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FOREVtORD 

One of the more import ant duties of the Oregon State Department of Geology 
and Mineral Indust ries, as out lined in t he law t hat creat ed the Department i n  
1937, i s  the carrying out o f  a state Geological Survey. This particular wor k 
is point ed t ov•ard the ultimate comple t ion of a det ailed geo logical map of Ore
gon. Only a small part of t he stat e ha s t hu s  far been covered geo lo gi cally in 
anything like the d e t ail contemplat ed under the pre sent program. Many years 

will be requ i red for the job, but a good st art has be en made and ava il able dat a 
are being assemble d by the Department a s  rapidly a s  possibl e  toward the produc

tion of a preliminary State geological map. 

The Depart ment's activit ies that come under the heading of Geological Sur
vey are d ivide d i nt o  two types. The first is the re gul ar summer field work -

t he Oregon Geological Survey - carri e d  out by carefully selected young geolo
gi st s  and geolog i cal student s under the dire ct io n of older heads. The second 
comprise s c o nt inuou s work throughout the year by staff and field geolog i st s of 
the Department in t heir regular duties of giving geologic service to m ine oper
ator s ,  property owne r s, and outside inquirer s. 

For the work of the Oregon Geological Survey a specific area or quadrangle 
is selected for 1napping and st udy each summer. In the selection of an area, 
att ent ion is given to both economic and scientific aspects . 

.l!'or the f ir st work of t he new Oregon Geological Survey under this Depart
ment, the area of the nort he rn Wallowa Mou ntains wa s sele cted . '1'he Wallowas 
were known t o  contain, among othe r s, depo s i t s  of molybdenum and tungsten, both 
of which were expected to be import ant in connection with the industrial devel
op�ent of t he lower Columbia River area. Not very much was known, h owever , of 
the economic import ance of the depo sit s mentioned. '!'here se emed to b e  a move
ment also to cre at e  a National Park or Primitive Area of the 11iallowas without 
advance knowledge of wh ether or not subst ant ial mining development cou ld be ex
pect ed .in this hit herto little-known country. 

With the idea then of obt aining and publieizing factual information on 
the Wallowa s ,  t he Depar tment carried out surveys during t he summer of 1938 and 
a port ion of 1939. A pre liminary geologie map of a port i o n  of the are a wa s 
issued. 

Final results of the Wallowa study and a map of the quadrangle are publish
ed i n  this bullet in. With the except ion of some subst ant i al deposits of a 
beautiful type of black marble, we can not prophesy t hat the no rthern area of 
the Wallow as may be expected to exper i ence any such mineral production a s  has 
the southern Wallowa s ,  partieularly in the vicinity of Cornucopia. The Wallowas 
themselve s neverthele ss have gr eat seenic·r esouree s ,  and a chapter on thi s phase 
by Dr. W. D. Smith has been added to the gene ral study of geology and physiography. 

Portland. Oregon, 
April 1941 

Earl K. Nixo n 
Di rector 
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PLATE II 

Figures l-3 Sagenites (Trachysagenites) herbichi Mojsisovics-(Locality ,\A) 
This is a characteristic ammonite of the Tropites subbullatus 
Zone {Karnic Stage) - Unper Triassic. 

1. side view showing the ornamentation (spines or knots). 
2. side view showing the suture (etched on the specimen). 
;. view showing the outline of the whorl. 

Figures 4-.5 Juvavites sp. (Locality AB) This ammonite corrunonly occurs in 
the upper part {the Juvavites Subzone) of the Tropites 
subbulatus Zone, Karnic Stage, Upper Triassic. Thi s specimen 
of Juvavites cannot be identified specifica lly as it repre-
sents an incomplete (immature) individual. Furthermore at 
this particular stage the genus Juvavites is practically indis
tinguishable from Griesbachites" The latter genus when it at
tains the size of about twice the size of the present specimen 
shows prominent, oblong nodes at the ventral terminations of the 
ribs. The genus Griesbachites occurs in Nevada in the beds above 
the Tropites subbullatus Zone - in the so-called Karnic-Noric 
transition beds, and in other parts of the w orld it has been 
reported even from the Noric stage. 

4. view showing the aperture - the cross-section of the whorl . 
.5 .  view showing the umbilicus and; the branching ribs on the sides. 

Figures 6-7 . Clionites (Traskites) fairbanks! Hyatt and Smith-(Locality: 
"Probably from near the Black Marble Quarry" ) . This ammonite 
is characteristic of the lower. part (the Tracbzcera

_
s Subzone) 

of the Tropites subbullatus Zone (Karnic Stage), Upper Triassic. 
6. side view shovJing the umbilicus and the ornamentation on the sides. 
7. view of the venter showing the ventral groove where the branching 

ribs terminate. 

Figure 8. 
8. 

Halobia oregonensis Smith (Locality .1\C) 
a characteristic pelecypod of the K'B.rnic and Noric stages of the 
Upper Triassic. 
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TRIASSIC FOSSILS FROM THE WALIJJv/A MOUNTAINS 
(Photographs by S .  W. Muller) 
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The Wallowa Mountains rise above the mile-high plateau of northeastern Oreg

on to an elevatio n of 10,000 feet. They are bounded on the east by the Snake 
River Canyon, an d on the north, west, an d  so uth by the valleys of the Wallowa , 
Grande Ronde, and Powder rivers . 

Altered gr ee nish lavas, tuffs, and sediments of probable Permian age are 
the oldest rocks of the area, from 3000 to 5000 feet in thickness. These are 
found at the northern edge of the range around Wallowa La ke and in the south
eastern portion of the mountains along the Imnaha and Snake rivers. 

A thi ck sequence of altered upper Triassic sediments overlies the gree n
stones. The lower series of shales and hornfels (.0-2000 fe et thick) is f ollow

ed upward by 2000-3000 fee t of the Martin Bridge formation, largely crystalline 
limestone, and the upper Hurwal f ormat ion made up of 1000-3000 feet of shal es 

and sandsto nes . 

These rocks were extensively folded and intruded in mid dl e Mesozoic time 
by batholithic masses of granodiorite. The sedimentary rocks to the north of 
the main Wallowa batholith were folded into a northw est trending downwarp. To 

the south of t his bat holith they were even more hig hly folded and crumpled i nto 
a complicated series of northeast tre nding fold s . 

Extensive erosion during Cretaceous and early Ter tiary times s tripped off 

much of the cover of sedimen tary rocks overlying the granodiorite and reduced 
the mo�ntains to a rolling plain, Today the Wallowa batholith is exposed in 
the wektern half of the range over 175 sq uare miles; the C ornucopia batholith, 
which lies f ive miles southeast of the border of the main ma ss, o ccupies about 
eleven square miles. 

Basalts correla t e d  with the great Columbia River lava flood were extruded 

from north- south cracks in t he crust during the middle Tertiary and apparently 
covered the ent ire area. Remna nts of lava today cap the crests of some of the 
highest peaks in the range . Fau lting occurred in the late Tertiary ru1d was 
most pronounced along the northern front'of the mountains. The range was 
elevate d at this time to its present average height of over 8000 feet . Deep 
radial valleys were de vel oped , which were widened and deepened during the 
Pleistocene by the great glac i er s coming dmvn them from the ice cap that cover
ed the center of the area. 

Metallic minerals deposited during the intrusions of granodiorite are 
mi ned in the southern Wallowas, but so far have not been found in economid 

amou nts elsewhere. Treme ndous reserves of l imestone an d marble exist on the 

north side of the range. They have been mined at on e locality and ma,Y. be 
further developed in the future. 



CHA.Pl'ER I 
INTRODUCTION 

Field Work and Acknowledgements 

1 

A geologic reconnaissance of the northern Wallowa Mountains was carried out 
by the Oregon Department of Geology and Mineral Industries in order to determine 
areas or zones most suitable for prospecting ; to eliminat e certain localities as 

being unfavorable prospecting ground; to prepare a reconnaissance geologic map 
illustrating results; and to carry northward the geologic work of C. P. Ross (38)*. 

The survey parties were in charge of Earl K. Nixon, Director of the Depart
ment, who kept in close touch with the progress of the work by field inspection 
and by correspondence. During the 1938 season, five geologists and four student 
assistants were in the field from July 12th to August 13th, and an additional 
week was spent in the s outhern portion of the area by two geologist s  and two 
assistants. Dr. Warren D. Smith was �ologist in charge of field parties . He 
was assisted by Ray C .  Treasher and John Eliot Allen of the Oregon Department 
of Geology and Mineral Industries, and Lloyd Ruff and Wayne R. Lowell, assist
ant geologists. tred Hoffstaed, Wilbur Greenup, James Weber, and Herbert 

Harper were student assistants. Parties were in the field again in 1939 from 
August 5th to September 9th, during which time the molybdenum properties on 
Hurricane Creek were sampled and mapped by Nixon, Treasher , Lowell, Ford Young, 
and Hiram Wood. Additional trips were also made by Smith, Allen, and Lowell to 
complete areas not reached the season before. 

The area co�ered includes most of the central portio ns of the Wallowa Lake 
Quadrangle. The topographic base was the Forest Atlas of the u. S. Forest 
Service; sheets 8 ,  9, 12, and 13 of the Wall owa National Forest , and sheets 4 
and 5 of the Minam Divis ion of the Whitman National Forest were used. While 
the topography is reconnaissance , these maps made it possible to cover the area 
in fair detail. Special thanks are due c. J. Buck, Regional Forester; J. F. 

"Erwin, Supervisor of Wallowa National Forest; Lester Moncrief, Supervis or of 
Whitman Natio nal Forest; V. H. Flack, in charge of Maps and Surveys, as well as 
to members of the Forestry field staff, for enthusiastic cooperation. 

Traverses were made from the valley bottoms to the crests of the ridges 

at intervals of one t o  two miles or less. All major streams were traversed, and 
while it was found impossible to follow along all the serrated ridges, most of 
these were covered for considerable dist ances. Within the area of granitic 
rocks the traverse network was larger; the features noted were large inclusions , 
dikes, or physiographic phenomena . Dashed-line contacts sho uld be accurate 

within the accuracy of the to pography, which shows numerous errors of up to sev
eral h undred feet. Dotted-line contacts are largely inferred. The NEi of the 

NW! and much of the NE half of the Wallowa Lake quadrangle was not mapped, but 

consists of Columbia River basalt, overlain by glacial deposi ts , and alluvium. 
Th e area south of the Imnaha river and east of the crest of the ridge between 
Main and East Eagle Creek was mapped by Ross ( 38). 

* Numbers in parenthesis are references to the bibliography (Appendix E )at the 
end of the bulletin. The first·number refers to date of publication; the 
number after the colon (where two numbers appear ) to the page. 
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In the field, Messrs.Joseph LaGore, Jack Baxter, G. T. Gree n, Clint Haight 
Jr., and Charles Seeber gave much needed assistance. 

The rocks of the area have been studied in the laboratory by Dr. Lloyd W. 
Staples, who has written all the petrographic descriptions incorporated in t his 
report. He was assisted by Robert Brooks, who ground the thin-sections and 
assisted with the photomicrographs . 

The section on glaciation was wri tten by Wayne Russell Lowell . 

Identification of the foss il specimens and the determination of age rela
tionships was made by Dr. Selmon W. Muller of Stanford Univers ity, who also kind-. 
ly furnished the plate of photographs of fossils. 

Previous :'lork: 

The earliest report on the geology of the "Eagle Creek Mountains" was by 
Waldemar Lindgren (01:580) who described the Triassic calcareous shales and 
limestones with interbedded volcanic breccias on Eagle Creek. On his map all 
th e pre -Tertiary formations within the southern Wallowas are included in the 
Triassic, and the granodiorite on Middle and West Eagle creeks was overlooked. 
Swartley's report (14:67-96) includes thirty pages of text with numerous photo
graphs show ing the geology and ore-deposits within the northern Wallowa Hange. 
He refers to the Wallowa Batholith as being the "same instrusion seen at C or 
nucopiaH but recogn ized the main features of the area and gave a description of 
nearly all of the known mineralized localities. Parks ( 14:30-35} discusses the 
"black marble" quarry and the Wallowa fault escarpment and draws a rough cross
section of the relationship s exhibited in that district. The Frazier prospect 
is described both by Swartley ( above ) and by Hess and Larsen ( 21 : 308 ) , who men
tion it as contai ning scheelite. In the summer of 1927 , Dr. W. D. Smith 
(28:158-194) conducted a summer camp for geology students at Wallowa Lake, made 
a topographic ma p of the lake region and a generalized cros s-section through the 
range. One of the students , James Stovall {29) wrote a Master's Thesis on the 
Pleistocene geology and physiography of the Wallowa and Hurricane Canyons. Another 
thesis problem was undertaken by Louise Stevens ( 32 ), who �tudied a quartz
plagioclase dike at Aneroid Lake. 

Only within the last decade has any detailed work been done in the Wallowa 
Mountains. Goodspeed (33:160 and 39) has made an intensive study of the rocks 
around Cornucopia in the southern �allowas and has also referred to s ome of the 
pegmatites near Aneroid Lake. Evidences of large scale "granitization"as noted 
by Goodspeed in the southern Wallowas have not been seen in the northern area. 
The geologic history of the region south and southwest of the quadrangle has 
been studied by Gilluly (37) and by Ross (38), who have published maps of the 
Baker and portions of the Pine quadrangles. A reconnaissanc e survey of the 
northern Wallowas was made in 1930 and 1931 by Moore (37:119-132) and a small 
scale geologic map of the area published in 1937. Moore re cognized most of the 
main structural fe ature s of the no rthern part of the range, and his conclusions 
have in nearly all ca s es been borne out by the present more detailed study of 
the area. 
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CHAPr.ER II 

GEOGRAHlY 
by Warren D. Smith 

Location 

The area covered by the survey during the summers of 1938 and 1939 occupies 
the central portion of the Wallowa Lake quadrangle , from N. lat.ll7° to 117°30' 
and w. long . 45° to 45°30'. It lies for the most part on the north side of the 
Wallowa Range, and is bounded on the north by Wallowa Valley, on the west by the 
north fork of the Minam river , on the east by the Lick Creek forest road, and on 
the south by the northern boundaries of the survey by C. P. Ross (38) on Eagle 
Creek and the Imnaha River. The total area mapped is about 350 square miles.* 

The territory covered by field survey is located in southern Wallowa county, 
the extreme eastern extension of Union County , and a very small portion of north

ern Baker County. It includes p ortions of twps . 2 , 3 ,  4., 5, and 6 S., Range 43, 
44, and 45 E. in the extreme northeastern part of the State o f  Oregpn. Its boun
daries approximate those of the so -called Eagle Cap Primitive Area in the Wallowa 
and Whitman National Forests. It includes the drainage of Lostine River, Hurri
cane Creek, west and east forks of Wallowa River on the north; and main Eagle 
Creek on t he south. 

Fig. 1. Index MaJ>. 

* For more complete details concerning the general geography and human history 
of this region, the reader is referred to the excellent map and description 
by the U. S. Forest Service , and to the chapter on Wallowa county in Physical 
and Economic Geography of Oregon, by Warren D. Smith -- Commonwealth Review, 
vol. X, no. !. ( January, 1928}. 
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Aecessibili ty 

Wallowa Lake, near the center of the quadrangle, lies 360 miles east of Port
land, ab out 60 miles nort heast of Baker, and about 100 miles south of Lewiston, 
Idaho. 

The area mapped is reached by way of the towns of Ent erprise and Joseph by 
bot h railroad and highway. The ra i lr oa d  terminus is at Joseph, five miles north 
of Wallmva La ke .  State Highway 82 connects with the Oregon Trail highway (U.S.}O) 
at La Grande , and ends at t he  lake, a distance of 73 miles. 

A good forest road about 19 miles long le ads south from Lostine i nt o the moun
t ains, and there are several excellent forest trails which t raverse the region 
from north to south. Of these , the best two are the Wallowa Lake-Aneroid-Tender
foot�cornucopia trail and the Minam Lake trail. A few trails cross from east to 
west. Trails also extend up t h e Imnaha and the various forks of Eagle Creek. 
The interior of the mountain area, t herefore, is readily accessible but only by 
mounta in trail . 

· 

Topograp hy 

The area studied is extremely rugged with a maximum relief of ne arly 6000 
feet . Wallowa Lake lo dge is situated at 4411 f e e t  and Sacajawea Peak is 10,033 
feet in elevation. 

In general . the region consists of sharp ridges radiating in all directions 
fr om Eagle Cap (9,675 ft. } as a center and separated by steep-walled canyons 
several t housand fee t  deep . The topography is dealt with in greater det ail under 
the c hapte r  on "Physiography'1• 

Hydrography 

Several main streams with gradients from 100 to 250 feet or more to the mile 
flow north from the center of t he range. The principal ones are Lostine River, 
Hurricane Creek, and t he east and west forks of the Wallowa River. In late sum
mer, most of th e streams can be forded on foot, but in the spring crossing is 
difficult and dangerous. 

The largest lake of the area is Wallowa Lake, slightly over three miles long 
and three-fourths of a mile wide. It is 283 feet deep by the d eepe st sounding 
(1927}. In t h e higher portions of the area, particularly in that part known as 

the Basin, are many small glacial lakes varying from me r e  ponds to lakes one -half 
mile in length. More than fifty la kes lie within the quadrangle . Next to Wal
lowa Lake, the largest is Steamboat Lake near the north fork of the Minam. 

Climate 

The climate is that of typical mountain country of the continental interior. 
The rainfall varies from 10 to 30 inches, and is. concentrated in short periods 
during convectio nal storms. Electri cal storms of considerable violence occur in 
the hot summer months. There is a heavy winter snowfall, amounting at Joseph 
to 55 inches during 

'
the period from December to April. 

As in many o ther mountainous areas, this region is characterized by a very 
high ratio of sunny days to cloudy ones. Accord ing to the Koppen's climatic 
scheme, the following types are represented here : 



Dsf and Ds climate s 
D -- Humid, January mean lass than 32° F. 

S -- Summer drought 
sf - Three summer months with not less than .75" precipitation 

Vegetation 

5 

The north side of  the \!fallowa Mount ains i s  fairly well covered with timber 
and underbrush. Above 7500 feet scarcely any timber is found, but small alpine 
plants are abundant in the meadows and even on some of the less sharp ridges . 

A list of typical trees and shrubs found in this region was supplied us by 
Mr. Louis Henderson, Curator of the Herb arium at the University of Oregon. This 
list is based upon collections made by Mabel S. Miller, and is included as 
Appendix F. 

Animals 

Deer, elk , bear, cony, beaver; and porcupine have been see n  in this area, and 
mountain sheep have been reported from time to time, althoug h n one of the members 
of this survey saw any of them. 

Sheep from the lowland ranches are driven into the hi gh mounta in meadows 
every summer. The region is famous for its fishing, the l ak es being continually 
restocked. Eastern brook trout are said to thrive be st . 

Population 

Within the area mapped there are no settl ements south of Wallowa Lake, with 
the exception of summer camps at Aneroid Lake and on the Lostine River. A hiker 
following a trail may occasionally find a prospector's c abin, but these are main
ly abandoned. Although the Nez Perce Indians once ranged the Wallowa Mountains , 
they are now gone. 

One of the difficulties of field work in this area is that one must "pack in" 
his camp if he goes in any distance from the tourist resorts at the foot of the 
mountai ns . It was necessary for the Department's survey of 1939 to establish 
five base camps, one on the Lostine River, one at Aneroid Lake, another at Wallowa 
Lake , a fourth on East Eagle Creek, and a fifth at the forks of the Imnaha River . 
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CHJ\PTER III 

GEOLOGY 
by John Eliot Allen and Warren D. Smith 

General Features 

The central and western portions of the Wallowa Lake quadrangle are occupied 
by the Wallowa granodioritic batholith, the eastern extension of which, the McCully 
prong, divides the older sedimentary rocks into two series. These are the north
ern, which occupies the lower drainages of the Lostin e, Hur ricane and �allowa 
Rivers, and the southern, which occupies the upper drainage of the Imnaha and ex
tends over into the Eagle Creek drainage on the south. 

The older sedimentary rocks, ranging in age from Permian to Upper Triassic, 
in the northern area form a great nortwnest plunging syncline, cut off abruptly 
on the south by the McCully prong. In the southern area they form a series of 
more or less compressed folds , trending northeast, parallel to the edge of the 
McCully prong. 

Overlapping all older formations on all sides except the south are t he Mio
cene basalt flows, which on some of the highest peaks in the central part of the 
range remain as remnants. 

The great northwest-striking Wallowa fault escarpment forms the north face 
of the range overlooking Wallowa Valley. 

The following tabulation gives @eneralized sections of the sequence and 
thicknesses of the formations appearing within the quadrangle, and outlines the 
major geologic events which have taken place within this part of the State. 

Epoch Formation rrhickness Events 
Recent Alluvium,mai nly derived 0 - ? Slight erosion. 

from glacial deposits 
Pleistocene Moraines,glacial outwash 0-900 Glaciation. 

Folding, faulting, uplift 
Pliocene and erosi9n. 

Columbia River basalt dikes 0-1.500 Intrus ion and extrusion 
Miocene and flows of basalts 

Stream gravels 0-.50 Long continued erosion, 
Oligocene with development of 

mature topography. 
:Eocene 
Cretaceous Diaschistic dikes and veins .  Minor intrusions. 

Granodiorite. Granodioritic intrusions. 
Jurassic Intens e folding, uplift? 

Hurwal formati on. 1.500-t-
Upper Martin Bridge {grey,black ls. 200-2000 Shallow-sea deposition. 
Triassic formation { white , p ink ls. 0-,300 AUplift and erosion. 

Lower sedimentary series 0-2000 �olding and metamorphism. 

Permian Clo ver Creek greenstone. .3000-.5000 
, Min?r intrusions . 

Intense volcanis m and 
near shore sedimentation 

Fig. 2. Geologic Formations 1n the Northern �allowa Mountains. 
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Clover Creek Greenstone 

Distribution and rela tio nshi ps . A thick series of altered lavas containing 
small amounts of pyroclastic rocks and interbedded sediments haa .. been mapped by 
Gilluly (�7) and Ross (�8) in the Baker and Pine quadrangles as "Clover Creek 

greenstone". Greenstones in the Wallowa Lake quad rangle are similar in lithol
ogy, thickness , and stratigraphic position. The Clover Greek greenstone is the 

oldest formation mapped in the quadrang le . Its base has not been o bserved , and al
though its internal structure is obscure , it seems to be c on formably overlain by 

the Lower Sedimentary series. On the middle fork of the Imnaha River , however, 
the sedimentary se ries is lacking, and the Martin Bridge formation appears to cut 

across th e f olded structures in the gree nsto ne with strong unconformity. Around 
Wallowa Lake, greenstone occupies the lower slopes of '!'unne l Mountain and Signal 
Point. For miles along the Imnaha River e ast of Marble Mountain the sides of 
the valley are largely greenstone. 

Thickness. The section in Tunnel Mountain must have a minimum thickness of 
at least �000 feet, and in the Imnaha valley the ser ie s may be as much as 5000 
feet thick. Similar estimates of thickness of the greenstone series in adjace nt 
areas have been made by Gilluly (�7:21) and Ross (�8:25}. The total th ickness 
in the quad r ang le is not known, as the b ase is not exposed. 

Lithology: According to Staples, "the term greenstone has been used in 
the Wallowas for dense, fine-grained metamorphosed igneous rocks, 
chiefly lavas, although in places there are pyroclasti cs and 
sed iments included in the formation. A sample of a character
istic phase of t he greenstone was taken from th e road north of 
the lower Imnaha River at an elevation of 5400 feet (NWi sec.l? 
T.5 3., R.47 E.} This spec imen (R 1425} is a black porphyrite 

containing green feldspar phenocrysts up to four or five cen
t imeters in length. Me gascopic ally the plagiocl ase phenocrysts 
show both polysynthetic twinning and zonal structure. They alsp 
show rosette

. 
grouping and forking. Frequently they are broken 

and empayed by the matrix. The rock, which can be class ified 
as andesite porphyry, cont a ins about 70� of andesine with 20� 
as phenocrysts and 50� as groundmass .  Index of refraction 
studies on the phenocrysts indicate that they are andesine
labradorite.. The groundmass consists of 15� augit.e along 
with the feldspar , and mag netite is the chief accessory. The 
secondary minerals are chlorite , antigorite, sericite and kaol
indte . So.me of the magnetite is possibly the result o f  exsolu
tion phenomena. The chlorite , which has very low birefringence, 
is an important constituent since it accounts for part of the 
color of the rock. It not only seems to replace the au gite , 
but als.o fills the spaces formerly occupied by the f eld spar . 
In regarq to a similar rock, Ross (�8, p . 22 ) says, 'Near the 
Imnaha River most of the lavas are different shades of green; 
others are gray , bluish gray, purple and black. Some are amyg
daloidal, many are porphyritic, having in places numerous feld
spar phe nocrysts as much as an inch or even more in length in 
dense groundmass . Probably the se large , forked phenocrysts 
result in part from accretion after the c onsolidation of t he 
rock rather than from original crystallization'. The wr iter 
found no evidence to ind ica te that the phenocrysts were 
formed in any other than the normal manner , in the specimen ex
amined". 
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Greenstone-breccia and conglomerate boulders are common in the Hur�i cane 
Valley and are derived from out crop s in the east side of the valley. Limestone 
in p ods and lenses occurs w ithin the greenstone near the contact on the west can

yon wall of the west fork of the Wallowa River two mi les south of Wallowa Lake. 
The " greens to ne " on Eagle Creek a ppear s megasco pically to be a dark-green, gran

ular, gabbroid rock, composed mainly of pyroxene. It repres ents a c ontact meta
m orph ic phase or the Hurw al sediments. 

Analyses of samples taken by Gilluly (37) fr om the gree nstone series in the 
Baker quadrangle show that the rocks are in large part quartz keratophy res and 
spilites. 

Age and correlation. Gilluly {37: 26) re por ts a f ossil collection of Permian 
age fr om the nort heast quarter of the Baker qua drangle , and fossils from a lime

stone lens in the greenstone near H ome stead have been determined by Lupher (2) 
as being Permian. Another col lec t ion from this ge neral locality is reported by 
Ross {38:261 as being the same age as the Permia n Phosphoria formation. No 
fos si ls were found associated with the greenstone series in the Wallowa quad

rangle. 

Lower Sedimentary Series 

General Features. A group of shales, sandstones a nd minor lenses of lime
stone which have been more or less altered to pyritized hornfels, schist, and 
cryst all ine limestone, appar ently overlies conformably the Clover Cree k greenstone 
and with apparent stro ng unconformity underlies the Martin Bridge formation. 
This series separates the above formations under Point Joseph and we st of. Marble 

Mountain, and it o cc urs along the ent ire southern and western bor der of the north
ern area, where .it lies between the Mart in Bridge formation an d the granodiorite. 
In this reg ion it has consequently been c onside rably altered and assimilated, 

with development of large and small xenoliths and roof pendants. On Middle 
Mountain and s outh of Wallowa Lake, howe ver , the sedime nt ary series is very thin 
and in the Hurricane d ra inag e and on the mid dle fork of the Imnaha it appears to 
be absent altogether. 

A roof pendant in the south wall of Wilson Basin is probably made up of rocks 
of this formation. The upper portion of Tunnel Mou ntai n above the greenstone has 
been mapped a� belonging to this series. Here 1000 feet of fos silifer ou s shales, 
capped by a m as sive bed about 500 feet thick of fine-grained, green sandstone, un
derlies pink limestone of the Martin Bridge formation. 

In the sout hern · area, the f ormat ion lies between the Martin Bridge formation 
and the granodiorite and again oc cur s to the east in the folded structures west of 
Marble Mountain; although it is absent in the next ridge to the north. 

A limestoneband occurs directly over lying greenstone on Hurricane �reek and 
in the Imnaha drainage. If this is a bas al phase of the Lower Sedimentary seri es , 
a part of the area on Hurric a ne mapped as Hurwa l formation shou ld be reclassified. 

Thickness. The maximum t h ickness of the Lower �edimentary series exposed in 
Point Joseph is not over 2000 feet. Elsewhere it is usually much less and on 
lower Hurricane Creek and th e middle fork of the Imnaha it a ppear s to be absent. 
In both of these localities, this may be the re sult of faulting, but is more like
ly due to diJconformity with the Martin Bridge formation . The great variation in 
t hickness is also due in p ar t to the f act that except on Tunnel Mountain and west 
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of Marb le Mountain on the Imnaha the s e r ie s  is found in d i re c t  c o nt ac t  w i t h  t he 
granod iorit e . In t he valleys of b o t h  forks of t he Wallowa R iver two mil e s s outh 
of the lake t he re i s  a t hi c kne s s of a few hundred f e e t  o f  l ime st one b e tween t he 

s e r i e s  and t h e  gra nit e .  He re t he s ed ime nt s  t hems elves ave rage les s t ha n 2 00 
feet in t h ickne s s , and are bounded on t he north by t he greens t one . 

Lithology . Ac cord ing t o St aple s ,  •• t he low e r  Sediment ary Serie s shows t he 

effe c t s of both c o nt ac t  and regional me t amorphi sm . Th is i s  a s  m i ght 
be expe c ted , s i nc e  it is kno·wn t hat gran i t e  and · grano Uorit i c  int ru
s ive s deform t he i r  walls much more t han do ba s i c  magma s . Ho rnf e l s , 

s: h i st s , and quart z i t e s , wit h  s ome sand st ones and shale s , are w i dely 
d i s s eminat ed . Bedding is usua lly apparent , and platy j oint i ng i s  

c ommo n .  

"Nume rous hornfe ls have be en e xamine d , s howing all d e gr e e s  o f  var i a 
t i on from a t rue hornfel s t o a sc h is t . Es pe c ial ly along the grano 
d io r i t e  c o ntac t  is the re a go od d eve lo pme nt o f  the me t amorphi c s e d i 
me nt s . In s e c . 2 3 , T . 3 S . , R . 4 3  E . , t he re are small are as of ho rnf e l s  
( R  1 3 2 2 ) w i t h  a granular appe aranc e and c ont a i n ing q_ua rt z , f eld spar 

and s ome d i o ps ide . There is a sl i ght a l i gnment of t he q_uart z gra ins 
and there i s  also evidenc e of  the int.r oduc t i on o f  quart z aft e r  t he 
format i o n  of t h e  ho rnfe ls .  There are granod i or i t e -apl i t e  and quart z 

s t r ingers c lo s ely a s s o c i at e d  w it h  t he hornfels . 

" In the c a s e  o f  many of t he s c h i s t o s e  r o c k s  wit h i n  t he Lower Sedimen 
t ary Serie s it is very d if f i c ult t o  d e t e rmine t h e i r  o r i g in . There 
are all grad at i ons from horn fe l s t o sc hi s t  i nd i c at ive of t he d iffe r
enc e s  in the t ype s of me t amorphi sm . On S ilver Creek in s e c . l5 ,  
T . 2 S . , R o 4 3  E . , there i s  a f i ne - graine d , s l i ght ly s c h i s t o s e  r o c k  
(Rl3 2 7 ) t hat is o n  the l i ne be tween a t rue hornfels a n d  a quart z mi c a  
s c hi st .  The r oc k is prqbably a me t a- s e d ime nt and is c ompo s e d  c hi e f ly 
of quart z ,  d i op s i de , and mus c ov i t e  w i t h  a s l i ght al ignme nt of t he mic a .  

