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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 asynmetric 
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 Panona and Umatilla Members (Saddle 
Mountains Basalt), Priest Rapids and Frenchman Springs Members (Wanapum 
Basalt), and Grande Ronde Basalt were erupted as fairly uniform sheets. 
The Wahluke and Huntzinger flows (Saddle Mountains Basalt) fill a 
paleovalley cut into Wanapum Basalt. 

Several Jines 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 re.verse movement on the north 1 imb of the fold. This 
movement brought horizontal Wanapum lavas against overturned Grande Ronde 
Basalt. Shearing and fracturing associated with the thrusting and 
folding have 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. Many 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 Line~~ent 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 b~ short faults of minor displacement, a tight fold trending 
north 40 degrees west, and sheared and brecciated rock •. The crest 1 i ne 
of the fold has left-lateral displacement of 1 kilometer which may be a 
manifestation of the Olympic-Wallowa Lineament. 
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No evidence was found that indicates the·artesian nature of wells and 
springs south of the anticline are a manifestation of the Olympic-Wallowa 
Lineament. Water chemistry shows the waters originate in the Vantage 

· interbed 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 limb of the.· 
Umtanum anticline display relatively little tectonic deformation since 
Miocene-Pliocene time •. Thus, the buried south flank of Untanum 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 north of the Silver 
D~llar fault zone (along the sbuth flank of Yakima Ridge), although 
Plate 1 includes all geologic mapping by the author on both Umtanum and 
Yakima Ridges. A sunmary of the structural evolution of eastern Yakima 
Ridge has been written by Goff and Myers (1978) ~ All 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 Columbia 
River basalt as a med11.i11 for the final storage of cormierc1al 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 lkntanuni Ridge, 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) basalt, flow-top 
breccias, and the chemistry of lo.cal groundwaters. 

LOCATION AND PHYSIOGRAPHY 

Umtanum Ridge lies in the mountainous desert of· south-central 
Washington on the northwest edge of the Pasco Basin (Figure 1) •. The 
Columbf a River flows_ e_astward along the· steeply dipping, north flank of 
the Umtanum -anticline. The easternmost end -of the ridge lies _within the_ 
Hanford .Site. · The U~S. Anny•·s Yakima Firing Center occupies the west ~nd 
of the map area •. Um~:anuni Rf.dge pre;~nts a panorama· of_ barre.rt,; rock/._, -

. ~':·, ·, ';. . 

.,;1,,, 
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cliffs and slopes covered with sagebrush and wfnd~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 wer_e spent in detailed mapping of 80 square kilometers and 
2 months were spent in support work and preparation of this draft report. 

METHODS OF INVESTIGATION 

Geologic mapping was done on U.S~ Geological Survey 7-1/2-minyte 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 aeri_al 
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 
identification of the various units of Columbia River basalt. 
Quantitative chemical anal,yses were made by standard atomic absorption. 
techniques at a 1 aboratory under subcontract to Ro.ckwe 11. Results were 
reported as weight percent of oxides.· All suites of samples submitted 
for atomic absorption analysis included two or three samples of a 
standard basalt (Umat111a basalt) for cal fbration of precision and 
accuracy. Comparisons of average analyses and analytical errors of. 
standard Umatilla basalt and UmatiJla type-locality basalt are listed fn 
Table 1. Semi-quantitative analyses for barium, calcium, and titanium 
were made on an energy-dispersive X-ray fluorescence unit. Natur.al 
remanent magnetic polarities were obtained using a portable f.lux gate 
magnetometer (Calex Model 70). Samples of breccia and mylonite from 
mapped shear zones were studied using standard petrographic and X-ray 
diffraction powder techniques. A stratigraphic section through the 
Grande Ronde Basalt was measured with tape and compass. Spring and well 

· water, samples were collected according 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 l)natilla Basalt 
and Umatilla Typa-Loca11ty Basalt. (Error reported by thfs 

study 1s average relative error; analyses• 
reported are as mean percents.) 

Chemicals Average of 14 Umatilla Lmat111a Standard 
Analyzed Standard Analyses• 

S102 52.4 + 0.6 52.54 -
Al203 13.8 + 0.4 13.79 

FeO 12.9 + 0.3 13.73 -
Mg0 2.89 !. 0.08 2.95 

Cao 6.37 !. 0.15 6.40 

Na20 3.23 .! 0.10 3.20 

KzO 2.55 .! 0.17 2.52 

MnO 0.22 .! 0.01 0.19 

1102 2.91 ! 0.14 2.76 

Pzos 0.94 .! 0.10 0.90 

*This report. 
**Add1ton and Seil, 1979. 
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aspects of geologic mapping, water samp.11ng, sample preparation. and · 
magnetic determinations. Ms. K. Ferguson and Dr. M. V. Grutzcek ~rranged 
for water analyses. Mr. o. H. Parks assisted with petrographic 
photography. Dr. A. c. Waters, ·or. D. A. Swanson, and Mr •. S~ Farooqui 
offered valuable advice.· Dr. s. P. Refdel ~evfewed the 111anuscrfpt. 

PREVIOUS . INVESTIGATIONS 

The regfonal geology of the Pasco Basfn vfcfnfty was compiled and 
described by Grolier and Bingham (1965) and by Newc• (1970). Umtanum 
Ridge appears on Newcomb's map, but because of the scale of thfs 
compilation, the geology 1s 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 essentfally fn agreement with the ffndfngs of thfs study, but 
fdentiffcation 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, Davfs and Associates (1970) 
and their conclusions differ from those of thf s report. Detaf ls of 
surface and subsurface geologJ were interpreted by Mackin (1955) tn a 
report.for the Public Utility Oistrict No. 2 of Grant County, Washington 
regarding construction of Priest Rapids Dam. In spite of mfnor 
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 regfon 
were swrmarfzed 1n ARH-ST-137 (1976). 

STRATIGRAPHY 

The dominant lithology of-the area 1s basalt of the Columbia River 
Basalt Group that is covered by various types of Quaternary sediments. 
These young deposits are primarfly alluvium and older gravels associated 
with Cold Creek. and the Columbia River. A large fan of glacfofluvfal 
gravels and sedfments spreads southeastward from the Columbia River 
around the eastward-plunging ~nd of the Umtanum antf clf ne. Recent 
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Columbia River gravels are easily distinguished from local gravels by the 
occurrence of granitic and metamorphic cobbles in the former, which are 
absent .in sediments of Cold Creek Va.lley and similar valleys. The ' .. 
southeastern slopes of the ridge, which are primarily eroded dip-slopes, 
are coated with a veneer of loess. Landslides appear on steep slopes 
and/or structurally weakened slopes. . 

The stratigraphic units of the map area are correlated with units 
previously defined in the Pasco Basin by their stratigraphic position, 
remanentmagnetic 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. 

COLUMBIA RIVER BASALT GROUP 

The Columbia 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 position, interbed characteristics, and primary flow 
features (e.g., co.lumns, pillows, etc.), generally distinguish the three 
basalt formations and many members from one.another. However, these 
characteristics vary, especially over a 1 arge area, but also within the 
map area. Positive identification of flows from hand samples ofisolated 
outcrops is difficult, particularly where ir'entification iniolves· 
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 
tholeiitic lavas having both normative quartz and hyperthene and 
consisting of plagioclase,' pyroxene, opaques, glass, an·d olivine. 

Detailed field descriptions of individual units are given in the 
Appendix. Distinctive characteristics are described below and in Table 2. 
The chemical characteristics are described in a following section. See 
Table 1 for analyses of standards •. 
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TABLE 2. Distinguishing Characte,istics of Grande Ronde Flows. 

Flow 1 (Museum?): 

Flow 2 (Rocky Coulee?): 

Flow 5 (Unnamed): 

Flow 8 (Unnamed): 

Flow 9 (Unnamec!l: 

MgO 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 columns. 

