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Consulting Engineering Geologist 18233- 13th Avenue Northwest
Seattle, Washington 98177
Telephone: (206) 542-2596

Trip Report -- Council of Energy Resource Tribes (CERT)

Workshop on Central Columbia Plateau

Structural Geology and Petroleum Potential,

28-29 October 1987

1. Pursuant to verbal requests from Messrs. D. H. Chung and H. L. McKague
on 15 Oct. 1987. I attended the subject workshop with H. E. LeFevre of NRC.
The meeting was also attended by NRC consultant E. M. Levine of Weston
Geo tsical. A final program, with annotated modifications, and an incom-
plete scratch list of attendees are attached (Attachments 1 and 2). The
format of the workshop consisted of formal presentations during the morning
sessions followed by panel and group discussion during afternoon sessions.
The format proved to be most appropriate and encouraged considerable group
participation. A summary of important points covered by the formal
presentations and group discussions follows.

2. Structural Geology sessions

a. Bond's presentation was a general review of the stratigraphys
structure and western Cordillera Tertiary plate Interactions. Nothing new
was suggested.

b. Fecht reviewed the concepts of the Plateau tectonics developed by
the BWIP staff and others over the past several years. He indicated that
stratigraphic relationships have been established by about 200 sections
measured in the Grande Ronde and 200 sections in the Wanapum, including
chemical analysis from most sections. Focht indicated that MT data
suggests that both the Columbia River Basalt (CRB) and underlying Tertiary
sediments thicken within the Yakima Fold Belt (YFB) as compared with the
Palouse Slope region with thicknesses of CRB in the Pasco Basin on the
order of 13,000 ft. He noted a thinning of the CRB to 114000 ft across the
Rattlesnake structure and suggested that this together with isopach data
developed by BWIP (Myers and Price, 1979) indicates that deformation is
coeval with CRB volcanism.

ficht noted that a major zone of low resistivity in the Shell BN 1-9
(Saddle Mountains) well beetween 6500 and 8000 ft had been interpreted as a
major fault, possibly the Saddle Mountains Fault. If so, it would con-
strain the dip of the fault to greater than 45 degrees. However there was
no repeat of chemistry in the well. The conclusion was that the zone did
not represent a fault zone. Fecht further noted a similar zone in RSH-1
(Rattlesnake) without a confirmed fault zone.
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c. Canard presented a highly interpretive cross section (prepared
for CERT) starting at the Yakima Minerals well and passing successively
through the BISSA (Whiskey Dick), Shell BN well (Saddle Mountains), Gable
Mountain and RSH-1 (Rattlesnake). The section showed the Entiat? Fault
passing between the BISSA and BN wel ls. Cownrd noted that in the BISSA
well gas shows were found in Eocene? sandstone below coal beds and that the
well bottomed in granite at 14,900 ft. He reviewed the problems of lost
circulation in the Shell BN well Including heavy water flow at 2600 ft.
loss of casing cement at 1800 ft and general openness of the basalt section
to its base at 11.500 ft. He further noted coal and gas shows in the
underlying sediments and that the (granite) basement was not reached when
the well bottomed at 17.000 ft. Canard further noted similar heavy circu-
lation loss in the Rattlesnake (RSH-1) well together with the presence of
coal and gas within the basalt section and the possible structural
complexity indicated by dip meter surveys.

Canard suggested that the thrust faults are asymptotic features
perhaps dying out in the coal measures. He admitted that the cross section
was speculative but because of gas shows in most of the deep holes in the
Pasco Basin, he advocated a deep stratigraphic test.

d. Alan Rohay (Westinghouse Hanford) gave a very forthright
presentation on instrumental seismicity of the region. He indicated some
seismicity relating to mapped structures, but that there is much seismicity
which does not. Many clusters (swarms) are seen in the Pasco Basin with
major clusters east and southeast of the Saddle Mountains and on the
eastern Royal Slope. Fault plane solutions indicate reverse faulting at
depths of less than 3 km. Rohay's conclusion is that there is a relatively
high incidence of low magnitude seismicity in the basalt, a moderate amount
in the underlying sediments with the basement characterized as nearly
aseismic. Rohay's data indicated a defuse seismicity along the Rattlesnake
- Wallula lineament (RAW). Rohay further reviewed the difference in fault
plane solutions in the Central Plateau (reverse), southern Cascades
(dextral strike-slip) and the Walla Walla-Milton Freewater area (mixed).

e. The panel and group discussion relating to adequacy of structural
models appeared to beg the question# and perhaps rightly so. The question
of the kinematics of plate interaction producing N-S compression was not
thoroughly discussed. The discussion on neotectonics research needs was
included.

