures
have been lost. Small flakes of blotite reflect light from
freshly broken surfaces,

Complete recrystellization of the sediments produced
the following assemblages indicative of equilibrium in the
hornblende hornfels facies:

1) blotite-plegioclase-garnet-quartsz

2) hornblende-plagioclase-biotite-quartz

3) hornblende~diopside-plagioclase-quartz
Amounts of the constituents vary, but in genersl individual
characteristics are similar, Plegioclase is the only
eritical mineral of the facies which appears in all semples
studied; 1ts grains are enhedral, rarely twinned, and char-
acteristically slightly clouded or altered. Clouding con-
sists of aligned opaque inclusions, 3light alterations to
sericite and epidote is common, The composition, An26_30’

could be determined by twinning only in C-317-A.
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Dark brown biotite is well formed in elongate blades
and clusters, Green tints are revealed in some orienta-
tions, Amounts vary; in C-317-A, biotlte is the only mafiec
mineral, elsewhere it occurs with hornblende. Lepido-
blastic alignment is characteristic of both biotite end
hornblende.

Elongate, anhedral greins of green hornblende are
characteristic, but crystal form is well developed in some
samples, In C«327-B hornblende is restricted to certein
bends, which probably mark original bedding. Other bands
in the same thin section contain anhedral droplike grains
of diopside associated with sphene and minor actinolite.

Garnet, generally in small clusters, is present as
clear rounded grains in C-317-A., Though generally iso-
tropie, a few grains show slight birefringence around the
outer edges. Its composition was not determined.

Chlorite has persisted in many samples. Lenticular
masses, fibers, and spherulitic aggregates are common,
Minor emounts of epidote also persist., Small euhedral
erystals of spatite are characteristic.

Disequilibrium Assembleges. Dense, dark green rocks

contalning megascopic garnet are exposed in contaet with
several dikelike sslients of the stock in the bed of Cliff
River., A meze of thin quartz veins is almost always pres-

ent in areas where these distinctive green rocks ocecur.
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Under the microscope samples of the dense rock sre seen to
contain hornblende hornfels assemblages and a later zeolite
assemblage. The hornfels assemblages are:

El) hornblende-dlopside-plagioclase

2) hornblende-diopside-plagioclase-garnet

(3) diopside plagioclase-gernet-potash feldspar
The later assemblage is zeolite-calecite~epidote.

Diopside and hornblende are generally matted in sggre-
gates 80 thick that individual minerals esre difficult to
distinguish., Smell hornblende crystals are also present.
The lerger crystels show faint pleochroism, green to yel=
low-green,

Plegioclase is minor, usually untwinned, but generslly
altered to sericlte, caleite, and epidote. The plagioclase
is thought %o be recrystallized, but the relations are not
definite. '

Garnet forms stout, reddish-brown, anhedral grains
with conspicuous sieve structure., Alteration to rounded
spherulitic chlorite is far advenced in C-326, 3Sections
C=326 end C-328 ere predominently garnet.

Zeolites have formed in the rounded "cavities" of the
garnet, between gsrnet crystals, and in large "open"

patches, Chabasite and thompsconite were both recognized;
chebasite 1n blocky, pseudocubic crystals and thompsonite

in groups of radiating fibers. The relations between gare

net and zeolites are suggestive of replacement by the
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zeolites.
Calcite and quartz are frequently intergrown with zeo-
lites, and occasionally include diopside. Many large crys-

tals of epidote are aslso surrounded by zeolites; therefore

the assemblage guartz-calcite-zeolite is later than epidote
and diopside,

Obviously the later sssemblage formed under different
conditions than the first. Zeolites could not persist at
conditions sufficient to form diopside and garnet,

Zeolites are known to form from slkaline solutions at
low temperatures (27, p. 662). As the samples were taken
in close conjunction with postmaegmatie quartz voiﬁa, the
zeolite assemblages can be explained as hydrothermal al-
teration of the hornfelses which took place after metamor-
phie reerystellization, The lowering of temperature suf-
ficient to allow formation of zeolites would also be con-
ducive to deposition of quartz from solutions percolating

along the fractures,

Age
The Correl Creek stock is similar to one of the latest

units of the Wallowa batholith (29), and therefore probably

early Cretaceous,
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Cornucopla Stock

A small salient of the Cornucopia stoeck extends into
the extreme southwest corner of the thesis area and sal-
though no detailed work was attempted, the outer contacts
were mapped, On the geologic map (Pl-1l) the rock of this
salient 1s called the Cornucoplia trondjemite.

Goodspeed (9, p. 55-78) postulated grenitization as
the origin of the Cornucopia stock. As only an extremely
small part of the stock is within the thesis area, no con-
clusion concerning 1ts origin is justified here and the

stock 1s not considered any further in this thesis.

Dikes

The thesis sarea is replete with such an assortment of
dikes that only by detailed, large scale mapping could they
be depicted., Therefore, none were plotted on the sccompa=
nylng mep. Local arees contaln such a bewildering maze of
dikes that only with difficulty can country rock be posi-
tively identified. Outerops which do not contein one or
more dikes are rare in formations older than the Lower
Sedimentary Series.

Systematic study of the dikes was beyond the scope of
this thesis; but a few semples of lamprophyres end unusual

dikes were taken for microscopic exeminastion. The largest
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dikes are Tertiery basalt, end occur only in the western
part of the area, Large dioritic dikes in a narrow belt
trending N, 35° W, can be traced for more then 1 mile
across the head of Cleer Creek canyon, Others are too var-

led to permit discussion,

Lamgroggzga

Lamprophyric dikes are generally narrow and irregulsr;
wldths change abruptly, and irregular projections into the
country ro;k are common (FigureHSE-Sé). *Angular blocks of
country rock are occasionally included in the dikes.
Chilled margins are not always visible in irreguler lempro-
phyric dikes, but generally a definite decrease in grain
size 1s visible toward the contact. Preferred orientation
of phenoecrysts parallel to the dike walls is much more sp-
parent in the center of the dikes, as would be expected if
the borders erystallized more rapidly. Learger lamprophyre
dikes occur less frequently, but are much more regular in
form and width (Figure 57), end cheracteristlically reveal
flow structure and chilled margins,

All lamprophyres studied are spessartites, character-
ized by large phenocrysts of zoned hornblende and highly
altered plagioclase. The groundmess is composed about
equally of hornblende and plagioclese.

Dark, greenish-brown hornblende phenoerysts have well

developed crystal outlines, esnd are strongly pleochroic,
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Figuré 55. Irreguler spessartite dikercﬁfging small

stock of metsdiorite in bed of East Pine
Cresk,

Figure 56. Spessartite dike showing typical irregu-
ler borders in contact with "greenstone.”
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Figure 57. Larger lamprophyric dike with smooth regu-
lar borders typical of the larger dikes.
The pocket knife lies on the contact with
gabbroiec rock of the Fish Lake complex.

Figure 58, Xenolithic dike. Note rounded inclusions.
Location: SE}NW} sec. 9, T. 6 S., R, 46 E,
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Concentric zones are distinetly marked by variations in
birefringence and pleochroism. Hornblende phenocrysts are
unaltered. In the groundmass, hornblende occurs as slender
laths as 1§ng as 0,5 nm.

Plagioclase phenocrysts are recognized only by dense
matted alteretion, Sericite, chlorite, epidote, leucoxene,
end minor lawsonite (?) meke up the alteration aggregates.
Strongly zoned, clear plagioclase crysﬁalg‘in the ground-
mass have a composition of andesine, Anh2~h6, to labrador-
ite, An52,56.

