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Rogue-2iddis thrusy

cf tha Dolivar

2. 4 po . k4 S
slies o genstic relabionsnio.

tha hoguz, Dothan, Riddle, and

Ler two comprising the lyrile dround. Tha

Days Creck Formations, the lat

three conbacts among these four formations are gout?
feults (herein callad the Rogue-Dothan, Rogue-2iddle, and Riddla-days

Creek bhrusts). The Roguz-Dothan thrust appeacs to have been the most
intense of the three, becanse it has a wide zone of asusoclated
cataslasis and recrystallization evident as a well-dev celopad foliatlen
qesr the thenst, An ultramafic indrusion (serpantinite) occupies t

1L, Bolivar. Thin section study vevecalad a

<
o
Py

Rogue~Dothan thrust eas

sone of mebasomatic alteraticn in the voleznic racks of the RHomus

Formation near the ultramafic intrusion. In this zone, caleimi-bazring

VMeither of the two remsining thrusts {(Rogue-2iddile and Riddle-

Daye Creek) has an asqociated zons of cataclasis and recrystallization

or ap ultremafic intrusion. This contradicts the Geologic ¥ap of Oregeon

pablished in 1961, whlc
hetuann voleanic rocks of the Dothan Formation (more recently included

PR . N e N . . ESSIUUTURIY Sy
with btne dooug Formatlond and the Riddle Formatlion.
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THE CEOLOGY AND LIw‘n}L D"’OSIL; OF ZDEN VALLEY-SADDLE PRAKS
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SOUTHEASTERN CO33 ‘"D OlEHEASTT CURRY COUNTIES, ORIGON

INDT0DUCTION

Lozsation, 3ize, and Accassibility

The area of study shown in Figure 1 is located along the
northern boundary of the Xlamath Mountain geomorphic province { {(Diller,
1902) in southwestern Oregon. The area is composed of 35 s=ctions,
principally in T. 32 S., R« 10 ¥W., that are centrally located ia the
south one-third of the U. 3. Geological Survey Bone Mountain quadrangle
(15 Minute Series, Topographic). Prominent local geographic features
include Zden Valley, Saddle Peaks, and Mt. Bolivar.

Improved all-weather roads provide access 1o the area except
during brief periods of heavy snowfall in the winter months. The maln
all-weather road crosses the center of the area irom east to wast,
joining a pavad highway near Powers, 30 miles to tne westi, and joining
U. S. Highway Interstate 5 at both Glendale and wolf Creek, 45 wiles to
the east.

Local access to most of the area is provided to a limited
ex£ent by a few all-weather logging roads. These give way to tamporary
logging roads and jeep trails that are not maintained. As a result,

nearly one-half of the area can be reached only on foot. Access is
nindered further by dense vegetation throughout mosit of ths area, and
by extremely rugged topography in the east and southeast paris of the

ared.
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View looking southwest across Eden Valley from the NWEiWz sec,
3, Ts 32 S.y R. 10 W, REden Valley crosses the picture from

the right foreground to the left center. Table Rock forms the
skyline in the right background.

south slope exposure of volcanic rocks of the Rogue
1\?,'%11{: SeCo 22, T 32 S., R, 10 W,

A typica
Formation in the SE



Topographic Relief, Rock kxposure, and Dralnage

Within the belt of wvolcanic rocks that bends across ihe area
from southwest to northeast, the terrain is extremely rugged and
sometimes impassable. Maximum relief developed on these volcanic rocks
is 3,500 feet. Sedimentary rocks undsrlie nearly all of the remaining
area of study. Terrain dsveloped on the sedimentary rocks is less
rugged than that developed on tne volcanic rocks. However, dense
vegetation on the sedimentary rocks hinders travel nearly as much as
the rugged volcanic rock terrain., Maximum relief of the sedimzntary
rock terrain is 1,000 feet in the northwest and 2,800 feet in the
southeast. Elevation extremes in the area range Irom 300 feet in the
canyon of Mule Creek to 4,319 feet at the summit of Mt. Bolivar.

Bedrock exposure in the volcanic rocks is best on south slopss
of ridges where vegetation, talus, and colluvium are more limited
compared to north slopes. On north slopes, vegetation is more d2nse,
and the cover of talus and colluvium is deeper, In either cass, most
bedrock exposures are restricted to ridge crests and stream beds. This
same general pattern applies to sedimentary rocks, except that they are
usually more deeply weathered, and consequently, bedrock exposures are
less common than in the volcanic rocks. Accordingly, most of the
stratigraphic, structural, and lithologic information was obtained from
systematic study of the cut banks of logging roads and jesp trails.

A major drainage divide crosses the area from both east 1o wesl
and north to south. Tributaries of the Rogzue River drain to the soutn.

The South Fork of the Coquille River and its tributaries drain to the

3

west. Tributaries of the South Umpgua River drain to the east and

f\

northe Runoff swells these streams to near flcod stage during the



winter and early spring months, and perennial springs sustain their

flow during the dry summer monins.

The local climate is temperats, typical of the Coast langes of
southwestern Oregon and northwestern California. According to
Highsmith {1962), the average January temperature 1s 34° F., and the
average July temperature is 64° F. The average annusl precipitation
includes 50 to 80 inches of rain accompanied oy 10 to 30 inches of
snow during ths winter months. The wettest monihs are De cember and
January. The driest months are July and August.

Vegetation is typical of the Coast Range of southwestern
Oregon. ost of the &den Valley-Saddle Peaks area 1s covered with a
dense, coniferous forest with a moderately to strongly developad
undergrowth of shruos such as salal, rhododendron, huckleberry, and
sadler oak. On south slopes exposed tc more direct sunlight, conifers
are smaller and more scatterad than they are on north siopes. The
undergrowth of south slopes is a more sparss2 covering of mountain live
oak, manzanita, madrona, and tan oak compared to nortn slope
undergrowth. Thickets of thorny "buck brush" cover parts of the nearly
bare ridges and the driest parts of the valleys developed on tne

Cretaceous sedimentary rocks.

’

Purpose and Xethod of Investigation

-3

he purpose of this thesis work was to develop a clearvrer

3

picture of the complex stratigrapnic and structurazl relationships of
the Mesozoic rocks of the iden Valley-Saddle Peaks area than previous

reconnaissance mapping portrayed. Detailed mapping of voth formational
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and lithologic contacts was usad as a means of revealing the nature of
trese compiex relationships. In addition, an attempt was made to
determine the age, extent, and controls of mineralization in ine
volcanic rocks of the Rogue Formation at the Bolivar Copper Mine.
Hopefully, this information will be helpful to those wno wish to begin
2 more detailed study of the economic potential of the Rogue volcanic
rocks as hosts for copper mineralization.

Field work was bezun in August of 1993 and completed in late
September of 1969, involving a total of approximately 18 weeks. U. S.
Forest Service 1:12,000 aerial photographs were used as a mapping base.
Geologic information was transferred to a 1:12,000 topographic map
constructed on Mylar from a photographic enlargement of the 1:62,500
U. S. Geological Survey Bone Mountain quadrangle. U. S, Geological
Survey aerial photographs (1:60,000) were used to aid interpretation of
large geologic features.

Laboratory work consisted of toth macroscopic and microscopic
examination of rock and mineral samples collecied in the thesis area.
Petrographic work included studies of thin sections and polished
sections with the petrographic and ore microscopes. The Rock Color
Chart published by the Geological Society of America was used as a

reliable means of reporting reproducible comparative rock colors.

orevious Wwork

The thesis area was mapped in recoanaissance prior to 10563 by
Wells and Peck (1961) for compilation of the Geologic Map of Cregon
west of the 121st Meridian. Since 1653, small parts of the area of

study have been mapped in detail by two Master of 3clence candidatss.



One of the candidates, J. 0. Rud, received his aegree from the

Iniversity of Oregon in 1970. The other candidate, Richard C. Xent,

was expecting to coaplebte his manuscript in June, 1972, at Portland

State University.



ROCK UNITS

Introduction

General Statement

Much of the interpretation of local stratigraphic relationships
is dependent upon detailed knowledge of the regional stratigraphy. The
relative ages of the Rogue and Dothan Formations, which form the
eastern part of the Eden Valley-Saddle Peaks area, are still unknown,
largely because of complex, regional, structural and stratigraphic
relationships. In the Klamath region, formations have large apparent
thicknesses, generally moderate to steep southeast dips, numerous
internal bedding slips, and many lithologic similarities. Contacts
between different formations are commonly faults, which are often
intruded by ultramafic rocks.

The stratigraphic section that is presented will begin with the
Rogue Formation as the oldest unit in tne area. The Dothan Formatlon
is herein considered to be a lateral equivalent of the Galice
Formation, as proposed by Baldwin (1969). The writer chooses to
exclude from discussion all rock units older than the Late Jurassic
Rogue Formation, although he is aware that these older rocks probadly
formed both the provenance area from which the Late Jurassic sediments
were eroded, and the surface on wnich they were deposited.

The Rogue-Galice-Dothan Controversy

The relative zges of the Rozue, Gailce, and Dothan Formations
have lonz been controversial. The Galice Formation contains a Latzs
Jurassic (0Oxfordian and Kimmeridgzian) faunal assemdlage, and it 1s

generally believed to oe correlative with the Mariposa Formation of the
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Sierra foothills of northera California because the two formations have
identical fauna. The Rogue and Dothan Formations are unfossiliferous,
but, in the type area, the Rogue conformably underlies the Galice and
is considered to be older by Taliaferro {1942), Walls and Walker (1953),
Raldwin (1969), and Hotz (1969), among others. However, the contact
between the Rogue Formation and the underlying Dothan Formation is a
thrust fault (Hotz, 1969).

Previous investigators apparently did not ooserve the thrust
fault separating the Rogue and Dothan Formations and described the
contact as gradational (Taliaferro, 1942; Wells and Walker, 1953).
Diller (1907, 1914) saw evidence of thrusting and concluded that the
type section was either overturned or the Galice had been thrust over
the Dothan. He proposed that the Dothan Formation was therefore
younger than the Galice Formation. Although they did not agree on tn=
relative ages of the three formations, most of tne earlier workers
believed that these formations were parts of an uninterruptsd Late
Jurassic sequence of deposition.

Dott (1965) noted the overall similarity of the Dothan-iogue-
Galice sequence in southwestern Oregon to the Late Jurassic Cosumnes-
Logtown Ridge-Marivosa sequence of formations that crop out in the
sierra foothills of northern California. He cited the lithologic
similarities of the Dothan and Cosumnes Formations, the Rogue and
Logtown Ridge Formations, and the Galice and Xariposa Formations. From
oldest to youngest, the Sierraz foothilis seguence consists of the
sandstone-rich Coswmnes Formation, the volecanic Loztown Ridge

Tormation, and the black slate-rich ifariposa Formation.
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Irwin (1964) suggestad a post-Nevadan age for the Dothan
Formation based on evidence he observed in the Klamath Mountains and
Coast Ranges of northern California. Later supporting field evidence
was found in southwestern Oregzon by Hotz (1969). Irwin proposed that
the Rogue and Galice Formations were deposited before, and the Dothan
Formation was deposited after the Nevadan orozeny. The entire sequence
was thought to have been brought into juxtaposition later by thrusting
from the southeast.

An apparent gradation of strata of the Dothan Formation into
Coleorooke Schist was noted by Dott (1965). This led him to infer tnat
the Colebrooke might oe the metamorphic equivalent of the Dothan.
However, Dott (1971) later altered his viewpoint when Coleman cited
evidence of a thrust fault separating the Colebrooke and Dothan zareas
in 1969.

Baldwin (1969) proposed that the Galice and Dothan Formations
were coeval facics laid down on the Rogne Formation in differeat paris
of the same basin of deposition. Although he agrees that thrusting is
probably responsible for the present juxtaposition of formations, he
does not agree with Irwin's (1G64) proposed post-Nevadan age for the
Dothan Formation. The writer favors the proposal of Baldwin (1969)
vecause he believes that it does not contradict the most recent
evidence, and that it offers a more flexiole foundation for future
interpretation than does the earlier proposal of Irwin (1954) .

Nonethelass, the ags of the Dothan Formation 1is still coniroversizl and

unresoived.,
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Table 1. Stratigraphic section of the Fden Valley-Saddle Peaks area.

