OREGON GEOLOGY /7%

S |

| .:_!._' }
published by the "h:}:g: b
Oregon Department of Geology and Mineral Industries AN

VOLUME 59, MUMBER 1 JAMUARY /FEBRUARY 1997

IN THIS

ISSUE:

AGE OF THE
PLANT-BEARING
TUFFS OF THE
JOHM DAY

| FORMATION AT
FOSSIL

| GUIDELINES
| FOR
SITE-SPECIFIC
SEISMIC
HAZARD

| REPORTS

L FIELD TRIP
GUIDE TO THE
S EASTERN

. MARGIN OF THE
OREGON.
IDAHO GRABEN
| AND THE

| CALDERAS OF
R THE LAKE

. M OWYHEE

e

Ll VOLCANIC
B " FIELD




P

' OREGON GEOLOGY

AN OT&A-FHI4)

VOLUME 59, NUMBER 1 JAM./FEB. 1997

ul il Ul i Dy, e Mg P Sy (TRl e LRELTTN 2

bl Caimtige Vi Teavan s |V slmaws | drmagh #0 wers omioed Tha (8w Bia 0

Govirning Beurd

Imcquetine G Hagperty, Chasr . Fobsrprse

Donald W, Chrsensen. e Depoe Bay

Jabrs W SRepihin Fortland

State Ceenlogist s R

Meputy Siate Genlogla . Jahin I3, Beaulien

Poblicatinns MamsgerHdlfor __ Beverly | Vgl

Prodotion Bdlter . Kl KF, Negendor!

Produciion Asbdonis {ienevn Beck
Kats Hioletead

Main CHfiee: Suile BA3, 200 NE Uregen Sireet # 28, Porlamd
T332, phore (30F) 7114100, FAX (3] 73140464
Baker Clty Fichl OfMice: 1531 Fiest Stroct, Bakier City 97814, phons
(5417 3233128, FAX (31} 123-2000

Wark L. Ferns, Regional Geofogit

Gormniia Pann Field OfTice: 5375 Momomet Dielve, Greamis P
Y7526, plaee {541) 4762496, FAX (241) 4T4-113%

Thormas | Wilcy, Regional Geologhst

Ml Lol Heclurnstion Program: | 316 Quom Ave SE, Alhany
1AL, phione [S40) $67-I039, FAX (31} 9672073

iary W Lymeh, Buperiter

The Namure of the Nerthwest Informuotien Center Sinee 177, 800
WE Oregon Strest # 3, Portland, OR 97232.2462, phone {503) ¥72-
50, FAN (503 T31-a084, Donald 1 Haines, Manager

Sprond olass pratage puid o) Portland, Cregon: Sulscriplion rases:
| year, S10; 3 yonrs, $37. Single e, 83 Addrss bseription or-
e, repewals, el changes of addres to Qnegon Chexiogy, Suite 265,
RON WE Oregon Stresd # 28 Portland 97132 POSTMASTER: Send
address changes to Cogeon Geology, Sude 965, 300 NE Ocogon
Stredt o 28, Portland §71¥-2160

(ragrn (hendig i dedgrod 10 reachon wide spectram o neslen
ierasted in the peolopy. and minaral ixlustry of Oregon, Mamescript
comtributions ahe iovited on beth dectmsenl and genernl-eitenesl sub-
oty relating to Oregon gonlogy, Two copies of the moniscripl dsslid
be submilled. T mamsonp was prepored on conomon wisrd-
pacesming epipment, s filz copy on dinkette should be sabmifted in
place of one paper copy (fram Maciniod aystoms ldgh-density
desbeetiy only). Graphics should be carra ready;, phitograntia shosuld
ez Dsbincde -mincd bt lemaion, AN figures ahiialel be clesthy marked, Tig-
e cxptioms chaould be togetherat the end of the texi.

Sivle m gponerally thal of U8, Geblogical Survey publicationn.
Sz LISEAS Niggpestiouty b Authird, Tthoed., 1991, or recem lssies of
Uregon Ueology, ) Bildiography should be limited to refreness cited,
Asithors are respormible for the soouriey of the bibliogrughic mfer-
epory |ncluds nomes of teviewirn m the ocionowledpmends

Autlwey will receive 200 coinplimemtary. copess ol the isue con-
laining Qe comteibution Memporipts, lettzm, potiesd aml mesting
anetmcanenia should be ssot o Beverly F Vogl, Publicalions Man-
gy, at the Portiand office {wddress above)

Persisiion s gramed o reprinl information comteined herejn
Credit given 1o the Oregin Depariiment of Geology and Mireral o
itsiries for compifitia thin information will he opprecisted. Comciue
wlons ard et preseied i aniibeane Caie af the silian iml ane
ned nesesanly endonied Ivy the (egon Diepartment of Geologry and
Mineral Industries

Cover photo

Slah of shade with fomsil plavt rermaims from the locthey 81 Fosail,
Oipepon, it B8 percent ol notuml See. bpresakons mcluds Teaves of
Juglans, Pareotta, Paracdirpiein, Al s Ougrene, Tt valves of
Cragia pnd anAdcer samarn. Specymen collectad 1 955 md hoaned al
Floricda Museisi af Natura] History, Gaineswlle, Florida Article be
glnning onmes pagd datis kooalite il abog 326 million vesrs

In memoriam: John Eliot Allen

He was one-of the “grand old neen” of Oregon geology,
well known as peologist. teacher, and aothor

fahn Eliot Allen began his professional career in 1935
as o ranger-naturnbist &t Craler Lake Natonal Park, In
1837, he became part of the beginnings of the Cregon De-
partment of Geology and Mineml Indosirics, first as a
“Field Gealogist,” finally as “Chiel Geologist.” He was one
of three geologists with o doctorn] degree (along with Wal-
lace 1. Lowry and Ewart M, Baldwin) whose simultaneons
departure for better positions in industry or the academic
world hit the seency hard in 1947

John Elice Allen, 908994

Aside from his regular duties, Aeld mapping continued
1 be a favorile occupation of his until 1954, and he con-
ducted field studies in California, Washington, Nevada,
Mew Mexicn, Anzona, and Pennsylvania as well as in Ore-
gon, His last geolopic quadrangle map was produced on air-
phato mosaics—"perhaps the first time they had been used
that way,” he wrote in his auinbiography. (A broel suninmy
appeared in Oregon Geolagy in the May 1994 issuc )

He guided the first steps of the Portland State Wniversity
Geology Department, building its program and serving as
its head for 18 years, from 1956 10 1974, For his outstand-
ing amd enthuswasiic jeaching, the Notional Association of
Geology Teachers honorad him with the Neil Miner Awnrd
in 1972, In his lectures, he wps using & multimedin ap-
proach alrendy in the 1960s. In 1993, he recoived a Presi-
dontinl Citation from Pomland State University for his
“outstanding service and dedication,”

When he retired from teaching in 1974, he concentraied
an writing ahout peology for the loy reader PSU com-
mented on this start of his “third career™ with the words,
“and he has ver o slow down ™ The latest of his hundreds
of articles and books is reviewed on page 21 of this issue.

Tohn Eliet Allen died November 17, 1996, at age 88, He
never slowed down O
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Age of the plant-bearing tuffs of the John Day Formation at
Fossil, Oregon, based upon “Ar*Ar single-crystal dating

by William C. Mclntosh, New Mexico Bureau of Mines and Mineral Resources, Socorro, New Mexico 87801; Steven R.
Manchester, Department of Natural Sciences, Florida Museum of Natural History, University of Florida, Gainesville,
Florida 32611; and Herbert W. Meyer, Florissant Fossil Beds National Monument, Florissant, Colorado 80816.

ABSTRACT

The age of the fossil plant locality in the town of Fossil,
Oregon, is estimated based upon *’Ar/**Ar analysis of sani-
dine crystals from the fossil-bearing tuffaceous shale. The
resulting date of 32.58+0.13 Ma provides a more reliable
date for the locality than previous whole-rock K-Ar dates of
the underlying basalt (29.7+1.6 Ma and 33.8+1.7 Ma). The
new date confirms an early Oligocene age for the flora,
shows that the assemblage is approximately coeval with
that of the Bridge Creek flora at the Painted Hills locality,
and indicates that hardwood deciduous forest similar to that
found today in eastern North America and eastern Asia was
established less than 1.5 million years following the
Eocene-Oligocene transition.

INTRODUCTION

A well-known locality for fossil plants occurs in the
lower part of the John Day Formation in the town of Fossil,
Oregon. A general overview of the plant assemblage from
this locality, including brief descriptions and illustrations of
the characteristic species, was presented by Manchester and
Meyer (1987). Many additional taxa have been collected
subsequently, and the assemblage is now known to contain
more than 65 plant species (Meyer and Manchester, in
press) as well as skeletal remains of bat (Brown, 1959),
salamander (Naylor, 1979), and frog (T. Dillhoff, T. Fremd,
oral communication, 1994). The fossil leaves, cones, flow-
ers, and fruits represent a hardwood deciduous forest simi-
lar in composition to present-day forests of temperate east-
ern North America and eastern Asia. Based upon floral
similarities with other fossil assemblages of the John Day
Formation, the Fossil locality has been assigned to the
Bridge Creek flora and has been considered to be Oligocene
(Brown, 1959; Manchester and Meyer, 1987), but direct ra-
dioisotopic data have only recently become available.

The fossils occur in tuffaceous lake sediments. In the
summer of 1995, we collected a sample of the fossil-bearing
tuff from the Wheeler High School locality for radioisotopic
age determination. Relatively large euhedral sanidine crys-
tals were isolated from the sample and then dated using the
single-crystal laser-fusion “’Ar/*’Ar dating method. Such
age determinations, obtained directly from fossil-bearing
rocks, provide an important link between biostratigraphic
and radioisotopic geologic time scales. The purpose of this
report is to summarize the “’Ar/*°Ar dating technique, pre-
sent age results, compare the results with earlier K-Ar

'dates, and discuss the relevance of the date to the fossil

plant assemblage at Fossil.

“AR/’AR DATING TECHNIQUE

The argon-argon (4°Ar/39Ar) dating technique offers sev-
eral advantages over conventional potassium-argon (K-Ar)
dating (Maluski, 1989). Both methods rely on the natural
radioactive decay of “K to “’Ar (the half-life of *’K is 1.25
Ga [giga-annum=109 years]). Assuming that all “Ar gas
escaped from the volcanic melt prior to formation of sani-
dine crystals, any measurable *Ar gas found in the sanidine
crystals of a rock sample may be attributed to the decay of
“K. Accordingly, the ratio of parent “’K to daughter “Ar
can be measured and used to calculate the age of the rock.
In the conventional K-Ar dating technique, K and Ar are
measured on separate aliquots of sample. In the “Ar/*°Ar
technique, the sample is irradiated with neutrons in a nu-

clear reactor, converting some of the K into ®Ar, which
then serves as a proxy for the K. The ratio of parent to
daughter isotopes is then measured as the ratio of *°Ar to
“°Ar in a single aliquot of sample. This approach allows
ages to be measured far more precisely than the conven-
tional K-Ar technique and uses much smaller sample sizes.
Laser-heating enables precise ages to be measured on indi-
vidual, sand-sized mineral grains, permitting identification
and rejection of contaminant or altered grains. This method
is known as single-crystal laser-fusion “°Ar/*’Ar dating.
One constraint of the “’Ar/*’Ar dating technique is that all
samples must be irradiated with “monitor” minerals of
known age in order to accurately determine the flux of neu-
trons received.

METHODS

A crystal-rich sample of tuffaceous sediment bearing
fossil leaf impressions was collected from the Wheeler High
School fossil locality (SWYNWVisec. 33, T.6 S, R. 21 E.).
The sample was prepared by crushing and sieving to 120-
500 p (micron), followed by ultrasonic cleaning in dilute
(7-percent) hydrofluoric acid. A sanidine separate was pro-
duced, using a Franz magnetic separator, density liquids
(nontoxic lithium metatungstate), and hand-picking. A 20-
mg aliquot of the sanidine separate was packaged with flux
monitors of Fish Canyon Tuff sanidine (27.84 Ma, relative
to Mmhb-1 hornblende at 520.4 Ma; Samson and Alexan-
der, 1987) and irradiated at the Texas A&M Nuclear Re-
search Center for 14 hours.
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“Ar/*Ar analyses were performed at the New Mexico
Geochronology Research Laboratory of the New Mexico In-
stitute of Mining and Technology. This facility includes an
MAP 215-50 mass spectrometer attached to a fully auto-
mated all-metal argon extraction system equipped with a
10-watt CO, laser. A total of 31 sanidine crystals from the
sample and four to six sanidine crystals from each monitor
were individually analyzed. Sanidine crystals were fused by
CO, laser for 15 seconds; then reactive gases were removed
with an SAES GP-50 getter prior to expansion into the
mass spectrometer. Extraction line blanks during these
analyses ranged from 5x10™7 to 2x10™'® moles “Ar and
5x10™ to 2x10"® moles **Ar. The neutron flux values (J-
values) within irradiation packages were determined to a
precision of £0.25 percent by averaging results from six
sanidine crystals from each sanidine monitor.

RESULTS AND DISCUSSION

Single-crystal laser-fusion results are summarized in
Table 1 and Figure 1. The 31 analyzed crystals range in age

from 32.30 to 33.04 Ma, with analytical precisions (1
standard deviation) generally between £0.09 and +0.15 Ma.
The K-Ca ratios of individual sanidine crystals (calculated
from Y Ar/°Ar measurements) range from 22.4 to 394,
consistent with their derivation from a single eruptive
source. The mean age of 30 crystals (excluding crystal
5887-23, which, at 33.04 Ma, is slightly but distinctly older
than the other crystals) is 32.58+0.13 Ma. This mean was
calculated by equally weighting the values from each crys-
tal, and the error is a simple +1 standard deviation.