Accessory quartz and espetite are present in most spes~
sartite semples. Dark brown blotite, chlorite, and
slightly clouded plagioclase are characteristic of samples
teken within metemorphic aureoles of the Fish Lake complex.

Lemprophyres are of several ages. Some are older thean

the Fish Lake complex, others are younger. Nb better dat-
ing can be given without more detailed study of the dikes.

Aplite in Gabbro
An aplitic dike of tonalite about 8 inches wide cuts

an outerop of the Fish Lake complex, et the northwest cor-
ner of Fish Lake, The fine-grained saccharoidal dike con-
talns abundent quertz and plaéioclaaa, little biotite, and
accessory apatite, zircon, and muscovite. Interstitial

quartz conteins small inclusions of zirecon and apatite.
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Plegioclase is so altered to epidote, sericite, and lawson-
ite (?) that its composition could not be determined. Bio=-
tite 1s foxy-red, strongly pleochroic, end generally al-
tered to epidote and chlorite along the cleavege planes.
Muscovite occurs in small clusters of subradiate blades,
Small veinlets of prehnite cross the thin section., lo
other dikes of similar composition were recognized, so the

relation to the Fish Lake complex is not known.

Pegmatite
In the northern pert of Clipper Basin, half a mile

north of Red Mountain summit, several coarse-greained peg-
matite dikes, 2 to 6 inches wide, cut bedded sandstone of
the Lower Sedimentary Series. The narrow dikes form two or
more intersecting sets, but individual dikes are extremely
regular In width and direction, Well formed orthoclase
erystals as long as li inches are common, usually concen-
trated along the dike mergin., Crystalline quartz forms the

centers, No parent intrusive body is visible.

Xenolithic Dikes
A spectacular xenolithic dike cuts through gabbroic

rock in the northwest edga of the Fish Lake stock at an
elevation of 6800 feet (Figure 58). Hundreds of dark,
rounded xenoliths, comprising about 60 percent of the dike
ere enclosed in e dioritic matrix. The 3-foot wide dike
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cen be traced N. 70° E, for about 100 to 150 feet before it
disappears under cover,

A similar dike, about 30 inches wide, containing
separated clusters of dark xenoliths, crops out about 2000
feet north, at an elevation of 720 feet. About 200 feet
of the dike is exposed, striking N, 85° E, As the two
dikes are approximately parallel and of similar lithology
they may be related.
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METAMORPHIC UNITS

Metamorphie processes within the ares have produced
two mappeble nonstratigraphic units, a dynamo-thermal aure~
ole around Clear Creek and Melhorn stocks, and an epldo-
tized zone along the Pine Creek feult. Skarn deposits are
included in this section, but no*t all outcrops are of suf-
flcient size to map. All skarn deposits shown on the map

(Fl-1) are inclusions in the Cleer Creek stock.

Dynemo-Thermal Aureole

A strongly deformed, schistose border of varying width
and intensity is almost continuous around the Clear Creek
and Melhorn stocks., On the east side of Clear Creek stock
a narrow salient of the stock severs the deformed band.
Folistion is indistinet and local along the south and east
borders of Melhorn stock., Alluvium and Tertiary lavas
cover portions of the aureole. Schistosity in the deformed
zone maintains a position subparallel to the outer border

of the stocks, In most of the unit, foliation is nearly

vertical, but in a smell area at the southern corner of the

zone, the foliation dips 12° toward the stock (Figure 59).

Petrogrsephy.

The outerop eppearance veries with the Intensity of

deformation from "gneissoid," with distinct subparallel
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Figure 59. Foliation of "greenstone" in the
dynamo=-thermal aureole.

Figure 60, Stretched cobbles in deformed conglom-
erate at east of dynamo-thermal aureole.
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banding and lenticular augen, to indistinet shearing with
laminae revealed by preferred cleavage, differentisl weath-
ering of certain bands, and particle elongation., The augen
are large phenocrysts and glomeroporphyritic clusters of
plagioclasé, and also dark sreas which seem to be ground-
mess of the originel lava., Augen frequently tepers out
inté discontinuous “trails“ caused by cruahihg and dragging,
but plastic deformation hes also been active. In some
augen, remnents of euhedral erystels may be seen, and sur-
rounding elongaete minerasls swing around the periphery of the
augen so as to indicate probebly movement. Rotation of
elongate masses of relict plagioclase has left S~shaped
tralls of fragments and swirls in the schistosity (C=37).
‘Deformation is most intense in the portion caught between
the Fish Lake and Clear Creek stocks.

To determine the grade of metamofphiam in the dynamo~
- thermal sureole, thin sections of 15 samples were examined,
i The hornblende hornfels facies has been reached in 10 see-
tions, & lower intermediate stage in 1 section and green=-
schist facies in L sections,

Horhblonde Hornfels. The hornblende hornfelses are
1nten§e1y deformod, dark green to black rocks, frequently
containing streaks and sugen of crushed feldspar. They are

lepidoblastic to schistose with slight to definite banding
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of mafic minerals. Schistosity is more pronounced toward
the outer perimeter of the deformed zone.

Typical assemblages are:

(1) hornblende~plagioclase-biotite~-quartz

(2) hornblende-plagloclase-diopside-quartz

(3) hornblende-plagioclese~-quartz
Reliet plagioclase is common. In addition, one or more of
the minerals chlor;te, calcite and epidote, 1s present in
all thin néctions. Secondary iron ore is present in each
sample studied,

Strongly pleochroic hornblende occurs in elongate
grains, prisms, and tabuler poikiloblastic laths, Color
changes on rotation from pale yellowish tan to dark blue=-
greeh or dark brownish-green. Preferred orientstion of
elongate crystals and segregation into rude bands or close-
ly packed lenticular messes is common. However, irregular
poikiloblastic hornblende containing rounded inclusions of
plagioclase and iron ore shows no evidence of lineation or
segregetion.

' Reerystallized plagioclase may be distinguished from
relict pleglioclese by several features., Generally, the
metamorphic plagioclase has irregular crystal outlines, is
clear of slteration, and interlocks with surrounding miner-
als, Relict fragments and clusters of plagioclase are either
highly altered to a dense, finely crystalline mat of epi-
dote, chlorite, prehnite, sericite and leawsonite (?), or
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are clouded.

Plagioclase composition ranges from Anzgal 0 to AnhB-SZ.
Where the composition of both relict and recrystallized
plegloclese could be determined in the seame slide, relict
crystalé are more calecic.

Within 50 feet of the stock, crushed glomeroporphy-
ritic rosettes of plagloclase have been partly replaced
elong fractures and borders by clear zones of more sodie
plagioclase and quartz. Replaced zones stand out sharply
against clouding and locel alteration of the original
plagioclase.

Dark brown biotite occurs most commonly as small
elongate blades, or irregular tabuler asggregates, but near
the contact it forms well developed plates which are some-
times poikiloblastic. Pleochroism is from nearly colorless
to a very intense brown. Blotite is uuuallyiin close asso=-
cletion with hornblende, but is also present as rims around
iron ore, and in irreguler segregations of gquartz and pla-
gloclase, Alteration of biotite is uncommon, but in C-37
chlorite, epidote, end sphene have grown along cleavage
traces.

Diopside is present as bright green or colorless
xenoblastic grains with a maximum size of sbout 0,2 mm,

In some sectlions diopside is included in hornblende. It

occurs at irregular distances from the stoeck, and is not
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alone indicative of higher metamorphic effects, though it
is often present in slides of the highest grade.

Actinolite occurs in sbundance in only two slides,
C«372 and C=373, teken ebout 150 to 100 yards, respective-
ly, from the south side of Clear Creek stock. Hornblende
is also present in both slides, but less common than ac-
tinolite. The two minerals were distinguished by the ex-
tremely fibrous nature of the actinolite, and lower 2V of
the hornblende, The color and pleochroism of hornblende
end actinolite in these sections are so nearly identiecsl as
to maske them almost indistinguishable.