West indicated that there is definite evidence for post-Pliocene
deformation in the Frenchman Hills-Saddle Mountains areas and that major E-
W faults appear to steepen with depth. He also indicated a gross associa-
tion of seismicity with structure and the possibility of seismicity being
associated with segmentation of the long E-W structures.

Fecht indicated that the E-W structures are not deep rooted and that a
more comprehensive geophysical investigation program is required on a
regional basis to better understand sub-basalt structures. In addition a
more detailed surface mapping of structures is required. There is a
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definite need to better understand structures in areas away from the
(Hanford) site. Fecht# responding to questions relating to trenching of
segmenting (cross) faults, reviewed the Gable Mountain trenching where 12-
20 ka glacio-fluvial offset may not be tectonic in origin. He indicated a
cross fault in Rattlesnake Mountain where the presence of glacio-fluvial
and Ringold deposits would provide an excellent trenching target. None of
the cross faults in the Saddle Mountains have been trenched by BWIP. Focht
also suggested that the Yakima Barricade Fault may need to be considered
capable or active. The possibility of a deep stratigraphic test is the
Pasco Basin is being considered.

f. The panel and group discussion on seismicity surfaced a number of
potentially important items.

Malone (University of Washington) immediately answered the question
under discussion by indicating that small seismic events, even low magni-
tude swarms, may be a significant influence on the hydrologic system. He
pointed out that swarm activity appears unique to the central Plateau as
opposed to non-swarm activity on the Cascade flank and the random, isolated
events of the Chelan area where 0-10 km depth activity in the crystalline
basement show NW-SE compressional axes. Malone further pointed out that
seismic rates have been observed to change in China over periods of 100 to
1000 years, and that it is not logical to assume constant seismic rates.

Focht discussed limitations on maximum seismic events generated by the
Yakima folds due to fold segmentation, pointing out that the Toppenish
structure is not segmented and, therefore, may have a slightly higher
potential event.

Focht was critical of using displacement in Touchet beds as evidence
of post-glacial fault displacement along CLEW, citing evidence for dis-
placement in areas clearly not near known faults.

The question of use of "floating" earthquakes was discussed with
respect to plateau swarms and events such as the Milton Freewater 1936
earthquake. Rohay indicated discomfort in defending the placement of
earthquakes on mapped structures using present data and suggesting a maxi-
mum of magnitude 4.5 for swarm events on "unknown" structures. It was
suggested that the NW-SE trend of seismic clusters from Royal Slope to east
of White Bluffs may represent the boundary between the thinner basalt of
the Palouse Slope to the east and the thicker basin basalt area to the
southwest. The possibility of irrigation water influencing the swarm
seismicity was discussed with little conclusion.

tet summarized the search for evidence on neotectonics by emphasizing
the need to investigate the areas where best evidence is likely to occur,
regardless of the location with respect to any given site, in lieu of
investigating more proximal areas which perhaps may have less significant
evidence.
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3. Petroleum Potential Sessions

a. Bond reviewed the basics of oil and gas generation in terms of
parent sediments, their generating capacity and the geochemistry of oil and
gas generation from marine sediments, the series of biogenic gas --
petroleum -- thermal gas, depending on maturity of sediments being an
important factor. He emphasized the marine environment of the Cretaceous-
Tertiary sediments within the Columbia Arc (south of the OWL) and reviewed
the position of the wel Is drilled thus far.

