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COVER PHOTO 
Mafic dike of John Day Formation cutting Creta­

ceous marine mudstones of the Hudspeth Formation 
along Gable Creek in the Mitchell quadrangle, Oregon. 
The article beginning on the next page discusses these 
dikes. . 
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New index of Oregon topo maps 
available from USGS 

A new index showing areas of the State of Oregon covered 
by 1,091 published topographic maps is now available upon re­
quest from the U.S. Geological Survey (USGS). 

By showing the shape and elevation of the terrain and 
delineating a wide range of natural and manmade features, 
standard USGS topographic quadrangle maps are valuable 
records of the land surface for engineers, scientists, planners, 
and others concerned with the nation's resources. The maps 
also are popular with hikers, hunters, campers, and other 
open-air enthusiasts as "silent guides" to the outdoors. The 
USGS annually distributes more than 10.5 million copies of its 
45,000 published "topo" maps. 

The Oregon index includes a map of the state showing 
areas covered by each of the available 7Yz-minute and 
15-minute quadrangle maps. The text on the back of the index 
lists other maps of Oregon published by the Survey, such as 
maps of the entire state, rivers and creeks, reservoirs and dam­
sites, and Crater Lake National Park. 

More than 85 percent of Oregon has now been cov,ered by 
quadrangle maps. The 7Yz-minute maps are at a scale of 
1 :24,000 (1 in. equals 2,000 ft) and the 15-minute quadrangle 
maps are at a scale of 1 :62,500 (1 in. equals about 1 mi). 

USGS-published maps of Oregon are deposited and avail­
able for inspection at nine reference libraries in the state-in 
Ashland, Bend, Corvallis, Eugene, Klamath Falls, La Grande, 
Monmouth, Portland, and Salem. The index also lists com­
mercial outlets in Oregon, California, Idaho and Washington 
where many of the maps may be purchased, including the 
Portland office of the Oregon Department of Geology and 
Mineral Industries. 

Copies of the "Index to Topographic Maps of Oregon" 
are available free from USGS Public Inquiries Offices in 
Menlo Park, Calif. (Building 3, 345 Middlefield Rd.); San 
Francisco (504 Custom House, 555 Battery St.); Los Angeles 
(7638 Federal Building, 300 North Los Angeles St.) and 
Spokane, Wash. (678 U.S. Court House, West 920 Riverside 
Ave.). 0 

Mine reclamation fees increase 
The 1981 Oregon Legislative Assembly passed House Bill 

2220 increasing the fees (provided in ORS 517.8(0) for mining 
reclamation. The bill was signed by the Governor and became 
effective upon signature July 2, 1981. 

The application fee for a new site is $390, and the annual 
renewal fee is $290. The increase is designed to maintain the 
self-sufficiency of the Mined Land Reclamation Program 
through the 1981-1983 biennium. This program, intended to 
restore surface mined land to a continuing useful purpose, is 
90 percent funded by the industry it regulates. 

The new fees are now effective for all new mining site ap­
plications. Renewal fees are effective August 1981. 0 
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A mafic dike system in the vicinity of Mitchell, Oregon, and 
its bearing on the timing of Clarno-John Day volcanism 
and early Oligocene deformation in central Oregon 
by Edward M. Tay/or, Department oj Geology, Oregon State University, Corvallis. Oregon 97331 

INTRODUCTION 

A system of wesl-northwesl-lrending basalt ic dikes crops 
OU! in the vicinity of Mitchell, Oregon. The dikes are exposed 
best in the central part of the northeast-southwest-trending 
Mitchell anticline, where they have intruded Cretaceous 
marine sedimentary rocks of the Gable Creek and Hudspeth 
Formations. The dikes also have penetrated the overlying vol­
canic rocks of the Clarno Formation on both limbs of the anti­
cline and were probably associated wi th basaltic lava flows of 
the lower John Day Formation. Parts of this dike system ap­
pear on a published geologic map of the Mitchell quadrangle 
and have been designated "Airporl dikes," "Nelson Creek 
dikes," and "Keyes Creek dikes" (Oles and Enlows, 1971). 

The mafic dike system has been traced over an area ap-

proximately 9 mi long and 2 mi wide in which the dikes are ar­
ranged in groups of subparallel segments (Figure I). Individual 
segments range in length from 1 mi to a few tens of feet and 
are commonly offset from each other along trend. Adjacent 
segments locally taper to thin edges at their extremities, or they 
are joined, nearly at right angles, by shorl connective dikes. 
Most of the dike segments are 15-20 ft wide; their width at a 
few localities where bulbous protrusions extend into incompe­
tent rocks is as much as I iO ft. In contrast, some dikes appar­
ently were unable to invade competent rock; they terminate or 
bifurcate just below thick resistant strata or preexistent sills. 

Elongate depressions are produced by erosion of dikes 
that cut resistant strata (Figure 2). Elsewhere, as in soft mud­
stones of the Hudspeth Formation, low ridges mark the posi­
tions of dikes (Figure 3). Volcanic mudflow deposits of the 

Figure /. Distribution oj high Fe- Ti tholeiitic basalt dikes oj late Oligocene age in the vicinity oj Mitchell, Oregon. Heavy solid 
lines represent dike outcrops; dolted lines represent injerred positions oj covered dikes. 
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Figure 2. Mafic dike in negative refief Country rock is 
erosionally resistant conglomerate oj the Gable Creek Forma­
tion, 3.8 mi west oj Mitchell. 

Clarno Formation have been so indurated in close proximity to 
the dikes that double walls of erosionally resistant mud flow 
can be found standing in relief along dike margins. 