Grenoblastic quartz in mosalec asggregates, irregular
erystals, or veinlets is present in all slides studied.

It occurs both as segregaetions, and in association with all
other minerals; intergrowths with plagioclase are common.,

Iron ore is generally most prevalent in slides con-
taining relatively large amounts of calecite, epidote, and
chlorite. Dark brown to reddish spherulitic messes of
limonite are present in two slides, usually in close asso=
ciation with other iron ore,

Potash feldspar wes recognized in only two slides.

It occurs as small irregular grains in the recrystallized
matrix, usually assoclated with granoblastic quartz.

Calecite and sphene commonly occur together. Calcite

forms anhedral, coarsely twinned greains with well defined
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cleavege, and veries in emount, Amounts vary from scat-
tered crystals to about 10 percent of the rock. Sphene oc-
curs as euhedral crystels, irregular aggregates, and drop-
like grains, and occasionally forms narrow rims around iron
ore, Euhedral sphene is abundant, generally forming 3 to 5
percent of the slides in which 1% occurs.

Epidote and chlorité are present in most sections, but
usually minor in smount, Epidote is generally more ebun-
dant than chlorite. Veinlets filled with quartz, calcite,
epidote or a combination of these minerals are common in
the hornblende hornfelses. A significant veinlet, filled
with prehnite, epidote, calcite, chabasite, and pistacite,
oceurs in C=-373, This assemblage &s a vein filiing indi-
cates either low grade metamorphic conditions after the
formation of the hornblende hornfelses, or retrograde
metamorphism,

Trensitional Fecies. In C=90, epidote is the most

. abundent mineral; no redrystallized plagioclase was recog-
nized, and greenschist minerals are as prevalent as those
of higher metamorphic grade. Plaglioclase is almost com-
pletely cbscured by metted alteration products. Diopside
occurs as inclusions in poikiloblastic hornblende and as
scattered rounded -to irregulsr grains, Chlorite 1s present
but minor; sphene 1s asbundant. The assemblage dlopside-

hornblende-eplidote-chlorite is not in equilibrium with any
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metamorphie facies, and therefore the rock is probably
transitional between the albite-epidote amphibolite facies

and the hornblende hornfels facies.

Greenschist Facies. Three samples which show meta-

morphism of only greenschist facies are discussed individu-
ally. One, C-~101, was taken just outside the mapped aure-
ole, but shearing effects are visible in thin section; a
second, C-190, was teken near the center of the aureole and
is Intermediate in distance from the stock; the third,
C-115, came from within 100 feet of the north edge of Clear
Cieok stock, Foliation in this portion of the sureole is
less well defined than in other parts, but can be distin-
guished in outcrops epproximately 125 yerds from the con-
tact of the stock.

Semple C-101, taken east of Melhorn stock in the 3E}
NE} sec. 8, T. 6 S., R, 45 E,,is an angular sedimentary
_breccla consisting of altered lithle fragments in a sand
to silt-sized feldspathic matrix. Meta-esndesite is the
dominant rock type in the fragments, but one subrounded
"granitic" pebble about 5 mm in dismeter is present in the
thin section,

The "grenitic" grenule consists of quartz, potash
feldspar, and sltered plagioclase with irregular patches of
minutely crystalline intergrowths of esetinolite, epidote

end white mica.
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At least two lava types are represented in the lithie

grains: coarsely prophyritic meta-andesite and a fine-
grained pilotaxitic metavolcanie of uncertain composition.
Plagloclase cerystals in the clasts are severely altered,
but twinning can be seen in many erystals, Alteration
products include white mica, epidote, chlorite, and scat-
tered clusters of prehnite.

Alignment is conspicuous in the matrix; lerge grains
of plagioélase ere crushed and the smaller freagments
dragged out in trails, Finer grains, mostly quartz and
iron ore, have been forced into streaks similar to flow
structure, Rock fragments have smooth elliptical outlines
drawn out perallel to the streaming. Large aress in the
matrix afe filled with coarsely crystalline epidote, cal-

cite, actinolite, and granoblastic quartz, which do not

show any relation to the streaming, and therefore, are
thought to have formed after the principal deformation.

Epidote is the most common mineral, and large crystals
are molded around meta-volcanic clasts, occasionally form-
ing nearly complete borders., Much of the metrix is nearly
opeque because of thick asccumulations of finely divided
iron ore., Recognizable plagloclase in the matrix is
twinned and highly eltered.

In sample C-190, a coarse sandstone, foliation 1s not

well defined in thin section, but was evident in outerop.
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However, foliation is visible only in the more competent
beds; outerops of associated calcereous sediments fail to
show distinet folliatlon in the field, A deformed cobble
conglomerate, exposed about 300 feet from the spot where
C~190 was taken (6800 feet, SE:NE} sec, 12, T. 6 S., R. 45
E.), contains stretched cobbles up to 14 inches long, but
only 1% inches wide (Figure 60).

This thin section contains subrounded to angular
lithie grains, quartz and plesgioclase fragments, in a fine
matrix of minute green blotite, mieroerystalline quartz,
and twisted aggregates of sericite, Lithiec fragments are
fine-grained metavolcanies contalning reliet plagioclase
mierolites in a dense chloritic groundmess., Plaglioclase
fragments ere usually highly altered, but a few are nesarly
fresh with distinet normal zoning. Inecipient recrystal-
lization to albite is visible along the borders and in
patchy areas of the plagioclase. Epidote, calcite, and
chlorite also oceupy irreguler patches. The form of the
micaceous minerals is the only evidence of foliation. Tiny
sericite crystals form narrow, highly birefringent string-
ers ﬁhich sepearate the larger clasts, often entirely en-
closing individual grains, and spreading to form a dense
nearly aolid mat over local areas, Finely tabuler green
biotite is closely intergrown with the sericite, Varie-

tions in orientation of the micas cause the stringers to
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appear twisted, but definite preferred orientation is shown
by nearly simulteneous extinetlon over large areas. The
micaceous minerals probably formed from argillaceous mate~
rial in the matrix, and grew with elongation normal to the
pressure gradient.

Semple C~115, is a coarse sendstone made up of meta=
volcanie fregments and plagioclase greins in a very fine,
recrystallized matrix of mosaiec quartz and possibly plagio-
clase, Alteration 1s extensive, but individual grains are
still visible, The clasts are dark with secondary iron
bre, and contaln large amounts of chlorite and blue green
actinolite. Chlorite is practically restricted to the
clasts, but actinolite is well developed in both clasts and
matrix, Green blotite occurs as tiny randomly oriented
erystals and shredded esggregates in both clasts and matrix,
but l1s most extensive in the matrix.

Lineatlon or shearing is lecking in this thin section,
but 1ts absence may have resulted from the random orienta-
tion of the thin section. No satisfaotory explanetion of
the lack of thermal alteretion so close to the contact is
known, Semples taken a grester distance from the stock

heve been thermally metamorphosed to hornblende hornfels.

Origin
The relation of the deformed zone to the Clear Creek
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and Melhorn stocks is shown by change in strike of the
foliation parallel to perimeter of the stocks except on the
east side of Clear Creek stock where a salient of the stock
crosses the foliation (Pl-1l)., From a study of the mep
alone the disruption of the deformed zone would seem to
indicate that the stock was later than the deformation,
This 1s true only of the narrow tonalite arm which actually
crosses the aureole, not :or the entire stock. Intrusive
breccles are well developed near this point where the
tonalite phase hes intruded the older hyperite phase. A
smaell outerop of the deformed "greenstone" south of the
narrow salient conteins foliation psrallel to that on the
north side, Therefore, the deformation can be safely as-
signed to the forceful intrusion of early unit of the
stock, and disruption of the foliation to later intrusion
of the tonalite.