b. Faley discussed the history and demographics of oil and gas
leasing on the Columbia Plateau. He noted that the history of oil and gas
leasing began between 1901-1906 with spaced periods of activity in the
1920s and 1930st the "modern leasing" era beginning in the 1950s. He noted
migration of leasing south into north-central Oregon and east into the
southeast counties of Washington. Noted further that most leases are for
10 year period and present leasing costs are about Si9/acre.

c. Bowen reviewed the history of oil and gas exploration on the
Columbia Plateau which may be summarized as follows:

(1) Between 1913 and 1917 numerous wells were drilled in the
Rattlesnake gas field. Between 1929 and 1941 the field furnished gas to
Prosser via pipeline. Individual wells were reported to yield 100,000 to 3
million cfd of low pressure gas from within the basalt, probably leakage
from deeper zones in the fractured basalt along the crest of the Rattle-
snake Anticline.

(2) During the mid- to late-1950s, the Standard Rattlesnake
(RSH-1) was drilled to a depth of 16,655 ft without penetrating the base of
the basalt, and Standard Kirkpatrick was dril led in Morrow County, OR to an
approximate depth of 8,000 ft. penetrating 4,000 ft of basalt and 4,000 ft
of sediments Including John Day, Carno and Mesozoic marine sediemtns.

(3) Shells Yakima Minerals 11 was drilled in 1981 at a site near
Roza Dam on the Yakima River to a depth of 16,199 ft. It penetrated about
5,000 ft of basalt underlain by more than 11,000 ft of sediments. Although
the sediments were quite tight, a few gas shows in the sediments yielded a
total of 1.5 million cfd, not an economical quantity. A second nearby well
was drilled into the upper sediments (5,604 ft depth) and encountered only
minor gas.

(4) Shell's second effort was the BISSA Well drilled in 1983 to
a depth of 14,960 ft from a site on Whiskey Dick Mountain between Vantage
and Ellensburg. The well penetrated about 4,500 ft of basalt and more than
10,000 ft of sediments before encountering the granitic basement. Only
minor gas flows were encountered.

(5) The third Shell effort was the 1-9 BN well drilled in 1985
from a site on the crest of the Saddle Mountains. The well penetrated
11,480 ft of basalt and about 5,000 ft of underlying sediments. Zones at
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12,000 and 15,000 ft were reported to produce the best gas flows after
acidizing though the reservoirs appeared small. At about 13,000 ft a 16-ft
zone produced a minor amount of gas and petroleum condensate. The well has
now been abandoned.

(6) Shell Is currently drilling the Darcell Western No. 1 on the
south side of the Snake River In Wal la Wal la County. This is the first
location sited entirely on the basis of geophysics. The well was recently
reported at a depth of 3,600 ft with the expectation of drilling to 15,000
ft. 8,000 ft in basalt and 7.000 ft in sediments.

(7) An additional exploration well is reported to be in the
planning stage near Standard Kirkpatrick in Morrow County. OR. This would
further investigate the deep sedimentary basin believed located beneath the
basalt on the north flank of the Blue Mountains uplift.

d. Lnn Moses (Westinghouse Hanford) presented the general format of
a study plan for assessing the petroleum potential on the Hanford Reserva-
tion, presumably work to be done during site characterization for the waste
repository. The features of the study plan include:

(1) an integrated geological-geophysical approach to the stratigraphy
and structure,

(2) identification of potential reservoirs based on margin geology,

(3) obtaining and assessing porosity and permeability data.

(4) evaluating source rocks for organiz carbons, kerogen, Vitrimite
reflectance, level of maturity, and thermal history,

(5) researching shut down Rattlesnake gas field to determine whether
the gas is biogenic or thermalgenic in nature, and its possible
source.