Rock Name Epoch Period
Tyese Formation
~-unconformity-- Middle Eocene
Umpgua Formatlon Tertiary
(uoner memoer)

Early Eocene
~-=angular unconformity--

Paleocene
? (serpentinite) ? Late Cretaceous
Middle Cretaceous Cretacesous
Days Creex Formation Mg Farly Cretaceous
Yr
-~n0s55ible disconformity-- E O =mw—e——— B ettt e ———————
1 u
Ridcle Formation o p
--angular unconformity-- Late Jurassic
? (serpentinite) 7 Jurassic

? Dothan Formation 7

Rozus Formation



Rogue Formation

Distribution and Field Dageriovtion

Altered voleanic rocks of the Rozue Formation crop out in a
continuous belt which crosses the srea from southwest 1o nortneast.
Steep slopss and rugged topography charzcierize the volecanic terrain.

coes are covered with thick zccumulations of

b-d

In many places these s
talus composed of sharp-edged rhombic and pyramidal olocks.

Flow units recognizavle in ouicrops includs altered, gresnish to
brownish, andesitic varietiss along with minor rhyolitic varieties.
Intercalations of tuff and other pyroclastic materials are present out
uncommon. Typical colors of fresh exposures are various shades of
greenish-gray, usually dark greenish-gray (3G 3/1), due to moderate,
chloritic alteration. Colors of weathered rocks range from grayisa-
orange (10YR 7/5) to pale orange (10YR 3/3).

Attitudes of outcrops ars obscured by a confusing netuork of
closely spaced fractures and low-angle, southeast-dipping faults.
However, aerial photograoghs show uniformly steep, southeast dips.

The presence of many, small, low-angle, southeast-dipping
thrust faults indicatas that parts of the sequence of volcanic rocks
may be both omitted and repeated, The outcrop widih in the area varies
from about 5,000 feet to nearly 20,000 feet. If one assumes that
various parts of the sequence are omitted and repeated by faulting, the
stratigraphic thickness alonz the southern ooundary of the area may
still te as much as 15,000 fest Within the same belt of volecanic

ew miles south of the area, Baldwin (1969)

L]

y A

o]

rocks exposzd near Maria
estimated the tnickness to be at lsast 10,000 feet.

Tne western contact of the Rogue Formation witn sedimentary



Plate 3. A typical veined and sheared outcrop of the Rogue
Formation exposed in a small quarry near the Rogue-
Riddle thrust in the NWiNE} sec. 16, T. 32 S., R. 10 W.

13
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rocks of the post-Nevadan Myrtle Group (Riddle Formation} is a thrust
fauit. TIn contradiction to the map of Wells and Peck (1961), the
writer found no trace of ultramafic intrusive rocks along this faulted
contact.

The contact of the Rogue Formation with the overlying Dothan
Formation is 4 tarust fault which dips toward the southeast at aoout
45°, It is exposed along the main road in the low saddle at the base

f the east slope of Mt. Bolivar, where it has been intruded by a
somewhat tabular, discontinuous mass of serpentinite. As the contact is
approached from the east, slaty cleavage appears in the sedimentary
rocks of the Dothan Formation, becoming more strongly developsd nearsr
the fault contact. As the contact is approached from the west, a
gneissic foliation appears in the volcanic rocks of the Hogue
Formation. The texture of the volcanic rocks becomes pegmatitic near
the serpentinite contact. Near their mutual contacts with tne
serpentinits, rocks of both formations are veinsd oy aoundant guartz.
Lotz (1959) noted similar effects near a thrust fault separating the
Rogue and Dothan Formations in the type section near Galice. He
regarded them as evidence of cataclasis and recrystallization along the
sole of the thrust fault.

Litholozy and Petrography

In outcrop the volcanic units resemple andesite, basalt, dacite,
and rhyolite, with minor intercalations of tuff and pyroclastic
materiazl. Fresh exposuras are greenish-gray due to chloritic
alteration, and locally the rocks are veined oy quartz, quartz-spidote,
calcite, and sulfide minsrals.

In thin section, most of the rocks are hyalocrystalline
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andesitic basalts with silotaxitic textures. In some sections tune
recks are anmygdaloidal, witn amygdale fillings of chalcedony, calorite-
group minerals, and calcite. Tne Michel-levy method snows the averags
composition of plagloclase feldspar phenocrystis to be laoradorite (An53
to Anéo). A typical andesitic basalt flow unit is composed of
phenocrysts of labradorite, augite, enstatite-hypersthene, and
actinolite set in a felty groundmass. If bdiotite and/or hornblends wsre
present, they have besn completely altered to actinolite and chlorite=~
group minerals. Calcite and eplidote are sometimes present, out usually
only in small amounts. The felsic groundmass commonly makes up 35 W 45
percent of the total volume of constituents, with tiny laths of
plagioclase feldspar often oeing the only groundmass constituents that
are not completely altered to chlorite minerals.

Minerals of the chlorite group compose about 30 percent by
volume of the average host rock. Enstatite-hypersthens is much more
susceptivle to chloritic alteration than is augite. Plazioclase shows
incipient to weak argillic alteration, incipient alteration to white
mica, and in some sections, moderate to complete alteration to calcite
and chlorite minerals. Magnstite and reddish-bdrown, translucent,
hydroxides of iron are usually oresent.

Origzin and Depositional Eaviroument

Aczcording to Baldwin (1959), the Rogue Formation consists mostly
of submarine flows, breccias, and tuffs. Ke considers it to be the
initial stage of the Late Jurassic seguence of dzoosition in
southwestern Cregon, vaere it was laid down in a sunsiding,

eugeosynclinal irough. There is no evidance in the area of the source



of tnese flow units.

Ag2 and Regional Correlation

A noritheast-trending belt of similar volcanic rocks, wnich is

-

continnous through the Zden Valley-Saddlie Peaks ares, crops oul along
the Roguz River near Marial, about 18 milaes west of the type ssction
near Galice. Baldwin (1969) includsd this western belt of volcanic
rocks with ithe Rogue Formation on the basis of lithologlc and
petrographic similarities. He also noted that it sesmed to conformaoly
underlie the Dothan Formation at Marial and the Galice Formation at
Galice with the same general relationships. He considers the Bszua
Formation to represent the initial stage of Late Jurassic deposition in
soutnwastern Qregon on which the Galice and Dothan Formations wers
deposited as coeval facies.

The writer has included the altered volcauic rocks of the tden
Valley-Saddle Peazks area with the Rogue Formation because they are
laterally continuous these similar volcanic rocks near Marial, which
2aldwin (1969) assigned to the Rogue Formation. Tney are herein

considered to be the oldest rocks exposed in the area and of probable

Late Jurassic age.

Dothan Formation

Distrioution and Field Descriotion

The Dothan Formation was not studied in detall because it, along
with the serpentinite intrusion, was discovered outside the original map
area during a reconnailssance traverse, vhich was made after field
studies had been essentially completed. As a consequance of tuls find,

the man area was extended a shorti distance to the east to better define
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geologic relationships.

Sedimentary rocks of ths Dothan Formation crop out in tae
southeast corner of the thesis zrea. The rocks form a large,
northeast-trending, homoclinal ridze, which has an assocliated system of
tributary ridges that trend norihwest. Ridge slopes near the major
summit are gentle, but along the deeply incised tributary streams the
slopes are much steeper. Almost impenetrable thickets of underoarush
cover nost of this area.

Wnere the strata are exposed in road cuts in the area, they
consist of thin- to thick-bedded, light yellowish-brown, well indurated,
medium- to fine-grained, graywacke sandstone oeds with dark gray to
black interbeds of siltstone and mudstone.

Slaty cleavage appears in rocks of the Dothan Formation near the
fault contact with the underlying Rogue Formation. Surfaces of cleavage
plates nave a phyllitic appearance, and, near the contact with the
intrusion of serpentinite, the sedimentary rocks are strongly veined by
guartz.

The contact of the Dothan Formation with the Roguz Formation
appesrs to be a high-angle thrust fault. Near it, ooth formations
strike northeast and dip southeast at about k5%, Althouzh the contact
is poorly exposed, one can still see an abrupt change from sedimentary
to volcanic rocks. There are no intercalatsa sedimentary and volcanic
rocks in either formation near tne contact as one would expect if the
sequence of deposition had been continuous. Continuous deposition
should have produced a gradational contaci.

An intrusion of serpsntinite occupies the Rogue~Dothan thrust
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Tault contact, which suggests tnat it is a deep-seated fault zone that
may penetrate to the mantle (Dott, 1955). EHotz (1959) observed a
similar thrust fault contact betwzen the Rogue and Dothan Formations in
the typs section area about 20 miles to ths southeast. He associatad
slaty cleavage ir the Dothan Formation near the thrust fault with
cataclasis and recrystallization resulting from movement along the sole
of the thrust. In the type section area, the Rogue overlies ihe Dothan,
whereas, in the Eden Valley-Saddle Peaks area, the Dothan overlies ine
Rogue. In oboth areas, the iwo formations dip moderately to sieeply

southeast and strike northeast.

Litholozy and Petrozraphy

Strata of the Dothan Formation consist of an alternating
sequence of sandstones, siltstones, and minor intercalated mudstcnzs.
In other exposures east of the area mapped, the ssguence also inciudes
cubmarine basalt flows and flow breccias. Bedded chert is abundant in
soms outerops of the sedimentary seguence, according to Wells and Peck
(1951).

Origin and Depositional Environment

Baldwin (1969) descrioed the Dothan Formation as a sandstone
facies (coeval with the Galice Formation) deposited on the Rogue
Formation near the western side of the basin of deposition, and derived
from a source on tnat side. Clastic components of the Dothan Formation,
descrived by Dott (1965), consist of avandant chert, sedimentary and
lithic volecanic fragments, plagloclase feldspar, and guartz, with no
potassiua feldspar. The source of these rocks could have besn a

saguence of volecanie rocks compositionally similar to the fogue units.
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Aze and Rezional Correlation

Balawin (1969) proposed that the Lothan and Galice Formations
were originally deposited conformably cn the Rogue Formation as coeval
facies, and that their present relative positions are the result of
tnrusting to the northwest. He disagrees with tne suzzestion of Irwin
(1954) that the Dothan was deposited after the Nevadan orogeny, vhich
deformed the Rogue and Galice Formations in Late Jurassic time. In view
of more recent evidence, such as that reported by Hotz (1969), Dott
(1971) seems inclined itc agree with Irwln (1964). However, he also
points out that the age of the Dothan Formation is still unresolved.

Irwin (1954) suggested that the Dothan Formation 1is equivalent
to part of the Franciscan of northwestern California, largely oa tne
basis of litholozic similarities. The fact that the Franciscan 1is an
assemblage of eugeosynclinal rocks of Late Jurassic to Late Cretaceous
age indicates that, in conformance to the stratigraphic code, it snould
be termed thes Franciscan complex (Dott, 1965). According to Dott (1963),
the Franciscan complex and the Dothan Formation were structurally
juztaposed by Cenozoic shsaring where the California Coast Ranges abut
azainst the ¥Xlamath Mountain province. However, Dott (1971) stated that

there Ls inereasing evidence that the Dothan is coextensive with known

<

¥ranciscan rocks, and may also be equivalent in age to the Otter Point

X

Formation (which is eguivalent in age to the Riddle Formaiion as given
oy Xoch, 1966). Ages ranging from pre-ievadan, Late Jurassic (Baldwin,
1969) to post-Nevadan, Late Jurassic (Irwin, 1964) have been proposed,
but the evidence is conflicting and neither proposal can yet be proved.

There is no evidence in the area mapped oy the writer to support
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a post-levadan age for the Dothan Formation. However, the prasence of
a serpentinite intrusion within the Rogue-Cothan thrust fault contact,
and the complete absencs of uliramafic intrusions from tne other ihrust
fzults involving younger (post-Nevadan) rocks in the area, imply that
the Rogue-Dothan thrust may be related to a separate, and probabdbly

oider, tectonic event. This event may have oeen ralated to

orogeny, waich would make the Dothan Formation pre=-}ievadan in age.

Serpantinite

Distrioution and Field Descriotion

-

In the Zden Valley-Saddle Peaks area, only a single ultramafic
intrusion was found. It is, as mentioned in previous sectlons, a Dody
of serpentinite, which may nave formed from complete serpentinization of
a peridotite. It occupies tne thrust fault ovetween the Rogue and Dothan
Formations in the low saddle at the foot of the east slope of Mt.
Rolivar. TIn outcros, the intrusion is a tabular-shaned, discentinuous
body of serpentinite, which contains several, largz, tectonic inclusicas
of volcanic rocks of the Rogue Formation. The serpentinite strikes
northeast, nearly parallel to tine strike of strata of the Dothan
Formation, and it dips steeply southeast within the Rogue-Dothan thrust
fault contact. The body thins and pinches out in both directions along
its strike.