The margins of dikes consist of very fine-grained, black, 
devitrified glass in a chilled zone up to 2 ft wide. Dike interiors 
are gray where fresh, uniformly coarse grained, and commonly 
display crude columnar jointing (Figure 4). Weathering of dike 
rocks is always more advanced in the interior than at the 
margins and produces a dark-brown, ferruginous soil. 

PETROGRAPHY 

In the dike margins, thin tablets of plagioclase (An,,) 
make up 3-4 percent of the rock and are never more than O.S 
mm long. They are surrounded by grains of pyroxene and 
magnetite approximately 0.001 mm in diameter which form a 
very fine-grained intergranular texture with n;ticrolites of 
plagioclase. Thin films of brown glass still exist in the freshest 
samples. A green isotropic clay mineral, probably a complex 
chlorite interlayered with other phyllosilicates replacing traces 
of olivine, occurs in euhedral patches up to O.S mm in diameter 
(Figure SA). 

The zone of transition between the fine-grained margins 
and the coarse-grained interior of dikes is only 1-10 in. wide 
(Figure 6). Within this zone, elongate crystals of clinopyroxene 
and plagioclase are suspended in a fine ground mass and 
become larger and more abundant toward the interior. Near 
the inner boundary of the transition zone, the groundmass is 
represented by small, fine-grained patches of late-crystallizing 

Figure 3. Mafic dike in positive relief Country rock is easily eroded muds/one oj the Hudspe/h Formation, 2.8 /IIi west oj 
Mitchell. 

103 ORt :GON GEOI.()(;V, VOL 43, NO.8, AU(;UST 1'181 



Figure 4. Columnar jointing in the Keyes Creek dike adjacent to U.S. Highway 26. Hat rests upon contact with volcanic 
mud/low deposits oj the Clarno Formation. 

feldspar, largely altered to smectite (Figure 58). 
Wherever the width of dikes exceeds 10-12 ft, the interior 

is texturally hypidiomorphic-granular, consisting of 
plagioclase, monoclinic pyroxene, and opaque oxides up to 1.5 
mm in length (Figure sq. Plagioclase of composition An,o-60 
makes up 75 percent of the dike rocks. The pyroxene is a dusky 
augite with a 2V of 45-48 0 and commonly constitutes 18-20 
percent of the rock. The opaque oxide, which is titanomagne­
tite in the fine-grained margin, becomes a coarse-grained 
skeleta l and dendritic admixture of ilmenite and magnetite in 
the interior. 

Alteration of dike rocks by deuteric processes and 
weathering has converted all olivine to green chloritic 
minerals. In varying degrees, pyroxene is altered to highly 
birefringent yellow and orange smectite, ilmenite and 
magnetite are altered to leucoxene and hematite, and plagio­
clase is replaced by carbonate. In Table I, the chemical effects 
of alteration are revealed by the contrast between column 3, an 
average of two very fresh samples from dike margins, and col­
umn 4, an average of seven altered samples from dike inter­
iors. Altered dike rocks have lost Fe and Mg but gained Caand 
an unspecified quantity of HID and COl. 

Rocks of the mafic dike system in the Mitchell area are 
low-alumina tholeiites enriched in Fe and Ti. They are distinct 
from Mitchell-area basaltic flows and dikes of the Clarno For­
mation in which the AI, Ca, and Mg content is much greater 
and the Fe and Ti content is much smaller (Taylor, unpub­
lished data). Major-element composition of the dikes is also 
distinct from basalts of the Picture Gorge Formation in the 
Mitchell area because the dikes contain much more Fe and Ti. 
The closest compositional match to the mafic dike system is 
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Table J. Major-element composition 
oj mafic dikes near Mitchell, Oregon· 

(I) (2) (3) (4) (l) 

SiOl 51.3 51.8 51.6 52.0 47.74 
AbO) 12.8 13.4 13.1 13.7 15.27 
F«l 15.6 14.5 15.1 14.1 15.2 
c,o 7.8 8.l 8.2 8.' 7.57 
MgO lA 4.0 4.7 3.l 4.70 
K,O 0.65 0.50 0.60 0.75 1.46 
NalO 3.1 3.1 3.1 3.0 3048 
TiOI 3.10 3.00 3.05 3.00 3.33 

Total 99.75 98.80 99045 98.65 98.75 

(I) Fresh marginal glass from Keyes Creek dike, 500 ft north 
of south corner sees. 31 and 32, T. 11 5., R. 22 E. 

(2) Fresh marginal glass from east end of Mill Creek dike, 
4,400 ft elevation, NWY. sec. 9, T. 125., R. 22 E. 

(3) Average of (1) and (2). 
(4) Average of seven slightly altered rocks from dike interiors, 

representing all dike groups. 
(5) 8asaltic lava from lower John Day Formation, 6 mi north­

west of Mitchell, 700 ft west of intersection of sees. 4, 5, 8, 
and 9, T. 11 S., R. 21 E. Recast HID-free from Hay 
(1962). 

• Analyses (\}-(4) by XRF and AAS. Total Fe as FtC. H:Q and 
COl not included because samples were fused before analysis. 

.09 
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Figure 5. Photomicrographs oj dike rocks in which each field width is 0.2 mm. (A) Fine-grained margin consisting oj sparse 
olivine altered to cloy (cenler) surrounded by microlites oj jeldspar and granules oj pyroxene, titanomagnetite, and glass. (B) Tran­
sition zone oj coarsejeldspar, monoclinic pyroxene, blades oj intergrown magnetite and ilmenite, and patches oj fine groundmass. 
Crossed polars. (C) Coarse hypidimorphic-gronular interior. Same minerals as (B). 

