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subject of field trip guide beginning on next page. Photo
courtesy Oregon Historical Society.

OIL AND GAS NEWS

Columbia County — Mist Gas Field

ARCO Columbia County 22-27, located in NW4 sec. 27, T.
6 N.. R. 5 W.. in the vicinity of five recent gas completions, was
spudded November 17, 1985, drilled to a total depth of 2,500 ft,
and plugged and abandoned November 25, 1985.

ARCO Columbia County 32-32, located in NE!; sec. 32, T. 6
N.,R. 5 W., in the extreme west central part of the field. and 13
mi southwest of the nearest production, was completed
November 13, 1985, as the 21st producing well in the field and
ARCO’s second success there this year. The well was drilled to a
total depth of 2,711 ft.

ARCO Crown Zellerbach 23-15, located near Pittsburg in
the extreme southeast part of the field in SW; sec. 15, T. 5 N.,
R.4 W., was spudded November 26, 1985, and is drilling toward
a permitted total depth of 3,500 ft. This well is just southeast of
ARCO Crown Zellerbach 31-16. the most southeasterly
producing well in the field.

ARCO Crown Zellerbach 41-2, located in NE!; sec. 2. T. 5
N.. R. 5 W.., was spudded November 5, 1985, drilled to a total
depth of 2,109 ft, and plugged and abandoned November 12,
1985.

ARCO Longview Fibre 23-25, located in SW; sec. 25. T. 6
N., R. 5 W., was spudded December 1, 1985. and is drilling
toward a permitted total depth of 2.100 ft.

Columbia County — Wildcat

Exxon GPE Federal Com. I, located insec. 3, T.4 N..R. 3
W., 2 mi north of Chapman in south-central Columbia County.
was spudded September 2. 1985, and plugged and abandoned
November 8, 1985. Permitted total depth was 12,000 ft. Total
depth reached has not been released by the operator.

Lincoln County

Damon Petroleum Longview Fibre 3, located in NW; sec.
21, T.9S.,R. 11 W., wasspudded September 27. 1985, drilled to
a total depth of 3,040 ft, and plugged and abandoned November
16, 1985. This is the third well drilled in this immediate vicinity
since 1980. None have found production.

Production: Mist Gas Field
Cumulative: (1979-1984): 19.219.335 Mcf
1985 Production (Mcf):

January 271,717 June 372,148
February 242,077 July 385.157
March 301.885 August 386.511
April 300,775 September 405.563
May 364.072

Cumulative (1985): 3,029,905
Cumulative (1979-Sept. 1985): 22,249,240 Mcf

Recent permits

Permit Operator, well. Status. proposed
no. API number Location total depth (ft)
341 ARCO NEY; sec. 35 Location:
Longview Fibre 41-35 T.6 N..R. 5 W. 1.900.
009-00182 Columbia County

342 ARCO NEY; sec. 27 Location:
Columbia County 31-27 T. 6 N.. R. 5 W. 2.115.
009-00183 Columbia County

343 ARCO SEY sec. 25 Location:
Longview Fibre 34-25 T.6 N.. R. 5 W. 2.020.
009-00184 Columbia County
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North Santiam mining area, Western Cascades —
relations between alteration and volcanic
stratigraphy: Discussion and field trip guide

by J. Michael Pollock and Michael L. Cummings, Department of Geology, Portland State University, P.O. Box 751, Portland, Oregon

97207

Part Il. Field trip guide*

ROAD AND TRAIL LOG

The route of the trip is shown in Figure 1. Mileage is
indicated in this log by italicized numbers. The first set of
numbers is cumulative throughout the field trip: the numbers in
parentheses indicate the mileage between points. The portion of
the trip that goes through the Shiny Rock Mining Company
claims is to be traveled on foot and is 4.7 mi each way. For your
safety. avoid open mine adits. Most are not maintained and are
unstable and very dangerous.

0.0 mi (0.0 mi) Proceed east on Oregon Highway 22 from its
intersection with Interstate I-5 (exit 253) on the southeast edge
of Salem. The highway climbs out of the Willamette Valley into
the Waldo Hills. These hills, the Salem Hills to the southwest,
and the Eola Hills west of Salem are underlain by flows of the
Columbia River Basalt Group (CRBG).

Thayer (1939) originally named these basalts the Stayton
lavas, indicated that the rocks were similar to the CRBG, and
tentatively correlated them with the CRBG. M. Beeson (oral
communication, 1984) confirmed that the Stayton lavas are
actually flows of the CRBG.

Tolan and others (1984). in their studies of the Neogene
history of the Columbia River, indicated that the oldest
identified channel of the Columbia River passed near Stayton,
through the Salem Hills. and possibly west to the Pacific Ocean.
This channel developed during “Vantage time.” a period of time
lasting for several hundred thousand years or longer between
the last eruptions of CRBG flows of the Grande Ronde Basalt
(15.5 m.y. ago) and the first eruptions of the Frenchman Springs
Member of the Wanapum Basalt. The first flow of the
Frenchman Springs Member to reach this area, the Ginkgo
flow. followed this ancestral channel. Hoffman (1981) reported
the thickness of the Ginkgo flow in the southeastern Salem Hills
as 180 m.

As the road climbs the hills. note the red-colored laterite
soils developed on these basalts. In the Salem Hills, ferruginous
bauxite deposits have developed from the Frenchman Springs
Member (Hoffman, 1981). These bauxite deposits are iron-rich
and. in the Salem Hills. contain 13.4 million dry longtons of ore
at 36.02 percent AlO:: 4.17 percent SiO:: and 32.49 percent
Fe-0: (Hook. 1976).

4.0 mi (4.0 mi) View to the east from the crest of the Waldo
Hills toward the Cascade Range. The snow-covered peak in the
distance is Mount Jefferson. one of the composite volcanos of
the late High Cascade group of Priest and others (1984). Most of
the hills in the intermediate distance are composed of rocks of
the Western Cascade group of Priest and others (1984).

12.3 mi (8.3 mi) Sediments exposed in small outcrops are of
the 1llahe formation as defined by Thayer (1939). These
sediments, which underlie the CRBG. are well-bedded.
tuffaceous marine sandstones that were deposited in a marine

*Part 1. discussion. and references for both parts appeared in last
month’s issue (December [985).
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Mile 41.5. One of a pair of “stacks” between which Stack
Creek flows and from which it derives its name.

embayment that occupied the Willamette Valley until the early
Miocene (Baldwin, 1981). Orr (1984) studied the informally
named “Butte Creek beds™ northeast of this locality and
assigned them to the Oligocene. Coal and limestone deposits
occur within these beds. The sediments were deformed to dips
ranging from 10° to 12° prior to eruption of the CRBG, which
dips more gently (less than 3°).

Examination of this outcrop reveals distinct reverse grading
(finer particles near the base and increasing in size toward the
tops of individual beds) resulting from the tendency of pumice
to float. Also present are abundant carbonized and uncarbon-
ized plant materials.

14.5 mi (2.2 mi) Flows of the CRBG are exposed to the right
and left of the highway as the road descends a small hill north of
the town of Stayton. The road to the right enters Stayton. and in
a quarry along the road. andesitic volcanic rocks that may be the
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Mehama volcanics of Thayer (1936, 1939) are exposed.

21.4 mi (6.9 mi) Mehama-Lyons junction. Continue on
Highway 22 for 0.8 mi.

22.2 mi (0.8 mi) Intersection with Little North Fork Road to
the Little North Santiam Recreation Area along the Little
North Santiam River. Turn left (northeast). The Little North
Santiam River joins the North Santiam River immediately
south of this intersection. Upper slopes of hills in this area are
flows of the CRBG.

25.2 mi (3.0 mi) Exposures of a basalt intracanyon flow are
located to the left on the north side of the road. The source of the
basalt is not known. It is not basalt of the CRBG (M. Beeson,
oral communication, 1984) but may be a flow from a High
Cascade basalt shield volcano. The intracanyon flow can be
observed at several localities along the road up the valley,
suggesting that the ancestral Little North Santiam River was
located in approximately its present location at the time the flow
was erupted.

27.2 mi (2.0 mi) The irregularity in the road surface is due to
active landslides. Deeply weathered volcaniclastic sediments in
the cliff are involved in a particularly troublesome landslide. In
the woods north of the road is the basalt intracanyon flow. Steep
contacts between diverse volcanic units are commonly
associated with slope failures.

28.3 mi (1.1 mi) BEWARE — the road takes a very tricky
turn onto the bridge over the Little North Santiam River.

29.0 mi (0.7 mi) The basalt intracanyon flow is exposed in
the quarry along the south side of the road. The jointing pattern
is typical of the jointing developed in intracanyon flows.

33.6 mi (4.6 mi) Bridge over the Little North Santiam River.
Rocks of the Mehama volcanics (Thayer, 1936, 1939) crop out
along the river valley.

36.3 mi (2.7 mi) Entrance to Salmon Falls State Park.

37.3 mi (1.0 mi) Intersection with Evans Mountain Road.
Continue straight ahead on USFS Road 2209. Evans Mountain
is named for a mysterious prospector known as “Old Man
Evans™ who was found tortured and murdered on his claims.
Local legend has it that Evans was finding sufficient gold to
support an elegant life style. As in all such mining legends, the
location of his “mother lode™ has not been found. This legend
and others of the area are recounted by Roberts (date unknown)
in her book, Elkhorn and Mehama: True Stories of Oregonians
of the North Santiam, which is usually available in the general
store in Mehama.

38.4 mi (1.1 mi) Bridge over Henline Creek. North of USFS
Road 2209 are abandoned workings on the Capital claim. The
claim was patented as early as 1893. Most of the workings were
caved by the 1930%. Veins have an average strike of N. 50° W,
and dip of 75° 1o 80° SW. The veins are composed of a breccia of
silicified andesite containing sericite and mesitite, an iron-
magnesium carbonate. The breccia is cemented with stringers
and veinlets of quartz with sulfides, chiefly sphalerite. There is
minor galena and chalcopyrite (Callaghan and Buddington,
1938).

The Crown Mine, located to the south on the north flank of
Elkhorn Mountain, was developed around 1927. Several veins
were crossed in altered andesite, tuff, and volcanic breccia. A
rhyolite is encountered near the contact of an intusive quartz
diorite at the south end of the main crosscut. The Blind, Salem,
Thirteen-Foot, and Winze Veins are along brecciated zones in
which minor chalcopyrite, pyrite, and minor sphalerite are
located within wall rocks mapped as tourmaline hornfels. These
weakly mineralized veins strike from N. 55° W. to N. 60° W,
(Callaghan and Buddington, 1938).

39.1 mi (0.7 mi) Intersection of USFS Roads 2207 and 2209.
Stay on USFS Road 2209 straight ahead at this intersection.
The road continues to follow the glaciated valley of the Little
North Santiam River,
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39.5 mi (0.4 mi) The area between this outcrop and the Ruth
Mine was mapped by Olson (1978), who concentrated on the
mineralization and alteration associated with breccia pipes in
the area. Olson informally divided these rocks into upper and
lower members of the Sardine Formation, and the lower
member crops out along the road. The rocks in the major road
cuts are andesite tuffs and contain accretionary lapilli, abundant
lithic fragments, possible pumice fragments, and crystal clasts.

Epidote-lined fractures are present in the outcrop, and the
common occurence of epidote in the tuffs is indicated by their
yellow-green color.

39.7 mi (0.2 mi) The lithic-crystal tuff exposed in these road
cuts contains accretionary lapilli.

41.5 mi (1.8 mi) Road crosses Stack Creek. To the northisa
scenic view of the twin stacks on Henline Mountain.

42.8 mi (1.3 mi) The road is very narrow and on the edge of a
steep cliff into Horn Creek.

42.9 mi (0.1 mi) Road crosses Horn Creek after passing
through a large pile of unconsolidated debris of glacial origin.
The Black Eagle Mine is located at this point.

43.4 mi (0.5 mi) Gate at the west edge of the claim block
controlled by the Shiny Rock Mining Company. Ar this point
park your car and proceed on foot. The Shiny Rock Mining
Company is attempting to preserve the historic mining artifacts
of the district, and your cooperation is appreciated. For your
safety, avoid open mine adits, many of which are not maintained
and are unstable.

43.8 mi (0.4 mi) Bridge over Gold Creek.

43.9 mi (0.1 mi) Stop 1. A short side road leads to the adit of
the Santiam 1 Mine on the Little North Santiam River. This
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Stop 1. The adit of Santiam | Mine is one of hundreds of
mine adits and prospects in the North Santiam mining area.



mine has also been known as the Minnie E. and the Lotz-Larsen
at various times in its history. Most of the development work
was done in 1915-1917, with some ore shipped in 1924. The vein
strikes N.43° W. and dips 50° to 80° NE. and has been mined on
both sides of the river. Ore minerals are distributed along the
vein, but there are four distinct narrow ore shoots. Chalcopyrite
is the principal ore mineral; pyrite and sphalerite are
subordinate. Ore grades ranged from [.25 to 4.47 percent
copper and 0.1 to 1.22 oz of gold per ton. Locally the vein was
up to 35 cm wide and composed primarily of chalcopyrite
(Callaghan and Buddington, 1938).

The waterfall developed where the altered rocks of the vein
were less resistant than the surrounding rocks. When the water
level is low, the vein can be seen on the downstream end of the
plunge pool. Waterfalls are common throughout the district and
serve as one means of locating veins.

Stop 1. The Minnie E. Vein on which the Santiam I Mine
adit is located crosses the Little North Santiam River and has
been mined on both sides. Waterfalls such as the one in this
photo commonly form where streams are able to downcut easily
into the altered rock of the veins.

44.0 mi (0.1 mi) Whetstone Mountain trailhead. The trail,
which is not included as part of this log, proceeds north along
Gold Creek and then east along the ridge to the top of
Whetstone Mountain. This well-maintained trail makes a scenic
side trip, but it is over 5 mi to the top and moderately steep, with
no water. The top of Whetstone Mountain can also be reached
from the Clackamas River drainage. Maps are available from
the Ripplebrook Ranger Station.

44.3 mi (0.3 mi) Stop 2. Half bridge along the north bank of
the Little North Santiam River. An intrusion of porphyritic
diorite forms a prominent cliff. Phenocrysts up to 8 mm long of
blocky- to prismatic-shaped plagioclase comprises 15 percent of
the rock. The dike has vesicles that have been filled by quartz.
Plagioclase is altered to epidote, and hornblende is replaced by
chlorite. The dike intrudes a lithic-crystal tuff, and xenoliths are
common along its margins.

44.4 mi (0.1 mi) The Golden Bear mine workings are ina vein
of the Santiam group of claims. This adit is located in what
Olson (1978) mapped as a tourmaline-bearing breccia pipe. The
rocks are brecciated, silicified, and sericitized. An adit has been
driven into the alteration for nearly 270 ft along a bearing of N.
35° W. (Oregon Department of Geology and Mineral
Industries, 1951).

44.7 mi (0.3 mi) This porphyritic diorite intrusion was
mapped by Olson (1978) as an intrusion genetically related to
the large intrusion located in the center of the mining area and
dated at 13.4 m.y. B.P. (Power and others, 1981a). This
intrusion follows a N. 30° W. trend along its eastern margin but

is strongly sheared on a N. 10° W. trend on its western margin.
This same relationship occurs for the porphyritic diorite dike
near the Level 5 portal of the Ruth Mine.

45.4 mi (0.7 mi) The collapsed buildings to the south of the
road are part of the Merten sawmill built in 1943. Two steam-
driven capstans believed to have been salvaged from the
battleship Oregon were used in this mill and remain on the site
(Cox, 1985). One of the storage sheds is still standing near the
east end of the mill site.

45.6 mi (0.2 mi) Stop 3. Take the side road that crosses the
Little North Santiam River on an old bridge to the south of the
main road. This road leads to the site of holes drilled by Amoco
Minerals under lease agreement with Shiny Rock Mining
Company. These holes are located in a cluster of tourmaline
breccia pipes mapped by Olson (1978). The pipes, which are
intensely altered and circular to elliptical in plan, range from 10
to over 100 m in length. Olson (1978) defined two types of
breccia pipes: (1) shatter breccias of highly fractured rocks
partially or completely altered to an assemblage of tourmaline,
quartz, and sericite; and (2) “characterized by highly-altered
angular to subrounded clasts cemented by quartz,” sericite,
tourmaline, oxides, sulfides, and rarely carbonate.” In the first
type of breccia pipe, there was little or no movement of
fragments; in the second, the clasts have been displaced within
the breccia. Zones of hydrothermal alteration extend 50 to 100

Stop 2. Half bridge, so called because the road is supported
on one side by timbers and the other by the side of the valley, was
required where the highly resistant rock of a large intrusion was
encountered by the early miners in the North Santiam mining
area.
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m beyond the margins of the pipes. The last event in formation
of the pipes was the filling of open-space veins with quartz.

Tourmaline occurs at this location as black rosettes, some of
which surround chalcopyrite and are associated with secondary
malachite. The best samples are found along the road and in
small stream bed to the east. Return to the main road.

45.7 mi (0.1 mi) Lure No. 3 adit is developed beneath the
level of the road. The rocks are brecciated and silicified.
Rosettes of tourmaline occur in the silicified materials, and
pyrite and chalcopyrite occur in the alteration zone.

46.6 mi (0.9 mi)Stop 4. Jawbone Flats, Oregon. This historic
mining camp was built in the early 1930’ and still serves as the
operational headquarters for the mining activities in the district.
Please stay out of the buildings and away from equipment, and
respect the historic artifacts that are present. On the east end of
Jawbone Flats, a bridge crosses Battle Ax Creek about 0.25 mi
north of where it joins Opal Creek to form the Little North
Santiam River. Just across the bridge, a side road leads a short
distance to the ore mill currently used by Shiny Rock Mining
Company for processing ore from the Ruth Mine. Return to the
main road.

Stop 4. Jawbone Flats was constructed in 1932 as a mining
camp and still serves as the operational headquarters for mining
activity in the eastern portion of the North Santiam mining area.
Of the 30 or so original buildings, about half are still in use.

46.8 mi (0.2 mi) Stop 5. At this site are the ruins of the
original ore mill constructed by the Amalgamated Mining
Company in 1932. This mill collapsed under heavy snows in
1949 (George, 1985). The original steam generator and other
equipment are still visible. On the right side of the road was the
old ore stockpile, and samples of ore from several of the veins in
this part of the district can be found in this pile.

47.1 mi (0.3 mi) An unmarked trail leads to the left. This was
an old tram road used to haul ore from the Ruth Mine to the
mill. Stay on the main road.

47.5 mi (0.4 mi) A side road joins the main road at a sharp
angle. In the stream bed of Battle Ax Creek below this point are
several veins and adits of the Bueche Group of claims. The ruins
of an old building are located on the north side of the road. Sray
on the main road.

47.9 mi (0.4 mi) Stop 6. The road crosses a small tributary of
Battle Ax Creek. Exposed in the road cut to the west of the creek
is an outcrop of a quartz-feldspar porphyry intrusion. The rocks
are nearly white in color, with an abundance of quartz and
feldspar phenocrysts. To the east of the creek, an intrusion of
equigranular diorite intrudes a tuff of Unit A, The creek is
located on a fault, and alteration along this fault is visible in
both intrusions. At the level of the tram road visible below, float
from a collapsed adit suggests that this vein contains more
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Stop 4. This operating ore mill located just south of Jawbone
flats was constructed in part from equipment salvaged from
earlier mills in the mining area.

chalcopyrite than is common in veins this far east in the district.

48.0 mi (0.1 mi) Road intersection. The road to the right
leads to the adit of Level 4 of the Ruth Mine. Stay ro the left.

48.1 mi (0.1 mi) Road intersection. Stop 7. The road that
turns sharply to the left leads down to Level 5 of the Ruth Mine
while the main road continues a short distance to a small creek.
Follow main road to small creek. This creek. which is commonly
called Ruth Creek, is downcut on the Ruth Vein. Adits have
been driven on five levels of this vein. The open adit visible
above the road is the fourth level and is collapsed where it
encounters the vein. It was a primary producer of ore in the
1930’s. Ore was removed by ore cart and dumped into a loading
chute that is now collapsed at the road level. Ore samples from
this adit can be collected in the stream.

Return to the road intersection. Take the steep lower road
down to Level 5 of the Ruth Mine. A small roadcut along this
road is located in a porphyritic diorite intrusion that is strongly
sheared on its west margin. When you reach the level of the tram
road, STOP. To the right is Level 5 of the Ruth Mine. This adit
is being actively mined at present. BEWARE of mining
activities, and stay out. Below the adit in the creek bed. an
intrusion of quartz-feldspar porphyry cuts a coarse block
breccia of Unit A. Just downstream, a dike of porphyritic diorite
is visible as a resistant unit.

This concludes the trail log. Return to the main road and to
your car by the same route. You may then return to Salem by the
same route or take the optional route over French Creek Ridge.

OPTIONAL TRIP BEGINS AT INTERSECTION OF
USFS ROADS 2207 AND 2209

At road log mile 39.1, take USFS Road 2207 to the south-
east. Note: USFS Road 2207 is a logging road and not regularly
maintained. It may be impassable in bad weather.

3.3 mi (3.3 mi) Bridge over the Little North Santiam River.
On private land north of the road, Amoco Minerals Company
has discovered a mineralized breccia pipe. The pipe is exposed in
small outcrops on the north bank of Cedar Creek. Although
discovery and drilling on the prospect were underway in 1981,
no public announcement has been made, and no published
information on the pipe is available.

5.1 mi (1.8 mi) Road crosses Cedar Creek.

5.5 mi (0.4 mi) Intersection of USFS Roads 225 and 2207.
Remain on USFS Road 2207 to the left.

6.0 mi (0.5 mi) Intersection of USFS Roads 125 and 2207.
Stay on USFS Road 2207 to the right.

9.2 mi (3.2 mi) Epidote-lined fractures are seen to cut rocks



of the Sardine Formation in the roadcuts. The North Santiam
mining area is approximately 3 mi to the north. Signs of hydro-
thermal alteration are common in the area, and epidote-lined
fractures and propylitic alteration are typically noted.

10.2 mi (1.0 mi) A large dike crops out near where the road
swings to follow the cirque wall to the east.

10.4 mi (0.2 mi) Stop 8. Overlook of Opal Lake, the
headwaters for Opal Creek, which joins Battle Ax Creek at
Jawbone Flats to form the Little North Santiam River. Opal
Lake occupies a cirque, and Opal Creek plunges over a series of
three falls for a total drop in elevation of nearly 170 m. The
upper falls is less than 0.25 mi northeast of the lake. The
outcrops at this stop are bedded pyroclastic rocks that are
probably rhyodacitic in composition. On the basis of White’s
(1980b) lithologic descriptions, similar stratigraphic position,
and elevation, it appears that these rocks are part of the Elk
Lake formation. The outcrops are well-layered, coarse
heterolithic fragmental units of weathered, light-colored units
interlayered with dark-colored, fragmental units of uniform
clast types. The rocks are cut by a zeolite-coated fracture set that
trends N. 40° W. and dips 70° SW. The fracture orientation isa
common orientation encountered in the North Santiam mining
area. The volcaniclastic rocks are intruded by subvolcanic
intrusions that cut the bedding at various angles.

11.6 mi (1.2 mi) White (1980b) mapped the crest of French
Creek Ridge as the Elk Lake formation unconformably
overlying rocks of the Sardine Formation. The thickness of the
Elk Lake formation is 150 m at this locality. White defined two
members of the formation: the lower consists of rhyodacitic
flows and pyroclastic rocks, the upper of one or more thick
flows of hornblende andesite. The pyroclastic units of the lower
member are white or pale-pink crystal-lithic tuff; flows are light
gray and generally are flow banded. These lavas were probably
erupted from a vent complex at the southwestern end of French
Creek Ridge. This vent complex is the knob immediately
southeast of the road at the crest of French Creek Ridge. White
indicates that a small dome can be seen to intrude and to overlie
the Sardine lavas at this point. A spine that is 10 m high occurs
near the center of the dome. The upper member of the Elk Lake
formation overlies the rhyodacitic rocks in the prominent knobs
northeast of the pass at Martin Buttes and Byers Peak. These
prominences are underlain by a single andesitic flow that is 60 m
thick and that displays a prominent colonnade. The andesites

contain abundant phenocrysts of plagioclase and less abundant
but common phenocrysts of augite. Hypersthene and remnants
of probable amphibole crystals are sparsely present as
phenocrysts. The Elk Lake formation overlies both the Sardine
and Breitenbush Formations with strong angular unconformity.
Two K-Ar whole-rock ages for rocks of the Elk Lake formation
are 9.840.46 m.y. and 11.8+0.4 m.y. (White, 1980b).