Augen of relict plagioclase and bands of crushed
feldspathie fragments within a few feet of the stock in-
dicate that thermal effects lagged behind dynamie granuls-
tion eand compression., Further, the presence of well de-
fined shearing, crushing and stretching of clasts in sam-
ples showing no thermal effects leave no doubt that forces
resulting from intrusion were the major contributors to the

formetion of the dynamo-thermal aureole.

The presence of minerals of low metamorphic grade in
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moderate to high temperature assemblages might indicate

either thermal metamorphism imposed on regionsl metemorph-
ism, or retrogrede adjustment., As there is no indication
that the chlorite and epidote have formed from minerals of
higher metamorphic grade, and the gabbrole bodies do not
show evidence of regional metemorphism equal to that of the
surrounding units, the low-grade minersels are believed to
‘be the result of previous regional metemorphism,

Caleite and sphene could be produced either from the
bulk composition of the original rock or metasomatic intro-
duction of Ca an& Ti. As both occur at irregular digtanooa
from the stock, they asre thought to be the result of origi-
nal composition, If they were the result of metasomatic
enrichment they should be most common near the contsaet.

In view of the above evidence it seems clear that the
dynamo-thermal aureole around Clear Creek and Melhorn
stocks is the result of an interplay of dynsmic and thermal
metemorphism caused by the forceful intrusion of basie
magma into a terrsne of slight regional metamorphism.
Thermal metsmorphism hes been imposed over regional, and
the forces exerted by the expanding intrusive on the
sheared and somewhat plastic surrounding rock induced flow=
age and shearing resulting in distinetive ”gneissoid" bend-
ing. The presence of a zbna of intense deformation around

two stocks in the complex and its absence around others
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are difficult to explain satisfactorily. As the Clear
Creek stock 1s the largest stock in the complex, likely the
deformation is related to bulk of intruding megma, but as
the Melhorn stock is small, size cannot be the sole cause.
Foliation is more pronounced on the northeast side of Clear
Creek stock, end is well developed only on the northwest
side of Melhorn stock. Follation is not present in all of
the "greenstone" caught between the two stocks, and there-
fore may not have resulted from compression between them,
All problems concerning the dynamo-thermal aureole cannot
be answered, but the positions of the most intense deforma-
tion suggests that direction of emplacement; northeasst for
Clear Creek stock and northwest for Melhorn stock; and the
size of Clear Creek stock caused mechenical adjustments in
the country roock which took the form of foliation, If the
two stocks are considered as & single unit, the greater
emount of intruded magme compared with other members of the
complex becomes even more significent, and is probably the

chief cause of the dynamo-thermal aureole.

Epidotized Zone

A wide zone of epidotizetion occurs along the upthrown
side of the Pine Creek fesult. Esstern borders of the zone
are srbitrary, drawn to include aress of intense green

coloration recorded in the fleld, Precise limits cannot
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be defined as the intensity of alteration is gredational.

This zone corresponds to the epidote-garnet rock of Ross

(22).

Petrography

Outerops within the zone are generally dull green, but
original textures are recognizable. Breccias of the Horway
member are perticularly distinctive; dull green lava frag=
ments are embedded in a gray to white, recrystallized ma-
trix of caleite. Vesicles are clearly defined in pillow
laves and breccilas as dark green spots of erystalline epi-
dote, UEpidotization is spotty, as derk sress of variseble
size are scattered through the aresa.

Mieroscopic textures of perent rocks are less well
preserved. Blastoporphyritic and blestopsammitiec sections
are nearly indistinguishesble. In other sections, no trace
of the original mineral or clestic greins was detected,
even though maecroscopie texture was well preserved. Shesr-
ing is not extensive except in locsl areas.

Greenschist sssemblages are well developad; the two
most commonly developed are:

(1) elbite-epidote-actinolite-caleite-chlorite-

biotite (sphene-quartz)

(2) albite-epidote-actinolite-calelite-chlorite-

(sphene-quartz)

The two assemblages are distinguished only by the formation

of blotite. Sphene and quartz are usually present, but one
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or both mey be absent. Quartz is especially variable in
emounts, it sometimes forms 10 percent or more of the rock.
Sphene, usually in well formed crystals, 1s never a major
constituent. Other minerels which appear with these assem-
blages are relict plagioclaese, pyrite, apatite, and potash

feldspar.
Epldote is the most persistent mineral formed in the

zonej; in some samples 1t comprises 50 percent or more of
the rock, Crystel form varies, but usually epldote ecrys-
tals are larger and better formed where sssociated with
larger amounts of calecite and quartz. Large crystals tehd
to be clear, strongly pleochroic, euhedral prisms which are
frequently twinned., Spherulitic aggregates are character-
istic of epidote vesicle fillings., Granuler epidote is
most commonly formed as alteration of volcenic clasts., In-
ciusionn of iron ore are common, and et times causes
grains to be nearly opaque. Tiny beads of epidote are
usually congregated sround large epidote euhedra ineluded
in quartz-rich samples.

Green blotite is present in about half of the thin
sections studied. A strong brown tint 1s present in some
biotite, but green 1s the dominant color. Sheaves and sub-

radiate clusters are characteristic of blotite; the clus-

ters occur as vesicle fillings, patchy replacements of

clasts, and isolated groups in the matrix. Intergrowths
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with epidote and chlorite are common.

Chlorite is very abundent, generally as ilrregular
rounded patches, partial vesicle fillings, and radisl ag-
gregates., Chloritic aggregates ere usually intergrown with
other minerals, and are best developed oh volcaniec clasts,
end in sections of pillow lavas.

Pale green actinolite is generally abundant., In
several sections it is more sbundant than epidote; however,
the samples came from widely scattered locations and cannot
be used to determine limits of the zone. Where actinolite
and calecite appear in the same slide, they are usually
intergrown, with long needles of actinolite thickly woven
through calcite crystals,

Caleite is conspicuous only in seamples of breccia
where it was a constituent of the original rock. In these
slides, caleite forms large crystals with ineclusions of
epidote, pyrite, and small aggregates of blotite and chlo-
rite. Irregularly sutured contacts against quartz grains
are common, for quartz 1s generally more abundant in slides
containing calcite.

Albite has partlially or completely replaced original
plagioclase; it 1is typicélly developed as feathery aggre-
gates, often within recognizable outlines of the original
erystael, and is generally less asbundent in slides contain-

ing large emounts of epidote. Rediate patterns between
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clasts in C-257 suggest zeolites now metamorphosed to al-
bite.

Transition into the alblte-eplidote-amphibolite facies
is marked by the presence of diopside in two sectlions
(C-309 and C-340). Irregular, pertially formed diopside
tablets are assoclated with celeite-actinolite inter-
growths., Relations are not clear as to which mineral is
being replaced, but consideration of metamorphie stability
suggests that diopside is later.

Garnet wes found at a single locality; in thin seetion
the garnet forms strongly zoned, partial crystals with weak
birefringence, ususlly as narrow rims around cores of
quartz and caleite., Crystal form is usually absent, but
two or more feces are depicted by sharp angles in the nar-
row rims, Stringy extensions irregularly protrude into
the included minerals from the rims., Inclusions of chlo~
rite are present in larger garnet erystals, but 1t is not
clear whether the chlorite is a replacement or not. As
composition of the garnet was not determined, grade of

metamorphism indiceted is not known.