This flow has a very distinctive 
diktytaxitic texture, scattered vesicle 
cylinders, and vesicle sheets (Goff, 1975 
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 
magnesilJll oxide than the· flows de"scribed 
above. 

The Umtanum flow is over 90 meters thick in 
the McCoy Canyon measured section and 
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. 

'C 

' ,.,. 
,, 

.I 
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RHO-BWI-C-21 

SADDLE MOUNTAINS BASALT 

The Saddle Mountains Basalt consists of sheet flows of the Pomona and 
- . - . . 

Umatilla Members and the intracanyon Asotin (Huntzinger) and Wilbur 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 µlagioclase phenocrysts, and reverse natural 
remanent magnetic po1a,·ity. 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 glass. This relationship can be seen in 
the South 1/2,_Section 24, Township 13 North, Range 24 East (abbreviated 
S 1/2 Sec. 24, Tl3N, 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 Stratigraphic 
Nomenc 1 at ure) . 

Intracanyon flows of the Huntzinger and .Wahluke basalts fill a 
paleovalley that was cut by an ancient streilll through flows of Priest 
Rapids and Roza or "Roza-liken basalts (Figui'"e 3). The Huntzinger flow 
has val"'iable 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 
Umtanurn Ridge and one outcrop below Priest Rapids Dam have thick 
colonnade columns (Figure 4). Therefore, the normal, natural remanent 
magnetic polarity and the intracanyon· setting are the principal 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 
resemble those of the Umatilla •. Hand samples are b·lack and glassy,· 

. ·: 16 
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TABLE 3. Chemical Analyses of Samples Collected from Eastern Umtanum Ridge • 
SAMPLE NUMBER I C2003a C2003b C2004p C2004s C2005 C2007 C2010 c,012 C2018a 

- -
LOCATION Sec, 13 Sec. 13 Sec. 24 Sec. Sec. 13 Sec. 13 Sec. 13 Sec. 13 Sec. 21 

T13N T13N T13N T13N T13N T13N T13N T13N T13N 
R24E R24E R24E R24E R24E R24E R24E R24E R24E 

MEMIER Tpr Tpr Tp Tel Tfup Tu Tfu Tpr Tpr 

REHANENT R R R . N N N N N 
MAGNETIC POLARITY 

ATOMIC 
ABSORPTIO~ ANALYSES 

S102 48.9 49.3 49.8 64.9 49.2 52.1 48.3 47.8 49.8 

Alz03 14.4 13.4 14.8 13.0 14.2 13.3 13.3 13.6 14.7 
FeO 15.0 15,0 9.66 2.03 13.5 13.0 15.2 13.3 14.4 

MgO 4.35 4.67 6.27 0.57 4.43 2,60 3.94 4.67 5.05 

CaO. 8.37 8.40 11.4 1.07 8.49 6.30 7.67 8.90 8.66 

Na2o 2.62 2.58 2.39 1.94 2.79 2.92 2.74 2.73 2.75 
K2o 0.99 0,96 0.65 4.43 1.06. 2.22 1.28 1.13 1.14 
HnO 0.23 ,0,23 0.17 0.05 0.19 0.20 0.21 0.21 0.22 

T102 3.58 3.50 1.52 0.34 2.84 2.78 3.01 · 2,92 3.08 

P205 0.62 0,73 . 0,29 0.14 0.58 0.84 0.68 0.82 0.75 

VOLATILES 1.98 2~19 2.17 5.95 1.67 2.18 1.98 1.92 ·1.19 

TOTAL 101.0 101.0 99.1 94.5 99.0 98.4 98.3 98.0 . 101-.7 

Ba (ppm) 650 650 670 572 483 3400 620 530 620 

C2018b 

Sec.21 
T13N 
R24E 

Tpr 

N. 

49.3 
14.1 
14.1 
4.96 
8,88 

2.82 
1.12 
0.21 
2.97 
0.73 

1.60 

100.8 

600 .,. 

~ 
I 
m 
E ·­' I 
n 
I 

N .... 

• 



Table 3 (continued) 

SAMPLE NUMBER C2025 C2029a C2029b C2044 C2048a 

LOCATION . Sec. 16 Sec, 16 Sec. 16 Sec.19 Sec. 13 
T13N T13N T13N NE 1/4 TI3N 
R24E R24E R?AE T13N R23E 

R24E 

MEMBER Tfu Tfup Tfup Tw Tfu 

REMANENT 
MAGNETIC POLARITY N N N N N 

AlJ)MIC 
ABSORPTION ANALYSES 

S102 49.4 49.0 49.8 51.0 49.5 
A12o3 13.0 12.7 12.7 15.8 12.7 
FeO 14.6 15.1 15.6 11.3 15.0 
Hg() 4.04 4.20 4.16 5.44 4.33 
cao 7,90 7.66 7.66 8.62 7.72 

N820 2.43 2.82 2.76 2.66 3.04 
IC O '· 2 1.23 1.19, 1.19 1.40 1.29 
HnO 0.23 0.23 0.24 0.16 0.21 
Ti02 1.81 3.10 3.07 1.80 3.14 

P205 . o. 75 0.71 0.74 0.43 0.62 
' : 

VOLATILES ,, 2.83 1.68 0.89 1.18 1.49 
TOTAL 99.2 98.4 98.8 99.8 9.0 

Ba (ppm) 550 630 640 106 1000 

C2048b C2049a C2049b 

Sec. 13 Sec. 30 Sec. 30 
TI3N T13N TI3N 
R23E R24E R24E 

Tfu Tpr Tpr 

N N N? 

50.7 49.1 48,6 
13.3 12.8 11.8 
14.3 13.6 14.5 
4.37 5.39 5.47 
7.54 8.14 8.33 
3.01 2. 71 2.78 
1.34 1.04 1,09 
0.23 0.22 0.22 

2.97 2.99 3.16 
0.60 0.69 0.73 

1.57 2.08 1.77 
99.9 98.9 98.8 

850 800 730 

C2050 

Sec. 28 
T13N 
R24E 

Tp 

R 

51.4 
14.9 
9.18 
6.22 

11.1 
2.47 · 
0.72 
0.16 · 

1.73 
0.28 

2 .19 
98.5 

510 

C2055b 

Sec. 14 
TI3N 
R24E 

Tfu 

N 

50.0 
12.5 
14.1 
4.56 
7.65 
2.90 
1.31 
0.22 

2.96 
0,60 

· 1.79 
100.4 

730 

~ 
•· 
~ 
M 
I n 
I 

N .... 
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Table 3 (continued) 
SAMPLE NUMBER C2059 C2060 C2061 C2062 

LOCATION Sec. 12 Sec,12 Sec, 12 Sec. 12 
T13N . T13N T13N T13N 
R23E R23E R23E R23E 

MEMBER Tsb Tsb Tsb Tsb 

REAANENT 
AAGNETIC POLARITY N N N N 

ATOMIC 
ABSORPTION ANALYSES 

S102 53.7 53,6 51.2 51.3 
A1 2o3 14,2 14.4 14,6 14. 3 
Foo 12 ,7 12.2 12.0 11.7 
HgO 4.93 4,67 4,96 4.93 
cao 8.25 a.00 9.23 9.04 
Na2o 3.29 3.11 3,18 3.11 
K2o 1.26 1.27 1.41 1.10 
MnO 0.22 0.21 0.20 0.19 
T102 1.95 1.86 1.92 1.93 
Pz05 0,49 . 0~ 51 o. 51 0,53 

VOLATILES 1.00 1.50 2.20 2.29 
TOTAL 102.0 101.4 101.4 100.4 

B11 (ppm) 720 430 440 420 

7•~·~:-... , ~:;;._ytTw·:~~~:~~\~~~~'"'~~"=:.~~~--~¥Zr{,,0f':-;"""f;V-;_. 