13.3 mi (1.7 mi) Stop 9. At this switchback, medium- to
coarse-grained quartz diorite dikes intrude fine-grained ash
beds of the Sardine Formation. Hydrothermal alteration
around the dikes has produced zeolitic alteration of the tuffs.
Near the contact, the replacement is extensive but decreases in
intensity away from the contact where the development of
zeolites becomes confined to fracture fillings and breccia
cement. Analysis by X-ray diffraction indicates that laumontite
is the main zeolite present. The contacts of the dikes are chilled
against the wall, and xenoliths of tuff are incorporated into the
dike. Abundant fine-grained xenoliths occur in the dike but,
except for those near the contacts, are not derived from the
immediate wall rocks. The contact strikes N. 10° W. and dips
75° NE. Feldspar phenocrysts are strongly fractured, suggesting
shattering such as might occur during hydrofracturing. These
intrusions were emplaced at shallow depths. ~

14.2 mi (0.9 mi) Overview of Sardine Mountain, the type
locality of the Sardine series as defined by Thayer (1939).
Sardine Mountain is an eroded vent complex. Thin flows,
bedded cinders, and radial dikes are considered to be a typical
vent-facies assemblage exposed on the northern and western
sides of the mountain (White, 1980b). On Hall Ridge
immediately south of Sardine Mountain, flows are generally
porphyritic, containing abundant plagioclase phenocrysts and
lesser amounts of mafic phenocrysts. Most of the andesites have
hypersthene and augite as phenocrysts. Lava flows compose
from 50 to 70 percent of the formation in areas away from the
vent complex. The rest of the formation is composed of lahars
and lapilli tuff.

18.4 mi (4.2 mi) Intersection with USFS Road 2223.
Continue straight ahead. The sharp turn to the right would take
you up Sardine Mountain to Tumble Lake.

18.6 mi (0.2 mi) Intersection with Oregon Highway 22. Turn
right to return to Salem or left to go to the towns of Detroit,
Breitenbush Hot Springs, or Bend. O

BOOK REVIEW

by Daniel M. Johnson, Associate Professor of Geography,
Geography Department, Portland State University, Portland,
Oregon 97207

The Legacy of Ancient Lake Modoc: A Historical Geography of
the Klamath Lakes Basin, by Sam and Emily Dicken, published
by the authors, available from the University of Oregon
Bookstore, 895 E. 13th, Eugene, OR 97403, or Shaw Stationery
Company, 792 Main St., Klamath Falls, OR 97601. Price $10.

For nearly 40 years, geographers Sam and Emily Dicken
have been exploring and studying their adopted state of Oregon.
They have shared the results of these efforts with the public
through a series of books and journal articles, beginning with
the first edition of Oregon Geography published in 1950. In
recent years we have been treated to Two Centuries of Oregon
Geography: Vol 1., The Making of Oregon(1979) and Vol. 2, A
Regional Geography (1982). Their work on the historical
geography of Oregon has now been continued in a newly
published book entitled The Legacy of Ancient Lake Modoc: A

Historical Geography of the Klamath Lakes Basin (copyright
1985 by the authors). This book represents a delightful blend of
the two disciplines, but it differs from the Dickens’ earlier work
in that it focuses on one region of the state, the Klamath Lakes
basin of south-central Oregon. It amounts to a chronological
description of both natural and human features, beginning with
the period of exploration in the early 19th century and
continuing to 1985. Throughout, the authors have given careful
attention to the perceptions of the region by those who explored
and settled it.

In the first chapter, the Dickens present an overview by the
interesting technique of escorting the reader on an imaginary
airplane flight. Only from this lofty perspective can the unity of
the Klamath Lakes region be appreciated. As they point out, the
“unifying feature is the lake plain, the bed of Old Lake Modoc,”
a Pleistocene lake whose shoreline was drawn for the first time
by Sam Dicken in an article in the November 1980 issue of
Oregon Geology. Modern lakes of the region, including
Oregon’s largest (Upper Klamath Lake), are remnants of this
larger Lake Modoc.  (Continued on page 10, Book Review)
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ABSTRACTS

The Department maintains a collection of theses and disserta-
tions on Oregon geology. From time to time, we print abstracts of
new acquisitions that we feel are of general interest to our readers.

GEOLOGY OF THE GREEN MOUNTAIN-YOUNGS
RIVER AREA, CLATSOP COUNTY, NORTHWEST
OREGON, by Carolyn Pugh Peterson (M.S., Oregon State
University, 1984 [thesis compl. 1983])

The upper Eocene to lower Oligocene Oswald West
mudstone is the oldest formation (informal) in the Green
Mountain-Young’s River area. This 1,663-m-thick hemipelagic
sequence was deposited in a low-energy lower to upper slope
environment in the Coast Range forearc basin. The formation
ranges from the late Narizian to the early Zemorrian (?) in age
and consists of thick-bedded bioturbated foraminiferal
claystone and tuffaceous siltstone. Rare glauconitic sandstone
beds also occur. In the eastern part of the study area, the upper
part of the Oswald West mudstone is interbedded with the upper
Refugian Klaskanine siltstone tongue. This informal unit
consists of thick bioturbated sandy siltstone and silty sandstone
that is a lateral deep-marine correlative of the deltaic to shallow-
marine Pittsburg. Bluff Formation in the northeastern Coast
Range.

Discontinuous underthrusting of the Juan de Fuca oceanic
plate at the base of the continental slope of the North American
plate caused extensive uplift and subsidence along the Oregon
continental margin throughout the Cenozoic (Snavely and
others, 1980). Initiation of Oregon Coast Range uplift and
accompanying erosion in the early Miocene, coupled with a
global low stand of sea level (Vail and Mitchum, 1979), stripped
most of the Oligocene (Zemorrian) Oswald West strata and in
places much of the uppermost Eocene (upper Refugian) Oswald
West strata in the field area, creating an unconformity.
Deformation accompanying uplift included a system of east-
west-trending, oblique-slip faults.

The Pillarian to Newportian-age Astoria Formation
unconformably overlies the Oswald West mudstone and reflects
deposition offshore from an open, storm-dominated coast
during an early to middle Miocene transgression. Deposition of
the Big Creek sandstone and Silver Point mudstone members of
the Astoria Formation was controlled in part by submarine
paleotopography that developed as a result of early Miocene
deformation of the Oswald West strata. The up-to-200-m-thick
Big Creek member varies from storm-deposited laminated
sandstone to bioturbated mollusk-bearing silty sandstone that
accumulated during fair-weather conditions on the inner to
middle shelf. Overlying and perhaps in part laterally equivalent
to the Big Creek member is the up-to-200-m-thick, deeper
marine Silver Point member which consists of two lithologies:
(1) interbedded, micaceous, turbidite sandstones and laminated
mudstone; and (2) laminated bathyal mudstone that inter-
tongues with and caps the turbidite sequences. The turbidite
lithology is composed of two facies: (1) an underlying sand-rich
facies, transitional between the shallow-marine Big Creek
member and bathyal Silver Point strata, that was deposited on
the outer shelf by storm-induced turbidity currents; and (2) an
overlying sand-poor facies that was deposited at bathyal depths.
The turbidite facies channelized and at some places removed the
underlying Big Creek member and was deposited directly over
Oswald West mudstone. The Astoria depositional sequence
ranges from inner to outer neritic to bathyal facies and reflects
continued deepening and anoxic depositional conditions of the
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Astoria basin through the middle Miocene. Big Creek and Silver
Point sandstone petrology reflects volcanic sources from an
ancestral western Cascades volcanic arc and metamorphic and
granitic basement rocks farther east via an ancestral Columbia
River drainage system. Diagenetic effects include: (a) formation
of local calcite concretionary cements; and (b) formation of
pore-filling smectite from alteration of volcanic rock fragments.

At least six middle Miocene Columbia River Basalt Group
intrusive episodes affected the Green Mountain-Youngs River
area soon after deposition of the Astoria Formation. These
basalt sills and dikes include normally polarized and reversely
polarized low MgO-high TiO;, low MgO-low TiO2, and high
MgO Grande Ronde basalt chemical subtypes and two
porphyritic Frenchman Springs Member basalts (Ginkgo and
Kelly Hollow(?) petrologic types). These basalt intrusions are
virtually indistinguishable, based on chemistry, from subaerial
flows of the plateau-derived Columbia River Basalt Group
subtypes at nearby Nicolai Mountain and Porter Ridge. This
correlation supports the Beeson and others (1979) hypothesis
that the intrusions are not of local origin but formed by the
invasion of the flows into the Miocene shoreline sediments to
form “invasive” sills and dikes. Many dikes were emplaced
along northeast- and northwest-trending faults, and some (i.e.,
Ginkgo) cut older sills (Grande Ronde). A laterally extensive
Frenchman Springs sill occurs under an older widespread
Grande Ronde sill. From this older over younger intrusive
relationship, a mechanism of “invasion” of sediment from
overlying lava flows is difficult to envision.

A pulse of rapid subduction starting in the middle Miocene
(Snavely and others, 1980) was accompanied by renewed uplift,
intensive block faulting, and continued development of the
earlier formed Coast Range uplift. Left-oblique northeast-
trending faults and conjugate northwest-trending right-oblique
faults offset Grande Ronde and Frenchman Springs dikes and
sills. This conjugate fault pattern may reflect oblique east-west
convergence between the North American and Juan de Fuca
plates. .

The Silver Point mudstones and Oswald West mudstones
have high total organic carbon contents, up to 5.5 percent, but
are thermally immature and may act only as a source for
biogenic gas(?) in the subsurface. Suitable reservoir rocks, such
as the gas-producing upper Eocene Cowlitz Formation Clark
and Wilson sandstone, may pinch out before reaching the Green
Mountain-Youngs River area and are yet to be penetrated by
exploration drilling. Post-middle Miocene fault traps abound in
the area, although these faults might also breach subsurface
natural gas reservoirs in the Green Mountain-Youngs River
area.

LANDSLIDE HAZARDS IN THE DALLES, WASCO
COUNTY, OREGON, by Michael Hugh Sholin (M.S., Oregon
State University, 1982)

Human activity has led to the reactivation of portions of a
Pleistocene landslide complex in The Dalles, Oregon. Slope
movements are in rocks of the Chenoweth Formation:
agglomerate, conglomerate, tuff breccia, sandstone, and
siltstone. Slope movements occur in at least two distinct areas in
The Dalles. At one, the shear surface is defined by the contact
between the Chenoweth Formation and the underlying
Columbia River basalt. Data from inclinometer readings at the
other area fail to reveal a well-defined shear surface. Slope
movements in The Dalles cause tens of thousands of dollars
worth of damage annually and may present a threat to human
safety. So far, there has been little organized response to this
hazard. OJ
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Typical topography along the Rogue River near Illahe.
Article beginning on next page describes the Eocene
geology of this area. Photo courtesy Michael S. Miller,
U.S. Bureau of Mines, Spokane, Washington.
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OIL AND GAS NEWS

Columbia County — Mist Gas Field

ARCO Crown Zellerbach 23-15,located in SW¥4 sec. 15, T.
5 N, R 4 W, was drilled to a total depth of 2,770 ft and
completed to production on December 10, 1985. This is an offset
to the ARCO Crown Zellerbach 31-16, originally drilled and
completed by Reichhold Energy. Neither well is on line yet.

ARCO Longview Fibre 23-25, located in SWV sec. 25, T. 6
N.,R.5 W, wasdrilled to a total depth of 1,979 ft and completed
on December 15, 1985.

ARCO Columbia County 23-22, located in SW'% sec. 22, T.
6 N, R. 5 W_, near three producers, was spudded December 10,
1985, and drilled to a total depth of 2,028 ft. This well was also a
producer, completed on December 20. This brought the number
of ARCO successes during the year to eight, seven of which had
been originally filed by Reichhold Energy. This is the most
completions yet in a single calendar year.

Recent permits

Permit Operator, well Status, proposed
no. API number Location total depth (ft)
344 ARCO NEYs sec. 2 Application;

Columbia County 41-2-1 T.5N,R.5W. 2,000.
009-00185 Columbia County O
Position Announcement
REGULATORY PETROLEUM
ENGINEER/GEOLOGIST

Oregon Department of Geology and Mineral Industries

Full-time, permanent position located in Portland.
Salary range $2,087-$2,650 per month plus benefits,
contingent on experience. Bachelor’s degree required plus
minimum of four years of progressively responsible exper-
ience in oil and gas or geothermal exploration or equivalent
regulatory experience. Graduate degree desirable but not
required.

Duties include evaluation of proposed drilling pro-
grams, interpretation and application of Oregon statutes
and rules, field inspection of drilling operations, main-
taining well-sample repository, preparation of reports,
and dealing effectively with a diverse public.

To receive application materials, send resume and refer-
ence list by February 17, 1986, to Dennis Olmstead, Oregon
Department of Geology and Mineral Industries, 910
State Office Building, 1400 SW Fifth Avenue, Portland,
OR 97201-5528. Phone (503) 229-5580.

An Equal Opportunity Employer

AIME member receives national award
Harry Czyzewski, P.E., President of Oregon Technical
Services Center, Inc., Portland, and a life member of the
American Institute of Mining Engineers (AIME), has been
named to receive the Roger W. Truesdail Award for
Outstanding Service to Independent Laboratories from the
American Council of Independent Laboratories (ACIL).
Czyzewski has had a long and distinguished career within
ACIL and in the broader consulting engineering/testing
community. He is a past president of ACIL, served on its board
for six years, and headed its Tax-Favored Competition
(Continued on page 22, Czyzewski)
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Eocene geology of the Agness-lilahe area, southwest Oregon

by Raisuddin Ahmad*, Department of Geology, University of Oregon, Eugene, Oregon 97403

INTRODUCTION

The Agness-Illahe area (Figure 1) straddles the Mesozoic-
Cenozoic boundary in southwestern Oregon. Published regional
geologic maps that include the Agness-Illahe area are those of
Wells and Peck (1961), Dott (1971), and Baldwin (1974).
Baldwin (1974) describes and differentiates the early Tertiary
formations of southwestern Oregon; however, the Agness-Illahe
area has not been mapped in local detail. The Rogue River cuts
through the Tertiary and pre-Tertiary rocks in the area (Figure
2), creating excellent outcrops that make up a continuous section
thousands of meters thick. These outcrops have received very
limited attention by the previous workers, except for some
paleontological investigations by Thoms (1975) and Miles
(1977).

The present study was initiated to prepare a geologic map of
the area and to study the stratigraphy, structure, lithology, and
petrography of exposed rock units. The purpose of the study was
to reconstruct the Eocene geologic history of the area.

Field work for this study was conducted during the summers
of 1978 and 1979. Much of the measurement of the stratigraphic
section was done along the Rogue River canyon, but part of the
section was also measured along roadcuts and in outcrops on top
of the mountains. In areas lacking continuous outcrops, thickness
of stratigraphic section was approximated.

REGIONAL GEOLOGICAL SETTING

The area under investigation is located within the Agness
quadrangle, southwest Oregon (Figure 1).It covers about 91 km?
(35 mi?). Within the area, Tertiary rocks of the Coast Range are
tectonically juxtaposed with pre-Tertiary rocks of the Klamath
Mountains to the south, southeast, and southwest. Farther to the
east lie the Cenozoic, chiefly andesitic volcanic rocks of the
Cascade volcanic arc. The Klamath Mountains consist of tectoni-
cally stacked sedimentary and metasedimentary rocks that were
intruded by dioritic and ultramafic igneous bodies (Dott, 1965).
The Oregon Coast Range consists of Cenozoic sedimentary
rocks with thick submarine pillow basalts and other basic intru-
sive bodies (Snavely and Wagner, 1963; Snavely and others,
1969; Baldwin, 1974, 1975).

The region has been affected by intense tectonic activity.
Pre-Tertiary rocks of the Klamath Mountains are very intensely
folded and faulted. Thrust faulting is a common structural
phenomenon in both the pre-Tertiary and lower Tertiary rocks in
the region (Baldwin, 1974, 1975). The intensity of folding in the
Klamath Mountains is greater than in the Oregon Coast Range.
Folds in the Klamath Mountains trend mainly northwest-south-
east, whereas those in the Coast Range have dominantly north-
south and northeast-southwest trends.

STRATIGRAPHY

The major part of the Agness-Illahe area is underlain by
Tertiary rocks, and the present study deals with the Eocene
formations of the area. Pre-Tertiary rocks include sedimentary
rocks of the Myrtle Group (Baldwin, 1974) in the western part of
the area and small intrusive bodies of serpentinite; however,
these rocks are not discussed in this report. Baldwin (1974)
elevated the Eocene Umpqua Formation of Diller (1898) to
group status and subdivided it into the Roseburg, Lookingglass,

*Present address: School of Earth Sciences, Macquarie University, North
Ryde, N.SW. 2113, Australia.
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and Flournoy Formations (Figure 3). Baldwin (1974) further
subdivided the Lookingglass Formation into the Bushnell Rock,
Tenmile, and Olalla Creek Members and the Flournoy For-
mation into the White Tail Ridge and Camas Valley Members.
Contacts between the members are gradational in places.

Roseburg Formation

The Roseburg Formation is partially exposed along the
Rogue River canyon near the Rogue River bridge between
Waters Creek and Slide Creek, where it is in fault-bounded
contact with the pre-Tertiary Myrtle Group sediments to the
south-southwest (Figure 3). The zone of contact between the
Roseburg Formation and the overlying Bushnell Rock Member
of the Lookingglass Formation (Figure 4) is poorly exposed,
however, the massive-bedded conglomerates of the lower Bush-
nell Rock Member distinguish it from the upper part of the
Roseburg Formation. The zone of contact was mapped near
Twomile Creek (Figure 3).

The thickness of Roseburg Formation strata exposed in the
Agness-Illahe area is about 130 m (426 ft). These strata are
made up of sandstones and siltstones and appear to represent the
upper(?) part of the formation. Baldwin (1975) indicated that the
Roseburg Formation is about 3,000-4,000 m (9,800- 13,000 ft)
thick at its type section at Glide. Faulting of this formation
against the pre-Tertiary units in the Agness-Illahe area probably
cut out its lower part.

Within the study area, the Roseburg Formation consists of a
turbidite sequence of three distinct types of rocks: pebbly sand-
stone, sandstone, and siltstone. The sandstones are hard, compact
subfeldspathic lithic wackes containing angular to subrounded
quartz; plagioclase; potassium feldspars; heavy minerals; and
igneous, metamorphic, and sedimentary rock fragments. Calcite,
chert, and hematite are the principal types of cements. Detailed
petrographic description is given in Ahmad (1981).

Miles (1977) studied planktonic Foraminifera and calcar-
eous nannofossil assemblages of the formation in the Agness-
Illahe area and assigned them to zone P7/8 of the standard
tropical zonations. Miles indicated that the Foraminifera may in
part be stratigraphically as low as zone P6b, which is late
Paleocene in age. Thoms (1975) examined the benthic Fora-
minifera of the lower Umpqua Formation (Roseburg Formation
of Baldwin, 1974) and assigned them to the Penutian Stage. On
the basis of the age determination of Miles (1977) and the
stratigraphic position below the pre-Lookingglass unconformity,
Roseburg Formation rocks of the area can be tentatively cor-
related with the upper part of the formation in the type area near
Glide (Baldwin, 1975) as well as in other northern sections
(Ahmad, 1981, 1982).

No significant paleocurrent information was found during
the present investigation. Snavely and Wagner (1963) determined
that during early Eocene time, the paleocurrent direction in the
area was northward. Ahmad (1981) suggested that sediments of
the Roseburg Formation in the Agness-Illahe area were derived
mostly from a terrain much like the present Klamath Mountains
to the south (Figure 5SA) and were probably transported by
high-gradient streams in a subtropical climate (Miles, 1977).

During the early Tertiary period, a forearc basin was in
existence in western Oregon on the trench slope along the active
subduction zone where the Farallon Plate was being subducted
beneath the North American Plate (Dickinson, 1976). This
forearc basin is the north-trending eugeosynclinal basin of
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Snavely and Wagner (1963). Turbidite sandstones of the Rose-
burg Formation are believed to have been deposited in this
forearc basin (Figure SA). A detailed discussion on the depo-
sitional environment of this formation is available in Ahmad

(1981).
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Lookingglass Formation

The Lookingglass Formation in the Agness-Illahe area is in
unconformable contact with the underlying Roseburg Formation.
This unconformity is a striking break in the Coast Range Tertiary
record (Baldwin, 1974, 1975). In the Agness-Illahe area, the
Lookingglass Formation is represented by the Bushnell Rock
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Member and the Tenmile Member. The Olalla Creek Member is
missing (Figure 4), because either it was not deposited in this
area or it was eroded away before deposition of the Flournoy
sediments (Ahmad, 1982).

Bushnell Rock Member: This member attains a thickness of
about 735 m (2,411 ft) in the Agness-Illahe area. It has a basal
sequence of petromict conglomerates followed stratigraphically
by approximately 665 m (2,182 ft) of turbidite sandstones and
siltstones (Figure 4). The conglomerate sequence is about 70 m
(230 ft) thick and is composed of two distinct units: a basal unit
of massive-bedded, moderately to poorly sorted conglomerate
and an upper unit containing relatively thinner bedded, normally
graded, well-sorted conglomerates (Ahmad, 1981).

Fossils are rare in Bushnell Rock conglomerate within the
study area. A few boulders of conglomerate. contain fossils of
the pelecypod Buchia (Cretaceous) that were probably derived
from the pre-Tertiary formations. The molluscs Venericardia
aragonia, Tellina, Turritella, Amaurellina, and oyster fragments
are the most frequently found fossils (Hag, 1975).

Based on clast composition, fossil content of some conglomer-
atic boulders, and structural and textural criteria, this author
(Ahmad, 1981) suggested that conglomerates of the Bushnell
Rock Member were derived from the Klamath Mountains to the
south and were deposited in a fluvio-neritic environment (Figure
5B). The relatively thinner bedded, normally graded, well-sorted,
clast-supported conglomerates of the upper unit are believed to
be resedimented conglomerates formed by turbidity currents.

Conglomerates of the Bushnell Rock Member are overlain
by turbidite units consisting of sandstone, siltstone, and pelagic
shale. These rocks are very well exposed along the Agness-Illahe
Road as well as in the Rogue River canyon near the mouth of
Twomile Creek. The sandstones are gray, hard, moderately

Agness-lllahe area.
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compact, coarse- to medium-grained, and moderately to poorly
sorted feldspathic to subfeldspathic lithic wackes. They contain
quartz, chert, plagioclase feldspars (Abgy- Abgs), potassium feld-
spars, rock fragments excluding chert, serpentine and nonmatrix
chlorite, heavy minerals, and clay matrix (Ahmad, 1981).

A few organic constituents such as echinoderm fragments,
fragments of Foraminifera, and indurated fragments of spumel-
larian Radiolaria were found in these sandstones. These micro-
fossils were identified by William N. Orr (personal communi-
cation, 1981). A middle Eocene crab (Kooser and Orr, 1973),
echinoderms, gastropods, and pelecypods are also present in
these sandstones. All of these megafossils are of early to middle
Eocene age. The outcrop from which these fossils were collected
lies about 1 km (0.6 mi) southeast of the mouth of Shasta Costa
Creek and is accessible by a trail (Figure 3).

After comparing the petrographic characteristics of these
sandstones with selected sandstone suites of known provenances,
this author (Ahmad, 1981) suggested that Lookingglass sand-
stones in the study area were derived mostly from the Klamath
Mountain terrane to the south (Figure 5B). Lithology, sedi-
mentary structure, and the presence of shallow-marine faunas
suggest that sandstones of the Bushnell Rock Member in the
Agness-lllahe area were deposited in a shallow forearc basin
(Ahmad, 1981, Figures 36-37). Reconstruction of the paleoge-
ography at the time of formation of the Bushnell Rock Member is
shown in Figure 5B.

Tenmile Member: The Tenmile Member is made up of about
240 m (787 ft) of turbidite sandstone and siltstone (Figure 4).
These rocks are very well exposed along the Rogue River canyon
near [llahe and Foster Bar. Each turbidite unit generally contains
beds of gray, moderately compact, medium- to fine-grained,
normally graded lithic sandstone and siltstone. Calcite and chert
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are the main cementing agents. Micro cross-laminations are
present in the upper part of some fine sandstone beds. Small-
scale scour-and-fill structures are present in some of the beds of
siltstones.

Some microfaunas found in the Tenmile Member are similar
to those of the Bushnell Rock Member sandstones. Based on the
textural and mineralogical criteria, the Tenmile Member sand-
stones appear to have been derived mainly from the Klamath
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Mountains to the south. Bed geometry, sedimentary structures,
and presence of shallow-water megafossils and microfossils
suggest that the sandstones were deposited by turbidity currents
in a forearc basin. Figure 5C shows a paleogeographic recon-
struction of the area during deposition of the Tenmile Member
sediments.