The resulting age of 32.58+0.13 Ma for the leaf-bearing
tuff at Fossil provides a refinement over previous unpub-
lished ages obtained for the locality. Our age falls be-
tween two whole-rock K-Ar ages presented in a master’s
thesis by Riseley (1989) from an andesitic basalt immedi-
ately underlying the tuffaceous shales. These ages, from
Geochron Laboratories, were 29.7+1.6 Ma and 33.8+1.7
Ma. A suite of ten crystals extracted from the same tuff
as that treated in the present paper gave a slightly
younger “Ar/*Ar age of 32.24+0.18 Ma in an earlier un-

s A 1 A " A A 1 ] 10
X
E 3
{ Wheeler High School t 2
] sanidines L, -ﬁ
1 L#sser %‘4— ' 3
: ¥
120 T f————— T E—— 01 &
3 o 2
’z ] .. ‘ ~“ Y 4
o 80 ° -
< ]
R 3 L
E
40 ; T T v T T 100
-3
e dgmle, | g
Y T T T 10
> 7 22.5¢ B
!" |
€ -
Q_ 4
[
>
-
- R
[o
) H
T -7 — T
31.0 31.5 320 33.0 335 340

Age (Ma)

Figure 1. Single-crystal laser-fusion results from sanidines from Wheeler High School sample. Values
plotted versus age are signal size in moles *°Ar, radiogenic yield, K-Ca ratio, and relative probability.
Analyses used in the mean age calculation are shown as solid circles, and the one analysis excluded from
the mean is shown by an open circle. Age uncertainty of each analysis (1 standard deviation) is shown
as horizontal bars on age versus moles *>Ar. The relative probability curve, or ideogram, is the sum of
the gaussian probabilities of the individual age determinations.

4 OREGON GEOLOGY, VOLUME 59, NUMBER 1, JANUARY/FEBRUARY 1997




Table 1. Single-crystal laser-fusion *“°Ar/°Ar results. All ages of single sanidine crystals. Errors expressed as =1 0. Re-

sults in italics excluded from mean values

ArMAr

Run ID no. OArAr AR Ar 3K moles K/CA %A Age (Ma) £ Err
5587-20 14.41 1.43E-02 6.39E-03 6.9E-15 35.6 86.9 32.30 0.11
5587-32 13.38 1.41E-02 2.83E-03 4.9E-15 36.2 93.8 32.35 0.11
5587-25 13.26 1.63E-02 2.34E-03 5.2E-15 31.4 94.8 32.42 0.10
5587-40 1433 1.77E-02 5.96E-03 9.8E-15 288 87.7 32.43 0.10
5587-37 13.96 1.55E-02 4.63E-03 8.8E-15 33.0 90.2 32.49 0.10
5587-39 13.56 1.29E-02 3.25E-03 3.3E-15 39.4 92,9 32.50 0.11
5587-28 13.52 1.40E-02 3.12E-03 4.9E-15 36.5 93.2 32.51 0.10
5587-10 13.86 1.49E-02 4.28E-03 7.5E-15 34.2 90.9 32.51 0.10
5587-33 12.92 1.59E-02 1.05E-03 8.6E-15 32.0 97.6 32.52 0.09
5587-36 13.19 2.29E-02 1.99E-03 8.6E-15 223 95.6 32.52 0.09
5587-04 13.66 1.64E-02 3.57E-03 8.0E-15 31.2 923 32.53 0.09
5587-07 22.16 1.44E-02 3.23E-02 8.8E-15 35.4 57.0 32.55 0.21
5587-30 14.30 1.89E-02 5.69E-03 8.1E-15 26.9 88.2 32.55 0.11
5587-03 14.28 1.56E-02 5.63E-03 5.7E-15 32.8 88.4 32.56 0.11
5587-22 13.51 1.79E-02 3.02E-03 4.5E-15 28.6 93.4 32.56 0.10
5587-02 13.43 1.47E-02 2.73E-03 6.1E-15 348 94.0 32.58 0.09
5587-27 13.41 1.47E-02 2.65E-03 3.4E-15 348 94.2 32.58 0.10
5587-35 14.45 1.63E-02 6.14E-03 5.6E-15 313 87.5 32.59 0.11
5587-31 13.72 1.39E-02 3.66E-03 4.2E-15 36.6 92.1 32.60 0.11
5587-34 14.19 1.56E-02 5.24E-03 3.9E-15 32.7 89.1 32.62 0.12
5587-38 13.21 1.55E-02 1.92E-03 6.9E-15 32.8 95.7 32.63 0.09
5587-06 1333 1.39E-02 2.30E-03 5.3E-15 36.8 94.9 32.64 0.10
5587-09 14.27 1.52E-02 5.44E-03 6.0E-15 335 88.7 32.66 0.11
5587-01 14.72 1.57E-02 6.94E-03 6.3E-15 32.6 86.1 32.68 0.11
5587-08 17.40 1.65E-02 1.60E-02 S5.8E-15 309 72.8 32.70 0.15
5587-21 13.01 1.29E-02 1.10E-03 8.0E-15 39.5 97.5 32.71 0.09
558726 13.74 1.50E-02 3.58E-03 4.1E-15 34.0 923 32.73 0.12
5587-05 13.96 1.56E-02 4.23E-03 2.8E-15 328 91.1 32.79 0.13
5587-29 13.05 1.64E-02 1.08E-03 2.8E-15 31.0 97.6 32.84 0.10
5587-24 13.73 1.56E-02 3.38E-03 2.0E-15 327 927 32.85 0.13
5587-23 13.47 1.84E-02 2.26E-03 4.2E-15 27.7 95.1 33.04 0.11

Mean values: n=30; K/Ca=33.0+3.5, age=32.58+0.13

Analytical parameters: Mass discrimination=1.005+0.002; **Arc,/*"Ar,=0.0007x0.0005; 3°Arc,/”Ar/,,=0.00026+0.00002;
3B Are/» Arg=0.0119; * Arye/* Ar =0.0002:£0.0003; J-value=0.001442918+0.000002. Decay constants from Steiger and Jager (1977).

published analysis (Brent Turrin, written communication to
Manchester, 1989).

The new age of 32.58+0.13 Ma is consistent with those
obtained for rocks associated with the classic locality of the
Bridge Creck flora at the Painted Hills Unit of John Day
Fossil Beds National Monument. Evernden and others (1964)
published K-Ar ages of 31.8 and 32.3 Ma (corrected to de-
cay constants of Steiger and Jager, 1977) based upon sani-
dine crystals from tuffs and whole-rock analysis of basalt,
respectively. More recently, ©Ar/*°Ar ages of 32.99£0.11
Ma and 32.66+0.03 Ma were obtained from a biotite tuff
3-5 m stratigraphically below the leaf-bearing tuffs at Painted
Hills and from a tuff situated well above the leaf beds, re-
spectively (C. Swisher in Bestland and Retallack, 1994); Best-
land and others, 1994; Retallack and others, 1996).

The new radiometric data indicate that the Bridge Creek
flora, represented by temperate forest assemblages at Fossil,
Painted Hills, and various other sites in north-central Ore-
gon (Meyer and Manchester, in press), are early Oligocene

in age. Swisher has obtained a radiometric age of
33.6240.19 for the “slanting leaf beds” on Iron Mountain
(Retallack and others, 1996). With the Eocene/Oligocene
boundary now placed at about 34.0 million years (Swisher
and Prothero, 1990; Berggren and others, 1992), these ages
show that the Bridge Creek flora, as known at Fossil,
Painted Hills, and Iron Mountain, is representative of the
forest that had developed within 0.3—1.5 million years fol-
lowing the Eocene-Oligocene transition.
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(Continued on page 20)
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Guidelines for site-specific seismic hazard reports for essential and hazardous
facilities and major and special-occupancy structures in Oregon

by the Oregon Board of Geologist Examiners and the Oregon Board of Examiners for Engineering and Land Surveying.
Printed with permission and assistance of these Boards. Adopted by the Oregon State Board of Geologist Examiners on
September 6, 1996. Adopted by the Oregon State Board of Examiners for Engineering and Land Surveying on September 17,

1996, for distribution and comment.

For over a year, the Board of Geologist Examiners has fostered the development of this document. It was drafted by members
of this Board, with input from the practice community through several professional societies. Local chapters of the Associa-
tion of Engineering Geologists and the Geotechnical Engineering Technical Group of the American Society of Civil Engi-
neers, Oregon Section, were major contributors. The Boards intend to keep the guidelines current and flexible through
continuous input from the practice community. Comments and suggestions for improvement of the guidelines are welcomed
and encouraged and should be directed to either Board. Both agencies are located at 750 Front Street NE, Salem, OR 97310.

L INTRODUCTION

These guidelines were prepared by the State of Oregon
Boards of Geologist Examiners and Examiners for Engi-
neering and Land Surveying to assist those who prepare
reports for site-specific seismic hazard reports for essential
facilities, hazardous facilities, major structures and special
occupancy structures as provided in Oregon Revised
Statutes 455.447(2)(a) and Oregon Administrative Rules
918-460-015. The guidelines describe the general content of
these reports and are not intended to be a complete listing of all
the elements of a site-specific seismic hazard report as outlined
in Section 2905 of the Oregon Structural Specialty code.

These guidelines are intended to be used as a checklist
for projects of varying size and complexity including hospi-
tals, schools, and emergency-response facilities. The pre-
parer and the reviewer of site-specific seismic hazard re-
ports are expected to tailor the scope of work and interpre-
tations to the size, occupancy, and critical use of the pro-
posed structure. Tt is recognized that the techniques used to
evaluate a site for a larger and more critical facility will be
more complete and detailed than for a smaller and less criti-
cal building or other structures. The site-specific investiga-
tions vary according to the local geologic conditions that
may affect the performance of the proposed or existing
structure and to the proximity to faults that are expected to
be seismogenic. The investigator(s) is (are) expected to be
knowledgeable about the current practice of seismic geol-
ogy and earthquake engineering and should be aware of the
need to provide designers of buildings and other structures
with information that can be readily utilized in construction
or remodeling projects to reduce seismic risk.

The professional who is performing, signing, and stamp-
ing the site-specific investigation is responsible for the ade-
quacy of investigative procedures and reporting that will
adequately characterize seismic risk for the proposed use of
the subject site. The report should clearly state the tech-
niques used in the investigation, the data acquired, and the
findings and recommendations, so that peer reviewers and
users of the resulting reports will have a basis for judging
the adequacy of the investigation.

In Oregon, the complexity of local geology, limited geo-
logic exposure, variety of earthquake types, and the poten-
tial for multiple seismic hazards, including ground shak-
ing, fault rupture, amplification, landsliding, liquefaction,
uplift and subsidence, seiche, and tsunami generation, ne-
cessitate a choice of investigative techniques that will vary
from site to site and that must be chosen based on the geo-
logic hazards and subsurface conditions and on the in-
tended use of the structure.

The following guidelines are intended to be applicable
for projects with a wide range in size, cost, and utility. Flex-
ibility in the use of the guidelines is expected, and profes-
sional judgment is needed in the selection of work elements
for the investigation and in the thoroughness of the resulting
report. The preparer and the reviewer of site-specific seis-
mic hazard reports are expected to be familiar with the use
of such reports by engineers engaged in the geotechnical
and structural design of buildings, so that the reports are
designed to be routinely used by designers to maximize the
reduction in seismic risk, as structures are constructed or
retrofitted.

State law, related administrative rules, and state and lo-
cal building codes are evolving in an effort to mitigate seis-
mic risk. The preparers, supervisors, and reviewers of site-
specific seismic hazard reports are expected to be knowl-
edgeable about relevant laws, rules, and codes.

Some cities and counties in Oregon have ordinances re-
quiring geologic hazard reports. The content of these re-
ports may overlap with the guidelines for the site-specific
seismic hazard reports. The geologic hazard reports typi-
cally are required for areas mapped by the Oregon Depart-
ment of Geology and Mineral Industries as landslide or po-
tential landslide areas or as tsunami inundation areas. The
geologic hazard reports required by local government ordi-
nance may cover a broader range of facility uses, sizes, and
occupancy levels than the site-specific seismic hazard re-
ports that are the focus of these guidelines. The geologic
hazard reports range in scope from reconnaissance level in-
vestigations to more intensive site-specific seismic hazard
studies.
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These guidelines are intended to be informal and not
regulations. The guidelines are expected to evolve, as the
relevant seismic hazards are better defined and as building

codes and engineering practices change.

II. CONTENT OF SITE-SPECIFIC SEISMIC
HAZARD REPORTS

The following information should be considered in

preparing site-specific seismic hazard reports in Oregon.

A. Purpose and scope of the investigation, including a

brief description of the proposed site use, size of the
proposed building or other structure, occupancy, and
current seismic zonation (UBC).

B. Regional geologic and tectonic setting, including a

complete list of all seismogenic faults that could impact
the site and a description of the crustal, intraplate, and
subduction-zone earthquake hazards.

C. Site conditions, including elevation, subsurface condi-

tions, landforms, site grading, vegetation, existing
structures, and other features that may influence the inves-
tigation.

D. Description of the investigation

1. Regional seismic history and tectonic setting

a. Significant historic earthquakes and tsunamis in the
region and locations and magnitudes of seismic
events in the vicinity of the site. Crustal earthquakes,
intraplate, and interface subduction zone events
should be included.

b. Evidence of prehistoric earthquakes and tsunamis that
may have affected the site.

¢. Map showing the location of seismic features relative
to the proposed project and an estimate of the amount
of disturbance relative to bedrock and surficial mate-
rials.

d. Selection for appropriate strong-motion attenuation
relationships for the site.

e. Published probabilistic estimate of earthquake occur-
rence.

f. Geodetic and strain measurement, microseismicity
monitoring, or other monitoring.