C2063 C20671 C2067b C2068 C2069 C2071 

Sec. 12 Sec. 24 Sec. 24 Sec, 24 Sec, 24 Sec, 32 
T13N T13N T13N T13N T13N T13N 
R23E R23E R23E R23E R23E R24E 

Tsb Ta Ta Tfup Tpr Tp 

N N N N R R 

52,3 51.2 52.2 47.9 49.1 50,4 
14.2 15,1 14.7 13.8 13.3 13,9· 
11.4 11.3 11.3 14.1 15.1 10.4 
4,55 6.15 6.65 4.56 4.28 6.41 

8,40 9.70 9.31 8.13 8.27 10,5 
3.04 2,59 2.57 2.68 2.81 2,28 
1.32 1.48 1.27 1.42 1.24 0.60 
0,19 0.07 0.17 0.20 0.24 0.19 
1.93 2.03 1.73 2,88 3.36 1.64 
0.57 0.56 0.55 0.81 0,96 0,27 

2.39 1,29 1.79 2.55 1.30 1.62 
100,3 101.6 101.7 99.0 100.0 98.2 

680 875 1040 390 793 250 

•-~/;::::;1;!'.:.:-t""'?'.°:~i: --~,.,·:~r:;;.J!"--r;~:-~r..;. •~--

~ 
I 

~ 
M 
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I 
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'SAMPLE NUMBER C2072 C2073 C2075 C2076 

LOC~TION Sec. 32 Sec. 31 Sec, 36 Sec •. 3 
. . ' . . . T13N T13N T13N Tl3N 

,, R24E R24E R23E R23E 
., 

MEMS.ER ·Tp Tu Tpr . Tpr 
'' 

', 

REAANENT R N R R 
. ' 

,AAGNETIC POLARITY 

ATOMIC· 
,ABSORPTION ANALYSES 

--, 

~~o{ · 50,0 51.l 48.8- 48.8 
_Al2'03 · 14,6 14.5 15.2 14.5 
FeO · 11,6 12.6 13.7 14.4 
HgQ' - 5.35 3,07 5.68 5.78 
Cao. • 9.42 6.42 9.16', 9.18 · 
--

.Na ·o ' :' .2. ' 2,44 3.18 2.87 2,77 
K2o .. 0.45 2.66 ·l.04 1.11 
MnO; 0.16 , . 0.22 o_.25 0.26 

T102 . 1.66 . 2. 74 2.24 3,26' 
p . ,,, 
2°5-,-. . 0.46 . 0.93 0.90 . 0.'90 

'·:. 

VOLATILES 5.58. . 2 .19 . 0.49 0,79 

TOTAL.· ', 101.3 99.6 101. 3 101.7 

Ba (ppm) 400 - 4600 12007 10707 

C2077 C2078 C2079 
- . 

Sec. 34 Sec. 34 Sec. 27 
Tl2N T13N - T13N 
R24E R23E R23E. 

YP.m Tw Tpr 

T H R 

, ' 

49.1 53.1 47.7 
13.7 14.6 · 13.4 
14.9 11.3 12.8 
3.93 . 4.20 3.97 
8.39 8.71 8,70 

2.46 2.75 2.73 
0.96 1.66 0.79 
0,23 0.18. 0.20 

3.38 1.92 3.87 
o. 70 . 0,65 " 0.87 

2.49 2.59 6.08 
100.2 101.9 101.2 

14907 1070 460 

C2080 C208l 

Sec. 27. Sec. 27 
T13N T13N · 
R23E · R23E 

Tfup Tfu 

H - .H 

48.5 50.2 
,, 14.1 13,3 

13.7 14.4 
4.59 4.22 
8.58 8.17 

2.75 2.69. 
1.16. 1.33 
0.21 0.23 

- 3.08 3.10 
0.76 0.77 

2.84 3.29 

100.3 101,7 

740 750 

C2083 

Sec. 24 
T13N 
R23E 

Tw 

R? 

50.9 
15,1 
11.6 
. 5.11 
8,60 

2.61. 
1.31 

·, 
O.J8 

.. 1.90 
0.61 -

2,87 

100.8 

820 

'. :;IC 
( ::J: ,o 
. I 

.·.CD. 
. IC ...... 

,, .;~;;_ -
N· .... _ . 
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Table 3 (continued) 
SAMPLE NUMBER C2084a 

LOCATION Sec, 25 
Tl3N 
R23E 

' MEMBER Tfu 

REMANENT 
MAGNETIC POLARITY H 

ATOMIC 
ABSORPTION ANALYSES 

S102 50.9 
A1 2o3 13,7 
FeO 14.8 
MgO 4.36 
cao 8.22 
Na2o _ 2.77 
K2o ,, . 1.39 
MnO 0.24 
T102 3.26 

P205 0,74 

VOLATILES 0.97 
TOTAL - 101.4 

Ba (ppm) 900 

C2084b 

Sec.25 
Tl3N 
R23E 

Tfu 

N 

50,3 
13.5 
14.4 
4.30 
7.95 
2.78 
1.41 
0,23 

3.15 
0,78 

2.28 
101,1 

940 

C2088 C2089 C2090 

Sec. 23 Sec. 26 Sec. 26 
TllN Tl3N Tl3N 
R23E R23E R23E 

Tfu Tfup Tfup 

H N N 

51.1 49.5 48.3 
14.6 14.0 14. 3 
13.7 14.2 13,8 
3.56 4.33 4.32 
7,64 8.45 8.04 
3.12 2.84 2,91 
1.42 1.31 ,1.28 
0.18 0.21 0.22 

3.12 2.99 2.92 
0,74. 0,72 0,74 

2,20 1.67 1,79 
101,8 100.2 98.6 

1000 840 . 770 

C209la C209lb C2092 

Sec. 26 Sec. 26 Sec. 30 
Tl3N Tl3N Tl3N 
R23E R23E R24E 

Tfup Tfup Tpr 

H H R 

50.4 49.8 48.0 
13.7 13.3 13.8 
14.8 14.5 14.3 
4.34 4.17 5.!iS 
8.34 8.35 9.03 
2,68 2.86 2.84 
1.29 1.59 1.35 

·0.23 f).21 0,24 

2.93 2.79 3.01 
0.74 0.82 0.99 

' 

2.39 1.58 1.29 
101.8 100.0 100.4 

850 550 550 

C2093 

Sec. 24 
TllN 
R23E 

Tpr 

H 

48.8 
13.9 
14.9 
4.48 
8.40 
2.91 
1.44 
0.24 

2.94 
0.78 

2.20 
101.0 

650 

C2094 

Sec. 24 
T13N 
R23E 

Ta 

H 

50.0 
16.2 
11.4 
5.99 
9.56 
2.45 
1.30 
0.19 
1.73 
0.56 

2.29 
101.7 

670 

:x, 
:c 
0 
I 

~ -I n I • 
N, .... 
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Table 3 (continued) 

JAHPLE NUMBER C2095a 

LOCATION Sec. 1J 
n3N 
R23E 

HEJ.11lER Tpr 

REHAHENT 
MAGNETIC POLARITY N 

ATOMIC 
ABSORPTION ANALYSIS 

S102 47.8 ' 
Alz03 13.0 
FeO 15.5 
HgO 4.58 
cao 8.61 
Na20 2,70 
KzO 1.53 
HnO 0.26 
Tto2 3.47 
Pz05 0,96 

VOLATILES 2.20 
TOTAL 100.6 

Ba (ppm) 670 

C20S5b C2096 C2097 

Sec, 13 Sec. 23 Sec. 17 
nJN Tl4N TllN 
R23E R23E R24E 

Tpr Tpr Tfup 

R H N 

48.1 48.8 48.9 
13.3 14.1 13.6 
15.4 14.2 14.9 
4.54 4.42 4.09 
8.53 8.28 8.25 
2.63 2.96 3.01 
1.53 1.45 1.43 
0.25 0.23 0.25 
3.24 2.99 3.10 
0,99 0.77 0.91 