11 A  w e l l -deve lope d  s c h i st i s  found i n  t he S� of s e c , lO ,  T . 4  S .  , R . 4 4  E .  
on t he s out hwe s t  face o f - t he Mat t e r horn . This r e ddi s h  gray s c h i s t o s e  
ro c k  ( H  14 7 3 ) w i t h  g-,reen porphyroblas t s  c o nt a ins over 501. o f  al igne d 
quart z gra i ns w it h  the s c hi st o s ity b e ing emphas i zed by t he al i gnment 
of t he b io t i t e , wh i ch i s  somewhat l e ac hed . ·rhe rock also c onta ins 
t remo l i t e  whi c h  o c curs both as porphyrobla s t s , oft e n  showing polysyn
t he t i c  �winn ing and as an impor t ant c o ns t i tuent of t he groundma s s . 
Thi s i s  a me t a s e d iment ary ro c k , but t he exac t i dent ity of th e parent 
rock is unc e rt a i n . The rock i s  a quart z t remo l i t e  s c hi s t . 

" On t he Franc is Lake t ra i l at Falls Creek in t he center of s e c . 2 4 , 
T . 3 S . , R . 4 3 E . , is a q_uart z b i ot i t e  s c hi s t  ( R  1 3 5 3 ) whi c h  c ont a ins 
in ad d it ion to a predominanc e of b i ot i t e  and quart z , cons ide rable ac t 
inol it e , mus c o v i t e , plagi o c l as e , magnet it e and pyr it e . Thi s i s  prob
ably a me t a s e d ime nt ary r o c k  and is r eport ed to be in c l o se proximit y  
t o  quart z i t e  and gran ite . "  

Age and c orre lat ion . Fos s i l s  c oll e c t e d  f rom the Lower Sed imentary s e r i e s  

( s e e  Appe nd i x  A-C , loc ality 10 ) i nd i c at e an upper Tr ia s s ic (middle Karni c )  a ge . 
The unc onformity be twe e n  thi s s e r i e s  and t he Mart i n  Br i dge f orma t i on , however , 
led Ro s s  ( 3 : : 2 9 )  t o  place rocks in t he sou the rn 'Na llowas wi t h  a s imilar s t rat i 
graphi c pos i t i on but l acking fo s s i ls i n  the " C arboniferous ( ? } " . 
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Mart in Brid ge Format ion 

General Feature s . The most c ons pi cuous formation of t he area , next t o  the 

great granod i o r i t e  i nt rus i on , is t he Mart i n  Br idge format ion whi c h  c ove rs within 
the Wallowa Lake quadrangl e  over 2 5  s quare mile s in t he nort hern and about t he 
s ame i n  t he s out hern area . It i s  c ompr i s ed of a var i et y of more or le s s  meta
morphos ed l ime s t one s . Thes e  ro cks make up t he pre c i p i t ous whi t e  faces o n  t he 

east wall of t he Lo s t ine R iver at Lapover ,  on Hurr ic ane C r e ek at the Mat terhorn 
and Sac a j awe a , and of Cus ick and Marble Mount a ins , on t he Imnaha Rive r .  Lime 
s t o ne  alway s s eparate s  t he Lower Sed iment ary series  f rom the Hurwal f ormat ion and , 
in some place s , small lenses are int erc alat ed within t he lat t e r . 

On lowe r Hurri c ane C r e ek and o n  t he Mi ddle Fork of t he  Imnaha a s  well a s  o n 
Bone r Flat , l ime s t one s  l i e  direc t ly upon the Clover Creek gre enst one , the Lower 
Se dimentary s e r i e s  b e ing mi s s ing . 

Thicknes s and subd iv i s i ons . The Mart i n  Bri d ge format ion ha s be e n s o  int ens e 
ly f o lded and deformed ove r lar ge parts of t he area t ha t  t he app arent t hi ckne s s  

of 3000 to 5000 fe et i n  the Hurr icane and Upp e r Imnaha d ra inage s i s  undoubt edly 
exc e s sive . Judging from t he le s s  co nt ort ed expos ure s on t he lower Los t ine a nd 
Wallowa R ive rs , t he maximum t hic kne s s i s  probably le s s  t han 2 0 00 feet , and t he 
ave rage is sub s t ant i a lly le s s ,  perhaps 500 feet . 

On the Upper Imnaha R iver and ne ar the cre st o f  Po i nt Jo s eph , t he ba s e  o f  
t he f ormati o n  i s  c omposed o f  from 100 t o 300 fee t of f ine - grai ne d , ne arly pure , 
whit e c ryst all ine l ime s t one , whic h under the b asalt on Po i nt Jo s eph ha s  been 

stained p ink .  The ma in body of the f orma t i on ( from 200 t o  2 000 feet ) is grey 
to blac k , c rystalline l imestone , whi ch t oward s t h e  t op i s  both i nte rc alat ed w i t h  
und grade s into the argi llac eous Hurwal format i on .  

Bas i c  d i ke s . Wit hin the Mart in Br idge format ion are found dike s  whi c h  are 
older than t he grani t e  s inc e they have be e n  broken and pulle d  apart by the move 
ment s t hat fo lded and di st ort ed t he l ime s tones . The s e  d ike s  o c cur in the Los 
t i ne Valley eas t o f  Lapover on Marble Po i nt ; on t he f a c e  o f  t he Mat t erhorn ; at 

Ice Lake eas t  of the Matterhorn ; a t  Aneroid Lake ; and in s everal o t he r  l o c al i 
t ie s .  The flow-band ing i n  the c ryst alline lime st one fo llows eve nly around t he 
i s olat ed , more or l e s s , angular fragment s and bloc ks of f ine -grai ne d i gne ous 
rock . Many of t he l a t t e r  are and e s i t i c  in nature and frequent ly c on t a in a bun
dant , f i ne su lphi de s .  In Marb le Point some of t he s e are so hi ghly minera l i ze d  

that they have i n  t he pa st be en pro s pe c t e d for copper . Just w e s t  o f  Ice Lake 
a ll- inch d ike let or i g inally 10 fe et long has been broken int o  s ome 25 part s 
whi c h were pulle d apart s o  t h at t hey are now t rac eable along a d ist anc e of 55  
fee t . Staples examine d s amples of dark inc lus i o ns up t o  5 - 6 fe et in width , from 
the c rys tall ine l imest one e a s t  of Los t ine River near Lapove r . He s t at es , " Thi s 
{R 1372 ) i s  a f i ne - gra ined , allo t r i omorphi c rock w it h plagioc lase , d iops ide , 
t remol it e , and remnant s of le ac he d  b i ot i t e . The inc lus i ons pr obably repr esent 
a lamprophyre - p o s s ibly approaching s pe s s art i t e " . 

Li thology .  The Mart in Br idge f orma t ion shows a gre at var i e t y  o f  l imes t one 
type s ,  o f wh i c h  t he c oars e - grained ( up t o 3mm . } ,  blu i sh-whit e o r  grey variety i s  
t he mo st c ommon , a nd  t he dens e black type , loc ally known a s  " black marb l e "  is 
pe rhaps t he most be aut iful . Of t he type s of rock shown , St ap le s report s that : 

"The lime s t one shows many d if fe rent s t at e s  o f  r e c rystall i zat ion , pro 
port ional t o  t he amount of met amorphi sm experienced by t he ro ck . A s pe c 
imen from near Po int Joseph ( R  1432 ) t ake n at an e levat ion of 8900 fe et is 



f ine- grained ( O . O?mm . ) and l i ght gray w it h  red b and ing . The rock i s  
almo st pure c alc i t e , c ompletely c rystall ine , and w it h  only a small 
amount ( le s s  than 11- ) of quart z .  The r e dd i s h c o lor i s  due t o  ferr i c  
oxide st ain . In c ontrast  t o  this rock , a spe c imen (R 1416 } t ake n 
from t he SE . part of the area i n  the Ni of s e c . 4 , T . 5  S . , R . 45 E . , i s  
a dark- gray , fi ne - gra ined , laminat e d  c a l c ar e ous rock . A p etrographi c 
study o f  t h i s  show s it t o  c o nt ain c arbo na c e ous ma t t e r  which fre quent ly 
out l ine s fo s s i l  r ema ins and a c counts f or t he dark c olorat i on .  The re 
crystall izat ion o f t he  c alc it e proceeded to a less degre e and le s s  un
iformly t han in the f ormer spec ime n , and s ec o ndary ve ins of c ab ite are 
pre s ent . There a re minor amount s of pyr i t e  and quart z present i n  the 
rock . Thi s  rock would be c la s s ified a s  a c arb onac e ous fo s s i l iferous 
l ime s t one , w i th only a small amount of  r e c ryst all izat i on .  

"An example o f  advanc ed metamorphi sm i n  t h e  l ime st one i s  s hown by a 
spec imen (R 1386 ) t aken from t he swi of s e c . l8 , T . 3 S . , R . 43 E .  from a 
thin band of l imes tone ne ar granod iorit e . The r b c k  is medium grained 
( 0 . 64mm. ) ,  gray , wi t h  c o ns ide rable c arbonac e ous matt e r . This crystal 
l i ne l ime s t o ne  not only shows rec ryst allizat i on of t he c alc it e ,  but t he 
effect of dynamic me tamorphi sm i s  not ed by an al ignment and flatt en ing 
of the c alc i t e gra ins p rod uc ing a s l i ght s c h i s t o s it y .  The int e rf erenc e 
f i gur e  o f  t he c alc i t e  gra i ns ind i c at e s  t he s t r e s s  t o  whi c h  the rock has 
been sub j e c t e d . There i s an al ignme nt of c arbonac e ous mat t er , probably 
ind i cat i ng forme.r bedding at almo s t  r i ght angl e s  to t h e  newly deve loped 
flat t ening of t h e  grains . •• 
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We ll-devel oped be dding due to laye rs of more highly c a rbonac eous mat e r i al 
is s omet ime s prominent , but more c ommonly the band i ng is due t o t he  i ntense dy
namic met amorphi sm whi ch caused t he r ock to c rumble and flow . The b and ing is 
e spec ially we ll -developed near the c o nt ac t s  with more c ompe tent rocks or n ear 
inclus i ons , around wh i c h  t he band ing pas s e s  and t hen regains its o ri gi nal t rend . 

Age and c orre lat ion . All fos s i ls found in th is c al c areou s  s e r i e s  were from 
Upper Tr ias s ic hor iz ons , and mos t  of them were uppe r Karni c  in age . Colle c t ions 
from nine loc alit ie s were submit t ed f or id ent if i cat i o n t o  Dr . Se imon W. Muller 
of St anford Univers ity . 

The locat i on and s t rat i graph i c  p os i t ion of the s e and other local it i e s  c it ed 
in the l i te ratur e are given in Append ix A-B . 
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Rhaet i e 

No r i c  

Karn ic 

Chor i s t o c eras marshi 

Sire nite s argonaut ae 
? 
• 

Pinac o c eras met t ernichi 

i Cyrt opleuri t e s  b i c renatus 

Sageni t e s  gi eb e l i 

D i s c o phyll it a s  patens 
? 

? I � � ( 11 t o 15 
Tropitas subullatus � 

16 ,, l Carnit a s  flo r idus 

Trachyc eras aono i de s  

Trac hyc eras a on ? 7 

Fi g .  3 . Standard Se c t ion of Uppe r Tri as s i a  
with loc at ion o f  Wallowa f o s s ils 

( see Append ix B ) 

incl . ) 

No f o s s il s  we re found in other t han c rys t all ine l ime s t on e s  or in ha rd den s e  
s lat e s . The slat e s  s e amed t o  c ont a in mo re forms of t h e  p e le cypod Halobia t han 

anyt h i ng e l s e , though s ome small a nd gene r ally imperf e c t  ammoni t e s  were als o pre s 

e nt . The large r  ammo n i t e s  c ame princ ipally from B .  C .  Bas in , a t  loc al ity jl6 . 
The c orals ( The c o smi la ) were abund ant at t he so -c alle d ., Bla c k  Marble " quarry . 

The s p onge ( St e i nmannia ) is a ls o c ommon here . Ow ing t o  t he hardne s s  of t he mat 
r i x  i n  whi ch many o f  t hese fo s s i l s  we re found , c o ll e c t i ng w as no t e a sy . In t he 
slat e s deformat i on had badly d i s t ort ed s ome of the forms . 

The l ime s t one s e r i e s  c an be definite ly c orrelat ed ,  no t only w i t h  t he ·�art in 
Br id ge format ion" of Ross 08: 32-3 6 ) ,  but wi t h  t he "Hos s ellrus l imest one ,. of north
ern Cal i fornia . It r eac he s the top of t he Karni c , and t he boundary w it h  the 
Hurwal f ormat ion mus t  c lo sely approximate t he  boundary wit h t he Nor i c . 
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Hurwal Format i on 

Def init ion and general feature s .  The c o nformable seri e s  of e ssent i ally 
argi llac eou s sed ime nt s whi c h  make s up many o f  t he c re st s  o f  the ridge s and peaks 
wit hin t he Wallowa Lake quadrangle and l ie s  both strat i graphi c ally and t o po gr aph
i c ally a bove t he predominant ly c al c areou s Mart i n  Bri dge f ormat ion , is here name d  
t h e  Hurwal format i on , aft e r  t he d iv ide o f  that name ly ing i n  t he c enter o f  t he 
quadrangle . The base of t he f ormat ion i s  about 50 fe et in elevat ion abov e  the 
po int f rom whi c h  a large f o s s i l  c o lle c t ion of Karni c age ha s been derived . 
( Appendix A, no . 9 ) . 

The format ion grade s wit h i n  a few ten s of feet from t he underlying Mart in 
Br i d ge l ime stone t hrough argillac eou s l ime st one and c alc areou s shale , to shale 
and hornf el s .  It somet ime s cont ains  i nt erc alat ed l ime st one b and s  as on t he we st 
wal l s  of Hurric ane C reek , Franc i s  Lake Ba s i n , and Sent inel Pe ak . 

Wit h i n  t he northe rn area t he Hurwal format ion not only fo rm s t he c re st of 
t he d iv i de ea st and north of t he Mat t e rho rn , but it al so o c cur s i n  re sidual pat ch
es on Sacaj awea Pe ak and over a c on s i d e rable area along t he Hurr i c ane Divide e s
pe c ially e ast of Twin Peaks and around Franc i s  Lake . It appe ar·s be tween the 
l ime st one and the granit e and ba salt in t he e a st wa ll of t he Lo st ine Valley be low 
Lapove r .  In the southern are a it make s up mo st of the ridge . wh ic h run s south 
from Ane ro id Lake t o  Sent ine l  Peak and beyond , as well as the c re st s  o f  t he r idge s 
north and so ut h of Tende rfoot Basin and nort h of Hummingbird Mountain .  

I f  t he sed iment s wh i c h  form t h e  we st wall of Hurricane Creek bel ong t o  the 
Hurwal format ion , t he l ime st one band which appear s high o n  t he wall j u st below 
Sawt oo t h  Peak would o c c upy t he hi ghe st st rat i graphic po si t ion of any of t he pre 
Tert iary s e d ime nt s ,  and may evan repre sent a lat er format i o n .  

The Hurwal format ion wa s mapped by Ro s s ( 3 8 ) a s "Younge r  Me sozo ic Se d imen

t ary ro ck s " ,  and ove rl i e s t he granod ior i t e  in an ove rturned po s it ion along t he 
ridge nort h of Hummingb ird Mount ain , b e tween the main and e a st fork s  of Eagle · 

Cre ek . On Main Eagle C reek i t  ha s been t ho roughly metamorpho sed t o  hornblende 
gne i s s  and schi st . South of Benne t t s Peak a large area of grey t o  greeni sh al 
t ered rock , apparent ly of volc an i c  origin , ha s been includ e d  in t he Hurwal a s  
the rock appears t o  overlie t he lime st on e s along t he c reek . The "Tria s s i c  ( ? )  
v olc an i c  rocks" o f  Ro s s  ( 38 )  are a l so mapped with t he Hurwal format ion . 

Thickne ss . The f o rmat ion vari e s  in t hi c kne s s  w i t h i n  the area from nothing 
to 1500 feet on Hur r i c ane D iv ide and in Sent ine l Peak .  Nowhere is t he t op ex
po sed , alt hough the uppe r l ime st one int erbedded wi thin i t  on Hurr ic ane may rep
re sent the highe st Me soz o i c  horizon w it hin t he area . 

Lit hology. Alt hough perhap s the mo st c on sp i c uo u s  roc k  type i s  a ve ry hard 
black hornfe l s , ot he r  type s are slaty and shaly , but sand stone and quart z it e be d s  
are n o t  unc ommon . I n  the Imnaha area w e ll -bedded sand st o ne h a s  b e e n  folded and 
fau l t e d  on a minut e sc ale so t hat mi niature st ruc t ural feat ure s  suc h  a s  graben s ,  
ove rthru st s ,  and normal fault s may be obt ained i n  hand spe c imen s . One spe c imen 
showing well-def i ne d  r i pple mark s  wa s c o ll e c t e d  in t h i s r e gion . Di s seminat ed 
pyr i t e  cub e s o c c a si o nally appear , and loc ally f o ssils have been replaced by py
r i t e . 

St aple 5 de scribe s some of the hornfe l s  type s a s  follows : 
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" In NWi of sec . 3 6 ,  T . 2 S . , R. 43 E . , there are nwnerou s hornfel s ,  many 
of them cut by ba salt dike s .  One o f  them (R 1361 ) show s  carbonac eous 
spot s wh ic h are sl ight ly drawn out and aligned , and c ont ains c on si der
able b iot i t e  and quart z .  A few highly corroded plagio c la se s are pre s
ent and some magne tite and pyri t e .  Thi s  dense black rock is undoubt ed
ly der ived from a shale and i s  a go od example o f what i s  often termed 
an ' argi ll it e ' . 

" On t he Met z ge r  property at an e le vat ion of 6700 feet in sec . 4 ,  T . 3 S. , 
R . 44 E . , on the ridge north o f  Lit tle Granit e Creek i s  a hornfel s 
(R 142 6 ) whic h  is a d en se black ma ssive rock with co nc ho idal fracture . 
It cont ains a dis seminat ion of pyrit e and there i s  fai nt evidence of 
bedding wit h alignment of pyr i t e  in th i s  direct io n .  Thi s ho rnfel s whi ch 
i s  probab ly derived from a shale , has a dense groundma s s  c ompo sed chief
ly of quart z , with some f e ld spar s ,  bot h  twinned and untwinned , and w ith 
considerable fine pyribole s . 

"A l i ght colored hornfels (R 1380 ) i s  found i n  swt of sec . l8 ,  T.3 S . , 
R . 44 E . , on the t o p  of the r idge j u st we st of Franc i s  Lake . Thi s horn

fel s  i s  very fine -grained , hi ghly siliceou s , of a uniform color , and in 
addit ion t o  quartz and pyroxene in a f ine mo saic ,  i s  veined wit h garne t " . 

Age and Correlat ion . The age of t he Hurwal format ion i s  uppermo st Karnic 
and Noric ; i t  i s  c o nformable with the underlying Mart in Bridge format ion . A 
good f o s s i l  c ollect ion within 50 ve rt ical feet o f  t he ba sal cont ac t  w ith lime
st one i s  of uppermo st Karnic age . ( See Append ix A, local i ty no . 9 ) . On the 
ba s i s  of lithology and strat igraphi c  po sit i on the Hurwal i s  c orrelat ed wit h  the 
"Younger Mesozoic Se diment ary Rocks'' mapped in the sout hern Wallowas by Ro ss 
( 38 : 38-40 ) . No unconformi t i e s  or fo ss il s t o  sugge st Jurassic age , or even 
Rhae t ic , were found . 

The volcan i c s south of Bennet t ' s  Peak may be e qu ivalent t o  Ro s s ' s ( 38 : 36 ) 
" Triassic  ( ? ) Volcanic rock stt ,  a s  the ir strat igraphic po sit ion appear s simil ar . 
Thi s seri e s  i s  thu s  al so t ent at ively corre lat ed wit h t he rocks mapped as Hurwal 
format i on .  



F ig . l .  

F i g . 2 .  

Plate VIII 

Ridge between east and west forks of Wallowa rtiver 
from Lakes Basin. Crest of r idge i s  Hurwal ;  v;hite 
band i s  Martin Bridge limeston e ;  lower cliffs are 
granod iorite . Black band is a basalt dike. 
(Photo by John Eliot Allen) . 

Contorted limestone �n Adams Creek . 
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Granod iorit e and Relat ed Rocks  

General Feature s .  Granodiorite and quart z d iorit e occupy over 175 square 
mile s  in t he Wallowa Lake quadrangle . The central and we stern port ion s of the 
area are occupi ed by the main mass  of the Wallowa bathol ith , whic h  i s  overlain 
only on a few of it s highe st peak s  by small , more or  le ss  i solated patche s of bas
alt . The McCully prong , an ea stward extension of the batholith about t hree mile s 
wide , cro sse s over both forks o f  the Wallowa River and int o McCully Creek , where 
it d i sappears under the b a salt on the east s ide  of. the creek . Two granitoid cu
polas break t hrough the me tamorphi c s  in the nort hern area t o  form the Sawtooth 
bo ss , which o ccupie s mo st of t he drainage o f  Lake Creek b elow Franci s Lake , and 
the Adams Creek bo s s ,  whi ch is separat ed from the main ma ss by a thi n , irregular 
z one of met amorphic s along t he c reek of that name . In the ridge we st of B . C . Ba sin 
a small bo ss or wide dike of aplit e c ut s  the lime stone , and on Marble Mount ain 
there are several large aplit i c  d ike s .  

Lithology . Staple s refers  t o  t he petrography of t he rock s of the b athol ith 
as fo llows : 

" Granitoid Rocks . - The l arge bat hol ithic mass in t he c enter of the area 
is compo sed · predominantly of granodiorite and quart z diorite . Spec imens 
taken f rom variou s po int s on the bat holith show a variat ion in t he min
eralogic c ompo sit ion , e spec ially in t he amount s of quart z ,  alkali and 
plagioclase feldspar s ,  and the t ype s o f  pyribole s and mi cas . "  

"On t he Lo sti ne River in sec , 2 6 ,  T . 3 S, , R . 43 E . , t he re i s  an expo sure 
of a part of the bat holit h which permit s study of a typ i c al and but 
slightly altered phase . Thi s rock (R 1346 ) i s  granitoid , hyp idiomor
phic , and ha s an average grain size of 2 . 4  mm .  The p rinc ipal feld spar 
i s  ande sine , which compo se s about 35'f. of t he rock and shows c onsiderable 
zoning . Orthoclase is pre sent to the extent of about 12'f,. and there i s  
2 5'f,. of quartz . Hornblende and biotite  are pre sent in about equal amount s 
and toge t he r  make up 24� of t he rock . Both of t he se minerals show con
siderable embayment of quart z  and plagioclase . A small amount of per
thit i c  intergrowths are pre sent . Tit anite along with magnet ite are prom
inent as ac c e s sory mineral s .  A basalt dike i s  report ed t o  cut through 
the granodiorite clo se to the place from wh ich t h i s  spec imen was t ake n .  

"The co untry ro ck i n  Bowman Creek , i n  sec . 27 ,  T . 3 S . , R . 43 1!: . , near the 
molybdenit e pro spe ct i s  very intere st i ng .  Thi s quartz dio rit e ( R 1304 ) 
i s  very poor in orthoclase , but c ont ains c on siderable b i ot i te . The an
de sine s are large and s how d i st inct zoning .  Numerous aligned inc lu
sions o f  hornblende , magnet it e and black ac icular crystal s  are pre sent 
in the feld spar . The deuteric effect s in  th is roc k  are very pronounced . 
Fine example s of uralit izat ion are pre sent . Both hypersthene and augite 
are found alter ing to hornblende . Thi s rock ha s been affected by the 
close proximity of the hydrothermal act ivity shown in the nearby molyb
denit e depo sit . 

"A spec imen (R  1348 ) taken from near t he w e st sall c ont act of a ba salt 
d ike in the Ni of the SEi of sec . 2 6 ,  T . 3  S . , R . 43 E . , shows the effect 
of the c ontact act ion on the granc1d!orite . The groundmass  is a mo saic 
of ande sine , orthoclase , and quartz ,  with pheno c ry st s of zoned plagio
clase .  B iot it e here occur s  in orb s and elongat ed rod s  as well as strewn 
out t hrough t he rock . Some muscovite  i s  d eveloped in allotriomorphi c  
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gra ins . The alterat ion in t he zone d  plagi o c l a se i s  int ere st i ng in 
t hat t he c ent e r s  o f  t he c ry s t al s  are almo st c omple t e ly kao l in i zed 
while t he out e r  zone s are c omparat ively fre sh . Thi s may i nd i c at e  
lat e r  e nlargeme nt o f  the feld spar by ac c ret i on . "  

"A spe c imen ( R  1468 ) from t he NWl of s e c . ? ,  T , 4  s. , R . 44 E . , on t he 
we st fork of t he Lo st ine R ive r ( e levat ion 6000 feet ) show s a ma s s ive 
grani t o i d hyp i d i omorph i c  p ha se w i t h  c o n s i d erable quart z (18j. ) and o nly 
a few gra i n s  of ort ho c la se . The plagio c l a se i s  ande sine ( 48j. ) and the 
rook i s  r i c h  in ho rnbl e nd e  ( 25j.)  w i t h  b i ot i t e  pre sent in small amount s .  
There i s  c on s i d e rabl e alt e rat ion o f  t he rock , e sp e c ially o f  the ande 
s i ne t o  se r i c it e , wi t h  some kao l i nit e ;  and c orro s i o n and embayment of 
t he hornb lend e by both plagi o c la se and quart z .  Th i s  ro ck is a go o d  
exampl e  o f  quart z d i o r it e , or t onal i t e . 

" Some i mportant f e ature s re sult ing from thi s int rusion are t o  be note d .  
Solut i on s b e ar i n g  c e rt a in me t al s  emanat e d  from t hi s  b at hol i t h  and pen
et rat e d  any ex i st i ng fract ure s , in some c a se s  far o ut i nt o  t he ad j ac e nt 
f o rmat i on s ,  re sult i ng in ve i n s  of quart z .  Fo r t he mo st part t he se are 
apparent ly not l arge . Ot he r  mat e r i al , l arge ly quart z and feld spar 
w i t h  l i t t le o r  no me t al s  produc e d  a c i d  d ike s ,  ap l i t e  and p e gmat it e . 
St i l l  a t h ird fe ature of t h i s i nt ru s io n  of granod i o r i t e  into t he enclo s
ing ro cks i s  a c ont act me t amorphi sm charac t e r ized by format ion of gar
ne t s ,  e p idot e and molybd e n it e . 

"For some a s  y et unknown re a so n  t he quart z ve in s o n  t he no rt h s i de of 
t he range are not a s  large and do not have t he  met al content of t h ose 
on t he so ut h  s i de . If futu re work should prov e  that t h i s i s  gene ral 
it w i ll be a ve ry import ant guide to t he pro spe ct ing of the region a s  
a who le . "  

At Hummi ngb ird Pe ak t he re i 'S  a c ontact zone up t o  5 00 f e e t  t hick in . wh i c h  
a great t extural var iety o f  hornblend e - gne i sse s ,  schi st s ,  and hornfel s have been 
developed and n o  sharp l ine of d e f i n i t io n  c an be drawn betwe en t he se d iment ary 
and i gneous rock s .  On the north side the c ont act i s  muc h  sharpe r .  

Good spe e d  ( 3 8 )  b e l ieve s  that replacement s o f  t he se d iment s by the granod i o 
rit e  on t he sout h s i de of t he range i s  met a somat i c  rather t han a re sult of st o p 
ing o r  a ss im i l at i on . I n  t he no rt hern Wallowa s i t  appe ar s t hat t h e  o lder se d i 
ment s have b e e n  int ruded and d i st urbe d by a v i s c ou s magma , whi c h  c ame i n  l argely 
along t he c ont act be twe en t he gre e nst one and t he Lower Sed iment ary ser i e s an d re
sult ed in t he a c cent uat ion of t he fo l d ing of t he pre - ex i st i ng sed iment s .  



"Ac id D ike s .  There are many d ike rocks , bot h  ac idic and basic  cut t ing 
the granodiorite bat holith . Among t he ac id di ke s might be ment ioned a 
set of narrow , ve ry typical granit e -aplit e dike s  wh ich are found in the 
cent er of t he NEt of sec . }} ,  T . 3 S. , R . 43 E. One spec imen (R 130 6 } i s  
a l i ght -gray , al lot r i omorphic ro ck cont aining about 40� quart z and an 
equal amount of orthoc la se , wit h about 8� of albi t e . The pri nc ipal al
terat ions are from ort ho c la se t o kao l i nit e ,  with some development of 
seri c it e ,  and a chlori t izat i on of the bi ot ite . The grain size i s  le ss 
than 2 mm . ( wh i c h  size ha s been set a s  an upper limit for apl it e s by 

some writers } . Like many apl it e s  there i s  c o ns ide rable perth it i c  in
t e r�rowt h .  It was forme r ly stated that pani diomorphic t exture s were 
c haracter i st ic of apl, it e s but :f.t i s now generally bel i eve d t hat a pan
al lotr iomorphic  t exture . such as i �  exhib i•t ed by th is roc k  i s  more char
acteri st i c  ( Johannsen , A . , A De sc r ipt ive Petrography of t he Igneou s  
Ro cks : vo l . l  p . 39 , vo l . II ,  p . 9 2 ) . 

"At t he • C ont ac t ' molybdeni t e  pro spect on the east side of t he Lo st ine 
R iver ab ove Lapover ( sec . 2 4 ,  T . 3 S . , R . 43 E . ) t here i s  a very typical 
aplite dike at the port al of the east tunnel . The ro ck (R 13 88  - see 
Plat e III-A, fig . l )  i s  phanerocry stalline , ma s sive , and pract i cally de 
vo id of ferromagne sium mineral s .  There i s about 3 2� quart z and 63� 
feld spar , wi t h  pr edominate ortho c la se , but mi croc line and albi t e  are 
al so pre sent in large amount s .  There are bot h mic rope gmat i t e  and mi
crope rthit e  pre sent and very sma ll amoun ts of mu scovit e ,  d i opside , z ir
c on and apat it e as ac c e s sorie s .  

"A good example of some of the e ffe c t s pr oduc e d  in t he granodiori t e  by 
lat er intru s i ons of ac id d ike s i s  shown in a spe c imen (R 133 2 ) t ake n  

from the swt of sec . 23 , T . 3 S. , R . 43 E .  The dike mat eri al i s  suff i 
c ient ly coar se - grained t o  be co nsid ered a pe gmat it e . The grano diorit e 
next to the c ontac t c ont ai ns about 35j. of hornblende and b iot i t e  in 
about equal amo unt s . Some of t he mo st i ntere st ing alt erat ion effect s 
are the c hange from biot ite to hornblende , t he alt e rat ion of hornblende 
to  chlorit e , and t he kaol inizat i on and seric it izat i on of t he feld spar s . 
The quart z show s considerable strain . 

