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PORDORD 

!he aoooap&D¥ing bulle�in il �he reaul� of a a�udy, par�iall;r 

fiaanoed by �he Depar�aen�, aaking up a par� of �he au�hor•• doo­

�orate requireaen�• at Cornell University. It i1 �he Departaent•• 
polioy to aaaiat in the oonduot of auoh atudiea to aa great an ex­

tent &I polaible and to publiah thea when fealible. 

Muoh of �he State•s area, particularly in ea1tern and aoutb· 

eastern Oreson, baa bad no detaile d seolosioal atudy eo that all 

repo rt• of the type of the present bulletin are of eapeoial value 

to the State. fhey help to fill the aany sapa in our knowledge of 

the areal seoloo of the State and they auppl7 ba1lo inforaatl on 

very u1eful �o the exaainins ensineer, geologia�, and pro epeotor. 

!hey also provide authentic data of use in preparation of the State 

Geologlo llap. !his report describes the aeoloo of an area between 

the Suapter QU&d.rangl�aapped in 1,14 by J. !. Pardee ot �he U. S. 
Geoloaioal Survey,and. the quadrangles in the John Day Yalleybllna 
aapped by f. P. Thayer also of �he Survey. 

P. r. Libbey 

Director 
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Soope ot work 

GEOLOGY AND MINERALIZATION OP THE MORNING MINE 

AND ADJACENT RIGION, GRANT COUNTY, OREGON 

Introduction 

This report embodies the results of a detailed inveltigation ot the geology and 

aineraliaation or the Morning and several other •ines in northeastern Grant County, 

Oreaon, and a less detailed atud7 of about 30 square miles ot the surrounding region. 

The study has revealed that the geolosio setting is auoh like that in the nearby 

Sumpter and Baker quadransles where the rooks consist of late Paleozoic arsillitea and 

greenstones, Mesoaoio ultra•afioa { including serpentine bodies ) and biotite-quarts diorite, 

and perhaps earl7 Tertiary (?) porphyritic dikes, all of which have been exhumed from 

beneath a ooverins of Tertiary voloano-aedimentar7 rooks. The looal stud7 baa disclosed 

that emplaoeaent ot the biotite-quarts diorite was accompanied b7 widespread aaphiboliti­

aatlon and that mineralisation aay be related genetioall7 to earl7 Tertiar7 (?) porph7ritio 

intrusives which have been emplaced along a maJor zone of shearing that trends west-

northwest. The ore deposita, consisting priaaril7 of gold-quarts veins, oecur ln intimate 

association with the dikes and are alona steep reverse faults of northeast bearin1, 

commonly along the underside of the dikes. 

Phld work 

The field work was oarried on under the auspices of the Oregon State Department of 

Geolo17 and alneral Industries. Z1ght weeks during the suaaer ot 19�6 were spent in the 

district and another week in a review ot the geolo17 in the nearb7 Baker, Sumpter, and 

John Day regions. Work in the district was divided between tour weeks in ·surface .. pping 

and tour weeks in •ine exaainationa. Mines than in operation and therefore larsely acces­

sible were the Morning, Banaette, and Paramount. Other properties with aemi-aooeaaible 

workings were the Bi-Metallic, Snow Creek, Psyche, Windsor, and two minas in Morris Basin. 

The field work was handicapped b7 the lack of adequate base •ape. The onl7 maps 

available ware the Forest Service •apa, P•deral Land Office plata, and an old raoonnaiaaanoe 

geologic aap by Lindgren, published in 1901.* Aerial photographs were to be had, but 

since th17 were taken during the winter of 1939 when snow covered the sround, the7 could 

not be used exolusivel7 tor the work. The base map used consisted of an enlargement ot 

the Poreat Service .. p of the Whitaan National rorest on a soale or one aile to the inch 

�o which were added a few topographic details fro• the aerial photogr&phe, Land Office 

plata, and field skatohas. In the liaited tiae it waa onl7 possible to approximate tbe 

1eolo1io boundaries. Where the potitiona of suoh boundaries have be•n made with doubtful 

aoourao7 th17 are shown b7 dotted line on plata 1 (in pocket ) • 

• 
Bibliography in baok ot this bulletin. 
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.:f:\ . Geography 

Geography 

Location and &ccesiibility 

The area covered by the investigation is in northeastern Grant County in the very heart 

of 'the Blue Mountains o f  eastern Oregon, close to the headwater• of the Middle Pork of the 

John Day River ( aee index map opposite p. 1). It ia inoluded in parte of Tpa. �. 10, and 

11 s., Rs. 33t 34, and 35 E. Willamette meridian. The dietriot ia about 50 mile• by u.s. 

Highway 28 from Canyon City, oounty aeat of Grant County, and about 77 milea by State Highway 7 

from Baker, county aeat of Baker County. 

The area ia aerved by u.s. Highway 28 and a c onnecting tystem of county and Forest Servioe 

roads, mo1t of whioh are uaable only during dry weather. Batea and Auatin, two small settle-

menta within the area, are each within reaoh of the highway by a good road. The road from 

Canyon City to Bates is about 38 miles long. Prom Batea it il another 65 miles to Baker. 

The roads from Bat.u down river to Susanville and to the Morning mlne, 12 miles up Vincent 
-· 

Creek, are usable only in good weather. 

Population and'induatries 

At the preaent time the only settlement• within the district are Bates and Austin; the 

former is the preeent, and the latter the o ld, mill lite of the Oregon Lumber Company. 

Bates haa a population of several hundred and is served by a general store and postoffioe . 

Austin, now reduced to a few familiea, still retain• a combined general atore and postoffice. 

During the early days of mining the area was more thioklf populated than at present. 

Greenhorn, now a ghost town with a few weather-beaten frame shacks, once had several thousand 

inhabitants and many flourishing buainesses, but can now boast of but one year-around resident . 

The industriee of the region are oonflned to an aot1ve timber-cutting program by the 

Oreaon Lumber oompany, small scale farming along the Middle Pork valley, grazing of sheep on 

the upper mountain elopes during the summer, and a small amount of lode and placer mining. 

Surface features 

The district la in the so-called Greenhorn Mountains of the Blue Mountain group of 

eastern Oregon. The Greenho .rne are distingui shed as a series o ·f rounded domes that extend 

for approximately 45 miles in a generall7 northweaterly direction acrose the northeastern 

part of Grant County. Prom the town of Greenhorn to Boulder Butte the mountains trend 

about due west but from'Boulder Butte on, the trend 18 northweat ( see p l .  1 in pocket ) . 

As ahown in plate 2, figures 11 2, and 3, the orests o f  the mountains are aomewhat rounded, 

except where mountain glaciers have carved cirques with steep headwalls into north-facing· 

elopes.  The highest point in the range, Vinegar Hill ( pl• 3,  fig.  1), haa an altitude of 

8, 120 feet . Several o ther peaka reach altitudea Juat above 71000 teet . The average 

relief of the distri ct  is about 3, 000 feet. 
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On the southwest border of the district is a ridge paral leling the Greenhorns which 

oulmina.tu in Dixh Butte (pl • .3, fig , 2) at an elevation o f  71400 feet • .  

The higher parts o f  the distri c t  consist of a rolling upland surface ; tpe lower parts 
i 

are deeply dissected by narrow valleys . On the north flank of the Gr eenhorn s the valleys 

show evidence or widening by glacial erosion, but on south slopes, except for upper Granite 

Boulder Creek and Vinegar Creek, the valleys are narrow and typi cally V•shaped , 

Much o f  the district is drained by the Middle Fork o f  the John Day River which flows 

in a northwesterly direction. However, the northwest s lopes of the Greenhorns are drained 

by numerous branches of Olear Creek and by the south branch of Desolation Creek, tributaries 

of the North Fork of the John Day River. South of the town of Greenhorn the drainage is 

to the North Fork of Burnt River ( see index map opposite P• 1). 

Climate and vegetation 

'-'l'h_e c limate of the Mor nin g mine area varies according to the altitude, which range s 
•' 

from about 4,ooo feet at Austin and .3,509 feet on the Middle Fork near Susanville to 61000 

feet or. more in the Vinegar Hill-Sunrise Butte resion. The summers in the higher areas 

are delishttully oool throughout the day, but temperatures drop to freezing at night, 

Along the Middle Fork, days are somewhat hot, with a minimum of breeze, but the night s are 

cool. Snow covers the area from November throush Kay, but temperatures are not ••••rely 

low, Residents state that winter temperatures are muoh lower in the valley of the Middle 

Fork ihan on the higher slopes, 

Precipitation varies with the altitude, Althoush no records are available , it is 

likely that the valley regions may receive no more than 15 inches ot rainfal l a year while 

the higher slopes may receive twice aa much. 

The entire area below 7, 000 feet is forested, Up to approximately 5,500 feet the 

alopea are cover ed by yellow pine, new b eing cut by the Oregon Lumber Company . From that 

altitude te 71000 feet the yellow pine is replaced by the smaller conifers, aainly black 

pine, lodgepole pine, and tamarack. Around 7,000 feet the trees disappear and sagebrush 

and mountain laurel flourish. Wild buckwheat covers the topmost ridges. In general, the 

north slopes have more vesetation.and thicker underbruah than do those facing south , 



PLATE 2 

Fi�. J. View northeast from Vine�ar Hill lookin� down the �laciated valley of the East Fork of Clear Creek. 
Phoro cour1esv U.S. Forest S.,.v,ce 

Fi� .2. View east from Vine�ar Hill lookin� towards Psyche Butte in middle distance. 
Photo courtesy U S F'orest S.rv•c• 

Fi�.3. Sunrise Butte from Vine�ar Hill look in� west. 



Physical Geology 

Physical Geology 

General features 

The rooks of the district are represented by a varied assortment of sedimentary, 

volcano-sedimentary, flow, and intrusive types of diverse kind and composition, These 

are divisible into a group of pre-Tertiary sedimentary and igneous rooks and into a 

group of Tertiary rooks, largely extrusive, which is separated from the other by a pro• 

5 

found erosional unconformity, The pre-Tertiary group consists of Paleozoic volcano­

sedimentary rooks, chiefly meta-argillites and greenstones, which are intruded by Mesozoic 

ultramafics ( including serpentine bodies ) , biotite-quartz diorite, and by early Tertiary (?) 

porphyritic dikes, The Tertiary group is made up of Uiooene andesite tuff-breccia, rhyolite, 

Columbia River basalt, and intercalated lake and ash beds, Other deposits are of Quaternary 

age and are composed of Pleistocene glacial and Recent alluvial materials, The rooks of 

most pertinent interest are the older meta-argillites and greenstones, and the igneous rooks 

that intrude them, for the older rooks contain the ore depesits, 

Because of severe folding, faulting, and intrusion of igneous bodies, the early group of 

rocka possesses complex structural relationships. In contrast, the Tertiary volcano­

sedimentary rocks have been but mildly deformed, The main deformation apparently preceded 

the intrusion of the ultramafics and the biotite-quartz diorite, but another crustal 

disturbance of importance marked by shearing of the diorite and older rocks came before 

and directed the intrusion of the p•rphyritic dikes and the flow of mineralizing solutions. 

Pre-Tertiary rocks ( Paleozoic volcanoosedimentary series) 

ARGILLITE 

Distribution and thickness: The argillitic rocks are exposed over a broad belt 

extending in a westerly direction through the center of the mapped area ( pl, 1 in pocket), 

These rocks are coextensive with the argillites of the Sumpter quadrangle and are reported 

by Pardee (1914) to exceed 3,000 feet in thickness, and are like those of the Baker quad­

rangle, where Gilluly (1937) has reported more than 5,000 feet of strata, Accurate measure• 

ment within the district could not be made, but the total thickness may reach several thousand 

feet, 

Lithology; The argillite has a rather hetrogeneous makeup and contains much inter­

calated tuff, chert, conglomerate, sla te, crystalline limestone, and greenstone. The tuffaceous 

members and greenstones ( altered lava flows) are most abundant in the upper part, Limestone 

is confined to scattered lenses in the central part, but the chert is distributed throughout, 

and composes altogether a considerable part of the argillitic seriea, Bedding ia not par­

ticularly pronounced in the more argillaceous faciea but is conspicuous in the more siliceous 

membera, Much ot the rook ahows good fracture cleavage ( pl. 3, fig, 3). Gradations of 

argillite to chert, conglomerate, or tuff are not uncommon, 
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The argillite is for the most part a dark-gray to blaok, fine-grained silicious rock 

with obscure bedding. Its grains measure less than 0,01 mm in diameter, being subangular 

to rounded, They are composed of.quartz, andesine, and finely divided mica with associated 

black carbonaceous matter. 

The tuffaceous argillite differs from that described above in containing more feldspar, 

much of which ia splintery, and also in containing material resembling finely divided glass. 

In addition it has volcanic material identical to that comprising the overlying greenstones, 

but the greenish color, whioh·reflects the presence of chlorite or green mica common to the 

alt�red volcanic rooks, is masked by the carbonaceous matter, This rook is coarser grain�d 

than the noi•mal argillites. 

The ever-abundant chert usually exhibits a "ribbon" or bedded structure. The bedding 

as shown in plate J figure 4 is highly contorted wherever found, The chert is pale yellow 

to pinkish in color and is always characteristically dense and fine-grained. 

Conslomerate beds apparently have a restricted distribution, but are conspicuous half 

a mile west of the Mo�ning mine and in the upper valley of Vinegar Creek basin, where indi­

vidual beda are from 10 to 50 teet thick, These beds art bluish gray and are �ompoaed 

largely of ohert, and s•J.bordinately of argillite and volcanic rook pebbles, all of which 

average about half an inch in diameter. These pebblea are bound together by a dense, 

siliceous cement. The beds resiat erosion and oonaequently tend to stand out in relief. 

Limestone lenses are not oonepicuoua locally. There are three of them, however, in 

upper Vi�egar Creek basin, each highly siliceous and changed in part to fine-grained white 

marble. A thick, white marble lens and several smaller limestone beds alai coeur in Morris 

basin. The lesa metamorphosed limestone ia fine-grained, greenish to bluish-gray in color. 

Marble and limestone alike are out by numerous seams of calcite, The largeat of these 

lenses 1* shown on the geologic map {see pl. 1 in pocket), but on an exaggerated scale, 

Age and relations to other formations: The argillite is thought to be Carboniferous 

on the basis of fossils, particularly Fusulina, present in some of the limestone members 

.or the Baker area (Gilluly, 1937). Wheth�r the tuffaceous beds into which the argillites 

grade upward are also of the same age is not known, There is no sharp line of demarcation 

betwe.en them. It is possible that some of the younger greenstones have been included with 

the argillites. 

Conditions of deposition: The limestone lenses and bedded cherts indicate that rauoh 

ot the argillite had a aarine origin, though some parts may be continental (Gilluly, 19J7). 

The high proportion of tuffaceous material, however, is evidence of contemporaneous vol- -

canism, during which much fragmental aa.terial was contributed to the sedim9nt!!l u·ndergoing 

depoo1t1on. 



Fig.l. Vinegar Hill from Tiger mine. Note steep north-facing cirque headwall. 

Fig.3. Bedding and fracture cleavage in argillite. Point of hammer rests on bedding, 

one set of cleavage faces reader. One mile southeast of Morning Mine. 

,_ 

Fig.2. Dixie Butte from Psyche mine. Strawberry Range in far distance. 
Middle Fork of John Day River in valley this side of Dixie Butte. 

Fig.4. Bedded chert outcrop on Vincent Creek. Four miles northwest of Bates. 
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GREENSTONE 

Distribution and thickness: With an increase in the number of tuffaceous beds 

and altered lava flows, the argillite grades upward into massive greenstone. As mapped, 

the lower part of the greenstone oontains about 100 feet of argillitio and cherty members; 

the upper part �s entirely altered volcanic rook. Not less than 800 feet of these rocks 

are exposed on Vinegar Hill above the Morning mine. In the Baker quadrangle the equivalent 

rook may have a thickness of ao�e than 41000 feet (Gilluly, 1937). Good exposures of the 

greenstone other than on Vinegar Hill are found on the headwaters of Dry Creek and on the 

slopes extending west from Sunrise Butte to Suaanville. 1he greenstone has poorly defined 

outcrops, except along craggy ridge· crests. 

Lithology: The greenstones are predominantly volcanic rocks that have been sheared, 

folded, highly albitized, and silicified. Much of the greenstone is light grayish-green and 

aphanitic, but some is dark green and locally porphyritic. Where the greenstone• have been 

atudied in considerable detail, as in the Baker quadrangle, they consist of quartz-keratophyre, 

keratophyre, spilite, albite diabase, keratophyre and quartz keratophyre tuff and breooia, 

and metaaandesite. Within the district they are composed dominantly of keratophyre, 

subordinately of metaQandesite. 

1he keratophyre is finely granular to aphanitic and is composed of oligcolase-albite, 

green hornblende, ohlorite, epidote, clinozoisite, and subordinate magnetite and apatite. 

Much of the faldapar has been altered to sericite, but remnants of a calcic plagioolase 

within the oligoclase-albite suggests that the original feldspar was albitized and than 

sericitiaad. The mataoandesites are fine-grained with local porphyritic segregations and 

are composed of calcite andesine, sodio oligoclase or albite, biotite, chlorite green horn­

blende, pyroxene, and minor epidote, olinoaoisite, sericite, apatite, and magnetite. The 

phenocrysts are andesine, but in general the andesine has been albitized. 

lge and correlation: The greenstones on Vinegar Hill resemble those of the Baker 

quadrangle which G1lluly"{l937) has called the Clover Creek greenstone and in which he has 

found a Permian fauna. Although no fossiliferous beds were found locally and the green­

stones could not be traced into the Baker region, they are, on lithologic resemblance and 

stratigraphic suoo1ssion1 probably equivalent to ths Clover Creek and ther•for• Permian. 

Conditions of origin: According to Gilluly (1937) the association of marine 

limestones and"foss1liferous tuffs in the Clover Creek greenstone in the Baker area in• 

dicates that parts of the foraation ar1 of submarine origin. This is further supported 

by the type of albitization which is that common to subaarine lxtrusive rooks. Because of 

aiail&r albitio alteration, the greenstones locally •ay also represent submarine IXtrusions. 
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Pre-Tertiary rocks (Mesozoic intrusive •) 

Bodie a · of Jurassic ( ? ) intrusive rook are re•trio ted to a reas of argillites and gr e e n­

stone•, which they invade. These i ntrusive• tall naturally into three groups in which the 

rock• di ff er in age and composition. The first o r  earli est group is represented by highly 

metamorphosed and •• rp e ntiniz ed ultramaf i c  r ook1; t h e  1econd1 by two bodie• of b i o t i te-quartz 

diorite; and the th ird , by n� e r o u1 dikes of aplite and pegmati t e which intrud e the genet­

icall y related biotite=quartz diorite. 