2.16 1.20 1.50 
100.7 99.4 99.9 

630 570 490 

C2098a C2098b C2099a 

Sec. 2 Sec. 2 Sec. 17 
Tl2N T12N TlJN 
R23E R23E R24E 

Tu Tu Ts 

N N H 

50.6 51.9 53.3 
14.0 13.5 13.8 
12.8 12.8 12.9 
3,05 3.05 3.60 
6.77 6,85 7 .15 
3.10 3.08 3.06 
2.61 2.73 1.53 
0.23 0.23 0.22 
3.05 2.83 2.27 
1.01 1.07 0.58 

2.07 1.69 1.29 
99,J 99.7 99.7 · 

2800 3500 500 

C2099b C2100 

Sec. 17 Sec. 17 
T13N T13N 
R24E R24E 

Ts Ts 

H H 

54.1 55.4 
13.6 12.9 
12.8 13.1 
3.50 3.54 
7.087 7.18 
3.04 3.04 
1.51 1.46 
0.22 0.22 
2.27 2.23 
0.53 0.58 

1.19 1.00 
99.8 lloo.7 

510 480 

C2101 

Sec. 17 
TlJN 
R24E 

Ts 

H 

57.0 
.12.6 
12.0 
3.34 
6.86 
2.90 
1.89 
0.21 
2.19 
0.57 

1,49 
101.1 

530 

-~ 

I 
. OJ 

-= -I n 
I 

N .... 
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Jable 'i (continued) 

SAMPLE NUMBER 

·~oCATJO.N 
. ~ :, 

. ~-: 

MEMBER,. · : ~~ ~-. ,'" 

REHANENT:. 
HAGN_ETIC POLARITY 

ATc»IIC ABSORPTION 
ANALYSES 
··,' ' 

s10{. }'_ :­
Afa~3 ·. · 
Feo. · 
_MgO .·. · .. 

CaO. :. ·:, 

~a20 :•·:': 
K20: . 
~.no,x: 
T_1()2 ... , ·- ,. 

P205.· 

.. 
VOL_ATILES · 

C2101 

Sec. ·17 
Tl3N 
R24E. ,. 

Tsu 

N .. ·· 

C2103 

.Sec. 15 
Tl3N 
R24E 

Tsb 

N 

C2105a 

Sec. 14 
Tl3N 
R23E 

Tsb 

N 

55.7 52.9 51.4 
13.2 13.4 14.7 
12.9. 11.0. 9,62 
3.50 : 4,83 4.93 

· 7 ,07. ' 8.94 8.42 

3.12. · 2,77 . 2.89 

1.49 1.38 , 1.35 
· 0.22 0.21 . 0.19 

2. 36 · 1 ! I. 81 I 2. 00 
0.56 . : 0,52 · · 0,49 

1,65 : 2.46 · 

TOTAL 101.8 .. ·1 100.2,. 
2.52· 

98.5 : 
'. 

a/ (ppm') 910 500 490 -

C2l.05b C2106 I, C2107 

Sec. 14 
Tl3N 
R23E 

Sec. 22 
Tl3N 
R23E 

Tsb Tfup 

N R? 

51.6 51.7 

16.l 12.8 
9.7~ 12.6 
·4.86 4.20 

8.45 8.51 

2. 88 . 2. 49 

1.35 1.07 
0.19 0.24 

1.88 . 2. 75 

0.47. o. 74 

2.57 
100, 1 

570. 

3.57 
100.7 

470 

Sec. 2 · 
Tl3N 
R23E 

Tpr 

N 

49.0 

12.9 
12.0 
4.80 

9.35 

2.30 

0.76 
0.21 

2.76 
. 0,87 

4.76 
99,7 

660 

·,;-.... r.~~~:'~;.:.::.,.,: . .,_-i.ia~-11.s..-:..:.,-,t,..,~.:\ 

C210B 

Sec. 3 
Tl3N 
R23E 

. Jpr 

N 

C2109 

Sec. 3 
Tl4N 
R23E 

Tel 

4!J.~ 70.2 
13.2 11.4 
13.2 1.93 
5.26 . 0.96 

8,95 1.04 

2.48 1.12 

· 1.05. 4.00 
0.26 0,04 

3.08 0.38 
0.89 ,0,15 

2 .17. 

100. l 

560 

. 8,57 

99.8 

650 

C2110 C2111 

Sec, 33 I Sec. 33 
T14N . T14N 
R23E R23E 

Tfup 

N 

53.0 . 

13.l 
13,4 

3.89 

8.22 

2.74 

1.18 
0,23 

3,00 

0,80 

2.24 
101.8 . 

570 

Tsb 

N . 

55.8 . 

13.9 
9;32 .. 

4;55 

8.39 · 

2.60 . · 

1.07 
0.17. 

1.62 
0.48 

3.28: 

101.2 .. 

790 

-~· 

? 
~-.... 
I. 
n ·,.·. 
N 
.t-J. 
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-Table 3 (continued) 
C2112 C2113 C2113b C2114 C2115 C2ll6 C2117 C2118 C21119 C2120' 

Sec. 33 Sec. 33 Sec. 3 Sec. 10 Sec. 10 Sec. 10 Sec. 10 Sec. 24 Sec. 24 Sec. 30 
Tl4N Tl4N Tl3N Tl3N Tl3N · T13N Tl3N Tl3N T13N T13N 
R23E '' R23E R23E R23E R23E R23E R23E R23E R23E R24E 

· -·::';:;:MEMBER Tp. ,Tpr Tsu Tsb Tsu Tsb Tfu Tpr Tpr Tu 

·-,?,:!'c:,it':::.~~~- R R N N N N N N7 
POLARITY. 

\' <ATc»tIC 
.,. ·, ABSORPTION 

··:i •. 
ANALYSES 

;\·i:JJ02 ' •. ' . 53.8 47.7 52.5 54.0 52.9 52.8 50;7 46.1 47.3 52.1 
~--. 
0 
I 

. Al203 . 14.3 13.2 13.2 .13.7 13.l 13.2 13.7 13.7 12~4 12.7 m· 
E ,<·.' .•• 

9.66 12.1 15.9 · 13.1 .... :,.feO.:·. 13.5 3.54 11.8 13.0 11.5· -14 .7 I 
!:."":-.,. ·.en 

MgO' 6,75 5:25 7.04 3.34 3.64 3.49 : 4.88 3.79 . 4.68 ~.82 I 
·.N 

:'. cao 10.8 9.50 3.16 2.81 2.55 2.68 2.91 
..... 

;. -··'.'.::. •' ' 2.83 2.85 2.50 

Ci;{~~t 2.14 2.30 .1.58 1.67 1.55 1.24 0.89 0.73 ' l.17 2.23 
0.79 0.88 0.22 0.19 0~23 0.23 0.24' 0.24 0.27 ,. 0.21 
0.20 0.25 2.04 1.83 2.09 2.24 1.84 3.19 3~44 2.86 

... :·" . .-\k;.T102 1.72 0 .3.13 0~54 0.49 0.57 0.84 0.50 0.91- ·_1,.0l 1.00 

. :: Pzo5 . 0.42 

; '::::VOLATILES l.09 2.39 l.68 1. 67 3,.05 1.99 2.57 3.96 1.10 2.46 
101.7. 99.0 · 98.3 98.4 100.7 98.5 98.4 98.8 ,98.3 99.l 

245 ', 550 540 620 ·• 
· 730 700 520 670' 390 3060 

'_,• '~. 