17 

"The effe c t s  o f  a s sl.Inilat i on along the edge s of a sil iceou s  dike i n  c rys
tall in\9 limst one expo sed in a pro spe c t  hol.e at 6600 feet ele vat ion in 
sec . 24 , T ., 3 S . , R . 43 E . , i s  shown by a spec ime n (? 1379 )  taken at t he 
cont act . The contact ro c k i s  l ight gray , f inely granular , and c ompo sed 
of calc it e ,  mu scovi t e , and diop side in about e qual amou nt s wi th only 

·· 

small amount s of quartz and pyrit e . The feld spar s whi c h  make up about 
10� of t he rock are hi ghly ser i c it ized . 

11Basic  Dike s .  Numerous aschi st i c  and d ia sch i st i c  d ike s of b ot h i nt er

mediat e  and ba sic compo si t i on cut through the granodiorit e .  In t he SE 
c orner of sec . 2 2 , T . :;, s . , R . 43 E . , a hornblende and e s i t e  porphyry 
(R 1313- see Pla t e  III- B ,  f ig .  7 )  i s  found whi ch c ontain s about 35'1. hor-n
blend e . Th i s  fel s it,ic rock ha s a grain size of 0 . 66 mm . and t he feld
spar laths are ande sine . An intere st ing feature i s  t he alt erat ion or· 
the phenoc ryst s pre se nt . The out er zone i s  almo st completely kaolinized 
whi le t he i nt erior of the c ryst al s  is fre sh . 



PLATE III-A 

Fig.  1 .  Micrope gmat itic  intergrowth ( quartz in feld spar ) 
in  aplit e .  R 1388 . X-nicols . :X: 110 

Fig . 2 .  Hornfels c ompo sed of d iopside ( dark ) with back
ground of quartz and feld spar . R 1322 . 1-nicol . :X: 54 . 

Fig.  3 .  Alterat ion of biot ite (black ) t o  chlorit e ( gray )  
in granodiorit e . Quartz i s  penetrat ing t he b iot it e along 
the cleavage . The inc lusions in the biot it e are apat it e . 
R 1332 . 1-nicol . X 75 . 

Fig.  4 .  Same as Fig . 3 exc ept larger port ion of t he  f ie ld . 
X 54 . 

· Fig.  5 .  Twinning in t remolite in quartz trem.olite schi st . 
The schisto sity i s  apparent in the groundmas s .  R 1473 
X-nicols . X 28 . 

Fig . 6 .  Biot it e o rb in granodiorit e .  R 1348 . 1-nicol . X 20 . 
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PLATE III-B 

Fig . 7 .  Ande sine pheno cryst in hornblend e  ande site show
i ng alterat ion at e d ge s  of pheno cry st with fre sh interior . 
R l}lj . X 20 . 

Fig . 8 .  Twinned hornblende cryst al ac c ompanied by ort ho 

c l a se , ande sine , and quartz in grano dio r ite . R 1}46 . 
X-nicol s .  X 20 . 

Fig. 9 .  Olivine di abase showing two gene rat i o ns of labra
dorite wit h o l ivine ( dark ) and augit e i n  d iaba s i c  groundmas s .  
R 1406 . X-ni c o l s . X 2 0 .  

Fig . lO .  Biot it e lath i n  granod ior ite . Ort hoc la se ha s cut 
t hrough the b iot ite and worke d along the c leavage . All of 
the o rt ho c l a se in t he b iot ite is in opt ic al cont inuity . 
Polysynthet i c  twinning i s  in ande sine . �uart z al so i s  pre sent . 
R 1346 . X 2 0 . 

F i g . l l . Crystalline l ime st one showing banding by c arb onac eou s 

mat t er at r ight angle s t o  elongat ion of c alc ite grains . A 
slight amount of schi sto s ity ha s been i nduced . R 1386 . 
X-ni c o l s . X 2 0 . 

Fig . l2 .  Schiller structure i n  augit e ( light ) which is alt er ing 
to hornblende . M i neral w ith strong cl eavage and heavy outline 
i s  b iot it e .  �uartzdior ite . R 1304 . 1-nicol . X 54 . 
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1 8  

Dark Colored Dike s ( mainl� Te rt iary ) 

Among t he more spe c tacul ar feature s of t he central Wallow a s  are the 
great d ike s w h i c h  c ut al l the pre -Tert i ary format ion s ,  but are more prominent 
w i t h i n  the grano d i o r it e . Of many d i ke s  t hat appe are d from a d i st ance t o  r� ba s
alt i c , some on c lo se r examinat ion prove d to  be lamprophyr i c  pha s e s ( u omplemen
tary d ike s ) o f  t he granod i o r it e i ntru s i o n . The se dark- c o l or e d  d ike s are und i f 
fe rent iat ed on t he map . The d ike s vary f rom a f o o t  or le s s t o  over 50 feet in 
t hickne s s , but se em t o have an ave rage th i c kne s s  of abo ut 20 feet . Wit hin t he 
are a 8 2  suc h  dike s , vary ing in length from a few hundred feet to o ve r  three mi le s 
have been mapped . Mo st of t he d i ke s  were mapped from a d i stanc e , but the i r  c o n 

t ra st w it h t he whi te granite on t he ba re ro ck fac e s  made th i s  map p i ng ac c e pt ably 
accur ate . The trend '1 are from 10° t o  30° no rthwe st in the Lo st ine River drai n

age and in the Lake s Ba si n ;  ne arly nort h- sout h  in the Hur r i c ane and Wallowa dra i n 
age ; but in t he Main Eagle C r e e k  d ra inage t here were t hre e se t s  of d ike s w ith 
d iffe rent t rend s .  The d i p s  are almo st ve rt i c al whe rever ob se rve d . 

One d ike c ut s t he e;rano d io r i t e  at t he we st s ide of Wood Lake , NW .  c orne r of 
sec 15 T. 3 S.  , R .  4 3 E. Spe c ime n s  from thi s d ike ( R  1 3 1 1 , 1312 ) ac cord ing to 
St aple s :  

" Are f i ne - grained with good d i aba s i c  t exture . The re i s  co nsi de rable 
granu lar augite but o livi ne i s  rare . At pla c e s the t exture be come s 

hyp o - c ry st a l l ine w ith gla s s  mak i ng up a l arge amount o f  the grou ndma s s . 
M agnet it e i s  pre sent i n  l arge amount s ,  oc c a si o nally i n  euhed ral c rystal s" . 

The only c ont a c t  effect re sult i ng from t he int rusi on of t he lat e b a sal ti c  
d ike s  i s a sl ight b ak i n g  a t  the contac t s found i n  rare i n st anc e s .  The c o ntac t s 
are exceptionally sharp ,  a s  i f  t he in jec t e d l i q_u i d  wa s at l ow temper ature and 
e x e r t e d  l i t t l e  pre s sure dur i ng i t s  i nt ru s i on . 

In t he Wallowa Lake quadrangle t he north- sout h t rend ing d i ke s cut a c r o s s t he 

st ructure s of all pre -Te rt iary format ions , cont rad i c t ing Gi lluly ' s ( 37 : 64 ) sug
ge st ion that t he empl ac ement of t he b asalt ic  d ike s whi c h  have s i m i l ar att i tude s 

in the Bake r quadrangle " pr e sumably have be en c o nt ro ll e d  by t he o lder j o i nt sy s
t em in t he pre -Te rt i a ry b a seme nt '' . It is be lieved that the stre s se s  re sult i ng 
in the north- south frac ture sy st em were c onne cte d w i t h  t he out fl m•; s of t he Colum

bia Rive r ba salt . 

Without much doubt the se d ike s  suppl i ed t he vent s f o r  the flow s of C o lumb i a  
R i v e r  b a salt whi c h  flooded mo st o f  t h e  re gion . 



C olumb i a  River Basalt Format i on 

Gene r al Feat ure s . The mo st w id e spre ad geol o g i ::  f ormat i on i n northe a s t e rn 
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Ore gon i s  t he Columb ia Rive r ba salt . It c o n s i st s  of a ser i e s of lava fl ow s  w i t h  

mi no r  amount s  of i nt erbedded se d ime nt s and pyro c l a st i c s ,  whi c h  onc e c overe d wh at 
i s  now t he Wallowa Mount a i n  area . In the nort he a st ern part o f  Wall owa Lake q_uad -
rangle t he se flow s und erl i e Wal lowa Val ley at an e l evat i o n  of 4500 f e e t  and have 
a ve ry f lat d i p .  Sout h of the great Wallowa f aul t , t he y  appe ar h i gh on t he c re st s 
of t he r idge s at e levat i o n s  6000 t o  9 0 00 fe e t . Toward the w e st e rn ,  e a st e rn , and 
sout hern e d ge s  of t he quadrangle , t he l ava s  ov e rl ie o t he r  format ion s a t  low er e l -
e v a t i on s .  I n  t he c ent ral port ion of t he are a , o n l y  remnant s o f t he se f low s oc -
cur , c apping suc h  pe ak s a s  Po i �t Jo seph ( 9 3 00 feet ) ,  Lo okout Mount ain ( 8800 feet ) ,  
Sturgi l l  Peak ( 89 00 feet ) , Brown Moun t a i n  ( 9000 fee t ) , and .t\ne ro i d  Po i nt ( 9 600 f e E . ,  
The t h ick ne s s of t he fl ow s in l1nero i d  Pe ak i s  over 1 5 00 f e e t , and the l ava s may 
be t h i cke r in t he no rt he a s t e rn port i o n  of the quadrangle . 

Lithology_. T:ae lav a s are u sua lly den se , dark gray t o bl ack , and aphan i t i c  

111 i t h  c o lwnnar j o int ing , loc a Lly w e ll developed . Gl a s sy ,  ve sicular , sc or iac eous 
o r  porphyri t i c  t exture s a r e  not unc ommo n .  A hi ghly magnet i c , dense , bl ac k  type 
wa s not e d  on Lookout Mount ain . St apl e s  de sc r i b e d  a spe c ime n from Ane ro id Pe ak 
a s  f o llow s :  

"Jmero i d  Peak i s  c ompo se d o f  a den se , black , b a sal t  ro ck t hat i s  char
ac t ed st i c  of many o f  t he hi ghe st po i n t s o f  t he regio n .  At an e leva
t i on of 9200 feet , in  the NE corner of sec . 2 2 ,  T . 4  S . , R . 45 E . , a spe c i 
men ( R  140 6  - see Plat e I I I - B , f ig . 9 )  c ont ained a few l arge pheno cryst s 
about 6 mm . i n  le ngt h in a groundma ss  co n si st ing of l at h s  ave raging 0 . 6  
mm . The ro ck ha s a d iabasic  t ex tur e And con si st s  of about 63� labra-
do r i t e  with 12� o l i v ine and 2 4� augit e .  The o l iv ine i s  alt e red i n 
part t o  idd i ngs i t e  and ant igo r it e . "u tho ugh t hi s spe c imen c ont a in s a 

few phe n o c ry st s ,  they are not suf f i c i e nt ly numer o u s  t o  j u st ify one c al l -
i n g  t he r o c k  a po rphyry . Thi s r o c k  i s  v e ry typ i cal o f  t he Columb ia 
Rive r ba salt s" . 

Relat i o n s  w i th Underlying Ro ck s . The Co lumb ia River b a sal t flowed out upon 
and c overed a gently ro ll ing , lat e mature surfac e ,  w i t h  a re l i e f of from 500 to 
1500 feet . A rat her de ep ly v1e at he red granit i c  so i l  mant l e d  t he o ld t e rrai n , an d  
thi s t h i c k  w e athered z one o c c a s ionally rema in s , a s  on the slo pe s northeast of 
Ane roid Lake an d around t he Gre at No rt he rn Mine s we st o f  Glac ie r Pe ak .  Gravel s 
are found at seve ral plac e s along t he cont ac t . Just e a st o f  Lookout Mountai n ,  
a bed of e arly Tert i ary st re am grave l s  up t o  3 0  fe et i n  t hi c kne s s  l ie s upon t he 
gran it e and unde r t he ba salt . It i s  c ompo se d of round , wat e rwo rn boulde r s ,  up 
to 3 feet in d iame t e r , of q_uart z i t e , apl ite , and o t her met amorph ic and igneous 
type s of rock . The quart z i t e  bould e r s  are ne arly all sc arred w it h c re sc e nt i c 
chat t e r mark s , and mal<e up over 2 0 f,  of the be d .  

Age and Co rre l A t ion . The ba sal t s have be e n  c orrelat ed on t he b a si s of l i th
ology a�11 s t rat i grap h i c  po s i t bn w i t h t he Co lumb i a River ba salt s whi c h are p re -
swnab ly o f  M i o c e ne age . No f o s si l s  we re found w i t h i n  t h i s se r i e s i n  t he Wallo;�a 
qua drangle , alt hough a 1.1ioc ene flora ha .s be en d e s c r i be d  f r om sed iment ary i nt erbed s 

in the ba salt t o  t he s out h and we st by Gilluly ( 3 7 : 62 ) and Ro s s  ( 3 8 : .55 ) .  
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Quat ernary De po s it s 

Mo st o f  t he unc o n so l i d at e d  d epo s it s in t he Wallowa quadrangle are glac ial i n  
o r i gi n , or a r e  de rived from gl ac i al d e po s i t s .  The boulder s a r e  predominant ly 
granit o id , w i t h  minor amount s of gre enst o ne s ,  l ime st one s ,  and hornfe l s . The re 
are very few b a salt boulde r s . The depo sit s consi st of mat e ri al of all size s .  

The group of great , c ompound , l at e ral and t e rm i nal moraine s wh ic h impound 
Wallowa Lake i s undoubt e dly one o f  t he mo st spe c t acular and be st pre served in 
the Uni t e d  Stat e s .  The lat e ral mo rai ne i s  ove r 800 fee t h igh at it s upper end , 
and i t s evenly sloping sid e s stro ngly sugge st an art if i c a l  embankment . At 
le a st f ive stage s o f  glac ial advance and re t reat or st and- st il l are i nd ic at ed 
by ridge s on it s out e r  and t e rmi nal slope s .  The moraine s at t he mout hs of Lo s
t ine and Hurri c ane Creek s are le s s  d i stinct but st i ll are p rominent fe ature s .  
The i r  small s i z e  in relat i on t o  t he s i z e  o f  the c anyon sugge sts t hat a po rt i on o f  
the u p l i f t  o f  t e e  range along t he f ault sc arp o c curred aft e r  e arly gl ac iat ion . 
Moraine s  are well devel oped along t he e a st side of Main Eagle C re ek ,  and a small 
t e rmi nal mo rai ne with two lobe s impound s Two C o l or Lake , j u st south o f  Humming
b i rd Mount ain . The t o p s  o f  the la t e ral moraine r i d ge s on Eagle Cre ek are 1000 
feet above t he valley f l oor . Granod ior it e errat i c s  are f ou nd 2500 f e e t  above 
t he v alley floor in Lo st ine c anyo n .  

st ruc ture and Deformat i on 
by 

J ohn El iot Allen 

General Fe ature s .  The pre - granod i o r it i c  sed iment ary �nd me tamorphic rocks 
of t h e  Wallowa s are c o nveni ent ly d i v id ed by t he Mc Cully grano d i o r i t i c  pro ng int o  
two are a s : t he nort he rn ,  expo se d  south and we st o f  Wallowa Lake and i n  t he Hurr i 
c ane and Lo st i ne  c anyon s ;  and t he so ut he rn , expo sed sout h of �\ne rei d Lake , i n  the 
he adwat e r s  o f  t he Imnaha and · t he we st f o rk of t he Wal lowa , and ext end ing sou t h  
into t he Eagl e Cre ek and Cornuc op i a  are a s  mapped b y  Ro s s ( 38 )  ( see Plat e IV) . 

Ear t h  movement due t o  st re s se s of v ary ing ori gi n  ha s oc curred repeat e dly i n  
the Wal lowa Mount ain s .  A l i st o f  t he se perio d s  of fo ldi ng and f ault ing sugge st s 
t he c omplex s t ru c t ure s re sult ing from t hem : 

Pale o z o i c  i nt ru si on (Ro s s  38 : 61 )  
Permi an or e arly Triassic folding ( Ro s s  38 : 61 }  
Lat e Me sozo i c  granit i c  intru si o n , wit h ext ensive 

and complex f o ld i ng and subo r d inat e f ault ing 
and upl if t . 

Mi ddle Tert iary f ault ing , with ba sal t i c  int ru s i o n  
o f  d ike s a n d  ext ru s i on of lava flows . 

Lat e Tert iary or Quat e rnary fault i�g and upl ift . 

Paleo zo ic defo rma t ion , a s  su gge sted by Ro s s : 38 : 61 )  ha s not been rec ogn i zed 
i n  the no rt he rn Wallow a s , but the unc o nformab l e r e l at io n sh i p s  b e tw e en t he Lower 
Sed iment ary se ri e s  ( wh i ch i s  in place s mi s s i ng ent i re ly ) and t he Mart in Br idge 
format i o n  sug ge st s t hat Pe rmian or Tri a s s i c f� ld ing t ook plac e . The t rend s of 
t he st ruc ture s p rp du c e d  by t h i s  fo ld ing hav�0

oe e n  def i n it e ly rec ogni ze d . 

Wi t h i n  t h�s are a , mo st of t he maj or st ructu ral fe ature s were develope d b e 
fo re or duri n g  t h e  i nt ru si on of t he Wallowa b at hol ith �  Th e  var i ou s li ne s o f  
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ev idence for dat i ng t hi s  Me sozoic fo lding will be di scu sse d lat er .  

The Te rt iary deformation consi sted o f  gen t le arching and warp ing , w i t h  the 
mai n  ax i s  of foliing str ik ing nort hwe st , a s  in the Baker �uadrangle ( Gilluly 37 : 71 ) . 
There wa s also st rong faulting along the north f lank of t he fo ld . 

structure s i n  the Northe rn Area . The major structure with in the northern are a 
i s  a large nort hwe st -plunging syncline , wh o se ax i s  extend s no rthwe ste rly f rom Ice 
Lake acro s s  the summit of Saca j awea Pe ak , across Hurr i c ane C reek through Tw in 
Pe aks to Traver se ridge ( secti ons A-A ; B-B ; C -C ; Plate V ) . Th i s  fold i s  int ruded 

in i ts c entral portion by the Sawtooth b o s s  of granodiorit e ,  and numerous minor 

fold s  comp l i cat e the structure , e spe cially on the we stern fl ank . At Ice Lake 
t h i s gre at syncl ine t e rminate s abru ptly against the grano diorite of McCully prong , 
and several minor fold s  o ccur . The lime stone turns t o  t he  we st and down over 
the face of the Matterhorn , as well as to the e a st and down Adams Creek , where 
i t  i s  spl it by t h e  Adams Creek bo s s .  

The Clov e r  C reek gree n st o ne se r ie s i n  the n o rthern area li e s  enti re ly on 
the no rthe a st f lank of the maj o r  syncl ine , and dips t o  t he southwe st .  The Lower 
Sed imentary ser i e s  i s  i n  part ab sent and in part overl i e s th e greenstone t o  the 
no rthe a st . It i S  i n  d i rect contact wi t h  the granodio rite on the sout h and we st, 
t he thick greenst one ser ie s be ing ab sent . Along and near the we stern co nt act , 
t he sedime nt s are intruded by apophy se s of gr anodiorite and t hemse lv e s  form out 
l i e r s  and xe nol ith s within the granodior ite ( Se ction A-A' , Plate V ) . On a l arge 
sc ale , t h e  we st e rn con t act i s  approx imat e ly par alle l t o  t he st r ike of t he lower 
se d ime nt s of the we st flank , but o n  the south it cut s abruptly northeastward acro ss 
them , l e aving only a n arrow b and t o  repre se nt an o r ig inal th ickne s s  of sev eral 
t housand f e e t . 

The Clov e r  Creek green st one and to a le s s  extent t h e  ar gi lla c e ou s  Lower Sed
imentary se r i e s and the Hurwal format ion hav e  reacted compe tently to the int ru sive 
and fo lding st re s se s ,  in c ompar i son to th e  Martin Br rdge l ime st one s whi c h  have 
be en contorted , folded , squeezed up , and p inche d out i n  an extraordinary manner .  

The calcareou s Martin Bridge format ion i s  so h ighly folded t hat t h e  st ruc
t ure s cou ld not wo rked out in detail . The l ime stone s app arently f lowed l ike a 
v i scous liqu i d , c reat in g  i rre gular complex f o ld s  of all sor t s  - iso c l inal , fan
shaped ,  and crenulate . Layer s  o f more compet e nt sediments i nt erbedded w i thin t he 
l ime stone , or d ike s  and s i ll s  i nt ruded i nt o  i t , h av e  been pull ed apa rt , th e flow 
band s in t he l ime sto ne now pa ssing smoot hly around t he se i solat ed knob s of ar gil
laceou s o r  b a saltic material . In th e l ime stone s on the e a st si de of t he Mat ter
horn a smal l  d ike paralleling the f low b anding , about li inche s  wide ,  ha s be e n  
pulle d apart b y  the moveme nt .  It s rectangular fragments , none of them over a few 
inche s long , to tal about 10 f e et in lengt h ,  and are now spread out over a d i st ance 
of 55 feet . The s t re t ching in thi s local ity ha s thu s  been over five -fold . 

Alon g the nor t h  side of McCully prong south of Wallowa Lake , t he grano d i o r i t e  
i s  separated f rom t h e  greenstone only b y  a th in band of c alc areous and arg i llaceou s 
metamorphi c s .  Apparent ly he re the greenstone acted as a re si stant buttre ss to 
the intru sive fo rc e s ,  squeez ing t he le ss competent mat eri al s  unti l t he y  were almost 
p i nched out . The contact i s  near ly ve rtical for 2500 feet , and i n  plac e s  dip s  
into t he gran i t e . 

The we st contact of  t he  metamorp hics with the gr ano diorite on the Lo st i ne 
Riv e r , abrupt ly turn s  ea stward at the Iron Dike Range r  st at i on , and c ro sse s  the 
ri dge 2 mile s sout h  of Franc i s  Lake ba sin into Hurri cane Creek toward s the Matterhorn , 
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v1he re it  agai n  make s a sharp turn t o  t he northea st . The se tvJO bend s seem to 
oc cur on t wo zone s of weakne s s  wh i c h  affe c t e d  and gu i ded the i nt ru s ion of the 
batho l it h  in the se are a s . The relat ive movement wa s e a stward on the s outh s ide 
of e ach zone , or  else  t he nor t h  side dropped dow n . The zo ne s  of weakne s s  trend 
nort heast e rly , t he nor t he rn zone ly ing j ust sout h of and parallel t o  st ructure 
sec t ion .A-A' { fr om Bowman Creek b a s in through Marble Po int and Twin Peaks - c o 
inc id ing 11J i t h  t he sout h e dge or t he Sawt ooth Bo s s ) . The so ut he rn zon e  paralle l s  
the co nt ac t  o f  McCully Prong from t he Mat terhorn down Adams C reek , acro ss  Middle 
Mount ain and up Royal Purple Creek . 

All mi ning pro spect s in the no rthern are a seem to l i e  along t he se two zone s .  
The mine ralizat ion at t he W i l son Mine s  ( John Henry Lake - Bowman Cre ek ) , and the 
Great Nort hern Mine s ( Copper Creek ) i s  upon t he i r  southwe ste rn ext en s i o n s  into 
t he bat hol ith ; and the  Marble Poi nt , Fall s Creek , Granit e Creek , Mat t erho rn , 
Adams C re ek ,  Royal Purple Creek and McCully Creek ( Transvaal ) pro spe c t s l ie upon 
these same t rend s ,  u sually at t he grano d i o r it e -marbl e co nt ac t s .  

Structure s in t he Southe rn Are a .  The southe rn area o f  pre- grano d i or it e rocks 
oc cupi e s  the he adwat e r s  of t he Imnaha River and a small P�ea sout h  of Anero id Lake . 
The granod ior i t e  he re apparent ly i nt ruded from t he w e st and north , c rumple d up t he 
Lower Sed iment ary and the l ime sto ne serie s aga in st t he compet ent greenstone s lyi ng 
t o  the east . A number o f  northe a st erly- t rendin g fo ld s re sult ed , whereas northwe st 
erly-t rend ing fold s we re developed in t he no rt he rn area . 

On the we st flank of t he Ane ro i d Lake sync l ine t he l ime st one s and Lower Sed i 
me nt ary se rie s were p i nc hed out aga i n st t he granod io r it e  t o  a v e ry t hi n  b and 
( Se c t ion D-· D ' ,  plate V ) , but in the Tenderfoot ant i c l i ne one or two mile s t o  the 
east t he re i s  an appa rent t h i c kne s s  of l ime st one of more than 2000 feet . Both thi s 
lat ter st ructur e  and the Tenderfoot syncline a mile fart her e a st curve sh arply t o  

the ea st a s  t hey pa s s  u p  ove r  t he d ivide  between the Imnaha and Wall owa d raina ge , 
a bend c au sed by t he pro t ruding :McC ully granod iorit e  prong lying t o  t he nort h . 

Three ot he r  st ructure s sout h o f  t he main Imnaha River have be en t i ed in f rom 
'1o s s '  map ( 3 8 ) . Ju st we st o f  :Marb le Mount ain a t i ght ly c l o sed i socl inal sync l i ne 
and ant i c l ine , ov e rturne d to t he e a st , c au se a ne arly uniform we stward d i p  of t he 
st rat a along t he r i dge . The se same struc ture s have be en map pe d by rtO s s  along t he 
e a st fork of Eagle Creek and probably t ie i n  with tho se mapped at t he ext reme 
southern edge of t he map o n  ma in Eagl e  Cre ek . 

Ro s s  i nd ic at e s  a gent le ant i c line in t he green st one s whi c h  v; oul d c ro s s  t he 
Imnaha Rive r  near Polari s  Ranger St at i on .  If t h i s  t urns to t he no rthe a st up t he 
e a st valley wall o f  the m i dd le and no rth fork s  of t he Imnaha , it vJou ld j o i n  t he 
ant i c l inal struc ture noted t here in t he l ime stone s and a rgi ll it e s .  

The struct ural d e t a i l s  i n  many p lac e s  wit h i n  bot h area s  are so compli c at ed 
that the se c t ions d rawn only repre sent the mo st logi c al of several po ssible explan
at ions of t he f e ature s observe d . For inst anc e , some of  t he fault s i nd i c ated 
{ sect ion in D-D ' , Pla te V) are only inferred from t he strat i graphic po si t ion of t he 
bed s .  They may b e  sharp fo ld s o r  t hru st s from t he we st r at her t han normal fault s 
a s  plot ted . The fac e of Sac a j awea Peak i s  so highly fol ded t h at only i nferenc e  
a s  to struc ture coul d be d raw n .  

Faulti n g .  Separat e period s o f  f ault ing in t he Wallowa Mount ains c annot al 

way s be d i st ingui shed v1ith c e rt ai nty . Faul ts  wit h no rth- sout h and e a st -we st t re nd s  
( Tunnel Mount ain and B i g  Creek fault s )  bound a hor st about two mile s wide , uplift ed 



2 3  

about 500 feet po ssibly b y  sub j a cent granod ior i t i c  i ntru si on s  whi ch have reached 
the surfac e only in small are a s  at the head o f  B . C . ba sin and j u st below Hurricane 
rapid s .  Mult i ple no rth- south fault ing on the sout h wall of B . C .  ba sin has about 
500 feet of t o t a l  di splac eme nt , t he we st side hav i ng dropped . 

The c ont i nuou s we stward d i p  in t he Hurwal sed iment s along t he r id ge between 
t he Nort h and Middle fork s of  the Imnaha c annot b e  re c o nc i led w it h  t he apparent 
almo st hori zont al c ont act b e tween t hem and the und erlying l ime stone and green
stone , unle s s  a serie s of  fault s suc c e s siv e ly drop the e as t e rn blo cks down o r  
t hru st the we stern blocks up ( Sec t i on D-D ' , Plate V) . The v1e st ernmo st o f  the se 
faul t s  wa s mapped in t he f i e ld , othe r s  were in part i nf erred . 

A summary of t he most signif i c ant st ructural feature s of the re gion would in
c lude t hEi fo llow ing : 

1 .  The t rend s of t he axe s o f  folding i n  the northe rn an d southern 
are a s , separat e d  by the McCully Prong , are at right angle s t o  
e a c h  other . 

2 .  The c ont ac t s be tween t he grano d i o ri t e  and t h e  o lder r ocks are 
st e epe st where t he granod io ri t e  c ut s acros s t he structure s o n  
the nor t h  side of t he McCully Prong . El sew he re t he att i tude 
o f  the bedd ing in  t he o lder roc k s approx imate s  t be  a t t itud e  of 
the cont ac t . 

3 . The apparent th ickne s s  of the l ime st o ne i s  gre at e st ne ar sal ient s 
of o ld e r  rocks i nt o  t he batho l i t h . Where t he b at ho l i t h  nears 
t he gre e n st one in t he McCully Prong t he i nt e rvening rocks -
l ime stone s and othe r  sed iment s - are very t hi n .  

4 .  Compound f aul t ing , e sp e c i ally i n  t he southe rn area , i s  a ssoc i at 
e d  with i so c l inal and ove rturne d fo ld ing , and bot h are be st d e 
velo pe d  adj ac ent t o  t he gre e n st one s .  

5 . Large - sc ale mine ral i z at i on ( sulphide type and o t h erw i se ) w i thin 
t he Wallowas i s  re str i c t e d  to t he southe rn si de of the range . 

Mineral i zat ion and m 3 t all i zat ion are predominant ly of contac t -
. met amorphi c type . o n  t he no rt h side . 

6 .  Mo st mineral izat i on w it hi n  the nor t he rn Wall owa s i s  re st r i c t e d  
t o  t hr e e  zone s t hat trend no rthe a st erly an d  su gge st di splace
ment during t he b at hol ithic int ru si o n . 

The hypo t he si s whi ch se ems be st t o  explain all t h e se featur e s i s  one whi c h  
sugge st s  t hat mo st o f  t he f o lding w a s  d ev e lope d b y  and during t he intrusi on of the 
b athol i t h  i t self . The v i scous magma apparently broke through t h e  relat ively com
pet ent and brit t le green st one s  and c ame up from t h e  we st along t he c ontact be tween 
the greenst one and the overly i ng sed iment s .  The latter were c rumple d against t he  
gre enstone s ,  an d  repe at e dly f ault ed . The int ru si o n  w a s  also guided by northeast 
southwe st t rendi ng zone s of we akne s s .  

Tert iary struc ture s .  The d ike s of ba salt t hat cont ri buted t o  t he o nc e  over
lying plat eau lava s c ame up over t h e  ent i re area along predominant ly north- south 
f i s sure s .  In only a f ew plac e s do t hey deviat e f rom t hi s  t rend more t ha n  20  
degre e s  ( t o  t he w e st ) . The ac c ompany i ng Figure 4 ind ic at e s t he  st r ike of the 
d ike s not ed and mapped . Mo st of t he d ike s appro ac h  ve rt i c ality . Many of t hem 
are over a mile in lengt h , and several are over two mile s long . . Parallel f ault 
ing witho ut int ru sion appe ar s o c c a sionally ( as at B . C . Ba s i n ,  Hobo Lake , Wood Lake , 

Mi ddle Mount ai n , and Po int Jo seph ) . 