Flournoy Formation

The Flournoy Formation crops out in a considerable part of
the study area (Figure 3) and attains a thickness of about 500 m
(1,640 ft) (Figure 4). The southern extent of the formation is not
well exposed. The base of the formation is marked by a 50-m
(164-ft)-thick sequence of brown, graded sandstone. These con-
glomerates and sandstones are well exposed near the mouth of
Watson Creek. Because of structural and lithologic similarities,
the Flournoy Formation rocks of the study area are believed to
represent the White Tail Ridge Member exposed in its type area
in the Flournoy Valley and described by Baldwin (1974, 1975).

White Tail Ridge Member: The conglomerates at the basal
part of this member are massive bedded and clast supported with
a matrix consisting of sand- and silt-size materials. The clast size
ranges from about 15 cm (6 in.) to 2 cm (0.8 in.), with an average
size of about 5 cm (2 in.). The average clast size gradually
decreases stratigraphically upward. The clasts are rounded to
subangular and are made up of fragments of basalt, diorite,
andesite, dacite, rhyolite, sandstone, conglomerate, limestone,
chert, greenstone, schist, and metasedimentary rocks including
quartzite.

These conglomerates closely resemble those of the lower unit
of the Bushnell Rock Member except for smaller clast size of the
latter. Conglomerates of the White Tail Ridge Member were
probably deposited in a shallow-marine environment (Baldwin,
1974), but the basal part exposed near Watson Creek is probably
fluvial, as suggested by the absence of faunas.

In the study area, sandstones of the White Tail Ridge Member
attain a thickness of about 450 m (1,480 ft). These sandstones
are light-brown to light-gray, moderately hard, coarse- to
medium-grained, normally graded, and moderately to poorly
sorted subfeldspathic lithic wackes. They contain mainly quartz,
feldspar, lithic fragments, and variable amounts of matrix mater-
ials. Mica flakes and small fragments of plant debris are present
along the bedding planes and dispersed within sandstone beds.
Calcite, clay minerals, chert, and ferruginous materials are the
main cementing materials. Extensive replacement of matrix
materials by calcite is conspicuous. Some of the sandstone beds
have cross-laminations and scour-and-fill structures.

Thoms (1975) assigned the microfossils of the Flournoy
Formation to the Ulatisian Stage. Based on the study of planktonic
foraminiferal assemblages, Miles (1977) indicated that sediments
of the Flournoy Formation were deposited during middle Eocene
time and assigned them to zone P7/8.

Bed thickness (about 1 m [3.3 ft]), presence of shallow-water
planktonic and benthic Foraminifera (Miles, 1977), presence of
small fragments of wood, and normal grading of the sandstones
suggest that the sandstones at the basal part of the White Tail
Ridge Member were deposited in a shallow-marine shelf environ-
ment or in the upper trench slope by turbidity currents. With
continued transgression of the sea, the upper, thinner bedded
sandstones were probably deposited in a deeper water environ-
ment on the upper trench slope or on the lower trench slope. A
paleogeographic reconstruction of the area at the time of depo-
sition of the White Tail Ridge Member sediments is shown in
Figure 5D.

STRUCTURAL GEOLOGY

The geological structure of the Agness-Illahe area is compli-
cated. Two anticlines, two synclines, and three major faults have
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the axial trends appear to be more northerly in the

)

Reedsport

Tertiary strata, and (4) post-Flournoy deformation af-

fecting the Flournoy and other older rocks of the area.
Strata of the Roseburg, Lookingglass, and Flournoy For-
mations are folded into several anticlines and synclines (Figure
3). These folds are asymmetric and generally trend north-north-

and pre-
west; however

younger formations. Strata on the southwestern flanks of these
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during deposition of the Bushnell Rock Member of the Lookingglass Formation, C

Tenmile Member of the Lookingglass Formation; D
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Pre Lookingg

Reedsport
Figure 5. Paleogeographic maps of southwest Oregon at different times during the early to middle Eocene: A

upper Roseburg strata; B

been mapped (Figure 3). Four major episodes of deformation
can be recognized: (1) deformation of the pre-Tertiary Myrtle
Group sedimentary strata prior to the deposition of sediments of
the Roseburg and younger formations, (2) deformation and uplift
of the Roseburg Formation prior to deposition of sediments of
the Lookingglass Formation, (3) deformation and uplift of the
Lookingglass Formation and the previously deformed Roseburg
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folds are more steeply dipping relative to those on the north-
eastern flanks. Some of the folds are localized only within the
strata of a single formation. Plots of the poles of bedding planes
on a Schmidt equal-area net tend to cluster around different
points for different formations, suggesting separate episodes of
tectonic activity responsible for their deformation (Ahmad,
1981). The general trend of the anticlinal fold axis in the
Roseburg Formation within the map area is approximately N.
10° W., which is a deviation from the regional northeast-
southwest trend of the folds of the same formation in the Oregon
Coast Range (Baldwin, 1974).

Several prominent faults were mapped (Figure 3). All of the
major faults appear to be normal/reverse faults along which the
rocks of Roseburg and Lookingglass Formations were down-
dropped against the pre-Tertiary rocks of the Myrtle Group.
Displacements along the faults could not be determined. Large
masses of serpentinite occur along the fault zone. In addition to
the faults mapped, several minor east-west-trending transverse
faults that extend for distances of only a few tens of meters occur
in the map area.

Joints are very common in rocks of the Roseburg and Looking-
glass Formations. Most of the joints are rectilinear, but a few of
them have corners that are somewhat rounded and have nearly
polygonal shapes that resemble mud cracks. The oblique joints
are most common in the upper part of the Tenmile Member. At
some places the joints are limited to individual strata, but in most
localities they extend across several strata. Length of individual
less joints varies from than a meter to several meters.

CONCLUSIONS

(1) The Roseburg and Lookingglass Formations within the
Agness-lllahe area have fault-bounded contacts with the pre-
Tertiary rocks of the Klamath Mountains. (2) Strata of the
Roseburg Formation exposed in this area consist essentially of
turbidite sandstones deposited in a gradually subsiding forearc
basin during late Paleocene to early Eocene time. (3) The
Bushnell Rock Member unconformably overlies the Roseburg
Formation. Its basal massive-bedded conglomerates are believed
to have been deposited in fluvio-neritic environments; the upper,
normally graded, and relatively thinner bedded conglomerates
and turbidite sandstones were deposited in continental-shelf to
-slope environments along the forearc basin. Subsidence of the
basin continued while the turbidite sandstones of the Tenmile
Member were deposited in the forearc basin. The Olalla Creek
Member is missing in the study area, perhaps because of non-
deposition or erosion of the member due to tectonic uplift above
base level prior to deposition of the Flournoy Formation. Depo-
sition of the Lookingglass sediments took place during early
Eocene to early middle Miocene time. (4) Conglomerates of the
White Tail Ridge Member unconformably overlie the Olalla
Creek Member of the Lookingglass Formation in the study area
and, except for the probably nonmarine rocks near the mouth of
Watson Creek, are tentatively interpreted to have been deposited
in a shallow-marine environment. However, further study is
needed for a better environmental interpretation of these con-
glomerates. The overlying turbidite sandstones of the member
are believed to have been deposited in a forearc basin during
middle Eocene time. (5) The intensity of folding of the Roseburg,
Lookingglass, and Flournoy Formation strata decreases gradually
upward in the stratigraphic section, reflecting a gradual decrease
in the intensity of tectonic activity in the area since early Eocene
time. (6) The Roseburg and Lookingglass strata were intruded
by large masses of serpentinite.
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BLM shares income, forecasts mineral-
resource activity

Oregon gains cash from BLM

Oregon and its counties received $511,188.28 from the U.S.
Bureau of Land Management (BLM) as their share of 1985
income from public lands. The total includes $186,784.61 from
grazing income and $324,403.67 from sale of minerals, timber,
and land. Nationwide, BLM distributed a total of $3,306,989.62
from these sources to counties and states.

Not included in the above is income from BLM’s management
of the so-called O&C lands. These are lands that were once given
to the Oregon and California Railroad Company to subsidize
railroad construction but were taken back by the Federal govern-
ment when the company failed to live up to the agreement. From
this source, Oregon counties in which O&C timberlands are
located received a total of $61,123,527.98 for fiscal year 1985.

States and counties receive half of the income from mineral
leases and patents, a share varying from 12.5 to 50 percent of
grazing fees and leases, and 4 percent of the income from land
and materials sales. Counties in which O&C timberlands are
located receive 75 percent of the income but voluntarily return
25 percent to the Federal treasury for investments in O&C land
management.

Mineral-resource plans revealed

A five-year forecast of mineral-resource development is now
available for the first time concerning BLM activities in Oregon
and Washington. The 56-page report describes important Pacific
Northwest minerals, their present status, and BLM forecasts for
the agency’s five-year plans. BLM manages mineral and energy
resources on approximately 53 million acres of public lands and
is minerals trustee for more than 3 million acres of Native
American lands in Oregon and Washington.

Patrick Geehan, BLM deputy state director for mineral
resources, expects an increase, by 1990, of approximately 15
percent in agency work devoted to mineral resources, mostly in
oil-and-gas, geothermal, and hard-rock-mining programs. The
anticipation of more activity in these fields is reflected in specific
forecasts in the report:

There will be at least one new oil or natural gas commercial
discovery in BLM’s Spokane or Salem districts by 1990.

There will be no unusual new demand for geothermal leasing,
but emphasis will shift from leasing to exploration, probably on
the flanks of the Cascades.

Coal exploration will continue west of the Cascades.

Gold prices will rise and thus lead to consequent rising
activity in mining claims.

Demand for sand and gravel and for non-energy leasable
minerals such as potassium, sodium, and phosphates will remain
about the same, while the market for uranium is depressed now
and will likely remain so for some time.

Geehan said that the agency welcomes comments from the
public both on description of mineral terrains and interpretation
of future BLM needs.

— Compiled from BLM news releases

Fireballs sighted

The following fireballs were seen in the skies over Oregon
and reported to Dick Pugh in the recent months:

November 4, 1985, observation by Erica Nissel at 7:55 p.m.
PST in the Portland area, Multnomah County, where there
were many city lights. The fireball was first seen 5° east of north
at an altitude of 45° and last seen 5° west of north at an altitude
of 35°. The duration of the event was 3 seconds. The extremely
bright, silver-white, oval fireball was half the size of the full
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moon and had a silver-white tail that covered the full length of
the path. The observer heard a whistling sound during the last
third of the event.

November 13, 1985, observation by Gordon Bolton at 10:14
p.m. PST, 2 km north of Forest Grove, Washington County.
The fireball was first seen 30° east of south at an altitude of 40°
and last seen 60° east of south at an altitude of 10°. The duration
of the flight was 3 seconds. The yellow-white fireball, which was
four times the diameter of Venus, had a short yellow tail. No
sound was heard, no breakup was observed, and the fireball did
not cast a shadow.

These sightings have been reported to the Scientific Event
Alert Network, Smithsonian Institution. Anyone with any
additional information about these or other fireball sightings
should contact Dick Pugh, Cleveland High School, 3400 SE
26th Avenue, Portland, OR 97202, phone (503) 233-6441. [J

North Santiam mining area — additional
information

We are supplying here some information that should have been
part of the article and field trip guide on the North Santiam mining
area published in the December 1985 and January 1986 issues of
Oregon Geology:
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OIL AND GAS NEWS

Columbia County — Wildcat

ARCO Columbia County 41-6, located in NE% sec. 6, T. 5
N, R. 5 W, approximately 3 mi south of Birkenfeld in western
Columbia County, was spudded January 15, drilled to a total
depth of 2,750 ft, and plugged and abandoned January 23, 1986.

Recent permits

Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
345 ARCO SWla sec. 6 Location;
Longview Fibre 13-6 T.5N,R.4W. 3,000
009-00186 Columbia County

346 ARCO SWa sec. 9 Location;
Crown Zellerbach 23-9  T.5N,R.4 W. 2,904.
009-00187 Columbia County

347 ARCO NEY sec. 9 Application;
Crown Zellerbach 32-9 T.5N,R.4W. 2,800.
009-00188 Columbia County

348 ARCO SEVa sec. 9 Location;
Crown Zellerbach 33-9 T.5N.,R. 4 W. 3,041.
009-00189 Columbia County

349 Hutchins & Marrs SWa sec. 20 Application;
Great Discovery #3 T.30S,R.9W. 3,500.
019-00033 Douglas County

350 Hutchins & Marrs NEYa sec. 17 Application;
Discovery #3 T.30S,R.9W. 6,000.
019-00034 Douglas County O

COVER PHOTO

Taylor Drilling Company rig no. 5 on Reichhold
Energy Corporation site at Mist Gas Field, Columbia
County. The well was drilled to a total depth of 3,593 ft,
but was a dry hole. See annual summary of oil and gas
exploration and development beginning on page 29.
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First geologic hibliography for
Oregon’s offshore areas released

A comprehensive bibliography of the ocean floor off Oregon
and of the adjacent continental margin has been released by the
Oregon Department of Geology and Mineral Industries
(DOGAMI). The new release is published as a colored map with
text printed on both front and back of the sheet. Entitled Geologic
Bibliography and Index Maps of the Ocean Floor off Oregon and
the Adjacent Continental Margin, it is map GMS-39 in DOGAMI’s
Geological Map Series.

The new publication is the first such bibliography ever
produced. It is part of the efforts by State and Federal research
teams investigating the newly expanded offshore areas under
United States jurisdiction proclaimed in 1983 as the Exclusive
Economic Zone (EEZ). It was produced through the joint efforts
of the U.S. Minerals Management Service (MMS), the College of
Oceanography of Oregon State University, and DOGAMI. The
authors were OSU marine geologists C.P. Peterson and L.D.
Kulm and DOGAMI staff geologist J.J. Gray. Major funding was
provided by MMS.

The list of 361 citations of the bibliography is comprehen-
sive, encompassing a wide variety of geologic subjects such as
economic geology, geophysics, and tectonics. It is correlated
with two index maps (scales 1:1,000,000 and 1:2,000,000) on
which specific studies are outlined in seven colors on a bathy-
metric/topographic base. Finally, a subject index makes the
referenees accessible under specific topics.

The new publication, DOGAMI map GMS-39, is now avail-
able at the Oregon Department of Geology and Mineral Indu-
stries, 910 State Office Building, 1400 SW Fifth Avenue, Port-
land, Oregon 97201-5530. The purchase price is $5. Orders
under $50 require prepayment. [
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Fishing and placer mining: Are they compatible?

by Allen H. Throop, Reclamationist, Oregon Department of Geology and Mineral Industries, Albany, and Allan K. Smith, Assistant Fisheries

Biologist, Oregon Department of Fish and Wildlife, Grants Pass

INTRODUCTION

Placer miners and fishermen have often been at odds with
each other over the years. On one hand, the fishermen claim that
placer mining ruins the creek; on the other hand the miners
maintain that their operations often enhance the fish values of a
stream. Fish population surveys were recently conducted to look
at the effects of mining on the fish in Sucker Creek in Josephine
County. Preliminary results indicate that, in this case, anyway,
the truth lies somewhere between the two extremes.

A section of Sucker Creek was completely relocated during
mining. Three years after the relocation, coho salmon and
steelhead have returned, but their numbers are not equal to those
in unmined sections of the stream. The purpose of this article is to
relate the findings of the population surveys for this site. Com-
paring the value of the mining against the damage done to the
fish and to the fish habitat is beyond the scope of this article.

Sucker Creek is a tributary of the Illinois River between Cave
Junction and the Oregon Caves (Figure 1). The area surveyed
lies at the bottom of steep-sided, fir-covered mountains. Precipi-
tation ranges up to 70 in. per year.

The climate and topography combine to make excellent
anadromous fish spawning habitat with cool, free-flowing
streams protected from the sun by the mountains, large fir trees,
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Figure 2. The electrofisher in the background stuns the fish so the netter can catch them.
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and a thick understory of alders and willows. The same natural
topography and abundant water combined with a favorable
geology led to the formation of significant placer gold deposits
along Sucker and Althouse Creeks, the major drainages of the
area.

Gold mining began in the area in the 1850’s. Almost certainly
the entire stream bed and most of the valley gravels were mined
prior to 1950. Surface mining was the most common method, but
evidence turned up during recent mining indicates that the
original miners also used underground mining techniques to
recover gold from the top of the bed rock without moving all the
gravels.

In 1979, large-scale mining was revived near the junction of
Sucker and Cave Creeks. For three years the miners processed
all available gravel along a Y2-mi stretch of the valley. During the
operation, the creek was relocated along the west edge of the
valley floor. This mine was one of four then operating along a
1-mi stretch of Sucker Creek’s 25-mi length.

Although no fish population information was collected prior
to stream relocation, the Oregon Department of Fish and Wildlife
and the Oregon Department of Geology and Mineral Industries
decided in the spring of 1985 to compare the fish populations of
Sucker Creek upstream from the mine with a portion of relocated
stream. The techniques used in this study and the results are
given below.

METHODS AND MATERIALS

On July 3 and September 12, 1985, two areas on Sucker
Creek were sampled using standard Fish and Wildlife sampling
procedures. The Smith-Root Model V-A backpack electrofisher
used (Figure 2) consists of a 12-volt motorcycle battery, a
transformer, and positive and negative electrodes. Output was
approximately 325 volts of pulsed DC current at 60 cycles per
second. The backpack was carried by one individual who guided
the positive electrode (a 12-in. copper hoop on the end of a
6'%-ft-long rod). The negative electrode, a chain with copper
straps attached at the end, was dragged behind. Fish were
attracted to the positive electrode, stunned by the shock, netted
by other party members, and held in a bucket. The fish recovered
from the electric shock in a matter of seconds and were subse-
quently identified, counted, and released (Figure 3). A sample of
up to 30 individuals of each age and species was measured for
length.

Each survey area was about 150 yd long. In the undisturbed
area, the stream banks were covered with stands of alders,
willows, and annual plants. Woody debris was abundant in the
stream. This section also had undercut banks and side channels.
Overall, the channel was narrower and deeper than the disturbed

[
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Figure 3. A juvenile steelhead is measured before being release
A typical-size cottid is visible in the bucket.
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section. In contrast, the banks of the relocated channel had very
small alders and willows as stream-side vegetation and only one
large piece of woody debris; there were no side channels in the
relocated section.

RESULTS AND DISCUSSION

A summary of the sampling results appears in Table 1.
Steelhead fry (young of the year) were abundant in both survey
areas in July and September. Steelhead fry were more abundant
in the relocated area in both months because they prefer shallow
water in a riffle; there was much more of this type of habitat in
the rechanneled area. Steelhead juveniles (older than one year)
were found in greater numbers in the undisturbed area, because
they were much larger than the fry and required deeper water
and cover. Deep water and cover were absent in the relocated
area. The presence of multiple ages in a steelhead population is
an indicator of a healthy, balanced population.

Table 1. Fish captured in Sucker Creek in 1985.

Undisturbed area No. counted | No. counted

species July 3 Sept. 12 Total
Steelhead fry 30 33 63
Steelhead juvenile 9 13 22
Coho fry 4 46 50
Cottid (all ages) 43 20 63
Pacific giant salamander 2 2 4
Lamprey ammocete 0 1 1
Disturbed area No. counted | No. counted

species July 3 Sept. 12 Total
Steelhead fry 66 52 118
Steelhead juvenile 5 3 8
Coho fry 2 19 21
Cottid (all ages) 163 66 229
Pacific giant salamander 0 1 1
Lamprey ammocete 0 0 0

Coho fry in the undisturbed area outnumbered those in the
rechanneled area, because they prefer habitat with pools and
cover much more strongly than do steelhead fry. Many of the 19
coho captured in the rechanneled area in September were under
one root wad.

Cottids, small, bottom-dwelling nongame fish popularly
known as sculpins, were found in far greater numbers in the
disturbed area. They were so abundant in September that many
escaped capture by the netters. These fish live in areas of large
gravel and small rubble where they can hide under rocks. They
usually are not found in pools, on sandy or silt bottoms, or on bed
rock. The large expanses of gravel in the rechanneled area
provide ideal habitat for cottids; such habitat is not ideal for
coho.

The actual moving of the streambed during mining destroyed
spawning habitat, eggs, and fry in the gravel during the year it
was moved. The production of insects, the primary food of young
steelhead and salmon, was also temporarily eliminated.

Removal of vegetation deprives the fish of cooling shade,
removes the primary source of terrestrial insects for food, and
allows for increased stream-bank erosion, which in turn adds
more silt to the stream. Revegetation of the mining site after the
gold is extracted is very important. This may involve putting
stored topsoil and overburden back onto recontoured gravels
and planting the area with grass, alders, willows, or other plants.
Each mining operation is unique and requires individual planning
so that fish and fish habitat can be protected or restored. Close
cooperation between the miners and the natural-resource agen-

(Continued on page 34, Fish)
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0il and gas exploration and development in Oregon, 1985

by Dennis L. Olmstead, Petroleum Engineer, Oregon Department of Geology and Mineral Industries

ABSTRACT

Oil and gas leasing in Oregon during 1985 decreased from
the previous year, but the acreage under lease at year’s end
remained nearly unchanged. Crook County was the site of the
most new federal leasing.

Applications for permits to drill were up sharply, while dril-
ling also showed an increase. Twenty-six wells and one redrill
were drilled during the year. Of these wells, 63 percent were in
the Mist Gas Field in Columbia County. Two wells exceeded
11,000 ft in total depth. Eleven companies carried out explora-
tion resulting in eight new completions. These producers were
drilled by ARCO and Tenneco.

Production in 1985 totaled 4.08 billion cubic feet, for a value
of $9.8 million.

ARCO 0Oil and Gas Company purchased Reichhold Energy
Corporation to become the predominant operator in the Mist
Gas Field. The company also took over the interests of Diamond
Shamrock in the field.

DOGAMI revised rules for oil and gas exploration and
printed several publications related to oil and gas.

LEASING ACTIVITY

Interest in new leases on federal land dropped during 1985,
but the number of acres under lease remained steady due to
issuance of leases applied for in 1984. Applications in Oregon
numbered 55 for a total of 246,964 acres, a drop of nearly 80
percent from 1984. Leases issued, however, increased from
237,034 acresin 1984 to 629,691 acres in 1985, a total of 174
tracts. Crook County was again the most-leased county (172,888
acres), followed by Harney County (125,646 acres) and Grant
County (91,297 acres). Expired and terminated leases during the
year totaled 768,644 acres, somewhat less than the previous
year. By year’s end, leased federal land consisted of 4,023,891
acres in 1,764 tracts.

Applications for leases of state land increased in early 1985,
resulting in a lease sale held on July 24 by the Oregon Division of
State Lands. This was the first such auction since February 1982.
Acreage in nine counties was leased, for a total of 58,662 acres
on 183 leases. A top bid of $42 per acre in Columbia County
helped bring the total bonus bids to $41,192. Most acreage
receiving bids was in the Mist Gas Field area. On December 31,
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Map showing major oil and gas leasing in Oregon, 1985. Map shows acreage applied for, issued, and assigned. Withdrawals not shown.

Data courtesy Greater Columbia LANDATA.
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there were 794 state oil and gas leases in effect, encompassing
301,080 acres. Lease rental income for the year was $368,401,
and Clatsop County had the most state acreage under lease of
any county. Surrendered leases amounted to 43,474 acres during
1985.

There were no new significant county lease sales or auctions
during the year.

DRILLING

Twenty-six oil and gas wells were drilled in the state in 1985,
plus one redrill. This is an increase of ten wells, or nearly 60
percent, over 1984. This increase continues the upward trend
started in 1984 which followed three years of decreased activity.
Eighteen wells and the redrill were within the boundaries of the
Mist Gas Field, a pattern that has continued since the field
discovery in 1979. Two additional wells were located nearby in
Columbia and Clatsop Counties, while the remaining five were
scattered in western and central Oregon (see map).

23-35, Mist Gas Field. The well was later plugged and abandoned.

Wells in the Willamette Valley include one drilled near St.
Louis by Oregon Natural Gas Development (2,511 ft, aban-
doned) and two drilled north of Eugene, one by Leavitt Explora-
tion and one by Ty Settles. The wells, drilled to 2,871 ft and
1,600 ft, respectively, were also dry. But they indicate a con-
tinued interest in the valley, where wells have been drilled each
year since 1979.

Permitting of wells was also up in 1985, with 53 permits to
drill issued (Table 1). This nearly doubles the number of 1984
permits. Fifteen expired permits were canceled during the year
(Table 2).

Eleven different operators explored in the state, with four as
new operators: ARCO, Exxon, Settles, and Tenneco. ARCO was
very successful, with seven new completions in Mist Gas Field,
while Tenneco had one completion. All other wells were dry
holes.

