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ABSTRACT

The basalt stratigraphy and geologic structures of eastern Umtanum
Ridge have been mapped and studied in detail to help assess the '
feasibility of nuclear waste terminal storage on the Hanford Site in
southeastern Washington State. Eastern Umtanum Ridge is an asymmetric
east-west-trending anticline of Columbia River basalt that plunges
5 degrees eastward into the Pasco Basin. Geologic mapping and
determination of natural remanent magnetic polarity and chemical
composition reveal that flows of the Pomona and Umatilla Members (Saddle
Mountains Basalt), Priest Rapids and Frenchman Springs Members (Wanapum
Basalt), and Grande Ronde Basalt were erupted as fairly unifofm sneets.
The Wahluke and Huntzinger flows (Saddle Mountains Basalt) fill a
paleovalley cut into Hanapum Basalt.

Several 11nes of evidence show that folding of Umtanum Ridge began
before Umatilla time (14 million years ago) and continued well after
Pomona time (10.5 million years ago). Eventually the ridge was faulted
by high-angle reverse movement on the north limb of the fold. This

movement brought horizontal Hanépum lavas against overturned Grande Ronde.'

Basalt. Shearing and fracturing associated with the thrusting and
fo]dingvhave produced zones of brecciated and mylonitized basalt:
subparallel to the strike of the fault and fold. The evidence suggests
folding was caused by generally north-south compression. Mény normal
faults of short length and minor displacement also occur on Umtanum
Ridge, indicating that similar structures are buried by glaciofluvial '
sediments beneath the Pasco Basin.

The Olympic-Wallowa Lineament cuts Umtanum Ridge with a north 50
degree west trend, intersecting the Umtanum anticlinal axis at the McCoy
Canyon slide complex. The Olympic-Wallowa Lineament is represented in
the field by short faults of minor displacement, a tight fold trending
north 40 degrees west, and sheared and brecciated rock.  The crest line
" of the fold has left-lateral displacement of 1 kilometer wh1ch may be a
man1festat1on of the 01ymp1c-Ha11owa L1neament.
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"No evidence was found that indicates the artesian nature of wells and é
springs south of the anticline are a manifestation of the Olympic-Wallowa .
Lineament. Water chem1stry shows the waters originate in the Vantage s

'lnterbed or Frenchman Springs flows.

No evidence was found to indicate Quaternary-age movement on any :
structures in the map area. The basalt strata on the south 11mbAof_the"

‘Umtanum anticline display relatively little tectonic deformation since

Miocene-Pliocene time. .Thus, the buried south flank of Ustanum Ridge may ;
provide an excellent location for a nuclear waste repository beneath the
Hanford Site.
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INTRODUCTION
IMPORTANT NOTE

- This report describes the geology and structure nqrth of the Silver
Dullar fault zone (along the south flank of Yakima.Ridge); although ‘
Plate 1 includes all geologic mapping by the author on both Umtanum and
Yakima Ridges. A summary of the structural evolution of eastern Yakima
Ridge has been written by Goff and Myers (1978). A1l field work was
performed from May 1977 to February 1978.

PURPOSE

- Rockwell Hanford Operations (Rockwell), under contract to the
U.S. Department of Energy, is assessing the feasibility of using Columb1a
River basalt as a medium for the final storage of commercial nuclear
waste. Current emphasis is on that portion of the Columbia River basalt
of the Pasco Basin which is included in the Hanford Site (Figure 1).
Knowledge of the geologic relations expressed on eastern'Umtanum Ridge is

critical for selection and evaluation of repository sites in the Pasco
Basin.. - ’

The purpose of this initial study was to map the stratigraphy and
structure of Miocene basalts on eastern Umtanum7Ridge, emphasizing those
structures important to the hydrologic characteristics of the region.
Quaternary sediments were also mapped in order to locate areas where
major structures, especially faults, may have deformed young sediments.
In addition, several other geologic features were investigated. These
included landslides, the nature of sheared (cataclastic) basa]t f1ow—top
breccias, and the chem1stry of 1oca1 groundwaters

LOCATION AND PHYSIOGRAPHY

Umtamum Ridge lies in the mountainous desert of south-central
Washington on the northwesf’edge of the Pasco Basin (Figure 1).. The
Columbia River flows eastward along the steeply dipping, north flank of
the Umtanum7ant1c11ne. _The easternmost end -of the ridge Ties within the
. Hanford Site. ' The U.S.. Anmy s Yakima F1r1ng Center occupies the west end
of the. map area.n Umtanum Ridge presents a panorama of barren rocky




T VI T

o LILLNLBUNG

{/, ), .

/ //
r,/ uoou//(/
/"[,L”/‘(U‘y'////,

/ 8
011]///

'/Uj “'.' ‘00// R

v . g v v v v

v v \ v v v
var 7 AN LR 2T s 301 "

| /1/ (FRENCHMAN 77 /
., v:n/v;c: \RRYYYY Nﬂll?//y////////] *

OIN(LLO

:../’0%,5..’.////////////{ )

’/171z>

coLuIlIA aven ~4—— MANFORD SiTE WOUNDARY

IRTIZAL 20 Uy,

) MAPRED AREA .s
/ ///J PASCO BABIN ~“'*
/ /7 7727, o '

RICHLAND

PaARCO
°®

10 {?ﬁulv:cn

ety

WALLAWALLA RivER

UMATRLA e

aaond Has b

.A")??r;u}//% . |,

FIGURE 1.

RCP8006-318

Hanford Site Map Showing Location of Mapped Area.

" 12-9-IM8-0HY




RHO-BWI-C-21 o - L

cl1ffs and slopes covered with sagebrush and wind-blown silt. The desert
soil is locally cultivated where abundant water is available, . The. mapped
area is traversed by state highways, but most access is by dirt road.

Three months were spent in detailed mapping of 80 square kilcmeters and

2 mdnths were spent in support work and prgparation of this draft report.

METHODS OF INVESTIGATION

Geologic mapping was done on U.S. Geological Survey 7-1/2-minute and
15-minute quadrangle topographic:maps and compiled at 7-1/2-minute
(1:24,000) scale. Mapping was aided by black and white and. color -aerial
photographs with scales of about 1:7,000 and 1:60,000, respectively. .

Approximately 100 chemical analyses and natural remanent magnetic
polarity measurements were made on.selected samples to assist in
fdentification of the varjous units of Columbfa River basalt.
Quantitative chemical analyses were made by standard atomic absorption.

‘techniques at a laboratory under subcontract to Rockwell, Results were

reported as weight percent of oxides. A1l suftes of samples submitted
for atomic absorption analysis included two or three samples of a
standard basalt (Umatilla basalt) for calibration of precision and
accuracy. Comparisons of average analyses and analytical errors of .-
standard Umatilla basalt and Umatilla type-16cality basalt are listed in
Table 1.. Semi-quantitative analyses for barfum, calcium, and titanium
were made on an energy-dispersive X-ray fluorescence unit. Natural
remanent magnetic polarities were obtained using a portable flux gate

_ magnetometer (Calex Model 70). Samples of breccia and mylonite from 5 ) ¥

mapped shear zones were studied using standard petrographic and X-ray
diffraction powder techniques. A stratigraphic section through the

: Grqhde Ronde Basalt was measured with tape and compass. Spring and well
"water. samples were collected accordfng to the methods of Thompson (1975)

and chemically analyzed by a laboratory under subcortract to Rockwell. .
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TABLE 1. Comparison of Average Analyses of Standard Umatilla Basalt
and Umatilla Type-Locality Basalt. (Error reported by this
study 1¢ average relative error; analyses -
reported are as mean percents.)

Chemicals Average of 14 Umatilla Umatitla Standard
Analyzed Standard Analyses*
510, 52.4 * 0.6 52,54
Al,03 13.8 £ 0.4 13.79
Fe0 12,9 * 0.3 13.73
Mg0 2,89 £ 0.08 2.95
Ca0 6.37 2 0.15 6.40
Nas0 3.23% o.10 3.20
K20 2.55 * 0.17 2,52
MnO 0.22 ¢ o0.01 0.19
T40, 2.91 % 0.14 2.76
P,0s 0.94 * 0.10 0.90

*This report.
w*Addfton and Seil, 1979.




RMO-BWI-C-21 .

aspects of geologic mapping, water saminng; sample preparation, and
magnetic determinations. Ms. K. Ferguson and Or. M. W. Grutzcek srranged
for water analyses. Mr. D. H. Parks assisted wlth’petrographic
photography. Or. A. C.. Waters, Dr. D. A. Swanson, and Mr. S, Farooquf
offered valuable advice. Dr. S. P. Reidel veviewed the manuscript.

PREVIOUS INVESTIGATIONS

The regional geology of the Pasco Basin vicinity was compiled and '
described by Grolier and Bingham (1965) and by Newcomb (1970). Umtanum
R1dge appears on Newcomb's map, but because of the scale of this
compilation, the geology is highly generalized. A reconnaissance
geologic map (1:100,000 scale) was prepared by Washington Public Power
Supply System, Inc. (WPPSS, 1974). The structural geology presented on
that map is essentially in agreement with the findings of this study, but
identification of basalt members and delineation of their extent are
locally in disagreement. A reconnaissance report on the geology of the
McCoy Canyon area was prepared by Converse, Davis and Associates (1970)
and their conclusions differ from those of this report. Details of
surface and subsurface geology were interpreted by Mackin (1955) in a
report for the Public Utility District No. 2 of Grant County, Washington
regarding construction of Priest Rapids Dam. In spite of minor
misidentification of some basalt members, the results of that report are.
here referred to repeatedly. Geologic studies conducted by the Atlantic
Richfield Hanford Company in the Pasco Basin and Columbia Plateau region
were summarized in ARH-ST-137 (1976).

STRATIGRAPHY

The dominant 1ithology of the area is basalt of the Columbia River
Basalt Group that {is covered by various types of Quaternary sediments.
These young deposits are primar{ily alluvium and older gravels associated
with Cold Creek and the Columbia River. A large fan of glaciofluvial
graveis and sediments spreads southeastward from the Columbia River
around the eastward-plunging end of the Umtanum anticline. Recent
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Columbia River gravels are easily;distinouished'from local gravels by the
occurrence of granitic and. metamorphic cobbles -in the former, which are
absent in sediments of. Cold Creek Va]ley and similar val]eys. "The | .
southeastern slopes of the ridge, which are primarily eroded dip- slopes,
are coated with a veneer of loess. Landslldes appear on steep slopes
and/or structurally weakened s]opes. o g

The stratigraphic un1ts of the map area are corre]ated with units
previously defined in the Posco Basin by their stratigraphic position,
remanent. magnetic polarity, and whole-rock chemical composition, as based
on data reported by Wright and Others (1973) and Ledgerwood and Others
(1973). Stratigraphic nomenclature of the Pasco Basin'is given in
Figure 2. ' ' o '

COLUMBIA RIVER BASALT'GROUP

The Co]bmbia River Basalt Group is very difficult to map at a member
or flow level of detail without positive identification by whole-rock
chemical composition; Field criteria, such'as abundance of'phenocrysts{
stratigraphic p051t1on, interbed character1st1cs, and primary flow
features (e.g., columns, p1llows, etc.), genera]]y distinguish the three
basalt formations and many members from one.another. However, these.
characteristics vary, especially over a 1arge area, but also within the
map area. Positive identification of flows from hand samples of. {solated
outcrops is difficult, particularly where icentification involves
comparisons distinguishing Pomona from Huntzinger, Umatilla from Wahluke,
and among Priest Rapids, aphyric Frenchman Springs, and upper Grande
Ronde Basalt. In general the Columbia River basalt is composed'of
tholeiijtic 1avas hav1ng both normative quartz and hyperthene and
consisting of plagioclase,’ pyroxene, opaques, glass, and olivine.

Detai]ed'field descriptions of 1ndiVidua1 units are given in the
Appendix. Distinctive character1st1cs are descr1bed below and in Tab]e 2.

The chemical characteristics are described in a f0110w1ng sect1on. See
Tab]e 1 for ana]yses of standards.
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TABLE 2. Distinguishing Characteristics of Grande Ronde Flows.

Flow 1 (Museum?):

Flow 2 {Rocky Coulee?):

Flow 5 (Unnamed):

Flow 8 {Unnamed):

Flow 9 (Unnamed):

Mq0 Horizon:

Flow 10 (Umtanum):

This flow has a diktytaxitic texture, with
tiny vesicles and abundant microphenocrysts.

This flow is dense, black, glassy, and
aphyric; its appearance is in sharp contrast
to the above flow. '

This flow is distinctive because of its

relatively coarse, microporphyritic, and
slightly diktytaxitic texture and thin,

fanning entablature cnlumns.

This flow has a very distinctive
diktytaxitic texture, scattered vesicle
cylinders, and vesicle sheets (Goff, 1976
and 1977).