24  

Cro s s . faul t i ng whi c h  ha s . d i slo 
cated d ike s in B. C . Ba s i n  and on Big 
Creek c·ould b e  u sed a s  age c r i t e r i a  
were it not f o r  t he f a c t  t hat some 

o f  t he dike s are known to be lam
prophyric and co nt empo raneou s with 
the la st st age s of the granodio rit ic 
intru sion s ,  rather t han ba salt i c  and 
m i d-Te rt i ary in age . Petrographic 
work ha s been done on o nly a f ew of 
the se d ike s ,  and the two type s were 
seldom di st ingui shed in t he f i e l d . 

The lo cat i on of t he main north
we sterly-trending Wallowa fault zone 
whi ch forms t he gre at no rthern e s
c arpment of t he range i s  based main
ly on phy s i o graphi c ev i d enc e ,  al 
though several paralle l fault s w i t h  
small d i splac ement s have b e e n  o b serv
ed . It was along th i s  ma j or zone 
of fracturing t hat a large p art o f  
t h e  lat e Te rt iary or e arly Quater
nary upl i ft of t h e  range took plac e . 
There is a surpri s ing lack of gl ac i al 
deb r i s at the mout h of the great 
Lo st ine draina ge sy st em .  None of 
t he movement s c an have be en po st 
glac i al , or the Wallowa Lake mor
aine s woul d have be en di sturbe d . 

To the northwe st o f  Lo st i ne C an
yon and pro bably t o  t he southe a st of 
Wallowa Lake a s we ll , the Wallowa 
f ault p a s se s  i nt o  a mono c l ine . It 

seem s probable that the flexure s and 
f a ult i ng along t hi s zone are due t o  
c ompre ssive forc e s  and upthru st ,  a s  
ha s been su gge st ed by &lith ( 27 : 421-
440 ) in the c a se of the ba sin-range 
fault ing of t he St een s  Mounta.in , 
rat he r  than to t he simple down
dro pping of t he plat e au s i d e  to t he 
no rthea st . In t he Bake r quadrangle 
t o  the s out hwe st , Gilluly ( 37 : 7 7 )  
be l i eve s t hat the dominant ly north-
we st er ly t rend of t he Tert i ary st ru c 
ture s t he re 
" • • .  seems to indic ate a re gi onal c on

tro l  during the deformat ion . The 
b ro ad f o l d s  sugge st a sl i ght c om
pre s s ion normal to t h i s  t rend , but 
the prevalenc e o f par all e l  no rmal 
f ault s seems to indic at e the c om
pre s s i on w a s  not great at level s 

t 
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Fi g . 4 .  Trend s of ba salt i c  d ike s 
in t he Wallowas . 



now expo sed . It may b e  t hat the se feature s are b e st expla ined 
by v ert ic al ad j u stment s of t he crust , c onse quent on t he gre at e x
t ru si on s of t he C o lumb ia River b a salt , whi ch mu st have up se t t he 
subcru stal e qu il ibrium . Different ial vert i c al movement s , act i ng 
und e r c ompre s s ion suff ic ient o nly to cont ro l  the t rend of t he re
sult ing wr inkle s and b re ak s , s e em compe t ent t o  have produc ed the 
ex i st ing Tert iary struc tural f e at ure s .  The i r general i ndepe nd 
enc e of pre -Tert iary t rend l i ne s seem s to sugge st a d eep - se at ed 
so urc e of t he movement s . " 

· 
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Thi s  explanat i o n  sugge st s an att empt t o ad j u st t he f i eld evidence w i th pre 
c once ived not i ons o f  t h e  mechanic s o f normal f aul t ing , rat he r t han a l o g i c al c o r 
relat ion of t he f o ldi n g and t he f ault ing a s  exhi b i t ed , i nt o  a harmoniou s hypot he 
si s of upt hru st i ng due t o  c ompre s s io n . 

StJMMARY OF H isrORICAL GEOLOGY 

Gre a t  lava flow s and t uf f  bed s were ext ruded some t ime pr i or t o m iddle Tri

a s s ic t ime ( probably i n  Pe rmian ) in a manner s imilar t o  t hat of t he Columb i a  Riv 

er ba salt s and t uff s . Aft e r  some ero s io n  re sul t i ng from upl ift , the land area 
sank and wa s c overed by salt wat e r  i n  whi c h  were depo sit ed l imey and clayey sed i 
ment s .  The se lat er b e c ame t h e  met amorpho sed s e d iment s and l ime st one s . Flu c 
tuat i ng c ond i t ion s  of depth o f  wat e r  and sourc e o f  mat e r i al a c c o unt fo r t he chang
e s  i n  t ype s of sed iment s .  The shallow se a bo t t om swarme d w i t h  i nve rt ebrat e l ife 
such as c or al s and seve ral t ype s o f she ll f i sh .  

No Jura s s i c sed ime nt s h ave b e en r e c ogn i z e d  i n  the a r e a . If t hey onc e e x i st e d , 
t hey have been t o t ally e rode d . Pe rhap s in th i s  region , t h e  l and had alre ady begun 
t o  eme rge f rom t he sea during the Jura s si c and t he Tr i a s s i c  f o rmat i ons we re b e i ng 
fold e d  and e ro de d . As f o ld ing pro gre s se d  and t he e art h ' s cru st w a s  we akened , un
derlying mol t en rock ( magma ) sought it s way upward . Bre ak ing t hrough the green
stone s it made more progre s s  t hrough t he le s s c omp e t e nt ro c k s  by forc i ng t hem 
a side and fo ld i ng them i nt e n se ly . Thu s t he lime st one s we re sque e zed and t he i r  
enormou s t hic keni ng around t he he ad o f  Lake Creek and o n  Hurri c ane Creek wa s de
velope d . The ma gma al so advanc e d  b y  st oping , a s  large b locks  of t he sed iment s 
are f ound c omple t e ly i so la t e d  w ithin t he granit o id ro c k .  Assimilat ion w a s  b e t t e r  

develo pe d in the sout he rn port ion o f  t he r ange where accord ing to  Goo d speed ( 39 )  
muc h of the gr an i t e  it self e vent u a lly c ame  t o  be made up of more o r  le ss d i sso lved 
se d iment s . 

As t he granod ior it e  c oo le d and cont ract ed , it frac t ure d t o pe rmit d ike s of 
granod i o r it e -porphyry , apli t e and lamprophyre t o  penetrat e i t s uppe r  port ions and 
t he cover of o lde r r o ck s . Dur ing t he l a st st age s of i nt ru si on of the batho l it h i c  

ma s s ,  the  important met all iferou s m i ner al o r e  bod i e s o f  t he southern Wallowas 
were emplaced . 

The next great chapt er in t he ge ol o gi c al hi st ory of t he Wallowa re gio n i s  
conc e rne d large ly w i th e ro s i on .  It i s  unc e rtain t o  w hat ext ent t he area w a s  base 

leveled , but p lai nly the f o l d s  we re ext ensively bevele d  off . Today a s  one l ook s 
ove r  the who le range from s ome v ant age po int l i ke t he Hurwal D iv ide , he i s  struck 
by t he acco rdant t op s  of t he r i d ge s .  The e ro s ion wa s so deep t h at large po rt ions 
of t he gran it ic batho l i t h  ar e now expo sed . Duri ng t h i s  e r o s i o n  int e rval st reams 
who se co ur se s  were qu it e at var i anc e w it h  t he pre sent stream pat t e rn s  were developed . 
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Ev idenc e o f  t he se i s  o ffe re d  by he avy co nglome rat e lyi ng on t he grano d i orit e and 

be l ow t he Mio c e ne ba sal t s . 

Approx imat ely 40 m i ll i on y e ar s  a go , in M i o c ene t i me , o c curred t he t remendou s 

ou t pour ing of ba s i c  l ava s c alled t he C olumb ia River ba salt s .  The se i s sue d from 

long f i s sure s ,  now occupied by t he prom i nent ba sal t i c  d i ke s  t hat extend f o r  great 

d i st anc e s , a s  mu c h  a s  tv;o mile s ,  a c r o s s  c ount ry . As ero s i o n  h a s  r emove d muc h  o f  

th i s  overlying basalt , it s or iginal t h i c kne s s  i s  unknow n ,  but pre sumab ly i t  or i g

i nally wa s t hree o r  fo ur t hou sand f e e t  t hi c k . Somet ime lat e r , d i a stroph i c  move 

me nt s in t.he f o rm of gent le upwarpi ng and pro found fault ing r e sult e d i n  t he up-
t hr u st i ng of the Wallowa region a s  a great b l o c k  or ho r st , The mo st s pe c t acular 

of t he  f ault s form s  t he prec ip i t ou s no rthe rn slo pe of t he r ange . Other f ault s 

probab ly a c � ount f o r  the Grand Ronde Valley , a down-fault ed blo c k  of the e arth ' s  

c ru st , a f ew mi l e s  we st of t h e  quadr angle . Eagle Creek in pa rt may f l ow along 

suc h a fracture . Duri ng th i s  u pl if t of at le a st 5 000 feet and f ollow i ng i t  ( if 
indeed i t  ha s ever c e a sed ) e ro s i on by runni ng wat e r  main t a i ne d  t he alr e ady well
d eveloped rad i al d rainage sy st em 'iild c ut deep V- shaped valle y s , whi ch were pre sent 

at t he a dvent o f  t he i c e  age . 

The gl a c i al hi story of t he Wallow a  Mount a i n s  i s  t re at e d  fully in t he follow 

i ng chapt e r  o n  phy si o graphy . 
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Int ro duc t i o n .  I n  t he pre c ed ing chapt er a f ull d i scu s s ion o f  t he rock s and 

t he i r  st ruc ture s -w a s  gi ven . Igneo us roc ks and var i o u s  kind s of sed iment ar i a s ,  

mo st of -wh i c h  have b e e n  pro f oundly me t amorpho sed , cover mo st of t he are a . The 
i gne o us roc k s  cons i st of d e ep - se at ed ,  c o a r se - graine d  t ype s re semb l ing gr an i t e s , 
of lav a s  ly ing for the mo st pa rt ab ove t he granit i c  ro c k s ,  and of st i ll o ther s 

in t he f o rm  of d ike s that cut t he o lder f ormat ions . The me t amorpho s e d  sed imen

t ary ro c k s  inc lude l ime sto ne s ,  indurat e d sand sto ne s ,  and shal e s whi c h  are great ly 
folded and c ont o rt ed .  The d i f fere nt r oc k  type s are i n  some c a se s harde r t han 

t he ne i ghbo ring format i on s ,  but i n  ot her c a se s t hey are somew hat le s s re si st ant . 

In al l of t he se d i fferent type s of ro ck s t here a r e  c e rt ain d ef i n i t e  stru c -
tu re s suc h a s  sc histo sity , j o int ing , f ault ing , and fo lding which have le ft the i r  
impre s s ion upo n t he  phy s i o graphy o f  t he region by pro duc ing c e rt a in d e t a i l s o f  
topographi c  expre s s i o n . 

In older d i scu s s i o n s  of the phy s i o gr aphy of a given t err ain emp i r i c al t e rm s  

w e r e  employed , but in t he  modern t r e atme nt o f  t h e  sub j e ct , i t  i s customary t o  

c onsider the sub j e c t  ac c o rd i n g  t o  ( 1 }  mat e r i a l  and s t ruc ture , ( 2 )  proc e s s , and 
( 3 )  st age . 

St at e d  i n  t erms of t he a bov e t h e  d i st in c t iv e  c haract e r i s t i c s of t h i s  region 
may be summar i z e d  a s  f o llow s :  

1 .  A c ompl ex t e rr a i n  compo sed o f  harder and softer r oc k s  ha s be en profound 

l y  f o lde d , int rude d , and me t amorpho sed . 

2 .  Ve ry c on s iderable and p rob ably re curr ent e l evat ion h as b e en a c c ompan i e d  
b y  fau l t ing o n  a l arge s c al e and d i s se c t i on b y  e ro sion by b ot h  wat er and i c e . 

3 .  Although t he region h a s  pa s se d  t hrough s everal cycle s o f  e ro s i on and 
upl ift in t he p a st , only t he  la st two c yc le s affe c t  t he pr e sent t opo graphy . It 
i s  now in a st age of l at e  yo uth to early matur i t y . 

Summary . The ma j or phy s i o graphic fe atur e s are : 

1 .  A gre at i rre gular dome - shape d  ma ss of r o c k s  st and s ou t as an i sland ma s s  

part ially surroun de d  b y  a lava plat e au o f  lower e levat i o n .  

2 .  Thi s c e nt ral ma s s  h a s  b e en d i sse c t e d  by st reams wit h  a general rad i al 

pat t e rn , wh ich neve rthele s s  follow s c ont ac t s and o the r st ructural featur e s ,  and 

who se valley s were l a t e r  mod if ie d by glac i at ion . 

3 .  The f a i rly even skyline and ac c o rdant r i dge t o p s  of t he  c ent ral po rt i o n 
were d eveloped by ero sion of the a r e a  t o  mat u r i ty in an e arl i e r cyc le of e ro si o n ,  
be fore t he o ut f l ow of ba sal t s .  

4 .  The r err�ant s of t he  ba salt flow s  repre sent a now almo st comple t e ly ero ded 

but onc e e xt en sive she et t ha t  c overed t he who le are a: .  
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5 .  The nort hern front o f  t he  o ld er r oc k s  o f  t he  are a  i s  bounded by a ma j or 
fault scarp who se max imum d i splac ement i s  approximat e ly 5000 feet , and w hic h  pa s s
es i nto a monocl inal f o ld t o  the no rt hwe st and t o  t he sout hea et . 

6 .  The depo sit i onal f e at ure s c on si st of land sl ide s , glac i al outwa sh , mor

aine s , and re c ent ly reworke d glac ial mat erial , wh i ch lie wi thi n the o ver- st eepened 

valley s or ne ar the ir mouth s .  C o ale sc ing , alluv i al ,  p i e dmo nt fan s have be en de 

veloped along t he Wallowa f ault front , wit h alluv i um and outwash in t he Wallowa � 
Valley . 

The maj o r  land f o rm s  a r e  d u e  t o : ( 1 )  ori ginal st ruc tural t re nd s in t he pre 

grani t ic t e rrai n , ( 2 }  volcani sm ,  ( 3 )  d i a strophi sm - gent l e  upwarp and f ault ing , 
( 4 )  e ro s ion ( by stre am s and gl ac i e r s )  and d e po si t ion .  

The mino r ( and some of t he maj or ) f e ature s are due t o :  { 1 }  inequalit i e s i n  
t he hardne ss , t exture , and re s i s t ance t o  ero si o n  o f  t he rock format i o na , { 2 } jo i nt s ,  
schi st o sity , fracture s ,  and strat i f i c at i on wit h i n  the se format i o n s , ( 3 )  glac i al 
e ro si on ( 4 )  we ather ing , { 5 )  t he work of plant s and animal s inc lud i ng man . 

St ructure of and var iat ions in re si s t anc e of t h e  pre - ba salt i c  ro c k s  to ero s

ion have r e sul t e d  in t he localizat i on of some of t he large st valleys and highe st 
pe aks . In the cour se of l ower ing t he b ase -level some 4000 t o  5 000 feet , any 
init ial st ream pat tern developed upon t he surf ac e of t he ba salt s ot he r  t han a 
general rad i al arr angeme nt of the drainage , ha s been ext ensively alt ered by the 
st ru c t ure s i n  the sub -ba salt i c  ro o k s  upon whi c h  the streams were superpo sed . 

The Lo st i ne and Hurr ic ane Valley s l i e  parallel t o  and on t he flank s  o f  a syn
c l i ne in t he o ld er ro c k s ,  and the ir c ourse s have be en d e t e rmined by t he c o nt ac t  

or t h e  l e s s  re si st ant ro ck s in t h e  sync l ine w i t h  more re si st ant format i o n s  ( gran
o d i o r i t e  and greenst one ) on e ither s ide . Adams Creek , Royal Purple Creek , and 
Thorp e Creek all run along the contact s of le s s  re si stant l ime sto ne wit h  more r e 
s i st ant rock s .  The uppe r cour se of t he We st fork or t he Wallowa Rive r probably 
wa s determine d by the grano d iori t e  contac t  with older rock s . In t he southe rn 
are a , t he Imnaha drainage cut s a c ro s s  t he structure s and i s hence l it t le guided 
� t hM . 

The hi ghe st peak s  in t he range are compo sed in most c a s e s of t he more re si st 
ant Hurwal format i o n ,  ge ne rally i n  lo c al it i e s  where it s t h i ckne ss ha s been re t ain
ed in a syncl i nal st ructure , as on the ri dge s a round Francis Lake and south of 
Anero i d  Lake to Sent ine l  Pe ak .  It al so c ap s  t he Hurwal Divi de . 

Jo int ing i n  the granod iorit e , be st exhi bit ed in t he Lake s Basi n ,  ha s do ne 
muc h  t o  gove rn t he pro c e s s of e ro si o n .  Th e  e a s t -we st st r in gs o f  lake s ,  bot h 
along Lake Creek and to t he nort h , are due ma inly t o  t h i s  we ll -d eveloped struc ture . 

Vo lc an i sm  a c c ou nt s for t he ne arly hori z o nt al lava flow s  i n  seve ral part s o f  
the area . Suc h peak s  a s  Lookout , An eroid , and Tw i n  Peak s u r e  c appe d  by Columbi a 
River P a salt . In t he c a se of Lookout Pe ak at least , i t s  locat ion i s due to the 
extra t h i ckne ss of b a salt within a pre-basalt vall ey , The re are numerou s dike s  
of ba salt that cut the o lder rocks and have w i t h stood e ro s ion be t t e r  t han the 
granit e . As a re sult , t hey now st and up in great wall s .  In some case s , t he se 
d ike s seem t o  have even gui d ed the t rend of ad j acent valley s .  Thi s i s  e spe c i al 
l y  evide nt i n  se c t i on 2 5 , j u st south of Moc c a sin Lake . 
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Diastrophi sm ac c ount s f o r  t he f a c t  t hat t h i s  mount ain ma s s  st and s u p  some 
5000 f e e t  above t h e  su rround i n g  plat e au . Thi s  gre at upwarp o c curre d  mai nly be 
fore { but po s sibly i n  part during ) glac iat ion , and may have c o nt r i buted to t he  
hanging po sit i o n  o f  suc h  v alley s a s Bowman Creek , W i l s o n  Ba sin , Lake Creek , and 
othe r s .  Po sit ive ev i de nc e  f or t hi s e a rly r e j uv enat ion ha s  been i n  part de stroy
ed by t he glac i a t ion . The nort h s ide of thi s upw arp was f aul t e d  to produ c e  t he 
mo st consp i cuou s si ngle t opo graphic fe ature of the r ange , name ly the gre at north
we st - sout heast - t re nd ing e sc arpment o f  t he Wallowa f ault . The upp e r  part of t hi s  
e sc arpment i s  very s t e ep , but be low about t he 7 5 00-foot c o ntour there i s  a prod i g
ious ma s s  o f  slump and f an mat erial . The apparent lack of suff ic ient morai nal 
mat e r i al at the mouth of Hurr i c ane and Lo st i ne Riv e r s  to a c c o unt for t he glac i al 
ero sion along the i r  c our se s sugge st s t h at some moveme nt on t h is f ault o c curred 
dur ing gl ac i at i o n .  The lack of any d i sl o c at ion of t he Wallowa Lake mora:l. ne s 
prove s t ha t  no movement t ook plac e aft e r  t h i s (Wi scon s in? ) glac ial st age . 

Ero sion by running wat e r  and lat e r - and most impo rt ant - by mov i ng i c o , �a s 
c arved out tremendou s c anyons several t hous and feet deep , suc h  a s  Lo st ine , e a st 
and we st fork s of t he Wal loVI a , and ot he r s . Some of t he mo st c o n sp i cuou s f e at 
ure s due t o  a c omb inat ion o f  st ruc t ure and ero sion _ by i c e are t o  ·0 e found i n  t h e  
c ent e r  o f  the range . Eagl e  C a p  i s  a t y p i c al half- dome o f  granod :r.or it e o n  who se 
no rthe a s t e rn flank st i ll c l ing remnant s of ice surv iving from a more ext ensive 
gl ac ie r t hat some t ime at t ained a max imum l e ngt h o f  c l o se t o  15 mile s .  Bur

rounding t hi s pe ak but princ ipally in t he b a s i n  to t he nort h of it are many small 
c irqu e  l ake s . 

Since t he r e t r e at of t he ic e , t here has been c on s i de rable cont inue d e ro s ion 
w i thin t he main c anyons , w i t h  t he devel o pment of " gor ge s'1 cut int o  ro c k  l i p s  a s  
i n  t h e  we st fork a t  t h e  he ad of Wal lowa Lake , i n  Hurr i c ane C anyon a t  t he " rap id s" , 
at the " f al l s "  of the Imnaha , and in t he Lo st ine near Po le Bridge . The se gorge s 
have b een inc i sed from 10 t o  5 0  fe e t  in so l id r o c k . The tortuou s c o ur se s  o f  
t he se gorge s show t hat t hey c ould n o t  have b e e n  fo rmed b y  i c e  a c t ion , o r  b efor e  
glac iat i o n . 

Land sl ide s and snow slide s due to t he very steep slope s in t he higher p ort ions 
of t he r ange are o f  fre quent o c curre nc e and t hey qui t e  marke dly alt e r  t he t o po graph
Y of t he loc a l  t erra i n .  The act ion of snow slide s was p art icularly c o n spicuou R 
alo ng Hurr i c ane Creek in t he . w int e r s  ·of ' 37 and ' 38 .  In several plac e s  t he se dev " 
a st at i ng sl ide s swept a c ro s s  t he valley and f ar up the oppo s i t e  slope s cutt ing a 

w i d e  ( one -fourt h t o  o ne -half mile ) swat h. ;  t hrough the t imbe r  and al so s t r ipping 
t he so i l  in p lac e s down t o  be d rock . 

Phys i ographi c  hi story . The remnant s o f  t he e arl i e r  .st age s i n  t he phy sio
graph i c  h i st o ry of t h i s  regi o n  have be en ment i o ne d  in t h e  c hapt �r on geo l o g i a  
h i st o ry .  Lat e r  event s have mai nly o bl it erat ed e ar l i e r  surfac e s .  The phys i o 
graphi c st o ry pro pe rly b e g i n s  wi t h  t he vent s o f  t he Mio c ene . 

In t he Mioc ene , repeat e d  out pour ings o f  rathe r l iqu i d  ba salt i c  l av a  flow s 
covered mo st of e a st ern Oregon and Wa shingt o n .  The flow s att aine d a t h i ckne s s  
o f  seve ral t hou sand f e e t  in thi s are a , and covered pr e - exi st i ng surf ac e s .  Thi s  
o ld  surfac e w a s  pro bab ly a matureland . A gre at deal o f  t h is lava cover has s inc e 
b e e n  remove d ,  but some of it st i ll r emai n s  even i n  h i ghe r port ions of t he range 
as remnant s several hundred s of f e et in t h i c kne ss of n e arly h o r i zont al ba salt flow s .  

Upt hru st i ng o f  t he w hole range as·  a block o c curre d · i n  t he po st -Mioc ene , c o n
t inuing pe rhap s t hrough the rema inde r of t he Tert i ary and po s s i b ly even int o t he 
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Quaternary . O n  the north s i de o f  t he range ext en s iv e f aul t ing oc curred , but in 

ot he r port i o n s , on t he flank s part i c ularly i n  t he no rt �Je st , t h e  f l ow s  we re b e nt 

upward w i t hout gre at breaks . The ma j or t opo gr aphi c f e ature s of t he re gion c an 
be a tt ri but ed t o  thi s great ho r st - l ike e levat ion and the re sult ant e ro si o n . 

During t hi s upl ift and fo llowin g i t , e ro s i o n  wa s at work . The drai nage 

pat t e rn prob ab ly wa s c o ns i derably al t e red . Pre v i o u s  to t he lava e rupt ions and 
upl if t , t he s t r e am s  ha d und e rgone ad j u stment in a c c o rdanc e w i th t he prev iou s f old 

ing o f  t he se d ime nt s and de rangement s at t e ndant upo n  t he grano d i o r i t e  int ru si on s . 
Aft e r  the lava e rupt ions and dome - l ike uplift t he drainage of t he area a s a whole 

b e c ame dec ide dly rad ial i n  pat t ern , and aft er t he upl ift of t he no rth sid e , t he 

st reams cut down deeper t here t han el sewhere . 

* Glac i at i on . Climat i c  c ond i t ion s c hanged and b rought on glac i at i on in t h i s  

are a .  Wint er snow s pe r si st e d t hr ough t he summer s .  Whe n the t empe r at ur e remai n
ed suf f i c ie nt ly low so t hat mo st of t he pr e c i p it at i on fe ll in t h e  f orm of sri.O\� 
the snowf ie ld s rap id ly e xpanded and th ic kened . The sout hwe st e rly wi nd s r i s ing 

t o  pa s s  o ve r t he h igh c ent ral rid ge s and p e ak s ( Sac a j awe a , l'I'Iat t e '"ho rn , and Eagle 

Cap ) dro ppe d mo s t  of t he su spe nd e d  mo i sture as snow wh ich ac cumuL. c ed in t he Lake 

Bas i n  are a no rt h of Eagle Cap and in anot he r  area e a st of t he hig••e st r i d ge ex 
t end i ng sout heastward from Eagle C ap . Snow lodged o n  t he le e sid e of r id ge s and , 
pro t e c t ed f rom t he prev a i l ing w i nd s ,  ac cumu lat ed t o  gre at d e pt h s . 

Topo graph i c  c ont ro l by h i gh pe ak s  and r i d ge s of pre r: i p i  t at ion h. t he neve 
c o llec t ing f ie l ,i s  i s  sugge st ed by t he t\�O are a .s , one no rt h and the o t he r  sout hea st 
of Eagle Cap . The se apparent ly have been sub j e ct ed t o gre at e r  glaciaJ e ro sio n 

than other part s o f  the mount ains , There has been pro nounc ed c: irq_ue development 
on t he nort h and ea st side s of ridge cre st s .  Lack of ext e n s ive gla c i at i o n  in t he 

we st , sout hw e st and nort he a st part s of the mount ains i s  p robab ly due t o  topograph
ic fac t or s whi c h  cont ro lle d prec ipitat :lon . 

' ' 
From t he grow ing neve f ie ld s ,  t he d i rect ion of t he o ut ward spreading i c e  wa s 

c o nt rolled by the drai nage c hanne l s  rad i at 1 ng from Eagle Cap e Each of t he large 
canyons ( East Fork and We st Fbrk of t he Wallowa , Imnaha ,, Pine CrEH'l.k Eagle C re ek , 
Minam , Hurricane and Lo st ine ) of t he drainage sy st em c o nt aine d  a gl ac ier w hi c h  re 
moved mantle r o ck , and scoured and pol i she d t he wall s and r o c k  floo r s  in develop
ing t he i r  pre sent U- shape s .  

Since t he glac i al f e atu re s i n  t he Wallowa Mount a i n s  are s imi lar i n  t he var
iou s  area s ,  Lo st ine Canyon , Wallowa Lake moraine s ,  and Ane ro i d Lake and Glac i e r  
Lake c irque s have b een c ho sen for d e script ion be c au se o f  t he ir ac c e ssibility and 
sinc e  t hey are plac e s of int e re st mo st o ft en v i s i t e d . 

Glac i al feat ur e s  of t he Lo st in e C anyo n .  Lo st ine Hiver flow s  t h rough Lo st ine 

Canyon from the n ort h  end of Mi.nam Lake , ( c ent e r  sec . 30 , T .  4 S .  ,, R A 4  E . ) and 
le ave s t he mount ains at t he to•�n of Lo s t ine i n  t he Wallowa Val ley . The c anyon 
t rend s sl ight ly we st of nort h , and i s  one of the c anyons radiat i ng ou tward from 
Eagle Cap Mount ain ne ar t he c enter of t he range . 

The f l o o r  of Lo st ine C anyo n ha s an average app rox imat e grad i e nt of 200 feet 
p e r  mi le for t he 2 2  or 23 mi le s of it s le ngt h . From Lo s t i ne t o  the fo rk s of the 

* The re st of t hi s c hapt e r  i s  adapt ed from t he Mast er ' s t he si s  of Wayne 
Ru s se l l  Lowe ll , a member of t he 19 3 8  and 1 9 3 9  summe r f i eld part i e s .  



Fig. 1 .  Perched granodiorite erratics 
at 7300 feet elevation in Lostine Canyon. 

(Photo by \o/arren D .  Smith) · 

Fig. 2 .  Striated rock surface in Lostine Canyon. 
(Photo by Warren D. Smith) 

PLATE VI 
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river ( SE .  cor . sec . 6 ,  T . 4  S . , R . 44 E . ) the f lo or i s  c ov e red with morainal mate r 
ial wh i c h  fo r t he mo st part ha s be en r eworked b y  the st ream .  The r i v e r  i s  a 
se ri e s  of c a sc ade s in thi s part of t he c anyon . Above t he  f all s the c anyon floor 

is a suc c e s s i o n  o f pa rk - l ike area s  separat ed by steep grad ie nt s similar t o the 

lower c anyon . 

Throu ghout the length of t he c anyon t he v alley has a wide U- shape , the f loor 

ri si ng away from the stream unt i l  the rock wal l s  abrupt ly emerge from t he f ill 
and t alu s . The ro ck slope s st eepen unt i l  t he y  are almo st vert i c al in plac e s , and 

the n  level off toward t he cre st s  of t he r idge s . 

Due t o  c i rque development on t he r idge we st of Lo st ine Rive r , ne arly all of 

t he large t ri but ary st reams e nt e r  from t he w e st side . Mo st o f the tribut arie s 
he ad in c irque lake s and cascade d own t he st eep c anyon wal l s  t o  j o i n t he ma in 

r iver . 

Upper Lo st i ne Canyon i s  cut in grano d i ori t e , t he surface o f  wh i c h  re t ain s 
muc h  evi den c e  o f  t he glac ial e ro s i on t o  wh i ch it ha s been subj e ct e d . North o f  
Iron Dyke Range r St at ion t h e  c anyon follows f or a d i st anc e along t he c ont ac t o f  

sed iment ary ro cks wi t h  grano d i or it e . The surf ace of the se ro ck s , which are 

e a si ly weathere d , re t ai n s  l it t l e  ev idenc e  of gl ac ial ero sion . 

At t he Pole Brid ge { se o . l 5 ,  T . 2 S. , R . 43 E . ) t here i s  an abrupt dro p of 

approx imat ely a hund red feet in the c anyon bot t om . The stream c a s c ade s t hrough 
a st e ep c hanne l e rod ed in thi s ro ok b e nc h , and f low s i nt o  a w idening valle y o f  

low grad ie nt a s  i t  leave s the Wallowa Mount ai n s .  About he re , also , t he valley 

wal l s  lo se the i r  steep slope s and t he r i dge s  de c re a se in e levat i o n .  