Two wells exceeded 11,000 ft in depth: one drilled by Amoco
in Douglas County and one by Exxon in Columbia County. Both
were dry holes but helped to boost the total drilled footage to
84,169 ft, the highest since 1982. For two wells in progress at the
beginning of 1985, only the footage drilled during the year is
included in the total. The average well depth was about 3,500 ft,
slightly deeper than in 1984,

DISCOVERIES AND GAS PRODUCTION

The Mist Gas Field experienced its best year to date in terms
of number of new wells completed to production. Eight new
producers were drilled, and three were on line by year’s end.
These wells represent seven new pools, continuing the trend of
small one- or two-well pools. Two of the new wells, ARCO
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Oil and gas drilling sites in Oregon, 1985.

Crown Zellerbach 23-15 and 31-16, expanded the extent of
production for a distance of nearly 5 mi to the southeast from
previous production. Due to the nitrogen content of these wells,
however, they have not yet been put on line.

ARCO and Tenneco are the operators of all the new produc-
ers; both companies are new to Oregon exploration. Much of the
ARCO activity is the result of its takeover of Reichhold Energy
holdings during the year (see below).

By the end of the year, the number of wells on line increased
from six to nine. This will increase by several more wellsin 1986
as pipelines are installed to the remaining 1985 completions.
Only two wells, Columbia County 13-34 and Longview Fibre
12-33, from the original northern part of the field remain in
production.

Production for the year totaled 4.08 billion cubic feet (Bcf),
an increase from the 1984 total of 2.79 Bef. The rate averaged
11.1 million cubic feet per day (MMcfd), bringing the cumula-
tive field production at the end of 1985 to 23.3 Bef. Wellhead gas
prices varied between $0.232 and $0.281 per therm during the
year, and the total value of gas produced was $9.8 million.

ARCO PURCHASES REICHHOLD

After sharing in production of a Reichhold well in 1984 due
to a farmout agreement, ARCO began drilling its own wells last
year. The first attempt, Columbia County 44-21, was a new pool
discovery testing at 1.8 MMcfd (Tables 1 and 3). The company

Initial production test of Tenneco Oil Company’s Columbia
County 41-28, Tenneco’s first completed well in the state. The
tested flow was 1.1 million cubic feet per day.
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Table 1. Oil and gas permits and drilling activity in Oregon, 1985

Status, depth (ft)

Permit Operator, well, TD = total depth
no. API number Location PTD =proposed TD
RD = redrill
237 ARCO Oil & Gas Co.* SW'i sec. 22 Completed,
Columbia County 23-22 T.6 N,R.5W. gas;
009-00116 Columbia County TD: 2,028.
268 Amoco Production Co. SWlisec. 13 Abandoned,
Weyerhaeuser B-1 T.25S,R.9W. dry holes;
019-00027 Douglas County TD: 11,330.
275 Oregon Nat. Gas Dev. SW/a sec. 22 Abandoned,
DeShazer 13-22 T.5S,R.2W. dry holes;
047-00018 Marion County TD: 2,511.
276 Steele Energy Corp. NWY sec. 28 Idle;
Keys 1 T.9S,R.23E. TD: 6,539.
069-00008 Wheeler County
277 ARCO Oil & Gas Co.* SWa sec. 36 Completed,
Longview Fibre 23-36 T.6N,R.5W. gas;
009-00132 Columbia County TD: 1,879.
279 Reichhold Energy Corp. NEY4 sec. 22 Abandoned,
Longview Fibre 42-22 T.6N,R.5W. dry hole;
009-00134 Columbia County TD: 2,278.
281 Leavitt Exploration NW/i sec. 14 Permit issued,;
Jackson 1 T.19S,R. 4 W. PTD: 3,000.
039-00006 Lane County
282 Leavitt Exploration SEVa sec. 11 Permit issued;
Jackson 2 T.19S,R. 4 W, PTD: 3,000.
039-00007 Lane County
283 ARCO Oil & Gas Co. SEVi sec. 16 Abandoned,
Banzer 34-16 T.6N,R.5W. dry hole;
009-00136 Columbia County TD: 4,902.
284 ARCO Oil & Gas Co. SE'4 sec. 21 Completed,
Columbia County 44-21 T.6 N,R.5W. gas;
009-00137 Columbia County TD: 4,500.
285 Ty Settles NWs sec. 23 Idle;
Cindy 1 T.16 S,R.5W. TD: 1,600.
039-00008 Lane County
286 Ty Settles SWs sec. 23 Application;
Cindy 2 T.16 S,R.5W. PTD: 2,500.
039-00009 Lane County
287 Reichhold Energy Corp. SEVa sec. 34 Abandoned,
Columbia County 43-34 T.6 N,R.5W. dry hole;
009-00138 Columbia County TD: 2,100.
RD: 2,225.
288 Nahama & Weagant SWVi sec. 23 Abandoned,
Jewell 1-23 T.5N,R.7W. dry hole;
007-00017 Clatsop County TD: 3,190.
289 Reichhold Energy Corp. SE'4 sec. 26 Abandoned,
Crown Zellerbach 34-26 T.5N,R.4W. dry hole;
009-00139 Columbia County TD: 5,838.
290 Reichhold Energy Corp. NW sec. 35 Abandoned,
Columbia County 23-35 T.7N,R.5W. dry hole;
009-00140 Columbia County TD:3,593.
291 Hutchins & Marrs NEVs sec. 17 Permit issued;
Discovery 1 T.30S,R.9W. PTD: 6,000.
019-00031 Douglas County
292 Reichhold Energy Corp. SEVa sec. 8 Abandoned,
Columbia County 33-8 T.6N,,R.5W. dry hole;
009-00141 Columbia County TD: 3,612.
293 Hutchins & Marrs NW/i sec. 20 Application;
Great Discovery 2A T.30S,R.9W. PTD: 6,000.
019-00032 Douglas County Permit denied.
(Table 2)
294 Oregon Nat. Gas Dev. SEVa sec. 21 Permit issued;
Tesch 44-21 T.5S,R.2W. PTD: 3,000.
047-00019 Marion County
295 ARCO Oil & Gas Co. SEV4 sec. 19 Abandoned,
Columbia County 23-19 T.6N,R.5W. dry hole;
009-00142 Columbia County TD: 3,440.
296 ARCO Oil & Gas Co.* NWVi sec. 1 Completed,
Crown Zellerbach 12-1 T5N,R.5W. gas;
009-00143 Columbia County TD: 1,721.
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Table 1. Oil and gas permits and drilling activity in Oregon, 1985

— continued
Status, depth (ft)
Permit Operator, well TD = total depth
no. API number Location PTD =proposed TD
RD = redrill
297 Hutchins & Marrs NEY sec. 14 Permit issued;
Georgia Pacific 1 T.30S,R. 10 W. PTD: 6,000.
011-00021 Coos County
298 Tenneco Oil & Co. NWa sec. 28 Permit issued;
Columbia County 11-28 T.6 N,R.5W. PTD: 3,500.
009-00145 Columbia County
299 Tenneco Oil Co. SEVa sec. 28 Permit issued;
Columbia County 14-28 T.6 N,R.5W. PTD: 3,500.
009-00145 Columbia County
300 Tenneco Oil Co. SEV4 sec. 28 Permit issued;
Columbia County 33-28 T.6N,R.5W. PTD: 3,000.
009-00146 Columbia County
301 Tenneco Oil Co. NEVi sec. 28 Completed,
Columbia County 41-28 T.6 N,R.5W. gas;
009-00147 Columbia County TD: 2,178.
302 Tenneco Oil Co. NEVa sec. 28 Application;
Columbia County 42-28 T.6N,R.5W. PTD: 3,000.
009-00148 Columbia County
303 ARCO Oil & Gas Co. NW/a sec. 31 Permit issued;
Columbia County 11-31 T.6 N,R.3W. PTD: 12,000.
009-00149 Columbia County
304 ARCO Oil & Gas Co. SEVs sec. 28 Permit issued;
Columbia County 33-28 T.5N,R.5W. PTD: 5,500.
009-00150 Columbia County
305 ARCO Oil & Gas Co. NEVa sec. 14 Permit issued;
Columbia County 41-14 T.4N,R.3 W, PTD: 12,000.
009-00151 Columbia County
306 ARCO Oil & Gas Co. SWVa sec. 3 Permit issued;
Columbia County 43-3 T.4N,R.3W. PTD: 12,000
009-00152 Columbia County  (later withdrawn
by ARCO)
307 ARCO Oil & Gas Co.* NEY sec. 16 Completed,
Crown Zellerbach 31-16 T.5N,R.4 W, gas;
009-00153 Columbia County TD: 2,867.
308 Exxon Corp. NEs sec. 29 Permit issued;
Columbia County 1 T.5N,R.3W. PTD: 4,000.
009-00154 Columbia County
309 Exxon Corp. SWls sec. 3 Application;
GPE Federal 1 T.4N,R.3W. PTD: 10,000.
009-00155 Columbia County Permit denied.
(Table 2)
310 Exxon Corp. SEVs sec. 3 Application;
GPE Federal 2 T.4N,R.3W. PTD: 6,000.
009-00156 Columbia County Permit denied.
(Table 2)
311 Exxon Corp. NEYVa sec. 28 Permit issued;
Crown Zellerbach 1 T.5N,R.3W. PTD: 4,000.
009-00157 Columbia County
312 Exxon Corp. SWa sec. 35 Permit issued;
GPE Federal 3 T.5N,R.3W. PTD: 4,000.
009-00158 Columbia County
313 ARCO Oil & Gas Co. NWlisec. 19 Permit issued,
Columbia County 22-19 T.6N,R.5W. PTD: 3,500.
009-00159 Columbia County
314 ARCO 0Oil & Gas Co. NEVs sec. 21 Permit issued,
Scherf 41-21 T.6N,R.5W. PTD: 3,200.
009-00160 Columbia County
315 Leavitt Exploration NEYs sec. 13 Application;
Falk 3 T.16 S,R.5W. PTD: 2,500.
039-00010 Lane County
316 Leavitt Exploration SW¥s sec. 13 Application;
Jessie 1 T.16 S,R.5W. PTD: 2,500.
039-00011 Lane County
317 Leavitt Exploration NE'a sec. 25 Abandoned,
Merle 1 T.16 S,R.5W. dry hole;
039-00012 Lane County TD: 2,871.
31



Table 1. Oil and gas permits and drilling activity in Oregon, 1985

— continued
Status, depth (ft)
Permit Operator, well TD = total depth
no. API number Location PTD = proposed TD
RD = redrill

318 ARCO Oil & Gas Co.* SW4 sec. 23 Permit issued;
Columbia County 24-23 T.6N.,R.5W. PTD: 2,600.
009-00161 Columbia County

319 ARCO 0il & Gas Co. SWi4 sec. 18 Application;
Columbia County 14-18 T.4N,R.3W. PTD: 12,000.
009-00162 Columbia County

320 Exxon Corp. SE4 sec. 3 Abandoned,
GPE Federal Com. 1 T.4N,.R.3 W, dry hole;
009-00163 Columbia County TD: 11,276.

321 Tenneco Oil Co. NWi sec. 15 Permit issued;
Columbia County 12-15 T.5N,R.5W. PTD: 1,000.
009-00164 Columbia County

322 Tenneco Oil Co. SWl4 sec. 10 Permit issued;
Columbia County 24-10 T.5N,R.5W. PTD: 1,000.
009-00165 Columbia County

323 Amoco Production Co. NEV: sec. 10 Abandoned,
Weyerhaeuser F-1 T.258,R. 10 W. dry hole;
011-00022 Coos County TD: 4,428.

323 ARCO Oil & Gas Co.* SWlk sec. 15 Completed,
Crown Zellerbach 23-15 T.5N,R. 4 W. gas;
009-00166 Columbia County TD: 2,770.

325 ARCO Qil & Gas Co.* NEY sec. 6 Permit issued;
Columbia County 41-6 T.5N,R.5W. PTD: 2,500.
009-00167 Columbia County

326 ARCO Oil & Gas Co* SEY sec. 6 Permit issued;
Columbia County 33-6 T.5N,R5W. PTD: 2,500.
009-00168 Columbia County

327 Damon Petroleum NWi sec. 21 Abandoned,
Longview Fibre 3 T.95,R. 11 W. dry hole;
041-00006 Lincoln County TD: 3,040.

328 Exxon Corp. SWhh sec. 2 Permit issued;
Columbia County B-1 T.4N,R.3 W PTD: 12,000.
009-00169 Columbia County

329 Exxon Corp. NWs sec. 14 Permit issued;
Columbia County C-1 T.4N,R. 3 W PTD: 6,800.
009-00170 Columbia County

330 Diamond Shamrock* SEY sec. 35 Permit issued;
Columbia County 33-35 T.TN,R.5W. PTD: 3,100.
009-00171 Columbia County

331 ARCO Oil & Gas Co.* SEY sec. 32 Permit issued;
Columbia County 43-32 T.6N,R.5W. PTD: 2,500,
009-00172 Columbia County

332 ARCO Oil & Gas Co.* NWs sec. 34 Permit issued;
Columbia County 11-34 T.6N,R.5W. PTD: 2,500.
009-00173 Columbia County

333 ARCO Oil & Gas Co.* NEY: sec. 2 Abandoned,
Crown Zellerbach 41-2 T.5N.,R.5W, dry hole;
009-00174 Columbia County TD: 2,109.

334 ARCO Oil & Gas Co.* SWhh sec. 3 Permit issued;
Columbia County 13-3 T.5N,R.5W. PTD: 2,500.
009-00175 Columbia County

335 ARCO 0il & Gas Co. NEY sec. 24 Permit issued;
Columbia County 41-24 T.4N,R. 4W. PTD: 12,000.
009-00176 Columbia County

336 ARCO Oil & Gas Co. NW /Y sec. 7 Permit issued;
Columbia County 22-7 T.6 N,R.5W. PTD: 4,000.
009-00177 Columbia County

337 ARCO Oil & Gas Co.* NWYi sec. 27 Abandoned,
Columbia County 22-27 T.6N,R.5W. dry hole;
009-00178 Columbia County TD: 2,500.

338 ARCO Oil & Gas Co.* SW sec. 25 Completed,
Longview Fibre 23-25 T.6N,R.5W. gas;
009-00179 Columbia County TD: 1,979.

339 ARCO 0il & Gas Co.* NEa sec. 32 Completed,
Columbia County 32-32 T.6N,R.5W. gas;
009-00180 Columbia County TD: 2,711,
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Status, depth (ft)
Permit Operator, well TD = total depth
no. API number Location PTD = proposed TD
RD = redrill
340 ARCO Oil & Gas Co. SW4 sec. 30 Permit issued;
Columbia County 14-30 T.6N,R.3W. PTD: 6,300.
009-00181 Columbia County (directional)
341 ARCO Oil & Gas Co. NEY sec. 35 Permit issued;
Longview Fibre 41-35 T:-6N,R.5W. PTD: 1,920.
009-00182 Columbia County
342 ARCO Oil & Gas Co. NEY sec. 27 Permit issued;
Columbia County 31-27 T.6 N,R.5W. PTD: 2,115.
009-00183 Columbia County
343 ARCO Oil & Gas Co. SEVs sec. 25 Permit issued;
Longview Fibre 34-25 T.6N,R.5W. PTD: 2,020.
009-00184 Columbia County
344 ARCO Oil & Gas Co. NEY sec. 2 Permit issued;
Columbia County 41-2-1 T.5N.,R.5W. PTD: 2,000.

009-00185 Columbia County (directional)

*Formerly Reichhold Energy well

Dirill pipe location for Reichhold Energy Corporation’s Colum-
bia County 23-35.

had extensive lease holdings in the southern part of the field and
continued exploration with Banzer 34-16 and Columbia County
23-19, which proved to be dry holes.

During the year, Reichhold Chemicals, Inc., parent company
of Reichhold Energy Corporation, decided to sell the subsidiary,
resulting in the eventual purchase by ARCO Oil and Gas Com-
pany, effective October 1, 1985. ARCO took over all leases,
wells, and permits to drill held by Reichhold.

Reichhold Energy was formed in January 1975 to explore for
energy resources to supply the Reichhold Chemicals fertilizer
plant in St. Helens, Oregon. Their efforts, along with those of
their partners, Oregon Natural Gas Development and Diamond
Shamrock, resulted in the Mist Gas Field discovery in 1979. The
company sold the St. Helens plant in early 1985.

After the sale of Reichhold Energy, Diamond Shamrock
decided to sell its Oregon holdings, which ARCO also bought
late in the year. This included leases and permits formerly held
by Diamond Shamrock. As a result, the operators in the field now
consist of ARCO, Oregon Natural Gas Development, and
Tenneco.

OTHER ACTIVITY

The Northwest Petroleum Association remained very active
in spite of the downturn in the industry. Membership stood at 165
at the end of the year. In addition to monthly meetings, the
organization held two symposia during the year. One on the Mist
Gas Field area consisted of a day devoted to papers on many
aspects of field development, from leasing to geology to econom-
ics, followed by a day in the field to see the geology of the region.
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Table 2. Canceled and denied permits, 1985

Permit Operator, well, Issue Cancellation

no. API number Location date date Reason

228 Reichhold Energy Corp. SW'a sec. 28 3-18-83 3-18-85 Expired
Columbia County 23-28 T.7N,R.5W.
009-00111 Columbia County

229 Reichhold Energy Corp. SWa sec. 35 3-4-83 3-4-85 Expired
Columbia County 23-35 T.7N,R.5W.
009-00112 Columbia County )

231 Reichhold Energy Corp. SWa sec. 12 3-4-83 3-4-85 Expired
Longview Fibre 23-12 T.6N,R.5W.
009-00114 Columbia County

250 Reichhold Energy Corp. SWV4 sec. 36 9-21-83 9-27-85 Expired
Longview Fibre 33-36 T.6 N,R. 5W.
009-00120 Columbia County

251 Reichhold Energy Corp. NWa sec. 16 9-21-83 9-27-85 Expired
Grimsbo 11-16 T.6N,R.5W.
009-00121 Columbia County

254 Oregon Nat. Gas Dev. NEV sec. 21 12-9-83 12-9-85 Expired
Dougherty 1-21 T.1S,R.27E.
049-00001 Morrow County

257 Reichhold Energy Corp. NWa sec. 27 2-7-84 3-1-85 Expired
Columbia County 21-27 T.6N,R.5W.
009-00125 Columbia County

269 Reichhold Energy Corp. SWVa sec. 23 8-21-84 8-23-85 Expired
Longview Fibre 13-23 T.6N,R.5W.
009-00131 Columbia County

270 Hutchins & Marrs SWVa sec. 20 8-23-84 8-23-85 Expired
Great Discovery 3 T.30S,R.9W.
019-00028 Douglas County

271 Hutchins & Marrs SWVi sec. 20 8-23-84 8-23-85 Expired
Great Discovery 4 T.30S,R.9W.
019-00029 Douglas County

272 Hutchins & Marrs SWi sec. 20 8-23-84 8-23-85 Expired
Great Discovery 5 T.30S,R.9W.
019-00030 Douglas County

273 Oregon Nat. Gas Dev. SWhi sec. 16 10-17-84 12-20-85 Expired
Buck 44-16 T.5S,R.2W.
047-00016 Marion County

274 Oregon Nat. Gas Dev. NE"a sec. 21 10-17-84 12-20-85 Expired
Cunningham 32-21 T.5S,R.2W.
047-00017 Marion County

278 ARCO Oil & Gas Co.* NW sec. 20 11-27-84 12-23-85 Expired
Invest. Mgmt. 22-20 T.6 N,R. 4 W.
009-00133 Columbia County

280 ARCO Oil & Gas Co.* SWa sec. 10 11-27-84 12-23-85 Expired
Columbia County 44-10 T.6N,R.5W.
009-00135 Columbia County

293 Hutchins & Marrs NWs sec. 20 Permit denied due to idle well in same
Great Discovery 2A T.30S,R.9W. drilling unit.
019-00032 Douglas County

309 Exxon Corp. SWla sec. 3 Permit denied due to existing permit in
GPE Federal 1 T.4N,R.3W. drilling unit.
009-00155 Columbia County

310 Exxon Corp. SEVa sec. 3 Permit denied due to existing permit in
GPE Federal 2 T.4N,R.3W. drilling unit.
009-00156 Columbia County

*Formerly Reichhold Energy well.

A second symposium concentrated on Outer Continental Shelf
(OCS) development off Oregon and Washington. This was co-
sponsored by the Portland Chamber of Commerce Energy
Committee and featured speakers from the Western Oil and Gas
Association, Minerals Management Service, Exxon, and Gover-
nor Atiyeh’s office. The federal OCS leasing schedule lists
Oregon for leasing as soon as 1991.
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The major Oregon Department of Geology and Mineral
Industry Governing Board actions in 1985 regarding oil and gas
exploration were the adoption of temporary and permanent rule
changes. Final permanent changes became effective in Novem-
ber and included changes to definitions, changes to conditions
for permit to drill, specific requirements for blowout preventers,
standards for plugging a lost radioactive source, revision of
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Table 3. New completed wells, 1985

Initial production Date
Well (MMcfd) completed
ARCO Columbia County 32-32 22 Nov. 13, 1985
ARCO Columbia County 44-21 1.8 Feb. 10, 1985
ARCO Crown Zellerbach 12-1 1.1 June 30, 1985

ARCO Crown Zellerbach 31-16 59 July 30, 1985
ARCO Crown Zellerbach 23-15 4.1 Dec. 10, 1985
ARCO Longview Fibre 23-25 1.2 Dec. 16, 1985
ARCO Longview Fibre 23-36 2.3 Jan. 8, 1985

Tenneco Columbia County 41-28 1.1 Sept. 27, 1985

Table 4. Production: Mist Gas Field

1985 Production (Mcf)

January 271,717 July 385,157

February 242,077 August 386,511

March 301,885 September 405,563

April 300,775 October 346,657

May 364,072 November 361,910

June 372,148 December 348,376
Cumulative (1985): 4,086,848 Mcf

Cumulative (1979-1985): 23,306,184 Mcf

directional drilling rule, change of flow-testing rule, change in
conditions for unlawfully abandoned status, bond increases, and
special spacing rules for Columbia and Clatsop Counties.

DOGAMI released several publications in the Oil and Gas
Investigations series during the year. Additions to the series
included OGI- 10, Mist Gas Field: Exploration and Development,
1979-1984; OGI-13, Biostratigraphy of Exploratory Wells, South-
ern Willamette Basin; and OGI-14, Oil and Gas Investigation of
the Astoria Basin, Clatsop and North Tillamook Counties, North-
western Oregon. In addition, Open-File Report 0-84-2, The Mist
Gas Field Map (1:24,000), was revised to reflect recent changes
in the field. O

December 18, 1985, fireball reported
by Daniel J. Kraus and Richard N. Pugh*

At 8:20 Pacific Daylight Time, December 18, 1985, a large
fireball crossed Oregon from Tillamook on the coast to Baker
near the Oregon-Idaho border.

The path was from west-northwest to east-southeast. Reports
on the angle of descent varied from 20° to 90°. The steeper
angles were reported mostly from eastern Oregon.

Almost all of the observers reported the fireball as brilliant,
casting shadows. A trained observer in Bend, Oregon, reported a
magnitude of at least -8. The fireball seemed to illuminate the
northern half of Oregon.

The apparent diameter reported ranged from % to % of a full
moon.

Most observers on the west side of the Cascade Mountains
saw a round object, while most observers east of the Cascades
saw a pear-shaped fireball. One-fourth of the reports had a white
fireball, the other three-fourths had a blue-green object. Few
people in western Oregon saw a tail, while most observers in
eastern Oregon reported a white tail of varying lengths.

Most observers who saw termination reported sparks and
fragmentation. The number of fragments reported ranged from 2
to 25.

There were no sounds reported either during or after the
event. [

*Dan Kraus is Research Assistant Astronomer at University of Oreg-
on’s Pine Mountain Observatory, phone (503) 382-8331. Dick Pugh is
Science Department Chairman at Cleveland High School, Portland,
Oregon, phone (503) 280-5120. Both are correspondents to the Smith-
sonian Institution Scientific Event Alert Network (SEAN), a bulletin on
short-term phenomena.

Study shows low coal potential in Arbuckle
Mountain area

The Oregon Department of Geology and Mineral Industries
(DOGAMI) hasreleased a study of coal deposits in the Arbuckle
Mountain area southeast of Heppner in Morrow County. The
report concludes that the area shows little potential for hosting
minable quantities of coal. There may be, however, reason to
investigate the area’s promise for oil and gas resources.