UL'l'RAMAJ'IC ROCKS 

Composition: !he ultramaf i c s include bodiel o f  dunite , pyroxenite, and gabbro 

which have been extensively altered to hornblendite and 1erpentina. Near the bi o t ite-quart z 

diorite, the dunital and pyroxen i t e s  have be en changed largely to hornblende ( pl. 6, fig. 1); 

elsewhere they have bean changed t o serpentine. Alteration of the gabb ro has been less 

complete, 'l'he rock i s  more or less o o mpletely sheared and crushed and po ss esses a taint 

gneissic banding. Its fe ldspars have b een la rgely alt ered to epi dote, clinozoisite, and 

albite. AdJacent to the biot i t e=quartz di or i t e the gab b r o  is r i c h  in hor nblende and in part 

il a gna i lsic amphi b o lite , 

As th e ultramafics are now oompoled larg e ly of serpenti ne, th ey may f o r  the most part 

be classed a• serpentine bodies. Some of the bodies are rather large and two of consider• 

able prominence crop out northeast ot the Morning mine, one at the head of Blue Gulch near 

the Psyche mine and the othe r at the head of L ightn ing Creak Just w e s t  of Greenhorn. 

The s erpentine derived from pyroxeni te ha s a kn obby surface, a relic of the rather 

large pyro x ene crystals; that derived fro m dunite has a smoo t h  surface and a reddilh•buff 

color, 'l'he latter appropriately has b ean called "buck skin" rock, Otherwile the serp entine 

is light greenish-tan ranging to almo•t black. 

Most of the bodies are composed of antigorite in whi ch are small s e ams o f  orysotile, 

talc, and calcite. Serpentine bodial invaded by the b i otite -quartz diorite have locally 

been changed to ma.uive aaph!bol e . !hose out by early 'l'ertiary (?) diku have undergone 

more or less gen eral silicification. 

!ge and magmatlo relations: The var loQs ultramatlos and the gabbro are intimately 

asloclated, one showing gradati ons lnt o the other. Apparently, t h e  gabbro is a soaewhat 

y oung e r t acles, tor on th e west side of Vine gar Hlll it locally seems to out the 1 erpent in• 

ized dunite. However, the gabbro has there been so completely amphibolitized that its 

original charac t e r and its relations to the dunite are not enti rely clear. The rook s, 

however, are probably products ot a s i ngle aagmatio·oyole. 'l'he alteratio n to serpentine 

is very likely a close ly related phenomena, ooaing at the end of the cycle, and resulting 

from the act i on ot sllica•rioh ascending wat e rs trom the deeper magma re sion, 
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As the ultramafics and related rooks intrude the arsillitas and sreenstones they are 

post-Carboniferous but they are not quite so youns as the biotite -quartz diorites whioh 

intrude and altar them. 

BlO'l'l'l'E·�UAR'l'Z DlORI'l'E 

Distribution and character : 'l'hare are two bodiea of biotite-quartz diorite 

within the area: one, about 10 miles long and 2 miles wide , extending in a westerly 

direction from a point halt a mile northweat of Vinegar Hill to the head of Elk Crsek; 

the other, a small body in the valley of Salmon Creek. 'l'h eee bodies are probably cupola 

extensions of the much la rger batholithic mass exposed in the Sumpter and Baker quadrangles . 

fhe7 have apparentl7 been intruded along a westerly trendins zone of s tructural weakneaa 

which extends throush the argillites , the sreenstones, and the ultramarios. 

Except at marsinal zones, the rook shows little variation in texture .and miner al com­

pos ition and closely resembles the "granodiorite" or the Sumpter quadrangle and the biotite­

quartz diorite of the Baker area. 

Petrograrnz: Much of the rook is medium sraine d , equisranular, and l i sht sray. 

It is composed largely or quartz, plasioola se , and biotite, but also contains variable 

amounts of hornblende, the latter in places f ormins dark sray eegr esations ,; 'l'bere is little 

potash feldspar in comparison with that contained in the rook on Bald Mountain in the 

Sumpter quadrangle (Pardee, 1'14). 'l'he plagioc lase, a zoned , calcic andesine (rangins 

b etween Ab's and Ab45), normally comprises about 75 percent of the rook, the quartz 15 to 

20 percent, a nd the biotite and hornblende together 5 to 7 percent. The hornblen de is moat 

abundant.in margina l zones (pl. 6, fig. J). Orthoclase is rare, and apatite, sphene, zircon , 

and aasnetita fora aiorosoopio aooasaoriea. 'l'he plagi oclase ahowa minor alterat ion to olino­

aoiaite and sericite, the more oaloio centers being moat altered. Biotite oc·ours alo ne or 

aa irregular mantles on hornblende. 'l'he occasional grains of orthoclase generally are 

bordered by myrmekitic plagioclase. 

Some of the dioritio rook near the northeast corner ot the intrusive aass baa been 

aheared and ahowa cataolaatio textural (pl. 6, fig. 2). 

Metamo rphism : fhe intrusion of the biotite quartz diorite baa provo�ed marked changes 

on the bordering rooks. It has caused widespread formation of hornble nde and, locally, of 

feldspar. 'l'he most marked ohanses have taken place in the ultramafics, which have been 

converted largely to coarse-grained amphibolites, composed mostly of actinolite and sub­

ordinately of anthophyllite . 'l'his alteration baa affected the serpentinized and non• 

aerpent inized bodies alike , the desree of ampbibolitization decreasing outward from the 

diorite contact. 

'l'he argi llites have also been hishly altered, but alteration has consisted larsely.of 

lit-par-lit inJection and impresnation by graina of fe ldspar and quartz (pl. 4, fig. 1). 
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In the outer part of the 11granitized" zone .the rock shows gneissic banding with t�ransition 

to dense hornfels. Still farther cut the r ook ia entirely hornfels which grades into un­

altere d argil l ite. 

The gre enstone and tuft show an increase in feldspar and hornblende content near quartz 

diorite contacts but the alteration is not conspicuous as in the case of the other rocks. 

!i!: Gi1lul y (1,37), following Ross• (1,38) analysis of the age of the Mesozoic 

granitic rocks in Idaho an d Lindgr en 's (1,01) earlier work in the Blue Moun tains, lists the 

age of the biotit e - quartz diorite in the Baker quadrangle as doubt f ully post-Jurass ic. As 

the granitic reck or the Greenhorn Kountains is es sentially a westward continuation of that 

in the Baker region, it must be considered as or the same doubtful age. Much work ha s been 

done on the Idaho batholith insofar as rock types and probable age of the rook are concerned. 

The biotit••quartz d iori te of the Greenhorn district is very much like the early margi nal 

rook of the I daho batholith (Anderson, 1,42) which is regarded as late-Jurassic or Cretaceous. 

APLITE AND PEGMATITE DIKES 

Aplite dikes are scattered through the biotite-quartz diorite, but are exceptionally 

n ume rous on Sunris e and Boulder Buttes. Kost of the bodies ar e small and their thicknesses 

are measured in inches, less commonly in feet . The larger bodies g enerally have conspicuous 

outcrops al ong ridge l ines , in pla ou forming low ladgu which may be traced from 50 to 100 

feet. Float is everywhere abundant . Contacts between the aplitic R"Ook and the enclosing 

dioritia wall rock are usually sharp, not gl!"adati onal as is the oase or the closely related 

pegmatites. 

The aplit ic rock is lighter in coloR' and the grai n size considerably f iner than that or 

the normal biotiteaquartz diorite. Kost of the aplitee are oomposad of about equal amounts 

of quart& and oligoclase, with minor amounts of orthoclase and mu�©ovit�. 

Although not as abundant as the aplites, the . pegmatite dikes are fairly numerous on 

Sunrise and Boulder Buttes. The dikes average about 6 inches th!ok. They may seldom be 

traced for more than a few sco re feet along their strike. Some of the dikes cross and some 

occur in and along the aplites . The con�aots between pegma tite dikes and the diorite and 

aplite walls are poorly defined and gradational, suggesting that the pegmatite permeated 

into an d partl y replaced the bordering rook. 

The pegmatite is usually coarsely granitic in texture, less commonly graphic. The 

fresh rock is milk¥ white to light gray, with weath e red surfaces app earing darker. The 

characteristio minerals are sodic oligoclase and quartz with minor microoline, albite, 

b iot ite , and muscovite. Some andesine and quar t& grains are compl etely enclosed in sodic 

oligoclase and m icrocline , and frequently these grains are present as shadowlike inclusions. 

These inclusions match the plagioclase and quartz grains in the ad Jacent diorite and 

actuall¥ merge with them at contac t s. These re lations indicate a replacement origin for the 



Fi9.l. Lit-par-lit injecllon of areillite. Beddinl? 
inclined to riQht. White layers are feld­
spar and quartz. One-half mile west o f  
TiQer Mine. 

FiQ.3. MominQ mine from dump at "J level. 

PLATE 4 

fil). 2. Boulders and matrix of andesltic Mf--breccia. 
On the Middle Fori< of the John Day River 
near Dry Creek. 

Fi9. 4. Porphyry dikes near Tempest mine at head 
of Granite Boulder Creek. Lil?ht colored 
areas are northeast trendinl? dikes in biotite­
QUartz diorite on Sunrise Butte. 
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pegmat ites  and i t  i s  very likely that the dike s have b e en f ormed  from soluti ons of  a gr eater 

f luidity and of a later age , and pr obably from a deeper sour c e ,  than tho se which produced 

the apl 1t e s .  

Early Tertiary (?) intrusives 

Distribution and character : Porphyritic dike s of intermediat e to  ac i d  co mpo sition are 

abundant in certain parts of the di strict. . The se  .di�es tend to aggregate in swarms,  one of  

which o o curs in the vicinity o f  the  Morning mine . Other swarms are known in upper Vinegar 

Creek bas in,  in Morris  bas in near the headwaters  of the East Fork of C l e ar C r e ek, at the 

headwate r s  of  Gran ite Boulder C r e ek near the Temp e st and Tiger mine s ,  and in Salmon Creek  

val l ey.  The dikes  out  all pre�Tertiary r �ok, trend northeast acro s s  ear l i er trend lines,  

and measur e up  to  100  f e et wide  and several thousand f e et long.  They are  compo sed  pre­

ponderantly o f  quart& diorite  and quart& aon&onite porphyry and granophyre .  

P etrograph.y: The quartz diorite po rphyry · diku1 which are parti cularly numerous in the 

v1 o1n1ty of the Mo rning, Tempe st, and Tiger , mine s ,  in Vinegar C r e ek and Morr i s  basins , and 

near Susanvi l l e ,  are compo sed  of a grayish, po rphyritic rock  wi th suoh an abundance o f  

plagi o c lase  phenocrysts as  t �  p o s s e s s  vi rtually a granular textur e .  The pheno�rysts con­

s i s t  large ly of white plagioclase  crystals 1 to 2 11111 long and l e s ser  biotite , hornbl end e ,  

and quartz cry stal s o f  similar s i z e  i n  a fine-grained, granular, l ight-gray groundmas s  

o ompo a e d  large ly of  quartz and plagioclase and accessory magneti t e ,  apat ite ,  and z ircon 

{ pl . 7,  fig. 1) . The plag i o c lase  pheno cry•t• , which make up  sl ightly more  than 50  perc ent 

of the r ook, are zoned andesine crystals,  c onsiderab ly altered to aeri o ite and clino z o l site ; 

the plagi ocla s e  in the groundma s a  i s  l ittl e•altered sod1o  ande sine or o l igoclas e .  

quart& monzonite porphyry dike s a r e  most numerous near the B1-Ketal l i c ,  Snow Creek,  

Banzett e ,  Paramount, and P syche mine s.  fhe ro ok  r e s emb l e s  the quartz diorite  porphyry but 

has a di stinct pinkish cast. It  i s  conspicuously porphyritic,  with ande sine , hornblende , 

and b iotite phenocrysts making up about 2 0  percent of the ro ck. .  The pheno c rysts are emb e dded 

in a m 1 o ro granular groundmas a  compos e d  large ly of  orthoclase  and quartz wi th subordinate 

o l igoola a e ,  and auoh acc e s s o ri e s  as  apatite , z ircon, and magnetite { p l .  7, fig.  2 ) . 

The granophyrio dikea, which were  not e d  in the vic inity of  the Paramount , Baird, Lucky 

Stri ke-Elk, and Silver King pro per t i e s  at the head of  the South Fork o f  Desolation Creek,  

are c ompo sed  o r  a fine-graine d, gray to pinkish, inconsp icuously porphyritic rock wi th smal l ,  

widely scattered o l igoclase,  quartz,  o rtho o la s e ,  and b iotite phenocrysts i n  a gr oundma s a  of  

micrographic  quart& and o�thoo lase  { pl . 6 ,  fig.  4) . The se  dikes are  small e r  than th9 o thers,  

usually a f ew f eet  wide  and only a f ew hun dred  f e et long. Because  of  their small s i z e  they 

are eas i ly overlo oke d and may actually be more widespread than real i z ed.  
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!a! :  The prec i s e  dat e  o f  dike  intrus i on i s  unc ertain .  Workers in t he Sumpter and 

Baker quadrangl e s  have related  the s e  dikes to the b i o tite -quartz d i o r i t e  and have a s s igned 

them a pr e- Tertiary age .  The l o cal c ondi tions,  ho wever,  suggest  a lack  o f  any genetic  

relati onship b e tween the dike s and the diorit e .  Thi s  l a c k  or r e lat i onsh i p  i s  indicated by 

l ocal i zation  of dike s along regional zones  of  shearing which  cut th e d i o r i t i o  rock,  by 

evi d enc e  of rapid  chi l l ing against the o o l d  diori t e  wal l s ,  and by conso l i dation at relative 

shallow depth, apparently after the diorite had b e en e xpo sed  by ero s i o n .  Thi s  wou l d  indi­

cate  a c o n s iderab l e  time  interval b e tw een the  s o l i difi cati o n  of  the  diorite  and the  in-

tru s i on of  the  porphyriti c dik e s .  

The d ikes  may p erhaps b e  c orrelat e d  w i th tho s e  o f  early Tertiary age which And erson 

( 1, 3 9 )  has  rec ogni z e d  a s  cutting the Idaho bathol ith at Atlanta and at Ro cky Bar (Ander s on , 

19� 3 ) . Anderson ( 1 9�0 ) has also  f ound early Tertiary dike s  cutt ing granit e  in Ko o t enai 

C ounty , Idaho , and in the C lark Fork ( Anderson,  1937) di stri ct  of Idah o .  Thay er , * in h i s  

w o r k  in the  John Day r egi on of  eastern Oregon, h a s  f o und a wi d e  vari ety o f  f ine -grain ed 

dikes that are unl ike anything f ound in the o ld e r  gabbro i c  s e quence  o f  that area. H e  has 

also  found a s er i e s  of porphyri t ic intrusives  in the Aldrich  Mounta ins which he thinks 

could  very wel l be early Tertiary. Thus the dike s o f  t he di str i c t  may w e l l  b e  early 

Tertiary ( ? )  and th erefore  without dir ect genetic  relation  to the b i o t i t e - quartz diori t e .  

The r e  l o c a l i zat i o n  may b e  al o ng zone s or s truc tural weakne s s  pro duc ed during the Larami d e  

orogeny whic h  came at t h e  c l o s e  of  the Me s oz o i c . 

Tertiary ro �ks 

The Tertiary rooks are w i despread in the va l l ey o f  the Mid dl e  For k  o f  th e John Day 

River and f orm r i dge  cap s  in many o th er parts of  the di stri c t .  The s e  ro cks f o rmerly 

b lanketed the entire r egi on, having b e en laid  down on the eroded surface  carved in pre-

Tertiary ro ok,  and  then  partly removed  by sub s equ ent deep  erosion.  The s e  ro c ks ar e  

m o stly o f  vo l cani c  origin, but there a r e  some intercalat e d  lake and f luviati l e  depo s i t s .  

The basal r o c k s  ar e c o mpo s e d  o f  ande s i tio tuft-bre c c i as and rhy o l i t e  f l o ws whi c h  are 

overlain,  apparently c onf ormab ly, by f l ow s  o f  C o lumb i a  River basal ts ( middl e -Mi o c en e) 

and int erbedded lacustrine and f luviat i l e  depo sits,  s ome o f  whi ch are diatomac eous . 

The and e s i t e  tuff-brec c ia i s  widely di stribut e d ,  particularly al ong the K1 ddle  

Fork of  the John Day River . It also  o c curs a s  remaant , i s o lat e d  patche s on  val l ey s l o p e s 

in other part s of the di str i c t .  Go o d  exp o sures  a r e  vi sibl e along U S  Highway 2 8  where it  

pas s e s  over Dixie Mountain . 

Some  of the tuf f s  show water strati f icat ion,  but mo8t of the tuf f-breccia i s  an 

unassort ed mixtur e  o f rook  fragments of  diverse  siz e s  rang ing from sand grai n s  to  boulders  

* 
Thayer, T. P . , p erso nal communicati o n .  
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ten feet or more in diameter. The larger fragments are imb edded in a fine tuffaceous 

matrix, mostly volcanic ash composed of welded glass and in places of water-worked sands. 

The boulders consist of porphyritic hornbl ende and pyroxene andesite. During ero sion the 

large·r boulders tend to protect the material b elow and give rise to "hoodoo" forms or 

perched b oulder pedeatals. More commonly, however, the tuff-breccia ia reduced to smooth 

alopea atrewn with rook fragments of all aiz e s. The rook is predominantly gray to black, 

locally reddish-brown. 

The tuff•breooia is evidently the product of l ocal exploaive eruptions. Con­

aiderable rook has since b een carried away by erosion but at least 1 , 000 feet remain ln 

the Dixie Mountain area. In the Sumpter quadrangle 1, 800 feet of this rook is reported 

by Pardee ( 1 �14) . 

RHYOLITE F LOWS AND TUFF 

Flows of rhyolite and intercalated tuff lie above the tuff·breooia and below 

the Columbia River basalt. In plaoe a  the rhyolite rests unconformably on the tuft-breccias 

and contains a rubble  or the · underlying material; in other places it appears to be con• 

formable with the tuff-breccias. Locally rhyolite has penetrated the older rock with sill· 

like relationships. 

The rhyolite flows are light colored, commonly pinkish red, and are generally 

somewhat pumiceous. The flows are inconspicuously porphyritic but they contain scattered 

andeaine, aanidine , and quartz phenocrysts in a groundmass that is composed largely,  and 

in some oases  entirely, of glass. 

COLUMBIA RIVER BASALT 

The Columbia River basalt forms extensive flows
_ 

in the valley of the Middle Fork 

of the John Day River near Bates, and along the Middle Fork in the vicinity of Susanville. 

Remnant oapa on upper vall ey slopes remain in other parts of the district. Flows are 

numerous and range from 10 to 50 feet in thickne ss. The flows probably blanketed the 

entire region but much of the blanket has b e en removed by erosion. In the eastern part 

of the district, however, more than 1 , 500 teet remain. 