The l at e ral and t erm inal mor a i ne s o f  t he Lo st ine i c e  t o ngue appe ar i n  t he 

enlarge d mout h of Lo st ine Canyo n , l oc at ed in se c . 4 ,  T . l  S . , and se c . 34 , T . 2 S. , 
R . 43 E .  

The lat e ral moraine s l ie against t he e a st and w e st wall s r e spe ct ively .  The 

e a st morai ne is d i st inc t and cont i nuo u s for more t han a mile and ave rage s 400 f eet 
in he i ght . The we st moraine is ne it he r  ext en si ve nor well d e f ine d . 

From the up st ream end s o f  t he se mora ine s ,  anot he r set of small er hummocky 
moraine s d iverge s from the v alley wall s and approache s t he c ent er o f  t he v alle y .  
The se moraine s are from one -half t o  t hre e quart e r s  of a mile long . The e a st 

moraine i s  37 5 f e e t  and t he one on the we st i s  2 5 0  fe et high ( Stovall 2 9 : 81 ) . 
Separat i ng t he se i s a sho rt , low r i d ge that w a s  once prob ab ly c ont inuou s w it h  

t hem , but i s  now separat ed b y  c hannel s . Lo st i ne Creek flow s t h rough the chan
nel t o  t he wa st at t he pre sent t ime . The se mora ine s do not show any c o n sider

able amount o f  weathe ring on t he highe r  port i on s . 

The road t raver se s t he la rge e a st mora ine and c ro s se s  what i s  pro bably t he 
t e rminal morai ne . The are a between the road and t he r iv e r  i s  in part cult ivat 
e d . Cult ivat e d  f i eld s up st ream from t he moraine s ind i c at e at l e a st a t hin c o v 

e ring of f i ne so i l  ove r part of t he t i ll . The t hi ckne s s  of thi s so i l  i s  not 
known , and the area i s  l imit ed , as up st ream ( i n  se c . lO , T . 2 S. , R . 43 E . ) gravel 
ext end s ent i re ly acro s s  t he va lle y fl oo r . 

If it i s  a s sume d t hat the c o nvergi ng morai ne s  were ori ginal ly j o ined at the 

c e nt e r  and ha d a f airly uniform e levat i on throughout t he ir lengt h ,  then a t empor
ary lake mi ght have oc cup i e d  t he area b etween t he morain e s  and the glac i e r  front . 
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The cult ivated so i l  beh ind the moraine s may be a remnant o f  f i ne sediment depos
ited in such a shallow "Lo st ine Lake " . 

Anot he r lat eral mora ine 87 5 feet high j u st w i t hin the narrow s of t he c anyon 
( probab ly in NWt sec . l5 , T . 2  S . , R . 43 E . ) ,  and on the we st side of t he r iver may 
belong t o  a lat er st age o f  glac i ation . The mora ine c ro s se s  a t r ibutary gulc h  
diverting the st ream several hundre d fee t northward before i t  j o i ns the main 
river { St oval l 29 : 81 ) . 

J .  C .  St oval l used t he two set s of moraines a s  evidenc e for two stages , but 
found no evidence for two pe r i o d s  of glac i at ion . If by t wo stage s of gl ac i at ion 
Stovall meant a st age of max imum advanc e repre sented by t he higher lat eral mor
aine s and ano t her st age , r epre sent e d  by the lower.  c o nverging moraine s upst re am ,  
where t he glac ier wa s st at i onary for a t ime i n  it s retreat , t hen the writer i s  
i n  ac cord w i t h  h i s  co nc lu sion . 

No ev ide nce ha s be en found by the writer that sugge st s more t han one period. 
of glac iat i on in Lo st i ne Canyon . If t he re was an e arl ie r  gl ac i at ion in t he c an
yo� , t he la st advanc e ' of t he ice tongue destroye d  the ev ide nce . Thi s was a l so 
the c onc lusion re ache d by stovall . The i c e wa s probably at least 400 teet t h ick 
at its terminus wit h inc reasing t hickne ss up t he canyo n .  The mora ine , approx
imately loc ated in se c . 2 2 , sugge st s a t h i c kne s s  o f  9 00 feet of the ic e about one 
mile above t he t erminu s . 

On the ea st side of t he r iver , ( in sec . 35 , T. 2 S . , R. 43 E . ) ,  are t hre e  d i s
tinct low ,  lat eral morainal ridges at elevation s of 4850 to 5000 feet. These 
ridge s are separat ed by shallow f o s sae . D i s se c t e d  re c e s sional mora ines of t hi s  
kind were a l so round up st ream from Frenc h Camp bel ow t he base of the e a st r idge . 

Triangular fac et s ,  wh ich have re sult ed from truncat ion by gla c i al ero s i on 
of ridge s extending int o  the c anyon , are to be seen t hroughout t he c anyon . The 
be st example not ed i s  lo c at ed at t he mouth o f  Lake C reek ( SWi  se c . l ,  T . 3 s . .  
R . 43 E . ) .  

Errat ic s are found on a l ime st one benc h ,  200 feet wide at an elevation of 
5 600 feet , ( in SEt se c . 35 ,  T . 2 S . , R . 43 E . ) .  Rounded granodiorit e  boulder s  u p  
t o  two feet in diameter are sc attered over thi s  sc oured surf ac e . Boulde r s  o f  
thi s t ype we re found u p  to  t he 6 5 00-foot cont o ur .  

On a s imilar l ime st one benc h on the souih fac e of Marbl e Po int ( se c . 2 4 ,  
T . 3  S . , R . 44 E . ) granod iori te e'l'rat i c s 8 by 10 feet were fou nd at an e levat ion of 
7 300 feet . The close st granodiorit e l ie s a h alf mile to t he south . Errat ic s 
do not oc cur at highe r elevat ions  on this r idga . 

The elevat ion of th is bench c orre spo nd s  to  that of t he ne arly vert i c al wall 

in the granodiori t e  to t he  sout h , and mark s in thi s part of t he valley , the approx
imate uppe r limit o f  the glacier , which would he re be about 2100 feet thick . 

' 
Roc he s mout onne e s are prevalent in Lo st ine Canyon above the forks  o f  t he river . 

The best e xample s are found about o ne mile f rom the fork s  on the f loo r of t he ma i n  
c anyon . 

Promi nent rock ridge s parallel t he v alley and are qui te long , w it h  a he i ght 
vary ing up to t en feet . The j o int -block hollows are deeply e roded and rounded . 
The surface s are poli shed and st r i at ed , with the stri a t i o n s  paralle l  to t he t rend 
of t he c anyon .  In places the pol i shed and st riat e d  surfac e i s  spall ing off . In 
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, 
all c a se s t he up - c anyon end s of t he ro c he s  moutonne e s  are smo o t h  and round e d  and 
t he o ppo s i t e  e nd s  may o r  may not show pluck ing depend ing o n  the j o i nt ing in the 
ro c k . Ro c he s mout o nnee s devel o pe d  on grano d i o r i t e  and gre enstone have be e n  well 
pre se rved , but we re no t p re se rve d in t hi s are a when developed on met amorpho sed 
l ime st one and shale s .  

Gl ac i al st r iae and po l i she d rock surf ac e s are abund ant t hr oughout the are a 

in whi ch gr ano d i o ri t e  i s  t he surfac e rock . C irQu e  b a sins show t h e  be st deve lop
ment of str i ae whi c h  i n  all c a se s  p aral l e l  t he drainage d ir e c t ion o f  t he b asin s . 
St r i ae on the d iv id e  wh i c h  separat e s  the head of East Fork of Lo st ire C anyon from 
Lake Basin indicate  t hat i c e  moved from t he B a s in i nt o t he c anyon . 

The no se of the r i dge be twe en the East Fork and Lo st i ne r iv e r s  show s pol i shed 

surfac e s  t o  an e le v at i o n of 7 3 2 5  feet . Abo ve t h i s elevat i on the rid ge i s  rugged 
w it h  a se rrat e cre st . 

Tribut ary c irgue gl ac i e r s  in hanging v alley s c ont r i buted i c e  and debri s t o  
t h e  ma in glac ie r .  Mo st c irque s and hang ing valley s  were h i g h  eno ugh t o  d i sc ha rge 
o nt o  t he surfac e o f t h e  v alley glac i e r . The we st ri dge of Lo st i ne C anyon co nt ai n s  
many well -deve loped c irque s and hanging v alley s .  Bowman C re e k  he ad s  near ly two 
m i l e s sout h of Chimney Lake and flow s  nort hward to eme rge f r om it s hangi n g  valley 
e ight e e n  hundred f e e t  ab ov e t he r ive r .  'Muc h of t he st e ep sl ope below t he valley 
is pol i she d  and cont ain s gla c i al flut ing s . 

Snow sl ide s duri n g the lat e  spr i ng and summer in Lo st i ne Canyon c ut w id e  
swat h s  down slo pe s , c arry ing t imbe r  and t alu s i nt o  t he vall ey bot t oms . The mo st 
severe snowsl ide s o c curre d j u st up- c anyon from Frenc h C amp . Po s s i bly t here w a s  
only one sl ide ; i f  so , i t  w a s  very large . Tre e s  two f e e t  in di amet er were snapped 
off at t he ba se and , t o get he r w i t h a l arge amount of rock t alu s , w e re c arr ied a 

c o n s i de r able d i st anc e acro s s  the c anyo n  floor . 

O c c a sional stra i ght st r i p s r e a c h ing far up t he st eep sl ope s appe ar t o  be the 
sc ene s o f  r e current sl lde s . The r o c'k surf ac e  i s  b are and f ai r] y smoo th , with no 
encroaching bru sh or t irnbe l' , 

The Lo st i ne Valley Glac i er or i g inat e d  in t h e  n�V'e c oll e c t i ng f i eld in t he 
v i c in ity of Eagle Cap . The i c e , wh i c h  wa s derived from t hi s  area moved northward 
along t he c anyo n , r e c e iving addit i on s f rom c irque s and sma ll collect i ng f i e ld s  o n  
and und e r  t hi9 r id ge s ,  The glac i e r  probably reache d  i t s maximum th i c kne ss b e low 
it s j u nc t ion w it h  the Ea st Fork gla c ie r .  The d i sc harge of numerou s c irque glac i e r s  
c ont inue d t o  a d d  bot h  ic e and d e t r itu s t o  t he surfac e o f  the vall ey gl ac ie r ,  but 
t he gre at e r  s i z e  of the c anyon be low t he fo rk s  allowed t he i c e  t o  spr e ad lat erally 
w i th p robab ly an i ni t i al d e c r e a se in t h i c kne s s .  

At t he f ork s , t he no se o f  t he r i dge b etwe en the two c anyon s  i s  pol i she d and 
smoo t h e d  up t o  an e levat i o n  of 7 3 2 5  f e e t  or 1600 f e e t  above the c anyon floo r , 
wh ile e rrat i c s were f ound at 7 3 00 fe et on Marb le Po i nt or 2 100 fe e t  ab o ve t he 
fl o or . · Be lbw Lake Cre e k , e rrat i c s  were f ound 15 00 feet ab ove t h e  vall ey bottom .  
Near t he Po l e  Br i d ge a l at e ra l mor a ine 87 5 f e e t  h i gh i nd i c at e s  a t hi c kne s s  of 
approx imat ely 900 f e e t , an d some t hree mile s b e l ow t he b ri d ge t he moraine s i nd i 
c at e  a t hi c kne s s  o f  fo ur hundred feet o r  more . 

The surfa c e  o f  t h e  g lac i e r s  had a f a i rly unifo rm gradi ent , t hough t he th i c k
ne s s  wa s no t c on st ant , The lac k  of l arge mor a i ne s i s  thought t o  be ev i denc e t hat 

t he gla c i e r s  eroded only s l i ght ly in mod i fy i ng t he shape s of t he c anyo n . 
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Glac ial feature s of the Wal lowa River C anyon s . Sout h  of Wal lowa Lake are 

t he c anyons of  t he Ea s t and We st Fork s o f  t he Wallowa Rive r ,  A mi le abov e  the 

sout h e nd of t he lake , t he se t \�o r iv e r s  j o in . The comb ined st re am (Viallowa Riv 

e r ) d i scharge s int o t he lake t o  i s sue again a t  t he no rt h end. The se t wo f o rk s  
of Wallowa Rive r d r a i n  the large st and mo st ext en s ively gl a c i a t ed are a  o f  any 

s ingle st ream in the mount ains . 

Glac ial st r i ae i n  t he Lake Ba s i n  i nd i c at e  t he we stward moveme nt o f  i c e  and 

n:v; int o Hurr i c ane and We st Fork of t he Lo st i ne C anyo n s , altho ugh t he t o pog

raphy sugge st s t hat t he gre at e st movement of t he i c e  and ne ve wa s e a stward into 
the We st Wallowa C anyon and t henc e northward . The pro fi le of t he upp e r c anyo n  
and t he Lake B a s i n  i nd i c at e  a l a rge amount of ero s i o n  and plucking f rom t he e a st 

ern wal l ,  wh ile t he e a st l at e ral mora ine t e ll s  of ext e n s i v e  t ransport at i o n  and 
d epo s it i o n  o f  t i ll on t hat side . 

The Wallowa Lake morai ne s ( se e  f ro nt i sp ie c e )  are the mo st impre s siv e de po s
it ional fe ature s re sul t ing from glac i at ion in t he are a , an d furni sh t he b e st 

ev idenc e as to the s i z e  of t he glac i e r  wh ich ext ended f ive mile s b eyond t he 
mout h o f  the c anyo n .  

The he i ght , ext ent , and topo graphy of t he moraine s t el l  a gre at deal ab out 

the gla c i e r  wh i c h  bu i lt t hem , and sugge st f ac t o r s whic h c ont ro l le d  t he d irect ion 
of t he movement of t he glac i e r  and t he sour c e  of t he morainal mat e r i al t ran sport 

ed by t h e  i c e , The re are two l arge c ompound lat eral moraine s ,  the e a st and we st 
lat eral s ,  and a t e rminal moraine at the north end o f  t he l ake . Beyond the t e rm

inal mo raine an outwash plain ext end s beyo nd the t own of Jo seph . 

The Wal lowa Lake moraine s probably c ont ain more t i ll than all t he other mo r
a i nal d e po s i t s in t he a re a .  Bot h  t h e  e a st and we st la t e ral s are compo s it e  mo r
aine s rec ord i n g  two maj or st age s of glac i at i o n and po s s i b ly seve ral minor advanc 

e s  and r e t r e at s of the glac i e r  dur ing each st age . The i nne r  moraine s are the 
hi ghe st and me rge w it h  a t e rminal morai ne to f o rm the encl o sed ba s in c o nt a ining 
Wallowa Lake . 

The he i ght s o f  the two l at eral mor aine s are ne arly t he same , alt hough there 

i s  muc h  d i ff e r enc e i n  t he ir lengt h s .  The he i ght s  and l engt h s  o f  t he ind iv idual 

mo rai ne s that make up t he la rge l at e ral s vary c o n s i de rab ly . Each c ompo s i t e  lat 
e ral moraine c o n s i st s  of r idge s of t i ll of two age s .  

The e a st mor a ine h a s  a max imum he i ght of ov er 9 00 f e e t  abov e t he l ake surface 
and t o  t hi s c an b e  add e d  ano t he r 2 00 or mo re feet b elow the wat er level . A mi le 
from t he so ut h  end , t he lake has a depth of 2 8 3 feet ( Smith 2 8 : 17 8 ) ; and , t hough 

t he  c harac t e r  of t he b ot t om i s  no t d e f ini t e ly known , it i s  p rob ab ly covered w it h  
at l e a st a t hin v e ne e r  of t i l l . The maximum he ight o f  t he moraine s i s  t he n  ap 
prox imat ely 1200 feet me a sured f r om t he lake bot t om to t he c re st . Me a sure d  f rom 
t he alluvial f an surface on t he e a st side t he he ight would prob ab ly not be a s  

mu ch a s  900 f e et . 

The e a st mor aine abut s agai n st t he north shoul d e r  of Signal Po int and ext end s 

no rthward f o r  ne arly a m i le a s  a si ngle narrow r i dge t o  whe re t h e  o ld e st morai ne o f  

t h e  e arl i e r gl ac ial st age bran c he s of f to t he e a st . From th i s po int on , there i s  

cont i nual dive rgenc e t o  t he we st by t he suc c e s s ively younge r mor aine s .  Thi s c om
po si t e lat e ral mo ra ine mi ght b e  b e t t e r  d e sc r ib ed a s  a l arge main r i d ge wh i c h  i s  
d iv id e d int o f iv e  def init e r idge s o r  f inger s o n  it s nort he rn end ( t o  b e d e signat e d  

A ,  B ,  C ,  D ,  and E ) , with t he longe st f inge r s  e xt ending n early f iv e  mile s no rt hward 
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b eyond the mount ain shoulder , o r  one and a half mile s beyond t he nor t h  end of 
Wallowa Lake . ( St oval l : 29 : 9 5 ) .  

The e a st ernmo st mor a ine (A )  trend s sl i ght ly e a st o f  north in a l i ne w i t h  t he 
t rend of t he \'le st Fork C anyon . . Eac h suc c e s sive mora ine diverge s sl i ght ly we st 
ward from t he f ir st moraine unt i l  t he la st o ne curve s we st of nor t h  to f orm a sl ight 
cre sc ent . The in:i iv id ·lal mo raine s inc re a se in alt itude from the e a st ern ( A )  t o  
the w e st e rn ( E )  r id ge s ,  and are separat e d  by shallow vall ey s t hat are f e ature s o f  

t he o r i ginal depo sit ion and are not ero sional . 

An e arly st age o f  gl ac i at ion i s  ind i c at e d by t he app e aranc e of t he fo ur 
small e r e a st e rn moraine s ( St oval l 2 9 : 9 3 ) . The se mo raine s have le s s  st e e p  sl ope s 
than t he younge r we st ern moraine s , and bould e r s are almo st ab sent a s  sur f ac e f e at 
ure s .  The slope s are fairly uniform with o nly sl ight e v i de n c e  o f  gully i ng .  

The oldest o f  the se four mo r aine s ( A )  ha s a h e i ght o f  7 .5 0  f e e t  where i t  
branche s from t he compo sit e mor aine and ext e nd s  fo r t hre e  mile s e a st o f  nort h  i n  
a l ine w i t h  t he t rend o f  t h e  We st Fork C anyon . The he ight d e c r e a se s in t h i s  d i s
t anc e to a bout 400 f e et . The other t hr e e  moraine s ne arly paral l e l  the o ne j u st 
d e scribed , but have a sl i ght we stward curve . The e l e vat i o n s  are almo st uniform , 
but each suc c e s sively younger moraine { ne are r t he lake ) is s l i ght ly h i ghe r .  
Hummocky t opo graphy o c cur s n e ar t he t erminal s ,  but a d ef in it e t e rmi nal mora ine i s  
lacking . 

The mor aine ( E )  a s soc i at e d w it h  t he younge r st age o f  glac i at ion forms t he 
even- c re st ed r i dge t hat re semble s a huge railro ad embankme nt . The c re st appears 
leve l unt i l  se en from the summit , o r above , and then t he r id ge shows a se r ie s of 
hummock s t hro u gho ut it s lengt h . The e levat ion d e c re a se s s l i ght ly toward s the 
foot o f  t he l ak e  where it drop s r ap i dly a s  t he lat eral merge s w it h  t he t erminal 
moraine . Th i s  younger we st ern mora ine (E )  i s  divid e d  i nt o  t wo parallel ridge s  
of uni fo rm hei ght separat ed by a vall ey 2 .5  t o  30 f e e t  deep . 

In sharp cont ra st t o  t he boulder-fre e , subdued slo pe s of t he o ld e r  moraine s 
i s  the b oul d e r - st rewn , st eep slo pe of t he younge r .  Bo uld e r s  range from a f ew 
inche s t o  s evP. rA l feet in d iame t e r  and all h ave fre sh surfac e s  wit h o c c a s i onal 
facet s and st r i ae . The ma j or i t y  of t he b ould ers are ro unded . The we st e rn slope 
( lake s id e ) o f  t he moraine vari e s from 3 0  to 3 .5  d e gre e s .  

The old e r o f  t he two r i d ge s  compri sing "E" ext e nd s  b eyo nd t he end o f  Wallowa 

Lake and t erminat e s  in a l ine of hummo c k s  whi c h  curve s  we stward t o  j o in t he w e st 
mo raine . The in side r idge ( borde ring t he lake ) c urve s we stward at t he no rt h end 
t o  merge wi t h  t he t erm i nal mora ine whi ch i s  j o ined by t he we st lat e ral t o  form 
the Wal lowa Lake b a si n .  A rec e s si o nal moraine whi c h  l o se s e l evat i o n  toward s the 
t erm inal mor a ine i s  separat e d  from the la t t e r  by a gully - l ike fo s sa .  

The t e rminal moraine i s  approx imat e ly t hree - quart e r s  of a mi le w i de and varie s 

in e levat i o n from a few f e e t , south of Jo seph , t o  400 o r  5 00 feet where i t  merge s 
with t he e a st and we st lateral s .  The surfac e i s  hummoc ky and b oulde r - st rewn . 
The lake d ra inage h a s  cut a c hanne l t hro ugh the t erminal moraine t o  d i vi de it into 
two segment s .  On t he north side �f t he t erminal moraine pa s se s  into a se r i e s of 
sc at t e red hummo c k s  before me rging w i t h  the outwa sh plain whi c h  ext end s for a c on

side rable d i st anc e down t h e  Wallowa Valle y .  On the sout h ( the l ake s i d e ) t he 

moraine i s  made up of seve ral st e p s or t e rr ac e s , some of wh ic h are definitely 
ridge-l ike . The se benc he s i nd i c at e  a slight ret re at of t he gla c i e r  in i t s f in al  
st age , 



The l at eral moraine on t he we st side of Wallowa Lake ha s nearly the same 
he i ght but not the length of t he e ast lat eral . lt al so i s  a compo s i t e  moraine , 

b ranch ing about one mile north of t he c anyon mouth int o r i dge s curving sl i ghtly 
we stward ; the e a st er nmo st segment swingin g e a stward to uni te w it h  t he lowe r t erm
inal moraine . The f i r st mora ine to curve away from t he large l at e ral branche s 
three quart e r s  of a mile no rt h  o f  the c anyon mouth i s  abou t  400 feet high and le s s  
t han a mile in length . The large moraine ha s been depo sit ed over t he southern end 
of t hi s  small lat eral which seem s  t o  c o rre spond t o  the o ld e r morai ne s on t he e ast 
si de of t he l ake ( Stoval l  29 : 9 9 -100 ) .  The surf ace i s  f ree of large boul de r s .  

The large lat eral i s  c ompo sed o f  two paralle l r i d ge s  separat ed b y  a shallow 
valley and c orre spond s t o t he younge st ridge s on t he east side , alre ady d e sc ri bed . 
The se two morainal rid ge s  merge wit h  the t erminal mo raine , and w it h  t he two young
e st mora inal r id ge s  on the east give t he appearance of cont inuous arc s around t he 
lake . The slope s are st e ep and c overed w i t h  boulders s imil ar t o  t ho se on t he 
e a st moraine . 

The d iffe renc e i n  ext ent of t he e a st an d we st l at eral moraine s ha s alre ady 
been ment i o ne d .  'i'he e a st morain e has a gre at er areal extent ,, ha s more mat erial 
and has more i ndivi dual rid ge s i n  i t s makeup t han t he we st lat eral . ;the ext ent , 
the amount of debri s ,  and the number of r i dge s c an be a c c ounted f or by e i ther 
or a c ombina t ion of two hypo the se s .  F i r st , that the e a st side of t he glac ier 

e ro de d , transport e d  and depo sit e d  more mat e r i al than J.t s we st ern sid e ;  or se c ond , 
that t h e  expo sed e a st side of the glac ier r ec e ived many more hour s  of sunsh:ine each 
day . than the w e st sid e whi c h  wa s prot e c t e d by t he high mount a i n s  to t he w e st , and 
re sult ed in a zone of more or le s s  st agnant ice on the we st and a zone of c ont i n
ual movement along and t ow ard the east side . 

'!'he c anyon of the e a st fork of t he Wallowa Rt·ITer i s  typ i c ally U'"· shaped and 
i s  e s sent ially a hanging valley . 'l'he floor r i se s  )000 feet in four mil e s ; in 
the f ir st two mil e s  the grad ient i s  1000 feet . Above t he st eep grad i e nt , the 
floor fl at t en s and cont a i n s  a large park are a ,  Ane ro id Lake i s  t he l arge st of 
t he four l ake s oc cupying ba sins in the c anyon floo r or in . c i rque s .  

One c ro s se s two fairly large rec e ssional mora 1r1e s i n  a sc e nd lng the canyon . 
The f i r st i s  about two m il e s and t he othe r ab out a mile below Ane ro id Lake . 'f'he 
moraine s are no rmal to the c anyo n  and in plac e s  have been deeply d i s se ct ed .  Large 
round e d  gr anod i or it e b oulde r s  wi t h  fre sh surface s are mo re promi nent t han o t her 
type s of roek . A young growt h of t imb e r  i s  rapi dly gain ing foo thold on the t ill . 

Glac ier Lake C irque ( see Plat e  VII ) , on the e a st of Eagle Cap ( in sec " 2 ,  1' o .5  S, , 
R . 44 E o ) ,  i s  t he  mo st iinpo s ing and t he be st develope d  c irque in t he Wallowa Moun
tains . n i s  devel oped in granodiorit e ,, and the vert i c al wall s and t he t rend o f  
the low rock r i dge s j u st above t he l ake surface po int t o  e xtensive i c e  pluc king o f  

t h i s  j o int e d  roc k .  Suc c e ssive sl ight ly c onc ave benche s ab ove the  vert i c al wall s 

we re f i lled with snow bank s , The t alu s ac cumulat ion bel ow the snow bank s at t e st s  
t o  recurr ing freez ing and thawing along j oint s and frac ture s ,  ¥rom the po si t i o n  
of t he snow banks beh i nd t he talu s  i t  i s  evident t hat sha llow d e pr e s s io n s  exi st 
between t he  t alu s and the wall s .  Much of th i s t alu s c olle ct s by roll ing down t he 

steep snow surface s ,  but it s r idge - l ike appe aranc e sugge st s d ownward moveme nt o f  

d e e p  snow bank s forc i ng t he talus down slope ; t hi s a c t io n would pre serve t he fo s sa 
whic h under normal cond it i o n s  would be f i lled and a uniform slope bu i lt again st 
t he wall . 

The la st small glac i e r  exi st i ng i n  t he Wallowa Mount ain s i s  located in a d e 
pre ssion on t he r idge at t he  he ad of Gl ac i e r  Lake C i rque . '!'he writ er d id not 



GLACIER LAKE AND CIRQUE , WITH EAGLE CAP IN THE BACKGROUND 
(Courtesy of the U. S .  Forest Service) 
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see t hi s glac ier a s  t oo muc h o f  t he prev iou s w int e r • s  snow · wa s  st i ll lyi ng i n  
"the c irque . stovall i n  1 92 9 de scri be d t he gl a c i e r  a s  b e ing some 800 f ee t long , 
60 feet wide and 24  feet t hick . 

Glac ial pavement i s  a prominent feature t hr oughout t he Lake Ba si n area . On
ly along t he c anyon flo o r s  ha s d e t r it u s  ac cumulated in suf f i c ient quant i t ie s to 
support a real growth of t imbe r . 

, 
. J!ocbe s . mout onnee a and str ia� are abundant i n  the c anyon s and the La.ke Basi n . 

The str ike o.f the stri ae i s  pr e dominant ly in t he d irect ion of the drainage c han

ne l s .  Scoured and stri at e d  surfac e s can be found on the highe st ele vat ion of t ae 
d iv ide be tween t he Lake Ba sin and t he East Fork of t he Lo st ine , and be tween t he 
Lake Basin and t he Hurric ane canyons .  

Sutnma.ry . Throughout t he glac iated are a mant le rock i s  almo st ent i rely ab
sent , whi le o ut side of t he glac i at e d  are a alluvium and mantle ro ck occur i n  vary
ing th ickne s se s .  �he glac i e r s  we re effect iv e tran sport ing agent s in removi ng 

prac t ic al ly all of t he mant le ro ck . 

The glac i e r s eroded score s of rock ba sin s in the canyon and c ir que floors 
that are now oc cup i e d  by lake s and develope d  nume rou s se rrat e rid ge s  and p innacle 

pe ak s . Aggraded b a s ins have b e come beaut iful park are a s  support i ng a luxur iant 
growth of gra s se s ,  flower s ,  and t imbe r .  

, , 
The neve f ield surround ing Eagle C ap had i t s max imum dept h s ,  probably 2000 

fee t or more , in the Lake Basin , and in t he v i c inity o f  Yranit e  Mount a i n  northwe st 
of cornuco p i a . The n$� covered all of the c ent ral area of t he mount ain s with t he 
exc ept i on of a few hi gh r idge s and pe ak s .  Away f rom the central n�ve f i e ld , t he  
north and e a st side s of r idge s we re a l so deeply buried . 

The drai na ge c hanne l s  c o nt ained valley gl ac iers  that moved away f rom the c e nt 

ral c ollect i ng f ield . The valley glac i e r s  had a max imum thickne s s  near t he ir 
head s and d imini shed in t h ic kne s s  w it h  d e c rea sing alt itud e s .  

The lengt h s  o f  the individual glac ier s seem t o  have be en co nt rolle d by t he  
d i st anc e t o  the 4500-foot c ont our i n  t he d i r e c t ion of movement o f  eaeh valley 
gl ac i e r . Between the 4000- and 4500-foot c ont our s the rat e of me lting of t he 
iee apparently via s in e qui l ibrium w it h  t he rat e of i a e  advano e . 

'l'he three large valley glac �_e r s  on the north side reac he d t o  or beyond t he 
mount ain front . The Wallowa and Hur r i c ane glac i e r s  de scended t o  an el evat ion 

sl ight ly be l ow 4500 feet . The Lo st i ne glac ier rea c he d  it s max imum ext e nsion 
about three mile s sout h of Lo st ine at approx imat ely t he same ele vat i on .  On the 
sout h side the Ma in and East Eagle gl ac iers de sc ended sl ight ly be lew t aa  4500-f6ot 
e l evat ion , and the Pine Cre ek glac ier re ached almo st to Car son ne ar t ae 4000-foot 
c ontour .  The Imnaha glac ier ext ended at le a st six mi le s b eyond t he Blue Bole s 

to an e levat ion or a bout 42 00 f eet . Glac ial st r iae and gro ov i ng on t he greenstone s 
of Imnaha V alley i nd ic at e that it probab ly c ont a ine d t he l arge st of all t he  valley 
glac ie r s .  In t he E i sh Lake - Duck Lake region the iee se ems to have reache d 
sl ight ly b e low t he 5000-foot c ont our . Iso lat ed c i rque glac i e r s  d id not de sc e nd 
t o  suc h low el evat ions . 