Figure 6. Transition zone jrom fine-grained, close­
fractured margin (below head oj hammer) to coarse-grained 
interior oj mafic dike (above head oj hammer). 
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with basaJtic lavas in the lower part of the John Day Forma­
tion northwest of Mitchell (Figure I). The John Day lavas lack 
phenocrysts and contain high Fe and Ti (Table I, column 5). It 
is not suggested that the mafic dike system was the direct 
source of these particular John Day lavas, because the dikes 
are high-Si, low-K tholeiites while the lavas are low in Si and 
high in K, transitional to alkaJi basalts (Robinson, 1969). 

CONCLUSIONS AND SPECULATIONS 

Emplacement of the dikes 

An obvious feature in need of resolution is the rather 
peculiar distribution of the dikes. Within the overall west­
northwest trend, the dikes occur in distinct groups that are suc­
cessively offset en echelon in a left-lateraJ sense. For example, 
Nelson Creek dikes seem to be offset from Mill Creek dikes, 
and a similar pattern is exhibited by Gable Creek, The Nar­
rows, Airport, and Keyes Creek dikes (Figure I). On a smaller 
scale, the same pattern can be seen between the individual off­
set segments of each dike group. 

Although it has been reported that "dikes generally oc­
cupy preexiting faults" and some dike segments have been 
shown on geologic maps to be offset by strike-slip faults (DIes 
and Enlows, 1971, map and explanation), detailed study of the 
dikes and surrounding country rock has fai led to confirm these 
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relationships. Many faults of varying extent and displacement 
occur in the vicinity of dikes but not one has been found to be 
coincident with a dike. Slickensided fractures have been found 
within dike rocks at two localities; displacement of only a few 
feet is indicated. Where extremities of dikes are exposed, they 
are seen to taper to thin edges rather than blunt, faulted termi­
nations. Moreover, adjacent segments often overlap in parallel 
alignment far beyond the positions of possible cross faults. 

The Keyes Creek and Nelson Creek dikes have been de­
scribed as parts of a single dike that has been offset 22,000 ft 
by right-lateral slip along the Mitchell fault (Oles and Enlows, 
1971, p. 48, 54, 59). This interpretation must be reconsidered, 
because the eastern 1 mi of the Keyes Creek dike cuts across 
the Mitchell fault (Figure 1). Segments of the dike lie in the 
crush zone of the fault and display no evidence of disruption 
or reorientation. If the Nelson Creek dikes are correctly pro­
jected to the Mitchell fault, an offset of 28,000 ft is indicated. 
This is more than twice the right-lateral displacement of the 
Mitchell fault, as demonstrated by offset of the axis of the 
Mitchell anticline (Wilkinson and Oles, 1968). It is my conclu­
sion that the mafic dike system in the Mitchell area has not 
been significantly displaced by later faulting of any kind. In 
particular, right-lateral movement along the Mitchell fault 
preceded dike emplacement. 

The dike segments are not randomly located; in both posi­
tion and orientation their emplacement appears to have been 
systematically controlled. It is especially significant that the 
dikes, with one exception, seem to have avoided the trace of 
the Mitchell fault and many other faults that are parallel to it. 
What could have localized the dikes? This question can be 
readily answered if it is assumed that the dikes were emplaced 
after most of the right-lateral movement had occurred on the 
Mitchell fault but before the responsible conditions of stress 
had died out. The magma would have found paths of least 
resistance along gash fractures at acute angles to the Mitchell 
fault, while passage of magma into the fault zone itself would 
have been hindered. Gash fracture control of the dikes was 
proposed by Oles and Enlows (1971, p. 59), but they also em-

phasized dike emplacement prior to right-lateral faulting and 
presumably prior to development of gash fractures. 

A new emphasis should be placed upon the nearly equiva­
lent age of the dike system and the Mitchell fault. If a deep­
seated body of mafic, nonporphyritic, fluid magma, elongate 
in a west-northwest direction, was intersected by a zone of 
right-lateral disruption of the crust along the Mitchell fault, 
the magma could have penetrated gash fractures and produced 
the pattern of dikes now seen in the Mitchell area. Indeed, 
without this combination of tectonic pressures and avenues of 
escape, the dense magma might never have reached shallow 
crustal levels or poured over the surface. 

Age of the dikes 

K-Ar ages of the Nelson Creek dikes and Airport dikes 
were reported to be 29.4 ± 0.6 and 33.4 ± 1.3 m.y., respectively 
(Enlows and Parker, 1972). However, the dikes were probably 
formed at the same time. It is unlikely that, in this small area, 
many separate magmas of nearly identical major-element com­
position and extent of crystallization would penetrate to the 
same crustal level in response to apparently identical condi­
tions of stress and adopt the same paleomagnetic polarity over 
a span of four million years. Because the dikes show a much 
closer compositional relationship to lavas of the John Day 
Formation than to any known rocks of the Clarno Formation, 
and because the age (31.5 m.y.) of John Day mafic lavas only 3 
mi northwest of the dikes (Evernden and others, 1964) matches 
the average age (31.4 m.y.) of dikes reported by Enlows and 
Parker, I conclude that 31.5 m.y. is the best currently available 
estimate of the age of the mafic dike system in the Mitchell 
area. 