The baaalt is or two kindS J ( 1 )  olivine basalt and ( 2 )  non-olivine basalt, the 

latter being rather siliceous. Tops of individual flows are generally reddish and scoria• 

oeous , but the lower parts are gray and only slightly ve sicular. The olivine basalt is 

dark•gray to blaok f the non-olivine basalt is a light gray. The olivine basalt, which 

comprises most of the flows, contains phenocrysts of olivine in a dense matrix of labra­

dorite, augite,  olivine, hypersthene, magnetite , and glass. The non-olivine basalt is 

compos ed of sodio labradorite ( near ande sine ) , augite ,  and glass, and rarely contains 

olivine·. 
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The basalt rests unc onf ormably on the o lder ro cks ,  in so me places directly on the pr e -

Te rtiary formations. Thu s  c o ns i derable eros i o n  must have intervened  b efore the basal t 

flows wer e extruded.  Thes e basaltic  extrusive& may b e  trac e d  eas tward into  the  Sumpte r  

regi on where they fo rm a part o f  Pardee ' s  younger basi c lavas . They may a l so be c o rrelated 

mineral ogically and l i tho l ogical ly with the C o l umbia River l avas of the Baker quadrangl e .  

LAC U S TRINE AND FLUVIATILI DEP OSI TS 

The lacustrine and f luviatil e  de posits are contained b eneath and b e tw een the basalt 

f l ows. Farther eas t  such deposits  also l ie ab ove the basal t  ( Gi l lu ly ,  1 �37) . The se dep o s i ts 

c ons ist of lent i cular beds of c lay , vo l c anic ash, and sands and gravel s derived from er osion 

or o l der ro ck. The depo s i t s  al s o  include beds o f  di atomite. B eds o f  diatomite  near Austin  

are well  exposed  a l o ng the ou ts o f  th e Sumpter Val l ey Rai lroad and yield  a f l o ra in whi c h  

have b e en not e d  l eave s  o f  o a k ,  wi l l ow, maples ,  r edwoo d s ,  and o th e r  plants similar t o  tho s e 

in the Mi o c ene Masoal l f o rmati o n  ( Parde e ,  1 � 14 ) . Int ercalated wi th the fl o ws between Hunt 

Gul ch and Windlas s  Cr eek is a 30- to 40-foot  b e d  of olay that is b lu i s h  to yell owi sh gray 

in c o l o r  and which  i s  c ompo s e d  o f  an aggregate  of smal l ,  brittl e c l ay f ragments , 1denitf i e d  

b y  D r .  F .  R .  Hunter* as montmo r i l l onite-b e idel l i te d erived from an d e si t1o tuf f .  

Quaternary rooks 

The Quaternary r o c k� are r epresented by Pleistoc ene glacial dep o s i t s  and Rec ent str eam 

alluvium . The f o rmer inc ludes unstratif i e d  morainic material , pond e d  glacial lake se diments 

and s tratified glac i oefluvial outwash. Til l  or morainic material is c ontai ned  in all the 

north-facing val l ey s  that were o c cupi ed  by glaciers , in par t  as irregularly di stri buted 

drift on slope s  o r  as mor ai nes o n  val l ey f l o o r s with va l l ey trains extending b e l ow. Much  

c oarse ,  asso rted material as  wel l as s ome ponded s il t s  and sand depo s its are found in c i rque 

basins . Gla c ial debri s i a  al so  c ontained in two tributary val leys o f  Gran i te Boulder C reek. 

Tw o separate drif t  sheets have bean recognized in the Sumpter area (Pardee, 1 �14) , but no 

effort was made to d i stingui sh b etwe en them in the l o cal area. 

?he Rec ent a l luvium is c onfi ned to the f l o o dplai n of  the Mi ddle  Pork of th e J ohn Day 

and the lower parts of C l ear and Dry Creeks in the north eastern part of the  d i stri c t .  The 

de posits consi st o f  unconsolidated s i l t s ,  sand , and gravel s .  

* 
Research geo l ogist t o r  Int ernati o nal Minerals and Chemical C ompany, Mulb erry , F l o r i da .  



Struo tu�al Geo l ogy 15 

Structural Geo logy 

By reaeon o r  e evere f o lding, ta� lting, and penetrati on o r  igneoue b o di e e ,  the Pal e o z o i c  

and Juraeeio
. 
( ? )  r o oke ar e c oapl exly detoraed, qu i te in o o ntraet with t h e  m i l dly d e f ormed 

Me�ozo i o  diorite and the Tertiary vo lcano - e ediaentary ro c k e .  There have b e en thr e e  ma j o r  

etruotural di aturbano e e .  The ear U e et o f  t h e e e  aay have b e en a e e o o iated w i th the late 

Juraeei� ( Si erra Nevada ) orogeny and i t  wae r e epone1b l e  t o r  much o r  the f o l ding and faul t ing 

or the o lder vol cani c and e edia entary r o c k e .  Th e intrueion by u ltraaa f 1 c e  and b i o t i t e ­

quartz diorite wae a lat e r  phaee o r  thi e def ormation. The a e o o nd may b e  a r e f l e c t i o n of 

the Laramide orogeny at t h e  oloee o t  the Me s oz oic e ra  and 1 t  pro duc e d  the aa J o r  z on e  of 

shearing west o f  Gre enhorn. The third d 1 e turbanoe occurred during late Tertiary and 

Quate rnary time and can b e  r e c ogni z e d in the f o l d e d  and fau l t e d  Tert iary vo l c ano - s ediment s .  

Late Jura s 1 i o  (?) etruotural f eatur e •  

The arg i l l i t e •  and g r e enetonee o t  the d i s t r i c t  a r e  c l o s e ly f o l d ed and int e n s e ly sh ear ed. 

Beds are overturned and r e p e t i t i on of etrata is evident in almost every out c r o p .  C h e r t  b e d s  

ehow c o mp l i cated, ewir l ing t o l d e  wi thin a f ew equare t e e t  and l o cal ly t h e  argi l l it i o  b e d s  

have a pe eudooo ngl omerati o  t exture which i e  indi cat ive o f  int e n s e  eh earing. Thi s d e f o rma­

tion pro duc ed an eaetgw e e t  etru c tural trend. Fracture c l eavag e hal b ro ken the ma e s ive 

argi l l i t e  bede into p o lygonal b l o okl ( p l .  J, f i g .  J). Trend l in e •  o t  the f racture c l eavage 

are generally north-northw e s t  and eaet-nor thea s t .  

T h e  ultramafi c  and gabbro i o  r o o ks w e r e  intruded i n t o  t h e  arg i l l it e s  and greenstone• 

along the general eaet-weet s t ru ctural trend . The e e  b a s i c  intrusives are l e s s  defo rm e d  

b y  f o l ding and shearing than th e argi l l ite • .  

The b i o t i t e-quartz diorite and i t e  sat e l l ite dikea out the ear l i er u ltrama f i c s  and 

gabbr o s  and are theretol!'e young e r .  T h e  emplaoeaent o f  t h e  dior itio r o uk wae a l s o  c ontro l l e d  

by the ceneral east-we et struc tural trend. Igneous metamorphisa a�c oapanying thi s intrus i o n 

gave wide z o n e •  ot gne i e s  and hornt e l e  in the argi l l i t i o  r o oke, and exteneive amph1bo l 1 ti­

zat1on o r  the ultraaat 1 c e  and the gabb r o e .  

froa f i e l d  r e l a t i onehipl i t  i e  iap o eu ib l e  to fix t h e  exa c t  age o f  t h e  d e f o rmat i o n  

responeib l e  t o r  t h e  f o l d ing and faulting o f  the vo l oano -aed iaentary r o c ks and t h e  s o mewhat 

later intrueion or the u l t raaat i o s  ·and di o r i t e . Nolan ( 1,43) d i s cu s s e s  the var ious o�o l e s  

o t  d e t o raation that were act ive i n  the neighbo r ing Basin and Range provinc e and e sp e c i a l ly 

note• that th ere were r e current period• or d e f o raation from early Jura s s i c  into early 

Tertiary, and that the s e  a f f e c t ed a c onei derably great er area than the Ba sin and Range 

region. Rec ent etudi e s  of nearby mininc d i s tr i c t •  in east e r n  Oreson ( Gi l luly , 1,33)  

indi cate that two Ke s c z o1o orogenies aay have b e en a c t ive and that there i s  a l s o  evidenc e 

of ul tramaf i c  intru s ions in late Juras s i c .  It w ou l d  s e em that the d e f o rmation may w e l l  b e  c o r­

related with tht Si erra Ne yada o r o & eny of Cal i f ornia and Nevada ot late Jura s s i c ( ? )  t im e .  
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Laramide (?) struc tural features 

A zone of west-northwest shearins may be traced from the head or the South Pork or 

Deso lation Creek to the area between Lightning and Greenhorn Creeks west o f  Greenhorn1 

a di stance of about 7 miles.  The zone outs acro�s the northeast part of the larger diorite 

body and through the o lder sedimentary and igneoua rooks ; the shearing has produced fractures 

part icularly favorab le fer the introduotion o f  perphyritia dikes and ore-bearing so lutions. 

The shear zone and its asseciated faults are shewn in plate 1 ( in pocket ) . In detai l the 

shear z one is o ompesed of a aajer strike-slip fault ef wost- nerthwest trend1 soveral smaller 

nerthweat strike- slip faults1 nerth-nertheast high-angle reverae faults, and a few nertheast 

high-angle normal faults.  Al ong the maJor strike- slip fault  and the smaller northwest strike-

slip faults1 the s outhwest side has always moved relatively to the eoutheast and the fault 

surfacea dip from 60 to ,o degrees to the northeast.  Throws along these faults are about 

100 feet , with hori z ontal displacements of  from 200 to JOO feet.  

The high-angle reverse fault• of  north-northeast trend are c onfined t o  the aouthwest 

margin of the .shear zone. These faults can be traced for  some 2000 to JOOO feet and dip 

northwest at variable but generally steep angles. 

The northeast high-angle normal faults occur along margins of  the shear zone. These 

faults may be traced tor 200 or JOO teet and show displacements of a few tens of teet. 

The presence of a major shear zone outting the diorite and a ssociated aplite and peg-

aatite dikes i s  indi cative or a period of deformation that has heretofore received little 

notice in thi s  general region. Ros s { 1,38) mentions late Mesozo i c  orogenic disturbanoes 

in the wal lowa Mountains and Ander son* has recognized shearing, which he re�ards as Laramide1 

in the Idaho bathol i th.  As the time of intrusion ( Gilluly, 1 ,37) of the diorite has been 

c orrelated with that of the Idaho batholith1 the major shear zone may also have been oau sed 

by Laramide stresses. Recent studies have extended both the period  o f  t ime involved and the 

area affec ted by the Laramide o rogeny . Noble ( 1,41 )  sugsests Laramide movements in the 

Death Valley regi'n and Merriam and Anderson ( 1,42 ) have f ound evidence of Laramide thrusting 

in the R oberts Mountain region of Nevada, Thus eastern Oregon i s  apparently not out of  

alignment with the Laramide disturbance1 and the transverse shearing therefore may be re-

garded, at least tentatively, as Laramide. . '  

Late Tertiary and Quaternary structural features 

The C o lumbia River basalt and associated rocks are much less severely deformed than the 

pre- Tertiary formations . The broad open fo lds fo llow earlier trend lines and stri ke west to  

northwest.  Normal faults out the folds w1th a north-northealt strike. 

� :  Three con•p1Guous folds o riginate near the western border of the Sumpter quad• 

rangle and are traceable tor some 12 miles to the northwe1t of Greenhorn. Por c onvenience 

* 
Anderson, A .  L . , personal GOmmuniGati on. 



Structural Geology 

theae folda are named the  Greenhorn and Dixie Butte antiolinea and the  Middle Fork syn• 

cline ( see pl . l in pocket ) .  

The usual flank dipl are from 2 0  to 30 degrees and t he antiol inea are steeper on 

their north f lanks by about 5 degrees ,  The s e  fold•  plunge at  the rate ot fro•  20 to 30 

teet . per aile  northwest throughout the distance mapped .  T h e  Middle Pork o t  t h e  John Day 

River lies in the Middle Fork syncline and is  al igned wi th the plunge almoat perfectly 

tor over 25 mil es .  

17 

� :  Pour normal faults o f  northanortheaat trend are preaent along t h e  Middle 

rork . ot the John Day River.  The faults average about one ail e  in l ength and all dip to 

the aoutheaat at anglea  of 60 to 70 degr e e a .  Two of the faults,  one below Litt l e  Boulder 

Creek and the other below Tincup Creek, are evident on b oth aides of the river.  The 

faulta at Hunt Gulch and below Granite Boulder Creek c ould not be traced southwest ot the 

river with c ertainty.  All of the fault• have throws of about 200 feet and thr e e  of th em 

haYI .brought basalt flows into Juxtapo sition with the andeaitio tuft-breccia .  The u 

taulta out the Columbia River baaalt and are therefore of post-Mioc ene age .  
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Hi s t o r i c a l  Geo logy 

Many gap s o c cur i n  the g eo l ogi c r e c o r d  o f  th e Gr e enh o rn Mo unt a in area.  The o l de st 

r o o k s  e x p o s e d  are Carb oni f e rou s argi l l i t es w i th int erb edded  tuf fs  an d b a s i c  lavas that 

have b e en al t er ed to gr e ens t o ne , The de po sition o f  silts  and mud s  wi th l o cal  additions  

o f  grave l s  a n d  f o s si l if e ro u s l i my material ( Gi l l uly , 1 ? 37)  o c curr ed i n  a sha l l ow marine 

s ea .  Towa r d s  t h e  c l o s e  o f  t h e  p e ri o d  o f  s edim entati on s everal hund r e d  f e et o f  < vo l canic  

ash show e r e d  o v e r  the  s ea and wa s i n c o r p or at e d  in t h e  d e po s it s .  Ba s i c  lava s  w e r e  later 

extru d e d  on th e s e a  f l o o r  and f orme d a n o tab l e  part o f  th e seri e s  of rock , Triassic  rooks 

ar e no t pr e s ent w i thin the d i s t r i c t  but are f ound 75 mi l e s  to the eas t  in the Wal l owa 

Mountains ( R o s s ,  1938 ) and in t h e  Strawb erry Range ( Thay er ,  1 ?40 ) 1 25 mi l e s  to the s outh· 

w e s t .  

T h e  d epo s it i o n  o f  the Carb oniferous  s edi ments  i s  the  last  r e c ord ed inva s i o n  of the 

mar ine s ea int o the  imm e d iate area and sub s equ ent event s have b e an l imited to pe ri o d s of 

d e f o rmat i o n, e ro s i o n,  and c o n tinental sedimentation,  In lata Jura s s i c  time i t  is pro b ­

abl e that the s e  a rg i l l iti o  a n d  int e rb e dd e d  vo l c an i c  mat e r i a l s w e r e  s eve r e ly f o ld ed and 

fault e d ,  Sub s equent to the d e f o rmat i o n  the s e  ro o k s  w e r e  int rude d f i rs t  by ultramaf i c  

and gab br o io  b o di e s  and later b y  th e bi otite-quartz di o r i t e magma . A considerab l e  peri o d  

of e r o s i o n  f o l l o w e d  the o r ogeny , and appar ently l a s t e d  t hr ough out muoh o f  th e C r e tac e ou s .  

At the c l o se o f  that p e r i o d  the ar ea w a s  again def orm e d J  thi s t i me b y  h o r i z o ntal shear ing 

s tr e s s e s ,  p e rhap s a s so c i at e d with th e Larami d e o r o g e ny  wh i c h  c au s e d  th e pro f ound f o l d ing 

and f aul ti ng of the  Ro cky Mountains far to the east.  Into the fau l t s  pr o duc e d b y  th e 

shearing were in j e c t e d  ma ss e s o f  partly c ry s tal line  magma, f o rm ing di kes  of quartz diorite  

and quartz m onz oni t e po rphyry and grano phyr e .  Intru sion o f  di ke magma was f o l l ow ed by 

c i r cu lat i o n  of min eral -b earing s o luti o n s ,  u t i l i z i ng the sam e  z on e s  o f  structural weakne s s . 

Mor e  than l ike ly t h e  d i k e  intru s i o n  and mineral i za t i o n  w e r e  c a rr i e d  over into  early Tar• 

t iary t i m e , 

A f t e r  the lat e C r e tac e ou s  d i s turbanc e and the  e mp l ac ement o f  di ke s and ve in material , 

the r eg i on apparently underw ent wi d e spr ead e r o s i o n  unti l  early ( ? )  Mio c en e ,  wh en large 

quanti t i e s o f  a nd e si t i c b r e c c ia and tuf fac e ou s  mat e r ial  e rupted from l o c al s ourc e s ,  formins 

a b l anke t o v e r  the d e e p ly e r o d e d  basement r o c k ,  C o n t e mp oran e o u s  with th e f o rmat ion o f  

t h e  tuff-b r e c c i a s ,  w e r e  e xtru s i o ns and l o cal  intru si o ns o f  rhyo l it e ,  wi th s o m e  int ercala t e d  

si l i c e ous tuf fac e ou s  mat erial . In middle Mi o c e ne t i m e  th e c ountry wa s bur i e d  b eneath f l ow 

upon f l o w  o f  basal t ,  s o m e  o r  whi c h  emerg e d f ro m  f i s su r e s  w ithin the d i s t ri c t .  The s e  f l ows 

caus e d l o cal damming o f  stre am s and the fo rmat i on o f  lak e s  in which were d e po s i t ed c lays 

and vo l can i c  a s h ,  



H i storical Ge o l oll 

At the o l o s e  o f  t h e  tert iary anothe r  c rustal d isturb an ce o aa s e d  t o l d i ns and tau l t inc 

ot the lavao to ra ed p la t e au i n t o  m ounta ins and vall eys . C ontr o l  by e a r l i e r trend lin e s  i s  

appar e nt i n  this last  per i o d  ot  d i a s t r oph i s m  a s  the s tru c tu r e s  stet k e  cenera ll7 we st• 

aorthw e a t .  !h e o oapr e s s i ve t o r c e s  t o ra e d  t o l ds and the later tensi onal phases  were 

responsibl e t o r  the noraal fau l t s .  

lr o s i on has b e en a c t ive s in o e  thi s last disturbanc e .  Durinc t h e  P l ei s t o c e n e  the 

hicbe r ' aountaln r eclons w e r e  scu l p tu r e d  by s lac i ers and the val l eys partl7 t i l led with 

aoral nal and outwash aat e rial o !he o hans e s  in r el ief broucht ab out b7 slao iat l on and 

val l ey ti l l ins,  how ever ,  have b e en s l icht .  
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O r e  Dep o s i t s  

History and pr o duction 

Settlement o r  this g ene ral regi on began in 1862  w i th the d i s c o ve ry of go l d  near Auburn, 

a now deserted  c amp west  of Baker . The early miners  gave their  immediate attention to the 

r ich placers,  and prac ti cally all ot the streams descending the sl opes from the higher e l e •  

vati ons show evi dence o r  plac e r o p e rati on. The s e  plac er s w e r e, in plac e s ,  highly pr odu c t ive , 

espec ial ly 1n the area surroundi ng the now vani shed camps of Wintervi l l e  and Parkervi ll e  on 

the headwaters of Burnt River Just to the s outhw e st o r  Gre enhorn . S everal quartz c laims 

were l o cat e d  in the Sumpter area during the p e r i o d  1866-1880,  but the r eal b eg i nning o f  

lode  mining b egan with the c ompl etio n  of  a rai lr oad t o  Bake r  in 1886  and the advent of the  

Sumpt er Vall ey rai lr oad i nto th e immedi ate area  in the 1 8 90 ' s .  The peak o f  g o l d-quartz 

mining in t h e  immediate di stri ct  was probably reached during the peri o d  1 6 9 5  to 1 9 10 .  

