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Mapping is continuing in the Mt. Bolivar-Gold Mountain area by Richard 
Kent (Portland State University) and in the area just north of Gold Moun­
tain by Nils Johannesen (University of Oregon). The writers are indebted 
to both for additional information. 

Stratigraphy 

Introduction 

A brief resume of the formations involved is informative. Beds assigned 
to the Galice Formation lie west of the Powers-Agness fault west of Bald 
Knob but are not mapped on Figure 1. They also extend farther to the north­
west into the Langlois quadrangle (Lent, 1969), Powers quadrangle (Baldwin 
and Hess, 1971), and Port Orford quadrangle (Koch, 1966). 

Colebrook Schist 

The Colebrooke Schist is of uncertain age but is tentatively assigned 
to the Jurassic pending more adequate proof of age. Coleman and Lanphere 
(1971) discuss the age and mode of emplacement. They assign a metamorphic 
age of approximately 130 million years to the lower-grade blueschist min­
erals of the Colebrooke and a metamorphic age of 150 million years to the 
higher-grade blueschist minerals and amphibolites in scattered small bodies. 
The place of formation of the higher-grade metamorphic minerals is uncer­
tain and the time and place of accumulation of the original sediments are 
unknown. Coleman and Lanphere (1971) suggest, however, that the Cole­
brooke Schist occupies a thrust sheet that was shoved eastward upon beds as 
young as the Myrtle Group. 

Serpentinite and diorite intrusions 

Serpentinite and some less obviously altered bodies of peridotHe are 
present in places along the edges of the Rogue Thrust Sheet. Coleman (1971) 
discusses the tectonic emplacement of such ultramafic bodies. He suggests 
that most of the serpentinite in this area had its origin in the upper mantle 
and was emplaced along geosutures created by collisions of the oceanic and 
continental plates. Emplacement prior to or during the Late Jurassic 
Nevadan orogeny is suggested by the intrusion of dioritic bodies of that 
age. Subsequently the serpentinite may have acted asa "tectonic car­
pet" upon which the Colebrooke Schist was thrust, possibly during Cretaceous 
time (Coleman, 1969). 

Dioritic bodies which intruded the pre-Nevadan formations and the 
serpentinite during the Nevadan orogeny have been discussed by Koch 
(1966), Lund and Baldwin (1969), and Dott (1971). Adding to the diffi­
culties in interpreting the position of the serpentinite is the fact that it may 
have been remobil ized one or more times during the Tertiary, thus possibly 
obscuring its original contact relationships. 
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Rogue Formation 

The volcanic rock which extends southward from Gold Mountain 
through Mt. Bolivar and Mule Creek drainage and which crosses the Rogue 
River at Marial to continue southward into Illinois River drainage was called 
the Dothan volcanics by Wells and Peck (1961). Baldwin (1969), however, 
examined these rocks and noted that they were intruded and altered more 
like the pre-Nevadan Rogue Formation than the post-Nevadan flows and 
tuffs. He assigned them to the Rogue Formation. 

The Rogue Formation, namedby Wells and Walker (1953), includes 
approximately 15,000 feet of volcanic rocks that are exposed west of 
Galice (east of the mapped area, Figure 1). This volcanic section is sep­
arated from that lying west of Maria I by a 12-mile wide belt of sedimen­
tary rock along the Rogue River assigned to Dothan Formation. In its type 
area, the Rogue Formation consists mostly of submarine flows, breccias, 
and tuffs which have been altered to greenstone and intruded by peridotite 
and quartz diorite. 

The Rogue FO.rmation west of Marial (Figure 1) appears to be at least 
10,000 feet thick. Unmapped intrusive bodies within the formation are 
exposed in the West Fork of Mule Creek, along the Rogue River trail down­
stream from Maria I near the mouth of Stair Creek, and near the mouth of 
Indigo Creek, a tributary of the Illinois River. Although the composition 
of the intrusive rock was not determined petrographically, much of it 
appears to be gabbro in hand specimen. Contacts with the greenstone are 
gradational and it is possible that the rock is a metagabbro. Most of the 
primary structures of the volcanic rock have been obscured by alteration to 
greenstone. Epidotization is common along some of the shear zones. 

The Rogue Formation in its type area is interfingered in places with 
the pre-Nevadan Galice Formation (mi,ddle late Jurassic) and shows evi­
dence of deformation prior to deposition of the later Dothan strata (late 
late Jurassic). It apparently was thrust westward relative to the underly-
ing Dothan Formation and then was dropped by normal faulting against the 
Dothan along a fault that crosses the Rogue River at the mouth of Mule Creek. 