Clamo-John Day boundary problem 

Enlows and Parker (1972) placed the dikes within the "in­
dicated span of Clarno igneous activity in the Mitchell quad­
rangle" which lasted "from about 46 million years before pres-

Table 2. K-Ar ages/rom upper Clarno and lower John Day Formations in the vicinity 0/ Mitchell, Painted Hills, and Clarno Bridge 

Age 
(m.y.) Material Location Stratigraphic position Reference 

29.3±Q.5 Whole rock 1 mi SE of Mitchell Nelson Creek dikes Enlows and Parker, 
29.4±0.6 1972 
31.1 Sanidine Painted Hills Tuff bed 165 ft above base of Evernden and others, 

John Day Formation 1964 
31.5 Whole rock Between Mitchell and Painted Hills Basalt lava in lower red John Day Evernden and others, 

Formation 1964 
32.0 Sanidine 1 mi E of Clarno Bridge Altered tuff at base of John Day Evernden and James, 

Formation 1964 
30.1 ±4.7 Whole rock 4.5 mi E of Mitchell Andesite lava, "upper Clarno" Enlows and Parker, 
35.6±3.4 1972 
33.3 ± 1.2 Whole rock 1.5 mi NW of Mitchell Airport dikes Enlows and Parker, 
33.5 ± 1.3 1972 
34.0 Plagioclase 2 mi NE of Clarno Bridge "Nut Beds" at top of Clarno Evernden and James, 

Formation 1964 
36.4± 1.1 Sanidine 2.2 mi SW of Ashwood "Member A" at base of John Day Swanson and Robinson, 

Formation 1968 
36.5±0.9 Sanidine 1.5 mi SW of Painted Hills Crystal tuff near top of Clarno Evernden and others, 

Formation 1964 
37.5 Whole rock Between Mitchell and Painted Hills Andesite lava near top of Clarno Evernden and others, 

Formation 1964 
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ent to 30 million years before present" and "was immediately 
succeeded by the deposition of the extensive volcaniclastic 
sediments of the John Day Formation" (p. 105 and Table 1). 
This interpretation was supported by an average age of 32.8 
m.y. for a Clarno lava sample (KFO-901) collected 4.5 mi east 
of Mitchell.· In opposition to this interpretation was the 
36-m.y. age of a widespread welded ash-flow sheet in "member 
A" at the base of the John Day Formation (Swanson and 
Robinson, 1968). Table 2 lists published K-Ar ages of Clarno 
and John Day rocks pertinent to this boundary problem. 
Much discussion in recent years has centered upon the possibil­
ity of simultaneous Clarno and John Day volcanism in central 
Oregon. 

Inconsistencies between published radiometric ages and 
known stratigraphic relationships can be removed by recon­
sideration of three K-Ar determinations. "Member A" (36.4 
m.y.) at the base of the John Day Formation overlies bedded 
John Day tuff (32.0 m.y.) and bedded Clarno tuff (34.0 m.y.) 
at Clarno Bridge (Evernden and James, 1964; Evernden and 
others, 1964). These bedded tuffs have been altered to benton­
itic clay, and, as suggested by Swanson and Robinson (1968), 
their feldspars could have lost argon, giving rise to younger 
ages. The basal ash-flow tuff of "member A," in contrast, is a 
relatively fresh unit, and its age is probably more reliably esti­
mated. The age of the "upper Clarno" andesite lava (KFO-901) 
from Mitchell (av. 32.8 m.y.) is erroneous because, in my 
opinion, it belongs stratigraphically in the lower Clarno For­
mation. An unpublished K-Ar age of 48.9 ± 5.2 m.y. (Enlows, 
Robinson, and McKee, personal communication) has been ob­
tained on hornblende separated from another andesite flow in 
a nearly equivalent stratigraphic position, 3.4 mi northeast of 
Mitchell. In addition, volcanic mud flow deposits at approxi­
mately the same stratigraphic level as the nearby 48.9-m.y. 
hornblende andesite lava have been intruded by the mafic 
rocks of Marshall Butte. The average of two Marshall Butte 
age measurements is 44.9 m.y. (Enlows and Parker, 1972). It is 
my conclusion that in the vicinity of Mitchell, Painted Hills, 
and Clarno Bridge, deposition of the Clarno Formation ceased 
and was rapidly followed by deposition of the John Day For­
mation approximately 36 million years ago. 

Early Oligocene deformation 

The lower ash-flow tuff of "member A" at the base of the 
John Day Formation appears to have spread across the trace 
of the Blue Mountain anticline eastward to within 13 mi of 
Mitchell (Robinson, 1975). Most of the later John Day ash­
flow tuffs were prevented from spreading that far to the east 
by a topographic barrier coincident with the Blue Mountain 
anticline (Robinson, 1966). Uplift of the Blue Mountain anti­
cline probably produced the topographic barrier after much of 
the lower John Day Formation had been deposited. These rela­
tionships are compatible with an episode of northwest­
southeast compressional deformation of sufficient intensity to 
produce broad folds and strike-slip faults and to release 
relatively small volumes of deep-seated mafic magmas to the 
surface during early Oligocene time in north-central Oregon. 