2. Interpretation of aerial photography and other available

remotely sensed images relative to the geology and earth-
quake history of the site, including vegetation patterns,
soil contrasts, and lineaments of possible fault origin.

3. Site investigation

a. Detailed field mapping of soils, geologic units and
structures, and topographic features indicative of
faulting, such as sag ponds, spring alignments, dis-
rupted drainage systems, offset topographic and geo-
logic features, faceted spurs, vegetation patterns, and
deformation of buildings or other structures.

b. Review of local groundwater conditions including wa-

ter depth and elevation.

¢. Trenching and other excavating to permit the detailed
and direct observation and logging of continuously
exposed geologic units, including soils and features
that are relevant to seismic hazards. Trenching should
cross known or suspected active faults in order to de-
termine the location, timing, and recurrence rate of
past movements, the area disturbed, the physical con-
dition of fault zone materials, and the geometry of
faulting.

d. Exploratory drilling and/or test pits designed to per-
mit the collection of data needed to evaluate the
depth, thickness, and types of earth materials and
groundwater conditions that may identify past seis-
micity or could contribute to damage potential at
the site. Drill holes and/or pits should be located and
spaced sufficiently to allow valid interpretations of
the resulting data. Subsurface testing could include
Standard Penetration Tests (SPT), Cone Penetrome-
ter Tests (CPT), undisturbed tube samples, and col-
lection of bulk samples for laboratory testing.

e. Surface and subsurface geophysical surveys as appro-
priate to determine the dynamic properties of the sub-
surface materials, including shear-wave velocity,
shear modulus, and damping.

4. Subsurface investigation

a. Laboratory testing of samples for moisture content,
grain size, density, dynamic properties, and other per-
tinent parameters.

b. Radiometric analysis of geologic units, study of fos-
sils, mineralogy, soil-profile development, paleomag-
netism, or other age-determinating techniques to
characterize the age of geologic units.

¢. Estimates of expected magnitude, acceleration, and
duration of strong motion for the design earthquakes
for crustal and intraplate and interface subduction-
zone sources and for other defined earthquakes if re-
quired by statute or regulation of the proposed project.
The rationale for earthquake-source selection for the
relevant types of events should be provided. The de-
sign basis earthquakes and ground acceleration maps
available from the State of Oregon should be con-
sulted and described.

d. Determination of appropriate UBC site-specific soil-
profile coefficients.

e. Analytic dynamic soil response analyses to evaluate
potential amplification or attenuation of subsurface
soil deposits to the underlying bedrock motions.

f. Evaluation of the liquefaction potential of the subsur-
face deposits at the site and, if applicable, estimation
of liquefaction-induced settlement and liquefaction-
induced lateral spreading.

g. Evaluation of other seismic hazards, including
earthquake-induced landslides, generation of
tsunamis or seiches, regional subsidence, and fault
displacement.
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.

E. Conclusions and recommendation

1. Summarize the results of the seismic study, including the
review of regional seismicity, site investigations, selec-
tion of the design earthquakes, and office analysis, in-
cluding the evaluation of ground response, liquefaction,
landsliding, and tsunamis on the proposed structure and
use of the site. The report should be stamped and signed by
a certified engineering geologist or by a registered profes-
sional engineer experienced in seismic hazard design or by
both, when the work of each can be clearly identified.

2, Recommendations for site development to mitigate seis-
mic hazards. The recommendations could include:
ground modification to reduce amplification of ground
shaking or liquefaction-induced settlement and lateral
spreading potential, remedial treatment options for slope
stability, and foundation alternatives to minimize seis-
mic impact to structure.

F. References and appendices

1. Literature and records reviewed.

2. Aecrial photographs or other images used, including the
type, scale, source, date, and index numbers.

3. Maps, photographs, plates, and compiled data utilized in
the investigation.

4. Description of geophysical equipment and techniques
used in the investigation.

5. Personal communications or other data sources.

G. Illustrations

1. Location map to identify the site locality, significant
faults, geographic features, seismic epicenters, and other
pertinent data.

2. Site development map at a scale appropriate to show the
site boundaries, existing and proposed structures, graded
and filled areas, streets, and proposed and completed ex-
ploratory trenches, geophysical traverses, drill holes,
pits, and other relevant data.

3. Geologic map and sections showing the distribution of
soils, geologic units, topographic features, faults and other
geologic structures, landslides, lineaments, and springs.

4. Logs of exploratory trenches, borings, and pits to show
the details of observed features and conditions. Ground-
water data should be included.
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DOGAMI PUBLICATIONS

Released November 27, 1996:

Relative Earthquake Hazard Map of the Linnton
Quadrangle, Multnomah and Washington Counties, Ore-
gon, by M.A. Mabey, 1.P. Madin, G.L. Black, and D .B.
Meier. Geological Map Series map GMS-104, 6 p. text., $10.

The new map covers portions of northwest Portland,
Saint Johns, Linnton, Beaverton, Hillsboro, and West
Slope.

The relative hazard map indicates areas that will be most
severely affected by earthquakes. Included on the map sheet
are smaller maps showing relative liquefaction, ground mo-
tion amplification, and slope instability hazards that de-
pend on the way the ground responds to earthquake shak-
ing. These were combined to develop the large relative haz-
ard map. The scale of the relative hazard map is 1:24,000;
the smaller maps are at a scale of 1:55,000.

The map is a continuation of a joint DOGAMI-Metro
earthquake hazard mitigation study partly funded by the
Federal Emergency Management Agency. Earlier released
publications from this study include relative earthquake
hazard maps of the Portland, Mount Tabor, Lake Oswego,
Beaverton, and Gladstone quadrangles, as well as areas in
Vancouver, Washington.

Released November 26, 1996:

Oil and Gas Potential of the Southern Tyee Basin,
Southern Oregon Coast Range, by 1.-C. Ryu, A.R. Niem,
and W.A. Niem. Oil and Gas Investigation Series report
OGI-19. 141 p., 9 plates, $20.

This report is the result of a five-year study funded by a
consortium of corporations and agencies from private in-
dustry and federal, state, and county government. The study
area is located in the southern Oregon Coast Range and is
bounded by the northern margin of the Klamath Mountains.

The authors propose several revisions to the stratigraphy
and have created several fence diagrams that correlate logs
from numerous exploration wells and measured sections.

Although the authors believe that overall hydrocarbon
potential of the area is relatively low, they suggest that the
Spencer Formation and members of the White Tail Ridge
Formation could serve as reservoir rock for hydrocarbons
and that four structures have the potential for natural gas.
They indicate that on the basis of their findings, further ex-
ploration drilling in the area is warranted.

These DOGAMI publications are now available over the
counter, by mail, FAX, or phone from the Nature of the
Northwest Information Center and the DOGAMI field of-
fices in Baker City and Grants Pass. Addresses are on page
2 of this issue. Orders may be charged to Visa or Master-
card. Orders under $50 require prepayment. [
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Field trip guide to the eastern margin of the Oregon-ldaho
graben and the middle Miocene calderas of the Lake Owyhee

volcanic field

by Mark L. Ferns, Oregon Department of Geology and Mineral Industries

INTRODUCTION

This field trip guide is for a one-day trip along the east-
ern flank of the Oregon-Idaho graben (Ferns and others,
1993a,b) in Malheur County, beginning in Jordan Valley
and ending in Ontario. The focus is on the early volcanic
evolution of the Oregon-Idaho graben, primarily the middle
Miocene calderas formed during initial subsidence within
the graben. En route commentary and specific stops have
been compiled from guidebooks printed for the 1990 joint
meeting of the Geological Society of Nevada and the U.S.
Geological Survey (Rytuba and others, 1990) and for the
1994 Annual Meeting of the Geological
Society of America (Cummings and oth-

stages of Columbia River basalt volcanism, when signifi-
cant volumes of silicic volcanic lavas were erupted from a
north-south belt of vents extending from the south end of
the Baker graben southward through the Lake Owhyee vol-
canic field (Rytuba and others, 1990) in the Oregon-Idaho
graben to the McDermitt volcanic field (Rytuba and Mc-
Kee, 1984) at the north terminus of the northern Nevada
rift (Zoback and others, 1994). These features evolved as
part of a north-northwest-trending, 560-mi-long middle
Miocene synvolcanic rift system (Zoback and others, 1994)
that links the northern Nevada rift with the Columbia River

ers, 1994). Emphasis is on the more eas- I

ily accessible portions of both field trips 48
along segments of the Oregon Scenic By-

way system that can be reached by ordi-

nary motor vehicles under most weather
conditions. A cautionary note: Although

the route is generally suitable for
passenger-car travel, wet road surfaces 44
during the spring thaw and sudden sum-
mer rainstorms make travel along the un-
paved Succor Creek Road between High-
way 95 and Highway 201 hazardous. In
the summer, the casual traveler is also ad-
vised to take along plenty of water. Pri-  42°
vate property should not be entered with- I
out previous permission from the owner.

This pertains particularly to the Teague
zeolite mine discussed at Stop 5.

The Oregon-Idaho graben is a 30-mi-
wide, north-trending volcano-tectonic de- o
pression that lies midway between the
McDermitt volcanic field (Rytuba and
McKee, 1994) and the northeastern
Oregon feeder dikes for the Columbia
River basalt (Figure 1). Defined by recent
geologic mapping of approximately
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3,000 mi* of extreme eastern Oregon
(Ferns and others, 1993a,b), the central
part of the graben is filled by over 6,000
ft of middle Miocene volcanic and vol-
caniclastic rocks.

The Oregon-Idaho graben is one of a
number of middle Miocene depressions
that began developing during the later

Figure 1. Tectonic setting of the Oregon-Idaho Graben, showing location be-
tween the northern Nevada rift, La Grande-Baker grabens, and the main feeder
dike swarms of the Columbia River basalt (CRB). These features lie just to the
west of the ’Sr/*’Sr = 0.706 line and define a major middle Miocene rift system.
The western Snake River Plain is a younger structure that crosses the earlier
middle Miocene structures. Current thinking (see Zoback and others, 1994) is
that the extensional basins, dike swarms, and caldera fields are all related to
emergence of the Yellowstone Hot Spot in this region at about 16 Ma.
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Figure 2. Sketch map of the Oregon-Idaho graben show-
ing field trip route, stops, and major geologic features.
AVGB=Antelope Valley graben, WSRP=western Snake
River Plain, intragraben rhyolites include Littlefield Rhyo-
lite (LFR), Mahogany Mountain caldera (MMC), and Three
Fingers caldera (TFC). Margins of the graben are defined
by middle Miocene tholeiitic basalts: the basalt of Bishop s
Ranch (BBR) and the basalt of Malheur Gorge (BMG).

basalt dike swarms. Purpose of this field trip is to examine
early calderas whose collapse coincided with initial subsi-
dence within the graben.

Although the sedimentary, volcanic, and structural fea-
tures that define the later stages of graben evolution are best
developed in the central part of the Oregon-Idaho graben,
which lies to the west of the field trip route, the reader
should be aware of the overall structural, sedimentary, and
volcanic history within the graben. Cummings and others
(1994) noted three subsequent stages of structural evolution
following caldera collapse:

Stage 1 was marked by incursion of fluviatile arkoses in
a basin where topographic highs, rhyolite domes, and coa-
lescing fields of silicic tuff cones were constructional fea-
tures related to the caldera-forming eruptions. This was the
period in which the lower units of the Sucker Creek Forma-
tion (Corcoran and others, 1962; Kittleman and others,
1965) were deposited.

Stage 2 was marked by the breakup of the graben floor
into subsiding intragraben subbasins during initial eruption
of the calc-alkaline lava flows that make up the Owyhee
Basalt (Bryan, 1929). Topographic highs at this time were
mainly constructional features formed by mafic volcanoes,
such as Spring Mountain, and hydrovolcanic vents, all of
which are situated along north-trending intragraben fault
zones. Reducing rates of magmatism resulted in local ero-
sion along fault scarps. Large geothermal systems active at
this time fed hot springs that discharged into arkose-laden
streams, forming epithermal gold systems such as the Katey
and Mahogany prospects. The Deer Butte Formation
(Corcoran and others, 1962; Kittleman and others, 1965)
and upper units in the Sucker Creek Formation were de-
posited throughout Stage 2.

Fluviatile and lacustrine sediments of the Grassy Moun-
tain Formation (Kittleman and others, 1965) were de-
posited in Stage 3 and mark a return to aggrading, basin-
wide sedimentation accompanied by reduced rates of subsi-
dence and waning volcanic and geothermal activity. Stage
3 units along the field trip route have been largely removed
by erosion and are preserved only as arkose conglomerates
in the uppermost part of the Sucker Creek Formation that
crop out at the base of the Jump Creek Rhyolite (Kittleman
and others, 1965).

The Oregon-Idaho graben ceased to be an important syn-
volcanic feature at about 11 Ma, when the Jump Creek and
Star Mountain rhyolites were erupted on the east and west
graben flanks, respectively. Renewed eruption of large-
volume rhyolites coincided with cessation of calc-alkaline
volcanism within the graben and marked the start of the
westward-younging rhyolite track across central Oregon
(MacLeod and others, 1976; Walker and MacLeod, 1991).
Later subsidence, volcanism, and hydrothermal activity
were related to regional forces accompanying development
of the northwest-trending western Snake River Plain and
the east-west trending Antelope Valley graben (Rytuba and
others, 1990; Ferns and others, 1993a,b). Lavas erupted at
this time are mainly olivine basalts, ranging in composition
from high-alumina olivine tholeiites to alkalic basalts (Hart
and Mertzman, 1983; Cummings and others, 1994). Much
of the modern topographic relief now apparent within the
graben formed as many of the north-trending faults were
reactivated.

FIELD TRIP GUIDE

Mile point 0.0  Field trip begins at Jordan Valley (Figure
2), on the Oregon-Idaho state line at intersection of Yturri
Road and U.S. Highway 95.