Dothan Formation 

The Dothan Formation is made up of a thick section of graded thick­
bedded graywacke with minor amounts of conglomerate, chert, and volcanic 
rock. The graywacke in many places is made up of rhythmically bedded 
indurated sandstone which generally dips eastward. Volcanic rock is pres­
ent in places and it frequently shows the original pillow or fragmental 
structures. A Ithough the Rogue and Dothan volcanics have been confused 
in the past, it is the observation of the writers that the Dothan volcanic 
masses are seldom as large or as altered as those of the Rogue Formation. 
The Dothan Formation is now generally assigned a Tithonian (Late Jurassic) 
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age (Irwin, 1964, and Ramp, 1969). It is not known to be intruded by 
dioritic rocks, a point which supports a post-Nevadan age. 

Myrtle Group 

Because the lithology of the Cretaceous beds in the area mapped is 
more like the Myrtle Group described by Imlay and others (1959) than the 
Humbug Mountain Conglomerate and Rocky Point Formations (Koch, 1966) 
of similar age along the coast, the term Myrtle Group is adopted here. 

As described by Imlay and others (1959), the Myrtle Group includes 
the Riddle and Days Creek Formations. Although the two formations were 
not differentiated on the map, they can be distinguished in the field. The 
Riddle contains chert pebble conglomerate and some dark graywackes, 
and lies on the eastern edge of the outcrop belt. The Days Creek Forma­
tion is made up mostly of graded bedded graywacke with minor amounts of 
conglomerate. The Myrtle Group is mostly Early Cretaceous in age, 
although the base of the unit may extend into the Late Jurassic (Jones, 
1969). The group can be traced southwestward to the lower Illinois River 
Valley along the front of the Rogue volcanic thrust sheet (Figure 1). 
Between the larger areas of outcrop, small exposures are present along the 
Rogue River near Clay Hill, midway between IIlahe and Maria I , and in a 
faulted block along Shasta Costa Creek. 

Umpqua Formation 

In the map area the Umpqua Formation occupies a north-trending 
syncline. Although the Umpqua Formation has been split into three map­
pable members pending formal naming as formations by Baldwin (1965), the 
unit remains undifferentiated in Figure 1. All three members contain some 
conglomerate near the base and are composed primarily of rhythmically 
bedded, graded graywacke and siltstone. Distinction between the three 
members is sometimes difficult in the field and is based largely on strati­
graphic position. 

The age of the Umpqua Formation ranges from Paleocene and early 
Eocene in the lower member to middle Eocene in the middle and upper mem­
bers. Unconformities separate the three members and also separate the 
Umpqua Formation as a whole from the overlying Tyee Formation. The 
Umpqua Formation unconformably overlies the Myrtle Group along an 
undetermined contact (dotted line on map) between Agness and Illahee on 
the Rogue River. Along the Illinois River-Horse Sign Creek divide near 
Horse Sign Butte basal black sands assigned to the middle Umpqua by Bald­
win (1968) rest on pre-Tertiary rock. 

On the accompanying map, the Umpqua Formation is shown to overlie 
both the Rogue Formation and the Dothan Formation in continuous outcrops, 
a feature which suggests at first that the proposed thrusting of the Rogue was 
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pre-Umpqua in age. More refined mapping indicates, however, that the 
involved exposures consist of middle or upper Umpqua only. Hence, the 
conclusion advanced by Baldwin and lent (1972) that part of the thrusting 
may have occurred after the lower Umpqua was deposited is consistent 
with the distribution of the Umpqua Formation. 

Tyee Formation 

The Tyee Formation occupies the center of the syncline which in turn 
occupies a graben. The Tyee is unconformable on all underlying formations 
and oversteps the Umpqua onto the Rogue Formation at Hanging Rock, a 
short distance northwest of Marial. At the south end of the basin the Tyee 
becomes more massive, contains more conglomerate, and loses the graded 
bedding that is characteristic farther north in the Coast Range. Cross­
bedding and the presence of intercalated coal beds indicate a shallow­
water nearshore environment of deposition. Bald Knob is the southernmost 
exposure of Tyee in Oregon. 