This flow is relatively thick (about 60
meters) has a 12- to 15-meter-thick flow-top
breccia, and consists of two separate flow
units.

Flows below this horizon contain less
magnesium oxide than the flows described
above. '

The Umtanum flow is over 90 meters thick in
the McCoy Canyon measured section and N
contains a flow-top breccia which is locally
more than 50 meters thick. This flow has a
thick entablature with fanning columns and a
relatively thin colonnade. ’
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SADDLE MOUNTAINS BASALT

The Saddle Mountains Basalt cons1sts of sheet f]ows of the Pomona andj
Umatilla Members and the intracanyon Asotin (Huntz1nger) and Hilbur Creek
~ (Wahluke) Members.

The Pomona flow is best exposed in the core of the Cold Creek
syncline and is_characterized by thin, fanning columns, conspicuous
olivine, sieve-textured plagioclase phenocrysts, and reverse natural

remanent magnetic polacity. Zones of pillowing in the Pomona were mapped.
in the Cold Creek syncline axis. The Pomona overlies rare outcrops of

volcaniclastic sediment and rhyolite tuff of the Selah interbed
(Ellensburg Formation) on the south flank of Umtanum Ridge, On the north
flank, the tuff forms an extensive sheet several meters thick. Locally,

the tuff shows additional welding by the overlying Pomona (Schmincke,
1967) to a dark grey, perlitic gless. This relationship can be seen in .
the South 172, Section 24, Township 13 North, Range 24 East (abbreviated
S 1/2 Sec. 24, T13N, R24E).‘ Chemical analyses of welded and unwelded
tuff are given in Table 3 (Samples C2004s and C2109, respectively. Also
member abbreviations are given in Figure 2, Pasco Basin Strat1graph1c
Nomenclature).

Intracanyon flows of the Huntz1nger and Hah]uke basalts fill a.

paleovalley that was cut by an anc1ent stream through flows of Pr1est
Rapids and Roza or "Roza-like" basalts (Fxgure 3). The Huntzinger flow
has variable appearance in hand sample as discussed by Ward (1976). Some
samples are glassy.and-porphyritic, but others are distinctively spotted ‘

and have a diabasic texture. The Huntzinger contains small phenocrysts

of olivine. Two outcrops of the Huntzinger flow on the south flank of

Umtanum Ridge and one outcrop below Priest Rapids Dam have thick
colonnade columns (F1gure 4). Therefore the normal, natural remanent

magnetic polarity and the 1ntracanyon setting are the pr1nc1pa] means of
distinguishing Huntzinger from Pomona.

Eroded remnants of the Wahluke flow extend southwestward from Emerson
‘Nipple on Umtanum Ridge to a small mesa on the crest of Yakima Ridge.
~ Primary features of the Wahluke flow are poorly exposed but they 'h
resemble those of the Umat111a.. Hand’ samples are black and glassy,»
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TABLE 3. Chemjca] Analyses of Samples Collected from Eastern Umtanum Ridge.

SAMPLE NUMBER €2003a | C2003b | C2004p | €C2004s | €2005 €2007 c2010 |c7012 c2018a [C2018b
LOCATION Sec. 13 | Sec. 13 | Sec. 24 | Sec. Sec. 13 | Sec. 13| Sec. 13 Eec. 13| Sec. 21 | Sec.21
i T13N T13N T13N T13N T13N T13N T13N TI3N TI3N T13N

. R24E R24E R24E R24E R24E R24E R24E R24E R24E R24E
MEMBER Tpr Tpr To Tel Tfup Tu Tfu Tpr Tpr Tpr

" REMANENT R R R - N N N N N N
MAGNETIC POLARITY
ATOMIC

- ABSORPTION ANALYSES

© $i0, 48.9 49.3 49.8 64.9 49.2 52.1 48.3 47.8 49.8 49.3
Al503 14.4 13.4 14.8 13.0 14.2 13.3 13.3 13.6 14.7 14.1
Fe0 15.0 15.0 9.66 2.03 13.5 13.0 15.2 13.3 14.4 14.1

. Mg 4.35 4,67 6.27 0.57 4.43 2.60 3.94 4.67 5.05 4.96
Ca0. 8.37 8.40 11.4 1.07 8.49 6.30 7.67 8.90 8.66 8.88
Na,0 2.62 2.58 2.39 1.94 2.79 2.92 2.74 2.73 2.75 2.82
Ky0 0.99 0.96 0.65 4.43 1.06. 2.22 1.28 1.13 1.14 | 1.12
Mn0 0.23 0.23 0.17 0.05 0.19 0.20 0.21 0.21 0.22 0.21
Ti0, 3.58 3.50 1.52 0.34 2.84 2.78 3.01 - 2,92 3.08 2.97
P50 0.62 0.73 | . 0.29 0.14 0.58 0.84 0.68 0.82 0.75 0.73
" VOLATILES 1.98 2.19 2.17 5.95 1.67 2.18 1.98 1.92 ‘1.19 1.60
TOTAL 101.0 | 100,0 | 99.1 9.5 99.0 98.4 98.3 98.0 | 101.7 100.8
Ba (ppm) 650 650 670 572 483 3400 620 530 620 600

12-2-1Mg-0HY
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Table 3 (continued)

SAMPLE NUMBER C2025 | c2029a | c2029b | C2044 C2048a | C2048b | C2049a | C2049b | €2050 | C2055b
LOCATION - Sec. 16 Sec. 16 | Sec. 16 | Sec.19 Sec., 13 | Sec. 13 | Sec. 30| Sec. 30 | Sec. 28| Sec. 14
T13M T13N TI3N NE 1/4 | TI3N TL3N T13N T13N T13N T13H
R24E R24E R24E T13N R23E R23E R24€E R24E R24E R24E
R24E
MEMBER Tfu Tfup Tfup Tw Tfu Tfu Tpr Tpr Tp Tfu
REMANENT
MAGNETIC POLARITY N N N N N N N N? R N
ATOMIC '
ABSORPTION ANALYSES
510, 49.4 49.0 49.8 51.0 49.5 50.7 49.1 48.6 51.4 50.0
Al,04 13.0 12.7 12.7 15.8 12.7 13.3  |12.8 11.8 14.9 12.5
Fe0 14.6 | 15.1 15.6 11.3 15.0 14.3 13.6 14.5 9.18 14.1
Mg0 4.04 4.20 4.16 5.44 4.33 4.37 5.39 5.47 6.22 4.56
ca0 7.90 7.66 7.66 8.62 7.72 7.54 8.14 8.33 11.1 7.65
Na,0 2.43 2.82 2.76 2.66 3.04 3.01 2.7 2.78 2.47° 2.9
Ky0 1.23 1.19 . | 1.19 1.40 .29 | 1.34 1.04 1.09 0.72 1.31
MnO 0.23 0.23 0.24 0.16 0.21 0.23 0.22 0.22 0.16 - | 0.22
Ti0, 1.81 3.10 3.07 1.80 .14 2.97 2.99 3.16 1.73 2.96
P205 '0.75 0.7 | 0.74 0.43 0.62 0.60 0.69 0.73 0.28 0.60
VOLATILES 2.83 1.68 | 0.89 '1.18 1.49 1.57 2.08 1.77 2,19 | 1.79
TOTAL 99.2 98.4  |98.8 99.8 9.0 99.9 98.9 98.8 98.5 100.4
Ba (ppm) 550 630 640 106 1000 850 800 730 510 730

12-3-IM8-0HY




Table 3 (continued)
SAMPLE NUMBER C2067a | C2067b 2071

LOCATION Sec. 24 | Sec. 24 Sec. 32
T13N T13N T13N
R23E R23E R24E

MEMBER Ta Ta T

REMANENT
MAGKETIC POLARITY

ATOMIC
ABSORPTION ANALYSES

- Slo2
Al0
Fel
Mg0
Ca0
Nazo
Kzo
Mn0
T10
P

2
2%

VOLATILES
TOTAL

. Ba (ppm)




Table 3 (continued) )
SAMPLE. NUMBER ; 7 . - | c2077

LOCATION - ' , Sac. 34
ST g TI2N -
: R24E

Tem

T




Table 3 (continued)

- SAMPLE NUMBER

C2084a

€2084b

€2090

C2091a

€2091b

LOCATION

- MEMBER

REMANENT
MAGNETIC POLARITY

ATOMIC
ABSORPTION ANALYSES

510,
Al,03
Fe0
Mg0
Ca0
Na0
KZO:. .
MnO
TiO2
Po0s,

VOLATILES
TOTAL -

Ba (pp)

Sec., 25
TI3N
R23E

Tfu

Sec.25
T13N
R23E

Tfu

Sec. 26
T13N
R23E

Tfup

Sac. 26
T13N
R23E

Tfup

Sec. 26
T13N
R23E

Tfup
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.. Table 3 (con%inued)

. SAMPLE NUMBER

 T0TAL

C2095a | C2055b | €2096 | C2097 C2098a | C2098b | C2099s | C2099b | C2100 c2101
- LOCATION sec, 13| Sec, 13 | Sec. 23 | Sec. 17 | Sec. 2 | Sec. 2 | Sec. 17 | Sec. 17 | Sec. 17| Sec. 17
TL3N T13N T14N T13H T12N T12N T13M T13M TI3N TI3N
R23E R23E R23E R24E R23E R23E R24E R24E R24E R24E
MEMBER Tpr Tpr Tpr Tfup Tu Tu Ts Ts Ts Ts
REMANENT
MAGNETIC POLARITY N R N N ] ] N N N N
"+ ATOMIC
ABSORPTION ANALYSIS
510, 47.8 48.1 48.8 48.9 50.6 51.9 53.3 54.1 55.4 57.0
- Aly0g 13.0 13.3 14.1 13.6 14.0 13.5 13.8 13.6 12.9 (12,6
" Fe0 15.5 15.4 14,2 14.9 12.8 12.8 12.9 12.8 13.1 12.0
. Mgo 4.58 | 4.54 4.42 4,09 3,05 3.05 3.60 3.50 3.54 3.34
- Ca0 8.61 8.53 8.28 '8.25 6.77 6.85 7.15° 7.087 | 7.18 6.86
: Nayg 2,70 2.63 2.9 3.01 3.10 3.08 3.06 3.04 3.04 2.9
K20 1.53 | 1.3 1.45 1.43 2.61 2.73 1.53 1.51 1.46 1.89
.- Mn0 0.26 0.25 0.23 0.25 0.23 0.23 0.22 0.22 0.22 0.21
T10, 347 | 3.4 | 2.99 3.10 3.05 2.83 2.27 .27 2.23 2.19
Py0g 0.96 0.99 0.77 0.91 1,01 1.07 0.58 0.53 0.58 0.57
" VOLATILES 2,20 2.16 1,20 1.50 2.07 1,69 1.29 1.19 1.00 1.49
100.6 100.7 99.4 99.9 99.3 99.7 99.7 - |99.8 100.7 101.1
Ba (ppm) 670 630 570 490 2800 3500 500 510 480 530

12-2-IM8-0HY



L Table i'f(_conti_nued)

" SAMPLE NUMBER

- c2101

C2105a

€2105b

C2110

~'LOCATION

MEMBER: -

REMANENT: =7
~ MAGNETIC POLARITY

ATOMIC ABSORPTION |

Sec. 17

CTIN
- RAE.,.

Isu_lfi

5.7
13.2 -

129 |

3.50

17,07

3.12 -

'1.49

0.22
- 2.36

©0.56 .

1,65 ¢
101.8 .. -

. 910

Sec. 14
T13N
R23E .

-Tsb.

51.4

14,7
9,62
4.93

- 8.42
. 2.89

1.35

.. 0.19
200
X 0..-49

2.52
9.5 ; .

490 -

Sec. 14
T13N
R23E
Tsb .

N

Sec. 33
T14N
R23E

T
N . o

CTeome-ow -




c2ane

C2113b

c21119

ATOMIC
- ABSORPTION ANALYSES

“VOLATIL

es

Sec. 33
TI4N
R23E

R

R

53.8
14.3

. 9.66
6.75
10.8
2.14

0.79 -
0.20 . |

72

. 0.42

1.09 -

w017,

s

. 25

Sec. 3
T13N
R23E

Tsu

Sec. 24
TI3N -
R23E -

1Tpr

NT.




Table 3° (continued)
SAMPLE NUMBER . | c2121
. Sec, 13
TN . |
R24E
ER 7 'Tfuu
RewReNT. W
MAGNETIC" POLARITY
ATOMIC.© -
ABSORPTION ANALYSES




_Tablé 3 (continued)

SAMPLE NUMBER c2147

" LOCATION coc. 12
. T13N
R23E

HEMBER Tsu

REMANENT ' N
MAGNETIC POLAKITY

'ATOMIC
ABSORPTION ANALYSES

5102 ’
A1203
Fel
Mg0
Ca0

- Nay0
Kzo

-. Mn0
T102

Pa0s . .