Near the serpentinite contact, sedimentary rocks of the Dothan
Formation and volcanic rocks of the Zogue Tormation are veined Dy

quartz. The Rogue volcanics have a foliated appearance anda are

=
o
o

crystallized to the extent that tney are pegmatitic at the contact.

The serpentinite is stronzly sheared, and is composed of numerous,
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small, black-white-and-zreen pods of slickensided serpentine.

Lithology and Petrography

The serpentinite is light colored, with shades of white, light
gray, and light grzen more common than shades of dark gray and black.
The rocks appear to be pure serpentine, are somewhatl translucent, and
contain disseminated crystals of chromite and maznetite.

Tn thin section, the rocks are composed of antigorite and
chrysotile with about 15 percent disseminated grains of chromite and
magnetite. The writer suspects that systematic sampling might have
produced specimens of incompletely serpentinized peridotite, but the
three thin sections examined were completely serpentinized.

Beginning in the Rogue Formation about 1,000 feet northwest of
the Rogue-serpentinite contact, thin sections of the volcanic rocks
reveal vein gquartz, myrmekite, actinolite, quartz, epidote, and various
minerals of the cnlorite group. Minor amounts of relict partial grains
of the original plagioclase and augite phenccrysts are still present and
recognizaole. Within 300 feet of the contact, all traces of the
original texture and constituents have disappeared from thin sections.
Nearly 70 percent of the rock 1s now a turbid, brownish-red,
translucent, mostly isotropic mineral aggregate that may be hydrogarnet
(Coleman, 1967). The remainder is composed of about 28 percent
actinolite, veined by about 2 percent non-ferrian zoisite. Thin
sections of the recrystallized and foliated volcanic rocks next to the
serpentinite contact contain 20 to 30 percent non-ferrian zoisite, 50
nercent quartz, 5 percent actinolite, and minor zmounts of sphene,

1

ferrian zoisite, and zircon. Quartz and calcium-bearing minerals



appear to ve concentrated nzar the contact.

Orizin and Conditions of Intrusioc:

Coleman (1967) attrituted a similar alteration assenvlage to
netasomatism related to the processes of serpentinization and tecionic
emplacement of alpine type ultramafic intrusions. Tne metasomatic
alteration caused enrichment of calcium and magnesiun in the reszction
zone of the country rock, which was accompanied ty a concomitani loss of
silica to the serpentinite. Moreover, he suggested that

Wihe reaction zones develop at the time when large portions of
ultramafic mantle are tectonically emplaced into the base of
the crust or are moved tectonically higher into the crust.
Serpentinization of the ultramafic material 1is contemporansous
with alteration and tectonism. Thus the alteration represents
a tectonic contact metamorphism and is not related to igneous
activity."
According to this interpretation, an ultramafic vody of peridotite
emplaced in a fault at the ovase of the crust may be remooilized during
oeriods of tectonism and move higher into the crust. Z2ach pericd of
remobilization is accompanied by renewed serpentinization, so that the
original peridotite may eventually Decome pure serpentinite.

The ultramafic intrusion that occupies the Rogue-Dothan tnrust
tault contact appears to be a nearly pure serpentinite. A very aetailed
study of this intrusion would ce required to prove that its history of
intrusion corresponded with that outlined in Coleman's (1967) hypothesis
for complete serpentinization of peridotite. If the serpentinite is
nearly pure, then it may have undergone multiple periods of tectonic
remobilization and serpentinization while within the structural confines
of the Rogue-Dothan thrust.

Coleman (1967) has suggested that the ultramafic rocks of the
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Pacific Coast were probably emplaced during deformational events that
resulted in folding, faulting, and melamorphism of the surrounding
eugeosynclinal sedimentary rocks. According to Dott (1965), the close
association of ultramafic rocks with shear zones implies deep faults
penetrating to the mantie.

Age and Reglonal Correlation

Irwin (1964), Koch (1966), and Lanphere and others (1963) have
reportzd ultramafic intrusions that range in age from possibly
Paleozoic to Late Cretaceous or early Tertiary. Most of these are
velieved to have been emplaced during the Nevadan orogeny.

Lanphere and others (1963) set the approximate absolute age of
the end of the Nevadan orogeny in northern California at 132 m. y. ago,
during the Tithonian stage of the Upper Jurassic. The most prcoable
2osolute aze of tre Nevadan orogeny in southwestern Oregon seems to be
somewhere between 135 and 145 m. y. (Dott, 1965).

The serpentinite within the Rogue-Dothan contact in the Hden
Valley-Saddle Peaxs area may be related to the Nevadan orogeny. The age
of the Dothan Formation is still in question, but the Rogue Formation is
of probable Late Jurassic (and pre-Nevadan) age Decause it is in
conformavle and gradational contact with the Galice Formation of known
Late Jurassic, pre-Nevadan age. As previously stated in the
introduction of this section, the Rogue Formation underlies the Galice
Formation in the type section area with a conformable relationship.

From the evidence presented in the foregoing paragrapn, it is
reasonaoly clear that the serpentinite intrusion is post-Rogue

Formation, post-Dothan Formation, and younger than the thrust fault



waich separates the two formetions.

Farther west in the area napgse
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Riddle Fo

rmation

Distribution and Field Description

The Riddle Formation in the
members that moke up a folded and fa
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the center of the arez, marked by a
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ulted belt of sandstones,
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Trhe lower memver of the Riddle Formation is an alternating

sequence of thin-bedded sandstones and siltstones that crops out along

the eastern boundary of the upoer nem

er. Compared to the upper mewmder,

its strata are thicker and less distinct in outcrop. Colors of fresn

sandstone and siltstone units are generally the same as those iisted

for the upper member, but colors of
dark yellowisn-orange (10YR 6/5)
memoer contains anundant calcareous
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conglemerate. Some of tre concreiions contain fossil molds and casts of

tha pelecypod Buchia piochii. One exposurs, in a small excavation pit

in s2c. 16, contains abundant calcarecus fossils of a species of

emnite that resembles Pachyteathis. Fossils, limestone lentils, and

calcareous coneretions are comparatively uncommon in the upper memver.

The meiavolcanic pebole conglomerate lenses appsar to ve restricted to
ihe lower menber.

Tae upgper member is composed of siltstone with sandy leuses, and
subordinzte, thin-bedded, fine- to medium-grained sandstone. 7Tne

(]

siltstone is usually very thin-osdded, znd ranges from thin-pedded to

1

occasionally laminated (McKee and %weir, 1953}. Fresh exposur

F

[

L s o0
siltstone are olive-gray (5Y 4/1), olive-black (5Y 2/1), and dlack (N3).
Leathered siltstonss are light olive-brown (5Y 3/%6), light olive-gray
(5Y 5/2), and lignt gray (N7). The thin-dedded sandstones and the sandy
lenses in siltstone are light olive-gray (5Y 53/2) to cdusky yellow

5Y 4/4) when fresh, and they range from grayish-orange (10¥R 7/&) and
vary pale orange (10YR 3/2} to yellowish-orange (10YR 8/1) wnen
weatnered. Less common, odut frequently ooserved, weathered sandstone
and siltstone colors include dark yellowish-orange (10Y2R 6/5), light
trown (5Y2 5/5), and yellowish-gray (5¢Y 7/2). Sedimentary strusturss
are abundant in some exposures. Scour-and-fill channels and graded

baddinz indicats that strata of limos of anticiines are uprignt.

o

Tnrae, ridse-forming, very thick-bedded, 2gdole conglomerate

units make up the remainder of the upper memoer of trhe Riddle Formation.
Tne nebules averzge slightly l2ss than Two inches in size, are very

=

wall-rounded, and consist predominantly of dark and 1lizht colorsd chert,
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Plate 4. A southeast-dipping sandstone and siltstone sequence
of the upper member of the Riddle Formation exposed
in a road cut near the Riddle-Days Creek thrust in .
the NWiNWi sec. 16, T. 32 S., R. 10 W.
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veined by white and black chalcedonic guartz., Outcrops of these
conglomerate units usually havs z very uniform weathered color of
srayish-oranze (10YR 7/4), when ovserved from a distance.

Cross sections of limbs of anticlines reveal a minimum average
thickness of both members of the Riddle Formation that totals aocout

~
4

5,000 fest of zpparently unrepeated section. Cf this, aboat L,000 feet
belong to the upper member and about 1,000 feet to thz lower mem2er,
Tne siltstones and sandstones of the upper msuoer make up about 1,500

£

feet of the total section in the south part of the area and stout 2,000

&

feet in the north part. The conglomerate units of the upger memde

i

compose about 2,500 fest of the Riddle Formation section in the south

LS 1

part of the area and about 1,500 feei in the north part. The tni
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of ths lower menber is hignly variable throughout the area; probacly
ecause it has been disrupted by thrust faulti

exoosed as a series of fault-bound parts of
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vhat originally may nhave dsaen an anticline, which extended across ths
arsz from southwest to northeast. Tnz present distribution of the
anticlinal limbs is apparently the result of deformation of the folded
strata by normal and reverse (tarast) faulting. Tne southeast 1limts of
the anticline dip mors steeply in the south part of the area (50°
70°) than in the north part (30° to 40°y.

The relative position of the lower membsr with respect to tne
unper memoer indicates tnat the Lwo have probabiy bezen juxtaposed by a

3 Kad

southeast-dipping tarust fault. In the southarn part of the arez, vads

of tre lower amemoer dio northwest and adjacsnt beds of the upner member

din southeast. To the norin, in contrast, ooth members dip southeast at
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nearly the same angzle near their nmutual contact. The contact is

covered by talus and colluvium for most of its length, but it is exposad
in a road cut west of Saddle Peaks. The thrast fault has been disrapted
by a zone of shearing, which is apparently related to a nearly vertical
norizal fault nearby. The attitude of this thrust fault is not clear,

but it appears to dip steeply to the southeast.

he western contact of the Riddle Formation with the Days Creek

]

Formation is a thrust fault. Although it is covered by talus and
colluvium alonz most of its length, two good exposurss have oeen
uncovered in road cuts. The best exposure is in the south part of the
area in a small quarry on the west side of Fogzy Creek, about 1,600 fect
due south from the northwsst corner of sec. 16. The fault dips adout
35° to the southeast beneath an overthrust plate of conglomeratic units
of the Riddle Formation. The plate has bzen thrust northwsst over a
sequance of sandstones of the younger Days Cresk Formation. The other
exposure of the thrust faulh ie in 2 logging rcad cut, logcated in th
northeast part of the area near the center of sec. 35. Here, the fault
is marked by a deeply weathered zone of shearing that dips toward the
southeast at about 40°. The contacts of recognizable Riddle and Days
Cresk rocks with the fault zone are concealed oy talus and weatnered
colluvium.

Near the southern boundary of the area, the outcrop velt of the
Riddle Formation is onlapped oy a sedimeatary saquencs of Tertiary
TOCKS.

Lithologzy and Petrography

Sedimentary rocks of the Riddle Formatlon exposed in the Eden
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Valley-Saddle Peaks area are composed of sandstone, siltstone, mudstone,
and conglomesrate. They do not show the evidence of hydrothermal
alteration that characterizes the Rogue Formation. Additionally, they
show 1little evidence of cataclasis and recrystallization along thrust
faults in marked contrast to the Rogue-Dothan thrust as oreviously
described.

The Riddle and Days Creek Formations compose the Myrtle Group as
revised and defined by Imlay and others (1959). The two formations have
similar rock types, but several characteristics distinguish the rocks of
the Riddle Formation from those of the Days Creek Fromation. The strata
of the Riddle Formation are generally well-bedded and thin-bsdded
compsred to tne massive, often thick-bedded strata of the Days Creek
Formation. Fresh surfaces of Days Creek sandstones are often an unusual
greenlsh or bluish color, and weathered surfaces are often darker brown,
compared to typical Riddle sandstonzs and siltstones.