The moraine s at Wallowa Lake and at t he mout h of Hurr i c ane Canyon cont a i n  
t i ll or two glac i al st age s .  The younge r moraine s are st rewn w it h  fre sh unwe at h
ered boulder s ,  and t he steep slope s have not be en mod ified by ero s i on .  He e au se of 



the unweathered moraini c mat erial and t he comparat ively unmod i f ied glac ial feat 
ure s w i t h i n  t he mount ains , t he last glac ial st age i s  referred to t he lat e Ple i s
t o c ene . Ro s s  { 38 : 60 )  ref e r s  t he glac i al depo s i t s in the Pine Creek area t o  the 
Ple i st o c ene . 

The older morai ne s probab ly be long t o  an e arl ier gla c i al st age o f  t he Ple i s
tocene . Unt i l  a thorough st udy o f  t he t i ll ha s be en und ertaken and t he re sult s 
compared w i t h  t i ll of known age in o ther re gion s , the wr it e r  prefer s  not t o  refer 
it to a def i n it e  glac ial e poch . Po ssibly both glac ial st age s ,  c e rt ainly the la st 
one , belong to t he mo st rec ent glac i al st age l t he Wi sc on sin) of Ple i st o c ene t ime . 

No at tempt ed c ompar i so n  of t he Wallowa t i ll wit h t ill from other are a s  ha s been 
undert aken . 

During rec ent t ime muc h e ro s io n  ha s been a c compl i she d by freez ing and t haw 
ing and by snow movement and sl ide s . In the spring and summe r f all ing roo ks 
from c l if f s  and steep slope s are c ommon o c c urrenc e s .  Snow sl i de s  are a l so c ommon ,  
oft en carryi ng muc h d ebri s down t he slope s .  

Snow bank s ,  some o f  wh ic h are nearly large e nough t o  b e  c la s sed a s  snow f ie ld s ,  
persi st int o t he late summe r ,  and after wint e r s  o f  exc e ssiv e  snowf al l much rema ins 
unme l t e d  thro ugh the summer and f al l .  

The average t empe rature a t  Bake r ,  Wallowa , an d  Jo seph , all si tuat e d  i n  vall ey s  
borde ring the mount ain s , i s  43 . 1  degree s .  The ave rage for t h e  mount ains would be 
seve ral degree s lower .  Eit her a d e c re a se of a few degree s  in ave rage t emperature 
wit h the pre sent average snowf al l , or a sl ight inc re a se in pre c ipit at ion in the 
form of snow mi ght be suffic ient to cau se the ac cumulat ion of snowfie ld s again in  
the Wallowa Mount ain s .  

After the waning o f  t he ice , normal stream ac t ion be c ame again the dominant 
agency at work , but t h i s  has be en so rec ent that t he se st reams have as yet mod i 
fied the  gl ac ial sculpture only t o  a sl ight de gree . 

Plant s and animals , inc luding man , are at work now mak ing slow change s in 
the t opography whi c h  i n  t he i r cumulat ive effect s over long enough t ime w ill have 
marke d re sult s .  We see t he se act ivit i e s go ing on in t he removal of fore st cover , 
ro ad build ing , and i n  mini ng ope rat ion s .  
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CHA.Pl'ER V 

ECONOMIC GEOLOGY 

by Warren D .  Snith , J"ohn :El iot Allen , and Wayne Lowell . 

Hi st ory o f  Mining i n  the Are a  

Unfortunat ely t he hi story of mining in t he nort hern part o f  the Wallowa reg• 
ion i s  somewhat ske t c hy . There have been several enterpr i se s  dat ing from early 
day s ,  but t he deta il s of t he se are rat her ob scure . Mr .  Joe Le Gore , a pro spe c t or 
now in his  80 ' s  and l iving at Ent erpri se , furn i she d mo st of t he ac c ept able infor
mat ion on the se e arly m ining a c t iv it ie s .  According t o  him t here w a s  some mining 
intere st and ac t i vity a s  e arly a s  18 6 2 . The f ir st re corded mining c la im was 
about 1885 . 

At many place s in the northern Wallowa s one come s upon o ld pro spe c t s .  For 
the mo st part pro spe c t ing ha s been c arried out in a haphazard manner and not a c 
c ording t o  any well organ i zed plan . 

It i s  reported t hat in the m id dle 8o • s , a shi pment of 1 , 350 pounds of silver 
ore was made from t he Will iams Mine w it h  a return of about $ 6 5 . 00 .  

In the late 80 • s ,  Dr . J .  T .  Dean built a small sme l t e r  at the he ad o f  Wallowa 
Lake . Aft er a pe riod of exper iment ing , said t o  be unsuc c e s sful , t he plant burned 
down . 

In 1904 or 19 05 t he  famou s ( or i nf amous ) Tenderfoot e p i sode o c curred . Thi s  
wa s a mining promot ion in t he Tenderfoot Basin.  Camp s  we re bui lt and rather e lab 
orat e preparat ion s were made t o  extract o re ,  but a c c ord i ng t o  t he be st informat ion 
sample s had been salted and the pro j e c t  wa s  abandoned . 

Dur ing t he 2 0 ' s t here wa s a sub st ant i a l  development at the Black Marble 
�uarry . Ki ln s were bui lt and lime rock ( act ually cryst all ine l ime st one or marble ) 
was burned for some y e ar s . It i s  said that t he product p roduc ed when used in 
plast e r  for bui ld ing hou se s  was of very supe rior t ype b e c ause , as the plast erer s 
term it , it "worke d" part icularly well o The d ark co lored or  b lack marble of the 
quarry make s ,  when pol i she d , a mo st beaut iful st one for int erior fini sh ing or de
corat ing.  It has b een c l a s sified by stone cutt e r s  a s  e qual to any of t he import 
ed marble s  and supe rior to many . The rock i s  qu i t e  ma s s ive and c ontains few 
streaks or imperfec t ion s .  The j et blaek · ground mas s  c arr i e s  spot s ,  blob s and 
st reak s  of whit e c alc it e , perhap s fo ssil s ori ginally , t hat give t he poli shed stone 
a mo st beaut iful and ple asing figure . 

Summaty o f  !ype s of Mineral Depo sit s 

�: 
Gold was d i sc overed in the so uthern Wal lowa s on t he "Two Grani t e s" on Pine 

Creek in t he lat e 1870 ' s , and since t hat t ime probably $15 , 000 , 000 'J?.a s  be en t aken 
from the various claims of t he pr ope rty now known as Cornuc opia Gold Mi ne s . For 
t he la st three ye ar s , produc t io n  ha s been at a rate of well over t hree - quart e r s  
of a mi llion dollars a year . The granit o i d  format i o n  f r om  whic h  t he gold ha s i t s  
source appe ar s al so i n  the no rt he rn area and make s it po s sible but not probable 
( judgi ng by pro spe c t i ng to dat e ) that go ld depo sit s may yet be found there . 

· 
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Copper : 
Many o c c urrenc e s of copper mineral s ,  u sually c hal c opyr it e ,  have been found 

in the nort hern Wal lowas .  Tunne l s  have been d r iven int o  a numbe r of t he se dep
o sit s but so far no bodie s of c omme rc i al importanc e  have been. opened up . In 
several loc al it i e s in the e a st ern and so uthern port ion o f  t he Wallowas t he re is 
evidenc e o f  more sub stant ial depo si t s  of c o pper but none of the se is produc ing 
at the pre sent t ime . The ore of t he Cornucopia Mine in the s out he rn Wallowas 
cont ains e nough coppe r t o  help pay t he fre ight on the co nc entrat e s  t o  the smelt er . 

Due t o  t he small size and i nc ons i st ent nature of t he copp er showings in  the , 
northern Wallowa area it d.oe s not appe ar t hat pro spe c t ing for c oppe r should be 
encouraged in t hi s  area . 

Molybdenite : 
Thi s mine ral , molybdenum sulf ide , i s  found i rregularly d i s seminat ed along 

granodiorit e - l ime st one cont act s at a half dozen loc alit ie s in the nort hern 
Wallowas .  It o c cur s a s  a c ont act met amorphi c  mineral in t he c ontact zone s 
known a s  t ac t ite s ,  along wit h epido t e , garnet , and several of t he o t he r  ro ck
forming mineral s .  At such p o i nt s sample s  have given assay s  f rom 0 t o  6 o r  8 
perce nt molybdenum . However ,  examinat ion of the mo re l ikely depo s it s ind ic at e s  
that molybdeni t e  i s  not pre sent in c ommerc i al quant i t i e s .  

When t here i s  a great e r  d emand for t he mineral i t  i s  probable t hat furthe r  
explorat ion w i ll be j u st if ied . It i s a lway s po ssible under the c ondit ion s t hat 
ex i st in t he no rt hern Wallowa Mount ain s , (where great ma s se s  of gran it e lie in 
cont ac t  with l ime st one ) t hat d i sseminat e d  b od ie s  of t he cont ac t  o re mineral s may 
.be pre sent . 

Tungst e n :  
Tungst en i n  small amount s h a s  been det ected at several po int s i n  " t act it e" 

zone s between grano diorit e and l ime stone , by means of ultra-v i olet lamp . A 
numbe r. of rea sonably high- grade sample s were o bt ained but c ont i nu i ty of t he ore 
zone s do e s  not appe ar to be sat i sfactory . 'l'he hab i t  of the tungst en m ineral , 
sche e l it e  in t h i s  c a se , i s  s imi lar t o  that of molybdenit e .  Evidence at hand 
doe s  not j ust ify t he stat ement t hat one would exp e c t  pre senc e  of tungst en orily 
where molybdenite i s  in evidenc e . 

Since it i s  very d if f i cult or pract i c ally impo s s ible for the o rd inary pro s
pe c t or to i dent ify sc he el it e in the f ield w ithout laborious panning or w ithout 
t he u se of the ultra-violet lamp , it is po ssi ble t hat commerc ial bod ie s of tung
sten may have been overlooked in the northern Wallowa area . 'l'here are mile s of 

l ime st one granodiorite contact in t hi s very rough mountainou s c ount ry w he re pro s
pec t ing i s  d ifficult and which very l i kely have never b een pro spe c t e d  at all . 
Pre swmably mo st of t he co ntact zone s t hat co nt ain e a si ly recogni zable sulphide s  
have been found , but it seems unfair t o  e l iminat e t he ent ire area a s  unfavorable 
for t he pre sem e of tungst en in c omme rc ial amount s .  

,The same general st at ement applies t o  tungst en t hat w a s  made with reference 
to molybdenit e a s  regards future demand and the j ust if i c at ion fo r add it ional 
pro spe c t ing . 

Marble : 
In t hi s  northern �allowa area t here are several large mas se s ,  doubt le ss 

square mile s in ext ent , of l ime st one t hat has be en largely me tamorpho sed t o  marble . 
Loc ally it i s  a compact mass of t rue marble ranging from fine - grained to quite 
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c oarse -grained and el sewhere it i s  a typ ical coarse - grained cry st alline l ime stone 
or marble . The stone range s from whit e  t hrough p ink and gray t o  jet  black in 
color . So far it s only ut ilizat ion has been for c alc ining ; but it s u se a s  a 
building stone i s  j u st ified on the ba s i s  of it s beauty and f ine quality . 

Granodiorit e , which in the t rade is known as  " granit e " , i s  exce llent for 
build ing st one , but in the Wallowas no use ha s yet be en made of it . 

Basalt f ind s i t s  chief u se a s  ro ad metal . Product ion in the Wallowa area 
i s  limited , since quarrie s must be located re lat ively c lo se to road construct ion . 

Abrasive s :  
The garnet developed i n  the "tac t ite" along the granod iorite-lime stone c on

tact s might be ut ilized as an abrasive , but here again the demand on the we st 
coast i s  probably small , and transportat ion would be a maj or d ifficulty . 

De script ion of some of t he Mine s and Pro spe c t s  

Known pro spect s and mine s are l i sted alphabet ically a t  t he end of t his  
chapt er . A few o f  t he pro spect s i n  the northern port ion o f  the quadrangle show 
molybdenit e and tungsten . The se and o ne non-met all i c  {marble ) property were 
sele cted for e spec i al study , and are de scribed be low i n  some detail . Pro spect s 
and mine s in the southern port ion of the quadrangle are d i scussed in t he Oregon 
Metal Mine s Handbooks ( 39 ) .  

Contact Grou ( 9  ) *  ( also known a s  Iron Dyke·, Peac ock , White Eagle , and 
Dr . Scott claims • Thi s  group of 10 pat ent ed claims i s  situated at an elevat ion 
of about 7100 feet in the c ent er of the Et of sec . 24 ,  'l' , j  S. , R , 4; E . , on t he east 
side of the Lost ine Valley above Lapover .  It was d i sc overed in 1906 and 1907 , 
and i t  i s  said that $30 , 000 was spent in development work , mo st ly during the years 
from 1909 t o  1912 . R .  B .  Bowman was t he original loc at or . 

Swart ley {14) vi sit ed the property and report s that : 

" ·  , • •  a ne arly vert ical pyroxenit e d ike 5 to  40 feet wide , di agonal
ly cut s acro s s  t he lime st one in an E-W d irect io n .  A few hundred feet 
of the lower . end of this d ike wa s ob served , and as far a s  one c ould 
see t he dike cont inued to the very mount ain top . • . . • 

"The dike rock i s  dark green in co lor with a texture nearly dense . In 
thin sections it i s  seen to  c on s i st  of about 75 percent augit e pyrox-
ene , about 15 percent labrador ite , 5 percent biot i�e , and ; percent quart z .  
The quart z i s  probably a sec ondary mineral . Mo.st of t he labradorit e  
feld spar c ry st als ·are . .  badly altered . 
"The dike has been ·somewhat fractured and in the small f i ssure s t he py
rite and pyrrhot ite have be en depo sited together with some c halcopyrite . 
Some of the c ontact -met amorphic mine ral s , garne t  and ep idot e , are in 
evidence  near t he border s  o f  the d ike fo r the mo st part , but some t ime s 
are seen in the ad j acent l ime st one . The pyrite and pyrrhot ite appear 
in great e» perc entage s in t he outer portion s of t he dike . Th i s  dike , 
a ba sic d ifferent iat e  of t he great intrusion inj ect ed in a mo lten c on
dition int o  t he fissure in t he l ime st one , probably has suff ic i ent heat 

* Numbers refer to locat ion of propert ie s on t he geologic map ( Plate I ) . 
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with the a ssi st anc e of mineral ize r s to form the smal l  amount of garnet 
and epidote pre sent . 
"Pract i c ally no mineral iz at ion i s  s een i n  t �e lime st one ad j oining the 
d ike . In an examinat ion of several o pen cut s sc at t e red for a c onsid
e rable d is t ance along th i s  dike the copper mineral s appear to be too 
thinly s c at tered t hrough t he dike to c all i t  ore . Without the pre senc e 
ot preciou s  met al s i n  fair amount s t hi s  pr imary depo sit would not pay 
to work . "  

A vert i c al e a st -we st aplit e dike from 2 0  to ;o tee t wide i s  int ruded paral 
lel to the co nt ac t  between argi ll i t e  and l ime stone on the north , and granit e on 
t he south .  It is more probable t hat mineralizat ion i s  du e to t he a c idic than 
to the ba sic int rusions . Several c r o s scut s and drift s explore' the variou s  con,.. 
t act zone s .  

The ma in e a st c ro s scut tunnel a t  7 130 feet elevat io� runs 370 feet N .  25° E . ; 
start i ng in granit e ,  cro s sing an e a st -we st tault c ont act which dips 80° N. at lJO 
feet and e nt er i ng dense highly silic eous argill it e or hornte l s , bedd ing of whi c h  
str ike s N. 750 W. and d i p s  60° N .  Near t he end of the tunnel ( probab ly  clo se  to 
the argillit e - l ime sto ne cont ac t } the dense ma ss ive pyroxenite d ike ment ioned in 
the quoted de sc ript ion above is pe net rat e d . In a short side drift at a point .50 
feet from t h e  end o f  t he c ro s scut a .5 -foot len s  o r  xenolith o f  highly c ontorted 

. black l ime st one shows a cont act aureole of garnet p  ep idot e and c ryst alline c al
c it e , with small stringer s o r  pyrit e  and molybdenit e .  

About 600 feet t o  t he nort hwe st a dr ift ne ar t he cont act of l ime stone and 
aplit e  ha s be e n  driven S .  750 E .  tor 7.5 fee t . The t unnel runs along an oxide 
zone t hrough 20 f eet of apli t e , 20 feet of argi ll it e (whi ch appear:s to be al
mo st surrounded by aplite ) and ;o f e e t  of aplite .  The oxide zone c on si st s 
largely of l :l,m.onit e , hemat it e ,  and some malachite .  It dip s Boo s .  an:d varie s 
in w idth from one t o  twelve feet . 

Fraz ier Pro spect ( 13 } .  Thi s depo sit i s  l oc at ed at an elevat ion of 8700 
feet on the d ivide between the Imnaha and Wallowa River drainage s in the c e nter 
of t he Ni of se c . l2 ,  T o 5  S, , .B. . 44 .E. J"uQt we $t ot th� trail at HaWkins Pas s ,  
a lime st one block or root pendant about 400 fee t  i n  d i amet e r  cap s t lle ridge . 
It i s  surrounded by grano d iorit e . The tunne l s  into t he t act i t e  zone at t he  
base o f'  t he nearly horizont al c ont act o f  l ime st one above an d  granite below lie 
mai nly on the north s ide of the ridge , not over 200 feet from 1;he summit . 

He s s  and Lar sen ( 21 )  v i sit ed t he prope rty and repo rt that : 

"At the pro spect a t h ick serie s  of alt e rnat ing marble s ,  quart z it e s ,  and 
schi st s are int ruded by a l arge body of quart z d iorit e striking about 
N . 70o E .  and d ipp ing about ;oo S .  200 W. Along muc h  of the marble-dio
rite c ont ac t t here i s  l it t le tact ite , but about a semic i rcular out crop 
o.f' marble a few hundred feet acro ss that i s  nearly surrounded by diorite 
the t act it e zone is from a f ew feet to 20  feet or more i n  widt h and the 
ad j o ining diorit e bas it self been consid erably metamorpho sed . The mo st 
abundant mineral of t he t act i t e  i sabrown garnet w ith moderat e iron con
t ent ; �een epidot e , quart z ,  and calc i t e  are le ss abundant ; and green 
hornblende and chlorit e are abundant loc ally . Titanit e ,  apat ite , 
sche e l it e , and t he sulphide s pyrit e ,  chalcopyr it e ,  and molybdenit e  occur 
in snall amount . As usual , t he mineral s are irregularly d i stributed , 
and t he sulphide s whi ch are lat er t han t he garnet izat ion � are .  a ssoc iated 



with fracture s in the tactite and t he adj o in i ng gran i t e  and are e spec ial
ly abundant on t he granite s ide of t he c ontact . 
" The o utcrop and geologic r e lat ions of t he t ac t it e i nd i cate a body of 
moderat e s ize , Along the borde r s of  quart z lense s there are some bunch

e s  t hat are rich in seheelit e .  A picked sample from a bunch on the we st 
side of t he ridge p anne d 17 percent of wo3 • and about a s  good mat erial 

wa s s e e n  at ano t he r  po i nt on t he e a st side a few hundred feet away . 
However , two grab sample s from t he t ac t i te ro ck panne d only a t race of 
wo3 . On t he whole thi s depo sit appear s to be at le ast a s  promi sing 
for s che el i t e  a s  for c opper or molybdenum ,  and a l i t t le surface pro s 
pect ing for sc he el ite by t renching and c on stant p ann i ng  woul d seem ad
vi sable . "  
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The l ime sto ne i s  grey and cry stall ine , with o c c a s ional d ark band s ,  which  
str ike e a st -we st , wi t h  varying dips t oward t he sout h ,  White quartz and t ac t i t e  
d ike s ,  ve ins and stringers f rom le s s than a n  inc h  t o  s everal feet i n  widt h  run 
up int o the l ime st one from it s  b a se , which ha s  been c omple t e ly alt ered t o  t a c 
t it e .  Thi s alt ered zone {whic h i s from 1.5 t o  2 0  f eet thick ) i s  compo sed large ly 

of c it ron-yellow gro s sular i t e  garnet , often ma s sive , but usually c ry st all ine with 
zoned c ry st al s  of c omb i ne d  dodec ahedral and hexo c t ahe dr al form , up t o  2 c ent i 
met er s in d iamete r .  Ep idote i s  le ss prominent , but be c ome s more abundant near 
t he int rus ive s ,  whil e  t he garnet become s darker ,  appro ac hing dark red-brovm and 
even black . Calc ite and quart z are abundant " The granodiorite near the t ac t ite  
i s  mas sive and gla ssy ,  �IIJi t h  very l i tt le of the black biot i t e  whic h  cha ract er ize s  
it a few feet away from the c ont act " Met all izat ion oc cur s ne xt t o  the d ike s and 
veins of quart z and t act it e ,  and some t imes ext end s  a few i nc he s int o  t he intru sive . 
Met all i c mineral s seen in t he f i e ld were molybdenit e , in flake s up t o  1.5 mm. . diam
eter ; pyrite , fr e quently alt ered t o  l imonite ; and c halcopyri te , ofte n alt e red t o  
chry so c olla . Sche e l it e  was later d et e c t ed in hand spe c ime n s  wit h an ultra-v i o let 
l amp . 

Gre at Northern Pro spect s ( 14 ) . Numero u s  pro spe ct s lie in t he saddle between 
t he Minam and Lost ine River drainage s a t  an elevat ion of 8 400 t o  8500 feet in 
sec . 2 2 and 2 3 , T . 4 S . , R . 43 E .  Because of snow on the ground when t he se depo sit s 
were vi sited the dat a i s  inc ompl e t e . 

The country rock i s  granodiorite , although t he r idge t op s  on e it her si de 
o f  t he saddle are c appe d  with ba salt . Aplite d ike s are numerou s , and several 

feeder d i k� s  of the ba salt w e re not ed . 

The main drift w a s  c aved , but i s  said t o  be 2 00 feet long . At it s mouth , 
a t wo -foot ve in of quartz c o ntai n s  ser i c it e , t alc , iron oxi de s ,  and c hry soc olla . 
The last m i ne ral impre gnat e s the wall-rock for some d i st anc e  f rom t he ve i n .  Ore 
from the property high i n  go ld and s i lver is sai d to have been t ake� out by pack 
train many year s ago . 

Fart her t o  t he we st on t he northwe st side of t he saddle , small pr o spect 
hole s  reveal quartz ve in s from 1 t o  14 inche s wide c arrying bornit e ,  c ha lc opyrite  
and t he ir alterat ion produc t s ,  i ron oxide , and chry so colla . A very soft s i lvery 
me t all ic mineral , no t mo lybdeni t e , was al so no t ed . Another smal l pro spe ct ho le 
showed �uartz with seric it e and thin plat e s  of spe cular hemat i t e . 

Green Group ( 1.5 ) ( also known a s  Copper King , Copper Gem , Moun�ain Gem) • 

Th i s group of 9 c laims i s  locat ed at an e levat ion o f  about .5 900 feet on Adams 
Creek , half a m i l e  we st of i t s junc t ion w ith t he west fork o f  t he Wallowa R iver , 
in the SE! of sec . 6  and t he NWt of sec . ? , T. 4 S. , R . 4.5 E .  
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The depo sit was first located in 190 6 . In 1907 or 1908 , a corporat ion was 
formed and a l }�=foot tunnel was driven in t he bed of the creek d iago�ally tow-
ard s a cont ac t o f  granodiorite and. lime stone . TWo other short cro sscut s l ie 
nearly half a mile to the northeast on the same aont·act . A c aved tunnel near 
them i s  said to be }00 feet long. Tb,e olaiDis lie along · a narrow north-east 
trending 'band of l ime stone and calcareous schist which has 'been nearly pincbed 
out or ensulted by granite lying botll to the northwe st and southeast . Pegma
tite , aplit e ,  and basalt dike s are pre sent . 

At an e levat ion of �800 feet the south tunnel ( Copper King ) ha s  been driven 
from the creek bed along a tactite zone con sist i ng of redd i sh gro ssularite gar
net . There are small amount s of pyrite , chalcopyri te , and epidote . llassive 
green epidote  also occurs with patc he s  and cryst als of molybdenite . Magnet it e  
'is pruent i n  8118.11 amount s .  Cryst all ine l�e stone float cont a ining c onsiderable 
fluorite is reported by f!wartley (14 ) . 

· 

A 2.5 -foot crosscut at an ele'Yat ion of 6000 feet lie s· a quarter of a mile �o 
the northeast . l t  follows a pegmatite d ike c ompo sed ot quartz and large flake s  
o f  b iotite . '!'he quartz i s  barren and the fac e  of' the drift i s  i n  lillesto n.e .  
Above and to t he e ast · , an aplite  d ike cut s the limestone and a .5 � foot vert ical 
band of garnet is developed . A ba$8.lt <like whtch c ame up along t he  same fracture 
bound s the tact i te on t he  ea.st . The garnet zone i s  said to ext end on up t he hill 
to the we st . 

A caved tunnel i s  located ,500 teet f'art�r northeast (near the center of the 
SEt of sect ion 6 ) .  A �onsiderable amount of fairly high-grade molybdenit e ap
pe ars on the dump , t he gangue· eonsi "' ing at epidote , w ith minor amount s .of gar
net , pyrite , and chalcopyrite . At this loc �itr tlJ,e granodiorit e-l ime st one con
tact is qUi t e  c omplicated , wit h  intease folding at the l ime stone . 

LeGore Pro spect ( 18 ). (Red Cloud ) .  The LeGore molybdenum prospect is locat 
ed in Le(lc)re '. s Basin d t he head of' Fall s  Creek ( tribut ary t o  Hurricane Creek ) 
in the Ei of the swt of sec . 8 ,  '!' . } S. , B. 4 w .  A good road from either Jo seph or 
Enterpr i se ext end s to within about a mile of' the j unct ion of  Falls Creek a nd  Hur 
ric ane  Creek . At :Palls Cre ek ,  a t rail le ad s  upward to LeGore ' s Basin at an ele 
nt ion of 7900 f'eet . 

Because of t he deep snow s t he prospect ing t ime i s  l imited from lat e June to 
October , During the se mont hs the ba sin is access ible by a steep pack trail . The 
property i s  on or near the cont act or granod iorit e ,  which make s up the north wall 
of t he ba sin at the head or Falls Creek , with a t ongue o f  sanewhat alt ered c alc ar -

. eous  to s i l ic i ous shale and massive l ime st one , whi ch ' extend s . northward into t he  
granodiorit e . ( Bee Plate X) . Northwe st- striking , vert ical c olumnar basalt 
d ike s cut other rocks without not i c eable alt erat ion of w all-rock ; 

The granodiorite ·  ha s int ruded the met amorphi c & .  Snall inliers of shale are 
f'ound on t he granodiorite and windows in the shale expo se t he underlying intru
sive . In  the a rea  upped the ma t amorphic s  c onsht o t  a t hin blanket overlying 
the granodiorite . The •blanke t "  t hicken s to the north and sout h .  

The metamorphic • strike N. ,5 °  E .  and dip 40° W. '!'be dips are nearly normal 
to the contact wit h  the granodior it e . The mineralized l ime stone lens ( see 
Plate X) is cut through in two place s .  

'!'he intnsion o f  t he granodiorite re sulted in a more o r  le ss c ont inuous al
terat ion zone along the contact with the metamorphi c s ,  which is  best developed in 
the l imestone s .  
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The contact alterat i on zone c on si st s mo st ly of gro ssularite w it h  some metal
l i c  sulph id e s  and v ari e s  i n  widt h  from a f ew inche s t o  several feet p a s  c ompared 

with zone s consi st ing wholly of garnet in the met amorphic s at some di st anc e from 
t he cont act . The sulphide s are d i sseminat ed in " t act ite" , an assemblage of 
me t amorphic minerals c onsi st ing of gro ssulari t e , epidot e , quartz , calc it e and 
wolla stonit e 1  wit h - t rac e s  or scheelite . 

Primary met all ic sulphide s include molybdeni t e ·� pyrite , chalcopyrite , am 
very minor amount s of sphaleri t e . Se co ndary minerals are generally anall f rac -
ture f ill ings o r  coat ings on primary minerals and include molybd ite (molybdenum 
oxide ) ,  l imonit e ,  azur it e , c hryso colla , and calc it e .  One narrow t-inch ve in 
ot fluorite wa s found cutting t he granod iorite . 

Mineralized zone s in mo st place s do, not st and out from t he surround ing rock . 
The contact s can be clo sely locat e d  and when the few inche s of t alus is removed 

t he se zone s may be seen . More t han  a dozen shallow open cut s e�po se the mineral
ized zone s .  

For the most p art the mineral izat ion parallel s the l ime stone -granodi<?rit e con
t act and the zo ne i s  of varying width , never more t han 20 feet w ide o Sna.ll s t ring
e r s  of t act i t e  fo llow and cut acro s s  bedd ing plane s but do not seem to have extend -
e d  very f ar into t he me t amorph ic's . The se stringe r S'  narrow rapidly giving an im-
pre ssion of shortne ss , although garne t i zat ion appe ar s on t he surface at c onsiderable 
d i st anc e  from known out c rops of int ru sive . Of t he mineral s oc curr ing 1 only soheel
i te and garnet are of re stricted o c currenc e ,. being assoCl i at ed with high t emperature s 
or pre ssure s p  or b oth ; t he othe r s  are "per si stent mineral s" found in deep t o  shallow 
env ironment s .  The··ceont act relat ions �2-..... t he  mineral assoc i at ion sugge st a cont act 
met amorphic paragene si s .  Limonit\�u�'h�socolla , and molybdite are oxidat ion prod
uct s of the primary minerals . 

No molybdenite o r  scheelite ore-bod ie s o f  economi c importance have yet been 
di scovered . The d evelopment wo rk �  wit h one exoeption t. ha s been re stricted to 
shallow open cut s along t he lime stone -argill it e contact 9 whi ch Show spotty o c cur
renc e s  of met all ic sulph ide s .  · No ser iou s att empt ha s  been made to drift al�ng 
t he l ime stone - granod iorite contact where 1 t i s  expo sed by downward cutt ing of t he 
c reek , or where the l ime stone . pinche s ou t again st granodiorite at t he entranc e to 
the long tunnel . The long tunne l is  ent irely i n  grano d iorit e .  