The obvious magmatic distinctions between Clarno and 
John Day volcanism developed independently from, and some 
five million years prior to, the onset of crustal deformatioll 
that produced folds in John Day rocks. It is suggested that 
lower John Day tuffs will be found resting conformably on 

• It should be recorded that the location of KFO-901 is given incor­
rectly by Enlows and Parker; it was taken from the summit of hill 
4703, in the SW y.. of sec. 35, T. II S., R. 21 E. (K.F. Oles, personal 
communication). 
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upper Clarno rocks in some localities and that an angular un­
conformity will be recognized between lowermost John Day 
tuffs and overlying John Day tuffs where preservation and ex­
posure permit careful measurement. In similar fashion, strike­
slip movement on the Mitchell fault probably displaced lower 
John Day tuffs but not overlying members of the John Day 
Formation. 
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Check your address label 
During the next few months, we will be using a new ad­

dressing system to send you your copy of Oregon Geology. If 
you see any errors in your address or encounter any problems 
in receiving your magazine, please notify us. 0 
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Oregon oil and gas activity for first half of year 
The 1980 oil and gas exploration and drilling activity in 

Oregon was summarized earlier this year (Oregon Geology, 
March 1981). Since the first of the year, however, 13 permits 
to drill have been granted, with an additional four pending at 
this time. Seven wells have been drilled this year, for a total of 
34,589 ft. 

Demand for drilling rigs in other parts of the country has 
held Oregon's rig count to one or two during the spring 
months, but an additional rig is expected for the remainder of 

the year. Drilling so far in 1981 has been confined to the 
western part of the state, with the exception of one hole in 
Crook County in central Oregon. Operators have included 
American Quasar Petroleum Company; Diamond Shamrock 
Corporation; John Miller; and Texaco, Incorporated. 

In March, American Quasar discovered Oregon's second 
gas field a mile west of Lebanon in the Willamette Valley. The 
well, Hickey 9-12, produces at a rate of 200,000 cubic feet per 
day from sands at a depth of 3,000 ft. 

Oil and gas permits and drilling activity since January 1981 

Permit PTD: Proposed (ft) 
number Operator Well name Location TD: Total depth (ft) Status 

176 American Quasar Franbea 36-34 SEY4 sec. 36 PTD 5,000 Permitted 1121/81 
Petroleum Co. T. 7 N., R. 5 W. 

Columbia Co. 

177 Diamond Shamrock Boise Cascade 11-14 NWY4 sec. 14 TD 7,864 Abandoned dry hole 
Corporation T. 5 N., R. 7 W. 

Clatsop Co. 

178 Diamond Shamrock Crown Zellerbach 11-28 NWY4 sec. 28 TD 5,700 Abandoned dry hole 
Corporation T. 5 N., R. 9 W. 

Clatsop Co. 

179 Diamond Shamrock Crown Zellerbach 31-17 NEY4 sec. 17 PTD 10,000 Drilling 
Corporation T. 6 N., R. 8 W. 

Clatsop Co. 

180 Reichhold Energy Columbia Co. 32-10 NEY4 sec. 10 PTD 8,000 Permitted 3/3/81 
Corporation T. 6 N., R. 5 W. 

Columbia Co. 

181 Reichhold Energy Columbia Co. 23-5 SW Y4 sec. 5 PTD 3,500 Permitted 3/12181 
Corporation T. 6 N., R. 5 W. 

Columbia Co. 

182 Reichhold Energy Columbia Co. 13-1 SWY4 sec. 1 PTD 3,500 Permitted 3/12/81 
Corporation T. 6 N., R. 5 W. 

Columbia Co. 

183 Reichhold Energy Hemeon 14-14 SWY4 sec. 14 PTD 2,700 Permitted 3/12/81 
Corporation T. 6 N., R. 5 W. 

Columbia Co. 

184' Reichhold Energy Longview Fibre 41-32 NEY4 sec. 32 PTD 3,200 Permitted 4/10/81 
Corporation T. 7 N., R. 5 W. 

Columbia Co. 

185 American Quasar Kenneth Wetgen 26-32 NE '/4 sec. 26 PTD 5,000 Permitted 412/81 
Petroleum Co. T. 13 S., R. 4 W. 

Linn Co. 

186 American Quasar Wolverton 13-31 NEY4 sec. 13 PTD 5,000 Permitted 4121181 
Petroleum Co. T. 10 S., R. 3 W. 

Marion Co. 

187 Reichhold Energy Ellis 23-26 SW Y4 sec. 26 PTD 4,000 Permitted 4129/81 
Corporation T. 5 N., R. 4 W. 

Linn Co. 

188 American Quasar Chipman 4-14 SW Y4 sec. 4 PTD 5,000 Permitted 6/09/81 
Petroleum Co. T. 12 S., R. 2 W. 

Linn Co. 

Miller Drilling Co. Bork 2 SE '/4 sec. 26 PTD 1,000 Application 
T. 8 S., R. 5 W. 
Polk Co. 

Reichhold Energy Lee 32-32 NEY4 sec. 32 PTD 2,600 Application 
Corporation T. 7 N., R. 5 W. 

Columbia Co. (Continued on next page.) 
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Permit 
number Operator Well name 

Reichhold Energy Paul 34-32 
Corporation 

American Quasar Benson Timber 8-14 
Petroleum Co. 

ABSTRACT 
The Department maintains a collection of theses and dis­

sertations on Oregon geology. From time to time we print 
abstracts of new acquisitions that we feel are of general interest 
to our readers. 

GEOLOGY AND GEOCHEMISTRY OF VOLCANIC 
ROCKS IN THE DETROIT AREA, WESTERN CASCADE 
RANGE, OREGON, by Craig McKibben White (Ph.D., 
University of Oregon, 1980) 

Data on compositional variations of igneous rocks are 
needed before competing models for the generation of magma 
at convergent plate boundaries can be realistically evaluated. 
The Neogene volcanic rocks of the Detroit area were selected 
to provide this information because they contain a relatively 
complete record of volcanism through most of late Cenozoic 
time. 