Areas of intense epidotizetion marked by strong
green coloration conteln irregular zones of dark rock, some
of which appesars to have been a sandstone., Rounded cob~-
bles end boulders, turned dark green by selective epidoti-

zation are contained within some dark zones. Other areas
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of dark rock appear to be merely less altered breccias of
the Norway member, |

The dark "sandstone"™ is finer-grained than other parts
of the Norway member, but all samples contain the assem-
blage biotite-muscovite-alblte-quartz (chlorite-epidote).
Chlorite end epldote are very minor, never more than 1 to 5
percent of the rock. Muscovite occurs with albite end
quartz in sggregetes, usually bounded by outlines of origi-
nal plagloclase greins, Blotite is the dominant mineral.
Two colors of biotite are present in the same thin section,
and brown bilotlite 1a-chafacteristic of the "sandstone."
Fine blades form rounded clusters, but more typically, bio=-
tite flakes are scattered through the rock,

Most of the dark rocks seem to have resulted from dif-
ferent parentage than the ordinary breccia, They may re-
present either sedimentary rocks incorporated in the Norway
breccia or foreign material "mixed" with the breccias by
tectonic activity. However, deformation does not seem suf-
fielent in the zone to support the theory of tectonie
mixing. Therefore, the dark rock is believed to be materi=-
als of different bulk composition than most of the Norway

brececie, but originally incorporated in these brecclas,

Origin
The epidotized zone 1s clearly related to the fault
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zone, but the general leck of shearing, and preservation
of macroscoplc texture of the original rock indicate that
the zone did not form as the direct result of intense de-
formation, |

Greenschist assemblages represent hydrous phases of
the chemical components found in rocks of basaltic parent-
ege, and are formed at moderate temperatures and moderately
high pressures (14, p. 167-172). Theoretical stebility re-
lations can be shown by the following diagrem (6, p. 171):

Fyfe and Turner (6, p. 170) suggest several reactions
by which epidote minerals might form; all involve water.,
The third, "anorthite + water + olivine or pyroxene —
zoisite + chlorite 4+ quartz," 1s applicable in the epido-
tized zone because the minerals on the left side of the
equation should have been present in the original lavas.
Fyfe and Turner (6, p. 171) state:

"It appears from present knowledge that t?e dense
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hydrous minerals of low grade metamorphism

(e.g., epldote and prehnite) will form rapidly

at low temperatures in the laboratory only if

pressures are well above 3000 bars....thls does

not meen that water pressures of this megnitude

are necessary., Low partial pressures of water

and high loasd pressure may suffice; for in the

case of the epidotes, the molar volume of the

hydrous solids 1s less then that of the anhy-

drous phase by a considerable amount."

Therefore, to explain the formation of the epidotized zone
it is necessary to postulate a hydrous environment with
temperstures above 200°C and pressures of 2000 bars, a
possible minimal limit of the greenschist facies (6, p.l1l73)
suggested as the result of & study in New Zealand by
Coombs (5).

In consideration of the above physical relations, the
formation of the epidotized zone is considered to have re-
sulted from alteration of basaltic rocks of the Norway
member without metasomatic additions except water, Locali-
zatlion along the fault is therefore logical, because ave-
nues for the circulation of water are provided. High pres-
sures are glso expected aslong s fault zone, High
permeability of the brecciass and pillow laves allowed the
water to spresd, but the width of the zone may be in part

due to unrecognized cross faulting.
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Skarn

Skern areas are smell, meny too small to map; the most
extensive and well developed areass are inclusions near
southeast border of Clear Creek stock., Other areas sre lo-
calized neer the small gebbrole stocks eact of Deadman
Point, Skarn is distinguished in the field from contact

marble by 1ts color and its content of garnet end epidote.

Field Appearance

Skarns do not form prominent outcrops, but are marked
by distinctive color and coarse crystallinity. Colors vary
with mineral content, but the most common color is gray
with a green or red cast.

In 5 skarn areas along the south and southeast side
of Clear Creek stock, the borders are difficult to place
precisely, for the originel inclusion has been breccliated
and irreguler blocks are enclosed by narrow bands of dio-
ritiec rock., Many dioritie stringers contain flow lines
perallel to the blocks, indicating foreceful intrusion of
the igneous rock., Individual blocks become smaller and
generally more rounded towards the outer limits of the
skarn areas.,

Some smaller blocks near the borders of these areeas,

especially on the point overlooking the small saddle be-
tween Fish Lake and Clear Creek stock (Pl-1l), ere dark and
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very irreguler in outline. They are predominantly composed

of coarsely crystalline black hornblende in blocky erystals
about one-half inch long, end small interstitial, milky-

white plaglioclase.

Garnet 1s particularly well developed in the southern=
most skarn erea (Pl-l) and on Garnet Butte., It occurs as
local nearly pure masses and as intergrowths with csleite
and epidote. In the southern locality, lenticular masses
several feet in diameter contain coarsely crystalline gar-
net with only very minor caleite and epidote. Individual
garnet crystals in these masses average & to 3/4 ineh in
dismeter. The rock breaks along the ecrystal faces, and
tends to crumble into individual greins when struck with a
hammer, Garnet-calcite intergrowths are best developed at
Garnet Butte. Here dark red garnet, commonly in complex
euhedral erystaels, 1s embedded in s matrix‘or white,
coarsely crystalline calecite. Individusl erystals of gar-
net 1% inches in diameter were measured at this locality.
Garnet-epidote intergrowths, with neither mineral showing
euhedral form, are common throughout all of the skarn
areas. Crystel size veries widely. Both guartz and cal-
cite are common associates of such intergrowths.

Epidote is widely distributed in the skarn, but is
rarely euhedrel in form. It 1s best developed in both form

and size near the edge of the skarn in the saddle
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separating Fish Lake and Clear Creek stocks, where bright
green prisms up to three-fourths inch long asre formed in
calclte, .

In the skarn locality at the edge of the east salient
of Clear Cféek stock, garnet occurs as red-brown clusters
end zones of fine grains in relatively pure marble. Green
erees of epidote end white rhombs of calecite are present in
the clusters and zones. One band of neerly pure garnet ls
5 to 6 feet wide. A narrow zone in this outerop shows
strong iron and copper stains on weathered surfaces.

In the circular locality in the SE}SE} sec. 7, T. 6
S., R, 46 E, the relations are different than in most of
the other sreas. No brecclation of the originel ineclusion
hes taken place; three distinet but gredational zones of
minerals are present, Black scicular prisms of hornblende
up to 3 inches long, with minor Interstitial white plaglo=-
clase, maké up the outer 10-20 feet. The middle zone is
composed of white plagioeclase, and spotted with scattered
erystals of black gernet one-fourth to one-half ineh in
dismeter and euhedral epidote up t0 one-half inch in dia-
meter. Clear anhedral quartz is also present. The inner
zone, ebout 50 feet In diameter, contains very thick ae-
cumulations of crystalline garnet "cemented" by quartz and
feldsper, A silicified garnetiferous vein with dark iron

staln cuts the center of the outcrop area.



183
Quartz veins and stringers are common in the skarn
outerops. Iron stein, from pyrite or rarely chalcopyrite,
has usually colored the quartz varying shades of dark brown
or red, Claim stakes have been ;rroeted on nearly all such

outerops.,

Petrogrephy

A mineralogical study of the skarns was not attempted;
but three representative samples were studied to show their
general composition. Two assemblages: (1) diopside-enste-
tite-garnet-(epidote-hornblende-clinozoisite) (2) diopside-
garnet-epidote-(calcite-quartz) are present in the thin
sections studied.