A 1linlted petrograpaic study of 12 thin sections of sedimentary
rocks of the pyrtle Group revealed some gensral lithologic differences
betwsen the Riddle and Days Creek units. Rocks of tne Riddle Formation
tend to be less calcareous and micaceous than tnose of the Days Creek
Formation. In addition, the Riddle Formation rocks contain more litnic
fragments, more argillic alterstion of feldspars, and more chloritic
alteration of ferromagnesian minerals tnan do similar rocks of tne Days
Creek Formatlon.

Origin and Depositional Environment

The sedimentary rocks of the 2iddle Formation were derivec from

erosion of older Mesozoic rocks of the region that were folded, faultued,



and uplifted during the Nevadan Crogeny. The Riddle Formation formed
the basal portion of ithe post-Nevadan, Myrtle Group deposited in small
marine pasins on the truncated, pre-Nevadan surface. The Myrtle Group
rocks are now infolded and infaultad in synclines and fault oplocks in
the Klamata Mountains, according to Baldwin {1954a).

Irwin (1964) included the Riddle Formation (and the entire
Myrtle Group) with what ne called "superjacent" (equivalent to posi-
Nevadan) rocks. The superjacent deposits are represented by oota
eugeosynclinal and nonsugeosynciinal rocks that he believes are coeval
facies deposited in different parts of the same basin. EHe included the
Riddle Formation among the noneugeosynclinal shelf deposits tnat were
1aid down on the "subjacent" (equivalent to pre-Nevadan) rocks which
formed the continental shelf and slope.

Aze and Regiomal Correlation

Tne Riddle Tormation contains a faunal assemblage of fossils
that are Portlandian and midile to late Tithonian (latest Jurassic) in
age, and the same age as a similar faunal assemblage found in tine upper
part of the Knoxville Formation in California (imlay and others, 1959).
Koch (165%) considers tne eugeosynclinal Otter Point Formation in the

Port Orford-gold Beach area to be eguivalent to the Riddle Formation in

Days Creek Formation

Distribution and Field Descriotion

Tn the thesis area, the Days Creek Formation is poorly exposzsd.
It is a valley-former and thus is largely buried under the alluviunm

that covers most of Eden Valley and the valley of C(lear Creek. ock
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exposures are restricted to road cuts, stream gullies, and a few, low,
hummocky hills. Tre upper and lower members of the Days Creek
Formation form a northeast-trending belt of sandstones and sandy
siltstones. It crosses the centrzl part of the area west of its contact
with the northeast-trending outcrop belt of the Riddle Formation. Most
of the Days Cresk Formation is covered by a coniferous forest and dense
underorush. ILimited exposure, combined with the thick-bedded and poorly
bedded character of most units, makes the contacts betwzen units and
members virtually impossible to trace.

The lower nember is composed of alternating thick-beddsd units
of fine-grained sandstone and sandy siltstone that crop out in secs. L,
5, 8, 34, and 35. The siltstone sometimes contains calcareous
concretions, and thin beds of chert pebble conglomerate are sparingly
present. Weathered surfaces of outcrops are often medium gray (&5) in
color. Fossil molds and casts of the plump pelecypod Buchia

crassicollis are fairly abundant, especially in units containing lenses

of limestone.

The upper member consists of very thick-~bedded to massive units
of medium- to fine-grained sandstone with thinner interbeds of sandy
siltstone. The units are often spheroidally weathered and colored dark
yellowish-brown (10YR 4/2). Fresh colors are different shades of
bluish- and greenish-gray. The upper memoer crops out in secs. 9, 17,
and 18, where it contains abundant fossil molds and casts of pelecypods,
ammonites, and belemnites.

where pedding is exposed, the rocks usually strike northeast and

dip northwest at moderate angles. High-angle dips prevail near the
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Riddle-Days Creek tnrust fault contact.

toout 5,000 feet of Days Creek ssctlon is exposed in the area,
but thickness of individual menmoers is nct determinacle. Tnere is
probably some stratigraphic repetition caused by thrusting and normal
fzuliing.

In the tyoe locality near the town of Lays Cresx, the Days
Creek Formation overlies the Riddle Formation with apparent conformity.
Imlay and others (1959) suggested that the contact may be a
disconformity. In the Zden Valley-Saddle Peaks area, the Riddle-Days
Creek contact appears to be a southeast-dipping thrust fault. The
thrust is concealed teneatn talus and colluvium along most of its
length, but it is well exposed in a small gquarry in sec. 17 on the wasi
side of Fozzy Creek. A description of tais contact 1is given in tne
Distribution and Field Description section under Riddle Formation.

The contact of the Days Creek Formaticn with the Tertiary
(focene) upper member of the Umpgua Formaticn (Baldwin, 1665) is a waste
dipping angzular unconformity. The contact is poorly exposed througnout
its length within the area. Near this contact, Days Cresk units dip 45°
to 60° to the northwest, and upper Umpqua units dip about 20° to the
west. At the south end of the Days Creek belt of outcrop, the upper
Unmpqua rocks completely overlap the Days Creek Formation and extend onto

the adjacent Riddle Formation farther east.

Litholezy and Petrography

The Days Creek Formation is composad of a pooriy-bedded sequence
of sandstone, sandy siltstonz, and siltstone units. The rocks are

unmetamorphosed, and appear to be less alterasd than the rocks cof the
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older Riddle Formation. A lithologic and petrographic comparison to the
Riddle Formation was made in the previous section. Compared to similar
units of the Riddle Formation, units of the Days Creek Formation are
more thick-bedded and often massive. Fresh surfaces are an unusual
greenish or bluish color, and weatnered surfaces are darker brown than
those of the Riddle Formation.

Origin and Depositional Environment

The units of the Days Creek Formation (Myrtle Group upper
member) were deposited on the Riddle Formation (Myrtle Group lower
member) in a similar environment of deposition. ILithologic similarities
of the two formations indicate that they were probably derived from the
same provenance area. The Days Creek units were deposited
disconformably (Imlay and otkers, 1959) on the Riddle Formatlon in
small marine basins that are now infolded and infaulted in synclines and
fault blocks in the Klamath Mountains of southuestern Oregon (Baldwin,
1964a) .

Aze and Regional Correlation

The Days Creek Formation was named oy Imlay and others (1939)
for the village of Days Creek near the type locality along the South
Umpgqua River. At the type section, the Days Creek Formation is more
than 800 feet thick and is segparavdle into two memoers where well
exposed. According to Imlay and others (1959), the lower memoer is
distinguished from the upper mexmber by its limestone lenses, its medium
gray instead of greenish-gray siltstone units, its less massive

sandstone units, and its fossils of the pelecypod Buchia crassicollis.

Wnere fossiliferous, the Days Creek units are distinguished from similar
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units of the Riddle Formation by the presence of specimens of the plump

pelecypod Zuchia crassicollis. A distinctly different, slender

pelecypod, Buchia plochii, occurs only in the Riddle section.

Tee age of the Days Cresk Formation is Early Cretaceous, basad
on its Valanginian to Barremian fauna (Imlay and others, 1959}« Koch

s . ) - - . - L - .
(1966) considered the Days Creek to ve eguivaleni in age to partis of tne

Rocky Point Formation and the Humbug Mounitain Conglomerate in the Port

Orford-Gold Beach area.

Tertiary Rocks

Tne writer made no detailed study of tne Tertairy section in the
Eden Valley-Saddle Peaks area because he was primarily concerned with
the pre-Tertiary rocks. However, certain general features were noted.

Tne Tertiary rocks in the area consist of tne upper member of
the Umoqua Formation (Baldwin, 1965) and the overlying Tyee Formation.
Tney form a north- to northneast-trending belt that crosses the west and
northwest parts of the area. The resistant conglomeratic sandstones of
the Tyee Formation form the summit and northwsst dip slope of Table
20ck. Both formations are covered by a dense coniferous forest. and
most exgosures are thus limited to road cuts and stream beds.

The upper mesber of tne Umpqua Formation is composed of an
alternating sequence of medium- to coarse-grained, sometimes peobly,
flazgy, micaceous sandstones and thin-oedded, fine-grained tc silty
sandstones that are often poorly indurated. The Tyee Formation is a
sequence of cliff-forming, well indurated, often conglomeratic, medium-
to coarse-grained sandstones. The two formations strike generally

L . . , . o} . L
north to northeast and dip west and northwest at apout 20°. The Taole
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Rock section is avout 2,500 feet thick.

The upper memoer of the Umpqua Formation laps onto the Riddle
and Days Cresk Formations with apparent angular unconformity. At the
contact, the Myrtle Group beds dip stesply and the Tertiary beds dip
gently to the west and rorthwest.

The Umpqua~Tyee contact was interpreted in part from aerial
photographs by using as an aroitrary contact the oreak in slope that
occurs at the base of the Tyee.

There is no evidence that the Tertiary rocks have been affected
by the thrusting which deformad the Mesozoic rocks in the area.

The twe formations contain rocks with similar compositions and
lithologic characteristics, which implies that they were derived from
the same provenance region and were deposited in similar environaents.
The presence of coal lenses (Baldwin, 1964a), in addition to
conglomerates, sugzests that the sediments were deposited in a shallew,
estuarine-marine environment, prooably near the margin of tne basin,
as suggested by Baldwin (1965).

According to Baldwin (1955), the upoer member of the Umpgua
Formation is probably of middle Eocene age, and it was partly removed
by ercsion prior to deposition of the Tyee. The Tyee Formation was laid
down in latz middle Hocene time following a period of crustal warping,

and hence the upper Umpqua-Tyes contact is a mild angular unconfermity.



STRUCTURAL GEOLOGY

Taectonic Setilng

The Klamath zeologic orovince occupies the continental margin
along the western edge of the Cordilleran moblle belt and encompasses
nearly equal areas in southwestern Oregon and northwestesrn California,
according to Dott (1971). The Kiamath structural pattern is a large,
convex westwardly arc of lithologic and formational delts called the
Mendocino orocline (Dott, 1971, p. 6), a feature very evident in
geologic maps of the Klanath rezion. Diller (1907), Taliaferro (1942),
Irwin (1964), and others notsd a younger-westward trend among these
arcuate opelts of Klamath rocks, a trend similar to that found in
lithologic belts of the Sierra Nevadas (Dott, 1971).

The origin of the Mendocino orocline has veen variously
interpreted. According to Dott (1971), it may have bzen formed oy
northward movement of western California relative to the continental
interior, or by westward thrusting of Klamath rocks at a lower angle
than the Sierra Nevada rocks. He cites overwnelming evidence that rocks
forred in different tectonic environments have been structurally
juxtaposed by thrusting. The vast, sheared and chaotic Franciscan and
atter Point terranes were probably formed in late Mesozoic time as
oceanic erust was thrust oeneath continentsal crust along the western

argin of the Klamath block, as suggested by Dott (1971). He further

=

states that near the southwestern Orezen coast the major thrusting took
place in nid-Cretaceous and possioly early Tertiary time, culminating a

Jurassic and Farly Cretaceous period of intense structural deformztion.

Northwest-trending vertical faults, presumacly relatedi to the 3an
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Figure 2. Tectonic setting of southwestern Oregon and adjacent oceanic
crust. Note the discordance between the Mesouolc to early
Cenozoic arcuate structural pattarn (dashed lines) and the
superimposed, late Cenozoic Cascade volcanic arc and faulting
(heavy lines). This map was modified from the tectonic map
of Dott (1971, p. 8).
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Andreas system, were later superimposed on the older structural features
in late Cenozoic time (Dott, 1965).

In the Zden Valley-Saddle Peaks area, the major structures and
the outcroo pelts o¢f formations of late lesozolc rocks show thes same
arcuate pattern as the regional Xlamath structure. ILocally, thrusting
appears to have begun as high-angle faulting with assoclated cataclasis,
recrystallization, and ultramafic intrusion. Thls was followad by a
period of low-angle thrusting of apparently less intensity. Sometime
in post-Zarly Cretaceous, pre-iddle Zocene time, normal faulting of
large displacement (Camp Hope Fault) marked the end of compressional
stresses and resultant thrusting in the area.

Much of the Xlamath Mountain structure has oeen attriouted by
various workers to the levadan orogeny. Dott (1965) sugszested that in
southwestern Oregon the Nevadan orogeny probably took nlace betwesen 135
and 145 m. y. ago during the Late Jurassic. In tne rden Valley-Saaala

Peaks area, structural deformation (folding and thrust faulting) siwmilar

3 i1

to that of tne Hevadan continued until post-Zarly Cretaceous, pre-Midil

Py

e}

Yocene time.