The area mapped for this study is located wholly within 
the Western Cascade physiographic province and includes ad­
joining parts of the Detroit, Battle Ax, Mount Jefferson, and 
Breitenbush Hot Springs I5-minute quadrangles. Detailed 
mapping was augmented by radiometric dating in order to pro­
vide essential stratigraphic and chronological control for com­
positional studies. 

Volcanic rocks in the Detroit area have been assigned to 
the following stratigraphic units: High Cascade Series (Quater­
nary); Outerson Formation (Pliocene); Elk Lake Formation 
(upper Miocene); Sardine Formation (middle Miocene); and 
two interfingering units, the Breitenbush Formation and the 
Scorpion Mountain lavas (upper Oligocene and lower Mio­
cene). The Scorpion Mountain lavas consist of distinctive, 
dark-colored, generally aphanitic flows and dikes that range in 
composition from basaltic andesite through dacite. Flows in 
this unit have been mistakenly identified as Columbia River 
basalt; however, mapping indicates they were erupted within 
the Western Cascade Range, and radiometric dating has 
clearly shown they predate Columbia River basalt by as much 
as 10 m.y. 

Ninety specimens from the various units exposed in the 
Detroit area were analyzed for ten major elements and Rb, Sr, 
Zr, and Ni. In addition, the abundances of Ba, Hf, Th, Cr, Sc, 
and seven rare-earth elements were determined for 20 samples. 
Compositional data show that upper Oligocene-lower Miocene 
lavas in the Detroit area have low contents of Ah03 and high 
ratios of Fe/Mg characteristic of lavas in the tholeiitic rock 
series. Younger lavas in the map area are overwhelmingly calc­
alkaline in geochemical character. Rocks in the oldest age 
groups also differ from younger Cascade lavas by having 
higher values of Ti02, K20, Rb, Zr, and Sc, and lower con­
tents of CaO, Sr, Ni, and Cr. 

The differences in ,major-element and included trace­
element contents between the oldest lavas and those in younger 
suites can best be explained by a shift in the assemblage of 
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PTD: Proposed (ft) 
Location TD: Total depth (ft) Status 

SEv.. sec. 32 PTD 3,150 Application 
T. 7 N., R. 5 W. 
Columbia Co. 

SWv.. sec. 8 PTD 5,000 Application 
T. 6 N., R. 4 W. 
Columbia Co. 0 

early-stage liquidus minerals. The trends in the oldest lavas are 
consistent with fractionation of olivine + plagioclase + Cr-rich 
spinel ± clinopyroxene; those in the younger suites indicate 
fractionation of amphibole ± olivine ± clinopyroxene. The 
progressive decrease in contents of K20 and excluded trace 
elements in the Detroit area lavas is compatible whh a process 
of zone refining and depletion of mantle or lower crustal rocks 
in these elements with time. 

Trends in the compositions of Quaternary lavas erupted 
from volcanic centers at Battle Ax Mountain and Mount Jef­
ferson have been used to evaluate petrologic processe!9-on the 
scale of a single volcano. Lavas in these suites show a pro­
gressive increase in Si02 contents with time, but data on trace­
element abundances indicate each volcano produced at least 
three compositionally distinctive groups of flows. The initial 
contents of Rb, Zr, Hf, and La in each sequence of lavas are 
lower than those of the previously erupted group. The "reset­
ting" of trace-element concentrations without a corresponding 
return to low values of Si02 suggests that magma reservoirs 
were replenished with magma that was strongly depleted in in­
compatible trace elements but produced lavas that were differ­
entiated to a pre-established level. Repeated partial melting of 
a large volume source in the mantle could produce consecutive 
batches of magma with progressively lower contents of dis­
persed elements. 0 

Engineering Geologist meeting 
set for Portland 

The National Association of Engineering Geologists will 
hold its twenty-fourth annual meeting this September in 
Portland. The meeting consists of three days of technical ses­
sions starting on September 28, 1981. Field trips will be con­
ducted before and after the technical sessions. Because of 
Portland's proximity to Mount St. Helens, special sessions and 
field trips are planned to focus on the engineering problems 
associated with the aftermath of a volcanic eruption. 

Technical session topics include nuclear waste disposal; 
non-nuclear waste disposal; open sea engineering geology; 
high energy or emerging coastlines; recovery from earth­
quakes, volcanic events, and other geologic disasters; in­
strumentation; ground water; and hydrogeology. Risk analysis 
and liability are the topics of the symposia. Five field trips 
scheduled include (1) Hanford Nuclear Reservation-Columbia 
River, (2) Cascade Range-Central Oregon, (3) Oregon Coast, 
(4) Mount St. Helens-Toutle River, and (5) Mount St. Helens­
Lewis River. 