Structural Geology 

Introduction 

The stages of tectonism in the area mapped start with deformation of 
the Rogue and Galice Formations during the Nevadan orogeny. This epi­
sode is largely masked by later thrusting, but presumably the ultrabasic rock 
and dioritic intrusions were initially emplaced at this time. Subsequent 
basining, volcanism, and deposition formed the very thick sections of gray­
wacke assigned to the Dothan Formation and the associated sedimentary and 
volcanic rocks of the Otter Point Formation to the west (Koch, 1966). The 
two units may represent deposition in part of a late Jurassic island arc sys­
tem (Coleman to Beaulieu, written communication, 1971). 

Contemporaneous or later deformation has converted the Otter Point 
Formation to a melange as described by Hsu (1968). Thrusting is known to 
have followed deposition of the Myrtle Group (Blake, Irwin and Coleman, 
1967) . 

Rogue Thrust Sheet 

On the geologic map of the Kerby quadrangle (Wells and others, 
1949) and the Geologic Map of Western Oregon (Wells and Peck, 1961) the 
elongate body of volcanic rocks which is situated along the western edge 
of the large intrusive belt southwest of Galice is assigned to the Dothan 
Formation. Hotz (1969) has examined the thrust as far south as Hobson 
Horn in the southern part of the Galice quadrangle, where dioritic intrusives 
are interpreted to rest with thrust contact upon the Dothan Formation. The 
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senior writer, however, in reconnaissance along the Si Iver Peak trail in the 
northern part of the Kerby quadrangle, found sheared volcanic rocks between 
the diorite and the thrust. Apparently the volcanics in the area are not 
separated from the intrusions of diorite, gabbro, and serpentinite but 
actually contain them. It is concluded that the volcanic rocks along the 
Silver Peak Trail are pre-Nevadan and part of the Rogue Thrust Sheet, and 
that they are not part of the Dothan Formation as concluded by Wells and 
others (1949) and Wells and Peck (1961). 

The thrust apparently follows the western edge of the Mu Ie Creek vol­
canic belt southward across Silver Creek, the Illinois River, and Tincup 
Creek. Near lincup Creek exposures of the Rogue Formation (as recog­
nized above) lie within eight miles of the exposures of volcanic rock (Rogue 
Formation of this report) along the Illinois River at the mouth of Collier 
Creek in the mapped area. The distance of eight miles is considerably 
less than the separation between the two units along the Rogue River nearer 
the mapped area, a situation which supports the interpretation that the two 
units may be genetically related. 

It is concluded that the volcanic rocks in the mapped area, which 
are also intruded (see Rogue Formation), are part of the Rogue Formation, 
and that, together with the exposures near Galice, constitute part of the 
extensive Rogue Thrust Sheet. 

Evidence suggests that the relative movement of the Rogue Thrust 
Sheet over the Dothan east of Galice was to the west. Drag folds in the 
underlying Dothan are displaced westerly, and the Rogue plate climbs in 
the section so that it overlies the Dothan Formation nearer the saurce and 
the Myrtle Group farther west. The Rogue plate is apparently eroded in 
the intervening area exposing the Dothan between Galice and Marial along 
the Rogue River. 

It might be reasoned that if the Colebrooke Schist plate came from 
the west, the Rogue plate could have also, but there is little evidence to 
support such a theory. It is possible to show that relative westward move­
ment of the Rogue may have been achieved by underthrusting of the lower 
plate during collision of the oceanic and continental plates. If so, then 
subduction of the oceanic plate may have directed the Dothan and under­
lying rocks beneath the Rogue Thrust Sheet at the same time that obduction 
(over-thrusting) caused the Colebrooke Schist to ride eastward over all 
pre-Myrtle formations and possibly over the lead edge of the Rogue plate 
as well. 

Coleman (1969) describes the role of "tectonic carpets" of serpen­
tinite in thrusting. A considerable quantity of serpentinite is present along 
the Illinois River, Figure 1, upon which the plates may have slid. 

Serpentinite is absent in many places along the thrust in the Bone 
Mountain quadrangle and also in the Galice and Kerby quadrangles. Ser­
pentinite, diorite and gabbro bodies split the Rogue belt in the Galice and 
Kerby quadrangles, but only in a few places does the serpentinite furnish a 
"tectonic carpet" along the thrust margin. 
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The relationship between the Dothon Formation ond the Myrtle Group 
is obscured by the presence of the Rogue Thrust Sheet as it is recognized in 
this report. Because the exposures of Rogue represent ports of a regional 
thrust sheet, it is possible that the immediately underly ing Dothan Forma­
tion may in places be in thrust contact with the Myrtle Group. 