Irwin (1G464) proposed to subdivide the rocks of the Klamatln
yountains based on their involvament in the Late Jurassic, YNevadan
orogeny. Rocks involved in the Nevadan were called "subjacent!, whereas
youngzer strata deposited unconformadly on them in post-Nevadan time were
called "superjacent'. The writer pelieves that the terms "ore-yevadan"
and oost-ievadan are more meaningful for the purposes of tnis
discussion. Tney are used when applicable throaghout the text of this

report, with the end of the Nevadan orogeny considered to e pre-yrile
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Groun in age.

Folding

——2

Rozue and Dothan Formations

Folding of the Rogue and Dothan Formations may have besn the
oidest structural event in the study area. Both formations are exposed
in the eastern oart of the area, where they strike northeast and dip
southeast at about the same anzle. Although the Rogue-Dothan thrust
has orought the two formations into juxtaposition, they may be parts
of southeast-dipping limbs of formerly continuous, overturned, isoclinai
folds. Kays (1968) summarized tne data of earlier workers and noted
that the pre-llevadan, Mesozoic units dipped steeply and uniformly
southeast. This implies that the rocks were regionally isoclinally
folded and overturned to the northwest prior to thrusting. However, no
evidence of isoclinal folding and overturning could be found in the
poorly exposed Rogue-Dothan sequence in the area mapped.

Myrtle Group

A later period of folding took place in post-Zarly Cretaceous
time following deposition of the upper member of the Myrtle Group (Days
Creek Formation). The strata of the Myrtle Group were deformad into
sonewhat asymaetrical, open folds with northwest trends. Continued
comoressional stresses sesm to have caussd failure oy rupture in
forelimbs, after which the folded strata were thrust io the northwest.
The folds are best preservad in the lower memoer of the Myrtle Group
(Riddle Formation), as illustrated in the geologic map wnich accompanies

tris revort.



Plate 5.

View looking north from a ridge crest in the SE;SWi
sec. 9, T. 32 S., R. 10 W. The ridge extends from
the left foreground to the right background, formed
on the southeast-dipping limb of a Riddle Formation
fold. The ridge is capped by a resistant unit of
conglomerate. West-dipping Tertiary strata form the
skylined ridge in the left background.
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Two periods of warping are recordsd in the Tertiary rocxs in the

northwestern part of the area. A short period of mild warping Took

0o

place in Middle Zocens time (3aldwin, 1555) following deposition of the

5

the Umpgua Formation and preceding deposition of tne
Tyee Formation. Strata of both formations dip to the west at low angles
vhere they crop out along the west and norihwest boundaries of the area.

This relationship indicates that additional mild crustal warping

occurred after denosition of *the Tvee Formation in Middle EZocene tine.

Faulting in the area consists of an earlier, more intense period
of thrust fanlting accompanied by minor normal faulting in foldad strata
of the *yrtle Group. Superimposed discordantly on inesz thrust faults
is a later oeriod of normal faulting marked oy a large normal fault

(Camp Hope Fault) with more than 1,600 fest of displacement.

Tarast Faultls

Thrust faulting has had a more dynamic effect on the local
structural history. It is represented from east to west oy three major
structures which include the Rogue-Dotnan, Rogue-Riddle, and Aiddle-Days
Cresk thrusts.

Thz Rogue-Dotnan thrust shows evidence of the most intense
structural dsformation Dy comoressional stress2s. This consists of a
serpentinite intrusion, metasomatic alteration of botn formations nesar

tne intrusive contact, and the abrupt appearance of foliatlon in rocks

8

as duae t

Q

of both formations nsar the thrust. The foliation is regard

cataclasis and recrystallization resulting from shearing stresses acting
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along the sole of the thrust fault. Basaed on the attitude of the
foliation, the sarface irace of the thrust in relation to topography,
and the dip of the fault seen in two road cuts, the Rogue-Dotnan thrust
strikes northeast and appears to dip southeast at aoout 450. Its
attitude is essentially parallel to that of the surrounding strata.

Although the other two major thrusts also post-date tne Rogue
and Dothan Formations, they involve the post-Nevadan Myrtle Group and
have no associated ultramafic intrusions or zones of cataclasis and
recrystallization. However, ultramafic intrusions emplaced during a
Middle to Late Cretaceous period of orogeny have been noted elsewhere in
the Klamath region by Irwin {1964) and Koch (1965).

Trom the foregoing evidence, the writer infers that the Rogue-

Dothan thrust was involved in a more intense stage of compressional

that prodaced the Rogus-Riddle and Riddle-Days Creex thrusts. Thare is
no evidance in the area to prove that the Rogus-Dothan thrust is related
to the Late Jurassic, Nevadan orogeny or to the post-Farly Cretaceous
period of thrusting which involved the Rogue Formation and the post-
Vevadan Myrtle Group. Howsver, the writer believes that the evidence
coints to a Nevadan age, or at least to formation during the initial and
more intense stage of the post-Early Cretaceous thrusting, for the
Rogue-Dothan thrust.

The presence of exclusively southeast dips among the pre-Nevadan,
Late Jurassic rocks of the region (Kays, 1963) implies that the sequencs
was first isoclinally folded and then overturned to the northwest oy

horizontal compressional stresses. Continuation of these compressive
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stresses caused forelimb rupture in the tightly folded strata, and some
of the resultant faults may have continuad downward into bedding plane

thrusts. The Rogus-Dothan thrust appears to have formed in thils manner

[\

althouzh there is no evidence of isociinal folding exposed in tne ars
The Rogue~Dothan section hers may represent structurally dislocatad
parts of limbs of formerly continuous, isoclinally folded strata tnat
ere overturned to tne northwest. frosion has further modified the
section to forn the relationship as it appears today.

Tarther west in the area, the pre-3evadan Rogue Formation has
been thrust northwest over the post-Nevadan Riddle Formation. fnis
Rozue-Riddle thrust strikes north to northeast and dips moderately to
steeply eazst and southeast. Near tne thrust, strata of the Riddle
Formation are strongly disrupted by numerous saall faults and ocedding
plane thrusts. & number of small, disconiinuous, southeast-dipping,
low-angle thrust faults occur in the sedimentsary ana volcanic recks
along the main fault zome. These small thrust faults are prevalent in

o~

the thick Riddle conglomerate units as far as 1,000 feset west of the
Rogue-Riddle thrust. Wnere exposed, the thrust fault is a deeply
weathered zone of iron stained sandy gouge and rock fragments, which
varies from less than 5 to more than 15 feet in width

The age of the Rogue-Riddle thrust 1s post-Myrtle Group (post-
Early Cretaceous). The fault appears to have formed after most of the

Days Creek Formation had been removed by erosion from tne underliying

-

ormation, oecause no Days Creek strata were found anywhere along

]
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the thrust in the area mapoed. Tnis implies that folding and thrust

faulting of the Myrtle Group rocks may pre~date the Rogue-Riddle thrust



in this area.

lear the center of ithe thesis area, the Late Jurassic Riddle
Formation has pzen thrust to the northwest over the Zarly Cretaceous
Days Creek Formation. This Riddle-Days Creek thrust is exposed in a
small quarry in sec. 17, where it strikes northeast and dips southeast
at about 350. Near the thrust across most of the arez, the Riddle
Formation dips moderately southeast and the Days Cresek Formation dips
steeply northwest. However, in the southwestern part of the area, both
formations dip steeply nortnwest in the'vicinity of the thrust. The
thrust fault zone is a dark yellowish-brown to dark reddisa-brown zone
of intensely sheared and brecciated rock fragments and sandy gouge.

Although the relative ages of the Rogu=-Riddle and Riddle-Days
Creek thrusts cannot be resolved from the available evicence, the
evidence suggests that the Riddle-Days Creek thrust may be the older.
The only cexposures of the Days Creek Formation in ihe #den Valley-Saddle
Peaks area occur west of the Riddle-Days Cresk thrust. Because the
younger Days Creek Formation was deposited disconformably on the cider
Riddle Formation, one would expect the Days Creek to overlie the Riddle
throughout the area. The evidence indicates that folding of the Myrtle
Group culminated in forelimb rupture and thrusting. Plates of folded
Myrtle Group rocks were thrust over one another so that, in this area,
the crest of an anticline was directly over the northwest-dipping limo
of a syncline. The Days Creek Formation was removed from the anticline
by erosion, but it was preserved in the syncline where it was more
deeply buried. Tne Rogue-Riddle thrust was formed after erosion had

completely removed the Days Creek and exposed the kiddle on tne crest



and flanks of the anticline.

Tne Days Creask Formation is Early Cretaceous in age; hence, the
Riddle-Days Creex thrust is post-Zarly Crestaceous and post-dates folding
of the Myrtle Group in tnis area.

lLate Barly Eocena thrust faulting, involving the lower menoer of
the Umpqua Formation near Roseburg, was descriosd by daldwin (195%0) .
Tris indicates that thrusting in the thesis area may have continued
until tre early Eocene. Along tae west side of Zden Valley and in the
valley of Clear Creek, the Middle Eocene, upper member of the Umpqua
Formation (Raldwin, 1965) onlaps the Zarly Cretaceous Days Creek
Formation with angular unconformity. D3scaus2 the Days Creek is the
youngest formation in the area to be involved in tnrusting, the
thrusting must have ended sometime peltween Early Cretaceous and Middle
Eocene time. It may pe related to the same period of deformation that
caused the post-early Late Cretaceous thrusting in northern California
which Irwin (1954) attributed to the "Coast Range Orogeny".

Normal Faults

During the time the Rogue plate was being overthrust, a series
of normal faults were formed in the folded strata of the Myrtle Group.
These faults may have formed before the Myrtle Group was involved in
thrusting, but there is no evidence to eltner confirm or refute this
inference. The faults developed generally perpendicular to the strike
of tne folded strata. They show more offset in the Myrile oeds than in
the Rogus volcanic units where the faults cross tae Rogue-Riddle thrust.
Tnis difference in apoarent offset may indicate that displacement on

the faults took place in the Myrtle Group prior to tne arrival of the
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overtarust Rogue plate. In view of the northwest-southeast direction of
the comoressive stresses, strike-slip movement on these normal faults
could have extended them laterally across trne Rogue-Riddle thrust into
the Rogue Formation after the Rogues plate had arrived. However, tnere
is insufficient evidence to confirm this displacement. The normal
faults post-date folding of the Myrtle Group and, at least in part,
post-date the Rogue-Riddle thrust. They are therefore younger than the
Zarly Cretacsous Days Cresk Formation. They do not appear to cut the
Tertiary section in the area, so they are probanly older than Middle
Eocene. They may be related to the Camp Hope Fault period of normal
faulting.

Tne Camp Hope Fault is a large normal fault which crosses the
exireme southern part of the map area in an east-west direction, and
passes near to and south of Camp Hope. The trace of this fault relative
to loczl topography indicates that it dips steeply to the scuth, Ths
Rogue and Riddle Formations are juxtaposed along the western half of
the fault, and no rocks of the Myrtle Group were found south of 1t. In
several places along the fault, the writer found rubble zones of pebble
to boulder sized, angular to subrounded, fault breccia fragments in a
matrix of sandy gouge. The apparent width of the fault varies from less
than 10 to more than 100 fest. It offsets the Rogue-Dothan thrusi
approximately 1,000 feel horizontally. If the dip of the Rogue-Dothan
thrust is assumed to be 450 southeast, the calculated minimam slip is
more than 1,600 feet. The offset of tne Rogue-Dothan thrust indicates
that the displacement is south side up relative to the north side. Tne

relationship of the sedimentary rocks of tne Riddle Formation to the
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Camp Hope Fault and to volcanic rocks of the Rogue F Formation implies
that the Riddle Formation (znd tne entire Myrtle Grouo) overlies the
Rogue Formation throughout the area mapped.