The town of Jordan Valley lies on the northeast edge of
the Antelope Valley graben (Rytuba and others, 1990), a
Pliocene to Holocene, east-west trending graben that trun-
cates the south end of the Oregon-Idaho graben. Bold cliffs
on the skyline to the south mark the major, down-to-the-
north fault that defines the south margin of the Antelope
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Valley graben (Rytuba and others, 1990). The northern mar-
gin of the Antelope Valley graben is not well expressed topo-
graphically and consists of a series of small-displacement,
short-strike-length, down-to-the-south faults that have been
largely buried by Pliocene to Holocene lava flows erupted
from vents within and along the northern flank of the Ante-
lope Valley graben.

En route to the Mahogany Mountain caldera

Mile point 1.0 Near hills to northeast and northwest are
silicified siltstone and sandstone beds in the Sucker Creek
Formation (Kittleman and others, 1965, 1967). The low hill
immediately to the west is underlain by a basalt sill that is
mined for road metal. Silicified mudstones mark the sur-
face expression of a paleo-hot spring at the top of the hill.
Ridge line 3 mi to the east is part of the eastern margin of
the Oregon-Idaho graben and is underlain by 16-Ma rhyo-
lite lava flows and tholeiitic basalts. The basalts were
erupted at about the same time as the Imnaha and Grande
Ronde Basalts of the Columbia River Basalt Group to the
north and the Steens Basalt to the west and together make
up an extensive middle Miocene flood-basalt province that
extends from the northern Nevada rift northward through
eastern Oregon to southeast Washington (Figure 1).

Workings of the DeLamar Mine are visible on the sky-
line to the southeast. The modern open-pit mine has been
in operation since 1977. About 160,000 oz of silver and
26,000 oz of gold a year (Rytuba and others, 1990) are
mined from mineralized fault zones in a rhyolite-dome
complex here on the east flank of the Oregon-Idaho
graben.

Mile point 6.0 Low hills on the right (east) of the high-
way and the low sinuous east-west trending ridge immedi-
ately to the left (west) are capped by unconsolidated gravels
and are examples of inverted topography. Flat-topped
mountain farther to the west is Table Mountain, capped by
a Pliocene basalt flow. Even though unconsolidated, the
gravels are more resistant to erosion than the adjacent soft
tuffaceous lake sediments. Elevation of the channels sug-
gest that they formed when the Pliocene basalt flows on
Table Mountain were erupted. Opaline sinter exposed under
the gravels on the low ridge to the west marks another an-
cient hot spring.

Mile point 9.0 The Table Mountain basalt is one of the
older and northernmost flows erupted from vents within the
Antelope Valley graben. Here, the northern margin of the
Antelope Valley graben is not well expressed topographi-
cally. Road to the left leads to Jordan Craters, the youngest
(2,000—4,000 yr B.P.) basalt flow in this region. The Jordan
Crater flow blocked Cow Creek and formed Cow Lakes
(Kittleman, 1973; Hart and Mertzman, 1983).

Mile point 10.0 The old town site of Sheaville was located
just north of where Highway 95 crosses Cow Creek. The
mountain that forms the skyline to the northwest is Spring
Mountain, a large Stage 2 calc-alkaline shield volcano

(MacLeod, 1990b). Silicified conglomerates exposed to the
west overlie Spring Mountain basalt flows. Ridge to the east
is made up of rhyolite lava flows similar to those at DeLa-
mar that are overlain by the basalt flows. Bold cliff-formers
on the ridges to the southeast are the tuff of Swisher Moun-
tain (Ekren and others, 1982), an enormous ash flow that
entered into the southern end of the Oregon-Idaho graben
from the south at about 14.7 Ma (Minor and others, 1987,
Evans and others, 1987; Rytuba and others, 1990). The
stratigraphic position of the ash flow atop distal basalt
flows from Spring Mountain indicates that the Spring
Mountain volcano erupted between 15.5 and 14.7 Ma, at
roughly the same time as the better studied Owyhee Basalt
to the north. Eruption of these calc-alkaline flows heralded
the Stage 2 breakup of the floor of the Oregon-Idaho graben
into distinct subbasins.

The tuff of Swisher Mountain is one of the largest rhy-
olitic units identified in Oregon, covering an area of about
3,300 mi® with as much as 1,000 ft of rheomorphic ash-flow
tuffs. It was emplaced at very high temperatures, hot
enough to liquefy and flow for short distances following its
initial emplacement as an ash flow. Volume of material em-
placed in Oregon, Nevada, and Idaho during this eruption
is estimated to be on the order of 300 mi® (Ekren and oth-
ers, 1984).

Mile point 12.5 White beds exposed on both sides of the
highway as it drops down to the valley of Succor Creek are
zeolitized airfall tuffs that crop out in the lower part of the
Sucker Creek Formation. At least five massive beds of
clinoptilolite-rich zeolite are exposed. Holmes (1990) noted
that zeolitization here is at least in part a hydrothermal pro-
cess, as the most intensely altered rocks are associated with
large breccia pipes. Although the rhyolite vents that pro-
duced these massive airfall deposits have not yet been iden-
tified, their stratigraphic position beneath the basalt flows
at Spring Mountain suggests that the Mahogany Mountain
and Three Fingers calderas might have been sources for the
ashes.

Mile point 16.6 Disrupted rock layer to the east is part of
a large landslide (MacLeod, 1990a). White ridges farther to
the east are within Coal Mine Basin, a noted plant fossil
locality within the Sucker Creek Formation (Walden,
1986).

The Sucker Creek and Deer Butte Formations are strati-
graphic units well entrenched in the literature. The Sucker
Creek Formation, as originally defined by Corcoran and
others (1962), Kittleman and others (1965, 1967), and Kit-
tleman (1973), includes all clastic rocks, including ash-
flow and air-fall tuffs, hydrovolcanic deposits, and fluviatile
and lacustrine sediments that lie either below the Jump
Creck Rhyolite or the Owyhee Basalt, while the Deer Butte
Formation (Corcoran and others, 1962; Kittleman and oth-
ers, 1965, 1967) includes all middle Miocene units that lie
above the Owyhee Basalt (Bryan, 1929). Thus, in the area
encompassed by this field trip, the Sucker Creek Formation
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as originally defined includes all outflow and intracaldera
tuffs and sedimentary units deposited between 15.5 and
10.6 Ma. Early workers (Corcoran and others, 1962; Kittle-
man and others, 1965, 1967; Kittleman, 1973), lacking ra-
diometric dates, geochemical analyses, and high-resolution
faunal dates, concluded that the Owyhee Basalt was a re-
gionally extensive stratigraphic marker whose position de-
termined whether a sedimentary unit was Sucker Creek
Formation (stratigraphically below the Owyhee Basalt) or
Deer Butte Formation (stratigraphically above the Owyhee
Basalt). More recent workers, (Ferns and others, 1993a,b)
have concluded that the Owyhee Basalt is confined to the
central part of the Oregon-Idaho graben and, together with
hydrovolcanic centers in both the Sucker Creek and Deer
Butte Formations, was produced by an areally restricted
pulse of early Stage 2 calc-alkaline volcanism (Cummings
and others, 1994). Walden (1986) and Ferns (1988a,b)
noted an angular unconformity within the Sucker Creek
Formation that separates predominantly tuffaceous lacus-
trine units, such as the lowermost exposures in Coal Mine
Basin, from overlying, predominantly fluviatile arkosic
units.

Mile point 18.9 Turn left (west) off Highway 95 onto Suc-
cor Creek Road; marked by the Oregon Scenic Byway sign.
Exposures at the intersection are distal hyaloclastite de-
posits erupted from a large mafic hydrovolcanic vent to the
northeast. Picture rock (varicolored silicified tuff) and zeo-
lite are being mined from parts of the large hydrothermal-
alteration zone that encompasses the vent. A classic
hydrothermal-eruption breccia within late Stage 2 arkose
sandstones is exposed at the Mahogany gold prospect, lo-
cated about 1.5 mi to the northeast (Rytuba and others,
1990).

Mile point 23.0 Succor Creek Road heads north along
Deadman Gulch. The ridge to the east is made up of altered
hydrovolcanic deposits. The large hydrovolcanic center lies
to the east and forms Chrisman Hill.

CALDERAS OF THE LAKE OWYHEE VOLCANIC
FIELD

Although Kittleman (1973) recognized the Leslie Gulch
Ash-Flow Tuff as the product of a large volcanic eruption,
Rytuba and others (1985) were the first to identify large
rhyolite calderas in the Lake Owyhee region. Rytuba and
others (1990) include all middle Miocene silicic vents that
formed following eruption of the Steens Basalt in the Lake
Owyhee volcanic ficld, the eastern margin of which coin-
cides with the Oregon-Idaho state line. The western margin
is roughly coincident with the course of the South Fork of
the Malheur River, the southern margin is marked by the
Antelope Valley graben, and the northern margin is marked
by the pre-Tertiary exposures of the southern Blue Moun-
tains province (Rytuba and others, 1990). Even though
seven ash-flow sheets and five calderas are reported by Ry-
tuba and others (1990) within the Lake Owyhee volcanic

field, only two, the Mahogany Mountain and Three Fingers
calderas (Figure 3), are recognizable middle Miocene sili-
cic centers that predate Stage 1 subsidence of the Oregon-
Idaho graben. Of the other calderas reported by Rytuba and
others (1990), his “Castle Peak” lies west of the graben; his
“Saddle Butte” is undefined; and his “Star Peak,” presum-
ably coincident with the 10- to 12-Ma Star Mountain center
identified by Ferns and others (1993b), is a late Miocene
center that formed after the Oregon-Idaho graben became
quiescent. Another possible caldera, defined by a pro-
nounced, arcuate gravity low to the southwest of the Ma-
hogany Mountain caldera, has been suggested as the source
for either the tuff of Birch Creek (Vander Meulen and oth-
ers, 1990) or the tuff of Iron Point (Evans and others,
1990).

Of the two calderas—Mahogany Mountain and Three
Fingers (Rytuba and others, 1990)—exposed well enough to
show internal stratigraphy, only the Mahogany Mountain
caldera has been studied in any detail (Vander Meulen,
1989). The Mahogany Mountain caldera is marked by thick
sections of intracaldera pyroclastic surge, ash-flow tuff, and
air-fall tuff deposits as well as ring-fracture and central-
vent rhyolite domes, dikes, and autobreccias. Abrupt
changes in ash-flow thickness over caldera margins mark
the transition between outflow and intracaldera facies. Al-
though the northern and western margins of the Mahogany
Mountain caldera are poorly defined topographically and
the eastern margin is truncated by the Devil’s Gate fault
zone, the near-coincident occurrence of an arcuate mass of
thick ash-flow and air-fall deposits with a prominent, arcu-
ate gravity low (Brown and others, 1980; Rytuba and oth-
ers, 1990) provides evidence of a classic rhyolite caldera.

En route

Mile point 27.1 Turn west (left) at Rockville School; the
road to the north leads back to Highway 95. Major cliff for-
mer to the northeast is the Jump Creek Rhyolite (Kittleman
and others, 1965, 1967), a 10.6-Ma, large-volume rhyolite
lava flow that was erupted near the east graben margin,
near the end of synvolcanic subsidence within the graben.
Prominent knob to northwest is Smith Butte, an older 15.5
Ma rhyolite dome that was emplaced along the southern
ring fracture of the Three Fingers caldera.

Mile point 27.4 Cross small bridge and bear right, head-
ing to north.

Mile point 27.9 The main massif formed by the Jump
Creek Rhyolite lies to the north. Hummocky topography at
the base of the cliffs is made up of landslide blocks of Jump
Creek Rhyolite on underlying, less competent Sucker Creek
Formation units. Brown and white units exposed just west
of the are part of the younger Sucker Creeck Formation
units, here dominantly bentonite clays, that lie uncon-
formably across older Sucker Creek tuffs.

Mile point 29.0 Turn left onto the well-maintained BLM
gravel road leading to Leslie Guich. Hills that form skyline
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in distance (west) are rhyolite flows and domes of Bannock
Ridge, a rhyolite complex emplaced at 12.8 Ma (Rytuba and
others, 1990; Zimmerman, 1991) along the north-trending
Devils Gate fault zone (Ferns and others, 1993a). Major
intragraben fault zones (shown on Figure 4) include the
Wall Rock Ridge (WRZ), Dry Creek Buttes (DCZ)
(Cummings, 1991; Cummings and others, 1993), and Dev-
ils Gate (DGZ) zones. The fault zones form prominent,
north-striking structures that served as magmatic and hy-
drothermal conduits. Each fault zone typically consists of a
2- to 3-km-wide zone of closely spaced, short-strike-length,
steeply dipping normal faults. During their early evolution,

€ Figure 3. Geologic sketch map along the east side of
the Oregon-Idaho graben showing locations of Stops 1-5.
Margins for the Mahogany Mountain (MMC) and Three
Fingers (TFC) calderas are from Vander Meulen (1989)
and Rytuba and Vander Meulen (1991). Large, precaldera
rhyolite lava flows on Mahogany Mountain (Stop 1) and at
Devils Gate (Stop 4) mark caldera margins. Curvilinear
Jfaults on the southwest margin of the Three Fingers
caldera suggest multiple stages of collapse (Vander
Meulen and others, 1989). North-trending rhyolite dikes
near the center of the Mahogany Mountain caldera (Stop
2) mark the central vent complex (Vander Meulen, 1989).
Postcollapse domes at Bannock Ridge (Stop 3) that were
erupted along the Devils Gate fault zone at about 12.8 Ma
host hot-spring-type mineralization. Rheomorphic ash-
flows at Stop 5 are outflow sheets that lie atop older mid-
dle Miocene tholeiitic basalt basement rocks (basalt of
Bishop s Ranch). JCR = Jump Creek Rhyolite.

as the fault zones exerted control on volcanism, displace-
ment on individual fault segments was small (<3 ft) with
cumulate displacement in tens of feet across the fault zone.
As an individual fault zone evolved, the greatest displace-
ments (>150 ft) were localized along a few, longer strike-
length faults. Displacements of this magnitude produced to-
pographic scarps that deflected drainages along the sub-
basin boundaries. Cumulative displacements of at least 500
ft typically occur along long strike-length master faults late
in the evolution of the intragraben fault zones. Sense of
movement along the Devils Gate zone is down to the east,
with postcaldera units downdropped to the east.