,· '~ . 
--,,;, ,'1:,-'.-.·.~, -c~ \.' •-~---' ,-'.:• ,.:c::c ••• .,.., ~---- _,.,;;--,~ .·. ·. 
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c;;::{.SAMPLE NUMBER C2121 C2122 C2123 C2124 C2125 C2126 C2127 C2128 C2129 C2130 
? ~ .. --: • 
. · -~,·LOCATION · · Sec. i3 Sec. :u Sec. 11 Sec. 13 Sec. l Sec. 1 Sec. 1 Sec. l Sec. 1 Sec. l 

:.--·-~/_:{:;, ., ,, .·'-.. · .. T13N T13N •. T13N T13N T13N Tl3N Tl3N :T13N T13N Tl3N. · 
·..,: ; 

R24E R23E R23E R24E R24E, R24E R24E :t24E .. R24E R24E 

:.··)';:" .. HEHBER Tfu Tsb Tsu Tfu Ts . Tsb Tsb Tsb Tsb Tsb 

:,< ,' '.REll'ANENT ' ' N 
· ./i•(ll'AGNETIC. POLARITY 

N N. N N N N N' N' 

XI 
::c 

.48.8 50.7 51.2 49.7 53.0 52.6 !j2,9 52.8 ' 52.4 52.2 '0. ,. 
12.6· · 13,3, 12.9 13.3 13.4 13.9 16.3? 16.3?, . 15.8, .15,9 o:I 

" 
a:· ''· ..... •'".' 

14.4 ; 12,6 · 12.5 ,: 14.4 11.9 11.1 10.7 11.0 11.5 .. n.3 ' ... ,,, . I,,'. 
n· 

' I 
4.31 4.44 3.34, 4.42 3.44 4.60 4.94 4.33 4.61 /.4.98 ,·N 

:., ..... 
. 2 .71 7.66 6.65 0.12: 6.94 8.01 8.64 8.20 . · 8.43 8.98 

1,38 · 2:4~ 2.64 2.70' 3.03 2.76 2.77 2.86 2.81 2.78 

0.27 0.91 1.06 1.29 1.61 1.26 1.15 1.38 1.17 1.00 
0.2b 

. 
3.05 0,22 ·0.20 0.24 0.20 0,20 0.19 0.21 0.19 

. ..,':·/_Ti02 - : . 0.84 1.84 2. 12 2.77 2.01 1. 67 1.60 1. 77 1.80 1.79 
,,, ,, __ f ;_p205 <.0.53 0.60 0.78 0.56 0.52 0.47 0.53 - 0.57 0.46 

1.96 3.46. 4,86 1.19 2.40 2 • .42 1.79 2.08 1.74 ·1;88 

98.5 98.r . 98.1' ,, 98.9 98,5 99,(f 101.5 101.4 ,101.0. 101. 5 · 

- .730 ~: 210 390 330 680 100? 460 560 · 330 . 270 
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Table 3 (continued) 

·-
SAMPLE NUMBER C2131 

LOCATION Sec. 1 
Tl3N 
R24E 

MEMBER Tsb 

REMANENT N 
MAGNETIC POLAHITY 

ATc»4IC 
ABSORPTION ANALYSES 

SfO . 
2 51.9 

A12o3 15.4 
FeO 12.0 
HgO 4.49 

Cao 8.41 

Mazo : 2.78 
K2o 1.16 
HnO 0.20 
Tf02 1.94 
Pzos. , a.so· 

_VOLATILES . 1.79 
TOTAL 100.6 

Ba ( ppm) 480 

C2132 C2133 

Sec. 1 Sec. 1 
Tl3N Tl3N 
R24E R~4E 

Tsb Tsb 

N N 

52.3 51_.3 
15.9 15.8 
12.0 11.8 
4.n 5.14 
0.14 8.50 

2.82 2.67 
1.07 0.94 
0.21 · 0.21 
1.85 .74 . 
o. 55 ·i 0.50 

,? ,38: 2.57 
102.0 101.2 

370 380 

C2134 C2135' C2140 C2143 C2145 

Sec. 1 Sr.c. 1 Sec. 2 Sec. 30 Sec. 7 
Tl3N 113N Tl3N Tl3N Tl3N 
R24E R24E R23E R24E R24E 

Tsb Tsu Ta Tp Tsu 

N - N R N 

51.2 53.7 50.9 48.7 52.6 
16.2 16.6 17 .o 15.1 14.7 
12.2 11.5 10.8 10.6 12.5 
4.70 3.51 6.43 6.73 3.50 
7.86 6.82 9.94 10.7 7.33 

3.01 3.07 2.42 2.37 3.14 
1.24 1. 73 1.19 0.79 1.70 
0.22 0.23 0.18 0.20 0.23 
1.78 2.29 1.30 1.43 1.64 
0.53 · 0.63 0.48 · 0.38 0.51 

2.34 1.56 1.10 1.08 1.28 
101.3 101.4 101.7 98.l 99.l 

640 920 548 326 515 

:·'·,.-•0".~9?'.0~::?[~~r:,:~-..t _,. <,:4. ~(:• !.-,,{'!:., P-~i! ~-~""~-~"'~~~_,;::~•Yt™f:F~~~~~~~~~:" _-~!~':~7T[,"";T~'--;z<:'"· --,..:._ -~·~-~~---"/ 

C2146 

Sec. 12 
Tl3N 
R23E 

Tsb 

N 

50.8 

14.9 
12.2 
4.64 
8.52 

3.04 
1.27 
0.22 

l.82 
0.43 

0.40 . 
98.2 

345 

C2147 

Sec. 12 
Tl3N 
R23E 

Tsu . 

N 

51.6 
14.8 
12.0 
3.60 

7.42 

2.94 
· l.80 
0.24 

1.63 
0.55 

1.68 
98.3 

431 

:x:i :c 
0 ·• 
~ -. I n 
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FIGURE 3. Huntzinger and Wahluke Intracanyon Flows. Huntzinger (Hu) and 
Wahluke (Wa) intracanyon basalt flows shown filling a paleocanyon cut in 
the Priest Rapjds Member (Pr) and Roza (R) flow. The flow capping the 
ridge in the center foreground is Huntzinger; NE 1/4, Sec. 24, T13N, 
R323E; southwest of Emerson Nipple; view looking northeast. 
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FIGURE 4. Colonnade and Entablature of Huntzinger Flow. 
Flow shown is that which caps the ridge in Figure 3. 
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FIGURE 5. Pillow-Palagonite Complex. Pillow-palagonite complex is 
exposed at the base of the Umatilla Member along Cold Creek. 
Exposure is nearly 30 meters thick. Foreset bedding in elongate 
pillows indicates that the basalt flowed toward the west and 
northwest; center Sec. 30, T13N, R24W. View looking north. 
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contain sparse phenocrysts, and so closely resemble the Umatilla that 
positive identification requires analysis of chemical composition. 

The Umatilla is best exposed in the core of the Cold Creek syncline, 
where it forms a black cap on several north-south-trending ridges. Its 
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 lbatilla in the Cold Creek syncline is a 
zone of pillows, locally greater than 25 meters thick, coated with yellow 
clay derived from palagonite (Figure 5). Thin, discontinuous outcrops of 
gravel, sand, silt. and chert frm the Mabton interbed (Ellensburg 
Fonnation) underlie the lbatilla and help define the approximate base of 
the flow. 

VANAPIM BASALT 

Sheet-like flows of the Priest Rapids, Roza (or •Roza-like•), and 
Frenchman Springs Members comprise the Wanapum Basalt on eastern l)ntanum 
Ridge. 

The flows of the Priest Rapids Member are aphyric and generally 
diktytaxitic. Most outcrops have reverse. natural remane~t magnetic 
polarity, but occasionally some outcrops. particularly in the uppeY'IIOst 
flow, have normal polarity. In such cases, Priest-_Rapids flows can be 
distinguished frm aphyricFrenctnan Springs flows only ori the basis of 
chemical composition. Lower flows of the Priest Rapids conmonly contain 
abundant vesicle cylinders {Goff, 1976 and 1977). A prominent interbed 
of sand, silt, and chert fragnents 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 Lola chemical types. Rare outcrops 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 
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normal polarities except one (Table·3, Sample C2106), which is in the 
wrong stratigraphic position to be Roza. Therefore, the Roza Member.on 
eastern Umtanum Rid9e, b_ased on field-determined, riatural remanent 
magnetic polarities, may not be the Roza.Member of Mackin (1955). 