Tne age of the Camp Hops Fault can be closely bracketed,

[}

Because it cuts both the Roguz-Dothan and the Rogue-Riddie thrusts, it
therefore younger than the post-Early Cretaceous perio od of thrusting.
Tne fault does not appear to offset the Middle cocene, upper meimber of
the Umoqua Formation, so it is older than Middle Hocene. It was
probably formed during the same period of large-scale normal faulting
that produced the Powers-izness fault a few miles wast of the area,
vhich Baldwin (1965) described. He related the Powers-igness fault to
deformation that involved the middle member of the Umpgua Formation and
1der rocks a few miles southwest of tne Eden Valley-Saddle Peaxs area.
Compressional deformation that culminated in thrusting appears
to nave ceased in the region during late Farly Eocene time, arvd it was
followsd by a period of regional dilation and resultant normal fauwlting,
according to Raldwin (1965). He suggested that normal faulting
decreased in intensiiy from late Early Zocene to Middle Zocene time. In
the Xlamath rezion, uplift and normal faulting and shearing nas
continued throughout the late Cenozoic until the oresent, as noted oy

Dott (1965; 1971) and Koch (1965). There is no evidence of this later

faulting and shearing in the thesis area.
< L



GECHORPHOLOGY

Rezional Geomoroholo
22

“ost of the thesis area lies within the Klamath Mountain
Geomorphic Province, the boundary of which is the Mesozoic-Cenozolc
contact, as defined by Diller (1902).

Probably since early lMesozoic time, the Klamath Mountain block
has been subjected to episodes of spasmodic uplift and subsidence,
accompanised by intervals of stability and erosion, which has continued
throughout the Mesozoic and Cenozoic to tne present. These processes
have modified the Klamath surface to form the present, rugged,
mountainous terrain. Many of the major river valleys show evidence of
multiple rejuvenation and planation. Diller (1902) noted remnants of at
least three major peneplains, the most widespread of which he named the
Klamath peneplain. He proposed a late Miocene age for the Klamath
peneplain oased on evidence of dislccatlon and subsequent planation of
Miocene rocks in the Coast Range of northwestern California within tae
Klamath Mountain province.

Uplift of tre Klamath plock is continuing, as indicated by
regional stream degradation and tne existence of several, prominent,
late Cenozoic, marine terraces along the southern Oregon coast. The
highest of these terraces is approximately 2,000 feet above sea level.
Throughout most of the Klamath Mountain region, the tozography fits the
criteria of Thornbury (1958) for the early youth stage of tne fluvial
cycle of erosion.

Local Geomorphology

The Mesozoic-Cenozolic contact, which separates the Klamain
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Mountain and Qregon Coast Rang somorphic provinces, crosses the Zden
Valley-Saddle Peaks area from the soubiwest corasr to the approxinmate
enter of the northern boundary.

In general, major drzinages in the area parallel the strike of
strata and major structures, so tae valleys are subseguent and
longitudinal (Thornoury, 1958). Taey do not conform to the typical
drainage pattern of the ¥Xlamatn Mountains described by Diller (1902).
Instead, they match his description of the Northern Coast Rangse of
California, where the drainage commonly parallels the strike of the
strata.

The low-angle dips of strata of the Tertiary section produce
distinctively different topograpny and drainage patterns, wnich make
them easy to distinguish from the more stesply dipping Mesozolc sirata
in the area. Strata of the Riddle Formation in the southwest part of
the area have steeper dips and form hogback ridges. Low, hummocky,
norchwest-trending hills are developed on parts of the Days Cre eak
Formation. The Rogue Formation forms steep-sided, narrow, somewnat
serrate, hozback ridges. Homoclinal ridges prevail on the Dothan
Formztion in the southeast part of the area.

Tn strata of the Myrtls Group, Riddle Formation ccnglomerate
units are ridge-formers, waersas Days Creek Formation sandstone units
and Riddle Formation siltstone units are valley- and slope-formers.

Degradation by nearly all streams in the area indicates
(] v

[

renewed uplift. In some places they have eroded as muach as 20 feet o
valley olluvial and colluvial fill, exposing pedrock in many places

where it was formerly covered.
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ECONQMIC GEOLOGY

Location

In the Sden Valley-Saddle Peaks area, mineralization of
possible economie importunce occurs only in the altersd voleanic rocks
of the Rogue Formation. Diller (1914) reported the presence of pyrite,
chalcopyrite, and bornite, along with numerous veins of quartz and
calcite, in the "greenstones" (Rogue volcanics) of the area. Brooks
and Ramp (1968) described the mineralization as sulfides of copper,
lead, and iron contained in small gquariz velns.

The only deposit of potential significance found in the area is
the high grade coppar sulfides of the Bolivar Copper Mine (NE: sec. 10,
T. 32 5., R. 10 W.). |

History and Mine Development

Tae first mining activity in the area was directed to gold
placers, and this was soon followed by a search for lode deposits.
Most of the claims were staked during the 1890's and early 1900's.
Placer mining was significantly productive for a very short period.
The lode deposits wers typically of low grade, and ware usuzlly found
to have bsen offset by faults of unknown displacement.

then the first lode clailms were being staked in the area,
Joseph M. Tnompson of Douglas County, Oregon located a promising coppst

rospect. The deposit was found on the south side of the West Forx of

o]

o

Cow Cresk in the NES sec. 10, T. 32 S., R. 10 W. Diller (191%) later
visited the area and reported the Thompson Mine to e the most
important copper prospect in the surrounding region. He noted its

condition as "currently idle", but estimated its past production to
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have obeen "at least 50 tons" of high grade couper ore.

During 1942 and 1942, the property was examined by Rosenderg
11943), who called it the ruller Copper Mine. He estimated the total
developed reservss to be at leash 1,000 tons of ore averaging four
percent copper, and described the ore as dense, hypogene sulfides
rzther upiformly distributed throughout a silicified gangue. Tne
deposit was developed on three levels by adits that provided access to
1,055 fest of drifts, crosscuts, and winzes. The vorkinzs explored tne
deposit for 560 feet horizontally and 193 feet vertically. The best
ore was found on the upper level, a few small pods and lenses were
found on the intermediate level, and no ore was located on the lower
level (Rosenberg, 1943).

when the writer examinzsd the property in 1953 and 1965, it was
being developed oy a group of stockholders from Douglas County, Qregone.
The principal stockholder, Mr. Raymond F. Carr, had restaked the lapsed
original claims in 1956 under the new name of Bolivar Copper Company.
The stockholders had recently incorporated a pilot milling operation,
called Y"Omex", to test the feasibility of concentrating the copper
sulfides for direct shipment to a smelter from the mine site. Their
evaluation of 20 exploratory core and rotary diamond drill holes
appeared to confirm Rosenberg's earlier conclusion about the nature
and distribution of copper sulfides in the deposit. However, the
average grade was determined to oe about two percent copper instead of
tne four percent figure that had been estimated in 1943. As defined by
by exploratory drill holes, mineralization occurs as remnant pods and
lenses of high grade copper sulfide ore surrounded by oxidized material

£ lower and more variadble copper content.



Plate 6.

The recent surface excavation above the old
underground workings at the Bolivar Copper Mine in
the SWiNEL+ sec. 10, T. 32 S., R. 10 W.
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A series of exploratory trenches were excavated along the ridge
crest that trends southwasst from the mine site. In the mine area, most
of these trenches exposed intensely weathered, friable, volcanic host
rocks of the Rogue Formation, that contained no visible traces of
copper mineralization. Howsver, one trench outsids the mine area
(SELSW: sec. 10, T. 32 S., R. 10 W.) intersected more competent and
less intensely weathered Rogue volcanic rocks that were veined by
chalcocite, bornite, covellite, and minor malachite.

The writer observed three additional occurrences of sulfide
mineralization nearby, but essentially outside the mine area. These
are all near the thrust fault that separates volcanic rocks of the
Rogue Formation from the underlying sedimentary rocks of the Riddle
Formation. Bornite and chalcopyrite occur in two places in the volcanic
rocks along the fault in sec. 16, and pyrite is abundant in both
sedimentary and volcanic rocks at the fault contact in sec. 9 (7. 32 3.,
R 10 W.).

Geology

Current development indicates that sulfide mineralization at the
fplivar Mine occurs exclusively within volcanic host rocks of the Rogue
Formation. Detailed mapping of the area by the writer shows that the
Rogue volecanics have been thrust northwest over sedimentary rocks of the
Riddle Formation. Tne thrust fault contact lies about 1,000 feet north
of the approximate center of the old suosurface workings. The fault
plane is very irregular along most of its length in the thesis area,
out it appears to ve more uniform in the mine area. On the basis of
topographic relationships of the fault trace, it may be inferced that

the thrust fault dips approximately 50° south in the vicinity of the



Bolivar Mine; hence, it is aciually a reverse fault.

A prominent normal fault was traced southeast from wnere it
offsets the Ricddle Formation and across the thrust fault into volcanic
rocks of the Rogue Formation whars tha amount of ofisst appears lo be
snostantially less. The fault trace of the normal fault is marked oy
several old prospact pits and caved adits, and it is mappavle to within
about 400 feet of the Bolivar mine site.

Tne volcanic rocks in the mine area are intensely weatherad and
almost completely decomposed at the surface. Here, the Rogue Formation
consisis of closely fractured flows and flow breccias of hydrothermally
altered basaltic andesite and minor rhyolite porphyries. There 1is no
biotite or hornblende, and most of the orthopyroxenes are completely
altered to chiorite-group minerals. The principal ferromagnesian

mineral, augite, shows significantly less chloritic alteration. The

%

eldspar is plagioclase, compositionally near the labradorite-andesine
boundary (An55). Fracture surfaces near the sulfide mineralization are
heavily stained by iron oxides. If the host rocks did not originally
contain biotite and/or hornblende prior to hydrothermal alteration,
they would bes classified as basaltic andesites.

Immediately south of the thrust fault is an ouicrop of strongly
bleached and apparently recrystallized porphyry that may have been
either rhyolite or dacite prior to alteration.

Ssulfide and Gangue Minerals

The opague ore minerals and transparent gangue minerals from
the 2olivar Mine were identified using ore and oetrographic microscopes.
The main ore minerals are bornite, chalcopyrite, chalcocite, and minor

covellite. Other opaque minerals include relict pyrite, marcasite,



Plate 7. A high-grade, bornite-chalcocite vein about four
inches wide, exposed in the surface excavation

shown in Plate 6.



Plate 8.

A close-up view of the bornite-chalcocite vein shown
in Plate 7. Note the network of closely spaced
fractures filled by malachite that cuts the high-
grade copper sulfide vein.
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magnetite, sphalerite, and galena. In ordsr of their relative
abundance, the gangue minerals are barite, quartz, alunite, calcite,
malachite, azurite, and epidpte.

Polished ssctions of the ore minerals exhibit both primary and
secondary textural relationships. The only ore mineral that appears to
be distinctly hypogene is chalcopyrite. One section shows a complex
intergrowth of bornite and chalcopyrite that can be interpreted as
being either a primary eutectic unmixing or a replacement texture,
according to Edwards (1965). Most of the chalcocite occurs as rim
replacements around cores of bornite. Commonly, an outer zone of white
chalcocite grades inward to a narrower zone of "blue" chalcocite that
encircles thz bornite core. The "blue" chalcocite may be a mixture of
covellite and white chalcocite.

Specimens of nearly pure chalcopyrite, showing inecipient
replacement by irregularly shaped bodies of bornite, grade laterally
into areas of almost pure borritz that contain small hodies of
chalcopyrite. As the proportion of bornite to chalcopyrite increases,
the amount of replacement of bornite by chalcocite also increases.
Relict, rounded and shattered grains of pyrite were seen in all
specimens, except those composed exclusively of chalcopyrite and quartz.
Covellite is locally abundant, often replacing chalcocite. It also
oceurs as fracture fillines in bornite-chalcocite and as small
replacement bodies in chalcopyrite-bornite.

cmall bodies of bornite disseminated in barite gangue overlie
one of the large pods of high grade copper sulfides near the surface.

The bornite has been partly replaced by rims of chalcocite, and the



sulfides and barite gangue are veined by malachite.
An unusual form of magnetite occurs in the chalcopyrite~quarts
samples. The magnetite crystals resemole sheaves of grain with

terminal ends like the tuft of an artist'!s brush. The writer has seen

goethite crystals of similar habit and suggests that these crystals may
be magnetite pseudomorphs after goethite.

Small barits-guartz veins cut the altsred volcanic host rocks
nesr the sulfide mineralization. Tnese veins also centain marcasite,
sphalerite, and galena in order of decreasing abundance. The marcasite
is strongly anisotropic, paler brass yellow than pyrite, and ;t occurs
as rectangular, prismatic crystals. The sphalerite grains are
subhedrzl, and they are enclosed within and cut by marcasite in places.
Galena is a rare consiituent and was not found to cross-cut elthe:
marcasite or sphalerite. The writer believes that galena was the liast
of thnese three sulfides to crystallize for two reasons. First, its
concentration in the vein is much lower than the concentration of the
other sulfides. If this is a reliable indication of its original
concentration in the fluid, then it should have crystallized last.
Second, in most hydrothermal base metal deposits galena is among the
last minerals to crystallize and is generally later than marcasite and
sphalerite (Edwards, 1955). Hence, the paragenetic sequence appears to
be sphalerite followed oy marcasite with galena last.