VOLATILES '
TOTAL

Ba (ppm)
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contain sparse phenocrysts, and so closely.resemble the Umatilla that
positive identification requires ana]ysis'of chemical composition.

The Umatilla is best exposed in the core of the Cold Creek syncline, 4
where it forms a black cap on several north-south-trending ridges. Its s
chief characteristics are an aphyric, glassy texture and concoidal
fracture. Primary flow features are poorly exposed, but the Umatilla
generally forms rounded slopes covered with fist-sized pieces of the

entablature. The base of the Umatilla in the Cold Creek syncline is a ' E
zone of pillows, locally greater than 25 meters thick, coated with yellow :
clay derived from palagonite (Figure 5). Thin, discontinuous outcrops of F

gravel, sand, silt, and chert from the Mabton interbed (Ellensburg
Formation) underlie the Umatilla and help define the approximate base of
the flow. k

NANAPUM BASALT

Sheet-Tike flows of the Priest Rapids, Roza (or “Roza-like"), and
Frenchman Springs Members comprise the Wanapum Basalt on eastern Umtanum
Ridge.

The flows of the Priest Rapids Member are aphyric and generally
diktytaxitic. Most outcrops have reverse, natural remanent magnetic
polarity, but occasidnal]y some cutcrops, particularly in the uppermost
flow, have normal polarity. In such cases, Priest-Rapids flows can be
distinguished from aphyric Frenchman Springs flows only on the basis of
chemical composition. Lower flows of the Priest Rapids commonly contain
abundant vesicle cylinders (Goff, 1976 and 1977). A prominent interbed
of sand, silt, and chert fragments apparently underlies the uppermost
flow of the Priest Rapids Member throughout most of the map area. This
interbed may represent a major time interval between flows of the Priest
Rapids and Lolo chemical types. Rare outcfops of siliceous silt of the
Quincy (informal name) interbed appear as thin lenses at the base of the
lowest Priest Rapids flow.

The Roza Member (Mackin, 1955) is very porphyritic and has
transitional to reverse, natural remanent magnetic polarity. All
porphyritic flows of the Wanapum Basalt on eastern Umtanum Ridge have

30




RHO-BWI-C-21 '

normal polar1t1es except one (Table'3, Sample C2106) which -is in the o
wrong strat1graph1c p051t1on to be Roza. Therefore, the Roza Member on :"A‘A
eastern Umtanum R1doe based on field-determined, natural remanent o
magnetic polarities, may not be the RozaﬂMember of Mackin (1955). o
‘Because of this lack of distinguishing chemical and field-determined =~ -

physical characteristics between this member-and the Frenchman Springs =~ s

o - Member, this flon;is referred to-as the “Roza-like" member in this L ‘? . k
| study. Chemical cons1derat10ns are discussed in the section entitled B P .
Chemical Composition. PR

The Squaw Creek Hember of the Ellensburg Formation, wh1ch separates
the Roza and Frenchman SprIngs Members. is missing on eastern Umtanun and
‘Yakima Ridges.

The Frenchman Spr1ngs Member consists of three mappab]e units thch
have normal, natural remanent magnetic polarities: (1) an upper
‘porphyritic unit‘possibly equivalent(?) to the Roza Member and referred
to by Reidel (1978) as the’"Roza-]ike"unit; (2)-a central aphyric unit;
and (3) a basal porphyritic unit. -Frenchman Springs flows were not ‘
subdivided in the,northwest bart of the map area. The porphyritic flows
of the Frenchman Springs Member are key reference horizons for mapping
the Wananum Basalt because the gloméroporphyritic textures are easily . : };Y N
recognized. Hand specimens of aphyric Frenchman Springs, howe\)er", vare" LT
very difficult to- distinguish from Pr1est Rap1ds or upper Grande Ronde
samples. In add1t1on, the primary flow character1st1cs and outcrop
'appearances of Wanapum lavas are similzr to one another.

The Vantage Member of the EllenSburg Formation crops out as a ,
-discontinuous layer of mica-bearing feldspathic sandstone. underIying(the'
Frenchman Springs Member;' The Vantage Member is the major strat1graph1c
marker on the upper port1on of the north face of Umtanum Ridge, because C
no flows exposed below tixis horizon (Grande Ronde f]ows) are S _.‘3
'glomeroporphyr1t1c. The Vantage hor1zon can. be fo]]owed v1sua11y at a 5 e
distance by the small topographic bench it generally forms and by the f; R

g?occurrence of many sma]] cold spr1ngs H]th the1r accompany1ng vegetatIon.




GRANDE RONDE BASALT

~all hand samples are generally black and aphyric. natural remanent magne-_'"E
tic polarities are normal, and uhole-rock chemical compositions are very

- lavas on either side of the horizon (Ledgerwood, 1973; Myers, 1973).

- Basalt flows beneath the Vantage interbed (Eiiensburg Fonnation) of o
the Grande Ronde Basalt are the most difficult to differentiate because

similar (see Figure 2 and Table 3).- Grande Ronde Basalt crops out in thef
map area only on the north face of Umtanum Ridge. A key marker horizon -
within this upper Grande Ronde Basalt is delineated by an ‘abrupt change

in chemical composition, particu]arly magnesiun oxide abundance, of the :

This horizon is informally known as the "Mg0 horizon® (see Figure 2). '
The horizon occurs. on Umtanum Ridge between two very thick flows with
thick flow-top breccias that do not appear in other flows. This breccialx
locally attains a thickness of 50 meters in the lower flow (informally
termed the Umtanum flow). Recognition of the Umtanum flow is important
because it, along with other thick flows, is one of the flows being _
considered as a host rock for repository construction beneath the Hanford
Site. ' ' ' ‘ '

In general, based on data gathered during this study, most Srande '
Ronde Basalt flows do not have distinctive physical traits that can be
recognized in the field. Field traits were revealed during study of the
McCoy Canyon stratigraphic section (Plate 2). These traits (see Table 2) ‘
may be useful for flow characterization during sample logging of. flows . ’f
penetrated'during rotary and core drilling beneath the Hanford Site. I""

CONTIHUITY OF INDIVIDUAL FLOHS

Columbia River basalt filled the Pasco Basin with layer after layer : :
of lava flows that are, in same cases, traceab]e for many ki]ometers.» ) Hii
However, not ‘all flows, particularly the thinner ones, have this _—
continuity._ As an example, the flow with vesicle’ cylinders (Flow 8)- in s‘*f?‘

.,the HcCoy Canyon stratigraphic section (Piate 2)'is thinner and’ does not .- 2
‘ff~occupy the same stratigraphic position ‘s’the apparentiy equivaient Flow S
f;jfexposed 1n anot r continuous basalt’r

on 3 ki]ometers to the west. ;;1
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This section can be obsersed in the deep canyon in the SE 1/4, Sec. 12,
T13N, R23E. A sketch of the lower part of this section appears in
Figure 6. '

The chemistry of these two flows is nearly the same, with consider-
ation of the limits of analytical methods used in this study (Table 3,
Samples C2062 and C2133). The flow represented by sample C2061 (Figure 6)
is apparently not present in the McCoy Canyon section (Plate 2). A
possible explanation for these stratigraphic differences in such short
distances would be a barrier, perhaps a fault or a flow margin, that
blocked more widesbread distribution of the flow (sampled by C2061). In
addition, at least one Grande Ronde flow pinches out on Umtanum Ridge
(NE 1/4, Sec. 17, T13N, R24E).

THE FLOW-TOP BRECCIA PROBLEM

The Umtanum flow and thé flow above it display thick, flow-top
breccias in the McCoy Canyon section (Plate 2). The flow-top breccias
contain pieces of non-oxidized, vesicular basalt in nearly the same
proportions as massive, non-vesicular basalt. The margins of the clasts
are often glassy and the matrix between the clasts commonly appears to
have been‘derlved from palagonite. H1th1n the breccia are lenses of
intact massive basalt interpreted to have invaded the breccia as a liquid
after the breccia was emplaced. Other flows throughout the Pasco Basin
region 10ca11y contain zones of these breccias. The thickness and manner
of occurrence of these breccias vary from place to place, both in
outcrops and in subsurface drill holes. The origin of such breccias is
not understood. They are unlike typical vent breccias which contain
primarily oxidized scoria, spatterbombs, and rewelded lava. These
breccias do not resemble tectonic breccias, because they do not normally
contain discrete shear pianes, slickensides, or mylonitic matrix, nor are
they related to any offset in layering. They are, therefore, interpreted
in this report as primary flow features. Should future work indicate the
breccias to be vent related, the presence of Such brecc1as may indicate

nearby, prev1ous]y unrecognized vents.

b
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SAMPLE i
FLOW OR HORIZON | NUMBER MAG | mMgo | TiO2,
(IF KNOWN) (TABLE 1) | POLARITY | wi-% | wt-®
= T

(..
UNNAMED FLOW C2063 N as5 | 193 - w
(GLASSY APHYRIC) e

8
UNNAMED FLOW N T

p
b
UNNAMED FLOW C2062 N 233 | 193 —e ” I
DIKTYTAXITIC)
UNNAMED FLOW C2061 N 23 192 ———————— -
iGLASSY. APHYRIC! ) J* f
} i L 9 1 4
UNNAMED FLOW
{GLASSY. APHYRIC, 3
TWO FLOW UNITS, !
FLOW-TOP BRECCIAI]  C2060 N 157 | 135 —,
c2052 N as3 | rtas_ ‘
C2t46 N 164 182
Mg0O HORIZON
UMTANUM FLOW c21a7 N 3s0 | 183 —
(GLASSY. APHYRIC.
FLOW-TOP BRECC!A
POORLY EXPOSED)
RCP8006-220

FIGURE 6. Partial Columnar Stratigraphic Section. Section is in the
SE 1/4, Sec. 12, T13N, R23E. Scale approximate. See Plate 2 for
explanation of symbols. .
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The Umtanum flow and the overlying flow areva1so qlassy and aphyric,
with a concoidal fracture- yet these flows are general]y over 60 meters
thick throughout much of the Pasco Basin. The thickness and distribution -
of these flows suggest they were once lava lakes formed by pond1ng in an .
ancestral Pasco Basin. - Thick flows forming lava.lakes wou1d under some -
circumstances, remain partia]]y molten for tens to hundreds of years: and
develop partially crystalline to porphyritic textures (Moore and Evans.i
1967). However, the Umtanum flow and the flow above are distinctly
aphyric. »

These glassy flows and thick flow-top breccias may have a common

genetic affinity. The following hypothesis for their origin was offered
by Dr. A. C. Waters in 1979. Large rivers such as the Columbia and the
Snake were flowing through a paleobasin (not necessarily the present
Pasco Basin) during Umtanum time. As the Umtanum flow was emplaced and
ponded, it displaced and locally dammed the flow of the large rivers.
The displaced water is interpreted to have flooded over the surface of
the evolving lava lake. Instead of forming pillows, such as when lava
pours into a body of uater, the water flowing over the top of the flow
quenched the surface of a lava lake. The rapid chilling, the large

~ volume of water flashing to steam, and the foundering of unstable flow

crust would churn the upper one third to one half of the flow into the
chaotic breccias seen in outcrop. This thick layer of relatively cold,
water-soaked breccia would overlie the remaining liquid layer of lava
from the lava lake. Normal cooling would continue in this underlying
lava layer, but would result in formation of a thinner entab]ature and
colonnade than would be found in an undisturbed, air-cooled 1ava lake of
equivalent thickness.