-Because of this lackof distinguishing chemical and field-determined 
physical characteristics between this member-and the Frenchman Springs 
Member, this flow· is referred to as the 11Roza-like 11 member in this .· . · 
study. Chemical:considerations are discussed in the section entitled 
Chemical Composition. 

•,' 
'1,.' 

The Squaw Creek Member of the Ellensburg Formation, which separates 
the Roza and Frenchman Springs Members, is missing ·on eastern Umtan1111 and 
Yakima Ridges. 

The Frenchman Springs Member consists of three mappable un~.ts which. 

have normal. natural remanent magnetic polarities: (1) an upp~r 
porphyritic unit possibly equivalent(?) to the Roza Member and rtferred 
to by Reidel (1978) as the "Roza-like• unit; (2)·a central aphyric unit; 
and (3) a basal porphyritic unit. · Frendman Springs flows were not 
subdivided in thE.northwest part of the map area. The porphyritic f1ows · 
of the Frenchman Springs Member are key reference horizons for mapping 
the Wana;>um Basalt because the gl<Jneroporphyritic textures are easily. 
recognized. Hand specimens of aphyric Frenchman Springs. however~ are 
very difficult to distinguish from .Priest Rapids or upper Grande.Ronde 
samples. In addition, the primary flow char,acteristics and outcrop 
appearances of Wanapuni lavas are simil~r ta one another. 

The Vantage Member of the Ellensburg Formation crops out as a 
discontinuous layer of mica-bearing feldspathic sandstone underlying·the. 
Frenchman Spr-ings Member. The Vantage Member ·is the major stratigraphic 
marker on the upper portion of the north face of Umtan~ Ridge. because. 

. ,, 

no flows exposed below ti1is horizon (Grande Ronde flows) are 
· glomeroporphyritic. -• The Vantage horizon can be followed visually at a 
distance by the small topographic bench it gener_ally forms and by the.: . 

. _: occurrer:ice of many. smill,. cold springs with their acc~anying vegetation. . 
~ ' :• • • - • c, .,. . , . , , :• , ·; ,: , ' • ' ' • ,'. -: ' • _ ' -,, : ,. . •, \- .· , ·:" I . . ,; ·_, ,. ~ I'., :~; ,:: .. :• • 'I, •' • 
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GRANDE RONDE BASALT 

Basalt flows beneath the Vantage int~rbed (Ellensburg Formation) of 
the Grande Ronde Basalt are the most difficult to differentiate·because -
all harid samples. are ~enerally blade and aphyric~. ~atural remanent magne­
tic polarities are nornial, and whole-rock chemicai' compositions ·are very 
si~ilar (see Figure 2 and Table 3). G~ande Ronde Basalt crops out in' the 
map ·area only on the north face of llntanum Ridge~ A key_marker horizon 
within this upper Grande Ronde Basalt is delineated by an ·abrupt change -
' . 

in chemical composition, particularly magnesiun oxide abundance,· of the 
lavas on either side of the horizon (Ledgerwood, 1973; Hyers, 1973). 
This horizon 1s informally known as the •MgO "horizon• (see Figure 2) ~ · 
The horizon occurs on Umtanllll Ridge between two very thick flows with 
thick flow-top breccias that do not appear in other flovs. This breccia 
locally attains a thickness of 50 meters in the lower flow (tnfor11ally 
tenned the llntan1111 flow). Recognition of the llntanun flow is important 
because it, along with other th_ick 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 Grande 
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 trait~ (see Table 2) 
may be useful for flow characterization during sample logging of flows 
penetrated during rotary and core drilling beneath the Hanford Site.· 

CONTINUITY OF INDIVIDUAL FLOWS 

Colllllbia River basalt filled the Pasco Basin with layer' after layer 
of lava flows that are, in sane ·cases, tr.aceable for many kilometers. ; 
However, not all flows, particularly the thinner ones, have this 
continuity •. · As an ex~le. the flow with vesicle cylinders (Flow 8) -in 

. the McCoy Canyon stratigraphic sect_ion'.(Plate' 2)' is thinner and do_es· not 
. ' occupy·the Sillle· stratigraphic positfon.--~s-:ttie'''apparently-equivalent, flow · .. 

' . . .. ··, .. ''•'-'•'•· ' 

. exposed in ~0th.er continuous basalt. sec.tion· 3· kiJometers to the: west •. 
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This section can be obser,ed in the deep canyon in the SE 1/4, Sec. 12, 
TI3N, 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 C2O61 (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 widespread distribution of the flow (sampled by C2O61}. In 
addition, at least one Grande Ronde flow pinches out on l)ntanum Ridge 

(NE 1/4, Sec. 17, T13N, R24E}. 

THE FLOW-TOP BRECCIA PROBLEM 

The Umtant.111 flow and the 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 comnonly appears to 
have been derived fran palagonite. Within 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 locally contain zones of these breccias. The thickness and manner 
of occurrence of these breccias vary fran 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. spatterbanbs, and rewelded lava. These 
breccias do not resemble tectonic breccias, because they do not normally 
contain discrete shear p1anes, 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 breccias may indicate 

nearby, previously unrecognized vents. 
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SAMPLE 
FLOW OR HORIZON NUMBER MAG MgO Ti02. 

1.IFKNOWllll (TABLE 1) POLARITY wt-, wt.·'!lt 

UNNA'9ED FLOW C2063 N 455 , 93 

cGL-lSSY APHYRIC) 

UNNAMED FLOW N 

uNN~UEOFLOW C2062 N 4~ 1 93 
, DIKTYT AXITIC) 

UNN.,_I\.IEO FLOW C2Q61 N 496 1 92 
,GLASSY. APHYRICI 

UNNAMED FLOW 
&GLASSY. o\PHYRIC. 
TWO FLOW UNITS. 
FLOW-TOP BRECCIA1 C2060 N .s 67 l So 

C205" N •93 , 95 --C2U6 N .s 6-l 1 82 --UgOHORIZON 

U!\AT o\NUU FLOW C2147 N 360 , 63 

!GLASSY. APHYRIC. 
Fl.OW-TOP SRECCIA 
POORLY EXPOSED I 

RCP8006-320 

FIGURE 6. Partial ColtJnnar Stratigraphic Section. Section is in the 
SE 1/4. Sec. 12. TI3N. R23E. Scale approximate. See Plate 2 for 
explanation of s_ymbols. 
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The Umtanum flow and the overlying flow are also glassy and aphyric, 
with a concoidal fracture; yet these flows are generally over. 60 meters 
thick throughout ~ch of the Pasco Basin. The thickness and distribution ·· 
of these flows suggest they were once lava lakes formed by ponding in an 

,, ' 

ancestral Pasco Basin.• Thick flows forming lava lakes would,·under some 
circumstances, remain partially molten for tens to hundreds of years and 
develop partially crystalline to porphyritic textures (Moore and Evans,_ 
1967). However, the Umtanum flow and the flow above are distinctly 
aphyric. 

These glassy flows and thick flow-top breccias may have a conman 
genetic affinity. The following hypothesis for their origin was offered 
by Or. 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 UmtanllD time. As the Umtanum flow was emplaced and 
ponded, it displaced and locally dclJIDed 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 water, the water flowing over the top of the flow 
quenched the surface of a lava lake. The rapid chilling. the large 
~ollllle 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 entablature and 
colonnade than would be found in an undisturbed, air-cooled lava lake of 
equivalent thickness. 

CHEMICAL COMPOSITION 

Approximatel:· 100 basalt samples were chemically analyzed for use in 
identification and correlation of basal.t units (Table 3). Variation : 

• • n" • • • • 

diagrams of key oxides and elements were constructed {Figures 7 ~nd 8). 
fran these data and c~ared with type.locality analyses:obtain~d from· 

· Brocic and Grolier ,{197_3), ,ARH-ST-137· {1976)~ ·and X-ray fluorescence 
analyses s~ppll~i by Washfogton St.at·e Universit~. und~r co~traci :t'o. · .... .,_-, 

• . • • ' ' ' ·, •• <•1· 
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Rockwell during 1977. Although many plots are.useful, only one (the plot 
of variations of MgO compared to Ti02) is necessary to distinguish most 
of the different basalt members on lbtanum Ridge. Wright and Others 
(1973) give an in-depth discussion of chemical stratigraphic vari.ations 
in Collllloia River basalt. 