The paragenetic sequence for ine copper sulfides appears to be
chalconyrite followad by pyrite. OSome bornite may have accompanied the
chalcopyrite. HNext came supsrgene replacement of chalcopyrite oy
vornite and cnalcocite with concomitant destruction of much pyrite by

acidic fluids in the zone of oxidation. The supergane vornite was then
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replaced by chalcocite and minor covellite. Some of the covellite may
also replace chalcocite. No evidence was found to indicate the
relative ages of the copper sulfide and the barites-quartz-sulfide vein
minsralization. Because the magnetite pseudomorphs after goethite seem
to have been contemporaneous with the chalcopyrite-quartz assemblage,
all three are considered 1o be of nypogenz origin.

yith the exception of chalcopyrite, textural relationships
among the copper sulfides are indicative of a supergene origin.

However, Edwards (1965) does not regard such evidence as conclusive.

-3

he presence of relict grains of pyrite and the general absence of
unmixing eutectic textures, combined with the clear relationship of
chalcocite replacing bornite, leads the writer to believe that most of
the copper sulfides are supaergene. All of the chalcopyrite, and
perhaps some of the bornite, is of hypogene origin.

According to Edwards (1955), the presence of galena indicates a
temperature of deposition velow 5000 C., and the presence of marcasite
indicates that deposition took place below 300° C., if these sulfidess
are of hydrothermal origin. There is no evidence relating these
suLfides to the copper mineralization.

According to Lindgren's depth zone classification of 1933, =as
listed by Krauskopf? (1957), chalcopyrite and pyrite can be either
epithermal or mesothermal. Barite and bornite are listed as
mesothermal, and alunite and calcite are listed as epilthermal.

From these mineralogical criteria, it is evident that both
epithermal and mesothermal minerals are present at the Bolivar Mine.
The chalcopyrite-quartz-pornite-pyrite-barite assemplage may have opeen

nesotnermal. The marcasite, alunite, and calcite may nave been
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epithermal. The Bolivar copper deposit is considersd by the writer to

be of mesothermal to epithermal origin in terms of temperature-pressure

0f the gangue minerzls, barite and alunite are unusually
abundant. They both occur as two generations in assoclation wiih the
sulfide minerals.

In the veilns containing marcasite, sphalerite,’and galsna, both
parite and alunite occur &s sorewhat iranslucent grains with numerous
inclusions and imperfections. The alunite has a peculiar, granular,
abradsd appearance and commonly has no distinet crystal ooundaries.

In the upper part of the mineralized zone, barite is the iny -
gangue mineral of significance. It forms the matrix surrounding
irregularly shaped vodies of bornite whlch have been partly replaced oy
chaleocite. This generstion of barite is usually coloriess in irin
section, contains few inclusions, and is cut oy veins of malachite.
Barite crystals that fill cavities in tne cxidized wall rock are
locally zvundant.

Directly beneath this upper barite-rich zone, botn the wall
roekx and tne copper sulfides are cut by many, small, white velns of
alunite, calcite, and barite. Tne alunite consists of two generations:
an oider iype of cloudy, granular, indistinct anhedra, and a younger
type of clear, euhedral, siender, prismatic crystal that grows ooth
into and away from the margins of the older type.

Schwartz (1953) reported finding varite in a quartz-sulfide
vein in highly sericitized rock at the 5an Manuel copper mine in
Arizona. The vein was intercepted by a drill hole at a depth of 1,135

fest. This parite was introduced at a late stage in the sequence of
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mineralization. Shenon (1935) observad the close association of barite
with galenz at the Flathead Mine, northwestern Montana, and he
considered both to bz of hypogene origin. Barite generally appears
during tne lead and silver sulpho-salt stage of hydrothermal
mineralization, according to Sdwards (1965). It is preferentially
concentrated in potassium minerals, particularly the potassium micas,
as explained by Goldschmidt (1954). The average andesite has a very
low concentration of barium (600 ppm) compared to thz2t of the average
rhyolite (2,300 ppm), as listed by Krauskopf (1967).

The source of the abundant barite in the Bolivar deposit may
have been an intrusion of intermediate composition that was somewhat
deficient in potassium. The association of varite with supergene
copper sulfides indicates that it may also have formed from the
combination of barium and sulfate ions liverated during the oxidatidn
of sulfidss (source of sulfate ions) and the concomitant chemical
weathering of feldspars (source of barium ions). A rhyolite would
provide zbout four times as much barium from weathering of feldspars
than vould andesite (Xrauskopf, 19567). A4 basaltic andesite would be
even more barium deficient. A rhyolite would seem to be a more
plausible source for the varium ions ithan a basaltic andesite.

slunite appsars to be the only potassium-bearing mineral
associatad with the Bolivar mineralization. Kerr (1959) has descrived
it 25 a prominent vein mineral that commonly occurs as a hydrothermal
alteration product of rhyolite, dacite, and andesite. The source of
potassium is hydrothermally altered feldspars.

Schwartz (1953) noted abundant hydrotnermal alunite in part of

the San Mznuel copper deposit of southzastern Arizona. Althouzh he was
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impressed by its close association with the copper mineralization, he
found no evidence of a direct genetic relationship. At the Flainsad
Mine in northwestern Montana, Snenon (1935) ovserved that near the ore
bodies, in highly altered porpuyritic latite, sanidine and plagioclase
were commonly elther silicified or aliered to clay minerals and alunite.
Tne associated sulfides were galena, argentite, antimonial matildite,
pyrite, enargite, marcasite, and small amounts of covellite. Quartz,
barite, and clay minerzls, along with alunite and some jarosite, were
listed as the assoclated gangue minerals. 3henon considered barite to
be later than quartz.

Occurrences of alunite as cited in the literature are most
commonly associated with base metal deposits that are found in altered
Tertiary volcanic rocks of the western United States and elsewhzre.
According to Shenon (1935), it is apparsntly a product derived eitner
directly or indirectly from the oxidation of sulfides. Hot solutiens
containing sulfuric acid react with the wzll rock to form alurite. The

potassium and sodium of the alunite is derived from ! hydrotharmally
altered feldspars.

The Almeda Mine in Joseohine County, Oregon, about 20 miles to
the southeast of tne Bolivar Mine and nesar Galice, contains abundant
guartz and barite gangue associated with copper sulfides. Tne two
deposits are similar in many respects. Treasher (1942) descrived the
Alneda ore as beins composed of fine-grained quartz, odarite, and

massive sulfides in varying proportions. The paragenesis was

U

considered to be quartz followed by barite, wita copper sulfides last.
The deposit lies within volcanic rocks of the Rogue Formation adjacent

)

to the contact witn sedimentary rocks of the Galice Formation. Tt is
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Thin sections of the voleanic flow rocks of the Rogue Formation
raveal variable phenocryst to groundmass ratios. Textures are
norghyritic, pilotaxitic, and consist of phenocrysts of calcic o
intermediate plagioclase, augite, and enstatite-hypersthene set in a
felty groundmass composed chiefly of tiny laths of plagioclase. Nearly
all of the smaller enstatite-hypersthene phenocrysts are completely
altered to chlorite-group minerais. If these volcanic rocks originally
contained biotite and/or hornblende, they too have been completely
altered to chlorite-group minerals. The plagioclase phenocrysts are
inzipiently to moderately altered to clay minerals, white mica, calcite,
and chlorite minerals. Althousgh augite was not as susceptible to
chloritic alteration as enstatite-hypersthene, botn pyroxene minerals
are commonly and variably altered to chlorite-group minerals and
calcite.

The groundmass in the various volcanic flow units is a dense
assemblage of chlorite-zroup minerals in which tiny plagioclase laths
rzpresent the only recognizable original constituent. A few grains of
unaltered, possibly secondary, epidote occur in sone specimens.

Point count analyses of several thin sections of altered
voleanic rocks averaged 30 percant plagioclase, 15 percent augite, 5
percent enstatite-hypsrsthene, 5 percent opaque minerals (chiefly
naznetite), 5 percent vein minerals (caiefly parite, quartz, and
alunits), and 35 percent chlorite-group minarals which are mostly

confined to the groundmass.
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Similarly, Rosenoverg (1943) observed that the copper
in the Bolivar Mine were rather uniformly distributed in a silicified
ganzue. Thus, copper mineralization at both mines 1s associated with
abundant silicification.
Yorth of the Rolivar Mine, near the thrust fault contact of the
Rozue volcanics, is the only outcrop of a stronzly bleached and altered
porphyry that perhaps was originally a riyolite or a dacite. 1Its
groundmass is a mosaic of apparently recrystall lized quartz and feldspar,
and it contains only trace amounts of chlorite and ferromagnesian
and possibly most

&

minerals. It may have been the source of the barium,
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of the poitassium and sodiwn, that formed the barite and alunite in the
Bolivar codper deposit nearoy.

Tarust fault breccia Ls exposed in an exploratory road cut
across a small tributary stream and avout 300 feet west of the outcrop
of bleached and altered porpnyry. The breccia is silicified and
heavily stained oy medium yellowish-brown iron oxides., In thin section,
the breccia fragments are mostly identifiable as volcanic rocks of the
Rogue Formation. The fragments are intensely argillized and altered to
minerals of the chlorite group. Tne plagioclases phenocrysts are
modarately to strongly altered to white mica. Presumably because of
surficial oxidation, sulfides were not seen in the silicified fault
breccia.

Tne presence of such intense alteration and silicification in
the thrust fault breccia suzgests that the copper mineralization in the
nearby Bolivar Mine may be the surface expression of a larger copper
deposit localized by the thrust fault oeneath the mins. Deed

exploratory drilling would be required to prove this inference.

Structural Controls

The copper sulfides of the Bolivar Mine occur as irregular
bodies and lenses tnat were deposited in and along fractures in the
wall rock, according to Rosenberg (1943). In the lower workings, he
noted a prominent network of structural joints that dipped west at 300
to Lo°,

At the surface, deposition of sulfides, which occur as
irregular bodies and discontinuous lenses, appears to have vesn
controlled by faults, joints, and related fractures. These massive

sulfide bodies are broken by a network of fractures spaced less than



one inch apart. The frequency of joints in the host rock averagess four
per foot. As the sulfide vodies and the host rocks have similarly
trending joints and fractures, the evidence supporting siructural
control of mireralization ig sirong.

4 normal fault that offsets strata of the Riddle Formation
nortawast of the mine area was traced across the thrust fault and into
volcanics of the Rogue Formation. The fault appears to have offsst the
Rozue Formation less than it has offset the Riddle Formation. It can
be easily traced on the surface to witnin about 400 feet of the Bolivar
Mina by following a2 line of old prospect piis and caved adits thal were
excavated to explore the fault for mineralization. Thre relation of the
trace of tne normal fault to topography indicates a nearly vertical,
steep dip (60° to 70°) to the southwest.

The greater amount of apparent offset on the normal fault in
strata of the Riddle Formation, compared to the apparent offsel of units
of the Rogue Formation, indicates that the displacement may have besn
partly strike-slip. The normal fault formed in an anticlinal structure
of the Ridile Formation by a process similar to that descrioved by
Badzley (1965), who pointed out that transverse faults which develop
approximately normal to antlclinal axes are prooably tae most common
type of normal fault. The process is characterized by inward collapse
of the anticline toward the center of the uplift.

The normal fault near the Bolivar Mine may have formed in the
anticline as a result of the same episode of compression that caused
overthrusting of the Rogus Formation. Continued stress produced later
strike-slip movement along the fault, extending it laterally across the

thrust and into the volcanic Rogue Formatlon.
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At the Bolivar Mine, this normal fault and associated fractures
ard joints appears to have controlled the emplacement of the copper
sulfides. The closely fractured nature of the pods and lenses of
massive sulfides indicates that structural movement followed
solidification of the sulfides. The writer was unable to determine
whether the post-sulfide movement was related to movement on the normal
fault or the thrust fault. Nonetheless, fracturing of the host rock,
both before and after the emplacement of copper sulfides, appears to
have been related to overthrusting of the Rogue plate.