Erosion of edges of the thrust sheets and overlap by later sedimentary 
formations obscure the thrust fault in the area mapped, but further work in 
this complex but interesting area should cast further light on geologic events. 
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* * * * * 

MINED LAND RECLANATION ACT COPIES AVAILABLE 

The Department has prepared copies of HB 3013, popularly referred to as 
the "Mined Land Reclamation Act," which goes into effect July 1, 1972. 
The Act is of interest to all operations which extract more than 10,000 
cubic yards of minerals or disturb more than two acres per year. The Act 
requires operators to secure an operating permit, a performance bond and 
provide an excavation plan and a reclamation plan. Rules and regulations 
are currently being prepared. The Department of Geology and Mineral 
Industries will administer the Act. Operators may obtain copies of the Act 
at the Department's offices in Portland, Grants Pass, and Baker. 

* * * * * 
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DEPARTMENT REVISES FEE SCHEDULE 
FOR ASSAY AND SPECTROGRAPHIC ANALYSIS 

Chemical Analysis 

Gold ••••••••••••••••• $3.00 
SHver ••••.•..•••••••• 3.00 
Gold and silver •••••••• 4.00 
Copper. • • • . • • . . . . • . . • . 3.00 
Lead •••••.••••••••••• 5.00 
Zinc.................. 5.00 
Copper-lead-zinc .••••• 7.50 
Lead-zi nc .••...••••••• 5.00 
Alumina •••••••••••.••• 10.00 
Antimony.............. 6.00 
Barium ••••.••••••••.• 5.00 
Calcium oxide......... 4.00 
Chromium •••••••••.••• 6 iXJ 
Cobalt.. •• •.. ..•••••.•• 6.00 
Iron •• ,............... 4.00 
Loss on ignition .••....• 2.00 
Magnesium ............ 5.00 
Manganese ...•.••••••• 5.00 

Mercury •••••••.••••• $5.00 
Molybdenum ••••••••• 6.00 
Nickel.............. 5.00 
Phosphorus ..••••••••• 5.00 
Platinum group: 

Platinum ........... 12.00 
Palladium ......... 12.00 
Osmium ••••••••••• 12.00 
Iridium ........... 12.00 
Rhodium •.••••••••• 12.00 
Ruthenium ......... 12.00 

Rare earths.. • • • • • • • •• 20.00 
Silica.......... ••••• 7.00 
Tin ••.•••••••••••••• 10.00 
Titanium............. 6.00 
Tungsten............. 7.50 
Uranium. • •• • • • • . • • • • 7.50 
Vanadium ........... 5.00 

Spectrographic Analysis 

Semi-quantitotive for any 3 elements listed. on assay request form 
Complete spec without gold or platinum •••••••••••• 
Complete spec including gold and platinum ••••.••••• 

$ 8.00 
12.00 
15.00 

20% discount in groups of 5 or more at one time 

No limitation on number of samples. Information on legal description or 
ownel;ship of the property is not required. Fees for all analyses must 
accompany samples. Convenient assay request blank available. 

* * * * * 

SHELDON APPOINTED U.S.G.S. CHIEF GEOLOGIST 

Dr. Richard P. Sheldon has been named Chief Geologist of the U.S. Geol­
ogical Survey to succeed Dr. V. E. McKelvey, who was appointed Survey 
Director in December 1971 (see December 1971 ORE BIN). Dr. Sheldon 
has been with the U.S.G .. S. since 1947, most recently holding the position 
of Assistant Chief Geologist for Mineral Resources. 

* * * * * 
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GEOTHERMAL GRADIENT STUDIES IN OREGON 

Richard G. Bowen* 

Heat flows from the interior of the earth at an average rate of 1.5 micro­
calories per square centimeter per second. This is equivalent to about 150 
Btu's per square mile per second; over the whole earth over a year's time 
this heat energy is equivalent to that contained in 170 billion barrels of 
oi I. In most of the world this heat is too diffuse to be used, but in some 
regions, such as the circum-Pacific volcanic belt, heat flow is several 
times normal. Under some geologic conditions this heat energy is trans­
ferred to circulating underground waters, forming a geothermal reservoir. 
In that way the earth's heat is trapped and stored and can be tapped by 
drilling, making the heat available for use as either hot water or steam, 
depending upon the characteristi cs of the particu lar reservoir. 

Surface manifestations, such as hot springs and geysers, indicate the 
presence of geothermal reservoirs, but in some regions where these hot 
waters do not come to the surface they can be detected by the measurement 
of geotherma I gradi ents or heat flow. 