The Priest Rapids, Frenchman Springs, and Roza Members and the Grande 
Ronde Basalt are distinguishable on the basis of unique groupings on the 
MgO-Ti02 variation diagram (Figure 7). Some uncertainty exists regarding 
the ~alidity of placement of the .Priest Rapids-Frenchman Springs fie)ds 
if .only 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 
X-ray fluorescence analyses of samples from the Priest Rapids Member 
taken from core hole PRK-3 which was drilled during construction of 
Priest Rapids D3!11 (Mackin, 1955). Also shown in Figure 7 is the field 
defined by four X-ray fluorescence analyses (Numbers 175-178~ of sc111ples 
from the Roza Membe~ in Frenchman Springs Coulee (Mackin, 1961). The 

•·• 1'1ember data plot as a field separate from the Priest Rapids ·and 
:L.,an Springs ~ields, although Ors. O. A. Swansori and T. L. Wright of 

. t .. _ U.S. Geological Survey consider ttle Roza to be chemically indistin­
guishable fran the Frenchman Springs based on more extensive __ sampling and 
chemical analyses. The apparent difference in chemical canpcc;ition is 
consistent with a parallel difference in natur.11 remanent mag; etic 
polarity data, indicating that this may be an upper Frerictrnan Springs 
flow and not the Roza. However. the difference in chemical composition. 
may. be more apparent than real. This apparent distinction is worthy of 

further, more detailed st~dy; but for the purposes of the present 
geologic mapping, the upper porphyritic Frenctwnan Springs unit.has been 
identified as the "Roza like• member. 

Analyses 12 and 107 on Figure 7 (Samples C2012 and C2107, Tab~e 3) 
are from Priest ~apids samples that are. outside of the Priest Rapi1s 
variance field._ Sample C2107 contains _:nearly 5% wa~er w~ich_, if: no~ 
adjusted for,: lowers the true value of MgO _and Ti02 •. Th,e· anomalous · · 
position of Sample' C2012 on; 'the, variation plot. is. not und~rst~od.'; ,' ii 

• l • • • ', • ~ • ' 
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In contrast to the vague separation between the _Frenctanan Springs and 

Priest Rapids data variance. fields (Figure 7), the separation between_ 

Wanapum and Grande Ronde chemical variance fields {Ti02 ·horjzon) and . 

the upper (Sentinel Bluffs) and lower {Schwana) Grande Ronde units {MgO 

horizon) is very distinct. Chemical·composition data are essential to 

map the MgO horizon across the folded and somewhat poorly exposed ridges 

west of Priest Rapids Oam. The Ti02 horizon is in appropriate 

stratigraphic position to coincide with the Vantage Member on Umtanum 

Ridge. 

The usefulness of Ti02 variance compared to MgO 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 additiona]_-Umatilla and Pomona 

analyses from Brock and_Grolier ·(1973). Numbered points representing 

atorilic 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 linatilla and Wahluke flows is larger than that suggested by the 

earlier data. (The Wahluke chemical variance field was drawn from only 

two analyses.) - Ambiguity exists only in separating the Huntzinger 

(S~les C2067, C2094, and C2140, Table 3) from the _Pomona (Samples 

C2004, C2050, C2071, C2072, C2112, and C2143, Table 3) flows. Analysis 

Nlllber 72 on Figure 8 is from a sample of weathered fh>W bottom of_ the 

Pomona which plots anomalously due to its relatively high water content 

(5%). The Huntzinger and Pomona flows can be distfoguished at the 

outcrop on the basis of- magnetic polarity as noted above_. Potassium 

oxide concentration can be used· to disinguish the Huntz.inger flow (>1%) 

fran the Pomona flow(< li). 

. Barium concentration can b_e used to identify the Umadlla flow 

(>2,500 parts ~er m_illion. (ppm)) and Wahluke flow .(approximately 1,120 · 

ppm) from other members of the .Columbia River Basalt Group (<l,000 ppm)._ 

A .diagrc111 showing CaO-:-Hg() yariance is especially useful for 

seplt"ating·the Elephant Mountain Member from.~anapum·basalts if field. 

·._ cr~t~ria _do not suffic~:: .~oweve·r. n~ ~leph~nt f'lou~~ain-Hembe; appear~ ~~:i: 
.·39 _:_. · 
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eastern lbtanum Ridge~·and only one;Elephant Moun~ain sanple (Nllllber 77) · 
canes from· Yakima Ridge~·, ·. ;:,; . _ . 
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The key constituents for identif1cat10:n of Columbia River Basalt' 

members are th~s MgO; Tio2• Cao. -.~nd ·e~t:ii<2o ~~- be u~ef~l for· 
distinguishing the Huntzinger and Pomona flows. FeO and,MnO do not 

appear to vary eno~gh between ~1ffe~ent_~embers to be useful 

stratigraphic markers. The atomica~s~~~~ion a~alyses of Sio2• 
A1 2o3• and P2o5 listed in Table 3 are considered to be unreliable 

for identffication of basalt units based on comparison with analyzed 
. . . . . . 

standards and should be used with cauti.ori~ 

STRUCTURE 

INTRODUCTION 

. Three major structures occur on e·astern Umtanum Ridge: (1) an 

as)ffllletric west- to northwest-tre.nd_ing. ~nti~_linei (2) a. reverse fault 

with associated shear zones loca.ted along.the .tightly folded north limb 

of the anticline; and (3) a northwest-tren.ding zone of deformation 

coinciding with the 01.)'fflpic-Wallowa Lineament. The anticline and reverse 

fault are interpreted to be closely related in tirne and spacei the latter 
being the final. stage of developnent of the fonn.er~· Folding 'has also 
taken place 0~ Yakima Ridge. located to th:e .south,. ~~d is .si~ilar ,,but•. 
less pronounced than the folding events recorded.on Umtanum Ridge. Minor: 
structures on lbtanum Ridge include scatte~,ed nonna·l · faults with ·limited. 
extent and minor displacement~ 

UHTANUM ANTICLINE 

_The Umtam111 anticline is essentially ~: broad parallel fold (Class 1B · · 

of Ramsay. 1~67f in brittle layer~· of CofomJ>i~ ·Rive; b~s~lt. but the 

, basic geanet~y tia's·been_modifiecfby·major reve;,.se;faulting along.the . '. 
' :,north limb ~f th~ ~old. ·:The tc-liffs ~, the··:riorth fa~e of the' ridge' expos~ 

map~~l~: ani'1~fi'ri~l Jclnionoclin~l: Jcild,ihfnges··•which''.are'loc~HY, 11i':'':t:-'" •' .. 
.. . d~fi ned 'and whi th\ li e,,'south ·oi.;a ~ b;elt : of. hear ly :vert;ica 1,. to• ,6~ertti'rn;d .· 

. ::· .. , ' . \: '.,':(.:}:,J's';;:;.- , .. ' "' . . . ':'<:/\J1;:}[:"f:?·/:,\:> . .. . 
,• ,, ·;_;~;;.~:~~:)•·: -~ ,~~ .\t. ·_, ~' 
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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 eruption, they have been folded under conditions of low 
temperature and low-confining pressure, and have thus behaved as brittle, 
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 (Rasay. 1967) with slip localized along the 
boundaries between basalt strata. Flexural slip is indicated by 

slictensides. scuffing, and grooving preserved fn the upper surfaces of 
the less-competent flow tops and flow-top breccia~ of the basalts 
(Figures 10 and 11). Near areas of tight folding, horizons of flow-top 
brecci~ occasionally appear to ha~ undulatory thicknesses (and 
boundaries), perhaps suggesting relative ductility compared to the'more 
competent entablature and colonnade. Locally. the folding is so tight 
that shear zones have developed in the closure (Figure 12). the 
continuity of stratification fs 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, brecciated, and mylonitized basalt anastomose 
witn 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 zor.es pinch and swell in thickness and their 
intensity of shearing vi.Ides; thus, their boundaries are only 
approximately located on the geologic map (Plate 1). 