I t  was a t  thi s time that the town o f  Gre enhorn was m o v e d  f r om i t s  o l d  l o cat i o n north o r  

Sunri s e  But t e , wh er e a silver s t r i k e  had b e en made, t o  it s pre s ent s it e .  From 1 9 1 5  t o  1 940 

mining has b e en d e sul tory,  wi th an o c ca s i ona l r i c h  s tr i ke . As l eg i s lat i o n  duri ng t h e  last  

war d e a l t  a s e rious bl o w  t o  the mining of go l d  and s i l v e r ,  the a r e a ha s s e en little  aotivity 

in r e c ent year s . How eve r ,  in the pas t  year there ha s be en an influx o r  pro sp ec tors  into th e 

di strict .  Work at some of the  larger  mine s ,  as the Mor n i ng , pas b e en r e s um e d . 

Production  figur e s  a r e  ab sent or sketchy f or individua l di s tr i c t s  or t h e  B lu e Mountain 

regi on.  Lindgren ( 1 90 1 )  h a s  g iven a f igure  o r  $ 3, 2 58 , 197  f or th e pro duc t i on of gold and 

si lver from b o t h  l o d e  and p lac er s in Grant C ounty during th e period  1880  to 1 8 9 9 .  Gil luly 

( 1933 ) has listed  gold  and s i lver l od e  and p l a c e r  produ c t i o n  in Gran t C ounty f or the p eri o d 

1903 to 1 ?28 a' $ 2 , 700 , 000 . 

Cha�acter  of the d epo sits 

T h e  d epo sits  may b e  cl as s e d as gold- quartz ve ins and l o de s .  They ar e ch i e f ly f i s sure 

f i l l ings ; a f ew are c omb ined f i s sur e f i l l ings and replac ement s .  The t erm v e i n  i s  appl i e d  

t o  l imple f i l l ings o r  o pen f i • sure • ,  whe r eas t h e  t erm l o de i s  app l i e d  t o  b o d i e s  c omposed  

o t  aggr egates of  smal l s eams and s tring er• o f  quartz in zones  of c o mp l e xly fracture d  rook. 

Many or the d e po s i t s  c ontain appr ec iab l e  amount• of iron and most  of the m  c ontain minor 

quantiti e s  of  lead, c opper , zinc ,  and si lver . Th e gold  is the only me tal of oomme �c ial 

interest . However, the r e  i� one d e po si t that c o ntains qui c k s i l v e r ,  but the quicksi lver 

i s  n o t  c ontained in a go l d-quartz v e i n  o r  l od e .  

Di stribu t i o n  o f  the depo sits  

T h e  ve ins and l o d e s  are l o cated  wi thin a
. 

b r o a d ,  eas t-we st trending zona  that ext ends 

from Susanvi l l e  eastward thr ough Gr� enhorn . The g o ld-quartz depo s it s  are s egr egated i nto 
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f our g en eral l o c a l i t i e s : o n e  e mb rac i ng th e r egi o n  around Susanvi l l e  on Elk C r e e k ;  o n e  

whi c h  i n c l u d e s  t h e  min e s at t he heads o t  Grani t e  B o u l der Cr e e k an d  the B a s t  P o r k  ot C l ear 

C r e e k ;  o n e  at the h e ad s  o f  t h e  tri butari e a o f  Vi ne gar C r e e k ;  and ano the r w h i c h  inc lud e s  

the p r o p e r t i e s  J u s t  t o  t h e  w e s t  o f  Gr e enh o r n .  f h e  area ad Jac ent t o  Gre enhorn o a nta ina 

the gr eat e st numb e r  o t  dep o si t a . With i n  t h i s  gr oup is the o n ly known qui okei lver depo s i t  

o t  t h e  di stri o t .  

Vei n s  ar e c onta i n e d  i n  a l l  pr e - T er t iary r o o k s  and are m o s t  a lway s  int i mat e ly a s s o c i a t e d  

w i t h  e a r l y  T e r t iary (?)  di ke s , e ither within or alongside. The ve i ns near the h ead a o r  

Granit e Boulder C r e e k  an d th e East P ork of  C l ear C r e e k  ar e in t h e  b i o t i t e - quartz di o r i t e  

aa a r e  a t aw in the S a l m o n  C r e e k  val l ey . E l s ewh e r e  t h e  ve i ns and l o d e e  ar e in arg i l l i t e 

and gr e en st on e or in s e rp e ntini z ed u l t rabaa i o a .  I n  a l l  oa s e s  the di stribu ti on o f  the 

ve ins a nd l o d e s  ha s appa r e n t ly b e en c o nt rol l e d by the struc tur e an d not by the c harac t e r  

ot  t h e  r o o k .  

Stru c tura l r e l at i o ns 

T h e  v e i n s  and l o d e s  ar e o onf inad to t he aame zona o r  s tru ctural w eakne s s  a s  the early 

Terti ary ( ? )  dike s .  fhey are most oommen and attain th e i r  g r e at e st d ev e l o pm ent o n  t h e  

und e r s id e of  the di ke s ,  f orm ing what m&¥ b e  c al l e d "fo o twal l "  vein s .  The f ew that l i e  

ab o v e the d i k e s  m ight w e l l b e  c a l l e d  Hhang ing wal l "  ve in s . The fau l t s  which d i r e c t e d  th e 

intrusion  of t h e  di ke s , and l ate r the f l ow o r  m i n e ra l i z i ng so luti o ns , a r e  th e high-ang l e 

r e ve r s e  fault s .  A s s o c iat e d  w it h  t h e s e  f au l t s  a r e  m i n o r  gash f r a c tu r e s  w h i c h  a l s o  c ontai n 

o r e , fo rming ga sh ve ins .  Some ve ins and l o d � s  a r e  a l o ng str i k e • a l i p f au l t s  and s om e  a r e 

al o ng m i n o r  b e dding p lane s l i p s  and f rac tur e c l eavage . 

In g eneral , the ve i n s  o c cupying th e high-ang l e  r ev e r s e f au l t s  t r e n d  about H. 4o• E .  

and dip s t e e p ly nor thw e s t .  Th e r e  i s ,  howeve r ,  c o n s i d e rab l e  variat ion i n  th e s t ri ke and 

d i p  or individual ve ins and l od e s , t he str ike showi ng d e vi at i ons up to 20 d egr e e s and the 

d i p up to 50 degrees . Veins in Mo rri s Basin s tr i k e in a aor e northerly direction { N .  10· 

15°  E . ) .  They o c cu r  i n  ga sh frac tur e s  al ong t h e  f o o twal l o f  p o rphyry di ke s .  S o m e  ve inl 

at th e head ot Snow C r e ek have a w e s t e r ly trend and a 1 t e e p no rt he r ly d i p .  The s e  v e ins 

ar e out and d i s p la c e d  by the nor thea s t f i s s ur e v e i n s . L o d e s in arg i l l i t i o r o o k  at th e head 

of  Bla o key e C r e e k t r e nd due w e s t  and di p s t e e p l y  north. 

Mi neral o gy 

The depo si t s  c o ntai n b oth pr imary and s e c ondary m in e ral s , b u t  tho s e  ot s ec ondary 

o ri g i n a r e  of l i tt l e c o n s equ enc e or int e r e s t . In th e go l d - quar t z  v e i n s  and l o d e s  the 

pr i mary m i n e ral s are appa r e nt ly t h e  p r o du c t  o f  two stage s o f  mineral depo sition,  the 

mi n e ra l s o f  e a c h  stag e b e i ng much t h e  s am e. Quartz is t h e  pr edominant mineral . It i s  

accompani ed b y  variab l e  qu ant i t i e s of  sulphi d e s ,  w h i c h  may c o mp r i s e  10 t o  40  p e r c e nt o f  

t h e  t i l l ing , and l o c a l ly b y  considerab l e  c arb onat e s .  The m lne ral ocy of the qu i c k s i l v e r  
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dep o s i t s  i s  no tab ly different f r o m  that of the go l d•quart& veins and l o de s , the predominant 

minerals  b e ing cha l c edony and c innabar .  

In the  gold-quartz ve ins and lodes  the primary mineral s are quartz , pyr ite , ars eno­

pyrite , s phal erit e ,  pyrrho ti t e ,  cha l c o pyr i t e ,  gal ena, sp e cular hematit e ,  t e t rahedrite,  

cal cite  o r  d o l omit e ,  and go l d .  The mineral s ,  exc e p t  quartz , pyr it e ,  and arsenopyrite,  

are p r e s ent in sma l l  but variab l e quantitie s .  The pyrrho t i t e ,  gal ena ,  sp ecular hemati t e ,  

and go ld  appear but onc e ;  all  other minera l s  appear twi c e ,  marking two . main stage s o f  

mineral depo s it i o n .  

In t h e  qui o k s i lwer veins  th e mineral s are  quarts , ohal o e dony , pyrit e ,  and cinnabar .  

� :  The  quartz compri s e s  60 t o  '0 perc ent o f  t h e  vein and l o de f i l ling s .  I t  

exhib i t s  o onsi derab l e  variat ion in grain s iz e  and in te xtural and structural r e l ations ,  

ref lecting i t s  depos ition i n  two s tag e s ,  the late r  quartz o ementing b r e c c ias  and f i l l inc 

fractur e s  in the  ear l i e r .  I n  general the early quartz  i s  n o t  as abundant as  t h e  lat e r ;  

in  plac e s  i t  i s  retained in the younger a s  shadowy inc lu sions . 

The early quartz  i s  distingui shed by i t s  coarse  grain ,  i t s  milky-white  c o l o r, and 

its c ontent of coarse�grained sul phid e s  in frac tur e s .  The later quartz  i s  distingui shed 

by its much f iner grain, i t s  b lui sh�gray c o l o r ,  and by its  content of minute ly di s s em• 

inated aad intiaately asso c iated  sul phides  whish al s o  fill  frac ture s and c em ent breccias . 

Chal c edony : The chal c e dony i s  pr e s ent ln only a f ew depo s i t s ,  o ccurring ln appre •  

oiabl e ' q�antitl e s  only at the Paramount quicksi lver mine . It p o s s e s s e s  a di stinct 

pinki sh-gray o o l o r  and o c curs a a  a br eccia c em ent and as narrow vei nl et s  in ear l i e r  

f i l l ings . 

Pyri te : The pyr i t e  i s  pr e s ent in all ve ins , usua l ly c ompri sing 6� to  80 p e rc ent 

of the m etal l i c  min e rals . It ia partioularly abundant in the ve in s f ound i n ' and alons 

tho quartz di o r i t e  porphyry d ik e s  and i s  l e s s  abundant in veins  aaao o1ated  with s er• 

p entiniz ed r o o k .  T h e  p7rite oc cur s with b oth the o l der and younger quart& and i s  a l s o  

f ound as  scatter ed  ory sta l a  in oha l o edony .  

The pyrite , in the o ld e r  quartz , i s  c oars e�grai ned and u s ua l ly f o rms agcregat e s  

o t  cubic c r7stal a which  average a quart er o f  a n  1noh acro s s .  The pyrite  i n  the youns e r  

quartz i s  ••�¥ aa.a f i n e r  grained,  and ap p ear • maa sive or c ompac t .  It 11  much more 

abundant than the early pyri t e ,  the ratio b e ing about 2 t o  1 .  

The early pyrite  i s  c ommonly fractur ed  and cut by veinle ts contai ning ar s enopyr i t e , 

pyrrh o ti t e ,  sphal erit e ,  and cha l o o p7rit e .  Remnant s of pyrite  are al s o  c ontained as  

1nolusiona within the s e  mineral s .  The younser pyri t e  al s o  i a  frac tur ed  and penetrated 

by i t s  more o r  less c l o s e lJ a s s o.oiated  ars enopyr i t e ,  sphal erite,  and ohal cop,rrite . 

Thia pyrite  is aur i f erous , th e  o l der contains littl e , it any, go l d .  
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Ars-enopyr ite : The ar senopyrit e ,  wh1oh  i s  pr esent in nearl y a l l  ve ins , is m o a t  abundant 

in the c entral part o f th e d i str i c t .  L o ca lly i t  may c ompri s e a s  much a s  10 p ero ent o f  the 

••ia f i l l ins . L i k e  the pyr it e  it is pr e s ent in  two g en er at i ons ; the earl i e r ,  which is the 

aore abundant , f o rms f in e - gra ine d ,  s t e e l -gray mas s e s  in the  early q uart z ; the l at e r o c cu r s  

a s  tpar s ely d i s s eminat ed micro t o op i o  c ry s tal s in the younger qu ar t z . 

The ars enopyr i t e  s e nera lly accompani e s  pyrite,  but in pla c e s it p en e trat e s and h o l d s  

iao l u s i ons of pyrit e . Other · sulph i des pres ent with i t ,  however, usual ly vei n  it  al oag 

fracture s  and hol d it a s  e ngu l f e d ,  o f t e n  somewhat cor ro de d, inc l u s i on s .  These relat ions 

ar e typi cal of b o th s e ne rati on t  of ar seno pyr i te and a s s o c iat e d  su l p h i de s . · 

Pyrrh o t i t e : Pyr rhot it e app ears only in t h e  v e in s  in the Snow C r e e k  ar ea wher e i t  

local ly ·aay · c ompr i s e as muc h  a• 50  percent or  t h e  sul phide s .  I t  i s · irresularly d i stri buted, 

to raing fine -grai n e d ,  b r onz e - c o l o re d  crystal l ine aggregat e s i n " th e earl i er quartz . In 

addi t i on to f i l l ing frac tur e s  in th e quartz it al so f orma aant l e a  on ar s eno pyri te gra in s .  

In plao e l the pyrrho ti te i s  pe ne trat ed by and i s  contained a1 reanant inc lus i ons in i r ·  

regular veinlets of  s phal er it e and c bal c o pyri t e ( p l .  8 ,  t i g .  3 ) . Ma s s e s  are al s o  engul f e d  

in the younger quart z . 

Sphal e r i t e : Spha l e r i t e  i s  pr e s en t  sparingly in a� st veins. It i s  ao at abundant 

in Mor r i e Basin and i s  l east abundant in th e Snow C r e ek ar ea.  I t  o o curs wi th b o th senera­

t iona of quart z , i n  the older as f ine , dark-gray to b lack grai ns , and in the y ouns e r ,  as 

1111&1 1  1 dark-brown grai ns . 

The s phal e ri t e i s  one o f  th e aine ral s t hat fo rma i rre gular veinlets  in fractured pyrit e 

and ars en o p7r i t e , and i e  al so o n e  t hat c o ntains th e tw o as r emnant inc l u s i on• ( p l .  8, fig.  1 ) . 

The sphal e r i te , s i m i l arly ; i s  out by and he l d  as  engul f ed i nc l u s i o n s  in vei nl e t s o f  other 

sulphides .  The s e  r e lat i ons pertain t o b o th g en erat i ons o f  apha l e r i t e .  

Chalooptrite : In s o m e  ve ins the chalc op7r it e oc cur s apar i ngly as isolated grains ; 

in o.thir · veins it · oc c ur s as mas sive aggregat es maki ng up 10 perc e nt of t h e  f U U ng .  

fhat o c curring w i t h  the early quartz f o ra a  s mal l ,  fine-grain e d  mas s e i J that with the 

later qua r t z  is c oar a e ly o ry a ta l l i n e  and filla  traotur e a ,  Th e y ounger chal copyr i t e  i a  

not near ly s o  abundant a s  the earl i er . 

!he older chal c o pyri t e outa and c o r r o d e s  pyrrhoti t e and t pha l er 1 t e  and is  in turn 

irregular ly penetrat e d  by 1mal l atring e r a  of tetrahedrite. Koat of the younger oh&l o o pyr l t e  

i e  c o ntai ned i n  th e l a t e  quar tz, but  a oae al t a  to raa amt. l l  b l e b s  a.Ugne d a l a ns o l eavaae 

frac tur e s  in sphal er i t e .  Sup e rgen e  oove l l i t e  p e n e trat e s chal c opyri t e  a lo ng fractu r e s  and 

along galena•chaloop7rite contac t s ( p l . 8 ,  f i g s . 2 and 4 ) .  

Tetrah e dr i t e : The t etrahedri t e  i s  pr e s ent in amal l · qu an t i t 1 e a  in moat vei n s  and l o de s ,  

but i a  relative ly abundant o nly a t  th e Morris and Bi�etal l i c  mi nes where i t  i s  the only 

sulphi de in soae veina . In p l acea the t e trah e d r i t e  o ontaina up to 10 perc ent ai lver and 

looally aa7 b e  c la s s e d  as fre i b ergi te . 
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The  t e t rahedrite i s  c o ntai n e d in b o th generati ons of  quartz . In th e early quartz  i t  

forms smal l , i s o lat ed grai ns a n d  ma s s e s ,  whi ch c ommonly penetrate ac c ompanying grains o f  

sphal er i t e  and oha l o o pyri t e .  In th e young er  quartz i t  o c cur s a s  minute ,  irr egular v e i n l e t s  

i n  spha l e r i t e  ( p l .  7 ,  figs .  3 and 4 ) .  

�: The  gal ena i s  m o s t  abundant in the  ve ins in the eastern part o f  t h e  di str i c t 

where  i t  c o mpr is e s as muc h  as 2 or 3 p er c ent o f  the sul phide f i l l ing . Grains of . gal ena 

ar e u sua l ly small  and scatte r e d, but l o cally ,  as in the v e i n s  on the south f o r k  of De s o la­

tion Cr e ek, the gal ena may fora sma l l  mas s e s .  It o c cur s only with the young er quart z ,  

c ommo nly aa f i l l ings of  frac tur e s , and local ly i s  a c c ompanied b y  sphal e r i t e and ohal o o •  

pyrite  whi c h  are c onta ine d  a s  r eanant inc lusions ( p l .  8, fig .  2 ) .  