Mile point 32.7 The southern topographic wall of the Ma-
hogany Mountain caldcra is visible on the skyline south of
the road (Rytuba and others, 1985; Vander Meulen and oth-
ers, 1987b). The Mahogany Mountain caldera was the vent
from which the Leslie Gulch Ash-Flow Tuff (Kittleman and
others, 1965, 1967) was erupted. The ash-flow is the lowest
exposed unit of the Sucker Creek Formation and was first
described by Kittleman and others (1965) as a sillar, an ash-
flow indurated by escaping gases rather than by welding.

Prominent ridges to the north are made up of resistant
rhyolite dikes and faulted rhyolite domes. Intervening areas
of low relief are underlain by less resistant ash flows. The
pale pink area to the northeast is part of the Bannock gold
prospect. Alteration zones in the rhyolites are commonly
marked by such bleached, lighter colored zones.

Mile point 35.7 Stop 1

Stop at view point for overlook of upper Leslie Gulch.
Steep escarpment to the south marks where the south wall
of the Mahogany Mountain caldera cuts a precaldera
rhyolite-flow dome on Mahogany Mountain (Rytuba and
others, 1985). Tall spires and pinnacles to the west are part
of the intracaldera facies of the Leslie Gulch Ash-Flow
Tuff, which was erupted at about 15.5 Ma (Rytuba and Van-
der Meulen, 1991). Section here dips to the west, toward
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Jordan Valley

evidently collapsed at such a rapid rate
that most of the surge and ash-flow de-
posits are trapped within the caldera, pro-
ducing relatively small outflow sheets.

Mile point 39.0  Prominent columnar-
jointed rhyolite dikes are exposed on both
sides of the road. Rhyolite dikes such as
these generally trend north-south and can
be traced for as much as 3 mi. The pro-
nounced north-south trend of the dikes
runs parallel to the graben axis.

Mile point 39.2 Please note that, al-
though most of Leslie Gulch is managed
by the U.S. Bureau of Land Management
(BLM), the cabin here is on private prop-
erty. Massive reddish-orange outcrops to
the west are intracaldera surge and air-
fall deposits of the Leslie Gulch Ash-
Flow Tuff. More rounded, green expo-
sures are interpreted by Vander Meulen
and others (1987a) and Rytuba and others
(1990) to be outflow sheets of the tuff of
Spring Creck that entered into an axial
graben formed during collapse and resur-
gence within the central core of the Ma-
hogany Mountain caldera. Massive orange
outcrops farther to the west make up part
of the central vent complex, one of the
main feeder vents for the Leslie Gulch
Ash-Flow Tuff (Vander Meulen, 1989).
Details pertaining to the number of
caldera eruptions as well as the magmatic
and temporal evolution of the Lake
Owyhee volcanic field are unclear. Ry-

0 20
Miles

tuba and others (1990) favor a two-
caldera model, initiated by eruptions of
the Leslie Gulch Ash-Flow Tuff during

Figure 4. Sketch map showing major intragraben fault zones, major gold ~collapse of the Mahogany Mountain

prospects, and the DeLamar Mine. DCZ=Dry Creek fault zone; WRZ=Wall Rock
Ridge fault zone; DGZ=Devils Gate fault zone; D=DeLamar Mine, MI=Mile-

caldera, followed by resurgence doming
and block faulting at the center of the

stone; HI=Hillside; M=Mahogany; S=Storm; B=Bannock; K=Katey; R=Red caldera along the eruptive axis, and later

Butte, Q=Quartz Mountain; G=Grassy Mountain, FZ=Freezeout, DM=Double
Mountain; HB=Harper Basin;, F=Fenceline. Other symbols are the same as in

Figure 2.

the Oregon-Idaho graben axis. The interior of the caldera is
well exposed along the road as it descends down Leslie
Gulch.

En route

Mile point 37.2 Intracaldera-facies ash flows typically
weather to form colorful cliffs and spires such as those to
the left. During a climactic eruption, walls of the caldera
commonly collapse inward, as multiple ash-flow sheets is-
sue from ring-fracture and axial vents, surging across the
subsiding cauldron. Calderas such as Mahogany Mountain

followed by eruption of the tuff of Spring
Creek from the nearby Three Fingers
caldera. Rhyolite dikes were then em-
placed along north-trending fissures.
This model is based in part on the outcrops straight ahead.
The orange spires form the eastern margin of a feature in-
terpreted by Rytuba and others (1990) as the central apical
graben formed during resurgence doming following erup-
tion of the Leslie Gulch Ash-Flow Tuff and preceding the
eruption of the tuff of Spring Creek, the green-colored out-
crops to the east.

Mile point 40.7 Stop 2

Contact between green and orange tuffs. Pull off into the
parking area with restroom to the left of the road to exam-
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ine outcrops on the north side of Leslie Gulch. Green out-
crops to the north are considered by Rytuba and others
(1990) to be younger Spring Creek outflow sheets that en-
tered into central apical graben. Detailed examination of
the outcrops to the north suggests that individual ash beds
can be traced laterally from the green unit to the orange
unit, which indicates that here the color contrast between
rock units is an alteration front related to rhyolite dike in-
trusions into the central vent complex rather than two sepa-
rate eruptions.

The orange pinnacles and spires form part of the central
vent complex (Vander Meulen, 1989) for the Mahogany
Mountain caldera. The complex consists of an irregularly
shaped, matrix-supported autobreccia that is cut by dikes
and irregularly shaped plugs of flow-foliated rhyolite.

En route

Mile point 43.0 The BLM road ends on the shores of the
Owyhee Reservoir. Leslie Gulch ash flows exposed west of
the reservoir are cut by the Rooster Comb, a rhyolite dike
that has yielded a K-Ar age of 14.9+0.4 Ma (Rytuba and
others, 1990). Green outcrops at the turnaround are inter-
preted as moat-filling Spring Creek units (Rytuba and oth-
ers, 1990). Note iron staining of the tuff of Spring Creek
where the tuff is intruded by dikes. Rounded hills to the
west are made up of Stage 1 sediments that were deposited
onto the caldera-fill. Turn around and retrace route to the
east, back up Leslie Gulch

Mile point 53.3 Stop 3

Overview of the northern part of the Lake Owyhee vol-
canic field. The thick intracaldera facies of the Leslie Gulch
Ash-Flow Tuff documents eruption, collapse, and fill of the
Mahogany Mountain caldera. Although the exact margins
of the caldera are in places unclear, the extraordinarily
thick pyroclastic deposits visible along Leslie Gulch and a
nearly coincident gravity low (Brown and others, 1980; Ry-
tuba and others, 1990) are evidence of the Mahogany
Mountain caldera. Pyroclastic eruptions to the north pro-
duced a second subsidence structure, the Three Fingers
caldera (Rytuba and others, 1989, 1990), whose intra-
caldera facies, the tuff of Spring Creek, appears chemically
distinct from the Leslie Gulch Ash-Flow Tuff (Rytuba and
others, 1990). The northwest wall of the Three Fingers
caldera is visible in the distance to the north as the rugged
outcrops that comprise part of the Honeycombs volcanic
center, a series of coalescing silicic tuff cones (Vander
Meulen and others, 1987c). The east margin of the caldera
is marked by ring-fracture domes such as Round Mountain
to the northeast. Rugged topography just this side of the
Honeycombs is made up of rhyolite intrusions that were
emplaced along three arcuate intracaldera ring fractures
(Vander Meulen and others, 1989) on the southwest edge of
the Three Fingers caldera. While the Three Fingers caldera
has not been studied in detail, it is certain that the caldera’s
geologic evolution was complex, involving multiple dome

and pyroclastic eruptions, coincident with successive stages
of collapse along the intracaldera ring fractures.

Rugged outcrops in the immediate foreground are part of
the rhyolite of Bannock Ridge, a 12.8-Ma rhyolite
(Zimmerman, 1991), which was erupted along the Devils
Gate fault zone several million years after the Mahogany
Mountain caldera collapsed. The Devils Gate, Dry Creek
Butte, and Wall Rock Ridge fault zones have served as
magmatic and hydrothermal conduits throughout the subse-
quent evolution of the Oregon-Idaho graben. While ancient
hot springs along the faults occasionally deposited variable
amounts of gold, the most important mineral resource
mined in this area has been the renowned Owyhee picture
rock, a silicified and variably colored fine-grained tuff.
Most of the picture rock deposits occur just to the north.

En route to the northeast margin of the Three Fingers
caldera

Mile point 53.7 Intersection of Leslie Gulch road with
Succor Creek Road. Turn left (north) toward Succor Creek
State Park.

Mile point 61.1 Smith Butte, the rhyolite dome exposed
to the left (west) side of Succor Creek Road, is located near
the southern margin of the Three Fingers caldera.

Mile point 66.6 Round Mountain to the north is another
rhyolite dome. The domes are believed to have intruded
along the southeast margin of the Three Fingers caldera fol-
lowing its collapse (Rytuba and others, 1990). Rhyolite
flows and domes of McIntyre Ridge visible along the hori-
zon farther to the north are also believed to have been em-
placed along the caldera margin and overlie a thick section
of caldera-fill ash-flow and air-fall tuffs (tuff of Spring
Creek).

Mile point 69.1 Continue on main Succor Creek Road.
The dirt road to the left leads to Three Fingers Rock and the
Katey gold prospects. Gold mineralization at Katey is spa-
tially associated with small high-silica rhyolite domes. Part
of the prospect is hosted by late Stage 2 arkose sandstones.

Mile point 70.2 Negro Rock, immediately to the west of
the road, is a small rhyolite porphyry dome. McIntyre Ridge
to the north is made up of faulted segments of rhyolite
domes and lava flows that extruded along the east margin
of the Three Fingers caldera. K-Ar dates indicate that
MclIntyre Ridge flows are 15.8+0.6 Ma old (Rytuba and oth-
ers, 1990).

Mile point 70.6 Here, Succor Creek Road crosses a land-
slide that can be tricky to negotiate during wet weather con-
ditions. The landslide is formed on bentonitic clays in the
upper part of the Sucker Creek Formation.

Mile point 72.2 The dirt road to the right leads to an
overview of upper Sucker Creek Formation units. High
cliffs in the background to the east are part of the Jump
Creek Rhyolite.

Mile point 73.0 Cliffs to the west are formed of McIntyre
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Ridge domes and flows, part of the 15.4-Ma Three Fingers
caldera. Massive outcrops to the east are much younger
(10.6 Ma ) Jump Creek Rhyolite. A number of north- to
northwest-trending, down-to-the-east faults cut diagonally
across Succor Creek, dropping down the Jump Creek and
underlying upper Sucker Creek units adjacent to the older
caldera units.

Mile point 73.7 Campground at Succor Creek State Park.
The road here follows Succor Creek as it cuts through
faulted slices of McIntyre Ridge rhyolite lava flows. Note
the steeply dipping vertical and complexly folded flow foli-
ation in the rhyolite lava flows along the west side of the
road.

Mile point 75.2 The Succor Creek area is renowned
among rockhounds for thundereggs, silica-filled litho-
physae, and large gas cavities commonly found in rhyolite.
The talus slope to the west contains some thundereggs.
While the role of mineralizing fluids in forming thun-
dereggs is not well understood, it is certain that thun-
dereggs here are located in alteration zones along mineral-
ized faults.

Mile point 76.2 Green outcrops to the northwest below the
McIntyre Ridge Rhyolite are a section at least 600 ft thick
of multiple, caldera-fill ash-flow and air-fall units of the
tuff of Spring Creek (Vander Meulen and others, 1987a).
Darker outcrops include intermediate-composition dikes
and sills that have intruded into these intracaldera tuffs and
detached lenses of vitrophyre associated with individual ash
flows. Old mine openings low on both sides of Succor
Creek date back to an unsuccessful turn-of-the-century
effort to mine nitrates. Nitrates were reportedly discov-
ered in 1914, when the young sons of George Huntley
started a fire in a cave and were surprised when the white
material in rock crevices took fire and burnt vigorously
(Mansfield, 1915).

Mile point 79.1 The road crosses Board Corral Creek and
leaves Succor Creek canyon, which opens to the north into
a broad valley. Dark exposures in the foreground to the
northeast are vitrophyre lenses in an outflow sheet of the
tuff of Spring Creek. Here, the buried caldera margin is
marked by the dramatic thinning of tuff of Spring Creek,
from >600 ft in Succor Creek canyon (base not exposed) to
<100 ft north of Succor Creck, where the tuff of Spring
Creek lies on older tholeiite basalt flows. Prominent cliffs
to the northwest are made up of the Devils Gate rhyolite
lava flow that issued from a vent along the northeast mar-
gin of the Three Fingers caldera. Dirt road to the left leads
to an overview of the caldera margin. This is one of the few
places where a pronounced lithologic break between
caldera-fill tuffs and precaldera basalts can be identified
along a caldera wall.