Details about all events appear in the January, April, and 
July issues of the A.E.G. Newsletter. For information or 
registration forms contact Ken Robbins, Dames and Moore, 
1220 SW Morrison, Portland, Oregon 97205; phone (503) 
228-7688. 
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Available publications 
BULLETINS Price 
33. Bibliography (1st supplement) geology and mineral resources of Oregon, 1947: Allen ...................... $ 1.00 
36. Papers on Tertiary foraminifera: Cushman, Stewart and Stewart, 1949: v. 2 ............................. 1.25 
44. Bibliography (2nd supplement) geology and mineral resources of Oregon, 1953: Steere .................... 2.00 
46. Ferruginous bauxite deposits, Salem Hills, 1956: Corcoran and Libbey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25 
49. Lode Mines, Granite mining district, Grant County, Oregon, 1959: Koch. . . . . . . . . . . .. . . . . . . .. . . . . . . .. . . . 1.00 
53. Bibliography (3rd supplement) geology and mineral resources of Oregon, 1962: Steere and Owen. . . . . . . . . . . . 3.00 
57. Lunar Geological Field Conference guidebook, 1965: Peterson and Groh, editors. . . . .. . . . . . . .. .. .. .. .. .. . 3.50 
62. Andesite Conference guidebook, 1968: Dole. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. .. . . .. .. . . . . . . .. . . . . . . . . 3.50 
65. Proceedings of the Andesite Conference, 1969: (copies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10.00 
67. Bibliography (4th supplement) geology and mineral resources of Oregon, 1970: Roberts................... 3.00 
71. Geology of selected lava tubes in Bend area, Oregon, 1971: Greeley. . . . . . . . . . . . . . . .. .. . . . . .. . . . . . . . .. .. . 2.50 
77. Geologic field trips in northern Oregon and southern Washington, 1973 . . . . . . .. . . . . . .. . . . . . . . .. .. .. .. .. . 5.00 
78. Bibliography (5th supplement) geology and mineral resources of Oregon, 1973: Roberts................... 3.00 
81. Environmental geology of Lincoln County, 1973: Schlicker and others.. . . . . . . . . . . . . . . .. .. .. .. .. .. .. .. . . 9.00 
82. Geologic hazards of Bull Run Watershed, Multnomah, Clackamas Counties, 1974: Beaulieu. . . .. .. .. .. .. . . 6.50 
83. Eocene stratigraphy of southwestern Oregon, 1974: Baldwin. .. . . . .. .. .. . . . . . . . . . . . . .. .. . . .. .. . . .. .. .. 4.00 
84. Environmental geology of western Linn County, 1974: Beaulieu and others.............................. 9.00 
85. Environmental geology of coastal Lane County, 1974: Schlicker and others. .. .. . . . . .. . . . . .. .. . . .. .. .. .. . 9.00 
86. Nineteenth biennial report of the Department, 1972-1974 ............................................. 1.00 
87. Environmental geology of western Coos and Douglas Counties, 1975 ................................... 9.00 
88. Geology and mineral resources of upper Chetco River drainage, 1975: Ramp. . . .. .. . . . . .. . . . . . . .. . .. . . . . . 4.00 
89. Geology and mineral resources of Deschutes County, 1976: Peterson and others. . . . . .. .. . . . . .. .. . . .. .. .. . 6.50 
90. Land use geology of western Curry County, 1976: Beaulieu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.00 
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties, Oregon, 1977: Beaulieu. . 8.00 
92. Fossils in Oregon (reprinted from The Ore Bin), 1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.00 
93. Geology, mineral resources, and rock material of Curry County, Oregon, 1977 .. .. .. . . .. .. .. .. . . .. . . .. .. . 7.00 
94. Land use geology of central Jackson County, Oregon, 1977: Beaulieu. . . . . . .. .. .. .. .. . . . . . . . . . . . . . . . . . . . 9.00 
95. North American ophiolites, 1977. . . . . . . . . . . .. . . . . . .. .. . . . . . . . . . . . .. .. . . . . . . . . . . .. . . . . .. .. .. .. .. .. . 7.00 
96. Magma genesis: AGU Chapman Conference on Partial Melting, 1977. . . . . . .. . . . . . . . . . . . . . . . .. .. .. .. . . .. 12.50 
97. Bibliography (6th supplement) geology and mineral resources of Oregon, 1971-75, 1978 ................... 3.00 
98. Geologic hazards of eastern Benton County, 1979: Bela. . . . . . .. .. .. . . . . . . . .. . . . . . . . . . . . . . .. .. .. .. .. .. . 9.00 
99. Geologic hazards of northwestern Clackamas County, Oregon, 1979: Schlicker and Finlayson .............. 10.00 

100. Geology and mineral resources of Josephine County, Oregon, 1979: Ramp and Peterson. .. .. .. .. .. .. .. . . . . 9.00 
101. Geologic field trips in western Oregon and southwestern Washington, 1980 . . .. . . . . .. . . . . . . . . . . . . . . .. .. .. 9.00 

SPECIAL PAPERS 
I. Mission, goals, and purposes of Oregon Department of Geology and Mineral Industries, 1978 . . . . . . . . . . . . . . 2.00 
2. Field geology ofSW Broken Top quadrangle, Oregon, 1978: Taylor.................................... 3.50 
3. Rock material resources of Clackamas, Columbia, Multnomah, and Washington Counties, Oregon, 1978: 

Gray and others . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.00 
4. Heat flow of Oregon, 1978: Blackwell, Hull, Bowen, and Steele. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
5. Analysis and forecasts of the demand for rock materials in Oregon, 1979: Friedman and others.. . . . . .. .. .. . 3.00 
6. Geology of the La Grande area, Oregon, 1980: Barrash and others ..................................... 5.00 
7. Pluvial Fort Rock Lake, Lake County, Oregon: Allison ...................... -. . . . .. .. . . .. .. . . . . .. .. .. . 4.00 
8. Geology and geochemistry of the Mt. Hood volcano, 1980: White...................................... 2.00 
9. Geology of the Breitenbush Hot Springs quadrangle, Oregon, 1980: White. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.00 

10. Tectonic rotation of the Oregon Western Cascades, 1980: Magill and Cox. . . . .. . . . . . . . . . . . . .. .. . . .. . . . . . 3.00 
12. Geologic linears of the northern part of the Cascade Range, Oregon, 1980: Venkatakrishnan, Bond, 