Specular hemat i t e : fhe s p e c ular hemati t e  oc cur s spari ngly i n  a f ew mine s but nowh ere 

ac c ounts for  more  than a fraction of one perc ent o f  the vein f i l l ing . It  f o r m s  smal l ,  

s t e e l•gray , bladed  grain s  i n  t�e younger quart& and aicro s c o p i c  mant l e s  o n  pyr it e . It 

a l so  appears as minute l aths along c l eavage  c rac ks in gal ena in the Snow C r e e k  ve ins . 

C i nnabar : C i nnabar ha s b e en found only at the Paramount alae where  1t has provided  

a smal l quicksi lver production .  It i s  distributed as small verm i l i on-r e d  graina and 

aggr egat e s  in string e r• of c halcedo ny and a s  thin c oating s  o n  b e dding p lane s and c l eavage 

surfac e s  of b o rder ing argi l lite . Th e c i nnabar i s  a c c o mpan i e d  by a l i t t l e  pyr i t e  who se 

gra ins a r e  sma l l  and r ound e d .  

� :  The gol d i s  c o nta ine d i n  smal l but variab l e  amount s i n  all  veins throughout 

the di st ri c t . I t s  di stributi o n  i a  errati c ; it  a cc ompani e s th e second stage quartz,  

usua l ly as  micro s c opi c grai ns a a s o c 1ated with the young pyri t e ,  b e ing vi s i b l e  a s  free  

grains in the  oxi di z ed ore  whe r e  i t  c onstitut e s  the  "fre e-mi l l ing go ld"  o f  the early 

operat o r s .  ! h e  g o l d  i s  n o t  c o nfined  enti r e ly t o  frac tures  in the young quartz o r  t o  

the pyri t e ; it  i s  f o und al so wi t h  t h e  o th er mineral s ,  parti cularly i n  frac tur e s . Its 

prefer ential a s s o c iation with pyr ite  would indicat e , how ever , that i t  f ound thi s  mine ral 

a more  favorab l e  host  than t h e  othe r sulphi d e s .  The  gold  a l s o  shows a t end ency t o  favor 

the mor e highly br e c c ia t e d  par t s  of  the tine-graine d ,  s e c ond-stage quartz . 

Cal c ite  and dolomit e : In th e  east erh part of  the d i st ri c t , cal ci t e  and do l omi t e  

may coapri ' e a s  much as 50 pe rc ent of the gangue . The carb o nat e s ar e e spe c i a l ly abundant 

in the veins in serpentinized,  ba a i o  igne ous rocks,  but the c ont ent is low in other kinds 

or  r o o k .  

T h e  c al ci te and do lomi t e  f orm whi t e , c o ar s ely oryatall ine maa s e s ,  w i t h  grains measuring 

a s  much as half an inch acro s s .  They c ompo s e  l enti cu lar b o d� e s  and cement b r e c c ias o r  the 

ear l i e r  f i l l ings .  A s  o b s erve d i n  po l i sh e d  s ectiona ,  thin cal c i t e  veinl e t s  cut indi s c r1m• 

inat ely acro s s  a l l s u l ph i de s ,  f i l l ing fractur e s .  T h e  a o r e  ma s sive b o di e s  c ontain 1nc lwded 

fragm e n t s  of ear l i e r m i n e ra l s .  At , and near, the Paramount mine the c arb o na t e  m i n e ra l s  

ar e c u t  by sma l l  ve i n l e t s  o r  c halc e dony .  
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Minerals o f  s e c o ndary o rigin fo rm e d  by supergene pr o c e s s e s ar e not  abundant . Supe rge ne 

o o ve l l i t e  irr egular ly p ene t rates c ha lc o py r i t e and al s o  f o rms thin s eams b e tw e en c ha l c o pyr ite  

and ga l e na .  Angl e s i te, l ea d  sul phat e , f i l l s  c l e avag e c racks i n  gal ena whe r e  that m in e ra l 

i s  a s s o c ia t e d with oovellite . Outcrops  o f  many veins ar e stai n e d  by sc atter ed f i lms of  

green ish so or o di t e ,  hyd r o u s  i r o n  ar seni t e , w h i c h  h a s  f ormed b y  oxi dati on o f  c ont aine d ar s eno ­

pyri t e ,  B e cau s e  o f  the r e l a t ive ly large quant i t i e s o f  pyri t e , the out c r o ps o f  most vei ns 

general ly c o ntain an abundanc e of l i moni t i c  o x i d e s .  Mangane s e o xi d e s  w e r e  n o t  o b s erve d o n  

ou t c r o p s  o r  i n  und e rgr o und wo rking s , e xc ep t  in t h e  upp e r  stopes of  th e Morning m i n e  whe r e 

they ar e pr e s ent in minute quanti tie s .  Ma l a c h i t e  and azur i t e , hyd r o u s  c o pp e r c a rb o nat e s ,  

are u sual ly pr e s ent i n  the outc r ops o f  c ha l c o py r i t e - b ea r i ng veins. 

Paragen e s i s 

Fr om th e de s c r i pt i on of  the r e l at i o ns and a s s o c ia t i o n s  o f  the minera l s  in the g ol d ­

quartz veins and lodes  it i s  e vi d ent that t h er e ar e tw o s t ag e s  of mineral depo siti on,  

each stage r epr e s ent e d  by it a o w n  c harac t e ri st i c f orm o f quar tz a nd e a c h  a l s o  by i t s  own 

part icular assemblage or sulphi d e s .  The coarse, milky-whit e quartz was de p o si ted during 

the f i r st stage, and t h e n ,  a f t e r  minor frac tur i ng ,  the sul phi d e s  - pyri t e ,  ars enopyr i t e ,  

pyrrho t i t e , spha l e ri t e , cha l c o pyr i t e ,  and t e trah edrite • w e r e  d e p o s i t e d  in t h e  order 

in di cate d , by f i l l ing and r e p l ac ement .  

R e o pening o f  th e ve ins and l od e s  a s  a c o ns e qu enc e of  re newed f aul t i ng pe rmi t t ed the 

entranc e o f  th e b lu i sh-gray ,  fine - grained quar t z and i t s  a s s o c iat e d  pyr i t e, a rsenopyr i t e , 

sphal e ri te , c ha l c o pyr i t e ,  gal e na , and cal c i t e . Mi no r quant i ti e s of sp e c ula r h emat i t e  were  

also d ep o s i t e d but i t s plac e in the  s e qu enc e is n o t  known. Go ld appar e n t l y  wa s a l a t e  

intro duc t i on , b e ing younger than the sulphi d e s .  

In b o th the f i r s t  an d  seco nd s tag e s o r  d ep o siti o n , muc h  o r  t h e  quar t z wa s depo s ited 

b ef o r e the sulphid e s , but , a s  qua r t z  c ry stal s  ar e c o ntained in t h e  sul phides a n d  a s  s o m e  

qua rtz oc curs in frac tures in the se mi n e ral s , t h e  pe r i o d  o f  quartz deposition  in b oth 

cycl e s  must  have b e en in part c ont e mporan e o u s  with ,  and mu s t  h ave ou t last e d , th e sulphid e s .  

D e p o s i t i on o f  c al c i te and d o l omi t e  end e d  the mineral i zat i o n  i n  most of th e v e in s .  

The o r der o f  dep o s i tio n in the g o l d • quartz ve in e and l o de s  i s  shown d i ag ramma t i c al ly 

i n  tab l e  l o p p o s i t e  P •  27 .  

Fi e l d  and mi oro soopi o  evi d enc e argu e s again st c lass i ng t h e  f ine -grained chal o e do ni o  

quar tz and i t s ass o c i at e d pyr i t e  and cinnabar wi th t he early Tertiary ( ? )  m i n e ra l i za t i o n .  

It is v e ry l i k e ly tha t the o hal c edonio quart z is t h e  pro duot  o f  an ent i r e ly d i f f e r e nt ,  

and muc h yo unger ,  p erio d o f  minerali zati on. 



Mineral First S tage Second Stage 

Quartz 

Calcite -

Pyrite - -

Arsenopyrite - -

Pyrrhotite -

Sphalerite - -

Chalcopyrit e  - -

i'etrahedrite - -

Galena -

Specular hematite ... 

Gold • 

Table 1 .  Min eral s e qu en c e  in the gold-quartz v e i n s  and lode s .  



O r e  D e p o s i t s  

Min era l z o ning 

Min e ral z o ning i s  sugg e s t e d  by the di stribut i o n  o f  m i n eral s ,  part i cu la r ly w i t h  

r e f e r e nc e to th e  p o r phyry di ke s .  A r s e nopyri t e  i s  ao s t  abundant in t h e  ve i n s  a s s o c i a t e d  

w i th t h e  c l u s t e r  of qua r t z  di o r i t e  p o r p hyry d i k e s n e a r  t h e  b i o t i t e - quartz d i o r i t e  and 

b e c om e s  l e a s  abun dant outward t h e r e f r o m .  Gal ena , o n  t he o t h e r  han d ,  is m o r e  abundant 

r e m o t e  f r o m  t h i s  a r e a ,  a r e la t i o n  wh i c h sugg e s t s  that the l o c a l  area of qua r t &  d i o r i t e  

p o r p hyry d i k e s r e p r e s ent s a thermal c a nt e r  w i th temperatur e s  d e c l in i ng outwar d .  

D i s tr i but i o n  a n d  o c ou r r e n o a  o f  o r e  

A s  th e g ol d  wa s intr o duc e d w i t h  t h e  s e o o n d s tage s o l ut i o n s ,  i t  i s  invar i ab ly f ound 

w it h  the younge r qua r t &  an d a s s o c i a t e d  s u l p hi d e s .  !h e o r e  t h e r e f o r e i s  l i a i t e d  to tho s e  

v e i n s  and t o  th o s e  par t s  o r  the ve i n s  that o o ntain t h e s e y o ung e r  m i n e ra l s ,  the  quan t i ty 
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o t  w h i c h  d e p e nd s e n t i r e ly o n  the eztent of i ntraaine ral i z a t i o n  fau l t i ng wh i c h  t o o k  plac e 

b e tw e en the f i r s t  an d s e c o nd l tag e s  o t  m i ne ral i z at i o n .  R e p ea t e d  moveme nt a n d  b r e c c ia t i c n  

o r  v a i n  mat e ri a l , w h i c h  k e p t  c hann e l s o p en and pe rm i t t e d tr e e  u pward m o ve m ent or s o l u t i on•, 

c r ea t e d  favo rab l e  s i t e s  f o r  d ep o s i t i o n  o f  or e .  Ve ins o f  e a r ly quar tz t hat w e r e only 

s l ightly r eopened contain prac t i c al ly no ore - only barr e n ,  ea r ly v e i n  qua r t z  and sul ph i d e s ;  

ve i n s  gr eatly b r e c c i a t e d  a f t e r  d e p o s i t i o n  o f  t h e  early m i n e ral s c o mp r i s e  the aur i f a r oul 

b o di e s .  

The o r e  o c curs a s  sma l l  p o d 1  and l e nt i cu l ar ma s s e s  di s t r ibu t e d  e r ra t i cal ly wi t h i n  the 

t a b u l ar ve ins o f  early quar t z . L o c al ly the l en s e s  of l at e qua r t z  and i t s  a s s o c i at e d  su l ­

ph i d e s may make u p  a s  muc h a s  60 perc ent o f  the v e i n  t i l l i ng ,  but u sual ly the o r e  o c c ur s  

a s  scatt e r e d  str i ng e r s  and smal l l en s e s  i n  the e a r ly quar t z . !he f o o twa l l ve ins c ontai n 

t h e  greatest o one �ntrat i o n  ot s e o o nd•stag a  mineral s ,  c o n s e qu en t ly t h ey have b e a n  t h e  a o a t  

pr o du c t i v e . !h e veins al o ng the hangi ng wal l a  ot t h e  dike s a r e  c o mpo s e d  e s s ential ly o f  

f i r s t - a tag a quart z an d a s so c i a t e d  aulphi d e s ,  having b e an but s l i g htly b r e c.c iat a d  b y  intra­

m i n e r a l i za t i o n  move men t, and l i t t l e  enri ched by younger m i n eral s .  

Lo cal i zati o n  or o r a  sho o t s  

A s  t h e  v e i n s  ar e c h i e f ly f i s sur e f i l l ing s ,  t h e  o r e  i s  c o nf i ne d t o  favorab l e  r o o k  

o p ening s .  !ba s e  op ening s d e pend , i n  t h e  c a s e  o f  t h e  h i gh-ang l e  r e v e r s e  tau l t s , o n  l o ca l 

f latt ening or d i p  an d  to a l e s s e r  ext a nt on mlno � c hang e s  in stri ke . A l o ng the t l at t e r  

par t s , upward mov e me nt of t he hanging wal l ha s tended t o  s e pa r a t e  t h e  wal l s a n d  h e n c e ha s 

c r e at e d  op eni ng s f avo rab l e  t o r  t h e  c i r c ula t i o n  o f  th e m i n e ral i z i ng s o lu t i ons and f o r  t h e  

d epo s i t i on o f  o r a .  I n  t h e  s t e e p e r  part s ,  t h e  wal l a  have b e en f o r c e d  t i ghtly t o g e t h e r 

l e aving no lpac e t o r o r e .  Reverse  fau lt s  t hat have sub s e qu en t l y  suffe r e d a r e v e r s a l  o f  

m o ve m e nt a l s o  c o ntain o r a  b o di e s  a l o ng l o c al t l at a ,  but t h e  or e b o d i e s  ar e sma l l .  
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The ore sho o t s  ar e f i l l ing s  of the s e c ond- stage minera l s  and gen eral ly fo rm irregular 

pods  o r  mas s e s  that may b e  trac ed along the fault a s  l o ng a s  the fault mai ntains i t s  l o cal 

flattening .  Sho o t s  s e l dom measur e more than 1 0  o r  15  f e et l ong nor more than a f ew f e et 

wide . Some  of the s e  sho o t s  contain pockets of re lat ive ly high c oncentrat ions o f g o l d ,  but 

di stributi on or  the s e  po ckets is so  errat i c  th4t they cannot be f ound except by hit-or-mi as 

mining m ethods .  

Small  pockets  o f  o r e  ar e c o ntai ned i n  gash fracture s  which extend from the footwal l  

veins upward into the overlying rook,  usual ly a porphyritic dike . The gash fra c tu r e s ,  which 

are a s s ociated with the maJor r ever s e  fault a ,  rar ely extend more t han 1 0  to  1 5  f e et from the 

footwal l v e in.  In Morri s  basin,  smal l ,  l e s s-rich b o di e s  or  ore  ar e al so f ound in gash 

fractur e s  o f  the maJor  w e s t-northwest  shear zo na . 

The nature o f  the c ountry r o c k  ap parently had l ittl e  c o ntrol  in localizing ore  sho o t s .  

Minor variati ons in trend and dip  of  fau l t s  w e r e  n o t e d  in pa s si ng from o n e  typ e o f  r o c k  t o  

ano ther , b u t  t h e  c hang e s  w er e  n o t  of suffi ci e nt magnitude to  influenc e or e depo sition.  

Favo rab le guiding structur e s  and the quantity o f  o r e  carr i e d  and d ep o si t e d  b y  t h e  mineral-

b earing s o lutions � e em to have b een the fac tors c o ntro l l ing the l o cal i za t i o n  of  ore  sho o t s  

and in governing the ir siz e .  

S i z e  o f  o r e  b o di e s  

The lack o f  extensive und erground wo r kings,  ex, ept a t  the Morning ,  Morri s ,  and Bi -Metal l i c  

min e s ,  made i t  difficult,  and in m o s t  cases  impo ssib l e ,  to  determine t h e  general s i z e o f  the 

ore  b o di e s .  I n  t h e  Morning mine , the main o r e  shoot  i s  ab out 1 6 0  f e et l o ng and 5 f e e t  wide . 

A s h o o t  in the upper wor kings was st oped 90 f e et to a he ight o f  1 0  f e e t .  I n  the Morri s No . 1 

mine , a north-striking vein was stoped for 60 f e e t  hor iz ontal ly and 15 f e e t  vertically. Ore 

b o di e s  al o ng the  Psyobe1 Big Johnny, and Windsor veins have b e en reported  t o  b e  as  muoh a s  

200 f e et l ong and 4 t o  6 t e et w i de . 

!enor o f  the  o r e  

Becau s e  a s say r e c ords w e r e  n o t  avai labl e, l ittl e r e l iab l e  data c ould b e  obtained  r e -

gardirtg the ri chness  or  tenor o f  the ore  mined e ither rec ently o r  in t h e  early day s .  

Sampl e s  w ere  taken systemati cal ly at a numbe r  of  prop erti e s  duri ng t h e  pre s ent inve st igat ion. 

fhe s e  were taken underground where  the wo rking s were  open, o therwi s e  from the dump. Re sult s 

of thi s sampl ing ar e g iven in the de scription  of indivi dual proper ti e s .  

A o o ord lng t o  t h e  Oregon Metal Min e s  Handbo o k, * the  val u e s  in the f o o twall sho o t  at the 

Morning mine are spo tty ,  ranging from $ 15 to $ 50 per ton ; a l o ng the hanging-wall  vein the 

valu e s  range f r om $4 t o  $20 p er ton. lt is al so  reported in the Handb o o k  that hand-picked 

ore  at the B i -Keta l l i o  mine a s sayed $ 75 t o  $ 300 per t o n ,  that the P syc he mine gro ss e d  

$90 1 000 in 190 5 and that a n  8 7 , 000-ton b l ock of  or e a t  the B en Harri son  m i n e  averaged ab out 
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Samp l e s  taken b y  t h e  wri t e r  a t  t h e  Morning mine and assay e d  by the Oregon D epartment 

o t  G e o l o gy and Mi n e r a l  Indu stri e s  indi cat e  that or e  is spo tty in distribut ion,  with sma l l  

b u t  rioh po o ke t s  inter sp•r s e d  with bar r en z o n e s ,  Some high•grade pookets  a s say a s  high a s  

s everal hundr e d  d o l lar s p e r  t on ,  but t h e  po c k e t s  a r e  small and s oatt ered,  A s says  t a k e n  

along the stope in t h e  f o otwa l l  vein rang e d  from 2 , 02  ounc e s  o f  g o l d  and 4 . oo ounc e s  o r  

s i lver to 0 , 56 ounce o f  g o l d  and 1 . 10 o uno e s o t  si lver per  ton. An average f or the entire  

s t o p e  ( ab out 160 t e e t  l o ng ,  65  f e e t  high, 4 t e e t  wide ) was O , JJ ounc e of  g o l d  p er t o n .  