Geology and Coal Resources of the Arbuckle Mountain Coal
Field, Morrow County, Oregon, has been published as DOGAMTI’s
Open-File Report 0-86-5 (price $6) and was written by staff
geologists Mark L. Ferns and Howard C. Brooks. The study was
funded in part by the U.S. Bureau of Land Management and the
USDA Forest Service. The 25-page text of the report describes
the geology and stratigraphy of the region, its coal occurrences
and the conditions of their formation, and its resource potential
for coal. An accompanying blackline map shows, on its two
parts, (1) the known coal prospects and the distribution of pre-
Columbia River Basalt Group rocks south and southeast of
Heppner (scale 1:100,000) and (2), in greater detail (scale
1:24,000), the geology of the Johnson Creek area.

The reconnaissance study indicates that sandstones exposed
in the core of the Blue Mountains in this area are 2,000 ft thick.
These sandstones underlie volcanic rocks and contain lignite
coal beds generally less than 2 ft in thickness. Similarly aged
sandstone, which occurs in the Methow and Chewaukum areas
of central Washington, might be expected to occur beneath the
Columbia Plateau and may constitute favorable reservoir rocks
for natural gas or oil. [
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Mined Land Reclamation office moves

The Mined Land Reclamation office has moved into tempor-
ary new quarters, where it will be until June 1, 1986. The
temporary street address is 1800 Geary Street SE. The perman-
ent street address after June 1 will be 1534 Queen Avenue SE,
Albany, OR 97321. Rather than change mailing addresses in
June, the office has made arrangements to have the Queen
Avenue address be the permanent mailing address from now on.
The phone number is unchanged: (503) 967-2039. O

(Fish, continued from page 28)
cies is required to strike a balance between two conflicting uses
of the resources of Oregon.

This survey does not answer many questions such as: What
are the economic benefits to Cave Junction and to Oregon of
gold mining versus those of fishing? What effect did all the
mining have on the stream temperature and thus on the fish
population? How did the turbidity caused by mining and channel
relocation affect downstream fish populations? Should use of
one resource be encouraged over the other?

The results of the survey indicate that the relocated stream
channel is definitely less productive than the unmined area, but
that fish are returning. Repeated surveys over the next three or
four years should indicate how long it will take for the fish
populations to stabilize in the relocated channel and whether the
altered section of the channel will equal the unmined area in
productivity. Results of this study apply only to the specific
configuration of this relocated stream. A different configuration
favoring riffles and pools might have encouraged quicker reestab-
lishment of coho and steelhead populations. (]
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AVAILABLE DEPARTMENT PUBLICATIONS

GEOLOGICAL MAP SERIES Price No. copies Amount
GMS-4: Oregon gravity maps, onshore and offshore. 1967 .........o.iuiiuiuiiiii ittt riieeieaaanenns $ 3.00
GMS-5:  Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 1971 3.00
GMS-6: Preliminary report on geology of part of Snake River canyon. 1974 ......... .. ... ... ..., 6.50
GMS-8: Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978 ....................... 3.00
GMS-9: Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 ......................... 3.00
GMS-10: Low- to intermediate-temperature thermal springs and wells in Oregon. 1978 .................cciviiiiiin.e. 3.00
GMS-12: Geologic map of the Oregon part of the Mineral 15-minute quadrangle, Baker County. 1978 ..................... 3.00
GMS-13: Geologic map, Huntington and part of Olds Ferry 15-min. quadrangles, Baker and Malheur Counties. 1979 ......... 3.00
GMS-14: Index to published geologic mapping in Oregon, 1898-1979. 1981 ... . ittt it 7.00
GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981 ......... 3.00
GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981 ......... 3.00
GMS-17: Total-field acromagnetic anomaly map, south Cascades, Oregon. 1981 ............cooiiiiiiiiiiiiiiinnnannn.. 3.00
GMS-18: Geology of Rickreall, Salem West, Monmouth, and Sidney 7%-min. quads., Marion/Polk Counties. 1981 ........... 5.00
GMS-19: Geology and gold deposits map, Bourne 7%-minute quadrangle, Baker County. 1982 ............ ...t 5.00
GMS-20: Map showing geology and geothermal resources, southern half, Burns 15-min. quad., Harney County. 1982 ......... 5.00
GMS-21: Geology and geothermal resources map, Vale East 7'2-minute quadrangle, Malheur County. 1982 ................. 5.00
GMS-22: Geology and mineral resources map. Mount Ireland 7'2-minute quadrangle, Baker/Grant Counties. 1982 ........... 5.00
GMS-23: Geologic map, Sheridan 7%-minute quadrangle, Polk/Yamhill Counties. 1982 ...............c.oiiiiiiiioiin 5.00
GMS-24: Geologic map, Grand Ronde 7'4-minute quadrangle, Polk/Yamhill Counties. 1982 ................ccoiiiiin... 5.00
GMS-25: Geology and gold deposits map, Granite 7'2-minute quadrangle, Grant County. 1982 . 5.00
GMS-26: Residual gravity maps, northern, central, and southern Oregon Cascades. 1982 ...............coiiiiiiiiaanan 5.00
GMS-27: Geologic and neotectonic evaluation of north-central Oregon: The Dailes 1°x2° quadrangle. 1982 ................. 6.00
GMS-28: Geology and gold deposits map, Greenhorn 7%-minute quadrangle, Baker/Grant Counties. 1983 .................. 5.00
GMS-29: Geology and gold deposits map, NEY4 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 .................. 5.00
GMS-30: Geologic map, SEY4 Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 ....................... 8.00
GMS-31: Geology and gold deposits map, NW Bates 15-minute quadrangle, Grant County. 1984 ........................ 5.00
GMS-32: Geologic map, Wilhoit 7%2-minute quadrangle, Clackamas/Marion Counties. 1984 .............................. 4.00
GMS-33: Geologic map, Scotts Mills 7'-minute quadrangle, Clackamas/Marion Counties. 1984 .......................... 4.00
GMS-34: Geologic map, Stayton NE 7'2-minute quadrangle, Marion County. 1984 ..............c.ooiiiiiiiiiiiiin.e, 4.00
GMS-35: Geology and gold deposits map, SW% Bates 15-minute quadrangle, Grant County. 1984 ......................... 5.00
GMS-36: Mineral resources map of Oregon. 1984 ... .. .. . ittt i ittt i e 8.00
GMS-37: Mineral resources map, offshore Oregon. 1985 ... ... o . ittt it 6.00
N EW!GMS-39: Geologic bibliography and index maps, ocean floor and continental margin off Oregon. 1986 ..................... 500 ___ 4
GMS-40: Total-field acromagnetic anomaly maps, Cascade Mountain Range, northern Oregon. 1985 ...................... 4.00
OTHER MAPS
Reconnaissance geologic map, Lebanon 15-minute quadrangle, Linn/Marion Counties. 1956 .......................oool. 3.00
Geologic map, Bend 30-minute quad., and reconnaissance geologic map, central Oregon High Cascades. 1957 ............... 3.00
Geologic map of Oregon west of 121st meridian (U.S. Geological Survey Map I-325). 1961 ...........ccocoviiiiiinian.n. 6.10
Geologic map of Oregon east of 12 Ist meridian (U.S. Geological Survey Map [-902). 1977 ....... ..., 6.10
Landforms of Oregon (relief map, 17XI2IN0.) .. .uintutin ittt ittt ettt it iiareent e anenaanann 1.00
Oregon Landsat mosaic map (published by ERSAL,OSU). 1983 ...........c.cooviiiiiiinnan, $8.00 over the counter; $11.00 mailed
Geothermal resources of Oregon(map published by NOAA). 1982 ... ... . ittt it ienas 3.00
Geological highway map, Pacific Northwest region, Oregon/Washington/part of Idaho (published by AAPG). 1973 ........... 5.00
Mist Gas Field Map, showing well locations, revised 4/85 (DOGAMI Open-File Report 0-84-2, ozalid print) ................ 5.00
Northwest Oregon, Correlation Section 24. Bruer & others, 1984 (published by AAPG) ............. ...t 5.00
BULLETINS
33. Bibliography of geology and mineral resources of Oregon (1st supplement, 1937-45). 1947 ..............c.civienne, 3.00
35. Geology of the Dallas and Valsetz 15-minute quadrangles, Polk County (map only). Revised 1964 .................... 3.00
36. Papers on Foraminifera from the Tertiary (v.2 [parts VI-VIIlonly). 1949 ... ... . oottt 3.00
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-50). 1953 .................. .. ... 3.00
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 1956 ... ... ... it 3.00
53. Bibliography of geology and mineral resources of Oregon (3rd supplement, 1951-55). 1962 .....................coo0e. 3.00
61. Gold and silver in Oregon. 1968 ...... 17.50
62. Andesite Conference guidebook. 1968 350
65. Proceedings of the Andesite Conference. 1969 10.00
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 1956-60). 1970 ...................... ... 3.00
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971 ........ooiiiiiiiiiiiiiiiiiiiiii e 5.00
77. Geologic field trips in northern Oregon and southern Washington. 1973 5.00
78. Bibliography of geology and mineral resources of Oregon (5th supplement, 1961-70). 1973 .......................... 3.00
81. Environmental geology of Lincoln County. 1973 ... .ottt ettt ianas 9.00
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974 . 6.50
83. Eocene stratigraphy of southwestern Oregon. 1974 ... .. i iiiiiiiii i it 4.00
85. Environmental geology of coastal Lane County. 1974 ....................... 9.00
87. Environmental geology of western Coos and Douglas Counties. 1975 9.00
88. Geology and mineral resources, upper Chemco River drainage, Curry and Josephine Counties. 1975 ................... 4.00
89. Geology and mineral resources of Deschutes County. 1976 ... ... . i e 6.50
90. Land use geology of western Curry County. 1976 .. ... . i ittt ittt et iiie it aeaaans 9.00
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 .....................oae. 8.00
92. Fossils in Oregon. A collection of reprints from the Ore Bin. 1977 ... ..ot 4.00
93. Geology, mineral resources, and rock material of Curry County. 1977 7.00
94. Land use geology of central Jackson County. 1977 .............coooiiiienen. 9.00
95. North American ophiolites UGCP project). 1977 ................cooiiinte. 7.00
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977 12.50
97. Bibliography of geology and mineral resources of Oregon (6th supplement, 1971-75). 1978 ..............c.ooiiiintn. 3.00
98. Geologic hazards of eastern Benton County. 1979 . ... .ottt i
99. Geologic hazards of northwestern Clackamas County. 1979 ..................
100. Geology and mineral resources of Josephine County. 1979 ...................
101. Geologic field trips in western Oregon and southwestern Washington. 1980 .
102. Bibliography of geology and mineral resources of Oregon (7th supplement, 1976-79). 1981 ................... ... ... 4.00
SHORT PAPERS
21. Lightweight aggregate industry in Oregon. 1951 ... .. . o e it 1.00
24. The Almeda Mine, Josephine County. 1967 ............ccovviiiiiiiiiiinnn.. 3.00

25. Petrography of Rattlesnake Formation at type area, central Oregon. 1976
27. Rock material resources of Benton County. 1978 ... ...ttt it it e 4.00




MISCELLANEOUS PAPERS

AVAILABLE DEPARTMENT PUBLICATIONS (continued)

Prices No. copies Amount

1. A description of some Oregon rocks and minerals. 1950 ... ...ttt ta it eiiieenneiaenonenans $ 1.00
5. Oregon’s gold placers. 1954 ... ...ttt it ittt et e 1.00
8. Available well records of oil and gas exploration in Oregon. Revised 1982 ...... ..ottt 4.00
11. Collection of articles on meteorites (reprints from Ore Bin). 1968 .. ... .. ittt rinaaennirenesannennns 3.00
15. Quicksilver deposits in OregOn. 1971 .. u.uuttnnttee et tette ettt tetteeaiaeenseaenesoneeeeseaneoananeneenensones 3.00
18. Proceedings of Citizens’ Forum on Potential Future Sources of Energy, 1975 ... ...oouiiuiiiiiiiiiiiviniininnn, 3.00
19. Geothermal exploration studies in Oregon, 1976. 1977 .. ..iuiiintiiiuiinittein ittt iiitiirerenernarensss 3.00
20. Investigations of nickel in Oregon. 1978 ... ... .ttt it it it it ittt 5.00
SPECIAL PAPERS
I. Mission, goals, and programs of the Oregon Department of Geology and Mineral Industries. 1978 ..................... 3.00
2. Field geology, SW Broken Top quadrangle. 1978 . ... ...utuiiuiuuttniintiteireaeeiiinenrensonesssneeneenennvan 3.50
3. Rock material resources, Clackamas, Columbia, Multnomah, and Washington Counties. 1978 ...........covvuinininn.n 7.00
4. Heat flow of Oregon. 1978 ... ittt it it st et e tsatoane e vraenasasinennernnaenn 3.00
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979 ........c.oiiiiiiiiiiiiii it iiieiiiieneanss 3.00
6. Geology of the La Grande area. 1980 ............iuiitiiiiiiiii ittt i it iritriaesneaaieaaneaennanis 5.00
7. Pluvial Fort Rock Lake, Lake County. 1979 ... ..ottt ittt ittt ea et tenterairenasnannn 4.00
8. Geology and geochemistry of the Mount Hood volcano. 1980 .........c.oeiinuiiiiiiiiiiitrniiieiraeraneineeans 3.00
9. Geology of the Breitenbush Hot Springs quadrangle. 1980 ..... ... ...ttt iiiiiiensnaeaacaannnas 4.00
10. Tectonic rotation of the Oregon Western Cascades. 1980 .........ciuenvueeinetiirieiutiurirenriieinsneonenuenennns 3.00
11. Theses and dissertations on geology of Oregon: Bibliography and index. 1899-1982. 1982 ..........cciiviiinreiianannn 6.00
12. Geologic linears of the northern part of the Cascade Range. Oregon. 1980 ...........ooiiiiiiiiiiiniinaiiinennenennn, 3.00
13. Faults and lineaments of the southern Cascades, Oregon. 1981 ... ... i ittt iaienanees 4.00
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COVER PHOTO

Teague Mineral Products mill on banks of Snake River at Adrian,
Oregon. The mill is used for storing, grinding, sizing, and bagging
bentonite and zeolite mined in several areas of southeastern Oregon.
Photo shows stored raw bentonite in open shed on left, silos for storage
of finished product at right center. Product from this plant is shipped
bagged or in bulk, by rail or truck. See annual summary of mineral
industry in Oregon beginning on next page. Photo courtesy Dave
Leppert, Teague Mineral Products.
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OIL AND GAS NEWS

Mist Gas Field

ARCO Oil and Gas Co. is the only active operator in the state
at present. In March the company drilled Longview Fibre 13-6 to
adepthof 1,473 ftinsec. 6, T.5 N.,R. 4 W. It was one mile east of
completed well Crown Zellerbach 12-1, but was a dry hole. It
was abandoned on March 11. The contractor was Taylor Drilling.

Recent permits

Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
351 ARCO SW4 sec. 25 Permit denied;
Longview Fibre 14-25 T.6N,R.5W. spacing unit
009-00190 Columbia County violation.

352 ARCO SEV4 sec. 27 Location;
Columbia County 44-27 T.6 N,R. 5 W. 2,360.
009-00191 Columbia County

353 ARCO NEVa sec. 4 Application;
Longview Fibre 43-4 T.5N,R.5W. 3,000.
009-00192 Columbia County

354 ARCO SEVa sec. 6 Application;
Columbia County 44-6 T.6N,R.5W. 3,000.
009-00193 Columbia County

355 ARCO NEVa sec. 7 Application;
Columbia County 31-7 T.6N,R.5W. 3,000.
009-00194 Columbia County

356 ARCO SWVi sec. 21 Application;
Columbia County 13-21 T.6 N,R. 5 W. 3,000.
009-00195 Columbia County O

Willamette Agate and Mineral Society
displays minerals in Salem

On March 1, 1986, the Willamette Agate and Mineral
Society (WAMS) of Salem installed a varied lapidary display in
the Oregon Council of Rock and Mineral Clubs Case at the State
Capitol building in Salem. More than 90 separate items in 36
groups include petrified wood, sagenite, carnelian, plume agate,
thomsonite, pyrite, moss agate, fossils, thundereggs, nodules,
limb casts, Biggs jasper, Carey plume, obsidian, opal, and jadeite.

The exhibit demonstrates several ways rocks can be enjoyed
— bookends, clocks, gem trees, bracelets, necklaces, belt buck-
les, spheres, and mounted specimens.

Eight of the club members contributed materials from 16
Oregon counties for the display. Members arranging the exhibit
were Rollin and Bettie Stearns, Al and Myrna Gardner, George
Schull, and Willis Caldwell. Lyle Riggs, Agent for the Council
Case; Vivian Johnson, Council Secretary; and Florence Riggs
and Bernice Soules assisted.

The WAMS display will remain until May 31 and will be
followed by the exhibit of Far West Lapidary and Gem Society of
Coos Bay, Oregon.

On February 28, John Richardson removed the beautiful
display of Richardson Recreational Ranch of Madras, which had
been sponsored by Oregon Agate and Mineral Society of
Portland. O
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Mineral industry in Oregon, 1985

by Mark L. Ferns, Howard C. Brooks, Jerry J. Gray, and Len Ramp, Oregon Department of Geology and Mineral Industries

INTRODUCTION

The value of minerals produced in Oregon in 1985 was about
$127 million, which was $10 million below the 1984 value. The
decline was due in part to a six-month work stoppage at the
Hanna nickel mine and smelter at Riddle during a plant modifi-
cation program. Other factors involved included a drop in
demand for sand, gravel, and crushed stone and a drop in prices
for nearly all mineral commodities.

As in previous years, cement, sand and gravel, and stone were
the main products of Oregon's mineral industry. Base-and
precious-metal production from lode mines declined sharply due
to the 1984 closure of the Iron Dyke and Bayhorse Mines in
Baker County. Nickel from the Hanna operation remains the
only metallic commodity that is currently being produced in any
significant amount.

MINING ACTIVITY
Metals

A number of small gold placers were active in Baker and
Grant Counties in northeastern Oregon and Josephine, Douglas,
and Jackson Counties in southwestern Oregon. Most of the
operations were small, and only a few produced over 50 oz of
gold.

The larger productive placer mines in eastern Oregon were
on Pine Creek (7)* near Hereford, on Clarks Creek (8), and on
the upper Burnt River (6) in Baker County and on Boulder Creek
(3) near Granite in Grant County. Numerous small operations
continued in Josephine County, including a number on Josephine
Creek and its tributaries (12), in the Galice area (15), and on

*All mine numbers in this section refer to **Active Mines” on the location
map and in Table 1.

Coffee Creek (18) in Douglas County. Proposed rules for the
Wild and Scenic llinois River Management Plan would end the
use of small dredges on the Wild and Scenic stem of the Illinois
River, where a number of operations have been active in past
years at various sites between the U.S. National Forest boundary
and the mouth of Briggs Creek.

Lode gold, silver, and base-metal production was mainly
from small, intermittent operations at the Thomason Mine (5) in
Baker County; the Pyx (2), Tempest (1), and Elk Heaven (4)
Mines in Grant County; and the Greenback (16) and Fall Creek
Gold Mine (11) in Josephine County.

The Hanna nickel smelter at Nickel Mountain (17) in Dou-
glas County operated until mid-June, at which time it was shut
down for construction of a new wet-screening plant. Renewed
operations began in late November. The plant enables rapid
upgrading by washing the higher grade, soft fine material off the
relatively unweathered rock. The water-and-fines slurry goes
through a 300-ft-diameter thickener before being transported
22 mi down the mountain in a 10-in-diameter steel pipe to the
smelter. Five centrifuges separate most of the water from the
concentrate, which reportedly contains about 2.1 percent nickel.

A conveyer belt is being constructed to transport ore from the
lower ore body up the mountain to the wet-screening plant. A
12.2-yd?* Marion 191 electric shovel will be used for mining
about 7 million tons per year. Only about 10 percent of the
material mined will be smelted. The new equipment is expected
to enable Hanna to produce nickel for about $1.90 per pound.

Nonmetals
Ash Grove Cement West (9) continued to produce cement
and limestone from its limestone quarry and cement plant facili-

Bristol Silica and Limestone Company’s mine in Jackson County. Open-pit quarry in background, crusher and screening plant in
Jforeground. Here, silica rock used for decorative granules and silicon metal is produced.
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EXPLANATION
ACTIVE MINES (half-filled square) EXPLORATION SITES AND AREAS (solid triangle)
1. Tempest (Ag) 1. Rejax (Au, Ag) 16. Goff (Au, Ag, Cu, Ph, Zn)
2. Pyx (Au) 2. Bear Creek Buttes (Au) 17. John Hall (Au)
3. Boulder Creek (Au) 3. Miller Mountain (Au) 18. Gold Note (Au, Ag, Cu)
4. Elk Heaven (Au, Ag) 4. Susanville (Au, Ag) 19. Foster Creek (clay)
5. Thomason (Au) 5. Dixie Meadows (Au, Ag) 20. Quartz Mountain (Au)
6. Burnt River (Au) 6. Bald Mountain-Ibex (Au, Ag) 21. Little Baldy (Au)
7. Pine Creek (Au) 7. Cable Cove (Au, Ag) 22. Tucker Hill (perlite)
8. Clarks Creek (Au) 8. Meadow Lake (Au, Ag) 23. Coyote Hills (Au)
9. Ash Grove Cement West (cement, limestone) 9. Grouse Spring (Cu, Mo) 24. Harney prospect (zeolite)
10. Teague Mineral Products (bentonite, zeolite) 10. Flagstaff (Au) 25. Flagstaff Butte (Au)
11. Fall Creek Gold (Au) 11. Iron Dyke (Au, Ag, Cu) 26. Celatom (diatomite)
12. Josephine Creek and tributaries (Au) 12. Dooley Mountain (perlite) 27. Castle Rock (Au)
13. Sucker Creek (Au) 13. Turner-Albright (Au, Ag, Zn, Cu, Co) 28. Sunday Hill (Au)
14. Althouse Creek (Au) 14. Fall Creek Copper (Au, Ag, Cu, Co) 29. Red Butte (Au)
15. Galice area placers (Au) 15. Gold Bug (Au) 30. Rome prospect (zeolite)

16. Greenback (Au)

17. Nickel Mountain (Ni)

18. Coffee Creek (Au)

19. Quartz Mountain Silica (silica)

20. Bristol Silica (silica)

21. Steatite of Southern Oregon (soapstone)

22, Cascade Pumice, Central Oregon Pumice (pumice)
23. Camp Creek (clay)

24. 0il-Dri West (diatomite)

Mining and mineral exploration in Oregon in 1985 (excluding sand and gravel and stone). Active mines are keyed to Table 1; exploration

sites are keyed to Table 2.
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ties near Durkee in southern Baker County. The plant at Durkee
was built in 1980 and has an annual production capacity of
500,000 tons of cement. Additional amounts of crushed limes-
tone from the quarry are supplied to sugar manufacturing plants
in Idaho.

The new management at Bristol Silica and Limestone Com-
pany (20) continued to produce metallurgical-grade silica rock
for Dow Corning at its mine in Jackson County. Other products
included poultry grit and fine-grained silica used for filtration.
Silica production was down from the previous year, and no
limestone or dolomite was shipped from the property in 1985.

Hanna Mining Company continued to utilize silica rock from
the Quartz Mountain Silica Mine (19) in eastern Douglas County
in its nickel smelter. Production was lower than in 1984 due to
the smelter shutdown during construction of the new wet-
screening plant.

Steatite of Southern Oregon (21) produced block soapstone
suitable for carving from its mine on Elliot Creek Ridge in
southern Jackson County. Shipments of block soapstone report-
edly declined slightly in 1985.

The Oregon Sun Ranch and Central Oregon Bentonite clay
pits on Camp Creek (23) in central Oregon were active produc-
ers in 1985. Both properties produce low-grade clays that are
used primarily in the cat-litter industry.

Teague Minerals Products (10) continued to produce bento-
nitic clay and zeolite from its pits near Adrian in eastern Malheur
County.

Table 1. Active mines in Oregon, 1985

Map
no. Name Location Commodity Comments
1. Tempest Sec. 10 Ag Newly erected small
T.9S,R. 34 E. mill produced small
Grant County amount of
concentrates.
2. Pyx Sec. 1 Au Continued small,
T.10S,R.35E. seasonal production.
Grant County
3. Boulder Creek  Sec. 34 Au Small placer
T.8S,R.35%E. operation.
Grant County
4.  Elk Haven Sec. 16 Au, Ag Produced small
T.8S.,R.36E. amount of
Grant County ) concentrates.
5. Thomason Sec. 6 Au Continued small,
T.14S,R.37E. seasonal operation.
Baker County
6. Burnt River T.10S, Au Several small
Rs. 35,351 E. placer operators.
Baker County
7. Pine Creek T.12S,R.39E. Au Several small
Baker County placer operators.
8.  Clarks Creek Tps. 12,138, Au Several small
R.41E. placer operators.
Baker County
9. Ash Grove Sec. 11 Cement, Continued
Cement West  T.12S,R.43E. limestone production.
Baker County

10.  Teague Sec. 29 Bentonite, Continued
Mineral T.23S,R.46 E. zeolite production.
Products Malheur County

11.  Fall Creek T.38S,R.9W. Au Small production
Gold Josephine County from placer and

lode by owner Tim
Von Pinnon.