,and Kauffman. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 

GEOLOGIC MAPS 
Geologic map of Galice quadrangle, Oregon, 1953 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. 75 
Geologic map of Albany quadrangle, Oregon, 1953 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 
Reconnaissance geologic map of Lebanon quadrangle, 1956. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.50 
Geologic map of Bend quadrangle and portion of High Cascade Mountains, 1957 ............................. 1.50 
Geologic map of Oregon west of 121st meridian (USGS 1-325), 1961 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.25 
Geologic map of Oregon east of 121st meridian (USGS 1:902),1977 ......................................... 3.75 
GMS-4: Oregon gravity maps, onshore and offshore, 1967 (folded). . . . . . . . .. . . . . .. . . . . . . .. . . . . .. .. . . . . . . . . 3.00 
GMS-5: Geologic map of Powers quadrangle, Oregon, 1971 . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . 2.00 
GMS-6: Preliminary report on geology of part of Snake River Canyon, 1974 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.50 
GMS-7: Geology of the Oregon part of the Baker quadrangle, Oregon, 1976 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
GMS-8: Complete Bouguer gravity anomaly map, Cascade Mountain Range, central Oregon, 1978.. .. .. . . .. .. . 3.00 
GMS-9: Total field aeromagnetic anomaly map, Cascade Mountain Range, central Oregon, 1978 .............. 3.00 
GMS-IO: Low- to intermediate-temperature thermal springs and wells in Oregon, 1978 ........................ 2.50 
GMS-12: Geologic map of the Oregon part of the Mineral quadrangle, 1978 ................................. 2.00 
GMS-13: Geologic map of the Huntington and part of the Olds Ferry quadrangles, Oregon, 1979 ............... 3.00 
GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, Cascade Mountain Range, 

northern Oregon, 1981 . . . . . . . . . . . . . .. .. .. . . . . . . . .. . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . .. .. . . .. .. . 3.00 
GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, Cascade Mountain Range, 

southern Oregon, 1981 .. .. .. . . . . . . . .. .. .. . . . . . . . . . .. . . . . . .. . . . . . . .. . . . . . . .. .. . . . . . . .. . . .. . . . 3.00 
GMS-17: Total-field aeromagnetic anomaly map, Cascade Mountain Range, southern Oregon, 1981 ............ 3.00 

SHORT PAPERS 
18. Radioactive minerals the prospector should know, 1976: White, Schafer, Peterson. . . . . . . . . . . . . . . . . . . . . . . . .75 
21. Lightweight aggregate industry in Oregon, 1951: Mason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25 
24. The Almeda Mine, Josephine County, Oregon, 1967: Libbey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
25. Petrography, type Rattlesnake Formation, central Oregon, 1976: Enlows. .. . . .. .. . . . . .. .. . . .. .. .. .. .. .. . 2.00 
27. Rock material resources of Benton County, 1978: Schlicker and others. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.00 

No. Copies Amount 



Available publications (continued) 
MISCELLANEOUS PAPERS Price No. Copies Amount 

1. A description of some Oregon rocks and minerals, 1950: Dole .......................................... $ 1.00 
5. Oregon's gold placers (reprints), 1954 . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50 
8. Available well records of oil and gas exploration in Oregon, rev. 1980: Olmstead and Newton. . . . . . . . . . . . . . . . 2.00 

II. Collection of articles on meteorites, 1968 (reprints from The Ore Bin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.50 
13. Index to The Ore Bin, 1950-1974 ................................................................... 1.50 
14. Thermal springs and wells, 1970: Bowen and Peterson (with 1975 supplement)............................. 1.50 
15. Quicksilver deposits in Oregon, 1971: Brooks.................. .. ........... .. ....................... 1.50 
17. Geologic hazards inventory of the Oregon coastal zone, 1974: Beaulieu, Hughes, and Mathiot . . . . . . . . . . . . . . . 5.00 
18. Proceedings of Citizens' Forum on potential future sources of energy, 1975 ................... . . . . . . . . . . . . 2.00 
19. Geothermal exploration studies in Oregon-1976, 1977 ...... ....................... .. .. .. ............. 3.00 
20. Investigations of nickel in Oregon, 1978: Ramp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 

OIL AND GAS INVESTIGATIONS 
3. Preliminary identifications of foraminifera, General Petroleum Long Bell #1 well. . . . . . . . . . . . . . . . . . . . . . . . . . 2.00 
4. Preliminary identifications of foraminifera, E.M. Warren Coos County 1-7 well, 1973. . . . . . . . . . . . . . . . . . . . . . 2.00 
5. Prospects for natural gas production or underground storage of pipeline gas, 

upper Nehalem River Basin, Columbia-Clatsop Counties, Oregon, 1976. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
6. Prospects for oil and gas in the Coos Basin, western Coos, Douglas, and Lane Counties, Oregon, 1980: Newton 

and others. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.00 

MISCELLANEOUS PUBLICATIONS 
Landforms of Oregon (17 x 12 inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50 
Mining claims (State laws governing Quartz and placer claims) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50 
Geological highway map, Pacific NW region, Oregon-Washington (published by AAPG). . . . . . . . . . . . . . . . . . . . . . . 5.00 
Fifth Gold and Money Session and Gold Technical Session Proceedings, 1975. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
Sixth Gold and Money Session and Gold Technical Session Proceedings, 1978 ................................ 6.50 
Back issues of The Ore Bin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2511: over the counter; 7511: mailed 
Back issues of Oregon Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4011: over the counter; 7511: mailed 
Colored postcard, Geology oj Oregon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1011: each; 3 for 2511:; 7 for 5011:; 15 for 1.00 
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