Wa l l • r o o k  a l t e r at i o n  

f h e  ro o k bordering t h e  mineral i z e d  fau l t s  h a s  b e en mor e or l e s s  extensive ly al t e r e d .  

the p o rphyritio  dikes  a s so ciate d  wi th t h e  veins have b e en thoroughly b l eaohed. lno l u s i o n s  

w i thin t h e  veins and  lodes  r e tain nothi ng ot the i r  original a p p e aranc e .  The u sual a l t e r ·  

ati on invo l v e s  t h e  c o nve r s i o n  o t  the hornb l en d e  to  b i o ti t e ,  a n d  the b i o t i t e ,  a l o ng w i th 

the f e l d s par s ,  to o oars e  s er i o i t e .  Pyr i t e  al so i s  formed in the ro c k. the a l t e r at i o n  o f  

t h e  b i o t i t e •quartz d i o r i t e  has n o t  b een c ons picuou s ,  but s om e  quartz , s e r ic i t e , a n d  pyr i t e  

have f o rm e d  al o ng the wal l s ,  extending outward t o r  s everal t e e t  f r o m  the veins . A l t erati on 

is mo s t  c on s p i c u o u s  in the se r p enti ne and gabbro i o  r o o ks wh ere  the f e rromagn e sian mineral s 

border ing the veins and l o d e s  have b e en c onverted  t o  biotite  and chlori t e ,  and the p lagi o •  

o l a s e  to s au s sur i t e , ·  IIU o h  calc it e , d o l o a i t e ,  and quartz have a l s o  b e en  added.  S e rpentine 

has g ene ral ly b e e n  e xten s ively s ll l c lt l e d .  

The  main proc e s s e s  o f  a l t e rati on hav e  been saus suritizatlon,  pyritization,  a er i c i t i za­

tl on , s ll l c l f l eatl on, and car� onat l zatl on, 

Oxidation  and enrichaent 

Oxi dati on is s hal l o w ;  as r evea l e d  in underground wo r king s i t  rar e ly ext ends down f o r  

m o r e  than 1 0 0  t e e t ,  I n  many pla c e s  t h e  primary sul ph i d e s  appe a r  am ong the oxi dat i on 

pro duota wit.hin a f ew f e et o f  the surfac e .  

Ri ch o r e mined in  t h e  e arly day s came from t h e  oxidi: u d  z one  whe r e  the g o l d  had b e an 

par t ly or comple tely  r e l eased  from asso c iated  sulphi de s and ther efore  was r eadi ly amenab l e  

to stamp amal gamat� on. A s  soon as  sul phid e s  wer e  encount e r e d ,  g o l d  r ec ove ry dr o p p e d .  

Supergene enri chment appar ent ly has been  n e g l i g i b l e . T h e  ab seno e of mangane s e  o xi d e s 

in most  d ep o sita and the small  amount in t hos e d e p o si t s which do oonta1n it explain the 

lack ot e nr ichm e nt by s o lu t i o n  of the g o l d  and i t s  dep o siti on and c onc entration at l ow e r  

l e ve l a .  Suoh aeoondary enr l o haent a s  has oo ourred has b e en r e s i dual enr ichment b y  me-

chanical conc e ntrat i o n  at the  surface thr ough r e moval o f  sulphides  and other mat e r i al 

during weath ering . R i c h  p o o k e t s  or g o l d  in t h e  unoxi d 1 z e d  as w e l l  a s  in the oxi dized  

zone  probably r e p r e s ent pr imary depo siti o n .  
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Or i g i n  o f  the depo a i t a  

Tn e , ve lna ,and , l o d e a  have t h e  e a a ential o harac t e r i atio o r  �dr o th e raal depo a i t a  and 

w e r e  pr o b ab ly toraed by hydro t h e raal a o luti o n a  o f  deep aagaati o  o r i g i n  wbioh found the high• 

,_,,, r ev e r a e  f au l t a  favo rab l e  as chann e l s  and &I a i t e a  t o r  o r e  d e p o a i t i o n .  !he aineral • 

i aat i on f o l lowed a o on aft er t h e  intru s i o n  of early tertiary {f)  di k e s ,  and the o l o a e  ao o o rd 

ln 1t ruo tural r e lat l o n a  b e tw e e n  the dlke a and the v•lae 1ugg e i t e  a s e n e tl o o o nn e o t i on 

b e tw e en the a .  thi l o l o a e  r e l a t i onehip further eugs e a t s  that t h e  l i k e •  and m i n e ral -bearing 

eo lut i o n e  have a o o aaon o r ig i n  in a de e p er aagma . thi s magaa waa underc o ing d i f f erentiati on 

and wae tapp e d  at inte rval e by f au l t •  a l l ow ing frao t i on a  of the p r o ar e a a l v e ly ohangi ng 

aasaa and the end pro du o t a  o f  d i f f e r entiat i o n ,  or o r e  s o l u t i o n s ,  to aove upward into th e 

r o o k s  a b o v e . Inaaauoh a a  the a truotural data inlloate a r e latively ab o r t  t lae int e rval 

b e tw e en the intru a i o n  o f  the early tert iary ( f )  d i k e a  and t h e  f oraati on of t h e  veina and 

l o de a ,  a i n e ral i aa t i o n  l i k e  t h e  d i k e · intrus ioni pro bab ly t o o k  plao e dur i ng the d e o l inins 

a tace • or ign e o u s  ao t ivi ty att endant upon the Laraal d e  o r o g eny .  

t h e  o r e  a o lut i on s  pr obab ly l elt t h e i r  aasaatlo aour o e a t  a blah teaperatur e 1  but by 

t h e  t la e  they had r eache d d e p o s i t i onal l ev e l a  t h ey had ap parently o o o l e d  to ao r e  aod e r at e  

t eape rature .  Althouah the pr e a en o e  o f  pyr rh o t i t e  and ar a eaopyr i t e  aucc e ata that t eaperatur e a  

w e r e  mo d e rat e ly high durias early etas • •  o r  d e p o a i t i o n ,  t h e  o ther aulph i d e a  a r e  tho a e  a o r e  

typ i c a l  of m o d e r at e - t e mp e r atur e a o lu t l o n a  and hene e t h e  o r e  was f o r a e d  a o s t ly w i thin the 

a e a otheraal rang e . A o o n s iderab l e  time int erval au e t  have exi s t e d  b e tw e en the two aain 

s tage s or d ep o a i t i on, for wh en the youns e r  a o luti o n a  were int r o due e d 1  a f t e r  a truo tural 

r e o p ening o r  t h e  ear l i e r  f i l l ing , th ey w e r e  eh1 l l e d agains t o o l d  wal l s  and t h e  alne ral a 

depo s i t e d  w er e  or t ine grain .  t h e  pr e s enc e o f  a sma l l  am ount o r  a r s enopyr i t e  in the 

young e r  f i l l i ng indi cat e s  that the a o lu t i o n s  w e r e  about as hot as t h ey had b e en b e f or e ,  

d 1 f f e r eno e s  b e ing aooountab l e  only b y  mor e rapi 4  o o o l iag and ory s tal l i aati on. 

the f ine grain o f  ao at of the sul phi d e s ,  parti cularly th o s e  o f  �be a e o ond· a �as • o r e ,  

suss • •�• rapi d  o o o l i ng s u c h  a a  u sual ly take s plao e in oo l d  r o c k  r e l at i ve ly near � h e  surfao e .  

A fal rl7 sha l l ow d e p�h o f  d e po ei tloa i a al ao indl oa�ed by the e x t e nt o f  b r e e o i ati o n  whl oh 

all ve la• show, a d e p�b pro bab ly with i n  s everal thousand f e et o f  the aurtao e .  A a s o o i ati on 

�l th porp�r i � i o  (h7paby s aal ) d i k e s al so i n d i o at e s  ao d e ra t e  d e pth r e l at i o a l hl p s .  the 

d e p o s i t s  c o u l d  pr obably be ola a s e d  aa a e a o the rmal , or depo s i t s  t o ra e d  at m o d e rat e t e mpe ra• 

tur e and at a o d e r at e l7 sha l l ow depth ( Lindg r e n ,  1'))) . 



PLATE 5 

fig.!. fault zone at Morning mine. Hammer rests on sheared argillite. 

f•g 2 Mines on the west s1de of Morris Basm. 
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C o n o lu s i on• 

Th e l imi t e d  opportuni ty tor undergr ound s tudy render s  it  dif f i cult t o  make a sat i s ­

factory apprai sal  o f  t h e  d i s tr i c t .  The r e  ar e many o l d  w orkings i n  t h e  di stric t ,  very f ew 

o t  wh ich  have mad e  no t ewo rthy pr oduction .  The d e po s i t s  ar e sma l l  and  o f  moderate grade ,  

but r i c h  pockets  d l d  and d o  e x i s t .  The o r e  apparently ha s b e en l o c a l i z e d  al ong tbe  l e s s  

steeply dipping parts  o t  the high-angle  r e v e r s e  faults  and in  a s s o c iati on w i t h ,  or  c l o s e 

by, po rphyry d i ke s .  O r e  may c ontinue b e low the pr e 1 ent deepe 1t wor king• a l ong the f latte r  

part s  o t  th e gui ding fau l t s .  Howeve r ,  where  ar1enopyrite i n  t h e  younger  quartz o ccur s i n  

relative abundanc e , temp e rature •  may hav e b e e n too  high to r the d e p o s i t i o n  ot much g o l d , 

the g o l d  appar ently favo ri ng l ow er t emperatur e s  tor  itl  pr e c i pitati on.  

Expl o rati on  shoul d be  l imit e d  t o  areas  c ontai ning porphyritic  di ke s .  I n  th o s e  areas  

pro sp e c t ing s h o u l d  b e  dir e c t e d  a l ona northea s t • t r e ndin& fau lt  z o n e s .  T h e  pr e s ence o t  f i n e ­

gra ined sul phi de s ,  notably pyr i t e ,  in a f i ne -grained,  b lui sh-gray quart z , s e ems t o  o t t e r  a 

m o r e  favorabl e situati on f o r  a high aold c ontent than do e s  th e  sulph i d e - t r e e ,  early milky­

wh i t e , c o ar s e -grain e d  quartz . 



� 
I 

� 

�
-':::

:Z: 
__ :.£-� 

_ , - ,  

��: �tr�-
, " '  

� 
??S­
-j;i 

,_-_ 

: e- ' 

Topotra p h i c  base fro m 
U.S. Forest Serv i c e  M a ps 

1i4 

� 
� 

Jl?_:-To· 
���· 

- - -

R34 E 

_c.cy 

r:-­
-::--;-::-JC_-� £.-�=-=� 

==.J£_=::=1s �=-r.-:t=-i -... �---_c' 
r--T=-3:--:� �+----V-� 

f--..: 

.;::---=--=---

� n-=-=-=--=: 
�-=-=- �� -�lil� 

���� 

,-
- -���� 

·--... 11".-

�-� 
-- � -. 

�- ��-=�· �---�-

co� 

o:=-=-c:-:=-==:::.:Z::: 
�=�_.:::---=�___:_;: 

= 

7'l 

:::-=-=7:" � 

�-= 

ZJ). 

;;z:: 

�� 

=7 

j::-"S;;-

�===��� :C} 
( i3k 

719_. 

�J=:. 

MOR N I NG M I N E A N D  V I C I N IT Y  
10 00 500 0 

SC A LE 
1 0 0 0  2 0 0 0  Feel 

Contou r intervill l 100 feet 

:s;r. 

L-f 

-

- -
·-� 

----�=�����i 
---- . 

:::=-= -=-�==-�-=-==j . - --

�::5
- . - -====

� 

H--:=t-=-= 
-:a 

\=== 

3tfM 
�-���;: 

�0, 

GeB���ro:aa!/;�cW.itn 
R.  M. Allen 1946 

E X P L A NATION 

[]l] 
Quartz d i o r i t e  d i k e  

-
Serpe n t i n e  f r o m  

\1i!l bbro o r  per i d ot i ta 

-
Met a � a b b ro 

or u l t r a m a f ics 

� 
Gre enstone, 

subor d i n ate c h e r t  
a n d  conQ i o me r a t e  

� 
A rg i l l i te, 

l i m e s t o n e  & marble l e n s es 
and subo rdinate <Qreenstone 

�/ v 
Fa u l t  s howing 

down.throw & d i p  

�ss· 
Strike & dip of bed s 

....,_ 

Vert ica J b & d s  

/-;.-:-
Fo rest  Service ro a d  

..... .. 
B u i l d i n a s  & cabins 

'\- '\r-.;, 
z::w�{.: rt.i.f 

Open a n d  caved adi t 
w i t h  dump 

f i � .  1 



Kin a s  and Pro spe c t s  

Kin a s  and P r o s p .a t a  

Korning mine ( 1 ) * 

Location and h i s t o ry :  The Korning mine ( p l . 4 ,  f i g .  3 ,  oppo s i t e  p .  1 0 ) , the large s t 

go l d pro ducer  in the w e st ern Gr e e nhor n di stri c t , i s  ab out � mi l e s north and s l ightly w e st 

ot Bat e s and 5 mi l e s  by r oad northw e st o f  Gr e enhorn in the Szt s e c . 1 31 T .  1 0  s . ,  R. 34 E . , 

at an e l evati on o f  6 , 400  t e et ( p l . 1 in po cket ) . The pr operty c ompr i s e s  8 unpatent ed 

claims which w e r e  l o cated in 1 6 � 3 .  Th e pre s ent o p erat o r ,  Kr . Wi l l iam Gardn er , acquired  

the pr o pe rty in 1 � 37 and ,  e xc ept  during World War I I ,  h a s  kept the mine  i n  vi rtual ly c o n -

t i nu o u s  o p e rat i on. 

Deve l o pment : The d evel o pment c on s i s t s  o f  two adi t s  and an interme diate l evel oon­

nao tad w i t h  the  l ower adit  by  a rai s e .  Th e w o rkings and t h e i r  ext e nt a r e  shown in plan,  

l o ng i tudinal , and t ransver s e s e c t i on in fig.  2 oppo s i t e  p .  35 and f ig .  3 oppo site  p .  37 .  

Ge o l ogy : The ro cks at and n ear the mine c o n s i s t  o f  highly a l t e r e d  arg i l l it e s ,  gr e e n­

s to ne s , and s e rp entine  intrud e d  by quartz di o r i t e  por phyry dike s ( f ig . 1 on oppo s i t e  pag e ) .  

The ve ins ar e c l o s e ly a s s o c ia t e d  wit h  t h e  porphyry dike s ,  and tho s e which  are  b a ing worked  

at  the  pr e s ent t ime ar e c o ntained w i thin and a l o ng th e f o o twal l and hanging wal l  of  a dike  

1 0 0  t e e t  w i de .  The di ke , align e d  al ong a high-ang l e r everse  f aul t , str ike s about N .  45 • E .  

and dips  3 5 •  NW t o  7 5 •  NW. Ge o l ogic  re lati on s undergr ound ar e sh own o n  the map of l o w e r  

no . 2 adit l eve l ( f i g .  2 o pp o s i t e  p .  3 5 )  and in t h e  b l ock diagram ( f ig .  4 oppo si t e  p .  3 � ) . 

The mo s t pro duc t ive va in f o l l o ws the und e r s i de o r  the dike t o r  an exp l o red  di stanc e 

of 440 t e e t  and var i e s  fro m 1 t o  4 t e e t  thiok. It has a l enti cular hab it and pinche s  and 

sw e l l s  along ita  tr end , th i cken ing whe r e  the dip  f lat t en s . Several sma l l e r  veins , 6 ino h e a  

t o  1 t oo t  thi o k ,  l i e  ab ove and paral l e l t h e  v e i n  tor  i t a  e n t i r e  expo s e d  l ength .  Pr om the 

main vein two branch veins e xt end N. 2 5 °  K. thr ough the dike and into the hanging wal l tor  

a di s tanc e of  ab out 2 00 t e e t .  The s e  branch  ve i ns wer e  dri f t e d  on and s o m e  s t o p ing was 

done on the i n t er m e d iate l e v e l a l o ng the mor e east e r ly o f  the two ve in s ,  but l i ttl e or e was 

rec over e d .  T h e  ve i n al ong the und e r s i de o f  the dike  has b e en s t o p e d  f o r  a ho r i z ontal 

di stanc e of 2 0 0  f e e t and upward t or 65 f e e t ,  the s to p e w idth ranging from  3 to 6 f e e t .  

Mo s t  or th e  o r e  h a s  c o m e  f r o m  l e nt i cu lar sho o t s  al ong t h e  f l atter  par t s  o f  t h e  ve in. 

Sma l l  gash fractur e s ,  whi ch h e r e  and the re  enter t he o ve r lying dike , c o ntain ear ly- stage 

quartz and su l phid e s . 

The mo s t pr o ductive  veins ar e  c ompo s e d  o t  b r e c c ia s  o f  early sul phi de s in a matr ix o f  

lat er quartz and a s so c iated  mine ral s .  Th e v e i n  f i l l ing i s  ab out 60  p e r c e nt quartz , with 

the y ounger  vari e ty making up near ly 55 p e rc e nt o f  the  t o tal minera l  a s s e mb lage . The ear l i er 
*Numb e r s  attar  mine  nam e s  are  the same a s  key numb er s on pl . 1 in p o c ke t .  
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Mine s and Pro spects 

sul phi d e s make u p  about 5 p e r c ent ot t he vein mat e rial and c onsi st m ainly o f  py ri t e  w it h 

min or amounts o f ar s eno pyri t e , spha l e ri t e , and c ha l c o pyr ite . fhe mineral s ac c ompanyi ng 

the young e r  quarts are gold ,  f in e�grai n e d pyr it e , sphal eri t e , chal c opyr ite ,  s pe c ular 

h e mati t e , and cal c i t e . Pyr ite i s  aga i n  the most w i de spr ead mineral o r  th e group and al so 

ha s th e di sti nc t i on o f b e ing the most f avo rab l e  ho st for th e g o l d .  

Uuoh  surtao e pro sp e c ting ha s b e e n d o ne north and no rth eas t o f  the mai n  w o rk ings  

e spe c i al ly al o ng po r phyry dikes  similar  t o  the o n e  i n  th e mine . It i s  poss ib l e that 

r i c h  p o c k e t s  ot o r e  may oc c ur in fr actures w ithin and al ong the d i k e s ,  bu t i t  is doubtful 

that t h e  o r e  obtained would b e  i n  suf fici ent quantity to meet th e exploi tat i o n  co s t a . 

Samp l e s t a ke n  by the writer from the st o p s ab o v e  th e No . 2 level  �hew e d an ave rage 

ot 0 . 33 ou nce o f  go l d per  t on over a h o r i a o ntal d i s t anc e ot 2 0 0  t e e t  and a h e ight o f 

6 5 f e e t . Average s t o p e  w i dth was 4 t e e t .  Samp l e s  from hanging wa l l  v e i n s  a s saye d o nly 

a trace of gold ,  e xc ept for sma l l ,  w i d e ly scattered poc kets ot t in e - gr a in e d  sulph ides , 

notably pyr i t e . S o m e  o t  t h e s e  po c kets oarry as mu c h  as 0 . 70 o un c e of g o l d  p e r  t o n .  