CHEMICAL COMPOSITION

Approximatel: 100 basalt samples were chemically analyzed for use in
1dent1f1cat10n and corre]atIOn of basa]t units (Table 3) Variation
d1agrams of key oxides and e]ements uere constructed (F1gures 7 and 8)

'from these data and compared with type. 1oca11ty analyses: obta1ned frun
'_Brocx and Gro]ier (1973). ARH-ST-137- (1976). and X-ray fluorescence

Vanalyses supp11ed by Hashington State Un1ver51ty under contract to
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Except for the Roza field, which is plotted using X-ray fluorescence data,

all field boundaries are drawn from data presented in Table 3.
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Rockwe1l during 1977. Although many plots are useful, only one (the plot
of variations of Mg0 compared to Tibz)vis-necessary to distingnish most

of the different basalt members on Umtanum Ridge. Hright and Others

(1973) give an in-depth discu5510n of chemical strat1graph1c var1at1ons

in Columoia River basalt. :

The Priest Rapids, Frenchman Springs, and Roza Members and the Grande
Ronde Basalt are distinguishable on the basis of unique'groupings dh the _
MgO-TiO2 variation diagram (Figure 7). Some uncertainty exists regarding
the validity of placement of the Priest Rapids-Frenchman Springs fie]ds
if.oh]y a few analyses are used to construct such a variation diagram.
However, the dashed fields outline 21 Priest Rapids analyses and 24
Frenchman Springs analyses from Table 3. Although the fields are diffuse
and close to one another, they are distinct. Points numbered 179-186 are

' K-raj-f]uorescence analyses of samples from the Priest Rapids Member

taken fram core hole PRK-3 which was drilled during construction of
Priest Rapids Dam (Mackin, 1955). Also shown in Figure 7 is the field
defined by four X-ray fluorescence analyses (Numbers 175-178° of samples

. from the Roza Member in Frenchman Springs Coulee (Mackin, 1961). The

*» Member data plot as a field separate from the Priest Raplds‘and
»an Springs *fields, although Drs. D. A. Swanscn and T. L. Hvlght of

" t._ U.S. Geological Survey consider the Roza to be chemically jnd1st1n- . -
. guishable from the Frenchman Springs based on more extensive sampling and

chemical analyses. The apparent difference in chemical compesition‘is
consistent with a parallel difference in natural remanent mag: atic
polarity data, indicating that this may be an upper Frenchnan SprIngs
flow and not the Roza. However, the difference in chemical comp051t1on
may be more apparent than real. This apparent distinction is worthy of
further, more detailed study; but for the purposes of the present
geologic mapping. the upper porphyritic Frenchman Springs unit_has been
identified as the “Roza like® member. S '

Ana]yses 12 and 107 on Figure 7 (Samp]es 2012 and C2107 Tab 23) -
. are from Priest Rapids samples that are outside of’ the Pr1est Rap1ds
" yvariance f1e1d.; Samp]e c2107 contaIns nearly 52 water. which. 1f not .
adjusted for, lowers the true va]ue of HgO and T102 The anomalous
p051t10n of Samp]e C2012 on the var1at1on p]ot 15 not understood.
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- from the Pomona f]ow (< 1%). ‘ - , ; ' g
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In contrast to the vague separation between the Frenchman Springs and :
Priest Rapids data variance fields (Figure 7), the separation between |
Wanapum and Grande Ronde chemical variance fields (Tiozlhorizon) and
the upper (Sentinel B]uffs) and lower (Schwana) ‘Grande Ronde units (MgO
horizon) is very distinct. Chemical composition data are essential to
map the Mg0 horizon across the folded and somewhat poorly exposed ridges
west of Priest Rapids Dam. The Ti02-horizon is in appropriate
stretigraphic,pos1tion to coincide with the Vantage Member on Umtanum

Ridge.

~ The usefulness of TiO2 variance compared to'HgO variance>is'shown
again in Figure 8, which clearly identifies the majority of members in

the Saddle Mountains Basalt. The variance fields were defined by

plotting data from ARH-ST-137 (1976) with additional.Umatilla and Pomona
analyses from Brock and Grolier (1973). Numbered po1nts representing ,
atomic absorption data are presented in Table 3, except for Number 194 of-;
the Wahluke flow (X-ray fluorescence data, Washington State University).
If the additional atomic absorption and X-ray fluorescence data can be
considered statistically significant, then the range in composition of

_'the Umatilla and Wahluke flows is larger than that suggested by the )
" earlier data. (The Wahluke chemical variance field was drawn from only

two analyses.) - Amb1gu1ty exists only in separatlng the Huntzinger
(Samples 2067, C2094, and C2140 Table 3) from the Pomona (Samp]es
C2004, C2050, C2071, 62072 C2112, and C2143, Table 3) flows. Analysis
Number 72 on Figure 8 is from a samp]e of weathered f]ow bottom of the
Pomona which plots anomalously due to its re]ative]y h1gh water content
(5%). The Huntzinger and Pomona flows can be distinguished at the
outcrop on the basis of magnetic polarity as noted above. Potassium
oxide concentration can be used to disinguish the Hunt21nger flow (>1%)

Barium concentratlon can be used to 1dent1fy the Umat1]]a f]ow
(>2 500 parts per million (ppm)) and Wahluke flow (approx1mate]y 1, 1 0

Appm) from other members of the Co]umb1a R1ver Basa]t Group (<1 000 ppm)

A d1agram show1ng CaO-HgO variance is espec1a]ly useful for
narat1ng the E]ephant Hounta1n Member from Hanapum basa]ts if fleld

‘j!cr1ter1a do not suff1ce. However, no E]eohant Mountaln Member appears on”
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eastern Umtanum Ridge. and on]y one Elephant Mountain samp]e (Number 77) i"*

comes from Yakima Ridge.

. The key constituents for identification offColumbia River aasalt vf L
o members are thus Mg0, TiOZ. Cao0, and Ba. :

iKZO may. be uséful- for
distinguishing the Huntzinger and Pomona flows. Fe0 and Mn0 do not

~ appear to vary enough between different members to be’ usefui

stratigraphic markers. The atomic absorption analyses of 5102.

Al 03, and PZOS Tisted in Table 3 are considered to be unre]iable

2

for ‘identification of basalt units based on comparison with ana]yzed i

standards and should be used with caution. :
: mucnms,i‘

INTRODUCTION

Three major structures occur on eastern Umtanum Ridge. (I)Ian

asynmetric west- to northwest- trending antic]ine. (2) a reverse fault
with associated shear zones located a]ong the tight]y folded north Timb
- of the anticline; and (3) a northwest-trending zone of deformation
coinciding with the Olympic-Wallowa Lineament. The anticline and reverse
fault are interpreted to be closely re]ated in time and space; the latter
being the final stage of development of the former.’ Folding has ‘also

taken place on Yakima Ridge, located to the south and fs. simiiar ‘but - ;-
. less pronounced. than the folding events recorded on Umtanum Ridge. Minorl“'f
structures on Umtanum Ridge inc]ude scattered norma] fau]ts with ]imited _
~ extent and minor disp]acement. ‘ SR :

UMTANUM ANTICLINE | | - , |
“The Umtanum anticline is essentiaiiy a broad parai]e] fo]d (C]ass 18 jllﬁf‘;,'

of Ramsay. 1967) in brittie ]ayers of Co]umbia River basait but the

_ basic geometry has been modified by major reverse faulting along the
i}lnorth limb of the fo]d.v ‘The ciiffs of the north face of the ridge exposef
,‘;fmappab]e anticl d by
" Sefined and which, e south ofﬁ_

and monoc]inal f d'hinges uhich are localiy 111

be]t of- nearly vertical'to overturned
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basalt strata. Associated with these structures are several shear zones 
that are subparallel to the fold hinges and that are concentrated in
areas of tightest folding.

Because the basalt flows have remained near the surface of the earth
since their eruptlon, they have been folded under conditions of low
temperature and low-confining pressure, and have thus behaved as br1tt1e,
rather than ductile, strata. In the gently folded regions, the primary
flow features (i.e., cooling joints, vesicular flow tops) are perfectly
preserved with no superimposed fracturing. or foliation due to tectonism.
The thickness of each basalt flow has remained uniform throughout the:
stages of folding, except along the monoclinal axis and shear zones.

Folding near the monoclinal axis (Figure 9) has apparently followed a
flexural slip mechanism (Ransay, 1967) with slip localized along the
boundaries between basalt strata. Flexural slip is indicated by
slickensides, scuffing. and grooving preserved in the upper surfaces of
the less-competent flow tops and flow-top breccias of the basalts
(Figures 10 and 11). Near areas of tight folding, horizons of flow-top
breccia occaéiona11y appear to have undulatory thicknesses (ane
boundaries).'perhaps sﬁggesting relative ductility compared to the more
competent entablature and colonnade. Locally, the folding is so tight
that shear zones haveAdeveloped in the closure (Figure 12), the
continuity of stratification is lost, and the dips of basalt layers are
chaotic due to rupture from probable small-scale faulting (Figure 13).

:,'Deformation of the colonnade and entablature has produced highly
fractured outcrops which are cut by shears (Figure 14). Shear zones
expressed by fractured, bfecciated, and mylonitized basalt anastomose
with one another subparallel to the fold hinge and are concentrated near
the regions of tightest folding; some areas of sheared rock are isolated,
however. The shear zores pinch and swell in thicknes§ and their
intensity of shearing varies; thus, their boundaries are only

- approximately located on the geologic map (Plate 1).

Major tectonic'fk;ctures appear to have three sets of preferred

. orientation: (1) a set striking sub-parallel to the fold hinges; (2) a
‘conjugate fracture set striking sub-orthogonally to the fold hinges

a1
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(Figure 15); and (3) a set orthogonal to the fold hinges (Figure 16).
Fractures of the first set are generally orthogonal to the stratification
between flows. TFracture planes of the second set are nearly horizontal
in vertically standing basalt strata (Figure 15). In such outcrops, the
fractures criss-cross in conjugate patterns with interior angles of
roughly 60 degrees.

Tectonic fractures and shear zones cut through many layers of basalt
strata on eastern Umtanum Ridge; they are not confined to single layers.
These structures are thus present (but less distinct) in the flow-top
breccias which were already fragmented by primary processes prior to
tectonic fracturing.

PHYSICAL CHARACTER OF SHEARED BASALT

Samples of sheared basalt from the colonnade or entablature units
consist of lenticular fragments of basalt in a dark grey to brown,
fine-grained groundmass (Figures 17 through 24). The major shears
generally have one preferred orientation, criss-crossed by discontinuous
fractures of random orientation. Some samples display two preferred
orientations of shear which give rise to phyllitic or schistose
textures. Many of these samples are slickensided. Still other samples
contain sparse fragments of basalt in a fine-grained matrix with no
obvious preferred orientation {Figure 20).

Study of these sheared samples in thin section reveals that the
matrix. between the lenticular fragments is predominately pulverized
basalt (Table 4). Shearing has milled down the basalt pieces into a
mixture of submicroscopic rock flour and basalt micro-breccia which
occasionally displays a banded texture. The submicroscopic rock flour
surrounding the fragménted basalt was examined by X-ray diffraction
analysis and found to be predominantly mylonitized basalt (Table 5). No
recrystallized {metamorphic) textures were observed.

Secondary minerals filling fractures include mostly erionite (high-K
zeolite, Table 6), calcite, and Fe oxides. Little or no argillization is
present. The erionite commonly displays undulatory extinction under
crossed-polarized light.

50
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FIGURE 17. Sawed Surface of Fractured and Sheared Aphyh‘c Basalt.
The sample shown (C2001B, Table 4) is from a shear zone in
the Grande Ronde Basalt, Sec. 15, T13N, R24E.

51




RHO-BWI-C-21

~ FIGURE 18. Photomicrograph of Sample 2025B (Table 4). Sample is of
sheared basalt; open fractures are filled with erionite and fragments
of basalt. Plane polarized light. Magnified 65x.

52
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Photomicrograph of Sheared Basalt, Sample 20258 (Table 4).
ractured pyroxene [2) and ericnite (e); undulatory
Crossed poiarized light. Magnified 65x. :




FIGURE 20. Extensive]y Brecciated and Mylonitized Aphy;'ic Basalt,
Sample C2025C. (Table 4). White splotches visible in the
photograph are mostly carbonate. Magnified 65x. o
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FIGURE 21. Photomicrograph of Sheared Basalt, Sample 2025C (Table 4).

The open fracture in the center of the field of view has been sealed
with carbonate which engulfs fragments of basalt. Crossed polarized
light. Magnified 65x. ‘ , o
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FIGURE 22. Photomicrograph of Sheared Basalt, Sample C2046 (Table 4).

Fractures are filled with pu]ver1zed basalt. Crossed polarized
light. Magnified 65x.
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FIGURE'23 Photom1crograph of .Sheared Basa1t Sample C2058 (Tab1e 4) : B
“Shown are mylonitized zone of pulverized basalt (dark area:in lower = = - )

right corner of field of view) and crushed plag1oc1ase phenocrysts
. (pg P1ane po1arized 11ght. Magn1f1ed 65x. §

- 57



FIGURE 24. Photomicrograph of sheareéd plagioclase phenocryst,
.Sample C2069 (Table 4). Note offsets in albite-twinned
plagioclase.. Approximately 550-meter wave length retardation.
Crossed polarized light. Magnification 65x. '




TABLE 4. QesCriptions‘of-Tectonically¢Deformed Basalts from Eastern Umtanum Ridge.

Samp]e }

" Member

Location ‘

-.Description

Tsh
- (Rocky
-Coulee

'”Basalt?).i

‘- (Umtanum
"7 Basalt)

‘Sec. 15,

T13N, R24E

VSeC:37;;F
TI3N, R24E.

Sec. 19,
T13N, R24E

O seei 13
| Ti3N,R2ze.