12.  Josephine Secs. 30, 36 Au Several small
Creek & T.38S,Rs. 8,9 W. placer operators.
tributaries Secs, 2, 11

T.39S,R. 8 W.

Josephine County
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Table 1. Active mines in Oregon, 1985 — continued

Map
no. Name Location Commodity Comments
13.  Sucker Creek Sec. 1 Au Several small
T.40S,R.7W. placer operators.
Josephine County
14.  Althouse Secs. 11,12 Au Several small
Creek T.41S,R.7TW. placer operators.
Josephine County
15.  Galice area Secs. 25, 36 Au Several small

(Galice Creek, T.34S.,R.8W.

Taylor Creek,  Secs. 2, 10, 16

Rocky Gulch) T.35S,R.8 W.
Josephine County

placer operators.

16.  Greenback Secs. 32, 33 Au Property returned to
T.33S,R.5W. owners, Sunny Val-
Sec. 5 ley Mining &
T.34S,R.5W. Development Co.,

Josephine County who are currently

mining on the Irish

Girl vein.
17.  Nickel Sec. 17 Ni Mine and smelter
Mountain T.30S.,R.6 W. reopened in
Douglas County November after
installing new wet-
screening plant.

18.  Coffe Creek Sec. 7 Au Small placer

T.30S,R.2W. operation.
Douglas County

19.  Quartz Sec. 2 Silica Reduced production
Mountain T.28S,R. 1 E. due to smelter
Silica Douglas County shutdown.

20.  Bristol Sec. 30 Silica Silica production
Silica T.36S.,R.3W. reduced from 1984

Jackson County level.

21, Steatite of Secs. 10, 11 Soapstone  Production of
Southern T.36 S,R.3 W. carving-grade soap-
Oregon Jackson County stone declined from

1984 level.

22.  Cascade Bend area Pumice Continued
Pumice, Deschutes County production.

Central Oregon
Pumice

23.  Camp Creek T.19S,R.21E. Clay Oregon Sun Ranch,

Crook County Inc., and Central
Oregon Bentonite

Co. producing clays.

T.27S,R.17E. Diatomite Continued produc-

Lake County tion of diatomite
used mainly in pet
litter.

24, Oil-Dri West

’
OREGON'S MINERAL PRODUCTION
MILLIONS OF DOLLARS
METALS &
ROCK MATERIALS INDUSTRIAL MINERALS ~NATURAL GAS  TOTAL
Sand & Gravel, Stone Cement, Nickel, Pumice, etc.

1972 54 22 0 76
1973 55 26 0 81
1974 75 29 0 104
1975 73 33 0 106
1976 77 35 0 112
1977 74 35 0 109
1978 84 44 0 128
1979 111 54 + 165
1980 95 65 12 172
1981 85 65 13 163
1982 73 37 10 120
1983 82 41 10 133
1984 75 46 8 129
1985 78 39 10 127

Summary of mineral production in Oregon for the last 16
years. Data for 1985 derived from U.S. Bureau of Mines annual
preliminary Mineral Industry Survey and Oregon Department of
Geology and Mineral Industries natural gas production statistics.
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EXPLORATION AND DEVELOPMENT ACTIVITY

The level of mineral exploration and development activity in
1985 generally declined from 1984 levels. Industry interests
continued an ongoing shift in emphasis from metallic to nonme-
tallic commodities.

Metals

State and Federal research teams continued their search for
submarine polymetallic sulfide deposits along the Juan de Fuca
and Gorda Ridges off the Oregon coast. The Oregon Department
of Geology and Mineral Industries released a comprehensive
map (GMS-37) showing known offshore mineral resources.

Similar onshore polymetallic sulfide deposits continued to be
evaluated in southwest Oregon. The Turner Albright Mine
(13)** in extreme southwest Josephine County is one of the best
known sulfide deposits in Oregon. The property isnow owned by
Baretta and is currently being evaluated by Ray Rock Mines, Inc.
Ray Rock did a pulse-electromagnetic geophysical survey to
determine the downdip extension of the ore zone.

Previous drilling programs by Baretta and Noranda reportedly
outlined 3.3 million tons of reserves averaging 0.114 oz per ton
of gold, 0.443 oz per ton of silver, 1.46 percent copper, 3.32
percent zinc, and 0.055 percent cobalt.

Ore-dressing research on the complex sulfide ore is being
conducted by the U.S. Bureau of Mines (USBM) research center
in Salt Lake City, Utah.

The U.S. Geological Survey (USGS) is also conducting a
study of the deposit as an onshore example of a submarine
black-smoker deposit.

Seneca Exploration of Vancouver, B.C., and Litho-Logic
Resources of Grants Pass, Oregon, are conducting a geologic
mapping and sampling program on the Fall Creek Copper (14)
massive sulfide deposit in Josephine County. The deposit is
situated about 10 mi west of Selma along Fall Creek, a tributary
of the Illinois River. The massive sulfide deposit is associated
with pillow basalts and ultramafic rocks and may be another
example of a black-smoker deposit.

Other massive sulfide deposits currently being evaluated in
Oregon are hosted by island-arc volcanic rocks. Amselco is
conducting a drilling project on one of these deposits, the Goff
Mine (16), located in Josephine County about 2 mi north of
Grave Creek between Rock Creek and Reuben Creek. The
deposit is in siliceous tuffs and contains massive sulfides capped
by barite. Amselco is drilling on lands leased for exploration
from Josephine County.

**All site numbers in this section refer to “Exploration Sites and Areas”
on the location map and in Table 2.

Boise Cascade drilled the Gold Note (18) stratabound sulfide
deposit on the Josephine-Jackson County line in the upper Grave
Creek area.

Activity on similar deposits in northeastern Oregon has been
steadily decreasing in recent years. The Iron Dyke Mine (11) on
the Snake River in eastern Baker County was inactive through
most of 1985. The owner and operator, Silver King Mines, Inc.,
placed a crew on the property in late fall of 1985 with the
expressed intent of mining out a 20,000-ton ore body left from
earlier operations. The ore body is reported to run about 0.3 oz
per ton of gold and 3 percent copper.

Most of the recent activity in northeast Oregon has focused
on vein gold deposits about the margins of the Late Jurassic-
Early Cretaceous intrusions. During spring, Rio Algom put down
some drill holes on the Sunday Hill Mine (28) located in the old
Mormon Basin district in southern Baker County. The property is
held by Capri Resources Ltd. of Vancouver, B.C.

Sunshine Mining and Minerals was active in the Virtue Flat
district east of Baker. The company sampled some of the access-
ible underground workings on the old Flagstaff Mine (10). This
property explored quartz veins and sheared gouge zones in a
metamorphosed intrusive complex of gabbro and quartz diorite.

Inspiration drilled 12 holes at the Dixie Meadows Mine (5)
north of Prairie City. Drill results were discouraging, and Inspi-
ration dropped its option on the property which is held by Big
Turtle Mines, Inc., of Boise, Idaho.

American Copper and Nickel Company, Inc., a subsidiary of
INCO Ltd., continued exploration at its Susanville property (4) in
northern Grant County. The property is located adjacent to the
southwest margin of the Sunrise Butte stock and contains several
sulfide-rich precious metal veins that are hosted in schist and
serpentine. In 1985, American Copper and Nickel continued
evaluation of one of those, the Bull of the Woods vein, in a
6,000-ft surface-drilling program.

American Copper and Nickel was also active in and along
the margins of the Bald Mountain Batholith. This area has histor-
ically been one of the most productive lode gold regions in
Oregon. American Copper and Nickel continued its evaluation
of the Bald Mountain Mine (6) under the terms of a joint venture
agreement with the owners of the property, Ibex Mining Com-
pany. The 1985 program consisted of a 9,500-ft surface drilling
program on the Bald Mountain-Ibex and Grand Trunk vein
systems. The drill program was completed in late November.
Other lode properties along the southern margins of the batho-
lith, including the North Pole-Columbia, Cougar-Independence,
Buffalo, and Argonaut Mines, were idle in 1985.

Table 2. Exploration sites and areas in Oregon, 1985

Map
no. Name Location Commodity Comments
1.  Rejax SE part of Au, Ag Continued exploration by Ocelot Industries Ltd.
T.9S,R. 17E.
Jefferson County
2. Bear Creek Buttes T.18S,R. 17 E. Au Exploration program by Shell Mining Company.
Crook County
3. Miller Mountain Sec. 22 Au Sampling of underground workings by CBM.
T.14S,R. 32 E.
Grant County
4.  Susanville T.10S,R.33 E. Au, Ag Continued diamond drill program by American Copper and
Grant County Nickel.
5.  Dixie MeadowsSec. 23 Au, Ag Drill program by In-
T.11S,R. 33 E. spiration.
Grant County
6.  Bald Mountain-Ibex Sec. 4 Au, Ag Continued diamond drill program by American Copper
T.9S,R. 36 E. and Nickel.
Baker, Grant Counties
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Table 2. Exploration sites and areas in Oregon, 1985 —continued

Map
no. Name Location Commodity Comments
7.  Cable Cove T.8S,R.36E. Au, Ag Small drill program by American Copper and Nickel.
Baker County
8.  Meadow Lake T.8S,R.37E. Au, Ag Shell Mining Company joined in joint venture program with
Baker, Grant Counties Manville Corp.
9.  Grouse Spring Secs. 24,25 Cu, Mo Small drill program by Manville Corp.
T.14S,R. 36 E.
Baker County
10.  Flagstaff Sec. 5 Au Underground workings sampled by Sunshine.
T.9S,R. 41 E.
Baker County
11.  Iron Dyke Sec. 21 Au, Ag, Cu Reopened by Silver King.
T.13S,R.45E.
Baker County
12.  Dooley Mountain Tps. 11,12 S, R. 40 E. Perlite Evaluation program by Supreme Perlite.
Baker County
13. Turner-Albright Secs. 3, 15, 16 Au, Ag, Zn, Cu, Continued evaluation by Ray Rock.
T.41S,R.9W. Co
Josephine County
14.  Fall Creek Copper Tps. 37,38 S,R.9W. Au, Ag, Cu, Co Mapping and sampling program by Seneca Exploration and
Josephine County Litho-Logic Resources.
15.  Gold Bug Sec. 26 Au Old workings reopened by GeoMining Company of Salt
T.33S,R.8W. Lake City.
Josephine County
16.  Goff Secs. 20, 29 Au, Ag, Cu, Pb, Drill program by Amselco.
T.33S,R.7W. Zn
Josephine County
17.  John Hall Sec. 18 Au David Gaunt and Gene Lattimer of Sunny Valley reopened
T.34S,R.5SW. old workings and set up small mill.
Josephine County
18.  Gold Note Sec. 30 Au, Ag,Cu Drill program by Boise Cascade.
T.33S,R.3W.
Jackson, Josephine
Counties
19.  Foster Creek T.29S,R.3E. Clay Evaluation of soil amendment material by Cascade Sulfur
Douglas County Company.
20.  Quartz Mountain T.37S,R. 11 E. Au Continued evaluation of large-tonnage epithermal gold
Lake County deposit.
21.  Little Baldy T.34S,R 16 E. Au Exploration program by Long Lac.
Lake County
22.  Tucker Hill Sec. 35 Perlite Continued evaluation by Tenneco.
T.34S,R. 19E.
Lake County
23.  Coyote Hills T.35S,R. 23 E. Au Drilled and later dropped by Cominco American.
Lake County
24.  Harney prospect T.27S,R.31E. Zeolite Continued drilling by Anaconda.
Harney County
25.  Flagstaff Butte T.39S,R.37E. Au Exploration program by Utah International.
Harney County
26.  Celatom Tps. 19,258, Diatomite Plant construction by Eagle Picher.
Rs. 35,36, 37 E.
Harney, Malheur
Counties
27.  Castle Rock T.18 S,R.37E. Au Exploration program by Manville Corp.
Malheur County
28.  Sunday Hill Sec. 17 Au Drilled by Rio Algom.
T.13S,R 42 E.
Malheur County
29.  Red Butte Secs. 26,27, 34, 35 Au Tenneco joint-ventured with Manville Corp. on a sampling
T.25S,R. 43 E. and mapping program.
Malheur County
30.  Rome prospect Tps.31,32S,R. 41 E. Zeolite Continued drilling by Anaconda.

Malheur County
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New wet-screening plant at Hanna Nickel Company high on
the flanks of Nickel Mountain. Here, nickel-bearing, fine, weathered
material is separated from unweathered rock and transported
down the mountain as a slurry.

American Copper and Nickel completed a 1,600-ft surface-
drilling program in the heart of the Cable Cove (7) district within
the batholith. The veins here consist of brecciated granodiorite
that has been locally altered to clay minerals and sericite and
impregnated with lenses and streaks of quartz, calcite, and sul-
fide minerals. The sulfide lenses, which may contain appreciable
amounts of gold and silver, consist primarily of pyrite and arsen-
opyrite, with accessory galena, sphalerite, chalcopyrite, and
occasional molybdenite and stibnite.

Shell Mining Company became a joint venture partner on the
Meadow Lake property (8) owned by Manville. The property,
which is located along strike to the northeast of the Cable Cove
veins, had been previously evaluated by Manville for copper-
molybdenum mineralization. Last summer’s joint venture pro-
ject consisted of mapping and sampling of associated precious
metal mineralization.

Other porphyry deposits of consequence include the Cedar
Creek prospect in the Quartzville district in the Western Cas-
cades, which is held by Amoco, and the Grouse Springs prospect
in southern Baker County, which is held by Manville. Manville
continued its small-scale surface-drilling program on the prop-
erty this past summer.

Zones of precious-metal mineralization hosted in Tertiary
volcanic and sedimentary rocks continued to be popular explora-
tion targets in 1985. A number of companies conducted explora-
tion and evaluation programs in the Western Cascade, Ochoco,
Quartz Mountain, McDermitt, and Vale-Weiser areas.

Tenneco began an extensive surface sampling and mapping
program at Manville’s Red Butte (29) property in central Mal-
heur County. This is a presumably caldera-associated deposit of
the hot-springs type, hosted in tuffaceous sedimentary rocks of
Miocene age.

Manville continued its surface sampling and mapping pro-
gram on its Castle Rock property (27) in northern Malheur
County. Precious metal mineralization there is reported to occur
in the Miocene rhyolite flow-dome complex.

Cominco-American drilled nine reverse-circulation holes at
Coyote Hills (23) in central Lake County. Stockworks of quartz-
pyrite mineralization are reported to occur along northwest-
trending fracture zones at and near intersecting northeast-trend-
ing fractures. In fall of 1985, the property, which is presumably
located in a late Tertiary volcanic complex, was dropped by
Cominco-American due to discouraging drill results.

Evaluation of the Quartz Mountain (20) property northwest
of Lakeview in Lake County continued through 1985. The
property was held in a joint venture agreement between Ana-

conda and Exploration Ventures of Spokane, Washington. Gold.

ER

mineralization on the 3,200-acre property is reportedly asso-
ciated with late Tertiary rhyolite porphyry intrusions that cut the
Miocene tuffaceous sedimentary rocks. The main defined min-
eralized zone at Krone Hill is centered on an alteration zone
adjacent to one of four intrusions on the property. Better grade
gold mineralization is said to be present in a stratabound replace-
ment zone located along the margins of the rhyolite porphyry.
The zone locally contains high-grade veins, stockworks, and
hydrothermal breccias. Gold mineralization is also known to
occur in a contact breccia and in a hot springs sinter deposit.
Based on 11,525 ft of drilling done earlier on 32 holes by
Anaconda, a potential resource of 25 million tons of rock grad-
ing better than 0.04 oz per ton of gold has been identified on the
property. Anaconda’s interest in the property was transferred toa
Vancouver, B.C., company in 1985 as part of the Anaconda
breakup.

Nonmetals

The year 1985 saw increased activity in exploration and
development of nonmetallic mineral resources. The Celatom
diatomite project (26), owned and operated by Eagle Picher
Industries, Inc., continued toward production. Four mine sites on
the 3,700-acre property, located along the Malheur-Harney
County line near Drewsey, are expected to provide 140,000 yd?
of diatomite ore per year. The ore will be shipped to a processing
plant now being constructed 7 mi west of Vale in Malheur
County. The $13-million project is partially funded by an Indus-
trial Revenue Bond and an Urban Development Action Grant.
The processing plant is expected to be completed in the summer
of 1986, at which time diatomite ore mined this past summer will
be processed.

Geologists for Tenneco Minerals Company reported in 1985
that the Tucker Hill perlite deposit (22) in Lake County con-
tained resources of at least 20 to 40 million tons of vesicular to
granular perlite and perlite breccias amenable to open-pit min-
ing. Bulk sample tests made by Tenneco suggest that the perlite
is suitable for a number of industrial applications including
horticultural and loose-fill insulation products as well as the
production of insulation board and acoustical tile. Feasibility
studies continued in 1985.

Supreme Perlite, a Portland-based company, continued its
evaluation of the perlite deposits at Dooley Mountain (12) in
southern Baker County. The Miocene rhyolite center at Dooley
Mountain is currently being mapped in detail by the U.S. Geolog-
ical Survey.

Several companies continued to evaluate zeolite prospects.
Anaconda conducted an assessment drilling program on its Har-
ney property (24) south of Burns in Lake County. This is report-
edly one of the largest clinoptilolite deposits in the world, par-
tially replacing a 215-ft-thick ash flow tuff. Anaconda indicates
that the deposit may contain around [ billion tons of 90 percent
clinoptilolite rock.

Anaconda also continued its drilling program at Rome (30)
in Malheur County. The zeolite resource here has been reported
as 30 million tons of 60 percent mordenite.

Cascade Sulfur Company has been conducting an explora-
tion of soil amendment material mined from an area of hydroth-
ermal alteration of dacitic volcanic rocks in the Foster Creek
(19) drainage of southeastern Douglas County. The material
reportedly contains in large part bentonitic clays (montmorillo-
nite) with some pyrophyllite, fine disseminated pyrite, and secon-
dary sulfates. Test results on application to both alkaline and
acid soils appear to be very encouraging. More than 1,000 tons of
material have been mined and applied to various sites including
Klamath and Lake County alfalfa fields and the U.S. Bureau of
Land Management tree plantation near Provolt. The company
plans further testing and development of its deposit. [J
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A reinterpretation of the Gray Butte limestone and arenite
exposure as a hydrothermally-derived calcite vein and

pebble dike

by Jerry J. Gray and Gary Baxter, Oregon Department of Geology and Mineral Industries

In the July 1979 issue of Oregon Geology, Ashwill, in a
reconnaissance study, locates and describes “limestone” occur-
ing on the western flank of Gray Butte, Jefferson County. The
main outcrop is located approximately 15 mi south of Madras in
the SEY4 SE% sec. 22, T. 13 S, R. 13 E., and a second exposure
lies about 100 yd west of the first (Ashwill, 1979). Other rocks
cropping out nearby are described as “arenite.” Both the “lime-
stone” and “arenite” are assumed to be sedimentary in origin.
The “arenites” and other clastic rocks are described as older than
the surrounding rocks because of their “anomalously steep dips,
indications of metamorphism in the recrystallization of the
limestone, and the quartzic arenites.”

The authors suggest that the “limestone” and “arenite” are
not sedimentary in origin. The “limestone” instead appears to be
a calcite vein and the “arenite” a pebble dike (breccia formed by
hydrofracturing occurring during hydrothermal activity) that are
both part of a hot-spring system. While conducting Oregon
Department of Geology and Mineral Industries (DOGAMI)
geochemical studies of hydrothermal systems, the first author
visited the Gray Butte “limestone/arenite” area during the 1984
field season and collected several samples for assaying and
petrographic study. All the samples that were assayed had detec-
table gold, two showed anomalous values for arsenic, one had
anomalous silver values, and one had anomalous mercury values
(Table 1). Thin sections were cut from three of the samples that
had been collected for petrographic study. Two of these three
samples were also examined by X-ray diffraction. The assay,
X-ray, and petrographic data and the authors’ interpretation are
given in Table 1.

Three other factors should be noted. The first is that 2 mi
northwest of the “limestone/arenite,” the Gray Butte mercury
prospect occurs. Brooks (1963) describes the geology and min-
eralization of this prospect as follows:

“Cinnabar is sparsely distributed along an east-trending zone
of faulting which can be traced for about 1,000 ft. At the west
end of the area, the fault zone is expressed by a rib of silicified
tuff from 2 to 6 ft wide protruding in places as much as 8 ft above
the surface. The rib is bordered on the north by a 2-ft-wide zone

~ Arrows po: to sample sites 1 and 2, Gray Butte.
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Map showing location of Gray Butte, Jefferson County, Ore-
gon. Park Lane leads to study area that is shown in greater detail on
map below.

of mildly silicified gouge and brecciated tuffs. Cinnabar is visible
as fracture coatings along the north edge of the silicified rib.”
The second factor is inferred from the topographic map of
the area. Two topographic lows almost surround the “lime-
stone/arenite” area. During the formation of the hydrothermal

1 mile

Partial topographic map of T. 13 S., R. 13 E. showing locations
from which samples were collected for this study.
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Table 1. Assay data and petrology, Gray Butte, Jefferson County, Oregon

Mineralogical
?my;i analysis technique
ppm . Clay
Sample | Ay | Ag | As | Cu | Hg | Mo | Pb | Zn section (2 bifuie! name
1 0.003 *0.93 4 10 0.08 4.8 9 68 Yes No Jasperoid
2 0.002 0.16 3 9 0.04 33 15 83 No No Jasperoid
3 0.007 0.10 *15 51 *#1.30 22 4 50 No No Breccia
4 =S m—— - —— - —— _ —_ No No Calcite
5 0.003 0.11 *14 48 0.24 4.1 4 71 No No Breccia
6 —_— —_ e —— —— — —— —_— Yes Yes Breccia
7 0.003 0.12 4 52 0.07 0.7 5 79 Yes Yes Breccia
8 0.003 0.06 3 90 0.08 0.6 2 71 No No Andesite (7)

*Anomalous value.

Comments on samples in Table 1:

1. Sample taken from an outcrop 200 ft long and several feet thick. The
rock, which has yellow, brown, and green patterns, is being mined by
rockhounds as picture rock. Thin-section examination indicates that this
rock is a silicified ash-fall tuff that formed from air fall of ash into a quiet
body of water.

2. Lake-bed sediments that have been silicified. Some secondary fractur-
ing and silicification have occurred. The rock is tan, and the secondary
silicification is green. The outcrop is 100 ft by 50 ft by 20 ft and is being
used as the footing for a power-line tower.

3. Silicified, brecciated, and mineralized sample. The rock has slicken-
sides, indicating movement has occurred after silicification.

4. Coarse crystalline calcite that is white on a fresh surface. No assays
were performed.

5. Silicified, brecciated, mineralized rock that is impregnated with cal-

Closeup of sample site 1, showing pit where silicified lake-bed
sediments have been mined by rockhounds for picture rock.

(hot spring), silica-rich systems, a clay alteration zone may form
around the area of silicification. This may be the reason for the
two topographic lows.

The third factor is that nearby lakebed sediments from which
fossils have been reported (Ashwill, 1983) have been silicified
—a sign of hot springs activity.

In summary, the rock types, silicification, brecciation, calcite
veining, gold and other metal mineralization, topography, and
the nearby mercury prospect all suggest a hydrothermal system
in the Gray Butte area. Detailed geologic mapping, geochemical
surveying, and drilling will be needed to determine if this and
nearby areas have potential for being a commercial gold deposit.
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cite. The outcrop is at least a couple of hundred of feet square.

6. “Arenite,” as mapped by Ashweill. Outcrop was extended farther to
the west by 1984 DOGAMI field work. Sample 6 was taken from the
west end of the “arenite,” and sample 7 was taken from the east of the
center of the outcrop. The sample-6 thin section shows that the “arenite™
sand grains are rounded breccia fragments of mostly jasperoids after
tuffs. The spaces between the fragments are filled with quartz, calcite,
and clay minerals. X-ray diffraction indicates that the clay minerals are
chlorite and kaolinite. The outcrop is probably a pebble dike caused by
steam explosions.

7. Arenite” sample similar to sample 6, except that X-ray shows that the
clay mineral illite (a higher temperature clay) is also present.

8. Sample field identified by the authors as andesite. It is calcite bearing
and carries detectable gold. No thin sections were prepared from this
sample.

Sample site 7, a pebble dike probably caused by hydrofractur-
ing of rock by steam explosions during hot-spring activity.