A s says w a r e  mad s b y  th e S t a t e  Departm� nt of Ge ol ogy and Min e r a l  l n d u s t r i e a .  

Smelter r sturns* show that a s h ipm ent o f  1 1 1 , 920  po und s of c on c ent rat e s i n  1941 

yi e l d e d  67 . 78 1 ounc e s o f  go l d and 2 40 ounc e s  o f  s i lve r .  The c onc entrat es c a r r i e d  0 . 7  

perc ent aino ,  0 . 98 perc ent ar s e ni c , and 0 . 94 pe rc ent c o pp er. Ano th e r sh ipme nt o t  1 1 2 , 760 

pounds o f  c o nc entrates  the sam e  year contai n e d 60 . 8 30 ounc e s  of g o l d  an d 2 1 8  o unces o f  

silv e r . A s h i pment of  5 5 1 000  po und s  of c o nc entrat e s  in January 1 942 had 4 2 . 688  oun c e s  

ot go l d and 1 1 9  ounc e s  of  si lver. 

Tempest  mine ( 2 )  

L o c at i o n  and his t o rl : fh e T e mpest m i ne c on s i s t s  o t  t o u r  unpat e nt e d c l ai m s  located 

near th e head of Granit e Boulder C r e a k  in s a c . 3 ,  f. 10  s . , a .  34 E . , ab out 3 mi l es 

northwest  of  th e Morning mine ( see pl. 1 in p o c ke t ) . Thi s i s o n e  o f  th e o l der min e s  o f  

t h e  d ist r i c t and i s  kn own f o r  its  si lver pr oduction  rat he r than t or i.ts g o ld .  

Ge o l ogy : The c ount ry r o o k  i s  gne issi c b i o tite - quart z d i o r i t e  w h i c h  i s  out b� s ever al 

northeast-tr ending quar t z di o r i t e  p o r phyr� di k es ( s e e  pl.  4 , f ig. 4 , o p p o s i t e  P •  1 0 ) . 

The und e rgr ound w ork ings ar e c ave d , but quartz  veins in and a d J ac ent to t h e  d i k e s ar e 

vi s i b l e  on the ste ep , n o r t h e a s t  f lank o f  Sunr i s e  Butte . 

The o r e  o n  the dumpe ha s b e en hand - p i c ke d .  I t  s o n s i s t s  o f  vei n lets and ·str inge r s 

o t  s e c o n d-s tage , b lu i sh-gr ay quar t z  3 to 4 inche s wi d e w i th f in e -grai n e d pyrtt e and 

spha l e r i t e  i n  f ra ctur e d and b r e c c i at ed mas s e s  of wh i t e ,  c o arse-grai n ed quartz , pyrite , 

and ars enopyrite.  A c company i ng the early sul ph i d e s a r e  minor amo unts o f  tetrahedrite 
50 

and spha l er i t e . In the h andopl c ke d o r e ,  su l ph i d e s  make up;t o  75 pe r c e n t  o f  the ve in mat er i al , 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* . 

Tac oma sme l t er return s  in p o ss e s s ion of Mr. Wil liam Gardn e r 1 o perat o r , Morning mine . 
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Mine s  and P r o sp e c t s  

w i t h  the early su l phid e s c ompri s ing 75 pe r c ent o f  t h e  to tal o f  al l m e t a l l i c  mine ra l s .  

Ear ly quartz  i e  tw ic e a s  abundant a s  t h e  lat e , t i ne -gra ined qua r t z . 

37 

Fi gur e s  ar e n o t  ava i lab l e  f o r t h e  pro duction  o f  the  Temp e s t  mine . Lindgr en ( 1 ,0 1 )  

r e p or t s that shi pments aggregat ing 180 tons o f  o r e  wer e  made pri o r  t o  1 '0 1 . Grab aampl e s ,  

which  t h e  au t h o r  c o l l e c t e d  f r om the dump , a s s aye d a t ra c e o f  go l d  and about 4 . 00 ounc e s  

o f  s i lver per ton. 

Tig e r  mi ne ( 3) 

Loc ati o n :  Th e Tiger pro pe rty o f  s i x  unpa t en te d  c l ai m s  i s  al s o  l ocated  near the 

headwat e r s  of Gran i t e  B o ul d e r C re ek in s e c . 2 ,  T. 10 S . 1 R. 34 E . , ab o u t  o n e  m i l e  west  

of  the  Temp e st mine ( s e e  p l .  1 in po c ket ) . 

Deve l o pment : The workings  c ons i s t of two ad i t s  driven in gnei s s i c  bio t it e qu art z ­

di orit e .  The adi t s o u t  quar t z  d i o r i t e  p o rphyry di k e s  which  strike N .  30 ° E .  and dip 

s t e e ply northw e s t .  

G e o l ogy : C o a r s e •g ra in e d 1  mi l ky -wh it e  quartz str i ng er s 3 to 5 inch e s w i d e  are  c on• 

sp i cu ous  in t h e  dikes  and in  the c ountry rook c ontiguous t o  t h e  d i ke s .  S o m e  of the quartz 

s t r i nge r s  are out by veinl ets  . o f  the t i ne -g ra ine d , s e c o n d • s tage quartz . Arsenopyrite  and 

pyrite  o c cur a s  ma s s i v e  aggr e gat e s ;  s ph a l e r i t e , t e trahe dr i t e , and c ha l c o py r i t e ,  a s d i s ­

s e minate d  grains and smal l ma s s e s  in the  lat er  quartz . Cal c i t e  ve inl e t s  c u t  all  t h e  o t h e r  

mi ne ra l s . Sul ph i d e s  o f  b o th stag e s  make up ab out 5 p e r c e nt o f  the vein ma t er i a l . 

A repres entative samp l e o f  the sulph i d e  o r e ,  c o l l e ct e d  by t h e  author and quart e r e d  down 

f o r  a s say ,  c ontained 0 . 38 ounc e o f  go l d  and 4 . 00 ounc e s  o f  s i l v e r  p e r  t o n .  

M o r r i s  Ba s i n  ( 4 ) 

Lo cat i o n  and history :  The  Mo r r i s  B a s i n  pr o p e r ty l i e s  a t  the  h ead o f  th e  west  b r a nc h  

o t  the  East  F o r k  o f  C l ea r  Creek  i n  t h e  SWi s e c . 1 1 T .  10  s . , R.  34  E . , { s e e  pl .  1 in po cket ) . 

It c o n s i sts  o f  o n e  pat ented  and 8 unpat en te d  c l a i m s  ( inc ludi ng one  t ra c t i o n ) , and i s  ao -

o e s s i b l e  b y  road from  Gran i t e ,  1 3  mi l e s t o  t h e  e a s t .  Thi s p r o p erty i s  a l s o  one  o f t he 

o l d e r  s i lver pr operti e s  and was vi s i t e d  by Lindgren in l ,o o .  

Deve l o pment : Wo rking s  c onsist  o f  aprroximately 1 , 000 f e et o f  adi t s ,  cro s s-cuts ,  and 

stap e s ,  mo st o f  wh i c h a r e  ac c e s s ib l e . The pr o p erty is at an e l evat i on of ab out 7 1 400 f e e t .  

The a r e a  r e c e i ves he avy fal l s  o f  snow and i s  sub J e c t  t o  snow s l i de s  duri ng th e winter  months . 

Ge ology : The g e o l ogy of the i mme d iat e a r i a  i s  c om p l ex { s e e  f i g .  3 oa o ppo si te pag e ) . 

Gne i s si c b i o t i t e - quartz di o ri t e and e arl y Tertiary ( ? )  p o r phyry dikes  i n t r u d e  h i ghly m e ta • 

morph o s e d  argi l l i t e , gre enstone ,  and s erpentinized u l traba s i c  r o c ks .  The di kes, c o mp o s e d  

o f  quar tz d i o r i t e  p o r phyry and sub o r d i na t e ly o f  quart s monz oni t e  po rphyry , o c cupy f rac tur e s 

whi c h  trend at r i ght a ngl e s  to the w e s t - n o r t hw e s t  sh ear z on e  wh i c h  pa s s e s jus t  t o  t h e  s outh 

o t  the m1ne s .  
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Ulna s and P r o s p e c t s  32 

T h e  sro up o t  w o r k l ng l  on t h e  w e s t  si d e  o r  t h e  balin ,  Uorr 1 •  N o . 2 m i n e  ( s e a  pl . 5 ,  

t i s  2 1  o ppo site P •  30 1 and t i s .  3 oppo s it e p .  37) 1 t o l l ow na r r ow gash fractur e s  l n  t h e  

f o o twal l o f  a quart s di o r i t e  porphyry di k e .  T h e - rrac tur e •  t r e n d  N .  3 5 °  E . , d i p  s t e eply 

s outh e a s t ,  and are t i l l e d  with b r e o o l a t e d  qua r t s  o t  tw o p e r i o d s , each with l t s a s s o c ia t e d  

su l ph i d e s .  T h e  sulphi d e s  c o n s t a t  o f pyrite , a r s e no pyr i t e ,  sphal e r i t e ,  t e trahedr lt e , and 

gal ena ,  and o onltltut e ab out 5 t o  10 pe ro e nt of the ve in t il l ing . fh e main vein averag e s  

ab out 1 5  inohel th i ok and c ontain• 1ulphid e 1 in  lenticular aa s s e s  and s t r i ns e r s . 

Th e  Mo r r i l  Ho . 1 mine ad l t  o n  the • o u th 1 l d e  ot the b a 1 1 n  ( t i g .  3 o p p o s i t e  P •  37) , 

whi c h  ha l b e e n  dr iven s .  50°  w . , o u t s  thr e e  w e l l - d ef in e d ,  north�trendl ng ve ins rang ing f r o m  

6 t o  1 2  lnch e 1  th i c k .  Th e a o s t  e a ster ly ve i n  ha a b e a n  s t o p e d  t o r  a l ength o t  6 0  t e et t o  

a n  averas e h e isht o t  1 5  teet .  The mineral• a r e  liai lar t o  t hoa e noted in t h e  No . 2 mine . 

Th e Mo rri l i s  c r e d i t e d  in th e m i n t  r e p o r t  ot 1 8 9 1  w i th a p r o duc ti o n  o r  $ 1 5 1 000 in 

s i l ver and $ 3 1 400 in s o l d  ( L i ndsr e n ,  1901 } .  A s laya o r  sulphi d e ·r l oh samp l e s  t r om t h e  

No . 2 mine ave rage 0 . 14 ounc e o t  g o l d  a n d  1 . 1 5 ounc e s  o f  s i l ver p e r  t o n .  Samp l e s  b y  th e 

au thor o f  t e trah e dr it e - ri oh o r e  f r o m  the No . 1 ad i t a s say e d  0 . 10 ounc e ot go l d  and 39 . 18 

ounc e s  o t  si lver per to n .  

B i -Meta l l i c  m i n e  ( 5 )  

Lo cati o n  and h i s t ory :  The B t - •etal l l o  aine i l  l o cat e d on t h e  s t e ep nor th s l o p e  o r  

Salmon C r e e k  val l ey in s a o �  7 ,  T .  1 0  s . , a. 3 5  E . , ab out 3 a i l e s  b y  wag o n  r o ad t r om 

Gr e enh o rn ( s e e  p l .  1 in po ck•t ) .  The r e  ar e s everal o l d  adi t s on th e pr o p e r ty ,  but o n ly 

o n e was o p e n ,  and b a o au s e  o t  fa l l en r ook, d i l l o dg e d  t i ab er s ,  and bad a ir ,  o n ly 300 t e e t  

or  i t  c o u l d  b e  examin e d .  

G e o l o gy : The c o un t ry rook o ons i s t s  o f  b iotite•quarts d i o r i t e ,  s e r p e nt i n i z e d  u l t ra­

mat t e s  ( exp o a e d  ac r o s s  Salm on C r e a k) , and di ke s ot quart& d i o r i t e  an d quar t z  a o nz on i t e 

p o rphyry . Mo s t  or the v e i n •  t end to to l low the di ke s , whi c h  t r end no rth t o  nor t h e a s t  and 

dip s t e eply w e a t ,  but 1 oa e  are in the  hi ghly 1haar a d  and t ra o tur e d  d i o r i t e .  The la t t e r  

strike  e alte rly , average l a s s  than 6 inoh a l t h i o k 1  and ar e o o ap o s e d  o f  b o t h  early an d l a t e  

qua r t z  and alnor am ount s o t  pyrit e , a r s en�pyr i t e ,  chal c o pyri t e ,  s phal e r i t e ,  t e trahe dr i te , 

and ga l ena . tua rta c o mpr i s e s  fr om 80 to '0 p e r c e n t  ot the V! i n  t i l l ing , the o l der baing 

mu oh th e  m o r e  abundant o t  the two var i e t i e s .  Th e v e i n s  have n o t  b e e n  d r i t t e d  o n  a s  t h e  

adi t s  e x p l o r e  the d i k e s .  



40 Morning Mine and Ad jac ent Regi on,  Grant C ounty , Or egon 

Windsor  {i) - Psyche  ( 6 }  = Big Johnny mines  

Location : The iindsorQPsychaQBig J ohnny mines  c ompr i s e  what i s  known as the Harri son 

group and l i e  at the  bead o f  Blue  Gulch  3 mil e s  w e st o f  Gre enhorn in s e e s .  8 and 1 7 ,  f .  10  

s . , R .  35 E .  ( s e e  pl .  1 in pookat ) .  The group c onsi sts  of  1 6  unpat ented  c laims . 

The thr e e  mines  ar e l o cat ed  along a north=northeast-tranding zone  of fractur e d  r o ok ,  

the Winds or  mine at  th e  s outhwest  e n d  at  an e l evation  of about 6 , 800  f e et , and th e  B ig  Johnny 

at the northeast end at an e levation near 7 , 500 f e e t .  

Deve l opment : At the Windsor  mine , a 50= f o ot  inc l ined  shaft and ab out 100 f e et o f  

t�nne l s  · a r e  a c c e s sibl e ,  but b a d  a i r  and water  in t h e  shaft prevente d  a detai l ed examination  

or  the  property .  

The P syohe m i n e  has b e en o p e n e d  b y  two adits ; b oth were  caved a t  the  t ime  of examinati on. 

However , the large amount of dump mate rial indicate s  that a c onsi derab l e  amount of  work has 

b e an done on thi s property . Former ly a custom mill  was operated  in conJunct i on with the mine . 

The one adit o n  the Big J ohnny property was inac c e s si b l e  at the time o f  examinati on,  

but Mr . Wl l l lam Gar dner ,
* 

who had worked ln the mlne , r eported  over 1 , 000 f e at o f  w o rkings 

and that ore  had b e en stoped  from a short dr ift  on a northeast-trending vein of  f lat to 

steep dip . 

Geo logy :  The country r o c k  i s  almost  exclus ively s erp entine w ith s oma  si l i c ifi ed  gab­

br o i o  fac i e s .  Th er e  ar e s everal , c l o s e ly spac ed  quartz monzonite  and quartz diorite  por• 

phyry dikes  along the nor th-northeast fractur e z ona and a numb er o r  quartz ve ins ar e c ontained 

in or lie  c l o s e  to the dike s .  The veins measure ) to  8 inches  wide  and can b e  trac e d  t or 

several hundred  f e at .  The Winds or  v a in  strikes N .  2 2 °  E .  and d ip s  75°  t o  5 0 °  NW .  It l i e s  

within a highly crush e d  and frac tured  quartz monzonite porphyry d ik e  whi c h  i s  highly 

s eri oitizsd .  The veins at  the  P syche and Big  Johnny minas trend northeast and can b e  trac e d  

tor  several hundr ed  t e et .  These  veins are disc ontinuous and pinch and swe l l  alons the i r  

strike . 

The ora  from the s e  minas sh ows the u sual two stages  or  quartz , the early milky-white  

quartz and the younger fine=gralnad,  blui sh-gray var i e ty ;  each  has as s o ciated  pyrite  and 

chalcopyrite . Th e sulphides  averag e  about 10 perc ent or the vein t i l l ing ; the r emainder 

c onsists  o f  younger  quartz ( 60 percent ) ,  early- quartz ( 20 percent ) ,  and cal c i t e  or do lomite  

( 10 percent ) . At the P syche mine  the  veins  c ontain ,  in addition ,  smal l ,  l e nticular mas s e s  

ot  sphalerite  and f ine-grained  ve inl et s  o f  specular hematite . Cal c i t e  s eam s ,  3 t o  4 inohe s 

thick ,  are  c ommon in  all  ve ins . 

A sampl e of  sulphide�rich  o r e  taken by the author from  the l ower adit dump at the P sychs 

assayed  1 . 4o ounc e s  or go ld  and 5 . 80 ounc e s  ot s i lver per t on and 1 . 65 perc ent c opper .  A 

sampl e  o f  oxidi z ed  carb onate o r e ,  with  sulphid e  inclusi ons ,  taken by the autho r  from  the dump 

*P er s onal c ommunicati on .  
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at the upp er a d i t  a s sayed o . 64 ounc e o r  g o l d  and 3 . �0 ounc e s o f  s i lver per t on, and 1 . 27 

perc ent c o pper . At the Windsor,  a sampl e  taken by the author acro s s  4 t e et o r  a l t e r e d  

di ke c ontaining quar t z veinle t a  gave 0 . 02 o unc e o t  go l d  p e r  t o n  and a trac e o t  s i lver . 

Snow Creek  mine ( 1 0 )  

L o c at i o n  and devel o pment : Th e Snow C r e ek mine i s  in  th e val l ey or Snow C r e e k in 

s e c .  16,  T.  10 s . , R. 35 E . , ab out 2 mile s southw e st or Gr e enhorn ( s e e p l .  l in p o c k e t ) . 

The pr o perty has nume r ous adi t a and pro sp e c t p i t a . T h e  larg e s t adi t i s  dr i ven N. 37° w .  

and explores  a zone  o f  nort heast-trending d ike s and quartz v e i n s . · Wo rkings ar e cave d , 

but the s i z e  o t  the durap s  indi cat e s  extensive unde rground d e ve l o pment . 