"B asa]t)f?ﬁ; B

Highly fractured and sheared aphyric basalt with moderate
directional orientation of angular fragments; displacement
along individual fractures is probably minor, as measured
by offset of plagioclase microphenocrysts; matrix between
fragments consists mainly of pulverized basalt with minor _
Fe oxides, carbonate. and clay(?).

Highly sheared aphyric basalt w1th two planar c]eavages
that give the specimen a phyllitic appearance; only minor
displacement observed between angular fragments as measured
by offset of microphenocrysts, maxtrix between fragments

is erionite (high-K zeolite), pulverized basalt, minor Fe
oxides, carbonate, and clay(?); the erionite does not have
uniform optical extinction, suggesting deformation of the
basalt contemporaneous to formation of the mineral.

Brecciated and mylonitized aphyric basalt; scattered basa]t
fragments are laced with fractures filled with carbonate; -
mylonitized zones consist of rounded basalt blebs surrounded
by a submicroscopic paste of plagioclase, pyroxene, and glass
(X-ray diffraction analysis); fractured zones resemble Samples
C20018 and C20258; offset in mylonitized zones is unknown.,,

Highly sheared and fractured porphyritic basalt with strongly
directional orientation; angular fragments; appearance re-

. sembles Sample C2001B; matrix between fragments consists of -
. pulverized basalt; of fset along fractures is m1nor as ;"‘

suggested by offset of microphenocrysts.

- Crushed aphyric basalt with mixed patches of 1ntact basalt-ﬂ’~'
.no-directional orientation of fractures; many shattered: and
of fset microphenocrysts;’ matrix between intact: zones consists
. of pu]verized and sheared basa]t. T o :
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Table 4 (continued)

Sample

Member

Location

Describtion

- €2058

C2067A

C2069

Tsb

Tsu
(Umtanum
Basalt)

Tsu
(Umtanum
Basalt)

Tfup

Sec. 12
TI3N, R23E

Sec. 12,
T13N, R23E

Sec. 12,
T13N, R23E

Sec. 13,
T13N, R23E

Hi?hl fractured and sheared basalt with distinct schist-like
foliation; specimen resembles Sample C2025B; mylonitized zones
consist of tiny basalt fragments in a submicroscopic paste of
plagioclase pyroxene and glass (X-ray diffraction analysis);
rare phenocrysts are shattered; some fractures contain
erionite.

Well-indurated flow-top breccia composed of glassy, vesicular,
basalt clasts in a matrix of vesicular basalt; a definite
shear fabric penetrates the primary texture, shattering large
fragments and some phenocrysts; matrix along fractures appears
to be primarily pulverized basalt.

Well-indurated flow-top breccia that resembles Sample C2066;
shear fabric is less obvious, but pervasive.

Sheared and mylonitized flow-top breccia with slickensided
shear zone; pervasive shears offset glassy basalt clasts,
phenocrysts, and vesicular basalt matrix; slickensided zone
consists of tiny basalt blebs in a submicroscopic matrix of
of plagioclase, pyroxene, and glass (X-ray diffraction
analysis).

12-0-1M8-0HY
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4 TABLE 5. Summary of X-Ray Diffraction Powder Data
e Submicroscopically Mylonitized Basalt Samples
J% i €2025C, C2058, and C2069 (See Table 4)*
§~ d, A Intensity Peak Characteristic Minerals**
' B 6.23 W Sharp Plagioclase?
%Q 4.98 W Sharp ?
4.48 s Sharp C1inopyroxene
i? 4,04 s Sharp Plagioclase
?{ 3.75 s Sharp Plagioclase
;; 3.35 W Sharp Clinopyroxene,
B . Plagioclase
i 3.25 Vs Sharp Plagioclase,
a Clinopyroxene
o 2.99 s Sharp Clinopyroxene,
B Plagioclase
o .
4 2.94 s Sharp Clinopyroxene,
Plagioclase
\5%" | 2.90 W Sharp Clinopyroxene
h 2.53 W Broad ‘ Plagioclase, }
Clinopyroxene 4
2.51 W Broad Plagioclase, i
Clinopyroxene i
2.15 W Sharp Clinopyroxene 2
2.13 W Broad Plagioclase,
Clinopyroxene
3 2.11 W Broad Plagioclase,
. . Clinopyroxene 3
3 *40 KV, 1 ma, Ni-filtered Cu Ka radiation, scanning speed = é
: 2 degrees 26/min. - .L

**ASTM index cards as follows: diopside, 11-654; andesine, 10-359;

e . labradorite, 9-465. A broad rise in background from 16 degrees to 32
degrees 26 is attributed to amorphous volcanic glass.
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TABLE 6. Summary of X-Ray Diffraction Powder Pattern
of Erionite Fibers from Sheared Basalt,
Sample (20258 (See Table 4)*

Intens1ty " Peak Characteristic -Minerals**

Sharp ?

Sharp ?

Broad Erionite
Sharp ?

Broad ‘Erionite
Broad ?

Sharp Erionite ?
Broad Erionite
Sharp Erionite
Broad ?

Broad Erionite?
Broad Erionite
Broad Erionite

<
[V ]

~I

.37
.75
.32
.98
.86
.35
.59
.37
.18
.86
3.77
3.60
3.23
3.03
2.82-2.86
2.57
2.50
Erionite

Sharp Erionite
Sharp - Erionite
Sharp Calcite
Broad Erionite

6
6
5
5
5
4
4
4
3

~Broad Erionite
Broad Erionite?
Sharp Calcite
Broad Erionite
Sharp ?
Sharp Calcite,

£ X 0 o v N v B Vv N X £ £ X X VW T X X X

*40 KV, 17ma, Ni-filtered Cu Ka radiation, scanning speed =
2 degrees 26/min. ' -
**ASTM index cards as follows: calcite, 5-586; erionite, 12-275;
erionite, 22-854. ' _ : -
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Deformation of flow-top hreccias is more subtle in appearance than in
other intraflow zones because the rock was already fragmented before
tectonic shearing. However, a careful thin section study of the basalt .
clasts and their enclosing matrix reveals that the clasts have been
sheared and that larger phenocrysts'have been shattered (Figure 24). The
amount of movement along the micro-shears in all types of samples is"
usually measureable in millimeters or less, judging from the offset
displacement of microphenocrysts. : '

* These 5catac1astic“ rocks are best categorized as protomylonites,
cataclastites, and micro-breccias, using the definitions of Higgins
(1971), and they resemble the cataclastic rocks found in the fault plane
of the Wallula Gap fault (Gardner, 1977).

UMTANUM REVERSE FAULT

The Umtanum reverse fau]t was described by Hackin (1955) in his
report regarding the geology around the Priest Rapids Dam site. The
© fault plane is covered by colluvium and ai]uvium throughout most of the
map area (Figure 25). The basalt units under]ying Priest Rapids Dam are
nearly horizontal Priest Rapids flows, whereas. southwest of the fault
trace, the flows are vertical to overturned Grande Ronde units. Core
taken from drill hole PRR-6, located on the buried fau]t trace, conta1ns
several thick zones of gouge and breccia (Hackin, 1955)

The strat1graphic offset produced by the reverse fault 1s exposed
along the south edge ‘of Sec. 33, TI4N R23E (Figure 26) in a gul]y
bounding the north side of a large Tandslide block. At this location,
nearly horizontal, porphyritic Frenchman Springs lavas - (Sample c2110,
Table 3) on the northeast side of the fault are: brought into pos1t1on
against upper Grande Ronde flous (Samp]e c2111, Table 3) on the southwest
side. The attitude of the primiry basalt structures’ indicates the Grande
Ronde units are overturned and are d1pp1ng 40 degrees to the southwest.

: A]though the'actual fault-plane is covered the outcrop appearance and
the curvature of the fauit contact on the rldge northwest of this gqully
1nd1cate the fault p]ane d1ps about 70 degrees southwest
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FIGURE 25. Vertical Basalt Strata Southwest of Priest Rapids Dam.
The Umtanum reverse fault (dotted line) is interpreted to parallel
the strike of these strata beneath a cover of alluvium. View is
to the east, toward the McCoy Canyon slide complex.
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FIGURE 26.. Sketch of Contact Relationships Adjacent to Umtanum Fau]t.

The fault is exposed'on the north sid
Sec. 33, TL4N, R33E. rth side of a gully; south edge of
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West of the exposure in the above-mentioned gullyi a chaotically
deformed mass of porphyritic Frenchman Springs laVaslhas been thrust over
overturned Grande Ronde flows (south Sec. 32 and 33, T14N, R23E). This
overthrust mass continues to the northwest beyond,Filey.Road, indicating -
it is a major structural'feature. The chaotic nature of ‘this ‘area
suggests that multiple thrusts have resulted from extreme folding in this
~portion of the Umtanum anticline.

One normal fault brings deformed Frenchman Springs and Priest Rapids
flows into contact with the relatively undeformed‘Pomona Member and,
because of the many observed faults. the Umtanum fault should probably be
considered a fault zone.

The Umtanum fault 1s inferred to be north of the‘oyerturned and .

vertical basalt strata along the face of eastern‘UmtanumlRidge (Figure -
25). ‘

HECHANISH OF FOLDING OF THE UMTANUM ANTICLINE - AN INTERPRETATION

‘Processes which cause flnxural slip in parallel folds, shear zones,.
zones of reverse faulting, and multiple thrusts, and the existence of a
major reverse fault at the margin of vertical strata are evidence that
suggest compressional forces in the crust of the earth. 'The compression
was apparently oriented north-south and southwest-northeast
perpendicular to the axis of . the Umtanun anticline. Fault plane
e ‘'solutions for microearthquake activity. An the Pasco Basin region: indicate

:"north- to north-20- degree-west compressional orientations (Suppe and
- Others. 1975). However. the true orientation of the compressive stress
,: field cannot be evaluated from this mapping study.; s -a&

“On the baSlS of the data reported here, it seems unlikely that the

~ Umtanum anticline was produced by draping of basalt flows over a.
‘deep-seated normal fault (e.g., Bentley, 1977),° because this would =
require well over 500 meters of exten51on in rocks that exhibit brittle,

. not ductile, . behavior under Tow temperatures and confining pressure. If: '15“_1

’3:the basalt. strata were stretched over such a’ block fault they would

| . display considerable thinning. Instead the strata are locally thickened

A%i*,(Figure 13) and compression has caused local zones of multiple thrusts»z
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AGE OF FOLDING OF UMTANUM RIDGE

Several features suggest that folding of Umtanum Ridge had begun-
béfore eruption (14 million years ago) of flows of the Umatilla Member.
The dip of the Umatilla is slightly less than the dip of underlying
Wanapum lavas exposed on the south flank of the ridge (Figure 27) and
there is evidence of thickening of the Umatilla near the Cold Creek
syncline. The Umatilla is extensively pillowed in the vicinity of the
Cold Creek syncline, suggesting that water had accumulated in the

~evolving sjnclina] basin. In.addition, the Mabton interbed, which

underlies the Umatilla Member, thins ontd the south 1imb of the Umtanum
anticline. The Umatilla does not crop out on the north side of eastern

- Umtanum Ridge or in Sentinel Gap 24 kilometers to the north, suggesting

that the developing anticline could have formed a barrier to northward
flow of this member., This last argument only applies north of the map
area, because the antic]jne plunges eastward and outcrops of Umatilla on
the extreme eastward end of the ridge and in the Gable Butte area show
that the Umatilla flowed around the plunging anticline and into an

- ancestral Pasco Basin.

" However, even in Umatilla time, eastern Umtanum Ridge could not have
had much more than 100 meters of maximum re]ief; because the younger
Huntzinger intracanyon flow crops out on both sides of the anticline.
There is presently a Huntzinger outcrop elevation difference of 600
meters from one side of the anticline to the other (Goff and Myers,
1978). The major stages of folding, fau1t1ng, and shear1ng must, o
therefore, be post Huntzinger and probably are post-Pomona in age (based
on similar lines of argument). - ‘

A minimum age of folding and thrusting could not be determ1ned in the
fie]d No offset of Quaternary deposits was observed. The Umtanum
‘anticline is apparently older than the deformat1on zone coincident with’
the 01ymp1c Wallowa Lineament as d1scussed below. '

13
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FIGURE 27. Contact Relationships Between Umatilla and Priest Rapids
Members. The Priest Rapids Member (Pr) dips more steeply toward the
Cold Creek syncline (south, to the right of the field of -view) than -
does Umatilla (Um). The ridge at. the left side of the photo is .
composed of Priest Rapids, and was probably a topographic high in~
Umatilla time. View is to the northeast, toward the Saddle Mountains
(in background). Center Sec. 21, T13N, R24E.
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EASTHARD EXTENSION OF THE UHTANUM STRUCTURE 2

‘The Umtanum ant1c11ne plunges gently eastward beneath the Pasco Basin
and forms a linear-positive gravity anomaly that bends southward under

the 200 East Area of the Hanford Site (Deju and Richard, 1975; Lillie,

1977). Gable Mountain and Gable Butte appear to be subordinate -
structures, possibly en'eche1on folds..associated with the major fold.