The geothermal gradient is the rate of temperature increase with depth. 
Normally th is is about 1 degree Celcius per 100 feet or more, frequently 
written as 30°C/Km. In geothermal areas the gradient is often several 
times the "normal;" for example, at The Geysers geothermal field in Cal­
ifornia steam at temperatures of about 240°C is reached at 3000 to 4000 
feet. This is a geothermal gradient of 200 to 2S0°C/Km or six times the 
world "normal." 

Geothermal gradients are relatively simple to measure as they are 
merely a plot temperature and depth, but certain factors must be taken into 
consideration in order that the geothermal gradient figure be meaningful. 
For example, the annual change in near-surface temperatures due to varia­
tions in solar heating makes it necessary to take the temperature measure­
ments at a depth not influenced by solar heat, generally at least 150 feet. 
Temperature gradients measured in open holes or in areas of permeable rocks 
can be affected by upward or downward movement of ground water. If these 
factors are taken into consideration, geothermal gradients can be a useful 
tool for outlining prospective geothermal areas. 

For thermal gradient measurements to be most useful, however, the 
thermal conductivity of the rocks should also be determinedJas they vary 
widely in their ability to conduct heat. A rock that is a good insulator, 
such as loosely compacted tuff r will, for the same amount of heat flow, 
show a high geothermal gradient; a rock with poor insulating ability, like 

* Economic Geologist r Oregon Dept. of Geology and Mineral Industries 
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a granite, will show a low geothermal gradient. By combining thermal 
gradient measurements and thermal conductivity data, a heat-flow deter­
mination can be made that will give a more accurate picture of subsurface 
conditions than would temperature gradient alone. 

Heat-flow measurements are very sparse and as yet there are none in 
Oregon because of the complexity of the conductivity measurements and 
because of a former lack of economic incentive to make them. The Depart­
ment of Geology and Mineral Industries has been taking geothermal gradi­
ent measurements over the last few years whenever dri II holes, made for 
other purposes, have become avai lable (see map for locations). A I though 
geothermal gradients do not present as accurate a picture as do heat-flow 
measurements, with some knowledge of the underlying rocks a reasonable 
estimate of conductivity, and therefore heat flow, can be made. 

The accompanying graphs show geothermal gradients taken at scattered 
points in eastern Oregon. They are presented as a progress report. Others 
will be published from time to time as more data become available. 
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TRANS-ALASKA PIPELINE IMPACT STATEMENT RELEASED 

The Department of Interior has released its Final Environmental Impact State­
ment on the application for right-of-way to construct the oil pipeline from 
Prudhoe Bay near the Arctic Ocean to the ice-free Pacific port of Valdez. 
The report is contained in 6 volumes, plus a 3-volumeanalysis of the eco­
nomi c and security aspects of the proposa I, and is the resu It of three years 
of study by the Department. Advice and guidance came from a number of 
other Federal departments, as well as the State of Alaska. Three task forces 
were set up to study and compile the material concerned with the environ­
mental impact along the proposed land route, the proposed marine tanker 
route from Valdez to West Coast ports, and possible alternative pipeline 
routes through Canada. 

Copies of the nine volumes may be purchased from the National Tech­
nical Information Service, Springfield, Virginia, or are available for inspec­
tion at a number of offices, including the following in the Pacific North­
west: Bureau of Land Management, 710 N. E. Holladay St., Portland; 
Interior Department Field Representative, Pacific Northwest Region, 1002 
N .E. Holladay ST., Portland; and Bureau of Outdoor Recreation Regional 
Director, 1000 Second Avenue, Seattle. 

* * * * * 

GROUND-WATER RESOURCES IN UPPER JOHN DAY RIVER STUDIED 

"Potential ground-water resources of the upper John Day River valley, Grant 
County, Oregon," by T. P. Thayer, has been released by the U.S. Geolog­
ical Survey as an unpublished Open File Report. The a-page preliminary 
study is concerned with the availabi lity of ground-water for irrigating bench 
lands in the Prairie City basin area. Included in the report are a geologic 
map and cross sections. A copy of the report may be consulted at the 
Department's office in Portland. 

! !! IMPORTANT NOTICE FOR ORE BIN SUBSCRIBERS! !! 

Very sorry, but we are forced to raise the price of The ORE BIN 
subscriptions in order to help offset increased printing costs. All 
subscriptions for 1973 will be $2.00 for the calendar year (Janu­
ary through December). Individual copies will still be 25 cents, 
and many back issues are still available. If you have any ques­
tions regarding your subscription please call or write us. 
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