Conclusions : 1 .  Geologic cond·it ions were . suc h that sparse metallizat ion 
and abundan t garnet i zat ion t ook place . , 
2 .  The re str icted size - o f  met allized spot s sugge st s a pauc ity 
of met all if erous solut ion s in the magma . 
; .  Molybdenit e and ot her metall ic sulphide oc currenc e s  in the 
imme d iate area are sc at tered , and .app arent ly are not c onne ct 
ad o . Ev id ent ly each ' Oc c urrence w a s  due to magmat i c  so lut ion s 
diffusing at sc at t ered po int s  and not c oncent rat ed be fore 

· ·migrat ion . 
4 .  The l ime stone remnant i s  so small that a workable depo sit 
i s- doubtful even t hough o re· or commerc ial grade should be 
di scovered al ong the co ntact . · 

Nine channel sample s  were t aken for a ssay . The a ssay returns were a s  fo llows� 



4 6  

$ullJll8 Le�h !!!!A Molzbdenwn 'l'!.J.nget .en 

1 6 •  4" Nil Nil 
1 -A 1.5 ' 4• TJ:>ace Nil 
1-B 1 '  4• Nil Nil 
2 9 '  4" 0 . 18.� Trace 
3 1 '  411 Nil Trac e 
4 lQ t 6• 0 . 4CJ� Nil 
..5 , , 4" Trace 1Ul 
6 12 ' 4• Nil Nil 
7 c .5 '  4" 0 . 03� Nil 

Northwe st Lime OomP!!l ( 24 ) .  �e only non-metallic mine ral sub stanc e in 
thi s area that ·lias been exploit!!Jtl t o  dat e  and which may be ot co nsiderable future 
valu e i s  the black marble in t he � ot 19e� . 19 ,  T . 2  8. , R . 44 E. 'oore ( 37 : 128 ) 
de scribe s it a s  f&llows : 

•Thi s quarey i s  in a dense fore st high on the face of t he W-ll()Wa Jlo1Ul
ta1ns , at an alt itude of ne arly '7000 teet .  It i s  re ached

' 
by a steep , 

narrow road , over which l t.e st one . i s hauled from t he quarl'Y t o  the mill . 
The l ime stone here forms no c liff , and the slope i s  t he same a s  that of 
the face of the moUD.tain . The quarcy i s  in a narrow gulch abo ve  sever
al o ld l aekilns , u sed t o  burn l ime from l 1118 st one boulders taken from 
the stream bed . 
"The l ime stone i s  a den se sooty-black rock marked by scattered whit e 
splot che s , po ssibly t he remains of f o ssil algae . A few fossil l!lhe ll s  
were seen i n  it , but none ot de terminat ive value were found . The l ime 
st one is well bedded , and the st rat a r ange from 1 t o  6 feet i n  t h ick
ne s s .  No shaly part ings were not ed , the beddin g be ing conspicuoua 
only on weathered surfac e s .  The rock s strike N. 3;o w. and d ip 1� SW. 
The he avY fore st c over and t he ·  short t ime availab le prevent ed any at 
t empt to t race out the bed s .  �cording t o  Parks , the out c ropping bed 
is from .50 to .500 feet thick and may be traced ne arly 1000 fee t west of 
the quarry , where it grade s into  a gray marble . 
IIA sample of t he  l ime st one c ollected in t he quarcy wa s SU'bmit t ed to t he 
chem i c al  laboratory of the Geologi cal SUrvey tor �aly ei s .  

Analysis o f  limestone from quarcy i n  sec . 2 0 ,  T . 2  S. , R. 44 E .  

Si02 1 . 17 P20.5 Trace 
Al2 03 . 17 so, None 
Fe203 . 12 :MnO Trace 
reo None SrO . 40 
MgO 1 . 2 3 Li20 Trace 
O aO ..53 . 1.5 P'eS:! No:ne 
Na20 . 08 Organic mat ter 1 . 7.5 

�20 . 08 -H20 . 10 Total 100 . ,54  
'l'i02 'rl.'a:ce 
C02 42 . 0.5  Spe c ific gravity 2 . 70 

"Recomput ing thi s analy si s t o  a basi s free ot vo lat ile const i  tuant s 
gives the fo llowi ng re sult : 



2 . 07 
. 30 
. 21 

2 . 18 
94 . 2.5 Total 

0 . 14 
. 14 

...:.1J:. 

100 . 00 

'"Thi e analy si s  shows that burning t he l ime8t one should yield a high-cal

Cium l ime . According to Dr . E. W. Lazel l , Port land , t hi s  lime stone 
burns to a superior grade of l ime with a very de sirable texture . The 
lime slacks eas i ly and works smoothly . 

"Thi s depo s it i s  worked by a local company known as the Black Marb le ! 
Lime Co . ,  which w a s  organi zed i n  February 19 2 .5  and i s  ca�i talized at 
13.50 , 000 , The c o st of the pre sent plant and of t he development of the 
property up to t he t ime of my vi sit in 19 31 had been 132.5 , 000 , accord-
ing to t he company ' s  officer s . 

· 

•At the pre sent t ime t he faoe of the quarry i s about 40 feet h i gh , and 
to avo id the ne c e s sity of removi ng large amount s of overburden a tunnel 
ha s been run into t he face and a ;l arge c hamber mined out . Til$ lime 
stone i s  shot down , loaded by hand i nto car s , and dumped int o storage 
bins . The ori ginal plans c alled for the ere ction o f  an aerial tram 
about 4 mi le s long to c arry the l ime st one to .the mill , but insuff i.cient 
money was rai sed and a c aterpillar tractor and trailers were u sed a s  
a t emporary sub st itut e , The t railer s weighed 1.5 tons api e c e  and c ar
ried 10-ton load s . They were hauled over a long , narrow , �eep road 
7 mil e s  to t he mill . The l ime stone i s  now hauled by 5 -ton truck s• . 
•The mi ll i s  near Enterpri se and ha s  a c apac i ty of about 10 , 000 tons of 
quicklime a year . It s tot al product ion t o  June 1931 had been about 
7000 tons . The plant consi st s of a weighing house where t he l ime st one 
i s  dumped and loaded into t ared c ar s ,  which c arry it up an inc line and 
dump it into any one of three vert ic al kilns . The warehouse i s on t he 
hill side below t he kilns , and t he finishe d  pr oduc t can be loaded dire c t 
l y  int o t he o ars . 
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'"This depo si t is t he mo st promi sing of tho se in Wallowa County . Should 
the propo sed aerial tramway be erect ed and market s f or the produc t s  b'e 
found on the coast , operat ion of t he depo sit might well prove profitable . "  

In the sUmmer of 1938 the quarry and plant were not i n  operat ion . 

One of the f ine st individual exhi bit s at t he 191.5 �-Pac ific Expo sit ion 
in San Franc i sco wa s a be aut i ful t abl e made of t h is poli shed black marb le . It 
i s  a s  f i ne a grade of ornament al stone a s the famous Belgian st one . 

There are othe r  depo sit s of c ry st all ine l ime st one in thi s area some of wh ic h 
c an be calle d t rue marble . On the t rail to Cornucopia about 2 mile s southea st of 
Tenderfoot , there i s  a f ine grade of p ink marble of st at uary grade apparently of 
considerabl e extent . 

Two e conomic factor s ,  tran spor� at ion and lack of a market , wi ll probably 
prevent t he c ommerc ializing of the se depo sit s for some ye ars . It i s  po s sible that 
muc h or t hi s l ime st one may event ually be used in the making of e ement , s ince t here 
is an abundanc e of both l ime stone and argill aceou s sc hi st s available . This will 
eome about , however ,  only when other mo re acce s s ible depo sit s have been exhau st ed . 
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Seebe r Pro spec t  ( 30 ) . Deve lopment work ha s been do ne at t wo place s clo se 
to Ane ro i d  Lake , in t he c ent er of sec . 2 l ,  T . 4 S . , R . 45 E . , at an e levat ion of 
about 7700 feet . A hund red foot tunne l runn ing N . 50 °  E. along t he granodiorite
l ime st one c ont act , is  loc at e d  sout hwe st o f  t he c ab in s . 

Ac c ord ing t o  Swart ley ( 14 ) : 
" The mine ral ized zone i s  about 2 0  feet w ide , alt hough the granod iorit e 
i s  alt e red t o  a great e r  w i dt h .  Typi c al co nt ac t -me t amorphic mineral s ,  
such a s  garnet and e pidot e  are found , and t he re c ry st all i zed l ime st one 
c ont a i n s  some quart z .  Somet ime s t he garnet and epi dot e c ry stal s are 
very small , but f requent ly are as muc h  as t hre e - fourt h s  of an inc h in 
d iameter . The alt e red granodiorite is impre gnated w it h  c hal copyr it e  
i n  spot s ,  and small i nd i st i nc t  ve in s o f  molybdenit e o c cur al so . 
"A bet t e r  p lace t o  observe .th i s  cont act i s  on t he abrupt walls above 
t he lake , where i t  i s  expo sed for se veral hundred f e et w it h  widths up 
to 50 feet . 
"The mineral izat ion i s  s imilar t o  t he one j u st de sc r i bed , but c ons ider
able chalc o c it e  is  pre sent . Th i s  h i gh - grade c opper mi neral i s  d i s sem
inat ed along the cont ac t  zone for some 2 00 f e e t  and f or cons i derable 
w idth s .  It i s  f ound bot h  i n  t he alt ered grano d iorite  and in the re crys
t allized l ime st one , alt hough more of it i s se en i n  t he latt er . The in
tergrowth of garnet , e p id ot e , and quart z is u sually f ine - gra ined . Be 
side s c halcoc i t e , small amount s of molybdenit e  and c halcopyrit e are 
pre sent . . . , . Thi s  contact w i t h  it s met amorphic zone has been devel

ope d  but l i t t l e , and much of t h i s  c ould have be en done t o  gre at er ad
vant age . The c ro s scut st art ed some d i st anc e below the c ontact i n  the 
loo se ro c k  and has not yet reached i t . The out c rop i s  so si tuat e d  t hat 
it wou ld not be very hard t o  develop it wit h open c ut s .  In t he pre sent 
st ate of deve lopment i t  i s  impo ssible to make any pred i c t ions as t o  what 
fut ure development m i ght br i ng forth" . 

Tend e rfoot M ine ( 34 ) . Thi s so -c alle d "mine " i s  l o c at e d  at the c ent e r  of 
t he ba sin ne ar t he headwat e r s  of t he nort h fork of t he Imnaha R ive r ,  i n  sec . 3 3 ,  
T . 4  S . , R . 45 E . , at an e levat ion of about 7 300 feet . It i s on t he mai n t ra i l  
from Ane ro id Lake t o  Co rnuc opia . 

The Tende rfoot i s  ment ioned only bec ause it f igured in o ne of t he wor st 
sc andal s in the mining h i story of t he stat e . Several o ld pro spe c t  tunne l s  

were d r iven i n  argill it e and l ime st one , i n  whi c h  i s  d i s seminat e d  l iberal 
amount s of pyr it e . One t unne l show s black l ime st one w i t h  a quart z ite int erbe d . 

Pr ior to 19 14 , c on si derable c ap it al wa s rai sed on t he bas i s  of salted 
sample s be fore the fraud was di sc lo sed . 

Wilmo t  Group ( 37 ) (Matt e rhorn Group ) . The Wilmot o r Mat t erhorn molybdenum 
pro spe ct i s  loc at ed ne ar t he b a se of t he we st ern slope of Mat terhorn Pe ak on t he 
e a st wall of Hur r i c ane C anyon ne ar t he se c t ion l ine be tween sec . 3  and 10 , T . 4 S. , 
R . 44 E .  It i s  approx imat ely 1100 feet e a st of t he log c ab i n  bu i lt at the lower 
end o f  t he meadow whi c h  st art s in t he NWt of sec . lO .  A fore st serv i c e  road ex
t end s approx imat ely two mile s up Hur r i c ane C anyo n  and a pack t ra i l  follow s the 
c reek t hrou gh  the c anyon and into the Lake Basin. The c laim is about 10 mile s 
from the ro ad t e rminu s . 

The e a st wall of Hur ric ane C anyon , near the pro spe c t , i s  st eep t o  prec i p i 
tou s  and t hre e shallow gull ie s t rend ing e a st o f  north produc e irre gularit i e s  i n  



the slope . Bec ause the deep snow s remain unmelted unt i l  e arly summer , the 
area i s  generally not a c c e s sible unt il  June . 

Light -colored med ium-grained granodiorite  int rude s f ine - graine d  gray t o  
black shale or siliceous hornfels and cryst all ine l ime stone . Basalt ic  d ike s 
formed by t hree succ e ssive int rusion s c ri ss-cro ss  t he other roc ks . Dip s and 
strike s i n  the metamorphic s are var iable . The st rike s are northeasterly , 
and dips  are no rthwe sterly . Basalt dike s have been int ruded along hornfel s
marble and me tamorphic -granod iorit e c ontact s and have cut acro ss  the se rocks 
a s  well as  acro ss e arlier d ike s .  Di splaceme nt of int ruded roc ks by t he 
dike s  seems to be  limit ed to o ff- set s normal t o  local dike trend s .  Flow 
l ine s in marble that may or may not be  remnant s of bedding plane s are well 
developed and are indic at ive of t he deformat ion to which the limestone was 
sub j ected . 

Mineralizat ion along t he metamorphic granodiorit e  cont act in th is  area 
i s  not well developed and i s  more or le ss spotty . Garnet izat ion occurs t o  
some ext ent along shale -marble cont ac t s ,  but i s  well developed i n  two plac e s  
where stringers  of gr�odiorit� pene t rat e thin int erbedded shale and marble 
as at cut s 1 and 2 ( see  plate XI ) .  Sparse met all izat ion has t aken plac e 
in many i solated spot s .  

Primary metall ic su lphide s inc lude molybdenite , pyrit e  and chalcopyrit e .  
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Pr imary non-Ine t all ic s  pre sent a re garnet , ep idot e , quart z ,  c alc it e ,  and some 
scheelit e . Secondary minerals are fracture f ill ings of c alc it e and o ccasion
al c oat ings of molybd ite on molybdenite , and malachit e around chalc opyrite . 
Graphit e i s  pre sent along flow line s o r  bedding in marble for as much a s 10 
feet from t he mineral ized zone ( at pit 2 } .  Mineralized zone s ( at cut s 1 and 
2 )  st and out a s  cl iffs  15 t o  2 0  f eet high . In other place s ,  mineral izat ion 
ha s not be en a s  ext ens ive and mu st be  searched for by exploratory cut s .  Num
erous small exposures of garnet are to be found along the c ont act where it  
is  not covered by t alus . The zone s e i t her parallel t he vert ical d i p  of 
marble s  and shales ( cut 1 } ; or the vert ical contact of d ike - shale -marb le 
( cut 2 ) ; Qr the granodiorite -met amorphic contact ( cut 3 ) . In one or two 
place s  garnet izat ion occurs along granodiorite stringers  t hat cut acro s s  t he 
bedding plane s in shale s .  

Mineralized zone s are c lo sely assoc iated wit h  t he granodiorit e -met amor
phic cont act , generally f ading out with inc reasing di st ance  from t he intrusive . 
Mineralizat ion wa s not . se en above t he 7 400-foot c ontour . The two t act ite 
bodie s examined ( cut s 1 and 2 )  were formed in a thin marbl e  lens (2 to 3 feet 
th ick ) interbedded w i th shale s .  The vert ical att itude sugge st s replacement 
of �narble by so lut ions a sc ending parallel to the d ip from t he underlying i n
trusive . 

Of' the primary minerals pre sent , only scheelite and garne t are of restrict
ed o ccurrenc e b e ing a ssoc i ated w ith high t emperature s or  pre ssure s ,  or bot h ;  
the othe r s  are "per si st ent mineral s" found in d eep to  shallow environment s .  
Limonit e ,  malaeAite and molybdit e  are oxidat ion product s o t  the prilnary mineral s .  

No molybdenit e o r  scheelite  ore-bod ie s of economie import ance h ave ye t  be en · 

d i sc overed . The development work ha s be en re stric t ed to t hree shallow cut s 
whi ch  show thin t act it e zone s wit h  a pauc ity o f  met allic s . At cut s 1 and 2 , t he 
tact ite may contain more metallic s at depth , but t he limited size of t he zone s 
i s  not suff i c ie nt ly encouraging t o  warrant deeper explorat ion . Of t he two min
eral ized zone s ,  the one at cut 2 i s  the large r .  It i s  a thin vert ie al lens 



hav ing dimensions of 10 ft . wide x 3 ft . thick x 15 ft . high . It i s  unlikely 
t hat the me tamorphic s ext end t o  any gre at dept h i n  t he grano d i o r i t e ; so a deep
e r  cont i nuat ion of mineraliz at ion would not b e  e xpe c t ed .  

Conc lu sion s :  1 .  Geolo gi c  cond it ions we re such t hat sparse me tall izat ion and 
abundant garnet i zat ion took place . 

l .  

2 .  
3 . 
4 .  

5 .  

6 .  

7 . 
8 .  

10 . 

SamJ2le No . 
S-1 
S-1 
S-1 
S-2 

2 
3 
4 
5 

6 
7 

2 .  The r e st r ic t e d  size of met allized spo t s sugge st s a p auc ity 
o f  me t all iferou s solu t io n s  in the magma . 

3 . Molybdenit e and ot her me tall i c  sulph ide o c curr enc e s  in the 
imme d i at e  area are s c att ered , are of small extent , and ap
parently are no t c o nne c t ed . Ev i dent ly each o c currenc e was 
due to magmat ic so lut ion s d iffu sed by the magma and no t 
c oncent rat ed .be fore migrat io n .  Channe l sample s a s sayed 
for molybdenum gave t he  f ollowi ng r e su lt s :  

Loc at ion Mo lzbdenum 
Cut 1 ( t act i t e ) 

n ( shale ) 
" 2 ( t ac t it e ) 
n ( shale ) 
" 3 ( shale and gr anit e ) 
II 2 ( shale and gran it e ) 

Out c ro p  ( t aet it e on ri dge ) 
OUt c rop ( t ac t it e }  in gulc h we st 

of st ream 
OUt c rop ( t ac t it e ) on ri dge 
Out c rop ( t act it e ) on r i d ge 

APPENDIX 

Li st o f  Mine s and Pro spe c t s 
{ *De sc ri bed i n  t eX'Il ) -

( Numbe rs refer t o  local it ie s  on Plate I )  

Trace 
Nil 
0 . 09� 
Nil 
Trac e 
L H1-
Nil 

Nil 
Trac e 
Nil 

Andy Heaverne ' s  Pro spe c t  
Apex 

Se c . 6  ( or 31 ) T . 5 S. , R . 45 E .  
( se e  Summit Mining Co . )  

Basin Mine 
B . C . Ba sin Pro spe c t  
Black Marble & Lime Co . 
Blue Lake Mine 
Bone r  Flat Pro spe ct 

Bowman Creek Pro spe c t  

El . 5100 ' Wi sec , 2 9 ,  T . 6 S. , R . 43  E .  
El . 8400 ' NWt se o . ; 6 ,  T . 3 S. , R . 44 E .  

( see Northwe st Lime C o . ) 
( se e  Donnelly Pro spe c t  ) 

El . 8100 ' Cent e r  sout h l ine o f  � 
El . 8100 1 

El . 7 5 00 1 

( se e  Cornuc opia ) 

sec . l5 , T . 5 S , R . 45 E .  
;Tu st N .  of c e nt e r  of se c . 27 
T . 3 S. , R . 43 .E .  
SE!- se c . 4 ,  T. 6 S . , R 045 E .  
BE! sec . 2 2 ,  T . 5 S . , R . 4; E .  

Carnahan Mine 
Cotton Claims 
Companion 
*cont act Group ( also known a s Iron Dyke , Peacock , 

Whi t e  Eagle , Dr . Sc ott c laims ) C e nter of E .t  se c . 2 4 ,  

Copper Gem 
Copper C reek ( Dot so n ) 
Coppe r King 

El . 7000 1 T . ; S . , R . 43 E .  
( see Green Group ) 

Pro spe c t s 
( se e  Green Group ) 

Se c . 27 , T o 5  S. , R . 43 .E .  



ll . 

12 . 

1} . 

14 . 

17 . 

18 . 

19 . 
2 0 .  

2 1 .  
22 . 

2 4 .  

25 . 

Cornucopia Mountain Claims 
The following claims are mostly in sec . 21 1  27 1 and 2 8  
T . 6 S. , R .  45 E .  

Companion 
Corundum Group 
Forest Q,ueen 
Geo .W. Smith Claims 
Jackley 
Jim Fisk 
Last Chance 
Mayflower 
Mount ain Chief 

Q.ueen of the We st 
Red Boy 
Red Cro ss 
Re d .Jacket 
Robert Emmett 
Union 
Valley View (Wild Iri shman) 
White Elephant 

Corundum Group ( see Cornucopia ) 
Donnelly Pro spect ( Blue Lake Mine )  SE cor . sec . } 6 ,  T . 4S. , R . 4} E .  

El. . 8600 1  
Dunham Mile s Group ( see Summit Mining Co . ) 
Dr . Soott Claims ( see Contact Group ) 
East Eagle Mining & Mill ing Co . ( see Summit . Mining Co . )  
Forest �een ( see Cornucopia )  
*Frazier Prospect ( Golden Cat ,  Sunset , et c . )  Center Ni sec . l2 , T . 5  S . , 

El . 8800 ' R . 44 E .  
Gem Group ( see Green Group )  
Geo . W .  Smith Claims ( see Cornucopia ) 
Golden Cat { see Frazier Pro spect ) 
*Great Northern Prospect s ( 3  pro spect s ) wt sec . 2 3  and Ei sec . 22 1 

El . 8400-8500 1 T. 4 S . , R. 4} E .  
*Green Group (formerly known a s  Gem Group , 

Copper Gem , Mount ain Gem p  & SEt sec . 6  and Ni sec . ? ,  
T . 4 5. , R. 45 E .  Copper King ) El .  6000 t 

Gyllenbergt s Prospect (Hecla Consolidated )  
El . 8000 1 NWt sec . 2 1 1 T . } s . , R . 44 E .  

Heaverne t s  Prospect  { se e  Andy Heaverne ' s  Prospect ) 
Hummingbird Mount ain (Veat ch ) Prospect s NE corner sec . 6  T. 6 s. , 

Hecla Con solidated 
Iron Dyke 
Jackley 
Jim Fisk 

El . 8000 ' R . 44 E .  
( see Gyllenbergt s Prospect ) 
( see  Contact Group ) 
( see Cornucopia )  
( see Cornucopia )  
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Last Chanc e 
*LeGore Pro spect 

Love and Kelly Pro spect  
Manuel Lopez Prospect 
Matterhorn Group 
Mayflower 

( see Cornucopia} 
El . 7900 1  ati sec . 8 ,  T . }  S, , R. 44 E .  

Sec . lB or 19? T . 4  s . , R . 45 E .  
NEt sec . 5 I T. 6 S .  , R .  44  E .  

( see Wilmot Group ) 
( see  Cornucopia ) 

McCully Ba sin Prospect 
Metzger Property 
Midway 

EL 8400 ' mlt sec . 2 3 ,  T. 4  5. , R. 45 E .  
El . 72 00 1 ? Sec . 5 ,  T . }  S . , R . 44 E .  

( see  Summit Mining Co . )  
'Mountain Chief 
Mount ain Gem 
*Northwest Lime Co . 

Norway 
Peacock Group 
Q,ueen of the We st 

( see Cornuoopia )  
( see  Green Group ) 

( formerly Black Marble & 
El .7000 1 
El . 6600 1 

( see Contact Group ) 
( see Cornucopia ) 

Lime Co . )  
SEi sec . l9 1  T. 2 S. , R . 44 E .  
SEt sec . 9 ,  T . 6  s. , R . 45 E .  
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2 6 . 

2 8 . 
2 9 . 

}0 . 

.31 . 

.32 .  
,33 . 

3 4 .  
35 . 

;6 . 

.37 . 
;8 . 

Red Boy 
Red Cro s s  
Red Jacket 
Red Mount ain 
Robert Emme t t  

( see Cornucopi a )  
( see  Cornuoopia ) 
( see C ornuc opi a )  

El . 6400 1 
( see  Cornucopia ) 

El . 7700 I Royal Purple Pro speot 
Schirmer and Landi s Pro speot 
Sco t t  Claims ( see Dr . Scott ) 
*Seeber Pro spect El . 7 7 00 1 

_(Walla Walla Group )  
Sheep Rock Mine El . 6000 ' 

( al so known a s  Mc Gee property ) 

Et sec . l7 ,  T. 6 S. , R . 45 E .  

Center of � sec . 3 4 ,  T . }  s . , R . 45 E .  
NWt sac . 6 ,  T . 6 S. , R . 44 E .  

Center sec . 2 1 ,  T . 4 S. , R . 45 E .  

swt sec . 2 9 , T . 6  s. , R. 44 E .  

Simmons Mine El . 6800 ' zt sec . 8 ,  T. 6 s . , R . 45 E . 
Summit Mining Co .  ( include s  Wood ard and Dunham Mile s  Groups and Apex , Midway , 

Woodrow and Zenith Claims El . 5500 ' N! seo . 29 , E� 20 , and 5Ei 17 , 
T . 6 S. , R . 45 E .  

Sunset Pro spe ct ( see Fraz ier Pro spect ) 
*Tenderfoot "Mine " El . 7 3 0 0 '  Near c enter sec . ;; ,  T . 4  S.  , R . 45 E .  
Transvaal Pro spect El . 7400 ! SW cor . sec . .35 , T . .3 S. , R . 45 E .  
Unio n ( see Cornucopia ) 
Valley View ( see C ornucopi a ) 
Walla Walla Group ( se e  Seeber Pro spe ct ) 
Wallowa County  Mining and Development Co . 

( Williams "Mine " ) El . 6.300 ' NE:i sec . 15 ,  T . 5  S . , R . 46 E .  
Whit e Eagle Group ( see  Cont ac t Group ) 
Vfuite Elephant ( see  Cornucopia ) 
Will iams "Mine 11 { see Wallowa Co .Mining d: Development Co . )  
*Wilmot Group (Mat terhorn Group ) El . 8000 ' 3! sec . lO ,  T . 4  S. , R . 44 E • 

Wil son"Mine" El . 7 100 1 NEl sea . ; ; , T . 3  S . , R . 4; E .  
Woodard Group ( se e  SUmmit Mining Co , i 
Woodrow ( see Summit Mining Co . }  
Zenith ( see Su.mmi t Mining Co . ) 

Mine s in t he southern port ion of t h e  quadrangle are mo st ly 
de scr ibed in the Oregon Metal Mine s Handbook , Bull . 14-A, 
19.39 . 



CHAPl'ER VI 

SCENIC RESOURCES 
by 

Warren D .  &it h .  

Although t ime may bring t o  light great er mineral re sour>c e s  i n  t he  nort hern 
half of the Wallowa Ranse , at pre sent the pri nc ipal re sources of thi s area are 
scenic and rec reat ional and may be for J111U11 year s to come . For thi s reason we 
shall stre ss th i s subj ect an(! try t o  show t hat t he se are of maj or e conomic im
port anc e . 

What c onst itut e s sc ene ry? Not hing more nor le ss than rocks , water , vege
tation and light ,  all blended into scene s in t housand s of pat terns . The thera·
peut i c  import anc e of scenery in the li te of a bu sy , re st le s s , and over-t ired 

peo ple is not c learly app7ec iated by t he  ave rage man, but it s value is well un
derstood by physic ians and psychiat ri st s .  

As we look over the scenic offerings o f  th i s are a ,  w e  not e very c on siderable 
d ifferenc e s  depending upon the geologi cal set t ing , elevat ion , and physiographic 

st age . For inst ance , we may begin low on t he plat eau in front · O f  the range it 
salt. . Here we have wide open spac e s ,  va st l:lt retc he s of lava-covered Surface s  
which at f irst look 'mono t onous , but which w it h  t he  reddi sh-brown coloring reliev
ed by t he ye llow of . solden grain in !3UIIIIIler ha'fe a peculia!' �harm of t heir own . 
Here the great d i st anc e s  enchant one and beckon the t raveller onward toward the 
far-off horizon . · �ough thi s  in a broad green belt sweep s the Wallowa Hiver , 
one of Oregon ' s mo st beauti ful streams , t he. ,broad quiet reache s of whi ch al'e · 

broken by stretche s of canyon wit h 
great pile s  of laya sheets on · e ith• 
er side . 

If we go up int o the stream val 
ley s that d i ssect the masse s of tum� 
bled mount ain fo rmaUons , we find to
tally different pictures .  · The abrupt 
c hange from t he plat eau to the moun
tain valleys i s. sudden and st ariling . 
Due to t he great fault on tbe north 
part of the Wallowa Mounta in bloek 
t he mount ain st re am s  plunge abrupt ly 
from the ir deeply ine ised valleys on
to the plateau . What1 wit h the great 
depth of t he se e anyotts , t.wo and three 
thousand feet , and t h� heavy leget a
t ion ( quit e laeking on the plat eau ) 
the e hange i s  from t he sunny and ope� 
vi st a s to obseurity and at time s deep 
gloom . The se c anyons were originally 
sharply V- shaped but due to glac iat ion 
are now U• shaped . The streams that oc 

cupy t he se valley s are , due to t he · 
steep grad ient , tumb ling torrent s ,  d it
:t'icult t o  cross in t he spring and early 
summer . 

a 

b 

/ .  I I . \  " 

Fig. ,5 .  Skyl ine t yp e s  in the 
Wallowa Mount ains . · 
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At the heads of the valleys are t he great central peaks of the range . The se 
are all between 9 .5 00 and 10 , 000 feet elevat ion.  Some are of granodiorit e  who se 
j o int ing and weathering h ave produ c e d  a sharply serrated skyline o r  half dome s .  
Ot hers of  marble are more rounded . One o f  the se peaks , t he Matt erhorn�  i s  almost 
pure blue -wh ite marble throughout it s ent ire mass  and in the moonlight i s  an en
tranc ing s ight . 

Other pe aks like Aneroid are made up of ne arly horizontal flows of ba salt 
surmounting a base of granod iorite  and are roughly c onic al or flat -topped . So 
we find three quite d ifferent skyline s  in the mountainous port ion of t hi s  area 
( f ig • .5 ) . 

The lake s probably have greater appeal t o  the t ouri st and vac at ionist s ince 
they have always appe aled t o  man and provided him with sport . As already indi
cat ed in a prev iou s c hapter , we have two d i st inct kind s o f  lake s repre sented here , 
both of glac ial or igin , the morainal lake , of which Lake Wallowa i s  t he only ex
ample , and the c irque lake s high up near t he he ad s of the glac iat ed valleys . 
Anero id Lake will serve a s  an excellent example of t hi s  cla ss . 

To give the d imen s ions and depth of Wallowa Lake would tell rel at ively 
l ittle about it . It i s not just another lake , so wide , so long , and so deep .  
It i s  a symphony in  for.m , l ight and shade , and deep , b rooding my st e ry ,  and next 
to Crat e r  Lake , Oregon ' s most unique natural feature . Forgett ing for :b.he ; t ime 
being t he poetry and romance of thi s body of water , it  i s  geologically one of 
the f ine st , if not t he fi ne st , example s of thi s  type of lake in America . It s 
stupendous lateral retaining wall s ,  actually lateral moraine s , are gargantuan 
pile s  of l oo se stone s  thrown up as by some co lo ssal steam shovel . In fact , a 
l iv e  glac ie r , which  here did thi s  work of  heaping up mi ll ions o f  cubic  yards of 
gravel and boulders i s  a mo dern "bulldozer" magnified t housand s of t ime s .  