‘Presumably, the monocline, shear zones, and reverse fault on the’
north 1imb of the fold extend eastward beneath the Hanford Site as well,
" although there is some suggestion that shearing 1essens in 1ntens1ty to
the east. The gravity gradient over the burfed sorth 1imb of the fold 1s
not large, indicating that a large topographic escarpment (such as 1s '
present west of Priest Rapids Dam) is not present. Therefore, it cannot
be determined from this study whether the reverse fault continues
_uninterrupted, merges into a tight fold axis, splays into other faults '
(or folds?), orris_cut off by another structure. This last suggestion
~ seems to be the least 1ikely and it is suggestedyhere that a zone of
sheared rock may exist on the north 1imb of the buried fold. ‘

0LYMPIC WALLOWA LINEAHEHT

The 01ymp1c-Ha1lowa Lineament was first described by Raisz (1945), -L‘
who noted the aligned topography that stretches across south-central - _uﬁ
Washington. The Olympic-Wallowa Lineament is coincident with the :
Rattlesnake Hills southeast of Umtanum Ridge. . .The surface expression of . EE
- the Olympic-Wallowa Lineament is vaguely defined on eastern Umtanum =
Ridge, but it can be observed on aerial photographs as a series of-

northwest- trending 11neaments that cross. the r1dge and straddle Emerson ;-ﬁ_:?':‘

Nipple.: -

Field mapping of these lineaments was hindered because of the -

: pervasive cover of loess on southern slopes. However, a set of at 1east

, four northwest trending faults. or probable fau]ts has caused a, linear
'topography to develop .and’ has offset 11tho1ogic un1ts 1n Sec. 19.a g

_15f T13N R24E' In addition. a zone of sheared and brecciated rock. (Samp}es
'J‘c2046 c2056 ,and c2069 Table 4) crops out west-northwest of Emerso

‘"3 N1pp1e and trends across the crest of - the r1dge into. a?sharply defined
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northwest-trending gully that exposes the axis of a small but tight fold
(Sec. 13, T13N, R23E). Another small fold appears in the next gully to
the northwest. ' ' :

The most significant‘deformation that might be attributed to the
Olympic-Wallowa Lineament is the apparent left-lateral displacement of
the Umtanum anticlinal hinge at the McCoy Canyon blick slide (Plate 1).
This slide complex breaks the continuity of the anticline for a distance
of about 2 kilometers. The crest of the anticline bends southeast as it
enters the western edge of the slide complex and bends northwest as it
enters the eastern edge. Projection of the crest 1ine to a common
northwest-trending reference line (representing the Olympic-Wallowa
Lineament) suggests left-lateral displacement of roughly 1 kilometer and
indicates mdvement after the formation of the Umtanum anticline.

The Olympic-Wallowa Lineament is best described as a deformation zone
consisting of short faults, tight folds, and cataclastically deformed
rocks. No evidence for Quaternary movement was found, but it must be
rememt ered that the only Quaternary sediments covering these structures
on eastern Umtanum Ridge are loess and colluvium. Elsewhere along the
margin of the Pasco Basin, the Olympic-Waliowa Lineament is associated
with normal and reverse faults reflected by sharply defined linear
tbpography; but assignment of a Quaternary age to these features is
unsupported (Gardner, 1977; Jones and Fecht, 1977).

FOLDING SOUTH OF UMTANUM RIDGE

The period of folding that produced Umtanum Ridge is also responéib]e
for the major topographic feature just to the south. Cold Creek
essentially follows a synclinal axis between Umtanum and Yakima Ridges.
South of Cold Creek, the structure is more complicated. The general
structural configuration there is that of a second major anticlinal axis
near the crest of Yakima Ridge. However, a short, prominent'ridge
between Cold Creek Valley and Yakima Ridge (Sec. 26, T13N, R23E) -
represents a third anticline less than 2 kilometers long. This third
anticline risés sharply south of a low cliff bordering a very straight.
segment of Cold Creek (NE 1/4, Sec. 26, TI3N, R23E), which is the
topograph1c express1on of a second monocline.
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The second monocline is easily visible from the road across Cold
Creek because of the steeply dipping, fractured rocks that comprise the
cl1iff. A narrow zone of sheared rock is parallel to and southwest of the
monocline axis, but it can be observed only beneath the rubble covering
the sides of deep gullies that cut across the monocline. This monocline
could possibly represent an immature stage in the evolution of a
monocline similar to that described on eastern Umtanum Ridge. The
geometrical resemblance of the two anticlines and monoclines is
noteworthy and suggests that the mechanism of folding that produced
Umtanum Ridge also created Yakima Ridge.

NORMAL FAULTS

Many normal faults of short length and minor displacement were found
in the map area. These were recognized on the basis of offset units,
linear topography (such as ridge lines and stream drainages), and the
positions of springs. The actual fault planes are generally covered, and
gouge and/or breccia are rarely found. The existence of many of these

faults is questionable, and evidence for their presence is scanty. Most -

of these faults havt a north to northeast trend, which is perpendicular
to the attitude of the fold axes, and it is my opinion that these faults
represent minor, near-surface, crustal adjustments contemporaneous to or
later than the folding. No evidence of Quaternary movement was found for
any of these faults. Three of these faults are discussed be]ow. ‘

A covered, northeast-trending fault runs beneath the 1ands11de
complex at Juniper Springs and brings the upper porphyritic Frenchman
Springs unit into stratigraphic adjacency w1th the Tower porphyr1t1c
unit. The Vantage Member, which crops out as a thick sandstone interbed
0.5 kilometer west of the exposed fault trace, does not appear east of
the fault trace or slide complex.

A conspicuous north-northeast-trending fault runs through a deep -
swale and follows a linear canyon down the north face of eastern Umtanum
Ridge (NW 1/4, Sec. 14 and 11, T13N, R23E). This fault offsets the
Vantage and Mg0 horizons farther downslope.
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The presence of a north-trending pair of possibly continuous faults
on Yakima'Ridge {Sec. 26 and 35, T13N, R23E) is strongly implied by
abrupt-changes in elevation of Priest Rapids and Frenchman Springs flows
on either side of.the proposed fault trace.

AERIAL PHOTOGRAPHIC LINEAMENTS

Two prominent pairs of northeast-trending, aerial photographic
lineaments cross the Umtanum anticline on the east end of the map area,
but no evidence of faulting was found in association with them. The west
pair traverses the east margin of the Juniper Springs slide complex; the
west 1ineament of this pair is defined, in part, by a closed topographic
depression behind a large block slide (Figure 28). The east lineament of
this pair follows a straight gully down the flank of the ridge and over a
cliff, through large fractures (joints) in the Frenchman Springs Member.

The east pair of lineaments is defined by topographic benches and
aligned gullies in outcrops of the Pomona and Umatilla (Figure 29). This
pair may have been produced by rapid erosion of the plunging anticline
during periods of glaciofluvial flooding, but the parallelism of these
and other 1ineaments to the system of northeaét-trending faults suggests
the lineaments are structurally controlled. ‘

INTRACANYON STRUCTURE

The Wahluke and Huntzinger lavas flowed through a northeast-trending
paleovalley across Umtanum and Yakima Ridges (Figure 3). The outcrop
pattern of the Wahluke flow is strikingly linear and it 1s:probable that
the ancient stream cut its course in a northeast-trending structure. The
basalt in this area is deeply eroded and'éxtensive1y folded. HNo evidence
for faulting was found; however, the structure is most probably a '
fracture or system of fractures (Jjoints) related to the other
northeast-trending linear structures.

LANDSL IDES .

" Small landslides occur on steep slopes throdghout the'mab area; most
of them are tongues of debris that moved chaotically downslope. Many of
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FIGURE 28. Juniper Springs Slide Complex. Juniper Springs issues from
the vegetation at right (west) side of the field of view. A large slide
block is downdropped to the northwest (in direction of arrow). Straight
Jines mark the approximate.trace of lineaments visible on air photos.
View is to the southwest.
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FIGURE 29. Lineaments Visible on Areal Photographs. The photograph
shows the traces {inked lines) of lineaments visible on areal

,' photographs. Topographic benches have been eroded into the Pomona
. (Po) and Umatilla (Um) Members. View to the southwest.

= Sec. 17, TI13N, RZSE.
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the s1ides were caused in part by .over-steepening of the slope and
slippage of basalt along contacts with relatively incompetent interbeds,
such as the Mabton.

In contrast to these small, thin, landslide deposits, two areas of
extensive block sliding modify the topography along the north face of
eastern Umtanum Ridge; the McCoy Canyon landslide complex and the Juniper
Springs landslide complex. It is suggested that these slides are caused,
in part, by intersections of major structures that weaken the rocks and,
in part, by rapid erosion at the toe areas by the Columbia River.
Continued movement in these slide complexes is possible.

McCOY CANYON SLIDE COMPLEX

The McCoy Canyon area consists of rougm y 3 square ki]meters of A
slide blocks (Tereva blocks) and smaller chaotic slides’ (Figure 30). The
major block is adjacent to the Columbia River and exposes about 350 ;'
meters of basalt section. The slide ccq:]ex is clear]y defined by the:
3-kilometer-long arcuate headwall zone carved into the ridge and by the o
nearly closed topographic depression ‘behind the s]ide blocks. Happ1ng ‘
along the east margin of this block shows that the Vantage horizon.has .= *-
dropped 170 meters and that the basalt strata have rotated such, that'; hey

“dip 10 degrees more steeply to the south than do adjacent, in-place e
strata to the east. The continuity of the anticlinal hinge is broken at.
this'point as well. In the prominent topographic bend midway down McCoy
Canyon, the Vantage horizon appears as two deformed outcrops with chaotic

dips. Two smaller slide blocks are stacked against the southwest edge of
the major block.

Smaller debris slides and colluvium are draped across the headwall
zone of the slide complex. The entire basin behind the slide blocks is
covered with loess, but it is conceivable that lenses of glaciofluvial
sediments are hidden beneath this cover. Arcuate stream drainages
outline the slide masses throughout the slide complex.

Despite this evidence, Converse, Davis and Associates (1970)
concluded that the bowl-shaped topography behind the slide blocks

s
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FIGURE 30. McCoy Canyon Slide Complex. Note the arcuate headwall zone -
behind and above the two largest slide blocks (numbered 1 and 2 on the
photo). The Vantage horizon (V) is shown by a dashed 1ine. View
looking southwest, across the Columbia River.
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resulted from fluvial or glaciofluvial erosion and that the major block
slide resulted from either faulting or complex folding. The distinction
between fault blocks and large slide blocks can be very difficult to
discern, particularly if headwall scarps do not extend beyond the .
down-dropped masses (Goff and McLaughlin, 1976), but slide blocks move
downslope along slide planes which are inclined from the horizontal. The
base of the slide plane beneath the major McCoy Canyon slide block is

- exposed as a prominent bench of fractured lower Grande Ronde (Schwana

sequence) Basalt (Samples C2099 and C2100, Table 3) that is continuous
with similar rocks in the shear zone east of the slide block (Figure 31).
This bench was probab1y cut by the Columbia River prior to 1andslid1ng.

The position of the Hd:oy Can_yon slide coqﬂex at the intersection of

‘the Ustanum antic]ine and the O‘Ilepic-Hal‘lowa Lineanent is. noteworthy and

it is speculated that tectonic veakening of basalt units at this
1ntersection has great‘ly enhanced the s]ide potential. o

JUNIPER SPRINGS SLIDE CDHPLEX

Al Sokiloneter-ldde arcuate _embayment 1s carved out of eastern
lhtamn Ridge at Juniper Spr1ngs (Figure 28). This emayment is

parha‘l'ly filled with one large 's1ide block and many chaotlc slides which -

form discrete tongues of jumbled rock. Much of the s]id1ng appears to be
related to the incompetent Vantage horizon on the west side of the slide
complex. However, the major cause of sliding is probably due to the
intersection of the northeast-trending fault and lineaments with the
Umtanum anticline. This intersection has possibly reduced the competency

of the basalt strata.

WATER QUALITY AND GEOTHERMAL POTENTIAL

Four artesian wells in the southeast part of the map area discharge
water which is‘slight1y warmer than the ambient air temperature of the
region. These wells were drilled through alluvium into basalt bedrock
and lie along the postulated covered southeast extension of the projected

Olympic-Hallowa Lineament as it crosses eastern Umta“nmnrRid.ge., AThe

/
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FIGURE 31. Major Slide Block, McCoy Canyon. The base of the slide plane
appears as a topographic bench (B, Schwana surface) composed of. sheared
lower Grande Ronde Basalt (Ts) which is stratigraphically continuous with
similar sheared rocks to the east (left) of ‘the slide block. The ™™ = °
measurement traverse of the stratigraphic section (Plate 2) is.shown on
this figure by a chevron pattern. View looking south.
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chemistry of selected waters from these wells and from other springs and
wells in surrounding areas was interpreted in order to assess the source
of the artesian water and its relationship to the Olympic-Wallowa

. Lineament.