G e o l ogy : The country r o o k s  ar e s erpentini z ed pyr oxenit e ,  dunit e ,  high ly a l t e r e d  

argi l l ite , and  gr e enstone . The s e  r o o ks have b e en intruded by a quartz monzonite  porphyry 

di ke. T h e  quartz ve ins , 1 to 6 inches thi c k ,  l i e  in or ad Ja c e nt to the dike. Part s or 

t h e  ve in s are made up of do lomitic c a l c i t e ; o ther par t s  ot quartz and sulphi de s .  Exc e p t  

for  a sma l l  am ount o f  drusy and ohal c adonio quartz ,  t h e  carb onat e s  s e em to b e  the young e s t  

raine ral s o f  the veins . S p e o i raens o f haad- sorted  dump or e  sh ow pyr i t e , chal c o pyr i t e , . and 

mino r amount s of pyrrh o ti t e , sphal er i te , gal ena , and o ove l l i te .  A sampl e by the auth or 

c o ntaining the s e  sulph i d e s  and br a o o iat ed , grayi sh quartz a s say e d a trac e o f  g o l d , 7 . 30 

ounc e s  o f  si lver p e r  ton,  and 3 · �7 perc ent c o pper .  

Banu tt9 ( !tl 

L o c at i o n  and hi s t o ry :  Th e Banz e tta property,  one o f  the o ld e st i n  the d i stri c t , i s  

l o c at ed in s e c .  � ,  T .  1 0  s . , R .  35 £ . , ab out li mi l e a  southw e s t  o f  Gr e enh orn ( s e a  p l .  1 

in pocket ) . Thi s  pro pe rty has b e an o perate d by Mr . Van £ .  Hal l b e rg o f  Baker f o r many year s . 

The Banz e t te , a c o n s o l i dat i on o t  s e ve ral o r  the di str i ct ' s ear ly m ina s ,  has a c onsiderab l e  

amount o r underground w orkings , but only a f ew r e c ant outs ar e availab l e  f o r  e xamination.  

Geo l ogy :  Th e  c ountry r o o k s , c o nsi s ting o f  argi l l it e , serpentin e ,  and r e mnants o f  

gr e en stone ,  ar e out b y  a northeast frac ture  z one al o ng w h i c h  quartz monz o n i t e  por phyry 

dike s simi lar to tho s e  in the Snow Creek  ar ea have b e e n  intrude d ,  T h e  m i n e r a l i zation i s  

large ly c o nf ined t o  the frac tur e d  d i ke s  and the r o o k i mmediate ly ad Jac ent the r e t o . I� 

c ons i s t s o f  sma l l  veinl ets  or c oarse-graine d,  mi l ky-wh i t s quar�z with a s so c i a te d p7r i te ,  

chal c o pyr it e ,  and spha l e r i t e , whi c h  have b e en b r e c c ia t e d  and c ement e d  by f ine-grai ned , 

grayish quar tz and pyrit e ,  chal o o py r i t e, and gal ena . The sul phid e s are genera l ly spars e ly 

distribut ed in the quartz o se ve in f i l l ing. Mr . Ha l l b e rg r epor t s he  ha s f ound tree  go l d in 

oxi d iz e d o r e .  

Paramount mine ( l l) 

L o c a t i o n  and h i s t ory :  The P aramount ra i n s ,  the only qui c k s i lver mine o f  t h e  di str i c t , 

i s  l o cat e d  on a r idge ab ove the head or Snow and Gr eenhorn c r e eks  in s e c .  � ,  T. 1 0  s . , 

R .  3 5  E .  ( s e e  pl. 1 in  po c k et ) .  It i s  ab out one  mi l e  by r oa d s outhw e s t  of Gr e enh o r n .  
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The w orkings consist of an a d i t ,  which  ha s  been dr iven in a northe r ly dir e c ti o n ,  and 

s everal o p e n  o u t s  a l o ng the s lo pe of the r idge . Kume rous pros pect pits have b e en dug 

in an ettort to develop  the pro perty .  The mine is e qu i p p e d  with a modern m i l l  and wa 1 

b e i ng o p e rat e d  in 1 94 5 by its  owner, Mr . I .  Helmer o f  Gre enho rn . 

Ge o l ogy : Th e o r e  o on 1 i 1 t s  o r  ohal o e dony stringer• averaging a quart e r  o f  an inch 

thi o k  whi o h  c o ntai n  s c att e r e d  grains and ma1se 1 or cinnabar and pyr it e . Th e s e  1 t r i n ge r s  

ar e conf i ne d t o  a n o r th e a•t-trend i ng 1bear z o ne soma ' 0  t e at or mora wide  and o f  unknown 

l e ngth in arg ill itio and s e rpent i z e d  r o c k �  The argillite has b e en highly frac tur ed  and 

b r e c c ia t e d  and has s er v e d  as a favorab l e  h o st t o r the chal c e d ony and c innabar . Thi n  

films o f  c i nnabar o c c ur on b e dding p l ane s a n d  o n  cl eavage sur fa c e s  o f  the argil l it e .  

Vinegar Basin ( 1 6 )  

Deve l o pment : The ba s i n  at the bead o f  Vin ega: Creak  ( see pl. 1 in p o c k e t ) has a 

numb e r  of o l d  w o rking s  which have had l i t t l e  i f  any pro duc t i o n .  S e v e ra l  adi t s  and s ha l l o w  

sha f t s  have e x p l o r e d  the s e  d i ke 1 1  b u t  a l l  s haf t s  a r e  o av e d  a n d  only a taw adi tl are  ao • 

o e s s i b l e , and the s e  for o nly a f ew ten s of f e e t .  

G e o l o gy :  The s e  w o rkings a r e  along a di sc ontinuous northeast zone or fau l ting i n  

whi c h  t h e r e ar e many quart z d ior. i te porphyry di kes identical t o  tho s e  in the vic inity 

o f t h e Morning mine . T h e  rock  intruded  by the dike s i s  arg i l l i t e  with c o ng l o m e r a t e  and 

lim e s t one lens e s , and s er p e nt in e .  The di k e s  ar e only sl ight ly frac tur e d  or al t ere d . 

Quart z  stringer s in the d i k e s  and in the ad Jac e nt c ountry rook are  fro m 1 t o  3 inche s 

thi o k , pinching and sw e lling a l o ng t h e i r  s t r i k e . Some stringer s c ontain sporadically 

di s tri b ut e d  grains or pyri t e ,  whi c h  s e l d o m  make up more than 1 to  2 p er c e nt or the fi l l ing . 

Mo st o f  the veins are b arren.  

South fork of  De s olat i o n  C r e ek 

A f ew smal l quartz v e i n s  o oeur on the ri dge northeast or , and over l o o king , the south 

f ork o f  De so lati on Cr eek  in s e o s .  '' and }4, T. 9 s . , R .  34 E. The s e  v e ins t r end N .  28 ° E .  

and a r e  group e d  al o ng a z o n e  o f  s h ear e d  argi l l i t e . At t h a time or the f i e ld examinat i o n ,  

Mes sr s . Sayko and Laing had l eased  the  P or tl and C onso l i dated ( 17)  or Si l ver King .!roup 

of c la i m s  and were  dr i v ing a c r o s s cut to e xp l o r e  the v e i n s  at d e pth ( s e e  pl . 1 in p o c ke t ) . 

The v e i ns are as s oc iate d wi th and out granophyrio d i ke s ,  the d i ke s  b eing l e a s  than 5 inc h es 

w i d e  and 2 0  f e e t  l o ng . On the surfac e  the veins f orm small lenticular masses that pinch 

and sw e l l  a l o ng the s trike , r e a ch i ng a maxi mum thickness of 3 or 4 inche s . The quartz is  

large ly the f i n e- graine d, gray i s h var i e ty that c o ntains app r ec iab l e amount s or  i s o lat e d  

podli ke mas s e s  o f  gal ena . The quartz stri nge rs appear but l ittl e fra c tur ed or br e c c i at e d . 
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An a s say o f  the gal ena-b eari ng quartz by the State De partme nt o f  G e o l ogy and Uineral 

Indu"strie's ·.J�v��l :d 0 . 065  �u�c s  o f  g o l d  a n d  2 6 . 40 ouno e s o f  s i lver per  ton ; 2 5 . 6 5 perc e nt 

l ead and 1 . 1 0 perc ent z i no .  

Oth er  properti e s  

There  ar e ; ·a·· numb er · of other  pr o perti e s  scat t e r e d  thr oughout th e d i stri ct ; a f ew of 

them are reported  to  have pr o duc e d  some o r e ,  but m o s t o f  th em are  l it t l e more than pro spect s .  

Some have a f ew tens  o f  f e e t  o f  ac c e s s ib l e  working s ,  but general ly adi t s  and shafts  ar e 

cave d .  Uo s t of th e minera l i'i;ation  is c onfi n e d  t o  f ractur e z on e s  that str i ke N .  2 0 °  E .  t o  

N .  6 0 °  E .  Many of the m c onta in only o c ca s i ona l  st�ingers or l enses of quartz in l itt� e-

alter ed argi l l ite  or  i n  s e r p e n t i n i z e d  r o o k .  Much of  t h e  quartz i s  t h e  c oar s e , mi l ky-whit e  

var i e ty . 

The � { 1 1 )  at the he ad of Snow Cr eek  i s  one o f  the  l arger properti e s  along the 

Snow Cr e e k-Banz e t t e  mineral i z e d  z one . Some  600 f e et o f  wo r k i ng s  are  r eport e d ,  but th ere  

has  been  no pr oduc ti o n .  T h e  K i t  Car s o n  ( 1 8 )  i s  l o oat e d  a f ew hundr ed ya�d s e a s t  o f  the 

Windsor (7 )  mi n e  i n  s erpenti ni&e d rock.  P l atinum h a s  b e en reported  on  thi s pr o p er ty ,  and 

a s p e cimen  of the  ore  is on di splay in the Baker o f fi c e  of th e S tate Department o f  Ge o l ogy 

and Min eral Indu stri e s .  The Stalter  mi�! ( 8 )  i s  near th e head of Beaver C r e e k  in gn e i s s ic 

b i o t i t e -quartz di o r i t e , whi c h  l o ca l ly i s  highly f racture d  and i s  cut by quartz d iori t e  and 

quartz monzonite porphyry d ike s an d quartz veins . Th e Baird pr operty ( 14 )  Just  w e s t  o f  

Gr e enhorn at the  he�d o f  G�eenhorn Criek ( s e e  pl . 1 in pocket )  i s  in s erpentini z e d  rock  

which i s  cut  by small  n o r t h ea s t - t r e n d ing stringers  o f  blui sh-gray,  c ha l c e d on:!,c quartz 

c ontaining a l i �� � e  pyr ite  and gal ena , In the ear ly days many a c r e s  o f  s ur fa c e  d e br i s  on 

thi s prope rty were plac ere d ;  the g o l d  r e c overy i s  r e p o r t e d  to  have b e en high , A group o f  

c l a i m s  known a s  t h e  Luc ky Stri ke-Elk  pr operty ( 1 5 )  i s l o cated  at t h e  headwat er s  of Blackeye 

C r e e k ,  Th e. argi ll i t e  ,ther e  is cut by many east-northeast grano ph;yri c  d i k e s  and quartz 

stringers , but no m etal lic  mine ral izat i on was ob s erve d ,  
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Fit. J. Photomicrotraph of amphibolitized dunite. Fibrous masses 

of actinolite CA> replacint olivine CO>. Ml$letite CM> is fonned 
in the amphiboHtization process. Crossed nicols x 20. 

FiQ. 3. Photomicrotraph of biotite-quartz diorite. Setretati on of 
hornblende crystals CH) mantled by biotite CBl. Andesite CAn> and 
�rtz (Q) make up majority of tlw rock . Uncrossed nlcols x 45 .  

Fit. 2 .  Photomicrotraph of slwantd biotite�tz diorite. A lara­
crystal of andesine <An> crushed and shewed. Crossed nlc:ols x 45. 

Fit. 4.  P hotom lcrotraph of altered granophyric dike .  Sericite CS) 
and small  orthoc lase laths (Q) surround rosettelike inter ­
growths of quartz (Q) and orthoclase. Crossed nlcols x 45, 
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Fi9. 1 .  P hotomicroe raph of quartz d i orite porphyry . Quartz CQ) and 
andes ine CAn) phenocrysts in a fi ne-eranular eroundmass of 
quartz and plaeroc lase CQ-p).  Crossed nicols x 20. 

Flt. 3 .  Photomlcrollf'aph of ore from the Morris Basin mine. Brecciated 
arsenopyrite CAs) with 8My sphalerite C S > , ceme nted a n d  
penetrated b y  tetrahedrite (T ) , X 100 . 

Fit . 2 .  PhotornlcroQnlph of quartz monzonite porphyry . Andesine (An) ,  
blaHle (8) ,  and al1arecl hornblende (H) phenocrysts In a fine -
llf'alned Qroundmass of quartz and orthoclase CQ-o). Orthoclase 
has been sericiti zed . Crossed nicols x 20. 

Pho1amfa0Qraph of ora from Morris Basin nine. Tetrahedrile en 
surroundlnt crystal of sphalerlle (S) which contains m i n u t e  
b lebs o f  chalcopyrite CCh) x 100 .  
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F"iQ. l .  P hotomicroQraph of ore from the T iQer mine . Sphlllerlte CS> 
cutmQ and contalninQ Inclusions of ��rsenopyrite <A s> .  S m a l l  
tetrahedrite ( T) veinlets irreQularly penetrate s p h a l e r i t e 
and arsenopyrite . x 100.  

FIQ. 3.  P hotomicroQraph of ore from the Snow Creek mine. RIImnan1s 
of pyrrhotite <P> in chalcopyrite <Ch> and with mant l e s  o f  
sphalerite CS>. Galena (13) penetrates sphaleri te . x 100. 

FlQ. 2.  PhotomlcroQrap h of ore from the Snow Creek mine. 'Whs 
of Qalena <G> irretiUiarly penetrate chalcopyrite <J:h) lllon8 fractures . 
SLperQene covelllte (Co) between !llllena and chalcopyrite. x 100. 

Fl Q. 4 .  Photornlc:ro8raP of ore 1i"orn Snow Oaek mine. Chalcopyrite <C h )  
lrreQularly penetrates pyrrhot i te CP>. Covelllte CC o )  I s  a 
superQene replacement of chalcopyrite . Galena C G> f i l l s 
fractures In the QanQue and mantles pyrrhotite . x 100. 
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P UB L I C A T I ONS 

S tat e of O r e g o n  

D e p a r t m e nt o f  Ge o l ogy and Mi n e ral Indu st r i e s  

70 2 W o o dlark Bu i l d ing , P o r t l and 5 ,  Or e g o n  

BULLETINS P r i c e  p o s tp a i d  

1 .  
2 .  
3 · 
4 . 
5 · 
6 .  

7 · 
8 .  
9 · 

1 0 .  
11 . 
1 2 .  

Mi ni ng l aw s  o f  O r eg o n ,  1 94 2 , r e v .  e d . , c o nt ai n s F e d eral p lac er m i ni ng r e gu l a t i ons 

P r o g r e s s  r e p o r t  o n  C o o s  Bay coal f i e l d ,  1 9 38 : F .  W, Lib b ey • • • • • • 

Ge o l o gy of part o f  t h e Wa ll owa 114ountai n s ,  1 9 38 : c .  P .  Ro s s • • • • • • • • • • • 

Qu i c ks i lv er in Or egon,  1 9 38 : c .  N. Sc hu e t t e • • • • • • • • • • • • •  
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9· Some mangane se .d e p o s i t s  in t h e  southe rn Oregon c o astal r egion, 1 942 : Randal l E. Brown 0 . 10 
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1 .3 • Ant i m o ny  in Oregon,  1 944 : Norman s .  Wagn e r • • • • • • • • • • • • • • • • • 0 . 1 5 
14 . No t e s  on bu U d ing•b l o o k  mat e r ial s or ea st e rn Or egon, 1 946 : Norman s .  Wagne r  0 . 1 0  
1 5 .  Re<ii i!>nn. ge o l o gy o f  l im e s t o n e  depo s i t s  i n  t h e  \Yi l l am e t t e  Val l ey ,  O regon, 1 94 6 : J .  E.  A l l en 0 . 1 5  
1 6 .  P er l ! t e  dep o s i t s near the De schu t e s  R!va r ,  s outh e rn Was�o C ounty , Or egon� l 9�6 : J .  E .  A l l e n  0 . 1 5  
1 7 .  So dium 1a1t s o f  Lake C o unty , Orego n ,  1947 : Ira S o  A l l i s o n  & Ralph S .  Mas on • • • • 0 . 1 5  
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1 .  Geo l ogi c  map of t h e  Wal l owa Lake quadran g l e ,  1 9 38 : W. D. Sm i th & others ( al s o  in Bul l .  1 2 )  0 . 4 5  
2 .  G e o Lg�gio map o f  the Medf o rd quadrangl e ,  1 9 3 9 : i' .  G .  Wel l s  & o t h e r s  • • • • • • • • • • • 0 . 40 
3 · Geo l � gi o  map and ge o l o gy o f  the Round Mountain quadrang l e ,  1 940 : W . D . Wi lkinson & o the r s • 0 . 2 5 

4 . Ge o logi c map of the But t e  Fal l s  quadrangl e ,  1 9�1 : w .  D. Wi l kinson & o t h e r s  • • • • • 0 . 45 
5 ·  Ge o l ogi e map and g e o l ogy o f  the Grant s P a s s  quadrangl e ,  1 940 : F .  G .  W e l l s  & o t h e r s  • o . ;o 
6 .  P r e l i mi nary g e o l o gi c ma p o f  the Sumpter quadrangl e ,  1 94 1 : J .  T .  Pard e e & others o . 4o 
7 •  G e o l o g i c  map o f  t h e  P ort land area,  1 94 2 : Ray c .  T r e a s h e r  • • • • • • • • • • • 0 . 2 5 
B .  G e o l og1� map o f  t h e  C o o s  Bay quadrangl e ,  1 944 : J . E . Al l en & E . M. Bal dwin ( so l d  wi th Bu l l . 2 7 )  
9 .  G e o l o g i c  map o f  the S t .  H e l en a  quadrangl e ,  1 945 : w .  D .  W i l ki n s o n ,  I.  D. Low ry ,  & 

E .  K .  Bal dwin ( al so i n  Bul l . 31 ) • • • • • • • • • • • • • • • • • • • • • • • • •  • 0 . 35 
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Or egon mineral l o c al i t i e s  map ( 22  x 3 4  inc h e s )  1 94 6  

Oregon qui c k s i l ve r  l o c al i t i e s  map ( 2 2 x 3 4  inc h e s ) 1 94 6  

Landfo rms o f  Orego n : a phy s i ograp h i c  sketch,  ( 1 7  x 22  inch e s )  1 941 

Index to  to p o grap h i c  map p i ng in Oregon, 1 94 5  

Inde x  to geo l ogi c ma p p i ng i n  O r egon, 1 94 6  • • •  
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GEOLOGICAL SYMBOLS 

-----------
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Dashed where approximately located or indcfmite. 

---- - - - ·········· ··-······ · 

Contacts 

Dashed where approximatcl)· located, dotted 

where concealed; 

J-

Appro:titnate strike and dip of beds or (lows. 
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