If you t ake a saddle ho r se ( just i n  case you cannot "take it" o n  foot ) and 
go up int o the " lake s b a sin" , you can f i nd a whole  fl ock of lake s of all shape s 
and . varying depth s hollowe d out of the granod i orit e  floor of t he valley s .  They 
oc cupy amphi theat er-like ba sins with t he ir l ower (downstream ) s id e s  marked by a 
hard rock  l ip over which w at e r  spill s oftt ime s in beaut iful c ascade s ,  a s  at 
Ic e Lake . Mirror , Mo c c a sin , and Douglas Lake s are j u st a few of the se many 
rock- floored and ro ck-walled gems in the mount ain hinterland of the Wallowas . 
While the se lake s are beaut iful , they are not unique , being quit e  common in the 
high C ascade s , Sierra Nevada s ,  Ro ckie s ,  and many other mountain range s o f  the 
world . They d iffer , however , in several re spect s from the lake s  at t he same 
elevat ion in the Casc ade s . In st ead of granodiorit e , t here i s  a dark backwall 
of ba salt or ande sit e l ava in t he Cascade s and the tre:e s and o ther vegetat ion 
are d ifferent from t ho se in the Wallowa s .  

.. 
Surrounding t he se upland lake s ,  or in some case s having t aken their  place s ,  

are many high mountain me adows . It i s  t he se same little meadow s tha� lend so 
mueh charm to the c ountry o f  t he Swi ss . 

A few sugge st ions are offered here for improv ing t hi s  area for the de l e ct 
at ion of the lowland dweller . One sugge st ion i s that a few rust ic re st -house s 
about ten mile s apart be erected where t he t raveller can put over over-night . 
Another i s  the eutting of an east -we st t rail acro ss the various rad iat ing r i dge s  
and valley s .  At pre sent mo st o f  the t rails fo llow the north- south valleys and 
the traveller rarely get s up o nto some of the most picture sque vant age po int s ,  
Some of the few trail s that do lead up onto the ridge t o p s are exeeedingly 
hazardou s .  
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Some e spec ial trips , which w e  be l ieve would b e  o f  great int ere st to  t he va
c at ioni st whc l s  phy s ically act ive , are the fo llowing : 

L The Lo st ine -Minam Trail - t he f ir st 18 mile s c an  be made by c ar ,  the 
rema1n.�e r of the way ( 8 )  mi le s t o  Eagle C ap by hor se t r a i l . 

2 .  Wallowa .Lake v ia East Fork of the Wal lowa r<ive r  to Anero id Lake ( good  
c abins ) and on t o  Tenderfo ot Basin and thenc e to C o rnucopia via Bone r Flats. 
Thi s c an be made in one long d ay with  a hor se , though pretty st renuou s . It i s  
much bet ter t o  t ake a l ight pack and c amp out one night . The Tende rfoot mining 
camp , long abandoned , w it h  not even one shack standing , wa s t he sc ene o f  one of 
t he wor st mining swindle s  ever perpetrated i n  this  stat e . Very int ere·st ing and 
complicat ed geologic al format ions are to be seen o n  t hi s  trip . 

) .  Hurr ic ane Creek to  the Mat terhorn and Sac aj awea Peaks - very striking 
scenery - good hor se or foot trail . One c an c ont inue on to  the Basin and to 
Eagle Cap and return down t he We st Fork of t he Wal lowa Hiver to Lake Wallowa . 

4 .  Wallowa Lake to B .  C .  Bas in and to Hurwal D iv ide . Thi s i s  a very st ren
uou s t r i p , and it can be done on hor seback . However , w e  recommend travell ing on 
f o o t  as this  t rail i s  very st eep and poor in spot s .  'l'he trip along t he Hurwal 
Divide offe r s  one of t he f ine st panoramas in t he st at e  of Ore gon . Thi s part of 
the t r i p  i s  exc e e d i ngly rough in place s , ab solut ely unf it f or a hor se , and is at 
an e levat ion of over 9000 feet . 

.5 .  Trip by hor se or o n  foot along the top o f  t he e a st moraine o f  Wallowa 
Lake , easy going after one ha s c limbed t o  t he t op .  

6 .  
6 miles . 

Up the We st Fork of t he Wallowa t o  Ic e Lake and t he Matterhorn , about 
One should t ake a hor se for t h i s  t r i p  unle s s  he i s  a good h iker . 



.APPENDIX A 
LOCATION OF TRIASSIC FOSSIL COLLECTIONS FROM THE WALLOWA LAKE QUADRANGLE . 

1 .  On Eagl e  Creek , 1/3 mile below mout h o f  Ea st Eagle Creek . ( Nit  of NEt 
se c . ? , T. 7 S. , R . 44 E .W .M . ) Lindgren { 02 . 581 ) . 

2 . On Eagle Creek , 1� mile below mouth of East Eagle Creek . (Center of � 
sec . 8 .  T . 7  S. , R . 44 E . W .M. . ) Lindgren ( 02 . 581 ) . 

3 . On Eagle Creek ,  2� mile s above mout h of East Eagle Creek . ( Center of Wi 
sec . 35 ,  T . 6 S. , R . 43 E .W . M . ) Lindgren ( 02 . 5 81 ) . 

4 .  At Mart i ns Br idge on Eagle Creek (Cent er o f  Hi o f  NW-i sec . 21 ,  T . ? S . , 
R . 44 E . W . M . ) Smith , J . P .  ( 12 : 94 ) 

5 . Below Mart ins Bridge , on Eagle Creek ( Sec . 21 or 2 8 , T . ?  S .  , R . 44 E . W . M . ) 
Ro s s ( 38 : 35 ) .  

6 . On the sout h side of t he Imnaha , ne ar the ba se of the Mart in Bridge Forma
t i on ( SW!  sec . l9 and � sec . 30 ,  T . 5  S . , R . 45 E . W . M. ) Ro s s  ( 38 : 35 ) .  

7 . Near t he he ad of Twin Bridge Creek ( SEi sec . 6 and NEi sec . ? ,  T . ?  S. , R .  
44 E .W .M . ) Ro ss ( 38 : 35 ) .  

8 . (AA)  Black Marble �uarry , Martin Bridge Format ion ( ? )  El . 7000 1 , SEi sec . l9 ,  
T . 2 S . , R. 44 E .  . 

9 ( AB )  Hurwal Div ide , top of Mart inBridge , .50 1 below ba se ot Hurwal ,  el . 9300 1 , 
line between �� sec . 25 ,  T. 3 S . , R . 44 E .  and the· NW-i sec . 3 � ,·T . 3 S .  , R . 44 E .  

10 ( AC ) North e sc arpment , Po int Jo seph , near c enter of Lower Sed iment ary Serie s ,  
el .  7.500 1 , MEt sec . 24 ,  T . 3 S . , R . 44 E .  

ll ( AD )  South side of Po i nt Jo seph from ( pink l ime stone ) a t  b ase of Mart i n  Bridge 
format ion , el . 9000 1 , N. edge sec . 25 , T . 3 S. , R . 44 E .  

12 ( AE }  Hurri c ane Divide , Hurwal Format ion , el . 800 0 1  , plu s , NW! sec . 20 ,  T. 3 S .  , R . 44 E .  

13 ( AF )  We st of Pat e s  Po i nt , Lower Hurwal Fo rmat ion , el . 8500 ' , center o f  W� sec . 2 9 ,  
T . 4  S . , R . 45 E .  

1 4 ( AG) Franc i s  Lake and v i c in ity , Hurwal Format ion , el . 7800 1 plu s , NWi sec . 20 ,  
T . 3 S. , R. 44 E .  

15 ( AH )  Do lla r Lake and vic inity , Lower Hurwal Format ion , el . 7 800 ' , NW c or . sec . 2 2 ,  
T A  S. , R . 45 E .  

16 ( AI )  Be tween N .  & middle Fork s o f  Imnaha R . , Lower Hurwal Format ion , e l . 8500 1 , 
NEi sec . 4 ,  T . 5  S . , R . 45 E .  

1 7  ( Fl27 0A )  Do lla r Lake ne ar ba se o f  Hurwal Format i on , el . 7 900 1 , NWi sec . 2 2 ,  
T . 4  S . , R . 4.5 E .  

18 (Fl27 0C ) d itto  

1 9  "Ne ar Black Marble Quarry,. 



APPENDIX B 
FOSSIL CHECK LIST FROM THE TRIASSIC 

ot the 
WALLOWA MOUNTAINS 

Lindgren Snith 
( 02 : 581 )  ( 12 ; 9 4 )  

Lo c al ity Number s :  l 2 3 4 

S;Eon�e s  
St e inmann ia sp . 

Coral s 
Ast ro eoenia sp . 
C onfu sa st rea sp .  
Hept a sty l i s  sp . 
Het erast r idium c onglabatum Reu ss X 
Montl ivault ia norica  Fre c h  X 
Spongiomorpha c f .  acyc l i c a  Frech X 
The c o smi l ia sp . 
The co smili a  norica X 

Brachio;Eod s 
Terebratula ? sp . 

Pelec�pod s 
Daonella ? 
Halob i a  sp . X 
H . cf . superb a  Mo j s .  X 
H . sp . re l . superba Maj s i sov io s 
H. ct . au st r i ac a  X 
H . cf .  sal inarium X 
Pe c t ino id s 
Ga st ro pod s 
Coelo stylina sp . 
Purpuro id e a  sp . 
Turr itella or Pseudomelania X 

Cephalo;eod s :  
Naut ilo id s 
Ammo no id s  X 
Arce st e s  sp . 
Arc e st e s  c arpent eri &lith 
Arc e st e s  ct . A. traski Smith 
C l ionit e s  sp . 
Cl ion i t e s tornqu i st i  Smith 
Cl ionit e s f ai rbank s i  H .  & S.  
Di scotropit e s  ct . D . sandl ingensis  Hauer 
Dittmar it e s  sp . ? X 
HanL ao J er a s  nod ifer H .  & S. 
Juvav i t e s sp . 
Lecont e iceras c alifornioum H . ! s.  

57  

Ho ss W . D . Snith ! 
( 38 : 35 )  Allen 

1941 
5 & 7 lj 9 19 

X 

X 
X 
X 
X 

X 

X 

X 

X 

X 
X 
X 
X 

X 
X ? X 

? 
X 
X 

X 
X 

. X 
X 

X 
X 

X 



APPENDIX B ( cont inue d )  

' . .  

Parat ropit e s  ( GyJnnotrop it e. s )  
Parat ro p i t e s se 11ai Mo j s .  
Paratropit e s ant i sel11 Smith 
Sagenit e s  he rb i c ho Mo j s .  

. sp .  

Tro pi t e s  c f . T .  subbu1 1at u s  Mo j s .  
Trop icelt ite s c aducus ( Dittmar ) 

Echino id s 

Crino i d s 
Pent ac r i nu s 

Lindgren 3:nith 
( 02 . 5 81 ) ( 12 : 94 ) 

1 · 2 3 4 

X 

X 

Ro s s  W . D . &nith ! 
( 38 : 35 ) Allen 

1941 
5 6 7 !j 9 19  

X 
X 
X 

X 
X 
X 
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APP.ImDilC c . 

PRELIMINARY R!PORT ON FOSSILS FROM mE WALLOWA MOUNTAINS 

by Se imon W .  Muller 

STANFORD UNIVERSITY 

April 20 , 1 93 9 . 

"The lot AA (no . B )  i s of upper Triassia age . It repre sent s t he upper Ka.r-
nic st age . In thi s lot I have so f ar ident if ied the following forms : 

Sa.genit e s  herb ia hi Mo j s .  
Juvavi te s sp . 
Halobia sp . 
st e inmannia sp . ( a  sponge ) 
Astrocoenia sp . ( a  coral ) 
Confusastrea sp . ( a  coral ) 
The co smil ia sp .  ( a  c oral ) 
Heptastyl i s  sp . { a  coral ) 
Coelo styl ina sp . ( a · ga stropod )  
Purpuro idea sp . ( a  gastropod ) 

8The lot AB (no . 9 ) contains poorly pre served nautilo id s  and ammono id s , the 
general nature of  which pe rmit m e  to st at e t hat it i s  also of upper Triassic age 
( top of t he Karnic stage ) .  

"The lot AD ( no . lO )  i s  al so of upper Trias sic age but sugge st s a hori zon 
slight ly lower than e ither the M or t he AB .  The lot s AE, AG, .AH, Fl270A and 
Fl2 7 0C ,  l ikewi se repre sent the upp er Tr ia s si c . I have not y et b een able to deter
mine whether t hey belong to the Karnic or Nor ic stage . The mo st int ere st ing lot 
in the collect ion i s  that from " ne ar the black marble quarry" . Thi s lot co nt ain s 
many spec ie s of ammonit e s  whic h are co nspec ific w it h  t ho se from the Trachyc e ra s 
sub -zone of t he Tropit e s  subbullat�s zone of Californi a .  

The following spec i e s have been so far recognized from the black marble quar� 
( no . l9 )  lot : 

Clionit e s  tornqui st ! Smith 
Clionit e s fairbanks! H 6 
D i sc o t rop it e s  cf . D .  sandlingensi s (Haue r )  
Parat ropit e s sell a i  mo j s .  
Paratropit e s  ant i sell i Smith 
Tropite s cf . T .  subbullatu s Mo j s .  
Paratropit e s  ( G,ymnotrop it e s )  sp .  
Lec ont e i e era s c al ifornicum H S 
Hannaoceras nodifer (H&S} 
Arc e st e s o f .  A .  t ra ski Smith 
Arce stes  carpenteri Smith 
Tropicelt ite s  caducus ( Dittmar ) 
Sagenit e s herb ic hi Mo j s . 
Hal ob i s  c f . H� superba Mo j s . 

• rr  it weren ' t  for the f act t hat t hi s lot bore the l abel of Wallowa Mountains 
I would have t aken it for a typi cal c ollect ion from the Shasta region . On the 
enclosed shee t I ind ic at e t he p o sit ions of the se collec t ions in the st andard Trias
sic column .. . 
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.APP.ENDIX D  

GLOSSARY OF TECHNICAL TERMS USIID m THE BULLETnl 

Mineral de script ive terms u sed in the det ailed petrographi c de scriptions 
are not included , sinc e t hey are of int ere st only t o  the petro grapher .  Def ini
t ions are mo stly from C .  M .  Ric e ,  "Dict ionary of Geological Terms" , 1940 . 

ande sit e : 

ant i c l ine : 
aphanit ic : 

aplit e : 
apophyse s :  

argi llaceou s : 

ba salt : 

batholi t h : 

brec c i a :  
c alc areous : 
c irque : 

competent : 

conglomerat e :  

crenulate :  
cupola : 
deut eric : 

d ia schi sti c : 
d i a strophic : 
drachenfel s :  

fo s sa :  
gabbroid : 

gne i s s :  
graben : 
granite :  

granit ization : 

granod i orite : 

greenstone : 

ho rnfel s : 

hor st : 

a volcanic rock compo sed e s sent i ally or plagioclase ( ande sine 
or ol igoclase ) and one or more of biotit e , hornblende and 
pyroxene s . 
an arch or upfold in rock bed s .  
having a t exture so f ine that the individual grains or cry st al s  
c annot b e  d i st ingui shed with t he naked eye . 
a f inely cryst all ine muscovit e granit e  occurring in dike s .  
vein s ,  t ongue s ,  or d ike s that c an be d irectly traced t o  larger  
intru sions , from which t hey are off shoot s .  
c layey . 
a dark colored igneous lava , composed e ssent ially or plagio clase 
and pyroxe ne . 

a large mass o f intrusive rock without v i sible or i nferable 
floor of solid rock . 
a rock compo sed o f angular fragment s  c emented t oget he r .  
l imey . 
a steep-walled amphitheatral rec e ss in a mount ain side , re sult 
ing from glac ial ero sion.  
c omb ining suffic ient f irmne ss  and flexibility to t ransmit pre ssure , 
and by flexure under thrust , t o  l ift an overlying load . 
a r o c k  made of worn and rounded pebble s of other rocks , c ementeu 
togethe r . 
minut ely wrinkled or  folded . 
.a dome - or bo s s- l ike protrusion from the body of a batholith.  
alterat ions i n  an i gneous rock produced during t he later st age s , and 
a s  a d irect con sequence  of , t he consolidat ion of the magma of t he  rock . 
d ike s of dark and light color , both deri'lied from same source .  
pert aining t o  proc e s se s  by which the cmn st of t he e arth i s  d eformed , 
similar to the scenery on t he "Dragon rock" mount ain , one of t he 
Siebengebl:rge , on t he Rhine r iver in Pru ssia , south of Bonno 
ditch , moat , or trench . 
similar to a gabbro ; an igneous rock of granit i�  t exture , compo sed * of .. plagio clase and monoclinic pyroxene . , 
a banded c ryst all ine rock compo sed of granular and schi st o se mineral s .  
a depre s sed tract of land c au sed by fault s .  
a c oarse- grained igneous rock c ompo sed e s sent ially o f  quart z , alkali 
feldspar and any of : biot ite , mu scov it e , amphibole , pyroxene . 
a ssimilat ion of c ountry rock by gase s and vapours t o  form a granit ic 
roc k .  

· · 

a rock int ermediat e  between granit e and quart z -d iorit e , compo sed 
e s sent i ally of quartz , feld spa� . · and hornblende . 
igneous rocks t hat have alt ered suff i c iently to d evelop enough c hl o r 

ite  t o  give them a green c a st .  
a dense compact rock produc ed from slate by the contact act ion of 
grani t i c  intrusion . 
a trac t of t'he e arth ' s  crust separat ed by fault s from t he surrounding 
tract s wh i c h  have peen relat ively d epre ssed . 



intercalated : int erlaminat ed , interbedded . 
i soclinal f old : a fold whose wall s are parallel to each other . 
lamprophyric : dark co lored porphyrit ic  d ike rocks d ifferent iated from a 

l ithology : 

magma : 

granit i c  magma . 
that branch of geo logy t hat deal s with the ori gin and proper
t ie s  of rock s .  
l iquid molten rock , from whi ch igneou s  rocks  are f o rmed by 
sol id ificat ion . 

me tamorphi sm :  ro c k  alt erat ion or deep- seat ed origin . 
met asomat i c : pert ain ing to  the proc e ss of replac ement of one set o f  mineral s 

monoc l il).e : 
moraine : 

neve : 

by anot her set , t hrough chemic al act ion . 
bed s  d ipping in only one d irection.  
an ac cumulat ion of eart h ,  stone s ,  et c . , carried and finally de
po sit ed by a glac i er . 
granular snow , charac t er i st ic of  the uppe r  part s of  valley 
glac ier s .  
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out l ier : an area of younger rock ent irely surrounded in area by older rock . 
overturned fold : a fold in which one side ha s passed the vert i cal ,  so t hat the 

pe gmat it e :  

phenocryst : 

bed s  in t hat limb are no longer r i ght side up . 
a very coarse-graine d  granite oft en oc curring in d ike s , character
ized by segregat ion of mineral s . 
i solated o r  indiv idual cryst als of mineral imbedded in a finer 
grained groundma ss  of an igne ous  rock .  

phy siography : de script ion of the natural feature s of the surfac e of  t he e arth . 
pyro clast i c : fragmental volc anic ro ck . 
quart z diorit e : a c oar se-grained i gneou s rock c ompo sed e s sent i ally of  quartz ,  

plagioc lase , hornblende and biot ite . 
quartzit e : a quart z sand st one , recryst allized or recemented by silic a .  
roof pendant : a re sidual port ion of the country rock whi ch originally overlaid 

sc hi st : 
the batholith but i s  all but eroded away . 
f inely fol iated me t amorphic rocks , the f oliat ion be ing due to  t he 
pre senc e of mic a ,  chlorite , or o ther platy mineral s who se orienta-
t i9n i s  paralle l .  

strat igraphy : the study o f  t he  rock strata ,  t he ir cond i tions o f  depo sit ion ,  the ir 
character , age , di stribut ion and the l ike . 

syncline : a trough or structural ba sin in rock bed s .  
unc onformity : a n  ero si onal break in the c ont inuity o f  sediment at ion . Where one 

ve sicular : 
xenol ith : 

format ion re st s on the eroded surface of another . 
cont aining ga s bubble s .  
a fragme nt of other rock  o r  o f  an earlier solidifie d  portion of  the 
same ma s s  enclo sed in an igneous rock . 
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APPENDIX F 

. .  VEGETATION' IN THE WALLO\'lA MOUNTAINS . 

The follow ing i s  a l i st o f  some of the t ypi c al tree s ,  shrub s and herb s 
found in the WallO\'Ja region ,, Thi s l i st i s  based upon co �;l,.ect ions made by 
Mabel S .  Milier and ' amended by Dr . L .  E .  Detling ,  curator " o f  the Univer sity 
of Oregon Herbar ium . 

TREES 
Lowland white fir (Ab i e s  grand i s  Lindl . )  
Rock:Y Mount ain red c edar ( Juniperus sc opulorum Sarg . ) 
Engelmann spruce ( Pic ea Engelmanni i  .Engelm . ) 

· 

Mount ain hemlock ( Tsuga Mert ensiana ( Bong . ) Sarg . ) 
We stern white pine ( Pinus mont ic ola Dougl . }  
We st ern yew ( Taxus brevifol ia Nutt . ) 
Aspen ( Populus tremuloide s Michx . ) 
Black c ot tonwood ( Populus t richo c arpa T .  & G . ) 
Almond -le aved w i llow ( Salix amygdalo ide s Anderss . ) 
Black w illow { Sal ix la siandra c aud at a (Nut t . ) Sudw . } 
Mount a in birch ( Betula font inali s Sarg . ) 
Lodgepole p ine ( Pinus c ontort a  Loud . )  

mRUBS 
Alpine willow ( Sal ix c ommut at a  Bebb ) 
Bee willow { Salix sit chensi s Sanson ) 
Lemmon ' s  willow ( Sal ix Lemmoni i Bebb ) 
Glandular bu sh b i rch ( Betula glandulo sa Mic bx � ) 
Lake or deep woo d s  goo sebe rry ( Riba s lacu stre Poir . ) 
Thorny gooseberry { Riba s irriguum Dougl . }  
St icky black currant (Riba s vi sco sissimum Pur sh ) 
Whit e-barked currant (Rib a s  pet iolare Dougl . )  
Lew i s '  mock-orange (Philadelphu s Lewi sii Pur sh )  
Pear-fruited ro se {Ro sa p i socarpa Gray ) 
Bu sh mount ain a sh { Sorbu s sitchensi s Roam . ) 
Mount ain balm ( Ce anot hu s  velut inus Dougl . ) 
Sagebrush ( Artemi sia t rident at a  Nutt . )  

HERBS 
TWo-edged pink onion ( Allium anc ep s Kell . ) 
Bog onion ( Allium Geyeri Wat s . ) 
Yellow bell s  (Frit illaria pud ica ( Pur sh )  Spreng . ) 
Spot ted eat ' s  e ar or maripo sa lily ( Calochortus nit idu s Dougl . )  
Wh ite ?l ild hellebore ( Ve ratrum c alifornicum Durand ) 
Death c ama s ( Zygadenus veneno su s  Wat s . ) 
Ele gant zygadene ( Zygadenu s elegans Pursh ) 
Purple bells , gra s s  widow ( Si syr inc hium grand iflorum Dougl . ) 
Calyp so , lady sl ipper ( Calypso bulbo sa ( L . ) Sali sb . ) 
Whit e lady sl ipper ( Cypripedium mont anum Dougl . ) 
Crimson monkey flower (Mimulus Lew i s i i  Pursh }  
Ind ian paint bru sh ( C a st ille j a  miniat a Dougl . )  
Jacob ' s  ladder ( Polemonium humi le H .  & S. ) 
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E X P LA N AT I O N  
(in part &tt.er R...,, 1938) 

IQd  Qm I 
Alluvial a.nd glacial deposits 

( Uncon.tolida.ttd tiT41tl and sand, and morainal mat,.rial) 

UNCONFORMITY 

LSi 
Columbia River basalt 

( Pr-indpallrt lHualt jfowt and /t!t!dn diJ;t'J. ALo11 alto inrludl" 
a ftw lamprophJirk dikrt) 

UNCONFORMITY 

0 
Quaftz diorite and 

granodiorite 
(Ba.tllolithic ma1JtJ1 of quart: 
dioritf! and uranodiorl.lt' u:ith 

numo'lrau& lllari4tion& in 
rompo:rltion ) 

Oligoclase bostonite 
(Darl bluiJrh-or�>y aphanitic 

rock WJille. .mual /t•ld!IJHJr 
p��Mu><ru•b> 

Diorite-gabbro complex 
........,..,...,..., ......... 

Hurwal formation Metamorphic facies 
(Includes " Youngtr Mf!:sotO'ic Mdimtntaru rocks" aPld "Trlcurit (7) 
110lcanic rod•" of Boll, 1938. l\f01lir1 .tNJlr..t, black aftd fT4fl llateJt, 
afl.d mkOCfour and q�U�rt;itic NnbtmN; alured in plau.t to ltornfrl.t, 

•Mi.tta, qun.rttitea and 9ftel11. F<nftllfr.rov.t) 

8 
Martin Bridge formation 

(Crystalline limtiiOnt', minor amounts of calcartous shalt', 
and wmf! ronglmnt>ra/t'. Fou(lif'-TOUI) 

UNCONFORMITY 

0 
Lower sedimentary series Epidote-garnet rock 
(Includu " Carlxndftrottl ( ! ) sedifMntGTfl setie.t" of Rou, 1938, 

.touth of tM. Imnoha Riwr. &a�.t • .tandlltJnel, w"h minor amounu 
of Umertom: and conglomer4U; nwsUu altered to slate, horn/ell. 
schist, and CTJIS14llt?U limestone.. Jo'oniliferous on Point Joseph. 

Epidote-t�amet rock Jlroballlfl a contact·alttrtd 71hasf) 

UNCONFORMITY DOUBTFUL 

Clover Creek greenstone 
(Gr�tn, urau. and purple metamorpho�d laMs and purocluHc rockl, 
prlndpallrJ andt�ltt, u-'ith some inCerbt!ddt-d udinu>nf4 and limt8lQnt 

ftnltl) 

_ _  __.. 

Contact �::;----

Contact inferred 

Attitude of beds 

vertical 
horizontal 

Fault (showing downthrow side) 

Fault inferred or 
approximately located 

Mines and Prospects 
(Numbers refer to alphabetical list of 
mines and numbers given in text.) 

MINES AND Plt0SP£CTS 
("D�scribtd in t�)rt) 

1 .  Andy He•nrniE's Prospect . . . . . . . . . . .  Sec. 6, T. 5 $., R. 45 E. 

2. S.sin Mine . . . . . .  W'lh sec. 29, T. 6 S., R. 43 E. 
3. B. C. 8uin Prospect . . . . . . .  NW'A s«. 36, T. 3 S., Jt 44 E. 

5. Boner fl•t Prospect . . . . . .  Center south line ol SEtA sec. 1 5, T. 5 S., 
R. 45 E. 

6. Bownwn Cru.k Prospc:ct . . . . . . . .  Just N. of Center of u:c. 27, T. 3 S., R. 43 E. 

7. C.m<1han Mine . . . . . .  SE1,4 sec. 4, T. 6 S., R. 45 E. 

8. Colton Cl••ms . . . . . .  SE\4 sec. 22, T. 5 $., R. 43 E. 
9. *Cont11c:t Group (•lso known .s Iron Center of E. 1h sec. 24, T. 3 S., R. 43 E. 

Dyke, Pucod:, White E•glc:, Dr. 

Scott Cl• ims) 

10. Copper Creek (Dohon) Prospec:ts . . . . . Sec. 27, T. 5 5., R. 43 E. 

1 1 .  Comucopt• Mount•in Cl•intS . . . .  . . !V.ostly in sees. 21 , 27 •nd 28, T. 6 5., 
Companion Jim fisk 
Corundum Group l<1st Ch.nce 
Forest Oue�n Milvflower 
Gee. W. Smith Clal•s Mount•in Chid 

Jackley Outtn of the Wat 
Red Boy 

Red c...., R. 45 E. 

Red Jacket 
Robert E�H�c:tt 

Union 

V•llcv View (Wild lrishm.n) 
White Elc:pft•nt 

1 2. DonnrUy Pr0$�Ct (Blue L.lr.c Mine) . . .  SE t;Or. $CC. 36, T. 4 S., It 43 E. 

1 3. "frnier Prospect (Golden C.t, Sunset, Center N� sc:-c. 12, T. 5 S., R:. 4-4 E. 

etc.) 
14. Gre.tt Northern Prospects (Three 

prospects). 

1 5. *Green Group (fomerly known .ts 

GeM Group: Copper Ge•, lv\oun
t<lin GeM, etc.1 •nd Copper King). 

16. Gyllenbers's Prospc:ct (Heel• Con· 

solidated). 

1 7. HumMingbird Mount•in (Vutch) 

Prospc:ct. 

E"!h sec. 22 •nd W� ol sec. 23, T. 4 S., 

R. 43 E. 
SE1,4 sec. 6 •nd N!-il: sc:-c. 7, T. 4 S., R. 45 E. 

NW!A sec. 21 , T. 3 $., R. 44 E. 

NE comer sec. 6, T. 6 S., R. 44 E. 

1 8. *lc:Gort Prospect . . . . . . . .  SElA sec. 8, T. 3 S., R. 44 E. 

19. Love: .tnd Kc:lly Prospect . . . NE lA  sec. 5, T. 6 S., R. 44 E. 

20. M6nuel Lopez Prospect . . Se.c. 18 or 19, T. 4 S., R. 45 E. 

21 . McCully S.sin Prosoect . . . . . . . . .  NWV.. nc. 23, T. 4 S., R. 45 E. 

22. Mctzsc:r Property . . . . . . . . . .  Sec. 5, T. 3 $., R. 44 E. 

24. *Northwc:st Lime Co. (for•erly Bl•c:k SEtA sec. 19, T. 2 S., R. 44 E. 

M6rble 1: Lime Co.) 

25. Norw•y . . . . SEtA stt. 9, T. 6 S .. R. 45 E. 

26. Red lv\ountain . . . . .  E� sec. 1 7, T. 6 S., R:. 45 E. 

28. Royal Purple Prospect . . . Centc:r of W� sc:c:. 34, T. 3 S .. R. 45 E. 

29. Schirmer and L•ndis Prospc:ct . . . . .  NW\4 sc:-c. 6, T. 6 S., R. 44 E. 

30. *Seeber Prospect (W•II• W•ll• Group) . Center sc:c:. 21, T. 4 S., R. 45 E. 

31 . Sheep Rock Mine (111 lso kr.own u SE1,4 \ec. 30, T. 6 S., R. 44 E . 

.V.CGec: property). 
32. Simmons Mine . . . .  SE'A sec:. 16, T. 6 S., R. 45· E. 
33. Su•mit Mining Co. (includes Wood.trd Sec. 1 7, 20, •nd N¥.2 sec. 29, T. 6 S., R. 4-4 E. 

<1nd Dunh•m Mila Groups 11nd 

,AI.pc:x, Midw4)', Woodrow and 

Zenith d.tims). 
34. *Tenderfoot "Mine" . . . . . . .  Nur center sec. 33, T. 4 S., R. 45 E. 

35. Transvul Prospect . . . . . . .  SW comer sec. 35, T. 3 S., R. 45 E. 
36. W•llow• County Mlnins a Develop- NEV.. sc:c:. 15, T. 5 S., R. 46 E. 

ment Co. (Wi1Uu11 "Mine"). 
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