Samples were collected n nid—summer of 1977. Few easily accessible
springs, untrampled by cattle, flow from eastern Umtanum Ridge during
this season. Waters from: four cold springs in the Rattlesnake Ridge
region were collected with the help of Mr. J. N. Gardner and Mr. M. Neese
to establish background chemical conditions. The other samples were
comprised of waters from two artesian wells (one'of which is shown in
Figure 32), one deep irrigation well (courtesy of Mr. D. Wilson, St.
Michelle Vlntners), and Junlper Springs on the north face of eastern
Umtanum Rldge. Three of the sprlngs are associated with obvious -
Tands1ide zones. :

The water chemistry and pH of all eight samples (Table 7) are
strikingly s1milar, although they 1ssue fron a variety of depths and
geologlc settings. The waters are- dllute and of. good drinklng quality.
They can -be divided 1nto two subtly different chemlcal groups which ‘

correlate vnth the areas (coincidentally) fron \vhlch they were o
collected.. - The cold surficial: ‘waters, Samples PBS-I to: PBS-4 (Group A)
contain less Si0,, Na® and k* than the other: Four waters sampled N
(Group B). The close similarity of Juniper Springs waters to the well
waters of Group B suggests that some aquifer may be common to all.

Juniper'Springs issues from the Juniper Springs landslide complex
that covers a probable fault. The most obvious aquifer that might supply
the spring (if it is not merely a landslide spring) is the Vantage
sandstone interbed which crops out 770 meters to the east. Many sorings
issue from the Vantage sandstone on the north face of eastern Umtanum
Ridge. To test the hypothesis of a common aquifer, a calculation was
made to roughly estimate depth to the Vantage sandstone beneath a well
with a known depth of water entry. St. Michelle Well #2 encounters a
large water entry at approximstely the 245-meter depth. The well head is
at an approximate elevation of 338 meters. The nearest exposed Vantage
horizon crops out 3,385 meters due north of this well at an elevation of
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400 meters on the Umtanum anticlinal axis. If we assume an average‘
constant Vantage horizon dip of 5 degrees‘south then the elevation of -

the Vantage beneath the collar of St. Michelle Well #2 is ca]culated at
101.5 meters (Figure-33).. The estimated depth to water entry is then 234 .
‘meters which agrees well with the recorded depth of 245 meters. This
calculation ignores any complicat1ons caused by offset along the Juniper ,
Springs fault. Even so, it ‘suggests that the probable source aquifer of"?
St. Michelle Well #2. is the Vantage horizon or overlying Frenchman

Springs basalt.

According to Mr. D. Leitch (HashingtonvState Highway Department), the ?_
flow of artesian well #1 was cut in half shortly after St. Michelle Well
#2 was drilled in 1974. This fact, in combination with the simi]ar
chemistry of Group B waters, argues that all four Group B waters _
originate in part from the same horizon. The re]at1ve1y higher Nat and
K* of these waters probably results from reactions with feldspars and
micas which are plentiful in the Vantage sandstone.  The slightly higher
$i0, probably results from a longer residence time of the water in the
source aquifer, as compared with the residence times of cold surficial
waters. 'Groupo'waters may have higher temperatures because the source :
aquifer is buried up to 325 meters or more below the ground surface. The'i‘
temperatures of Group B waters increase as the well Tocations are - 2
positioned progressive]y down-dip on the Umtanum anticline.

The slight differences in chemistry of the two water types are i
reflected in the subsurfacevequilibratton temperatures estimated from the é
Na-K-Ca geothermometer of Fournier and Truesdell (1973). Group A |
surficial waters average about 40°C less in estimated subsurface
temperature than Group B aquifer waters, although within each group

waters of higher measured temperature generally yield h1gher est1mated A
equilibration temperatures

; The ca1cu1ated subsurface equ111br1um (Beta = 4/3) temperatures of .
Group B waters are more than 250C above their measured temperatures
" (see Table. 7). - This suggests that ‘there. may ‘be minor. subsurface’ m1x1ng
" ofa deeper warm water with co]d meteor1c water (Fournier and. Truesde11 :
_L197§)L If such deep water exists, 1t may r1se a1ong the Jun1per Spr1ngs o ‘
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Temperatures, Flow Rates, and Chemical Analyses 6f
Eight Spring and Well Waters From Rattlesnake and Eastern

R1dge Region Collected and Analyzed in

July-August 1977+

SAMPLE NUMBER PBS-1 PBS-2 PBS-3
SAMPLE NAME RATTLESNAKE MIDDLE SNIVELY BENNETT
SPRINGS SPRINGS SPRINGS
GROUP ' A A A
LOCATION North 1/2,S5ec. 29 Center, Sec. 8 Center, Sec. 14,
T12N, R25E T11N, R25E T11N, R24E
Temp. OF (°C) 63 (17) 59 (15) 56 (13)
Flow rate (gpm) 5-10 2 1.5
Field pH** 5.6 5.9 5.8
S10g 45 40 50
g° 10.0 7.5 7.7
Ca 2 25.5 17.5 20.0
Na* 13.0 7.5 - 8.0
k* 4.0 2.5 2.3
Li* 0.1 0.1 0.1
Fe (Total) 0.1 0.1 0.1
HCO~ 123 83 83
S0, 2° 4.5 3.5 4.0
c1- 4.5 4.5 7.25
F- 0.46 0.3 - 0.28
B 2.1 0.1 0.1
Na-K-Ca 45 34 21
Geothermometer,
Beta = 4/3, OC
Comments Issues from Dry Flows from Three springs

Creek south of
possible fault
scarp on Yakima
Ridge.

stream gully by
old ranch house
in large land-
slide complex.

at head of land-

slide; collected
and piped to
pond. -

*A11 species reported in parts per million.
**Colorphast pH 1nd:cator strips numbers 9581 9582, and 9583.
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SAMPLE NUMBER
SAMPLE NAME

GROUP
LOCATION

PBS-4

MAIDEN
SPRINGS

A

East 1/2 , Sec. 18
T11N, R24E

PBS-5

ARTESIAN
WELL # 1

B

NW 1/4, Sec. 30
T13N, R124E

PBS-6
MAGEE WELL

B

Center, Sec. 14
T13N, R25E

Temp. OF (OC)
Flow Rate, gpm
Field pH*
SiO2
Mg2+
cact
Nat
K+
Li*
Fe (Total)
HCO~
2-
SO4
c1-
-
B

Na-K-Ca
Geothermometer
B =4.3, oC

Comments

56 (13)
1.5
5.7

30
6.0

15.0
7.0
1.8
0.1
0.1

72
2.5
3.75
0.22
0.1

28

73 (23)
300
6.0
55
7.0
15.0
21.0
7.0
0.1
0.1
144
0.5
5.0
0.72
0.1
76

8l (27)
500
5.9
60
7.7
14.0
24.0
8.5
0.1

Well drilled
through alluvium
into basalt;
30.5-centimeter
iron casing;
depth to water
entry unknown

Well drilled
through alluvium
into basalt;
20.3-centimeter
iron casing;
depth to water
antry unknown

Issues from
alluvium at
mouth of gqully
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SAMPLE NUMBER PBS-7 P8S-8

SAMPLE NAﬁf JUNIPER SPRINGS ST. MICHELLE WELL

GROUP B B

LOCATION Center, Sec. 14, Center, Sec. 27,
T13N, R24E T13N, R24E

Temp. OF (C) 64 (18) 69 (21)

Flow rate, gpm 10 500

Field pH** 5.9 6.7

5102 55 55

MgZ* 13.3 10.8

ca2* 19.5 16.5

Nat 20.5 21.0

x* 6.25 6.5

Lit 0.1 0.1

Fe (Total) 0.15 0.15

HCO~™ 148 144

S0, 2- 7.5 0.5

c1- 5.75 5.0

F- 0.62 0.64

B 0.1 0.1

Na-K-Ca 67 72

Geothermometer, -

B = 4/3, oC

Comments Flows from base Well drilled in

of large block
in landslide
complex.

alluvium and - :
basalt, 30.5-centimeter
iron casing; depth

to water entry about
245 meters
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fault and flow down dip through the source aquifer. However, the waters
are relatively cold and dilute and have low concentrations of key
elements or ions (e.g., Lit, C1-, 5042' and B) that suggest deep

thermal equilibration with an underlying geothermal reservoir (see White,
1957; White and Others, 1973; Goff and Others, 1977). Without the
presence of a positive indicator of heat, the geothermal potential
beneath eastern Umtanum Ridge is considered to be nil.

The apparent association of artesian wells with the postulated
location of the Olympic-Wallowa Lineament suggests that the Vantage
horizon may locally be over-pressured in this deformation zone. Another
logical explanation is that the artesian wells get their hydraulic head
from a high elevation of recharge or the source aquifer west of the
wells. Both hypotheses require detailed hydrologic testing of the
artesian and adjacent non-artesian wells to resolve remaining questions.

RECOMMENDATIONS

WASTE REPOSITORY SITE AND HYDROLOGIC CONSIDERATIONS

Should a nuclear waste repository be established, it will probably
contain nuclear waste whose solubility in water is minimal. Nonetheless,
groundwater might siowly leach potentially harmful radionuclides if it
can gain entrance to repository caverns. It is rgcuuuended that the
proposed nuclear waste repository be located awayjfrom fault zones, shear

. zones, and areas of fractured rock that might promote groundwater

circulation into the caverns should they somehow be ruptured.

Therefore, the proposed repository should not be Tocated near the
buried north flank of eastern Umtanum Ridge or on the associated
east-west-trending zone of sheared rocks. It may be difficult to predict
the location of buried, north-trending faults such as occur on eastern
Umtanum Ridge because their distribution appears to be random.

The thick Umtanum basalt flow and similar flows above and below,
which are béing considered as proposed repository host rocks, display
some of the most intense deformation exposed 6n eastern Umtanum Ridge
(Figure 16). Away from the shear zones, however, these flows are
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probably much less disturbed. Circulation of deep groundwater through ..
primary flow structures such as cooling joints or pillow zones may to.. .
some extent be unavoidable. However, the major avenues of movement for .
circulating groundwater within the buried, south flank of eastern Umtanum
Ridge are probably at or near the flow contacts‘and interbed horizons
such as the Vantage sandstone. ' I

As possible aids to interpretation of the detailed structure beneath
the Hanford Site, the following is recommended:

1. Detailed seismic surveys crossing perpendicular to the projected
concealed extension of the Umtanum reverse fault and shear zones.
These surveys might reveal with greater clarity major structural
lineaments or offset of strata associated with the reverse fault
which gravity studies do not show.

Small-diameter core holes over sites of possible shearing in the
buried north flank bf the anticline to verify the presence or absence
of cataclastic rocks; these sites should be chosen with the aid of
geophysical surveys.

Small-diameter core holes surrounding sites selected for further:
evaluation as repositories. The stratigraphy ravealed by these cores
may indicate faults or other structures in the site vicinity.

SEISMIC CONSIDERATIONS

The structure considered to have the most potential. for seismic _ .-
activity is the deformation zone coincident with the postulated
Olympic-Kallowa Lineament; however, no evidence for Quaternary movement
was found along this zone on eastern Umtanum Ridge. Possible studies
might include the following. | - I

1. Seismic surveys to define buried topographic lineament§ that h;y Ee
associated with the Olympic-Wallowa Lineament.

2. " Trenches ‘across significant 1ineaments found by field mapping or. .
geophysical surveys. Preferably, trenches would be excavated where
- possible deformation could be observed in overlying glaciofluvial or
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other young sediments. Possible locations might be in the notch
between Wahluke outcrops just southwest of Emerson Nipple and near
the extreme east end of Yakima Ridge, where a linear escarpment of
the Elephant Mountain Member was reconnaissance mapped. -

Detailed study of the drill cores taken during construction of Priest
Rapids Dam. According to Mackin (1955), several faults are suggested
by the stratigraphic relations in these cores and the dam site lies
astride the northwest extension of the Olympic-Wallowa Lineament as
it crosses eastern Umtanum Ridge.

GENERAL RECOMMENDATIONS

1.

6.

A detailed magnetic survey should be run through the basalt section
described on Plate 2 to determine magnetic polarities, -inclinations,
and declination;.. This survey would check the stratigraphic
correlation cpplication of a similar traverse conducted by Coe and
Others (1978) at Sentinel Gap.