A deep stratigraphic test is under consideration and additional geo-
physical investigations planned, coordinated with the structural geology
study plan.

e. Rufus Catching (USGS) presented results of a 1984 long-range
seismic refraction/wide-angle reflection investigation across the plateau.
The data revealed eight major velocity zones to a depth of more than 40 km
(attachments 3 and 4). Catching noted the unusual graben (rift-like)
structure within the sub-basalt sediment layer (layer 3) beneath and south
of the Hanford Reservation. A major rise in the granitic? basement (layer
6) beneath the same portion of the profile was noted. He suggested the
possibil ity of the graben being an extension of the Ch1waukum Graben but
indicated additional lines would be necessary to confirm or deny this
relationship. The 1984 profile was 260 km long with shot points at 50 km
intervals. He reviewed the problems and methods of deep seismic profiling,
the necessity of using high frequency energy and much shorter shot point
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intervals. A formal proposal has been submitted recently to Washington
Department of Natural Resources and Westinghouse Hanford to accomplish the
additional profiling (enclosure 1).

f. Canard completed the formal presentations with a discussion of
the abundance of gas shows in wel ls on the Hanford Reservation. Without
providing details he indicated that drilling records of borings DC-l, WW-6,
Bensen Ranch, DC-19, DC-16, RRL-2 and DH-24 all had gas shows. Much of his
information was based on a three-day search of the drilling files. He
further emphasized the frequency of faulting in the basin and suggested
that such shows are following fault and fracture zones in the basalt.

g. The panel and group discussions for questions shown on the
program were combined. Important points may be summarized as fol lows:

(1) Walsh (WDNR) pointed out that some structures in the
YFB could have the potential of 1 trillion cf of gas based on
available structural closure but indicated that they have thus
far been found wanting. He further indicated that well data thus
far suggests Immature sediments beneath the CRB which are likely
to be more gas-prone than oil-prone.

(2) Catching (USGS) believes that data shows an ancient
rift system and that depth of burial is great enough for mature
sediments. He noted that the apparent graben in the sedimentary
layer included the section of the seismic profile from near the
Saddle Mountains on the NE to the Horse Heaven Hills on the SW.

(3) Fecht (Westinghouse Hanford) noted that gas is very
common in wells drilled in basalt throughout the Plateau, even on
the Palouse Slope. He suggested that the origin of such gas is
probably due to upward seepage from sub-basalt sediments through
the Jointed basalt. Fecht further indicated the uniqueness of
the Rattlesnake gas field trap in that gas came from the Priest
Rapids Basalt beneath a Mabton Interbed cap. He further
suggested a possible surface expression of a graben between the
basin edge on the east and the Hog Ranch uplift on the west,
similar to the N-S "graben" proposed by Davis (1981). He also
noted that the present drilling in Walla Walla County lies
between the Ice harbor and Wanapum dike systems.

(4) Phi Spencer (Mobil) indicated that his company has no
plans to explore the plateau but Is keeping cognizant of
activities of Shell. He emphasized that neither sources or
reservoirs are known, that the basalt is not likely to be an
economic source of gas or oil and the sub-basalt sediments are
generally too deep to be economical in the near term. Spencer
suggested that the basin (Plateau) margins would likely be more
attractive targets.
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(5) The consensus of the combined panel on needed research included:

(a) Detailed refraction/reflection seismic surveys to prove
out what structures are in the sediments beneath the basalt, and

(b) determination of whether the gas found in the basalt is
biogenic or thermogenic

4. Observations

a. The seismic profiling proposed by Catchings appears to
have considerable promise in establishing gross details of the
sub-basalt crustal structure. This would be extremely helpful
for confirming structural models for the Yakima Fold Belt and may
help provide answers on the "thick skin" - "thin skin"
controversy.

b. The occurrence of gas in the basalt is most likely related to
upward migration from sub-basalt sediments through the strongly vertically
jointed basalt. The frequency of fine-grained interbeds high in the basalt
section could well produce a multitude of small gas traps. The likelihood
of large commercial quantities from such sources appears remote. This does
not preclude the utilization of such resources for individual domestic use.

c. The maturity of potential source rock (sediments beneath the CRB)
and their thermal and genetic history is not well constrained by present
data. This has an important bearing on the hydrocarbon potential, equally
with the understanding of the sub-basalt structure.
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STRUCTURAL GEOLOGY OF THE CENTRAL COLUMBIA PLATEAU
Steve Hart, CERT, Moderator
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8:30- 9s00 Registration (*15.00 per participant)