In the first, diopside constitutes about 85 to 90 per-
cent of the rock; anhedral gernet, epldote, and clino-
zoisite are the other principal minerals. Faintly ple-
ochroic enstatite is present but minor, probably less thean
2 percent. Both diopside and enstatite form large tightly
interlocked plates which are heavily altered end clouded
with iron ore. Dark green hornblende occurs as irregular
patechy inclusions in diopside. Other alteration minerals
are actinolite, iron ore, and chlorite.

In the second assemblage, garnet or epidote consti-
tutes the bulk of the rock. Diopside forms clusters of

tabular anhedrel erystels. Gernet is in large red-brown,
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xenoblastic masses and subhedrsl to euhedral grains, usu-
ally formed sround or in conjunction with epldote. Dusty
accumulations of opaque inclusions darken some of the gar-
net and most of the epldote. Alteration products are ac-
tinolite and chlorite. Pale green, fibrous tufts of sae-
tinolite have grown from diopside. Chlorite has formed
along the margins of garnet.

Accessories in the skarns include sphene, pyrite,
magnetite and apatite. Sphene is usually euhedral, in
characteristic diemond-shaped crystels. Apatite forms ir-
regular grains up to O.,1 mm in C-48, Pyrite is in well
formed cuble crystals, partially altered to limonite,

Reld, who made a more detalled study of these skarns
(21, p. 431) determined the composition of the gernet from
these skerns as "35 percent grossularite and 65 percent

andraedite — according to its specific gravity and index of

refraction.” He also reported prehnite, vesuvianite and

pleonaste in sddition to the minerals described above

(219 P 3’4-"35) .



185
GEOMORPHOLOGY

The area mapped may be considered as two physiographic
zones: a dissected plateau east of Blue Creek (Figure 61),
eand a high mountainous zone west of Elue Creek (Figure 62).
The Columbia River basalt exerts topogrephle controi only
in the pleteau zone, where 1t caps relatively broad, flat
ridges. Prominent geomorphic features are the combined re-
sult of Tertiery faulting and Plelistocene glaciation. Up-
1ift along a series of intersecting block faults provided
elevations from which alpine glaciers moved to carve out
much of the present topography. Geomorphic forms sre dis-

cussed below as glaclal and nonglacial forms,

Glacial Forms

Glaclal sctlion creeted most of the land forms found in

the area; verious forms are described according to classi-

fication.

Glecial Velleys

Most stream valleys in the arca were formed or modi-
fied by glecial action, Clear Creek, Cliff River, Norway
Creek, Eest Pine Creek, and the Middle Fork of Pine Creek
all flow in excellent examples of glecially eroded velleys.
Figures 63 end 64 show two such valleys with oversteepened
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Pigure 61.

View to east showing typical flat-topped
ridges of dissected platesu capped by
Columbia River basalt flows.

Figure 62, View of the high mountainous srea to the
west showing the contrast with dissected
plateau in eastern pert of the area.
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Figure 63. Red Mountein Basin, a well developed
glacial valley.

e i
e

Clear Creek canyon, typical U-shaped
valley gouged through gebbroic rock of
Fish Leke complex.

Figure 61-}0
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sides and flattened floors. Both follow a generally
straight course to an intersection ﬁith a larger valley. ‘
In Red Mountain Basin the creek flows scross a step profile
typical of glacial valleys.

All streem valleys in the erea, except Trail Creek,
show evidence of gleciation, mostly in the form of striated
roches moutonnées, although the typicel "U" shape of gla-
cial valleys is less well developed.

Henging Valleys

The entry of Norway Creek into Norway Besin is an ex-
cellent, though small, example of a hanging valley. The
creek flows southeast from Clipper Gap over a series of
treads and risers to plunge some 300 feet to the floor of
the basin in a series of small cascadﬁa.

>Blue, Bear, Soldier, Deadman sand Rock Creeks all
enter the Imnahe River from hanging velleys. Postglaeial
erosion hes somewhat obscured relations of these canyons to

the larger Imneha Canyon.

Lake EBasins

Fish Lake, Clear Creek Reservbir, Francis Lske and
Melhorn Reservoir occupy basins gouged out by glacial ice
(Figure 65). Origin of the besins is indicated by the
presence of roches moutonnées, strise, and small moraines

in positions showing that the ice moved over the basin.



Pigure 65.

View of Fish Lake
lake b&sin of the

showing a typical
area.

681
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The dip slope of thé Trinlty Creek formetion slong the
south side of Fish Lake may have faclilitated plucking.

Construction has removed evidence for the_origih of
the basin containing‘Sugarloaf Reservoir; Best Lake was
produced by constructing & dem across the small stream,

Throughout the eaestern plateasu zone, mountain meadows
occur frequontly. Mud Lake represents such & "meadow" in
the last stages of completion, This very shallow lake,
(meximun depth of 18 to 24 inches in the spring), occuples
a slight depression surrounded by nearly flat banks of
silty mud. DBecause the lake is situated on the crest of a
low divide, sediment heas not accumulated as rapidly as in

other locations.

Cirques
No well defined cirques are in the thesis area., How-

ever, the head of Red Mountain Basin is a modified cirque.
The shape has been altéred by postglacial crumbling from
the headwalls. Talus chokes much of the upper portion of

the valley.

Arétes _

Aretés ere common in the western part of the srea.
Ridges on both sides of Red Mountain Basin are excellent
examples. Typical ar&tes in thls area are shown in Figures

66 and 67.
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Figure (6. Well formed aréte at the head of Red
Mountaein Basin, on southeast slope of
Red Mountaln., Hote cirques on The
Granites in background,

Figure 67. Close-up of portion of aréte east of
Red Mountain.
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Roches Moutonnses and Gleciesl Strise

Roches moutonnées are common in the more resistant
rocks throughout the ares, but the best examples are in the
"greenstones" and the basic stocks. In the vieinity of
Roeck Creek, as may be seen from Figure 8, roches moutonnées
ere the most frequently occurring outecrop form., Good exam-
ples are formed in gabbrole rock near the Fish Lake Guard
Station.

Glacial strise, up to + inch deep and 5 feet long, sare
conspicuous on rochoskmoutonnéea. Between Sugarloaf
Mountain and Fish Lake, strise are generally oriented
southeast. Within the valleys striations are roughly par-
allel to the canyon walls., Striase are as common on higher
elevations in the eastern part of the arees as in valleys.
This condition suggesth probably oxiétance:of a local pied-
mont glacier which moved away from the high mountains and

was not restricted to valleys.

Moraines

Leteral moraines parallel East Pine Creek for nearly
e mile, but typical tongue shape 1s conspicuous only on the
east side. This east ridge, separating the two forkn of
East Pine Creek, is shown in a panoramic sequence in
Figure 68. Other small moraines-are present along Norway

Creek, but are so small as to have little expression at



Figure 68. Long tongue-shaped lateral moraine
elong East Pine Creek.

€61



194

Figure 69. View of the upper reaches of Cliff River
showing large alluvian fen. Outlines
drawn in,
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elghty-foot contour intervals.

Nongleecial Forma

Nonglacial geomorphic forms are not well developed in
the area, but in the upper part of Red Mouqtain Basin, the
Middle Fork of Pine Creek flows through a gorge some 20 to
30 feet deep, but only 50 to 100 feet wide, cut imto sedi-
mentary rock. This gorge has been cut by the streem as a
partial adjustment toward base level. Torrentlial spring
molt~ﬁatera were probably the main erosion agent.