Mile point 80.0 Stop 4
Overview of the Three Fingers caldera margin. Stop at
the turnout to the left at the summit of a small hill for an

overview of the northeast margin of the Three Fingers
caldera. The poorly consolidated arkose conglomerates at
the top of the hill are one member of the late Stage 2 upper
Sucker Creek Formation. Climb to top of hill to the right
(cast) for a panoramic view of lower Succor Creek. Granite
and rhyolite clasts on the hill are typical of late Stage 2
arkoses in both the Deer Butte and Sucker Creek Forma-
tions. Highlands to the southeast are capped by the Jump
Creek Rhyolite. High cliffs in foreground are silicified up-
per Sucker Creek conglomerates exposed below the rhyo-
lite. Other upper Sucker Creek units include bentonitic
claystones and siltstones, which are prone to produce land-
slides where overlain by the Jump Creek Rhyolite. It is in-
structive to note that here, on the east flank of the Oregon-
Idaho graben, only about 200 ft of sediments separate the
10.6- and 15.5-Ma rhyolites, while in the central part of the
graben, over 6,000 ft of sedimentary and volcanic rocks
were deposited over the same time interval.

Highlands south and west of the Succor Creek canyon,
are capped by the older Mclntyre Ridge rhyolite flow, which
overlies the intracaldera facies of the Spring Creek tuff.
North-trending ridges are part of the Devils Gate fault zone
(DGZ). Prominent knob in the foreground is a high-silica
rhyolite dome that intruded along the caldera margin
(Ferns, 1988a). Black, slope-forming outcrops on the north
side of the knob are early Stage 2 high-alumina olivine
tholeiite basalt (HAOT) flows (Table 1). The HAOT flows
are in turn overlain by lower Sucker Creek units.

The Three Fingers caldera margin runs parallel to Board
Corral Creek (Figure 4) and is defined by the southernmost
exposures of tholeiitic lavas and overlying Devils Gate rhy-
olite. Eruption of the Devils Gate rhyolite coincided with
early ash eruptions and the initial collapse of the caldera.
The caldera margin is best exposed about 2 mi up Board
Corral Creek.

The Devils Gate fault zone, like other major intragraben
fault zones described by Cummings (1991, Cummings and
others, 1993), was important in controlling the location of
magmatic and hydrothermal conduits. Individual faults ex-
posed here are typical of faults formed late in the evolution
of the fault zones, where displacements (>150 ft) are local-
ized along a few, longer strike-length faults that developed
following the main pulse of calc-alkaline volcanism. Here,
along the east flank of Owyhee Ridge, the Devils Gate fault
zone formed a topographic barrier that prevented late Stage
2 members of the upper Sucker Creek Formation from be-
ing deposited to the west. Ridge-capping basalt flows to the
northwest, west of the fault zone are 13- to 14-Ma Black-
jack Basalt flows (Bryan, 1929; Corcoran and others, 1962;
Ferns, 1988b) erupted from vents along the fault zone far-
ther to the north. The Blackjack flows include hypersthene-
phyric calc-alkaline flows erupted following the main pulse
of Stage 2 calc-alkaline volcanism that produced the
Owyhee Basalt to the west.

Late Stage 2 upper Sucker Creck Formation units are
exposed in the low hills to the north, where arkose con-
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Table 1. Major- and trace-element analyses of tholeiitic and calc-alkaline mafic rocks along the east edge of the Oregon-
Idaho graben. Blackjack, HAOT (high-alumina olivine tholeiite), and Spring Mountain samples are representative of post-
caldera, calc-alkaline lavas. Hooker Creek and Graveyard samples are representative of the precaldera, tholeiitic basalt of
Bishop's Ranch. The Hunter Creek sample is typical of precaldera tholeiites on the west flank of the graben. CRB-GR is a
representative sample of the Grande Ronde Basalt, Columbia River Basalt Group, from Hooper and Swanson (1990). The
alkali-olivine basalt flow (87-BO-54) lies immediately above outflow facies of the tuff of Spring Creek (Stop 5). Major- and
selected trace-element analyses performed by XRAL Laboratories, who used X-ray fluorescence techniques. Major-element
analyses were recalculated and normalized on a volatile-free basis. Trace elements marked by * were determined with wet
chemical methods by the Oregon Department of Geology and Mineral Industries Analytical Laboratory. Major-element

values in percent; trace-element values in ppm

Postcaldera calc-alkaline lavas

| Columbia River basalt {

Precaldera tholeiites

Sample no. 87-BO-121 87-BO-88a 87-BO-54 AXB-511 AZB-144

1-68 AXB-707 BAB-312 BAB-328 87-BO-26 TLB-1

Unit Blackjack HAOT Alkali  Spring Mtn Spring Mtn CRB-GR Hunter Cr Hooker Cr Graveyard Graveyard Graveyard
Si0, 52.98 48.67 50.85 56.11 48.52 54.86 5431 52.40 53.13 56.22 52.48
AL Oy 16.70 18.05 15.12 16.49 16.65 13.71 13.25 13.78 16.15 15.41 14.50
TiO, 1.36 1.15 1.94 1.08 1.43 2.02 2.33 1.73 1.48 1.91 2.60
FeO' 10.20 11.61 1471 8.42 12.34 13.11 14.26 13.38 11.99 10.82 12.95
MnO 0.17 0.15 0.24 0.16 0.24 0.23 0.22 0.22 0.26 0.24 0.19
CaO 8.70 10.43 735 7.10 10.59 7.51 6.90 9.26 7.18 6.37 7.92
MgO 5.14 7.19 3.87 4.50 6.79 4.02 3.17 5.08 3.62 2.36 4.10
K,0 1.18 0.22 1.69 2.31 0.40 1.36 2.03 1.02 1.86 1.66 1.81
Na,O 3.08 2.26 3.54 3.27 2.71 2.70 3.11 2.72 3.73 397 2.98
P,0q 0.49 0.26 0.68 0.56 0.33 0.30 0.42 0.42 0.60 1.05 0.47
100.00 100.00 100.00 100.00 100.00 99.82 100.00 100.00 100.00 100.00 100.00
Cr 139 92 <10 87 57 16 25 58 29 <10 34
Co* 27 50 31 23 45 nd. 25 nd. nd. 19 33
Ni* 72 165 26 51 100 3 13 nd. nd. 15 25
Cu* 44 138 61 46 90 33 18 n.d. n.d. 17 34
Zn* 94 82 144 108 104 123 151 n.d. nd. 126 144
Rb 40 19 28 48 27 32 73 22 37 63 57
Sr 513 244 397 642 448 368 318 366 514 447 432
Y 14 29 46 35 38 36 27 30 31 34 18
Zr 128 39 149 203 101 185 229 159 137 201 275
Nb 20 10 23 26 <10 11 12 35 17 20 <10
Ba 553 89 696 720 222 620 690 528 846 978 668
Li* 11 33 13 7 8 nd. 14 nd. n.d. 10 nd.

glomerates and underlying bentonite claystone and tuffa-
ceous siltstone were deposited onto a tilted surface of lower
Sucker Creek tuffs and hyaloclastite deposits. The upper
Sucker Creek is an important source of bentonite clay,
which is mined by Teague Mineral Products of Adrian,
Oregon, from shallow pits to the north. Drillhole data indi-
cate that the clay resource was deposited in a shallow lake
(Leppert, 1990), the western margin of which was marked
by the Devils Gate fault zone.

En route to rheomorphic ash-flow tuffs, typical of out-
flow facies
Mile point 82.5 Turn off ta right to proceed to Teague
Mineral Products SC zeolite mine. Permission should be ob-
tained from Teague (Adrian, Oregon) before entering the site.
Mile point 83.1 Stop 5

Succor Creek Zeolite Mine. Teague produces here a
heulandite zeolite from a massive ash bed associated with a
peralkaline ash-flow tuff considered by Ferns and others

(1993a) to be an outflow sheet of Leslie Gulch Ash-Flow
Tuff. The correlation is based on stratigraphic position and
on petrographic and geochemical similarities to analyses
reported by Vander Meulen (1989). The Leslie Gulch here
is a prominently flow-banded rheomorphic ash-flow tuff
that physically resembles a rhyolite lava flow. As is com-
mon with many rheomorphic tuffs, it is difficult to find
clear field or petrographic evidence of an ash-flow origin.
Flattened pumice lapilli and broken crystals are considered
to be the best evidence for a rheomorphic ash-flow. Outcrop
patterns are often the most diagnostic tool in determining
origin: the ash-flows are generally planar sheets, commonly
underlain by airfall pumice or tuff, whereas the rhyolite
lava flows are considerably more irregular in thickness and
possess basal flow breccias that lie on variably baked and
deformed tuffaceous sediments (Bonnichsen, 1982). The
Leslie Gulch Ash-Flow Tuff can be traced to the southwest,
where it is overlain by an outflow sheet of the tuff of Spring
Creek (Ferns, 1988b).
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The zeolite deposit is a massive ash bed underlain by
tholeiite lavas of the basalt of Bishop’s Ranch (Kittleman
and others, 1965, 1967; Lawrence, 1988). The basalts in-
clude ferroandesites and tholeiitic basalts (Ferns, 1988b)
that are among the westernmost exposures of an extensive,
>1,000-ft-thick section of interbedded middle Miocene
mafic and intermediate flows that was erupted at about 17
Ma (Pansze, 1975) onto pre-Tertiary basement rocks to the
cast (Ekren and others, 1982). Although these flows were
erupted at about the same time as Columbia River Basalt
Group-type lavas in the Malheur Gorge area on the west
side of the Oregon-Idaho graben (15.78+0.59 to 16.49+1.2
Ma, Lees and Hawkesworth, 1993), they typically have
more alumina than the Malheur Gorge lavas.

An unusual alkali olivine basalt flow overlies the ash
flow south of the mine pit. Well-developed pillows with
hyaloclastite rinds are locally developed at the base of the
flow, indicating flowage into water (Lawrence, 1988). Al-
though correlation with Blackjack Basalt flows on the top
of Owyhee Ridge may be warranted, based on a *Ar/*Ar
age of 13.08+0.56 Ma (Lees and Hawkesworth, 1993), no
other Miocene alkalic olivine basalts have been identified
within the Oregon-Idaho graben.

Faulted blocks of the basalt of Bishop’s Ranch on the
ridgeline and in the foreground to the east extend into
Idaho, where they are unconformably overlain by the Jump
Creek Rhyolite (Ferns, 1998a) along the eastern margin of
the Oregon-Idaho graben. Ridges to the north include
faulted segments of basalt of Bishop’s Ranch and Leslie
Gulch Ash-flow Tuff.

The prominent bluff in the foreground to the southeast is
the Graveyard Point sill, a late Miocene (6.7+0.4-Ma)
(Ferns, 1988b) thoeleiitic gabbro intrusion that was em-
placed near the juncture of the east and south margins of
the younger western Snake River Plain. The intrusion was
emplaced during tholeiitic magmatism associated with
early subsidence along the plain. The 360-ft-thick intrusion
is capped by a cordierite-bearing, porcelanite hornfels and
is a classic example of a fractionated mafic intrusion, rang-
ing in composition from high-alumina olivine tholeiite
along the chilled margins to ferrodiorite occurring as lenses
270 ft from the base (Long and White, 1992).

En route to Ontario, across the south margin of the
western Snake River Plain

Mile point 83.7 Return along mine road west to Succor
Creek Road, turn right, and proceed north. High ridge to
the east is Owyhee Ridge, here capped by Blackjack Basalt
flows. One of the vent areas for the Blackjack lies along the
Devils Gate fault zone in the lower hills to the northeast.
Note the pronounced northward tilt of Owyhee Ridge to-
ward the western Snake River Plain, visible to the north-
east. Much of the modern relief along Owyhee Ridge can be
partially attributed to renewed, differential movement along
older faults during downwarping of the western Snake
River Plain.

Mile point 87.3 Here, the road crosses an unconformable
contact between late Miocene sediments of the Idaho Group
in the western Snake River Plain. Light-colored sediments
are well exposed to the north along the truncated northern
margin of the Oregon-Idaho graben. The contact follows
and is, in places, marked by a series of northwest-trending,
down-to-the-north faults that juxtapose western Snake
River Plain and Oregon-Idaho graben units. Fault intersec-
tions have localized conduits for geothermal fluids that in
places continue to vent to the surface as hot springs. These
younger geothermal systems are characterized by high lev-
els of arsenic and molybdenum (Ferns and others, 1993c¢).
Varicolored chalcedonic quartz stringers are the source of
the prized Graveyard Point plume agate, mined from small
open pits to the southeast.

Mile point 87.5 Late Miocene lacustrine sediments are
locally mantled by Pliocene-Pleistocene terrace and
alluvial-fan gravels. The late Miocene lacustrine deposits
arc the lower part of the Chalk Butte Formation (Corcoran
and others, 1962) and have been correlated with the late
Miocene Chalk Hills Formation of Malde and Powers
(1962) by Kimmel (1982). Most workers today agree that
the lacustrine units were deposited in a single large lake
system generally known as Lake Idaho that filled much of
the plain from the late Miocene to the early Pliocene (Jenks
and Bonnichsen, 1989). The terrace and alluvial fan grav-
els were deposited as tributary drainages incised through
the lacustrine sediments following emptying of the lake to
the north through Hells Canyon.

Mile point 90.3 Turn left (west) onto Highway 201.

Mile point 95.0 Late Miocene and Pliocene lacustrine
units are exposed along the ridge line to the west. White
layers include an air-fall tuff correlated by Swirydczuk and
others (1982) with a Chalk Hills air-fall tuff. The ridge is
capped by chert-pebble conglomerate that lies on a slight
angular unconformity on the older tuffs. Smith and others
(1982) and Kimmel (1982) reported fish fossils above the
unconformity that indicate a correlation with the younger
Glenns Ferry Formation (Malde and Powers, 1962) of west-
ern Idaho. The underlying angular unconformity marks a
period of erosion and nondeposition coincident with lower-
ing of the lake in the late Miocene (Smith and others, 1982;
Kimmel, 1982). The chert-pebble conglomerate may mark
incursion of fluviatile sediments from the north, as the lake
began to refill in the Pliocene.