9tOO- 9115

9t:5- 9:45

9s45-10s15

Welcome by Sponsors

Columbia Plateau
Structural Evolution

Tectonic Development,
Central Columbia Plateau

Steve Hart, CERT

John Bond, Geoscience
Research

Karl Fecht, Westinghouse

t0t115-1030

10:30-11:00

Break

Tribal Cross-Section, Curtis Canard, CERT
Central Columbia Plateau consultant

11s00-11t30 Columbia Plateau
Microseismicity

Alan Rohay, Westinghouse

_________________________________________________________________

11:30- 1:00 Lunch - buffet provided
___________S___A_____AFT______R_____O___.____OCTOBER_____________

WEDNESDAY AFTERNOON, OCTOBER 28

1OO- 1:15

S1215- 2 15

Introduction to
panel discussions

Panel Discussions
Are current structural
models of central
Plateau adequate?

Steve Hart, CERT

John Bond, Moderator
Mike West, M.W. West Assoc.
Karl Fecht

2:15- 2:30 Break

2:30- 3:30

3s30- 4130

4:30- 5sOO

Panel Discussion:
Are major seismic
events possible in
the central Plateau
in next 100 years?

Group Discussion:
What specific research
in neotectonics of
Plateau is needed?

Session Summary

i , Moderator
Stephen Malone, U of WA
Alan Rohay

Steve Hart, Moderator
Panel of speakers
Audience

Steve Hart
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PETROLEUM POTENTIAL OF THE CENTRAL COLUMBIA PLATEAU
John Bond, Geoscience Research, Moderator

THURSDAY MORNING. OCTOBER 29

9:00- 9:15

9:15- 9:45

9s45-1015

Introduction

Oil & Gas Leases
in Central Plateau

Oil & Gas Exploration
in Central Plateau

John Bond

David Foley, W.E. flays
& Associates

Richard Boven, NW Oil
Report

10t15-1030 Break

_10:tO-10s45

10:45-11s15

11s15-11s45

Hanford Petroleum
Potential--Plans

High-Res., Full-Wave
Field Seismic Profile

Tribal Borehole Study

Lynn Moses, Westinghouse

Rufus Catching, USGS

Curtis Canard

_________________________________________________________________

11:45- 1:00 Lunch - buffet provided
-________________________________________________________________
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1:00- 1:15

1t15- 2t15

2t15- 2s30

2:30- 3:30

3t30- 4s30

4t30- 5:00

Introduction to
panel discussions

Panel Discussion:
Is the central
Plateau the next
*Overthrust Belt*?

John Bond

If- ll Camphell, Moderator
Karl Fecht
Curtis Canard "i

Break
N~b

Panel Discussions
Could economic oil &
gas resources be
located at Hanford?

proup Discussion:
What specific research
is needed to determine
oil and gas potential
of central Plateau?

Meeting Summary

Curtis Canard, Moderator
Tim Walsh, WA Dept. Nat.
Rufus Catching
Lynn Moses

John Bond, Moderator
Panel of speakers
Audience

John Bond I
Steve Hart
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Figure 1: Location map for the Columbia Plateau (defined by the Columbia River basalts) of
Washington, Oregon, and Idaho. The generalized surface geology of surrounding regions is also
shown (after Gresens and Stewart, 1981). The bold, straight line corresponds to the 1984 seismic
profile (SP - shot point). Note the location of the Shell Oil Company 1-33 Yakima Minerals, 2-33
Yakima Minerals, and 1-29 Bissa wells.
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Figure St Large-scale average crustal model derived from the 1984 USGS Columbia Plateau
seismic refraction data (from Catchings and Mooney, 1987a). Compressional velocities are indi-
cated in km/s. (a) Entire model shown relative to a datum 1 km above sea level and with a verti-
cal exaggeration of two to one. Note the rift-like characteristics of the crust (e.g. high velocities
and unusual structure of the lower crust, shallow graben structures, etc.). (b) Same as (a), except
only the upper 15 km of the crustal model is shown. Depth is relative to a datum 1 km above sea
level, and vertical exaggeration is eight to one. Note the graben structure and the interlayered
high- and low-velocity zones within the CRBG with average velocities much like those observed in
sonic logs from boreholes in the Columbia Plateau.
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