The petrographic samples and thin sections are available for
study at the Portland office of the Oregon Department of
Geology and Mineral Industries.
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AVAILABLE DEPARTMENT PUBLICATIONS

GEOLOGICAL MAP SERIES Price No. copies Amount
GMS-4: Oregon gravity maps, onshore and offshore. 1967 ....... ...t
GMS-5:  Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 1971
GMS-6: Preliminary report on geology of part of Snake River canyon. 1974 ......... ... ... it .
GMS-8: Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978 ....................... 3.00
GMS-9: Total-field aecromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 3.00
GMS-10: Low- to intermediate-temperature thermal springs and wells in Oregon. 1978 ............ ... .. ..o, 3.00
GMS-12: Geologic map of the Oregon part of the Mineral 15-minute quadrangle, Baker County. 1978 ..................... 3.00
GMS-13: Geologic map, Huntington and part of Olds Ferry 15-min. quadrangles, Baker and Malheur Counties. 1979 ......... 3.00
GMS-14: Index to published geologic mapping in Oregon, 1898-1979. 1981 ... ... ..o it 7.00
GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981 ......... 3.00
GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981 ......... 3.00
GMS-17: Total-field aeromagnetic anomaly map, south Cascades, Oregon. 1981 .......... ..., 3.00
GMS-18: Geology of Rickreall, Salem West, Monmouth, and Sidney 7%2-min. quads., Marion/Polk Counties. 1981 ........... 5.00
GMS-19: Geology and gold deposits map, Bourne 7%-minute quadrangle, Baker County. 1982 ........................ ... 5.00
GMS-20: Map showing geology and geothermal resources, southern half, Burns 15-min. quad., Harney County. 1982 ......... 5.00
GMS-21: Geology and geothermal resources map, Vale East 7'2-minute quadrangle, Malheur County. 1982 ................. 5.00
GMS-22: Geology and mineral resources map. Mount Ireland 7'%2-minute quadrangle, Baker/Grant Counties. 1982 ........... 5.00
GMS-23: Geologic map, Sheridan 7'%-minute quadrangle, Polk/Yamhill Counties. 1982 ...................coiiiiiiin., 5.00
GMS-24: Geologic map, Grand Ronde 7%-minute quadrangle, Polk/Yamhill Counties. 1982 ...................... ... ..., 5.00
GMS-25: Geology and gold deposits map, Granite 7%-minute quadrangle, Grant County. 1982 ...................... ... 5.00
GMS-26: Residual gravity maps, northern, central, and southern Oregon Cascades. 1982 .................. ..o, 5.00
GMS-27: Geologic and neotectonic evaluation of north-central Oregon: The Dalles 1°x2° quadrangle. 1982 ................. 6.00
GMS-28: Geology and gold deposits map, Greenhorn 7'%-minute quadrangle, Baker/Grant Counties. 1983 .................. 5.00
GMS-29: Geology and gold deposits map, NEY4 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 .................. 5.00
GMS-30: Geologic map, SEY Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 ....................... 8.00
GMS-31: Geology and gold deposits map, NW¥ Bates 15-minute quadrangle, Grant County. 1984 ........................ 5.00
GMS-32: Geologic map, Wilhoit 7%-minute quadrangle, Clackamas/Marion Counties. 1984 ................. ... ... ... 4.00
GMS-33: Geologic map, Scotts Mills 7%-minute quadrangle, Clackamas/Marion Counties. 1984 .......................... 4.00
GMS-34: Geologic map, Stayton NE 7'2-minute quadrangle, Marion County. 1984 .......... ... ... ..o, 4.00
GMS-35: Geology and gold deposits map, SW¥ Bates 15-minute quadrangle, Grant County. 1984 ......................... 5.00
GMS-36: Mineral resources map of Oregon. 1984 ... ... .. . i e 8.00
GMS-37: Mineral resources map, offshore Oregon. 1985 6.00
N EW!GMS-39: Geologic bibliography and index maps, ocean floor and continental margin off Oregon. 1986 ..................... 5.00 - *
GMS-40: Total-field aeromagnetic anomaly maps, Cascade Mountain Range, northern Oregon. 1985 ...................... 4.00
OTHER MAPS
Reconnaissance geologic map, Lebanon 15-minute quadrangle, Linn/Marion Counties. 1956 ................... ... .. ... 3.00
Geologic map, Bend 30-minute quad., and reconnaissance geologic map, central Oregon High Cascades. 1957 ............... 3.00
Geologic map of Oregon west of 121st meridian (U.S. Geological Survey Map [-325). 1961 ................cooiiinine., 6.10
Geologic map of Oregon east of 121st meridian (U.S. Geological Survey Map 1-902). 1977 .. 6.10
Landforms of Oregon (relief map, 17X1200.) ... ..ottt i i i i e it ittt 1.00
Oregon Landsat mosaic map (published by ERSAL,OSU). 1983 .................coiiinat. $8.00 over the counter; $11.00 mailed
Geothermal resources of Oregon (map published by NOAA). 1982 .. ...t it 3.00
Geological highway map, Pacific Northwest region, Oregon/Washington/part of Idaho (published by AAPG). 1973 ........... 5.00
Mist Gas Field Map, showing well locations, revised 4/85 (DOGAMI Open-File Report 0-84-2, ozalid print) ................ 5.00
Northwest Oregon, Correlation Section 24. Bruer & others, 1984 (published by AAPG) ...........ccoviiiiiiiiiiiiininn. 5.00
BULLETINS
33. Bibliography of geology and mineral resources of Oregon (1st supplement, 1937-45). 1947 .....................oo.e. 3.00
35. Geology of the Dallas and Valsetz 15-minute quadrangles, Polk County (map only). Revised 1964 .................... 3.00
36. Papers on Foraminifera from the Tertiary (v.2 [parts VI-VIIIJonly). 1949 ..... ... 3.00
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-50). 1953 ....................... ... 3.00
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 1956 ......... ..ot 3.00
53. Bibliography of geology and mineral resources of Oregon (3rd supplement, 1951-55). 1962 ............. ... ... ... 3.00
61. Gold and silver in Oregon. 1968 .. ... ... .ot i i i e e e 17.50
62. Andesite Conference guidebook. 1968 ..., 3.50
65. Proceedings of the Andesite Conference. 1969 10.00
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 1956-60). 1970 .......................... 3.00
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971 ........ooiuiiiiiiiiii i 5.00
77. Geologic field trips in northern Oregon and southern Washington. 1973 ......... ... .o i, 5.00
78. Bibliography of geology and mineral resources of Oregon (Sth supplement, 1961-70). 1973 ...................oootn. 3.00
81. Environmental geology of Lincoln County. 1973 ... ... i ittt 9.00
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974 ................. ..ot 6.50
83. Eocene stratigraphy of southwestern Oregon. 1974 .......................... 4.00
85. Environmental geology of coastal Lane County. 1974 ....................... 9.00
87. Environmental geology of western Coos and Douglas Counties. 1975 9.00
88. Geology and mineral resources, upper Chemco River drainage, Curry and Josephine Counties. 1975 ................... 4.00
89. Geology and mineral resources of Deschutes County. 1976 6.50
90. Land use geology of western Curry County. 1976 ... oottt ittt i e 9.00
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 .....................oooiaen. 8.00
92. Fossils in Oregon. A collection of reprints from the Ore Bin. 1977 ... ...t
93. Geology, mineral resources, and rock material of Curry County. 1977
94. Land use geology of central Jackson County. 1977 .................... ...
95. North American ophiolites IGCP project). 1977 .............ooiiiiiians.
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977
97. Bibliography of geology and mineral resources of Oregon (6th supplement, 1971-75). 1978 ...................ointl. 3.00
98. Geologic hazards of eastern Benton County. 1979 ..ottt i 9.00
99. Geologic hazards of northwestern Clackamas County. 1979 .................. 10.00
100. Geology and mineral resources of Josephine County. 1979 ................... 9.00
101. Geologic field trips in western Oregon and southwestern Washington. 1980 9.00
102. Bibliography of geology and mineral resources of Oregon (7th supplement, 1976-79). 1981 .......................... 4.00
SHORT PAPERS
21. Lightweight aggregate industry in Oregon. 1951 ... ... oot it 1.00
24. The Almeda Mine, Josephine County. 1967 ............ccvviiiiiiiiniininnn. 3.00
25. Petrography of Rattlesnake Formation at type area, central Oregon. 1976 3.00

27. Rock material resources of Benton County. 1978 ... .. .ottt e 4.00




AVAILABLE DEPARTMENT PUBLICATIONS (continued)

MISCELLANEOUS PAPERS Prices No. copies Amount
. A description of some Oregon rocks and minerals. 1950 ..........iuuiutiuiiniininniiniinenteneenenroneeneenennenns $100 [
5. Oregon’s gold Placers. 1954 ... ...ttt ettt ettt e e e 1.00
8. Available well records of oil and gas exploration in Oregon. Revised 1982 ........ciuiiiiuiiieiininieninneineneanes 4.00
11. Collection of articles on meteorites (reprints from Ore Bin). 1968 .. ........cuutiutiutnuentenientnreneeneeneeiennenns 3.00
15. Quicksilver deposits in OTeZOM. 1971 ...ttt ittt ittt ittt taea it enreneentanennennenns 3.00
18. Proceedings of Citizens’ Forum on Potential Future Sources of Energy, 1975 ........coiiiiiiiiiiiiniiiniiiiiinnn, 3.00
19. Geothermal exploration studies in Oregon, 1976. 1977 ........uiuiuininiit ittt ananeneaens 3.00
20. Investigations of nickel in Oregon. 1978 ... .ui ittt ittt itiietteeeeeesoneaeeeeeeenonnesosesonsnsessenannns 5.00
SPECIAL PAPERS
1. Mission, goals, and programs of the Oregon Department of Geology and Mineral Industries. 1978 ............... ..., 3.00
2. Field geology, SW Broken Top quadrangle. 1978 . ... ..c.uiinnntiintt ittt ittt ianeeateeaieeieeanns 3.50
3. Rock material resources, Clackamas, Columbia, Multnomah, and Washington Counties. 1978 .................coovnnn 7.00
4. Heat flow of Oregon. 1978 . ... ittt ittt ettt ettt ettt eeaetneeeeteeneeneanennoanes 3.00
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979 ...........cooiiiiiiiiiiiiiiiiiiiiiiinneenns 3.00
6. Geology of the La Grande area. 1980 ............uinnutiiuutiintiiitiiit ittt vt eineenneenieeenieennnens 5.00
7. Pluvial Fort Rock Lake, Lake County. 1979 ... ...ttt ettt enteeaeearenennensneeennens 4.00
8. Geology and geochemistry of the Mount Hood volcano. 1980 ...........c.o.uiiuuiiiiriiiiiiiiiinneenneenniennnens 3.00
9. Geology of the Breitenbush Hot Springs quadrangle. 1980 ............iiintuiiiniiiiiiiii ittt i ieeineenns 4.00
10. Tectonic rotation of the Oregon Western Cascades. 1980 .. .........uuitiiiiinnineeterereninreeeeeeannenesesennnnes 3.00
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OIL AND GAS NEWS

NWPA to hold annual symposium

The Northwest Petroleum Association has scheduled
its third annual symposium and field trip for May 15-16
in Olympia, Washington. The meeting, to be held at the
Olympia Westwater Inn, will feature several speakers
from government and industry, and the field trip will in-
clude the Centralia Coal Plant, Satsop Nuclear Plant, and
stops to see the Lincoln Creek and Astoria Formations.
Details are available from Barbara Portwood, (503)
287-2762.

Columbia County to hold lease sale

June 11 is the date set by the Columbia County Board
of Commissioners for its next oil and gas lease sale. The
sale, to be held in the Old Courthouse, First Street, St.
Helens, Oregon, will start at 10 a.m. and will offer 68,000
acres for lease. The lease term is 10 years with a 3/16
royalty. Additional information is available from the
Board of Commissioners, (503) 397-4322. :

Gas storage project clears dispute

Oregon Natural Gas Development Corporation (ONGD)
plans to convert to gas storage two depleted pools in the
Mist Gas Field. An agreement has been reached out of
court between the company and Columbia County over
the County’s interest in the Bruer and Flora pools. ONGD
will pay Columbia County $550,000 for mineral interests
in the proposed storage pools, covering an area of 940
acres and extending to the base of the pools.

The settlement to the county will be shared among the
local taxing districts. A specific value was not determined
for the remaining gas in place. The operator will now
move forward with plans for several injection-withdrawal
wells into the pools for possible gas storage in 1987.

MMS hearing on offshore 5-year oil and gas plan

The Mineral Management Service (MMS) has released
the Draft Environmental Impact Statement for the Pro-
posed 5-Year Outer Continental Shelf (OCS) Oil and Gas
Leasing Program January 1987-December 1991 and held
three public hearings in April to receive comments on the
draft. At the April 10 hearing in Portland, nine persons
testified in favor of leasing the OCS, while four opposed
leasing. Various suggestions were made on how to modify
the proposed program. Arguments in favor of leasing in-
cluded meeting energy needs, reducing foreign imports,
and supplying jobs, while statements against the leasing
schedule centered on damage to the environment, the need
for more base-line scientific studies on the OCS, and the
low potential for hydrocarbons off Oregon and Washing-
ton. The next step in the process is the writing of a Final
Environmental Impact Statement in early 1987. O

Roberts, King retire from DOGAMI

Two staff members of the Oregon Department of Geol-
ogy and Mineral Industries have recently left the Depart-
ment to enjoy their well-earned retirement: June Roberts,
Administrative Assistant, had served the Depart-
ment for over 45 years. She lives in Portland. William L.
King joined the Department in 1981 as Petroleum Geol-
ogist to work on the growing task of oil and gas develop-
ment and regulation. He currently resides in Beaverton. O
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Fossil flora near Gray Butte, Jefferson Gounty, Oregon

by Jerome J. McFadden, former Camp Hancock student, 411 S. Morain St., Kennewick, Washington 99336

ABSTRACT

Fossils of the Sumner Spring flora found at Gray Butte in
Jefferson County, Oregon, indicate a temperate climate. Al-
though occurring in an area previously mapped as Eocene
Clarno Formation (Robinson and Stensland, 1979), the low
diversity and species composition of the Sumner Spring floral
assemblage suggest closer similarity to the known Oligocene
floras of the John Day Formation.

INTRODUCTION

Gray Butte is a prominent feature rising to an elevation of
1,557 m above the Crooked River flood plain in Jefferson
County. It is located about 4 mi northeast of Smith Rock State
Park and 15 mi south of Madras. Fossil plants have been
collected from the surrounding area since the 1930’s (Vance,
1936). Collections of Gray Butte fossils are housed at the Oregon
Museum of Science and Industry (OMSI) in Portland and the
Museum of Paleontology, University of California at Berkeley,
as well as in a number of private collections. The source locality
of these fossils has not been published or recorded with the
museum collections.

Renewed field work in the area has resulted in the discovery
of several fossil plant localities on the flanks of Gray Butte and
the rediscovery of the original diggings referred to by Vance
(1936). Ashwill (1983) published a preliminary account of each
of the Gray Butte assemblages and called attention to their
varying floral compositions. He recognized three distinct assem-
blages, which he named the Nichols Spring, Sumner Spring, and
Canal floras. This report focuses on the Sumner Spring fossil
flora of Gray Butte, in an effort (1) to clarify its floral compo-
sition, the age of the flora, and the formation to which it belongs,
and (2) to determine the climatic conditions during its deposition.

SUMNER SPRING FLORA

Two main outcrops containing the Sumner Spring flora are
discussed in this study. The first, OMSI locality 78, represents the
original collection site of A.W. Hancock and R.W. Chaney,
which was mentioned by Vance (1936) and rediscovered by M.
Ashwill and S. Manchester in 1980. It is situated in NEY NEVa
sec. 26, T. 13 S, R. 13 E., Opal City quadrangle. The matrix is
gray-green, very hard shale. The strata are covered with top soil
except in shallow collection pits. Fossils are not abundant and
require much effort to extract.

The second outcrop, OMSI locality 75, is situated half a mile
east of locality 78 in SW¥s SEV4 sec. 24 and in adjacent NEV4
NW'ssec.25,T. 13 S,,R. 13 E,, Gray Butte quadrangle. This site
was discovered by Ashwill in 1979. Fossils were collected south
of the power line on the south-facing slope of a knoll adjacent to
Gray Butte. Most of this author’s collecting was in the weathered
surface shales and slump blocks not exceeding 1 m in diameter.
Collections were also taken from a stream-bed exposure at the
southern base of the knoll. Collecting, erosion, and slumping
have all but obliterated this stream-bed exposure. Although no
exposed contacts between the fossiliferous sediments and the
overlying and underlying strata were found, the vertical thickness
of the fossiliferous sediments appears to be at least 15 m. Matrix
from the site ranges from pale yellow to green. Surface shales are
highly fractured. Larger blocks are well indurated and sometimes
brittle. OMSI locality 75 underlies a basalt flow that caps the
knoll.
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Figure 1. Map showing locality of Gray Butte, Jefferson
County, Oregon.

Studies of the fossil flora composition are based on collections
made by the OMSI summer paleoecology teams of 1980 and
1981, Melvin Ashwill, and the author. The sum of these collec-
tions exceeds 250 specimens. All specimens figured in this paper
are housed in the Paleobotanical Collection at Indiana Uni-
versity, Bloomington, Indiana.

GEOLOGY

Gray Butte and its surroundings seem to represent a large
block of crust uplifted to the northwest and dipping to the
southeast. Williams (1957) interpreted the feature as one slope
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Ailanthus (tree-of-heaven), X4; 6, winged fruit of Engelhardia (walnut family), X4.

of an anticline trending northeast-southwest and plunging to the
southwest. The formations and their strata are exposed in pro-
gressively younger sequence from the northwest to the southeast
(Robinson and Stensland, 1979), culminating in the Columbia
River Basalt Group southeast of Lone Pine Flat and in the
Miocene-Pliocene Deschutes Formation (Newcomb, 1970) and
Pleistocene lake terraces (Brogan, personal communication,
1970) in the Prineville basin.

The occurrence of marble of possible Paleozoic age (Ashwill,
1979) and the discovery of a Permian fusulinid in a cobble from
a dry creek bed at the base of Gray Butte (Thompson and
Wheeler, 1942) suggest that the area is more complex tectoni-
cally than is suggested by the most recent regional geologic map
(Robinson and Stensland, 1979).

The Sumner Spring localities occur in lacustrine shales
mapped as Clarno Formation by Robinson and Stensland (1979).
Although the Clarno Formation is Eocene throughout most of its
extent in north-central Oregon, a whole-rock potassium-argon
date of about 31 m.y. (Oligocene) was obtained from basalt
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attributed to the Clarno Formation on the north side of Gray
Butte (unpublished data by P.T. Robinson and E.H. McKee, cited
in Fiebelkorn and others, 1983, p. 23).

FLORAL COMPOSITION
Introduction

Although more than 250 specimens have been collected,
only 11 species have been identified to the genus level. Five
additional taxa can be distinguished but remain unidentified.
Many specimens still require identification, but most of the floral
assemblage appears to be represented in this paper. The fossil
remains include leaves and reproductive structures. Most of the
fossil fruits and seeds were winged species, which may represent
a bias toward deposition of wind-carried debris in the lake
environment.

Ten of the species found at Sumner Spring occur in the Nut
Beds and/or in the West Branch Creek localities of the Clarno
Formation. Nine of the species occur in the Bridge Creek flora or
other classical Oligocene floras. Six species of the Sumner Spring
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flora occur in both the Clarno and John Day Formations. A
systematic list of floral composition is given in Table 1, and
specimens are shown in Figures 2, 3, and 4.

Pteridophyta

A three-dimensional fragment and several compressed stems
of Equisetum have been recovered by Ashwill from the Sumner
Spring flora.

Gymnospermae

Site 75 has yielded seeds resembling Picea (Pinaceae) (Figure
4,no. 14) and a cone scale of the genus Pinus (Pinaceae) (Figure
4, no. 13). A fossil branch belonging to the family Taxodiaceae
was also found there (Figure 4, no. 12).

Angiospermae

In addition to leaves, numerous winged fruits and flowers
representing five species have been identified in the fossil flora.
Samaras of at least one species of Acer (Aceraceae) are present
(Figure 2, nos. 1 and 2). Although Acer is common in the John
Day Formation, it has not been reported in the Clarno Formation.
Fruits of the related genus Dipteronia (Aceraceae) are present in
the flora (Figure 2, nos. 3 and 4). Dipteronia has not been
previously recorded in the literature from either the John Day or

Figure 4. Sumner Spring flora: 12, Taxodiaceous foliage (sequoia family), X2; 13, cone scale of Pinus (pine), X3; 14, winged seed of

Clarno Formations but has been found recently in sediments of
the Clarno Formation at Dry Hollow.

The walnut family (Juglandaceae) is represented by tri-
winged fruits of the genus Engelhardia (Figure 2, no. 6). It is well
represented in both the Clarno and John Day Formations in
Oregon.

Most abundant among specimens found at Gray Butte are
foliage and associated fruiting heads of Platanophyllum whitneyi
(Platanaceae), an extinct member of the sycamore family (Figure
3, nos. 7 and 8). Baldwin (1976, Figure 6.10) illustrates an
example of a sycamore leaf from OMSI locality 78. The same
kinds of leaves and fruits occur in the Eocene Chalk Bluffs flora
of California (MacGinitie, 1941), but this is its only known
occurrence in Oregon. One leaf fragment of Platanophyllum
angustiloba possessing several teeth along the margin was
collected from OMSI locality 75. Also found were several leaves
of Platanus sp., or true sycamore (Figure 3, no. 9).

Fossil leaves that have been tentatively identified as Quercus
simulata Knowlton (Fagaceae), an evergreen oak, occur in shales
of the Sumner Spring flora (Figure 3, no. 11). Q. simulata occurs
in the Miocene Blue Mountain localities of Oregon (Chaney,
1959) but has not been recorded previously in the Clarno
Formation. '

One winged fruit of the genus Ailanthus (Simaroubaceae)

Picea (spruce), X3; 15, Four-winged Tetrapteris-like fruit, X3; 16, Holmskioldia-like flower, X2.
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Table 1. Fossil plants of the Sumner Spring flora and their occurrence in floras of the Clarno and John Day Formations

Nut Beds:
Gray Butte Eocene
taxa Clarno Formation

West Branch Creek:
Eocene
Clarno Formation

Bridge Creek:
Oligocene
John Day Formation

Pteridophyta
Equisetum sp. X
Gymnospermae
Picea sp. —
Pinus sp. —_
Taxodiaceae X
Angiospermae
Acer sp. e
Ailanthus sp. —_
Dipteronia sp. R
Engelhardia sp.
Holmskioldia sp. —
Platanophyllum angustiloba X
Platanophyllum whitneyi —
Platanus sp. —
Quercus simulata —_
Tetrapteris sp. X
Typha sp. X
Zelkova sp. e

(tree-of-heaven) has been recovered from OMSI locality 75
(Figure 2, no. 5). Ailanthus is found in the Eocene Clarno
Formation but not in the younger sediments of the John Day
Formation.

A small Zelkova (Ulmaceae) leaf has been identified from
OM Sl locality 75 (Figure 3, no. 10). It is found in both the Clarno
and John Day Formations.

Abundant four-winged fruits (Figure 4, no. 15) that have not
yet been identified are present in both exposures. Wings radiate
from a central nutlet in cruciform orientation. The wings are up
to S mm wide and 10 mm long and are obovate to spatulate with
constricted and decurrent bases and rounded apices. Venation is
parallel but flares slightly toward the apex of each wing. These
fruits resemble those of Tetrapteris simsoni (Malpigiaceae)
(Brown, 1940) but are about a third as large and differ somewhat
in wing shape from T. simsoni. Numerous five-sepaled flowers
have been recovered from the Sumner Spring flora (Figure 4, no.
16). These remain unidentified but are similar to those of
Holmskioldia.

TIn addition to the dicots discussed above, several portions of
monocot lamina resembling Typha (Typhaceae) have been found
in the fossil flora. Palms have not been recovered.

CONCLUSION

The Sumner Spring flora shows similarities in composition to
classical localities of the Clarno and John Day Formations, as
represented by the Nut Beds and West Branch Creek and Bridge
Creek floras (Table 1). The lack of plants of true tropical nature,
such as palms, and the relatively low diversity of the flora seem to
indicate a temperate climate. The presence of Acer and Platanus,
which elsewhere are lacking in the Clarno Formation but present
in the John Day Formation, suggests that the Sumner Spring flora
is younger than the Nut Beds and other typical Clarno localities.
Although the Sumner Spring localities are mapped as Clarno
Formation (Robinson and Stensland, 1979), these floral consider-
ations suggest that the Sumner Spring localities are younger than
typical Clarno flora and perhaps closer in age to floras known
from the lower part of the John Day Formation. Possibly the
Sumner Spring flora is Oligocene in age.
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ABSTRACTS

The Department maintains a collection of theses and disserta-
tions on Oregon geology. From time to time, we print abstracts of
new acquisitions that we feel are of general interest to our readers.