Tra11'0roek canyon shows no evidence of glaciation.
Lack of gl;ciél strise, roches moutonnées, and "V" shape as
opposed to "U" shape of glaeial canyons lead to tﬁe con- v
clusion thet stresm erosion, not giaéial ice, Qgg the

formative agent for this canyon.
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STRUCTURAL GEOLOGY

At least two cycles of orogenic deformation are re-
corded in the thesis erea, one during the Tertiary, end one
during the late Mesozoic., Mesozole mountain-building was
completed long before outpouring of Miocene lavas. Older
deformation may also have occurred, but if so its effects

are obscured by later structures.

Mesozolc Deformation

The major folds of the area were produced during the
Mesozoie. Folding inereases in intensity from east to
west, concurrent with a swing in strike from northeast to
north. Attitudes sre generally steeper toward the west,
and the west limb of the asymmetrical anticline exposed
along Cliff River is slightly overturned. This anticline
has been contorted, and strikes near the summit of Red

Mountain suggest that the axis follows an irregular "s"

curve, swinging from northeast to southeast and then baeck

to northeast.,

3teep dips are recorded in sedimentary portions of the
Russel member, but structural informstion is so sketchy in
the northeast portion of the area that the extent of fold-
ing is not known,

Faulting undoubtedly occurred during this orogeny, but
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no faults were recognized which can be assigned definitely
to this period. However, the Pine Creek fault, which has
been offset in the northern part of the area by later
faulting, may have originated in the Mesozoiec. This re-
verse fault crosses the thesis ares just easst of Red
Mounteain, and heas a minimum vertical displacement of 2500
feet. Sandstones of the Lower Sedimentary Series are ex-
posed under breccias of the Norway member at sn elevation
of 6000 feet in the gorge of the Middle Fork of Pine
Creek, yet at 8800 feet on the upthrown side of the fault,
the Lower Sedimentary Series oqouplos its true stretigraph-
ic position sbove the Norway member. The trace of the
fault is not well exposed, and is visible only on the crest
of the saddle east of Hed Mountain where gabbroic rock has
been dregged into place. This "foreign rock" is highly
sheared and partially metamorphosed, but still recognizsable
a8 being coarser-grained and distinctly difrérent than
rocks of either the Norway member or Lower Sedimentary
Series. ©Shearing developed nesr the fault in both walls
indicates & dip of 55-60° E, for the fault plene,

The age of this fault is not known; it mey be either

Mesozoie or Tertiary, but this fault 1s older than a
northwest-trending fault which has offset it in the north-

ern part of the area.

The short fault in the Trinity Creek formation is



198
defined by a silicified gouge zone about 4 feet thick which
can be traced for only a few hundred feet. Age and dis-

placement are unknown, but the fault 1s probably pre-
Tertiary for feldspar fragments in the gouge zone show

partial albitization,

Post-Miocene Deformation

Deformation within the thesis area since the outpour-
ing of the Columbia River basalt has consisted primarily of
normal feulting. This faulting was probably contemporane-
ous with the great uplift along faults which produced the
present Wallowa Mountains.

Normal faults of this age trend north and northwest
across the area, Each of the faults was recognized only by
the relation of basalt flows to older rocks, or as at East
Lekes, by offset of a distinctive horizon. No fault gouge
or other traces were recognized. Decause Tertiary rocks
are displaced by some of these faults, parallel faults are
consldered to be of eqguivalent age.

Compressional stress has producedvbroad shallow folds
in the basalt flows. Because of the dissected nature of
the thesis erea, these folds are not readily traced. How-
ever, gentle folds in Columbia River basalt are visible

outside of the area on the north wall of the Imnaha canyon.
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ECONOMIC GEOLOGY

‘No mineral deposits of proven economic value exist
within the thesis area, nor were any deposits of potential
value discovered during the field investigetion. A combi-
nation of short working seesson, rugged terrain, end inec~
cessibility weigh heavily sgainst any mining venture within
the srea., As even a negatlive report can be of value, the
following maeterisls are diqouslod: Gold, uranium, and

limestone.

Gold

Gold mining has long been of primery interest in the
region because of the rich mines at Cornucopia, and all of
the area has been prospected, probably many times. Innu-
merable "gopher holes" give mute evidence of the diligence
of early prospectors. Only i "mines" ere shown on the map,
and only three of these show indiecation of production.

They were not considered auffioiehtly significant to search
out the history from Bakér County records., Each mine is

discussed by location,

Carnshan Mine

The Carnahan mine is the only prospect nemed in pre-

vious literature; it is mentioned in Smith end Allen's
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report (26, p. 58). The "mine" is now merely a shallow
hole scooped out on the saddle between Elue and Norway
Creeks, There is nothing to indicete that it was ever more

than & prospect hole,

NE}SE} sec, 7, T. 6 S., R. L6 E. ,

A winze, now open to a depth of 35 to 40 feet, has
been sunk along & vuggy quertz vein 18 to 30 inches wide
which strikes N, 25° W,, dips 65° SW., The vein can be
traced on the surface 100 to 150 feet through a small pod
of limestone enclosed in gabbroic rock, The quertz carries
pyrite, hematite, and malachite (?) stain., Waste dumps
indicate that the originsl mine was larger than the open

winze.,

SE;NE: sec. 18, T, 6 8., R, 46 E,

Two lerge pits have been sunk, probably on the same
vein, ebout two hundred yards apart. The vein is not visi-
ble on the surface, but the direction between pits 1is
N, 15° E, Quartz in the dump contains small amounts of
pyrite, scattered garnet, and reddish, encrusting limonite
(?) stain., No other sulphides were noted. Some tunneling
had been done from the base of the northern pit, but the

extent could not be determined.,
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West of Blue Creek

In the unsurveyed arees about one-hslf mile west of
Blue Creek at an elevation of 7400 feet, an adit enters the
hillside along & silicified zone varying from 1% to 5%
feet in width. The zone strikes N, 35° W,, dips L0° SW.,
and can be traced for 200 to 300 feet on the surface; the
edit was not explored, but 1s open for at least 50 feet.
Quartz from the shear zone carries heavy pyrite minerali-
zation, but no other sulphides. Weathering of the pyrite
has produced a rusty-stained zone several inches wider than

the mineralized zone.

Norwey Mine
Oregon lMetal Mines Handbook (17, p.32) places the

Norway Mine in seec. 9, T. 6 S., R. 45 E., but on the pres-
ent topogrephic maps, the mine dump fells Jjust inside
sec. 15, Thefefore, the mine is not shown on the accom-
panying map.

A large dump, some old track, and a small mill remsain
on the site. All workings are caved. A tunnel over 1000
feet long is reported to have followed a wide shear zone,

which carried "gold of fair grade" (17, p. 32).
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Uranium

Extensive claims for radioective minersls have been

steked along the west side of Blue Creek, but no develop-
ment or production has been carried out, No evidence of
uranium minerslization was noted in the area, but no meens

of detecting radioactivity was used to test the area.

Limestone

Limestone deposits exposed in the thesls area are too
small and inscecessible to be considered as economic

prospects.,
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HISTORICAL GEOLOGY

The spen of pre-Permian time is unrecorded in the
area, During the Permlan most of the region was covered by

a shallow coastal sea, occupying a eugeosynclinal trough.

Vulcanism was active; volceanic materiel comprises the bulk
of the Permian rocks in the region, but sedimentary rocks
were also being eroded to contribute fragments to the lower
Trinity Creek formation.

Subsidence of the trough was rspid, but felled to pace
the volecanie outpour; the seaway flilled and terrestrial de-
posits began to form, Talus and landslide deposits accu-
mulated between periodic expulsions of lava to form the
thick, jumbled sequence of the Russel member,

Shallow marine embayments and lagoons remained, marked
by irregular limestone pods, and during the Triassie,
probably in early Upper Triasssic time, the sea egain spread
over the entire area. Pulsations of the ses are recorded

by lithosomal intertonguing of marine end terrestrial

members of the Imnshe formation, Extensive vulcanism con-

tinued beyond the time of terrestrial deposition, resulting
in the thick breccia and pillow lava of the Norway member.