The north end of the ridge line is broken by small, down-
to-the-north faults of the northwest-trending Adrian fault
zone (Ferns, 1989; Ferns and others 1993a). Conglomerates
near the fault zone have been silicified and contain elevated
levels of trace metals such as arsenic and molybdenum.

Mile point 96.5 To the left is the Teague Mineral Products
zeolite and montmorillonite clay processing plant. The Big
Bend of the Snake River is to the right. Here, the Oregon-
Idaho state line runs north-south, with part of Oregon lying
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to the east of the river. In the 1890s, very fine grained
“flour” gold was mined from sand bars on the Snake River
at Midas Bar along the inside curve of the Big Bend. The
particles of gold mined were very small, each weighing less
than 1/2)000,000 of an ounce (Lindgren, 1901).

Mile point 99.0 Highway passes through Adrian, a
small farming community. Browns Butte to the west is
made up of silicified sandstones in Glenns Ferry Formation.

Mile point 103.0 Continue north on Highway 201
through crossroads community of Owyhee. Road to left
leads up the Owyhee River to the Owyhee Dam. Fertile
fields along the highway are in a thick flood deposit of
overbank silt and mud left from the Bonneville flood
(Malde, 1968) at about 14,000 yr B.P. (Scott and others,
1982). Low hills to the northwest are capped by terrace
gravels deposited during the final draining of Lake Idaho
between about 1.5 million and 2 million yr. B.P. The terrace
gravels are locally displaced by faults.

Mile point 111.0 Nyssa city limits. Turn left (north) at
stop light onto Highway 30.

Mile point 118.3  Cairo Junction, where U.S. 30 joins
with U.S. 20. Highway 20 leads west to Vale and Burns.
Continue north to Ontario.

Mile point 124.0  Ontario city limits. End of field trip.
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BOOK REVIEWS

New book introduces hikers to Oregon’s geology

Hiking Oregon’s Geology, by Ellen Morris Bishop and
John Eliot Allen. Seattle, Wash., The Mountaineers. Soft
cover, 221 pages, 51 hikes, 80 black-and-white photos, 10
page-size maps. Price $16.95.

This new book, Hiking Oregon’s Geology, was designed
for the hiker who is interested in learning about geology.
The authors are Ellen Morris Bishop, Lewis and Clark Col-
lege Graduate School of Professional Development, and the
late John Eliot Allen, Portland State University. Both au-
thors are or were professional geologists, but they are also
known to the general public for their numerous books, arti-
cles, and newspaper columns popularizing the geology of
the state.

The book begins with a short nontechnical explanation
of rocks and minerals, general geology, Oregon’s geology,
and general geologic terminology. The main part of the
book is devoted to geologic information related to popular
trails found in Oregon’s various geologic provinces: the
Klamath Mountains, the Coast Range, the Willamette Val-
ley, the Columbia River Gorge, the Cascades, the Deschutes
Basin, the High Lava Plains, the Basin and Range, the
Owyhees, and the Blue Mountains. Some of the sections are
further divided—the Blue Mountains sections, for example,
is divided into the eastern, central, and western Blue Moun-
tains, each of which covers geologically distinct areas.
Trails are rated for difficulty, and information is included
about the distance, elevation covered by the trail, relevant
topographic and geologic maps, sources of information, ge-
ology of the general area, and geology of the trail.

The book contains a geologic time chart, a glossary of
geologic terms, a list of recommended books, a list of geo-
logic maps for geologic province, and the addresses of the
Federal Forest Service and Bureau of Land Management
offices. The book is also indexed.

The readers will be introduced to such interesting places
as the seldom seen Coffeepot Crater at Jordan Craters near
the Oregon-Idaho border, Spencers Butte near Eugene, the
trail between Mariel and Illahee along the Rogue River, La-
tourell Falls in the Columbia River Gorge, and Sunset Bay
to South Cove near Cape Arago on the southern coast. Not
only will the readers learn about these places—they will
also learn about the geology that makes each place unique
and interesting.

This book does not present a mile-by-mile description of
each trail. The serious hiker will still want the appropriate
maps and trail guides for each trail. But this book comple-
ments the existing literature about trails. With this book
serving as an introduction to the geology of the area, any
hiker will have not only the pleasure of a good hike but
also the fun of learning something new about the area. Now
the hiker can find out why the trail is steep or slippery or

beautiful, why it has rocks and cliffs that look the way they
do, and what geologic forces shaped the area.

USGS Prof. Paper addresses earthquake hazards

Assessing Earthquake Hazards and Reducing Risk in
The Pacific Northwest, volume 1, edited by A.M. Rogers,
T.J. Walsh, W.J. Kockelman, and G.R. Priest. U.S. Geologi-
cal Survey Professional Paper 1560, 306 pages, 5 map
sheets. Price $25.

The book is a good technical compilation of knowledge
about earthquake hazards through 1991, primarily for engi-
neers, planners, decisionmakers, and land and building
owners. The editors assure us that “Although many of the
research reports address specialists having some familiarity
with the geologic and geophysical sciences and earthquake-
hazard mitigation, the overview chapter and reports on im-
plementation of hazard-reduction techniques [to be pub-
lished in volume 2] are intended to inform both technical
and nontechnical readers.” They hope to help policy mak-
ers promote the awareness of seismic hazards and reduce
the risk of those hazards

The overview chapter of this volume takes up more than
60 pages and includes introductions to the various aspects
of earthquake hazards as well as special advisory sections
for different types of users, from government agencies to
“private, corporate, and quasi-public users.” It also includes
an extensive bibliography and a 12-page glossary of techni-
cal terms.

The following 10 chapters discuss the tectonic setting of
the Pacific Northwest with regard to past earthquakes, the
potential for great earthquakes, and other aspects of paleo-
seismicity, tectonics and geophysics. (“Paleoseismic” and
“tectonic” are explained in the glossary!)

The Willamette Valley appears to have received the most
detailed attention. Of the five accompanying maps, one
shows faults in the entire Pacific Northwest. The other four
present the geologic units, cross sections, and the bedrock
topography (below the sediments) of the Willamette Valley.

Both publications are now available from the Nature of
the Northwest Information Center (see address in order
form on back cover of this issue) or from the usual USGS
publication outlets. Volume 2 is to be released in the near
future. O

John Nielsen retires

John Nielsen, long-time institution with the Portland of-
fice of the Department of Geology and Mineral Industries
(DOGAMYI), has retired at the end of December 1996 from
his position as fiscal manager of the agency.

Nielsen began to work for the State of Oregon in 1973
and served at Southern Oregon State College and the Uni-
versity of Oregon Health Sciences Center before he joined
DOGAMI in 1978 as business manager.

He is succeeded by his former assistant Charles Kirby. O
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This quastion will be debatad in e 1597 Legisiatume

Seismic rehabilitation—what price are we willing to pay?

by Donald A. Hall, Oregon Niate Geologist

Cregon 15 known for ats naturnl resources—a heritage
we are proud to help protect. Now that Oregon also is
known as an “earthquake state,” another heritage needs our
protection: older buildings

In the event of a large eanhqguake, unreinforced older
struciures pose a calastrophic threat 10 public safetv. Those
buill before 1993, when western Oregon’s séismic zone was
upgraded, could be voincrable Orcgon has about 97,000
nonressdential buildings. about 11 percent of which are un-
reinforced masonry buildings (URMSs). They pose the
biggest hazard In the words of California's emergency
pranager Richard Eisner, “1'd mither be in LA, when the
big one hits than in Portfand Because, relatively speaking,
they are not prepared at all.”

sinds if we do not reinforce URMS. Property loss would be
in the billions of datlars

The costs of reinforcing all URMs in Cregan is esti-
mated af roughly 55 billion, according to the Task Force
report. Who should pay these cosis, how, and by when?
These will be among HB2139°c most debated issues. Recen
quakes in Klamaih Falls and Scotis Mills alone arc strong
evidence of the peed for seismuc rehabilition. Furiher,
much of the high cost of Califormia’s Northndge earth-
quake was caused by improper construction and inadequate
inspection. The 1995 Kobe, Japan, earthquake ook 5400
lives, principally due to building damage

Understanding this, the Task Force included a variety of
tax incentives in HB2 139 for building owners, along with a

Tpical damaire to @ parapel made of unreinforced masonry (URM), cansed by the Klamath Falls carthiguakes of 1993

House Bill 2139 wall be imtroduced in the 1997 Legisla-
fure to pddress thas need The bill grew out of a balsnced.
comprehensive, vear-long study by the Oregon Scisnic Re-
hahilitation Task Force appointed by Governor Kitzhaber in
|98 Members represented views and expertise ranging
from insumnce, finance, and government 10 science, and
engingering  Property owners and the general public were
also represented. The Task Force findings balance public
safelv concerns apamst equity and cconomic reality

According to studies performed for the City of Ponland,
the benefits of rchabilitating URMs could far outweigh the
cogis. For example, using values provided by FEMA. the
firm of Goetiel and Homer determined that URMs require
anly about one occupant per 1000 square fect for life safety
benefits o equal typical rehabilitation costs

I his recont doctornl dissertation in civil engineering al
Portland State University, Thomas McCormack developed
a model to determine carthquake losses in terms of biilding
damage and loss of life He writes that deaths from an
earthquake in the Poriland nrea alone would be in the thou-

sysiem of passive triggers to gradually and affordably help
Oregon sirengihen all public buildings over the pext few
decades. A cnnical first step in the bill 15 10 conduct &
stntewide inventory,

The good news is that seismic rehabilitation is becoming
a standard part of many renovation and remodeling pro-
jects. 1t has also become 2 mational priority through FEMA
and the Pressdent’s orders to rehabilitate federal build-
ings. Examples of reinforcing projects include the Muli-
nomah County Library, Fonland City Hall, the Madeleine
Parish School (completed), and the Mulinomah Hotel,
which is being renovated into an Embassy Suites Hotel
Severnl public schools are being strengthened throughout
Oregon as imoncy becomes available through local bonds
o levies

Repardless of FB2139's fate, the need for action is in-
cscapibile. Whether we see o mmjor earthauake in our life-
bime f8 uncertain—bat it will happen. We do have a cholce,
however. We can begin 10 prepare now—or pay in catas-
trophic conscquences latgr. O
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AVAILABLE PUBLICATIONS
OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES

GEOLOGICAL MAP SERIES Price ¥
GMS-5 Powers 15' quadrangle, Coos and Curry Counties. 1971 4.00_____
GMS-6 Part of Snake River canyon. 1974 800__
GMS-8 Complete Bouguer gravity anomaly map, central Cascades. 1978 400____
GMS-9 Total-field aeromagnetic anomaly map, central Cascades. 1978 400__
GMS-10 Low- to intermediate-temperature thermal springs and wells. 1978 400
GMS-12 Oregon part, Mineral 15' quadrangle, Baker County. 1978 4.00__
GMS-13 Huntington/Olds Ferry 15' quads., Baker/Malheur Counties. 1979 4.00__
GMS-14 Index to published geologic mapping in Oregon, 1898-1979. 1981 8.00____
GMS-15 Gravity anomaly maps, north Cascades. 1981 400
GMS-16 Gravity anomaly maps, south Cascades. 1981 400
GMS-17 Total-field aeromagnetic anomaly map, south Cascades. 1981 400

GMS-18 Rickreall, Salem West, Monmouth, and Sidney 7%' quadrangles, Manon

and Polk Counties. 1981 6.00__
GMS-19 Bourne 7%’ quadrangle, Baker County. 1982 6.00___
GMS-20 5% Burns 15’ quadrangle, Harney County. 1982 6.00__
GMS-21 Vale East 7%’ quadrangle, Malheur County. 1982 600
GMS-22 Mount Ireland 7%' quadrangle, Baker/Grant Counties. 1982 6.00__
GMS-23 Sheridan 7Y%' quadrangle, Polk and Yamhill Counties. 1982 6.00___
GMS-24 Grand Ronde 7%’ quadrangle, Polk/Yamhill Counties. 1982 600
GMS-25 Granite 7'’ quadrangle, Grant County. 1982, 6.00__
GMS-26 Residual gravity, north/central/south Cascades. 1982 6.00__
GMS-27 Geologic and neotectonic evaluation of north-central Oregon.