The youngest rocks involved in thrusting in the Eden Valley-~
Saddle Peaks area belong to the Early Cretaceous Days Creek Formation.
The Days Creek Formation is overlain unconformably by the Middle Eocene
upper member of the Umpgua Formation wnich was not involved in
thrusting. Therefore, the probable age of emplacement of the copper
sulfides in the Bolivar Mine is between 50 and 130 m. y. If this
interpretive age for the mineralized normal fault is correct, it is
reasonadle to expect additional copper mineralization to occur within
tne fractursd zone of the thrust fault beneath the overthrust plate
of Rogue volcanic rocks. Hydrothermal alteration and copper and iron
sulfides which are evident in rocks of the Riddle and Rogue Formations
along the thrust fault provide further support for this inference.
Asccordinzly, there should be additional copper mineralization along the
normal fault oeneath the Bolivar Mine, both down dip and laterally
along the strike of the fauit.

Hypotheses of Qriglin

4
The assemblage of hydrothermal minerals points to a probable

nearby intrusive source, although no intrusions are exposed in the



mine area. BRarite, quartz, and alunite form the bulk of the
mineralization at the Bolivar inz., Thelr unusual abundance must de
related to the nechanism of mineralization here. Pressure-temperature
reguirements for the sequence of ore and gangue minerals at the Bolivar
¥ine indicate a probavle izneous intrusive source.

1f one assumes that the source of heat and mineralizing fluids
was an intrusion, what composition might it be expescted to have? Most
of the intrusions in the Klamath Mountain region are diorites and
quarts diorites. The intrusive body associated with copper sulfides at
the Almeda ¥ine is a porphyritic dacite, which is compositionally
equivalent to a quartz diorite. Because mineral assemblages,
alteration, and host rocks are practically identical in the Dolivar and
Almeda Mines, the writer proposes that the source intrusion at the
Bolivar iMine may also have been a porphyritic dacite or quartz clorita,

A literaturs search was made to check the possibility of the
existence in the area of an intrusion of the appropriate age and
composition. The most permissive evidence was obtained from work done
by Lanphere and others (1963), who isotopically dated a number of
plutons in the Klamath Mountains of northern California. Their results
showed decreasing absolute ages of diorites and quaftz diorites along a

irectional trend toward the northwest. The youngest plutons were

fL

nearest the Oregon border, and their absolute ages were 127 to 146 m. y.
If this M"younger northwest" trend continues into Qregon, it is
reasonable to assume that plutons younger than 130 million years might
occur at depth in the Bolivar Mine area. Of possible importance is an
undated quartz monzonite that intrudes the Vesa Bluffs pluton (145

million years old) northwest of Yreka, California (Lanphere and others,
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1963).

The mineralization of the Boliwvar Mine is mesothermal o
epithermal in terms of pressure-temperature conditions that controlled
its emplacasment. There are several possiole mechanisms By which it may
have been concentrated and emplaced. Additionally, the alternative
interpretations depend upon whether the barite and alunite are of
hypogene or supergene origin.

If alunite and barite are considered to be hypogsne, at least
two mechanisms of origin are possiple. First, the intrusion may have
bean deficient in potassium so that, as the melt crystallized, no
potassium minerals formed to incorporate barium ions in their crystal
lattices (Goldschmidt, 1954). As a second a2lternative, an upward
migrating crystal mush may have contacted barite-rich sedimentary rocks
after most of its potassium minerals had crystallized, and some of tne
barite was assimilated. For either mechanism, barium, aleng with some
potassium, became concentrated in the residual flui@s of the intrusion.
These fluids accompanied the emplacement of sulfide minerals in the
form of hydrothermal fluids, and barite ard alunite were deposited as
hypogene minerals.

Wonetheless, these two mechanisms for a possible hypogene
orizin contradict the evidence given in previous sections. A third
machanism, which involves a supergene origin for the barite and alunite,

-

seems to be more compatible with the evidence. According to this
mechanism, the hydrothermal fluids that accompanied the copper sulfides
altered the feldspars of the volcanic host to clay minerals. Some of

the units of the volcanic host are rhyolites that presumapbly are

relatively enriched in barium, potassium, and sodiun, compared to



basaltic andesites. Circulating meteoric waters carrying ions of

barium, potassium, and sodium derived from wesathering of the
hydrothermally altered feldspars encountered sulfate-bearing, acidic
waters at depth, which were derived frem oxidation of sulfides. The
result was immediate supergene precipitation of insoluble barite at the
site, and later precipitation of the more soluble alunite in rmore
videspread parts of the system. This hypotnesis is supported by the
occurrence of at least two generations of barite and alunite, the zone
of almost pure barite capping the deposit, and the relict pyrite
replaced by chalcocite and bornite of assumed supergene origin. The
quartz-chalcopyrite assemblage along with the pyrite are considered to
be hypogene minerals emplaced during the period of hydrothermal
olteration. As previcusly stated, the intrusive source of thess

hypogene minerals was probably a porphyritic dacite or guartz diorite.
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GEOLOIIC SUMMARY

The sequence of geologzic evenis in the BEden Valley-Saddle pezks
area began witnh deposition of the Late Jurassic rocks of the Zogue and
Dothan Formations. According to the interpretation of Baldwin (19469)
and other workers, the Rogue volcanic sequence was the first to be laid
down. It was deposited on the emergent and eroded pre-Late Jurassic
surface as a series of extrusive flows, flow breccias, and tuffs. As
volcanism continued and the succession of flous thickened, the area was
gradually submerged beneath an eastward transgressing sea. While marine
deposition continued, submarine {lows ovecame intercalated with clastic
sediments brought in from emergent areas then being eroded. In one part
of the basin, this sequence of clastic sediments and associated flows
formed tne Dothan Formation. As the Dothan sequence accumulated, tne
frequency of volcanism and associated flows decreased until volcanic
rocks were no longer an important lithologzy.

At some point in Late Jurassic time, possibly when the total
thickneass of sediments and voicanics hzd reached 30,000 feet, forces of
horizontal compression folded, faulted, and uplifted the section and
exposaed it to erosion. Intrusive rocks of intermediate and ultramafic
composition were emplaced regionally, znd the latter chiefly along
faults. These compressional forces and intrusions characterize the
beginning of the Nevadan orogeny. The compression continued until the
rocks were tightly folded. They may have besn isoclinally folded and
overturnsd to thne northwest. Continued compression culminated in
rupture, and the rocks were thrust norinwestward as a series of

imbricate plates. During this phase of tne Nevadan orogeny, the Rogue-
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Dothan thrust fault was probably foraed, accompanied by the emplacemesnt
of the serpentiniie intrusion.

Tne comprassional forces gradually subsided during the last
stage of Nevadan orogenesis in Late Jurassic time. Honatheless, the
land remained emergsat and erosion degraded the exposed rock uaits
wuntil a transgressing sea encroached upon the land surface. Al this
time, deposition of the post-Nevadan, Late Jurassic Riddle Formation of
the Myrtle Group took place, probably on the submerged, eroded surface
of the Rogue Formation and in a shallow, shelf eavironment. After a
brief depositional hiatus, probably because of elitner nondsposition or
emsrgence, the younger Days Creek Formation of tne Myrtle Group was
deposited disconformably on the Riddle Formation in Zarly Cretaczous
time.

Shortly after the Myrtle Group wis deposited, ancther orogsnic
pulse of norizontal compression folded and uplifted the sequence. The
folds in the strata of the Myrtle Group were open and neariy symmesirical
when failure oy rupturs occurred, and the sirata were thrust over one
another to the northwest. Zrosion of the emergent rocks, perhaps
accompanied by relaxation of horizontzl compressional forces, remove
nearly all of the younger Days Cresk Formation from tne underlying and
older Riddle Formation in the Zden Valley-Saddle Pezks area.

Somswhat later, the horizontal compression resumed, and tne
ore-MNevadan, Late Jurassic Rogue Formation was thrust to the northwest
ovar the post-Nevadan, Late Jurassic Riddle Formation of the Myrile
Group. At essentiazlly the time of arrival of tre overthrusti Rogue
plate, the Myrtle Group folded ssguence was disrupted by a series of

normal faults of small displacement. Tnese faults developed generally
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normal to the strike of the Myrtle Group rocks. The faults later
extended across the thrust fault and into the overthrust Rogzue plate.
The aze of this period of thrusting and associated normal faultinz is
somewhere between Farly Cretaceous and Middle Eocene. It is probably
correlative with thrusting in late Early Zocene rocks near Roseburg,
wnich has been described by Baldwin (1964p). Copper mineralization and
associated hydrothermal alteration from a probable igneous intrusive
source at depth appear to have been emplaced during this episode of
thrusting.

After horizontal compression and the related thrusting ceased,
a normal fault of large displaczment, the Camp Hope fault, formed along
the southern margin of the area. It involved rocks of the Rogue and
Dothan Formations and the Myrtle Group. The south side has moved up at
least 1,600 feet relative to the north side, as calculated from offset
of the Rogue-Dothan thrust. The Camp Hope fault appears to be the same
age as the Powers-izness fault (Baldwin, 1965; Baldwin and Hess, 1971),
which Dott (1971) listed as the Coguille River Fault Zone.

A period of emergences and erosion accompanied and followed this
last episode of faulting. During this time, rocks of tne lMyrtle Group
were completely eroded from the underlying Rogue Formation on tne south
side of the Camp Hope fault along the southern margin of the area
mapoed. The middle member of the Umoqua Formation may nave been eroded
from the underlying Myrtle Group, if the middle Umpqua memoer reacned
this far toward the east. With eastward transgression of the Middle
Eocene sea, the uopsr member of the Umpgua Formation was deposited

unconformably on the eroded surface of the Myrtle Group. Once again tne
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area was briefly emergent and exposed to eroslon, put suomergence soon
follcowed., The Tyee Formation was then deposited with slight angular
unconformity on the eroded surface of the upper memver of the Umpqua
Formation.

Following deposition of the Tyee Formation, emergence and mild
regional warping formed a shallow syncline in the Middle Eocene strata
west of the Zden Valley-Saddle Peaks area. If younger rocks were ever
present in the area, they have since been removed oy erosion. It is
reasonable to assume that the area has been emergent and exposed to
erosion since Oligocene or possibly Miocene time. There is no clear
evidence of post-Zocene faulting in the area, although minor late

Cenozoic faulting may have taken place.
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Rl

geologic evants of the Bdan Valley-Saddle Peaks

Event
Probable continuous emergence with possible minor
normal faulting and shearing.

Mild regional warping, resulbing in uplift and
emergence.

Submergence and deposition of Tyee Formation
unconformanly on Umpqua Formation.

Regional warping, resulting in uplift and
emergence.

Submergence and deposition of Umpgua Formation,
with upper member onlapping Myrtle Group with
angzular unconformity.

resultant, large displacement
Hope Fault). Possiole time
displacement normal faults in

Regional dilation and
normal faulting (Camp
of formation of small
Myrtle Group.

Rezional coupression and thrusting of Rogue
Formation over Riddle Formation. Possible time of
thrusting of Riddle Formation over Days Cresx
Formation. Probable time of emplacement of copper
sulfide mineralization at Bolivar Copper Mine.
Possible time of thrusting of Dothan Formation over
Rozue Formation and emplacement of serpentinite.

Period of uplift and erosion. Most of Days Creek
Formation removed from underlying Riddle Formation.

Probzble time of thrusting of Riddle Formation over
Days Creek Formation due to regilonal compression.

Regional compression causing folding and uplift of
Myrtle Group. Probable time of formation of small
displacement normal faults in Myrtle Group.

Submergence and deposition of Days Creek Formation
of Myrtle Group disconformably on Riddle Formation.
Fossil hiatus.

Submergence and deposition of Riddle Formation of
Myrtle Grouo on truncated surface of Rogue
Formaticn.

End of Nevadan orogsny.



(Contd.)

Table 2.
Kooch
20

Late Jursacsic

Zvent

Regional compression and possible thrusting of
Dothan Formation over Rogue Formation. Possible
time of emplacemen®t of serpsntinite.

Nevadan orogeny begins. Rezional cormpression
causes uplift and folding of Rogue and Dothan
Formations.

Gradual submergence and deposition of Dothan
Formation.

Bnergence and deposition of volcanics of Rogue
Formation, followed by gradual submergence as
deposition continues.
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