Part of Upper Triassic time is unrecorded in the thesis
area. During this emergence minor orogeny may have taken

place to produce the angular unconformity between the
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Norway member and the Lower Sedimentary Series.

When the sea again swept over the area in Upper
Triessic time, vulcenism wes no longer so active. The
water was deeper, receiving mostly fine sediment. Large
boulders in mudflow conglomerate suggest thet the source
of the sediment was not far removed. Marine deposiﬁion
apparently éontinued through Upper Trisssic time to form
the Martin Bridge and Hurwal formations, though these
formations are not present in the thesis area.

Orogeny, with plutonic intrusion, deformation, and
regional metamorphism took place in northeastern Oregon
during the lete Mesozole, and this was probabl& the time
when most of the intrusive units were emplaceﬁ. After the
culminetion of orogeny, the erea was exposed to erosion,
and a mature topography developed.

During the Mlocene, basaltic lavas flowed up through
gréat fissures, and out over the erosional surface.

Thieck accumulstions of lava finally covered the ancestral

Wallowe Mounteins.

The present mountains owe thelr grendeur to glacial
erosion of areas uplifted by post-Mlocene faulting. Most
faults shown on the map wefe formed during this time,
However, the associeation of the epidote zone with the Pine
Creek fault may indicate that post-Miocéne movement merely

followed the trace of an older fault.
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Pleistocene glacliers moved down stream valleys from
the high sreass, gouging out immense guentities of rock es
they moved., Long ridges and isolsted grevel deposits
were dumped when the ilce melted,

In recent time most of the morainal deposits have
been removed in the thesls ares, leaving only deep valley
fills and scattered glacial veneer., Land forms scoured
from solid rock have been little altered by erosion since

the Pleistocene.






1.

2.

9

10,

114

206
BIBLIOGRAPHY

Anderson, A. L. The geology &and mineral resources of
the region sbout Orofino, Idsho., Moscow, Idaho,
Bureau of Mines e&nd Geology, 1930. 63p. (Pamphlet

No. 34)

Baldwin, Ewart. Geology of Oregon, Ann Arbor,
Edwards Erothers, 1959. 136p.

Balk, Robert. Structural behavior of igneous rocks,
Baltimore, Geological Society of America, 1948.
177p. (Memolr No, 5)

Chayes, Felix., A simple point counter for thin-
aeﬁtion snalysis, The Americen Minerslogist 34:1-11.
1949.

Coombs, D. S, The nature and slteration of some
Triassie sediments from Southland, New Zealand. Royal
Society of New Zealand Transactions 82:65-109. 1953.

Fyfe, W. S., F. J. Turner and J. Verhoogen, Meta-

morphic reactions and metamorphic facies. DBaltimore,
Geological Society of America, 1958. 259p. (Memoir

73)

Gilluly, James., Geology and minerel resources of the

- Baker Quadrangle, Oregon, Washington, U. S. Geo-

logical Survey, 1937. 119p. (Bulletin 879)

- e e Keratophyres of eastern Oregon eand the
spillite problem. American Journal of Science, 5th
series, 29:225-252, 336-352. 1935.

----- wmememessass(Chairman) Origin of Granite. Belti-
more, Geologicel Soclety of America, 1946. 139p.
(Memoir 28)

Hay, Richerd L. The terminology of fine-grained vol-
canie rocks. Journal of Sedimentary Petrology 22:
119-120. 1952,

Henderson, J. F. On the formation of pillow lavas and
breccias. Royal Soclety of Canada Transactions, 3d
series, }7:23-32. dJune 1953.



5
12.

13.

1%
15,

16.

17

18,

19.

20.

217

227

23.

207

Kuenén, Ph, H, and A, Carrozzl. Turblidity currents
and sliding in geosynclinal basins of the Alps.
Journal of Geology 62:363-373. 1953.

Lewis, J. V. Origin of pillow laevas. Bulletin of the
Geological Soclety of Americe 25:591-654. 1914.

Livingston, D. C. A major overthrust in western Ideho
and northesstern Oregon, MNorthwest Science 6:31-36.
June 1932.

MeLearn, F. H. Correlation of the Triessic formations
of Canada. Bulletin of the Geclogical Soclety of

America 6l:1205-1228. 1953,

Muller, S. W., Professor of Geology, Stanford Univer-
sity. Personal communication.,

Oregon., State Department of Geology and Mineral Re-
sources. Oregon metal mines handbook. Portland,
1939. 125p. (Bulletin 1ll=A)

Petti john, ¥, J. Sedimentary Rocks. 2n ed. New York,
Harper, 1957. 718p.

Poldervaart, Arie and A. K. Gilkey. On clouded pla-
gioclase., The American Mineralogist 39:75-91. Jan.-
Feb. 1954,

Reeside J. B., ot al. Correlation of the Triassiec
formations of North America exclusive of Canada.
Bulletin of the Geological Society of America 68:
1451-151. 1957.

Reid, Roland R, Petrography and petrology of the
rocks in the Fish Lake Area, southeastern Wallows
Mountains, Oregon, Master's thesis., Seattle, Uni-
versity of Washington. 1953. 114 numb, leaves.

Ross, C. P. The geology of part of the Wallowa
Mounteins., Portland, Oregon State Department of
Geology and Mineral Industries, 1938, 172p.
(Bulletin 3)

Ross, C. R., H.s D. Miser and L. W. Stephenson, Water-
lain volcanic rocks of early Upper Cretaceous age in
southwestern Arkansss, southeastern Oklshoms, and
northeastern Texas, Washington, U. S, Geological
Survey, 1929. 27p. (Professional Paper 154-F)



208

2&: Ross, C. S, Altered volcanic materials and their re-
cognition. Bulletin of the American Assoclation of
Petroleum Geologists, 12:143-16L4. 1928.

25, Shand, S. J. Eruptive rocks. 3d ed. liew York,
Wiley, 1947. L88p.

26, Smith, W, D. et sl. Geology and physiography of the
northern Wallowa Mountains, Oregon. PFPortland, Oregon
State Department of Geology and Mineral Industries,
1941, 65p., (Bulletin 12%

27. Stringham, Bronson, Fields of formation of some com-
mon hydrothermal slteration minerals., Economie
Geology L4T7:661-66L4. 1952.

28, Taubeneck, W, H. Argillites in Contact Aureole of
Bald Mountain Batholith, Elkhorn Mountains, north-
eastern Oregon. (Abstract) Bulletin of the Geologi-
cal Society of America 69:1650. 1958.

.1 F— “meewe--==, Professor of Geology, Oregon State
College. Personal communication,

30, Turner, F. J. and J., Verhoogen, Igneous and meta-
morphic petrology. New York, MeGraw-Hill, 1951. 602p.

31, Twenhoffel, W. H. Principles of sedimentation., 2d
ed., New York, MeGraw-Hill, 1950. 673p.

32, Wager, L. R. end W. 4, Deer., Geological investiga~
tions in east Greenland., III. The petrology of the
Skaergaard intrusion, Kangerdlaggssuaq, east Green-
land., Meddeleleser om Gronland 105:1=352., 1939,

33. w1llims, Ho’ F- Jo Turnel‘ and C¢ 1{{0 Gilberto Petro-
graphy. Sen Francisco, W, H. Freeman, 1955. L40ép.

[Pg. 209 attached as separate file|



Scanner
Text Box
Pg. 209 attached as separate file