THE UNITY RESERVOIR RHYODACITE TUFF-BREC-
CIA AND ASSOCIATED VOLCANIC ROCKS, BAKER
COUNTY, OREGON, by John W. Reef (M.S., Washington
State University, 1983)

Previous work concerning the volcanic breccia at Unity
Reservoir has been restricted to brief and varied descriptions of
the unit. It was believed that the breccia was similar to and
continuous with the widespread volcaniclastics to the north
(Clarno conglomerate). Prior to this study an origin for the
breccia had not been presented.

This investigation has shown that the Unity Reservoir tuff-
breccia forms a distinct lithologic unit within the Unity, Unity
Reservoir, and Hereford quadrangles. It is locally overlain by a
rhyodacite flow, and a small exposure of an upper breccia
locally overlies the flow. Both breccias consist of a homogene-
ous assemblage of volcaniclastic debris of rhyodacitic compo-
sition in which angular to subangular blocks make up
approximately 35 percent of the unit. The blocks in the main
breccia have phenocrysts of plagioclase, basaltic hornblende,
orthopyroxene, and clinopyroxene in a hyalopilitic groundmass
of plagioclase, magnetite, and glass. The upper breccia has
phenocrysts of plagioclase, quartz, orthopyroxene, clinopy-
roxene, and biotite. The matrix of both breccias consists of
angular to subrounded lapilli and ash-sized fragments similar in
composition to the blocks. Poor fossil evidence suggests an
Eocene age for the breccia.

The breccia is greater than 300 m thick. Throughout most of
the unit, the blocks and matrix are randomly distributed, but
near the top of the unit, variations in the proportions of blocks
to matrix impart a crude stratification to the deposit. The
homogeneity; poorly developed stratification; angularity of the
blocks and matrix; and the absence of pumice, glass shards,
brecciated dikes or vent structures, lateral grading, gravity
sorting, or features indicating emplacement at high tempera-
tures indicates that the breccia is of laharic origin.

The Clarno conglomerate, found north of the study area, is
separated from the breccia by a younger rhyolite flow that
prevents direct correlation. The Clarno conglomerate, however,
consists of blocks of dacite, basalt, andesite, and rhyolite and is
clearly different from the homogeneous rhyodacites of the Unity
Reservoir tuff breccia.

Dooley Rhyolite is reported to overlie the rhyodacites of the
study area, but it has not been previously described. It has been
found during this investigation to consist of three distinct
ignimbrite flow units. Each unit is welded and believed to
represent an incomplete section of a layer-2 deposit. Analyses
show that each ignimbrite unit can be distinguished from the
others on the basis of petrographic and chemical characteristics.

THE QUEEN OF BRONZE COPPER DEPOSIT, SOUTH-
WESTERN OREGON: AN EXAMPLE OF SUB-SEA
MASSIVE SULFIDE MINERALIZATION. by Mark Randall
Sorensen (M.S.. University of Oregon. 1983)

The Queen of Bronze is a copper-rich massive sulfide deposit

located in the western Paleozoic and Triassic belt of the
Klamath Mountains. Field and petrochemical evidence is
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consistent with formation of the igneous host rocks in an
oceanic setting, perhaps a back-arc basin. There are two types of
hydrothermal alteration: (1) ore-related envelope alteration:
and (2) hydrothermal metamorphism. which occurred after
envelope alteration. The strong enrichment of altered rocks in
FeO and depletion in SiO-. as well as locally abundant cobaltite
in the ores, suggest that mineralization proceeded at high
temperatures (near 400°) and low pressures. Ore from the mine
differs from typical massive sulfide ores in having abundant,
early euhedral quartz. The bulk of the geologic evidence implies
that mineralization occurred due to cooling of hydrothermal
solutions in large open spaces. probably fissures. in the sub-sea
floor.

THE “TOPS” OF PORPHYRY COPPER DEPOSITS —
MINERALIZATION AND PLUTONISM IN THE WEST-
ERN CASCADES, OREGON, by Sara G. Power (Ph.D,
Oregon State University, 1984)

The mining districts of the Western Cascades and their
associated epizonal plutons and locally extensive zones of
hydrothermally altered rocks are roughly parallel to the
northerly trend of the Quaternary High Cascades. The volcanic
rocks range in age from Oligocene (Washougal and Bohemia
districts) to mid-Miocene (North Santiam, Detroit Dam,
Quartzville, and Blue River districts). These volcanic rocks are
intruded by numerous plutons of intermediate composition.
Both plutonic and volcanic rocks have calc-alkaline affinities,
and the chemical composition of the intrusions resembles that of
plutons from island-arc terrains. Ages of plutons in the
Washougal (20 m.y.), North Santiam (13 m.y.), Blue River (13
m.y.), and Bohemia (22 m.y.) districts are consistent with the
geology of these areas. Ages of hydrothermal alteration in the
Washougal (19 m.y.) and North Santiam (11 m.y.) districts
suggest a direct genetic relationship between mineralization and
spatially associated plutons of granodiorite and quartz diorite
porphyries and porphyritic granodiorite, respectively.

Hydrothermal alteration of plutonic and volcanic host rocks
in and adjacent to the mining districts of the Western Cascades
is dominated by the propylitic assemblage. Argillic and phyllic
assemblages are more local and are controlled by structure,
especially near the base and precious-metal-bearing vein
deposits. Potassic alteration is associated with porphyry-type
mineralization in the Washougal and North Santiam districts
and with a one-sample Cu-Mo anomaly in the Bohemia district.
Vein-type mineralization is largely defined by subequal
amounts of Cu and Zn together with lesser quantities of Pb,
whereas that of the porphyry-type is dominated by Cu.

Sulfur isotope compositions of the sulfide minerals range
from 5.1 to 5.0 permil and average about 1.7 permil. This
relatively narrow range of 8>S values near 0 permil is consistent
with a magmatic derivation for the sulfur. Isotopic temperature
estimates indicate sulfide deposition in veins at 200° to 500° C
and up to 675° C in porphyry-type environments. Homogen-
ization temperatures and salinities of fluid inclusions in vein
quartz range from 167° to 319° C and from 0 to 18 wt percent
NaCl, respectively. In contrast, those of halite-bearing
inclusions associated with breccia pipes and potassically altered
plutons exceed 386° C and 30 wt percent NaCl. The depth of
cover at the time of mineralization is estimated to range from
740 m in the North Santiam district to 1,800 m in the Washougal
district.

Geologic and geochemical evidence collectively suggest that
porphyry-type copper and molybdenum mineralization may
underlie many if not all mining districts of the Western
Cascades. [J
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GRC announces meetings

Annual Meeting: The Geothermal Resources Council
(GRC) will hold its 1986 Annual Meeting September 29
to October 1 at the Americana Canyon Hotel in Palm
Springs, California. The meeting is intended to provide a
forum for exchange of new and significant information on
all aspects of the exploration, development, and use of
geothermal resources.

The meeting’s program will offer presentations at oral
and poster sessions, field trips, and special events. An-
nouncement of the program will be made at a later date.
The deadline for papers for the meeting and subsequent
publication in the GRC Transactions is April 25, 1986.

In conjunction with the meeting, the GRC will hold its
10th annual photography contest to recognize artistic abil-
ity in photographing geothermal development and to aug-
ment the GRC photo library. Winning entries will be dis-
played at the meeting. Entries for the contest must be
received in the GRC office by August 15, 1986.

Direct-use workshop at OIT: A topical workshop on
the direct (nonelectrical). uses of geothermal energy has
been announced by its sponsors, the Geothermal Resour-
ces Council (GRC), the Geo-Heat Center of the Oregon
Institute of Technology (OIT), and the Pacific Northwest
Section of the GRC. The workshop will be held May 20-
22,1986, in the Mount Shasta Complex of the geotherm-
ally heated OIT campus at Klamath Falls.

The workshop will include approximately 40 short pre-
sentations, a panel, and a round-table discussion, all con-
cerning direct-use development, applications, and equip-
ment. A display/exhibit area for interested manufacturers,
suppliers, institutions, or agencies will be set up near the
meeting room. There will also be a field trip to tour
various geothermal sites to inspect direct-use equipment
and applications.

The comprehensive fee for the course is $150; stuents
may attend for a fee of $5 per day. Optional college credit
for the workshop is offered for an addition al fee of $58.

For more information and registration contact the GRC,
P.O. Box 1350, 111 G Street, Suite 29, Davis, CA 95617-
1350, phone (916) 758-2360. 0

USGS employees receive service awards
at Western Region convocation

Department of Interior service awards for outstanding achieve-
ment in their respective fields were presented to U.S. Geological
Survey (USGS) employees on the staff of the Survey’s Western
Region headquarters at a recent convocation in Menlo Park,
California. Two of the awards will be of particular interest to
Oregon Geology readers.

William Porter Irwin, USGS geologist from Menlo Park,
California, received a meritorious service award for his achieve-
ments as a geologic mapper and as an innovator of new scientific
concepts. His geological studies, initially on the northern Cali-
fornia Coast Ranges and later in the Klamath Mountains, are
credited with being instrumental in developing concepts leading
to important interpretations of oceanic plate movement and
tectonic analysis. In the words of the citation, “he was the first to
understand that the Klamath Mountains are made up of a series
of thrust sheets, each composed of different materials that record
highly varying geologic histories. The separate entities were
designated ‘terranes’ and were recognized to be the fundamental
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building blocks out of which the continental crust of the Klamath
Mountains was assembled.”

A 40-year length of service award was given to geologist
George Walker of Los Altos, California, identified to his geologic
colleagues as “Mr. Oregon Geologist.” Walker, who holds A.B.
and M.S. degrees from Stanford University, was commended for
his mapping and studies of the geology of Oregon “on all scales
and from many angles.”

USGS Associate Director Doyle Frederick of the National
Center, Reston, Virginia, presented the awards and gave the
principal address. George Gryc, Western Region director’s repre-
sentative, presided at the ceremonies.

— USGS press release

First reports commissioned by
Gorda Ridge Task Force released

Four open-file reports reviewing existing biological data on
the Gorda Ridge and vicinity off the coast of southern Oregon
and northern California have been prepared by the Oregon State
University (OSU) College of Oceanography and released by the
Oregon Department of Geology and Mineral Industries
(DOGAMI). The reports all have the general title, A Summary of
the State of Scientific Information Relating to the Biology and
Ecology of the Gorda Ridge Study Area, Northeast Pacific Ocean.
Open-File Report 0-86-6 reviews literature on benthos, 0-86-7
on nekton, 0-86-8 on plankton, and 0-86-9 on seabirds.

The reports are the first results of a series of studies com-
missioned by the joint Federal-State Gorda Ridge Technical
Task Force during March 1985. The Task Force was formed in
February 1984 and is charged with conducting a technical
analysis of the economic and environmental implications of
leasing the Gorda Ridge for the mining of polymetallic sulfide
minerals. Funding was provided by the U.S. Minerals Manage-
ment Service. The reports are intended for use in identifying
appropriate research to support decision making for possible
development on the outer continental shelf.

Open-File Report 0-86-6, Benthos, was written by Michael
A. Boudrias and Gary L. Taghon. The 58-page report summa-
rizes the available literature on all bottom-dwelling organisms in
the study area and includes a section on the species found
surrounding hydrothermal vents elsewhere in the Pacific.

Open-File Report 0-86-7, Nekton, was written by James T.
Harvey and David L. Stein. Itis 131 pages long and summarizes
available knowledge on shrimps, cephalopods, fishes, and marine
mammals in the study area. Biological data, including abun-
dance, distribution, reproduction, growth, migration, food habits,
and commercial exploitation, are summarized for each species
for which there is information.

Open-File Report 0-86-8, Plankton, was written by Steven G.
Ellis and Jonathan H. Garber. This 47-page document summa-
rizes phytoplankton and zooplankton abundance and distribution
and discusses the feeding ecology of major zooplanktonic groups
in the study area.

Open-File Report 0-86-9, Seabirds, is 27 pages long and was
written by Lynn D. Krasnow. It discusses seabird densities and
movements at sea, colony sites, population estimates, feeding
habits, growth, and behavior and contains a list of species of
seabirds known or thought to exist in the Gorda Ridge study area.

The reports are now available for sale at the Oregon Depart-
ment of Geology and Mineral Industries, 910 State Office
Building, 1400 SW Fifth Avenue, Portland, OR 97201-5538.
Purchase prices of the reports are as follows: 0-86-6 (Benthos),
$5; 0-86-7 (Nekton), $7; 0-86-8 (Plankton), $5; and 0-86-9
(Seabirds), $4. Orders under $50 require prepayment. [J
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DOGAMI hires industrial minerals geologist

Ronald P. Geitgey has joined the staff of the Oregon De-
partment of Geology and Mineral Industries (DOGAMI) as
industrial minerals geologist. He is a graduate of the College of
Wooster in Wooster, Ohio, and the University of Virginia at
Charlottesville and has done additional graduate work at the
University of New Mexico at Albuquerque. Geitgey was em-
ployed as geologist by Leonard Resources, Albuquerque, New
Mexico, and as senior geologist for industrial minerals explora-
tion by Duval Corporation, Tucson, Arizona.

Ronald P. Geitgey

During his career, Geitgey has directed exploration and dril-
ling operations in borates, coal, oil and gas, potash, sulfur,
uranium, and zeolites, with additional experience in exploration
and evaluation of cement rock, clays, diatomite, geothermal
resources, magnesite, perlite, phosphate, sodium sulfate, and
trona. He has worked with numerous analytical techniques and
has had experience in establishing and coordinating industrial
minerals analytical programs.

His responsibilities with DOGAMI will be to conduct geo-
logic investigations of nonmetallic mineral deposits of probable
economic potential and to serve as the Department’s information
source on nonmetallic mineral resources and markets. He is
currently involved in an evaluation of bentonite in Oregon, a part
of the Department’s new program to define markets and to
evaluate the industrial mineral resources of the state. [J

New USGS topo maps of Mount Hood area
have many features

Two multicolored topographic maps of the Mount Hood,
Oregon, volcanic area, printed back-to-back on the same sheet
and containing a wide variety of topographic, hydrologic, and
geographic information, have been recently published by the
U.S. Geological Survey (USGS).

One side of the Mount Hood-area sheet contains a map
printed at a scale of 1:24,000 (1 in. on the map represents about
2,000 ft on the ground) and depicts about 235 sq mi of land
surface in Oregon. The other side has a map printed at a scale of
1:100,000 (1 in. represents about 1.6 mi) and shows a much
larger area of about 4,550 sq mi of Oregon and Washington.

The Mount Hood maps, which were prepared cooperatively
by the USGS National Mapping Division and the USGS Water
Resources Division, are printed on both sides of a 30- by 60-in.
sheet. The 1:24,000-scale map can be used by land-use planners,
administrators, government and industry, and also by hikers,
campers, and other outdoor enthusiasts as a detailed guide to
areas on and immediately around Mount Hood, including the
Mount Hood Wilderness. Trails and campgrounds are depicted,
along with streams, lakes, snowfields, glaciers, roads, and cultu-
ral features. Contours and elevations are shown in feet.

For the first time on a USGS map, the 1:24,000-scale map
portrays and tabulates the volumes of ice locked in the glaciers
and permanent snowfields on Mount Hood. The USGS Water
Resources Division tabulated the ice volumes by individual
basins in order to analyze potential mudflow and flood hazards
during possible volcanic eruptions of Mount Hood.

USGS hydrolologists estimated that about 12.2 billion cu ft
of ice is on Mount Hood in glaciers and permanent snowfields.
That is equal to more than half the water normally in Lake
Bonneville on the Columbia River. The total includes 8.6 billion
cu ft for the Hood River basin, 1.7 billion cu ft for the Sandy
River, 1.4 billion cu ft for the Zigzag River, and 500 million cu ft
for the White River,

The three major rivers in the Mount Hood region — the
Columbia, Deschutes, and Sandy, generally mark the boundaries
of the 1:100,000-scale map. The area’s two major public-supply
surface-water reserves — the Bull Run for Portland and the
Dalles for the city of The Dalles — are outlined.

The 1:100,000-scale map includes areas likely to be affected
by mudflows, flooding, and other volcanic hazards. It also pro-
vides information on federal lands, including the Mount Hood
National Forest, and indicates areas of responsibility for land
management by federal and state agencies. In addition, it shows
contours and elevations of peaks and other places in meters.

Asan aid to forest visitors, both sides of the map use the U.S.
Forest Service road-numbering system. Roads are designated as
primary or secondary roads or trails.

The “Mount Hood and Vicinity” map sheet is available in a
folded edition either by mail or over the counter for $6 from the
Portland office of the Oregon Department of Geology and
Mineral Industries. It is also available from usual USGS and
commercial outlets. (]

(Fossil flora, continued from page 55)
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reconnaissance geologic map of the central portion of the High
Cascade Mountains: Oregon Department of Geology and Mineral
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AVAILABLE DEPARTMENT PUBLICATIONS

GEOLOGICAL MAP SERIES Price No. copies Amount
GMS-4: Oregon gravity maps, onshore and offshore. 1967 ........ ... ..o it $ 3.00
GMS-5:  Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 1971 3.00
GMS-6: Preliminary report on geology of part of Snake River canyon. 1974 ........... ... iiiiiiiiiiiiiiiiiiiien... 6.50
GMS-8: Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978 ....................... 3.00
GMS-9: Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 ......................... 3.00
GMS-10: Low- to intermediate-temperature thermal springs and wells in Oregon. 1978 .................coiiiiiiiion... 3.00
GMS-12: Geologic map of the Oregon part of the Mineral 15-minute quadrangle, Baker County. 1978 ..................... 3.00
GMS-13: Geologic map, Huntington and part of Olds Ferry 15-min. quadrangles, Baker and Malheur Counties. 1979 ......... 3.00
GMS-14: Index to published geologic mapping in Oregon, 1898-1979. 1981 ... ..ottt 7.00
GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981 ......... 3.00
GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981 ......... 3.00
GMS-17: Total-field aecromagnetic anomaly map, south Cascades, Oregon. 1981 ..............coiiiiiiiiiiiiinininnen.. 3.00
GMS-18: Geology of Rickreall, Salem West, Monmouth, and Sidney 7"2-min. quads., Marion/Polk Counties. 1981 ........... 5.00
GMS-19: Geology and gold deposits map, Bourne 7'2-minute quadrangle, Baker County. 1982 ............................ 5.00
GMS-20: Map showing geology and geothermal resources, southern half, Burns 15-min. quad., Harney County. 1982 ......... 5.00
GMS-21: Geology and geothermal resources map, Vale East-7%2-minute quadrangle, Malheur County. 1982 ................. 5.00
GMS-22: Geology and mineral resources map. Mount Ireland 7%-minute quadrangle, Baker/Grant Counties. 1982 ........... 5.00
GMS-23: Geologic map, Sheridan 7%2-minute quadrangle, Polk/Yamhill Counties. 1982 ............ .. ..., 5.00
GMS-24: Geologic map, Grand Ronde 7'2-minute quadrangle, Polk/Yamhill Counties. 1982 .............cocoiiiienen.. 5.00
GMS-25: Geology and gold deposits map, Granite 7'2-minute quadrangle, Grant County. 1982 5.00
GMS-26: Residual gravity maps, northern, central, and southern Oregon Cascades. 1982 ............. ..., 5.00
GMS-27: Geologic and neotectonic evaluation of north-central Oregon: The Dalles 1°x2° quadrangle. 1982 ................. 6.00
GMS-28: Geology and gold deposits map, Greenhorn 7'2-minute quadrangle, Baker/Grant Counties. 1983 .................. 5.00
GMS-29: Geology and gold deposits map, NEV4 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 .................. 5.00
GMS-30: Geologic map, SEV Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 ....................... 8.00
GMS-31: Geology and gold deposits map, NWYs Bates 15-minute quadrangle, Grant County. 1984 ........................ 5.00
GMS-32: Geologic map, Wilhoit 7/2-minute quadrangle, Clackamas/Marion Counties. 1984 .............................. 4.00
GMS-33: Geologic map, Scotts Mills 7'2-minute quadrangle, Clackamas/Marion Counties. 1984 .......................... 4.00
GMS-34: Geologic map, Stayton NE 7'-minute quadrangle, Marion County. 1984 ............ ..o, 4.00
GMS-35: Geology and gold deposits map, SW' Bates 15-minute quadrangle, Grant County. 1984 ......................... 5.00
GMS-36: Mineral resources map of Oregon. 1984 ... ... i e 8.00
GMS-37: Mineral resources map, offshore Oregon. 1985 ... ... . . i e et 6.00 - -
N EW!GMS-39: Geologic bibliography and index maps, ocean floor and continental margin off Oregon. 1986 ..................... 500 4
GMS-40: Total-field aeromagnetic anomaly maps, Cascade Mountain Range, northern Oregon. 1985 ...................... 4.00
OTHER MAPS
Reconnaissance geologic map, Lebanon 15-minute quadrangle, Linn/Marion Counties. 1956 ..................ooiiinin.. 3.00
Geologic map, Bend 30-minute quad., and reconnaissance geologic map, central Oregon High Cascades. 1957 ............... 3.00
Geologic map of Oregon west of 121st meridian (U.S. Geological Survey Map I-325). 1961 ..............cooiiiiininin.n.. 6.10
Geologic map of Oregon east of 121st meridian (U.S. Geological Survey Map 1-902). 1977 ... 6.10
Landforms of Oregon (relief map, 17X12 00.) ... .uutnun ittt ittt e e e e e eenes 1.00
Oregon Landsat mosaic map (published by ERSAL, OSU). 1983 .............coiiiiiiien.n. $8.00 over the counter; $11.00 mailed
Geothermal resources of Oregon (map published by NOAA). 1982 ... ...t 3.00
Geological highway map, Pacific Northwest region, Oregon/Washington/part of Idaho (published by AAPG). 1973 ........... 5.00
Mist Gas Field Map, showing well locations, revised 4/85 (DOGAMI Open-File Report 0-84-2, ozalid print) ................ 5.00
Northwest Oregon, Correlation Section 24. Bruer & others, 1984 (published by AAPG) ...t 5.00
BULLETINS
33. Bibliography of geology and mineral resources of Oregon (1st supplement, 1937-45). 1947 ........................... 3.00
35. Geology of the Dallas and Valsetz 15-minute quadrangles, Polk County (map only). Revised 1964 .................... 3.00
36. Papers on Foraminifera from the Tertiary (v.2 [parts VI-VIIIJonly). 1949 ... 3.00
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-50). 1953 ....................ooutn. 3.00
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 1956 ........ ..ottt ininennns 3.00
53. Bibliography of geology and mineral resources of Oregon (3rd supplement, 1951-55). 1962 ....................coen 3.00
61. Gold and silver in Oregon. 1968 .. ... ... . i e 17.50
62. Andesite Conference guidebook. 1968 .. ... ...oouuiuntit ettt e e e 3.50
65. Proceedings of the Andesite Conference. 1969 ....... ... ...ttt 10.00
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 1956-60). 1970 ................c.cvvunn. 3.00
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971 ... ..., 5.00
77. Geologic field trips in northern Oregon and southern Washington. 1973 ........ ... iiiiiiiiiiiiiiiiiineinen, 5.00
78. Bibliography of geology and mineral resources of Oregon (5th supplement, 1961-70). 1973 ..............c.c.cooae.. 3.00
81. Environmental geology of Lincoln County. 1973 ... ... it ettt 9.00
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974 ................ccoiiiiiiinnn.. 6.50
83. Eocene stratigraphy of southwestern Oregon. 1974 ... ... ... i 4.00
85. Environmental geology of coastal Lane County. 1974 ... ... .. i i 9.00
87. Environmental geology of western Coos and Douglas Counties. 1975 ... ..ottt iiiiaiiniennenns 9.00
88. Geology and mineral resources, upper Chemco River drainage, Curry and Josephine Counties. 1975 ................... 4.00
89. Geology and mineral resources of Deschutes County. 1976 ... ... ..ot 6.50
90. Land use geology of western Curry County. 1976 ... .. ..ottt 9.00
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 ...................cooviiatn. 8.00
92. Fossils in Oregon. A collection of reprints from the Ore Bin. 1977 ... ... ..ottt 4.00
93. Geology, mineral resources, and rock material of Curry County. 1977 ... ..ottt 7.00
94. Land use geology of central Jackson County. 1977 ... iuiniiiinii ittt et 9.00
95. North American ophiolites IGCP project). 1977 ... ...ttt 7.00
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977 ........... ...t 12.50
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