A detailed study of the genesis of thick flow-top breccias should be
undertaken to better understand the intraflow structures in flows
which may house nuclear waste.

A second stratigraphic section should be measured in the canyon
described in Figure 6 in order to compare stratigraphic variations in
the Grande Ronde Basalt.

The thrust faults and compressive stress field of the Umtanum fault
and anticline should be studied in detail to understand the
mechanisms and style of similar structures throughout the Pasco Basin.

The Priest Rap‘lds. interbed discovered on Yakima Ridge shou'ld be
studied to see if it represents a significant time interval between
Priest Rapids and Lolo chemical types.

The paleomagnetism and chemistry of the "Roza-1ike" porphyritic flows
mapped on Umtanum and Yakima Ridges should be studied to determine if
they are the Roza Member of Mackin (1955). T
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CONCLUSIONS

Geologic mapping, whole-rock chémistfy,"éﬁd natural remanent magnetic
polarities show that eastern Umtanum Ridge is an asymmetric anticline
formed by folding of over 20 layers of Columbia River basalt. This =
folding began before Umatilla time (14 million years ago) and probably
continued well beyond Pomona time (10.5 million years ago), culminating
in the formation of the Umtanum reverse fault. Mapping aided by
petrographic and X-ray diffraction studies show that the fault is
associated with fractured rock and shear zones which probably extend
eastward beneath the Hanford Site. Some normal faults cut the basalt
members on eastern Umtanum Ridge suggesting that other normal faults may
lie buried beneath the Hanford Site. The faults, fractures, and shear
zones may act as local corridors for the movement of groundwafér.;;
Similar structures beneath the Hanford Site can and should be avoided in
the construction of proposed nuclear waste repositories. -

The Umtanum structures are older than geologic structures coincident

with the Olympic-Wallowa Lineament. As of yet, no conclusive evidence
has been found to suggest this lineament is an active fault zone.
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APPENDIX_ -
~ ne_scnlmou oF MAP uu_ns"

NOTE: Descr1pt1ons are in order of 1ncreas1ng age. Potass1um/argon
ages are for whole-rock samples and were obtalned from ARH ST-137 (1976)
unless otherwise noted.

'

Qa

Q

Qaf

Qco

Qud

. Qag

ALLUVIUM -< River and stream depoS1ts of conglomerate, sand,
silt, and clay which fill present-day valleys; maximum thickness
in Cold Creek Valley is less than 5 meters; maximum thickness in

.Columbia Rlver Valley is unknown.

LOESS -- Wind- blown dust and silt which blankets gentle slopes;
mapped only where no outcrops exist or where covering critical
contacts; maximum thickness Jess than 10 meters.

ALLUVIAL FAN DEPOSITS -- Unsorted coarse, and f1ne materlals
deposited at the mouths of small steep valleys during perfods
of rapid erosion; maximum thickness about 15 meters.

COLLUVIUM AND TALUS - Coarse material and silt der1ved by
dounslope movement on steep slopes due to gravity; mapped only

where very conspicuous or where covering critical contacts,
maximum thickness about 10 meters.

LANDSLIDES -- Coherent stratigraphic blocks, unsorted rock and
soil, or mixtures of both which have moved downslope as units or

» as a series of units; some slides subject to continued movement;
areas of extensive block sliding were mapped at McCoy Canyon and

Juniper Springs, respectively; recognized by hummocky
topography, closed to nearly closed topographic depressions,
bowl-shaped headwall zones, and rotation of dip of bedded units;

maximum thickness at McCoy Canyon is on the order of 400 meters;
max1mum thickness of most. sl1des 1s Tess than 30 meters. "

TERRACE GRAVELS -- Rounded to subangular clasts of basalt1c

L gravel 1n a matrlx of sand and Sl]t depos1ted along ancestral
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Cold Creek; includes minor side-stream fanglomerate; local
besaltic sources only; subject to extensive caliche deposition;
maximum thickness near mouth of Cold Creek greater than 20
meters; thickness generally less than 5 meters. '

Qhp GLACIOFLUVIAL SEDIMENTS -- Conglomerate, sand, silt, and clay
that include clasts of granitic and metamorphic origin;
deposited during late Pleistocene cafastrophic floods of
ancestral Columbia River and Lake Missoula; deposits restricted
to east end of map area; occasional large glacial erratics or
lenses of cong]umerete yhich are too small to map; maximun
thickness in map area 100 meters(?).

Tp POMONA -- Black to dark grey porphyrific basalt with 1X of
plagioclase phenocrysts up to 1 centimeter long which are often
sieve-textured; contains 1% of olivine phenocrysts 0.5
millimeter across; olivine commonly altered to orange'c!ays and
Fe oxides; occasioﬁal]y forms dark talus ribbons on steep

e em e it 2

slopes; generally has narrow colonnade; columns 0.2-0.4 meter
across which radiate outward and fan upward; base of flow is
extensively pillowed in SE 1/4, Sec. 29, TI3N, R24E; consists of
two flow units at extrame north tip of outcrop in NW 1/4, Sec.
32, T13N, R24E; overlies rare seciments and tuff of Selah
horizon and Umatilla basalt south of Umtanum anticline; overlies
Selah tuff and Priest Rapids basalt north of anticline; magnetic
i ‘polarity reverse, potassium/argon age 10.5 mi]]ion years,
maximum thickness 30 meters.
|
|

Tel ELLENSBURG (SELAH) -- Grey volcaniclastic sand and silt and
rhyolitic ash; upper 0.5 meter of ash loeaTIy welded to dark
grey per]itic glass by over]ying Paomona basalt; ash generally is
uh\te and pimaceous, with occasional accretionary Tapilli 0.5
centimter across._on]y rare lenses of sediment and ash exposed
south of Umtanum antic]ine. extensive white ash deposit is
discontinuous]y exposed north of antic]ine and west of Priest
Rapids Dan on the 'Selah Bench~' maximun thickness 20 meters(?)




Ta

Tw

Tu

RHO-BWI-C-21

HUNTZ INGER Intracanyon flow of grey to black porphyritic

basalt with variable hand-specimen appearance; may be ophitic

and diktytaxitic with piagioclase phenocrysts up to 1 centimeter :
long and olivine up to 0.5 millimeter across enclosed by ophitic :
pyroxene; glassy samples contain a total of 1X phenocrysts of

plagioclase (1 cent!meter or less long) and pyroxene and olivine

(0.5 millimeter across); hand samples easily confused with

Pomona basalt; crops out as prominent black ridge overlying

Wahluke basalt in Sec. 24, T13N, R23E; forms conspicuous ledge

on north side of Columbia River below Priest Rapids Dam;

colonnade columns are thick, up to 1 meter across; entablature

forms hackly chunks about 0.2 meter across; minor pillowing

exposed at base of flow, top of flow eroded; magnetic polarity

normal; potassium/argon age 12.6 + 0.4 million years (Ward

1976); maximum thickness 40 meters(?).

WAHLUKE -- Intracanyon flow of black aphyric basalt with

conspicuous plagioclase microphenocrysts 1-2 millimeters long |
and rare plagioclase phenocrysts up to 1 centimeter long;

commonly has tiny, pervasively distributed vesicles 0.5-3 ‘
millineters across; has concoidal fracture; hand samples easily

confused with Umatilla basalt; outcrops on Emerson Nipp]e; below

Huntzinger basalt on ridge to west, and on top of Yakima Ridge

in NW 1/4, Sec. 35, T13N, R23E; primary flow characteristics

poorly exposed, but has hackly entablature; minor pi]]owing at

flow base; overlies Priest Rapids and Frenchman Springs basalts

(Roza(?) basalt); magnetic polarity normal; potassium/argon age

12.7 million years; maximum thickness 30 meters(?).

UMATILLA -- Black, glassy, aphyric basalt with abundant
plagioclase microphenocrysts less than 0.25 millimeter long; has
distinctive concoidal fracture and rare plagioclase phenocrysts;
forms dark talus ribbons on steep slopes; colornade columns vary
from 0.3-1 meter across depending on outcrop location;
entablature is hackly; flow base is extensively pillowed
éspecially near the Cold Creek syncline; cross-bedding of pillow
lobes indicates lava flowed in a west-northwest direction near
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ancestral Cold Creek; flow top is poorly exposed; overlies

: AEllensbufg‘horizon and Priest Rapids basalt; mggnetic“polarity

Tel

Tpr

Tel

Tfu

normal; K/Ar age 14.1 million years; maximum thickness about 50

" meters.

LENSBURG (MABTON) INTERBED - D1scont1nuous exposures of buff
to brown sandstone, siliceous silt, grave] chert “and petrified
wood; gravel locally cemented with hydrated Fe ox1des and
contains clasts of tr=*' granitic rocks, and metamorphic Eocks;
generally overlies a deeply weathered zone in Priest Rap1ds'

~basalt; maximum thickness less than 10 meters.

PRIEST RAPIDS -- Four and possibly more flows-ofigrey; usua]]y
diktytaxitic aphyric basa’t with a coarse texture produced by
plagioclase microphenocrysts; contains rare plag1oc]ase
phenocrysts up to 1.5 centimeters long; outcrops weather to
rusty-brown color, colonnade and entablature are broad and
diffuse; flow top is coarsely vesicular; some fiows or flow
units(?) contain’vesiclé'cy]inders and vesicle sheets (Goff,
1976 and 1977); flow base is rarely pillowed; uppermost flow is
darker, more massive, and finer grained thamvothers; uppermost
flow overlies a prominent interbed (Tel) of siliceous siltstone,
chert, and petrified wood up to 5 meteré thick exposed on Yakima
Ridge in Sec. 36, T13N, R23E; magnetic polarity predominantly
reverse; potass1um/argon age about 15 million years- max1mum
thickness of member about 70 meters.

ELLENSBURG (QUINCY) INTERBED -- Rare, th1n ]enses of
light-colored S1T1ceous siltstone, chert, and petr1f1ed wood,

occa510na11y baked to a. brick-red color by over1ying Pr1est

Rap1ds basalt; maximum thickness about 3 meters.~

FRENCHMAN SPRINGS -- Six or p0551b1y more flows of dark grey,
aphyric to porphyritic basalt; undifferentiated where not mapped
.in detail; porphyritic flows are commonly d1ktytax1t1c and -

N “‘*conta1n from 1-7% plagioclase glomerophenocrysts up’ to 5 w
ffffg_centimetsrs long. d1ktytax1t1c flows weather to rusty-brown
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color; aphyric flows are apparently sandwiched between top (Roza
(?) Member) and bottom porphyritic unit; volume of phenocrysts
is not constant laterally or vertically in porphyritic flows and
may grade locally into aphyric zones; colonnade and entablature
are variable, but well exposed in the cliffs east of Juniper
Springs; a siliceous interbed lies between upper porphyritic and
aphyric flows in outcrops too small to map; member overlies
interbed (Ellensburg) or Grande Ronde Basalt; magnetic'polarity

normal; maximum thickness of member about 170 meters(?).

ELLENSBURG (VANTAGE) SANDSTONE INTERBED -- Discontinuous unit of
white to brown, coarse- to fine-grained feldspathic sandstone
with conspicuous flakes of muscovite and biotite; sandstone may
or may not be-well indurated; overlies Grande Ronde Basalt;
maximum thickness about 30 meters.

, GRANDE RONDE BASALT -- At least 13 flows of grey to black
generally aphyric basalt; more complete descriptions are given.
in stratigrephic section, Plate 2; undifferentiated where not
mapped in great detail; formation was mapped in two units
subdivided by a chemical-stratigraphic horizon, the *Mg0
Horizon;® the unit above this break (Sentinel Bluffs, st)'has a
thick basal flow with a 10-15 meters thick flow top breccia; the
unit below the Mg0 Horizon (Schwana, Ts) has a thick uppermost
flow named the Umtanum flow (Tsu) with a conspicuous flow-top
breccia locally over 35 meters thick; flows are cut by Joints
and shear zones of tectonic origin on north face of eastern

Umt anum Ridge; flows locally overturned west of Priest Rapids
Dam; bottom of section not exposed; all exposed flows have
normal polarity, maximum exposed thickness at least 510 meters.
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ERRATA SHEET

The following pen-and-ink changes should be made to your copy
of RHO-BWI-C-21, Preliminary Geology of Eastern Umtanum Ridge,
South-Central Washington.

Page 5, References, page number should be 101

Page 27, Figure 3, top of figure, block WA should be HU

" " -upper center of figure, block HU should be WA
Page 39, last line of second paragraph, (<11%), should be (<1%)

Pocket Part 1 of 2, should be Pocket Part 1A of 2

Pocket Part 2 of 2, should be Pocket Part 2A of‘2.

Please include the 2nclosed References (pages 101 through 103) in
the document.

Please include the enclosed Pocket Part 2 of 2 in the envelope.
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