The Dalles 1° x 2° quadrangle. 1982 7.00____
GMS-28 Greenhom 7%' quadrangle, Baker/Grant Counties. 1983 6.00___
GMS-29 NE% Bates 15' quadrangle, Baker/Grant Counties. 1983 6.00___
GMS-30 SEY Pearsoll Peak 15' quad., Curry/Josephine Counties. 1984, 7.00____
GMS-31 NWY Bates 15' quadrangle, Grant County. 1984 6.00___
GMS-32 Wilhoit 7%’ quadrangle, Clackamas/Marion Counties. 1984 500
GMS-33 Scotts Mills 7% quad., Clackamas/Marion Counties. 1984 500
GMS-34 Stayton NE 7%’ quadrangle, Marion County. 1984 5.00___
GMS-35 SWY Bates 15' quadrangle, Grant County. 1984 6.00___
GMS-36 Mineral resources of Oregon. 1984 9.00____
GMS-37 Mineral resources, offshore Oregon. 1985 700
GMS-38 NWY Cave Junction 15' quadrangle, Josephine County. 1986 7.00___
GMS-39 Bibliography and index: ocean floor, continental margin. 1986 6.00___
GMS-40 Total-field aeromagnetic anomaly maps, northemn Cascades. 1985 5.00____
GMS-41 Elkhorn Peak 7' quadrangle, Baker County. 1987 700
GMS-42 Ocean floor off Oregon and adjacent continental margin. 1986 9.00__
GMS-43 Eagle Butte & Gateway 7%' quads., Jefferson/Wasco C. 1987 500

as set with GMS-44 and GMS-45 11.00___
GMS-44 Seckseequa Junct./Metolius B. 7%’ quads., Jefferson C. 1987 500____

as set with GMS-43 and GMS-45 11.00___
GMS-45 Madras West/East 7%4' quads., Jefferson County. 1987 500

as set with GMS-43 and GMS-44 11.00___
GMS-46 Breitenbush River area, Linn and Marion Counties. 1987 7.00___
GMS-47 Crescent Mountain area, Linn County. 1987, 7.00____
GMS-48 McKenzie Bridge 15' quadrangle, Lane County. 1988 900__
GMS-49 Map of Oregon seismicity, 1841-1986. 1987 400___
GMS-50 Drake Crossing 7%’ quadrangle, Marion County. 1986 500

GMS-51 Elk Prairie 7%' quadrangle, Marion and Clackamas Counties. 1986, 5.00

GMS-52 Shady Cove 7%’ quadrangle, Jackson County. 1992 6.00__
GMS-53 Owyhee Ridge 7%' quadrangle, Malheur County. 1988 500
GMS-54 Graveyard Point 7%' quad., Malheur/Owyhee Counties. 1988 500
GMS-55 Owyhee Dam 7%' quadrangle, Malheur County. 1989, 5.00____
GMS-56 Adrian 7% quadrangle, Malheur County. 1989 500
GMS-57 Grassy Mountain 7%’ quadrangle, Malheur County. 1989 5.00_____
GMS-58 Double Mountain 7%’ quadrangle, Malheur County. 1989 500
GMS-59 Lake Oswego 7%’ quad., Clackam., Multn., Wash. Counties. 1989 700
GMS-60* Damascus 7%’ quad., Clackam., Multn. Counties. 1994 800__
GMS-61 Mitchell Butte 7%' quadrangle, Malheur County. 1990 500
GMS-62* The Elbow 7Y%’ quadrangle, Malheur County. 1993 800
GMS-63 Vines Hill 7%%' quadrangle, Malheur County. 1991 5.00____
GMS-64 Sheaville 7%’ quadrangle, Malheur County. 1990 500___
GMS-65 Mahogany Gap 7%' quadrangle, Malheur County. 1990 500_
GMS-66 Jonesboro 7' quadrangle, Malheur County. 1992 6.00___
GMS-67 South Mountain 7%' quadrangle, Malheur County. 1990 6.00___
GMS-68 Reston 7'’ quadrangle, Douglas County. 1990, 6.00__
GMS-69 Harper 7' quadrangle, Matheur County. 1992 500__
GMS-70 Boswell Mountain 7%' quadrangle, Jackson County. 1992 700
GMS-71 Westfall 7'4' quadrangle, Matheur County. 1992 500__
GMS-72 Little Valley 74’ quadrangle, Malheur County. 1992 500__
GMS-73* Cleveland Ridge 7' quadrangle, Jackson County. 1993 500__
GMS-74 Namorf 7'’ quadrangle, Malheur County. 1992 5.00_____

Price™

GMS-75 Portland 7'’ quadrangle, Multn., Wash., Clark Counties. 1991 7.00_
GMS-76 Camas Valley 7%’ quadrangle, Douglas and Coos Counties. 1993 6.00____
GMS-77 Vale 30x60 minute quadrangle, Malheur County. 1993 10.00___
GMS-78 Mahogany Mountain 30x60 minute quadrangle, Malheur C. 1993 1000__
GMS-79* Earthquake hazards, Portland 7%' quad., Multnomah C. 1993 20.00___
GMS-80* McLeod 7' quadrangle, Jackson County. 1993 5.00____
GMS-81* Tumalo Dam 7%' quadrangle, Deschutes County. 1994 6.00___
GMS-82* Limber Jim Creek 7%' quadrangle, Union County. 1994 500
GMS-83* Kenyon Mountain 7%' quadrangle, Douglas/Coos Counties. 1994__ 6.00_____
GMS-84* Remote 7%’ quadrangle, Coos County. 1994 6.00__
GMS-85* Mount Gumney 7%' quadrangle, Douglas/Coos Counties. 1994 6.00__
GMS-86* Tenmile 7%’ quadrangle, Douglas County. 1994 6.00___
GMS-87* Three Creek Butte 7%’ quadrangle, Deschutes County. 1996 6.00__
GMS-88* Lakecreek 7%’ quadrangle, Jackson County. 1995 800__
GMS-89* Earthquake hazards, Mt. Tabor 7%’ quad., Multnomah C. 1995 1000
GMS-90* Earthquake hazards, Beaverton 7%' quad., 1995 10.00__
GMS-91* Earthquake hazards, Lake Oswego 7%’ quad., 1995 10.00____
GMS-92* Earthquake hazards, Gladstone 7%' quad., 1995 10.00_____
GMS-93* Earthquake hazards, Siletz Bay area, Lincoln County, 1995 2000___
GMS-94* Charleston 7%’ quadrangle, Coos County. 1995 8.00__
GMS-97* Coos Bay 7%’ quadrangle, Coos County. 1995 6.00___
GMS-98* Dora and Sitkum 7%’ quadrangles, Coos County. 1995 6.00____
GMS-99* Tsunami hazard map, Siletz Bay area, Lincoln County. 1996 6.00__
GMS-100* Earthquake hazard maps for Oregon. 1996 8.00___
GMS-101* Steelhead Falls 7%’ quad., Deschutes/Jefferson Co. 1996 700__
GMS-104* Earthquake hazards, Linnton 7%’ quad., Multn /Wash. Co.1996____ 10.00____
GMS-105* Earthquake hazards, Salem East/West 7%' quads. 1996 12.00___
SPECIAL PAPERS

2 Field geology, SW Broken Top quadrangle. 1978 500____
3 Rock material resources, Clackam., Columb., Multn., Wash. C. 1978 8.00__
4 Heat flow of Oregon. 1978 400___
5 Analysis and forecasts of demand for rock materials. 1979 400
6 Geology of the La Grande area. 1980 6.00___
7 Pluvial Fort Rock Lake, Lake County. 1979 5.00____
8 Geology and geochemistry of the Mount Hood volcano. 1980 400_____
9 Geology of the Breitenbush Hot Springs quadrangle. 1980 500
10 Tectonic rotation of the Oregon Western Cascades. 1980 400
11 Bibliography and index of theses and dissertations, 1899-1982. 1982 700
12 Geologic linears, northern part of Cascade Range, Oregon. 1980 400____
13 Faults and lineaments of southern Cascades, Oregon. 1981 500__
14 Geology and geothermal resources, Mount Hood area. 1982 8.00___
15 Geology and geothermal resources, central Cascades. 1983 13.00_____
16 Index to Ore Bin (1939-78) and Oregon Geology (1979-82). 1983 5.00___
17 Bibliography of Oregon paleontology, 1792-1983. 1984 700__
18 Investigations of talc in Oregon. 1988 8.00___
19 Limestone deposits in Oregon. 1989 9.00___
20 Bentonite in Oregon. 1989, 7.00____
21 Field geology, NWY% Broken Top 15' quadrangle, Deschutes C. 1987, 6.00____
22 Silica in Oregon. 1990 8.00__ _

23 Forum on Geology of Industrial Minerals, 25th, 1989, Proceedings. 1990 10.00
24 Index to Forums on the Geology of Industrial Minerals, 1965-1989. 1990 7.00

25 Pumice in Oregon. 1992

9.00

26 Onshore-offshore geol. cross section, N. Coast Range to cont. slope. 1992 11.00

27 Economic analysis, construction aggregate markets and forecast. 1995 1500__
OIL AND GAS INVESTIGATIONS

3 Foraminifera, General Petroleum Long Bell #1 well. 1973 400__
4 Foraminifera, EM. Warren Coos County 1-7 well. 1973 4.00_____
S Prospects for natural gas, upper Nehalem River Basin. 1976, 600
6 Prospects for oil and gas, Coos Basin. 1980 10.00____
7 Correlation of Cenozoic stratigraphic units, W. Oregon/Washington. 1983 9.00____
8 Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984 800 __
9 Subsurface biostratigraphy of the east Nehalem Basin. 1983 7.00____
10 Mist Gas Field: Exploration/development, 1979-1984. 1985 5.00__ _
11 Biostratigraphy of exploratory wells, W. Coos, Douglas, Lane Co. 1984 700____
12 Biostratigraphy, exploratory wells, N. Willamette Basin. 1984, 700__
13 Biostratigraphy, exploratory wells, S. Willamette Basin. 1985 700__
14 Oil and gas investigation of the Astoria Basin. 1985 800__
15 Hydrocarbon exploration and occurrences in Oregon. 1989 8.00_
16 Available well records and samples, onshore/offshore. 1987 6.00__

17 Onshore-offshore cross section, Mist Gas Field to cont. shelf/slope. 1990 10.00

18 Schematic fence diagram, S. Tyee basin, Oregon Coast Range. 1993

9.00,

19 Oil and gas potential of the S. Tyee Basin, S. Oregon Coast Range. 1996 20.00
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AVAILABLE DEPARTMENT PUBLICATIONS (continued)

BULLETINS Price M Price &
33 Bibliography, gcol. & mir‘1. tes. of Oregon (1st suppl. 1936-45). 1947 4.00 SHORT PAPERS
36 P?P"jfs on Tertiary Foraminifera (v. 2 [parts VII-VIllJ only). 1945 400___ 25 Petrography of Rattlesnake Formation at type area. 1976 4.00
44 Bibliography (2nd supplement, 1946-50). 1953 400___ 27 Rock material resources of Benton County. 1978 5.00
46 Ferruginous bauxite, Salem Hills, Marion County. 1956 4.00
53 Bibliography (3rd supplement, 1951-55). 1962, 4.00
65 Proceedings of the Andesite Conference. 1969 11.00. MISCELLANEOUS PUBL|CATIONS
67 Bibliography (4th supplement, 1956-60). 1970 4.00 Hlkmg.Orcgon s geology, E.M. Bishop and J.E. Allen, 1996 16.95
71 Geology of lava tubes, Bend area, Deschutes County. 1971 6.00 Asse§51ng earthquake hazards in the Pac. NW (USGS Prof. Paper 1560) 25.00
78 Bibliography (Sth supplement, 1961-70). 1973 4.00 Relatwg eanhquake hazard map, Portland quadrangle (DOGAMI/Metro),
82 Geologic hazards of Bull Run Watershed, Multn /Clackam. C. 1974 8.00, 1993, with scenario report (add $3.00 for mailing) . 1000
87 Environmental geology, western Coos/Douglas Counties. 1975 10.00, Geollogy of Oregon, dth ed, E.L. and WN. Or'r‘and E.M. Baldwin, 1991,
88 Geology/min. res., upper Chetco R. drainage, Curry/Josephine C. 1975 5.00. pubhsh.ed by Kendall/Hunt (add $3.00 for mailing) 295
89 Geology and mineral resources of Deschutes County. 1976 .00 Gcologxc map of Oregon, G.W. Walkcr. gnd N.S. MacLeod, 1991,
90 Land use geology of western Curry County. 1976 10.00 published by USGS (add $3.00 for mailing) 11.50
91 Geologic hazards, parts of N. Hood River, Wasco, Sherman C. 1977 9.00 Geological highway map, Pacific Northwest region, Oregon, Washington, and
92 Fossils in Oregon. Collection of reprints from the Ore Bin. 1977 5.00 part of Idaho (published by AAPG). 1973 8.00___
93 Geology, mineral resources, and rock material, Curry County. 1977 8.00 Or.egon Lan-dsat fOSAIC map (pLIb_hShed by ERSAL, (,)SU)' 108 1100___
94 Land use geology, central Jackson County. 1977 10.00 Mist Gas Field map, rev. 1995, with 1993-94 production figs. (OFR 0-95-1) 8.00
95 North American t;phiolites (IGCPproject). 1977 8.00 Digital form of map (CAD formats DGN, .DWG, .DXF), 3%-in. diskette, 25.00
96 Magma genesis. AGU Chapman Conf. on Partial Melting, 1977 15.00 Mist Gas Field production figures 1979 through 1992 (OFR O-94-6)______ 500
97 Bibliography (6th supplement, 1971-75). 1978 4.00 Northwest Oregon, Correlation Sec. 24. Bruer & others, 1984 (AAPG) 6.00,
98 Geologic hazards, eastermn Ben’ton County. 1979 10.00 Oregon rocks and minerals, a description. 1988 (OFR O-88-6) 6.00
99 Geologic hazards of northwestem Clackamas County. 1979 11.00 Mineral information layer for Oregog by county (MILOC), 1993 update
101 Geologic field trips in W. Oregon and SW. Washington. 1980 10.00 (OFR 0-93-8), 2 diskettes (5%-in,, high-density MS-DOS)_____ 2500
102 Bibliography (7th supplement, 1976-79). 1981 500 Directory of mineral producers, 1993 u.pdate, 56 p. (OFR 0-93-9) 8.00
103 Bibliography (8th supplement, 1980-84). 1987 8.00 Geothermal resources of Oregon (published by NOAA). 1982 4.00
Mining claims (State laws governing quartz and placer claims) Free
Back issues of Oregon Geology 3.00
MISCELLANEOUS PAPERS Color postcard with Oregon State Rock and State Gemstone 1.00
§ Oregon'’s gold placers. 1954 200___ L R )
11 Articles on meteorites (reprints from the Ore Bir). 1968 4.00 Separate price lists for open-file reports, tour guides, recreational gold mining
15 Quicksilver d. its i Of 1971 . ————4'00— information, and non-Departmental maps and reports will be mailed upon request.
Quicksilver deposi In Oregon. | B GMS maps marked with an asterisk (*)are available in digital form on diskette
19 Gcoth‘.erm‘al explor‘atlon §tud1es inOregon, 1976.1977___ 400 (geological information only).
20 Investigations of nickel in Oregon. 1978 6.00____ The Department also sells Oregon topographic maps published by the U.S. Geo-

logical Survey.
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