Major tectonic fr1ctures 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 hinge~·. 
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FIGURE 9. Tightly Folded Monocline--North Limb of Umtanum Antfcline. 
Sec. 16, T13N, R24E. View looking east. 
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FIGURE 10. Pi tted and Grooved Flow Top in Monocline. North face of 
eastern Urntanum Ridge. The grooving is most pronounced at the fold 
hinge of this basalt f low. Flow appearance suggests fle xural slip 
may have been the folding mechanism. Sec. 16, T13N, R24E. View 
looking south. 
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RCP8006-323 

FIGURE 11. Umtanum Ridge Monocline. View of the Umtanum Ridge monocline 
east of the McCoy Canyon slide complex . Prominently exposed basalt layer 
is tightly folded at the nose of the ridge (arrow is perpendicular to the 
fold axis). The folding shown is associated with considerable tectonic 
fracturing. Alluvial fans (AF) fill canyon mouths. Note grooving on 
fold front. S 1/2, Sec. 8, T13N, R24E. View looking south. 
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12. Shear Zone. Shear zone(s) is in the nose of the fold between 
horizontal basalt strata {left side of photo) and vertical basalt 
(right side of photo). Porphyritic Frenchman Springs basalt caps 
View to west. West edge of Sec. 11, Tl3N, R23E. 
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FIGURE 13. C1ose-up View of Shear Zone. C1ose-up view of the shear zone 
shown in Figure 12 shows discordant dips (D) of basalt units at the south 
(left1 margin of the shear zone. Folding in thi~ zone has caused local, 
small-sca1e, reverse faulting. 
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FIGURE 14. Fractured Entablature Zone in a Flow of 
Grande Ronde Basalt. Note the two vertical shear 
planes(s). Shear plane on right is slickensided 
(Sample C2058, Table 4). 

47 



RHO-B\H-C-21 

FIGURE 15. Criss-crossing, Tecton ically Induced Fractures. 
are in vertically standing basalt layer. View looking south 
east-west-strik i ng flow of Grande Ronde Basalt. N 1/2, Sec. 
R24E. 
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FIGURE 16. Intensely Folded and Fractured Umtanum Basalt Flow. The 
photo shows tectonic deformation of the Umtanum (Ut) and an overlying 
flow in the Umtanum monocline east of the McCoy Canyon slide complex. 
The contact between the two flows (MgO horizon) is shown as a dashed 
and dotted line. Two very prominent fractures (f) trend perpendicular 
to the the fold axis, as do many other, more subdued fractures. 
SE 1/4, Sec. 8, Tl3N, R24E. View is due south. 
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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. Fracture planes of the second iet 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 

I 

) 

mixture of submicroscopic rock flour and basalt micro-breccia which 1 ' 

occasionally displays a banded texture. The submicroscopic rock flour 
I 

surrounding the fragmented 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 ;·s 
present. The erionite corrnnonly displays undulatory extinction under 
crossed-polarized light. 
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FIGURE 17. 
The sample 
the Grande 
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Sawed Surface of Fractured and Sheared Aphyric 
shown (C2001B, Table 4) is from a shear zone in 
Ronde Basalt.,, Sec. 15, T13N, R24E. 
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'FIGURE 18. Photomicrograph of Sample 20258 (Table 4). Sample is of 
sheared basalt; open fractures are filled with erionite and fragments 
~f basalt. Plane polarized light. Magnified 65x. 
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F;GUR~ 19. ~~otc:micrograph of Sheared Basalt, Sample 2025B (Table 4). 
Sno1im are frac:ured ~yroxfne (~) and erionite (e); undulatory 
ei:'.~ction). :rossed po~urized light. Magnified 65x. 
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FIGURE 20~ Extensively Brecciated and Mylonitized Aphyric Basalt, 
Sample C2025C (Table 4). White splotches visible,in the 
photograph are mostly carbonate. Magnified 65x. 
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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. 
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FIGURE 22. Photomicrograph of Sheared Basalt, Sample C2046 (Table 4). 
Fractures are filled with pulverized basalt~ Crossed polarized 
light. Magnified 65x. , 
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FIGURE 23. Photomicrograph of .Sheared Basalt, Sample C2058 (Table 4). 
· Shown are mylonitized· zone· of pulverized basalt· (dark area, in lower 
ri9ht corner of field or view) and c~ushed plagi_ocl ase phen~crysts 
(p). · .Plane polarized light. Magnified 65x. ·· •. · -: · ... • . . . . . ' ' - . 
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FIGURE 24. Photomicrograph of sheared plagioclase phenorryst, 
Sample C2069 (Table 4). Note offsets in albite-twinned 
plagioclase. Approximately 550-meter wave length retardation. 
Crossed polarized light. Magnification 6Sx. 
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'TABLE 4. Descriptions-of Tectonically-Deformed Basalts from Eastern Umtanum Ridge. 
: <-':"·---,----r----.------r-------,--...-----,-,----------,....,..----------,--------

'Sample · Member 

Tsb 
(Rocky 

· Coulee 
Basalt?)_ 

Tsu 
(Umtanum 
Basalt) 

Tsb 

Tfup 

Location 

.Sec. 15, 
T13N, R24E 

, Sec~ 17 .-
- Tl3N, 

R24E 

. ,, '· 

Sec. 7, ; 
Tl3N, :R24E 

Sec. 19, 
T13N, R24E 

:.)sb. Seci'-13~ :;, --
.. (Museum - : .. T13N,: R23E >­-. __ ·Basalt) ·; 

Description 

Highly fractured and sheared aphyric basalt with moderdte 
directional orientation of angular fragments; displacement 
along indivi.dual 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 with two planar cleavages 
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 basalt 
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 
C2001B and C2025B; 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; offset·along fractures is.minor as 
~uggested by offset of microphenocrysts. . . . . ·., ' . , ' 

· ~rushed aphyric :basalt 'with mixed patches of ·intact: basalt; -,:: 
. no directional orientation of _fractures; many shattered:and · . ., 
offset microphenocrysts; · matrix between intact_ zones. consists_, 
of pulverized and ·sheared basalt. · 
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Table 4 (continued) 

Sample Member 

C2058 Tsb 

,, ., 

C2066 Tsu 
(Umtanum 
Basalt) 

C2067A Tsu 
(Umtanum 
Basalt) 

C2069 Tfup 

Location 

Sec. 12 
TI3N, R~3E 

Sec. 12, 
T13N, R23E 

Sec. 12, 
TI3N, R23E 

Sec. 13, 
TI3N, R23E 

. . 
~.~,h~~;.,, -:H,-'' .• ,> 

Description 

Hifhll fractured and sheared basalt with distinct schist-like 
fo ia ion; specimen resembles Sample C2025B; mylonitized zones 
consist of tiny basalt fra911ents 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 s_ome 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 an·d 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). 
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6.23 

4.98 

4.48 

4.04 

3.75 

3.35 

3.25 

2.99 

-
2.94 

2.90 

2.53 

2.51 

2.15 

2.13 

2.11 

RHO-BWI-C-21 . 

TABLE 5. Surrrnary of X-Ray Diffraction Powder Data 
Submicroscopically Mylon1t1zed Basalt Samples 

C2025C, C2058, and C2069 (See Table 4)* 

Intensity Peak Characteristic Minerals** 

w Sharp Plag1oclase? 

w Sharp 1 

s Sharp Clinopyroxene 

s Sharp Plagioclase 

s Sharp Plagioclase 

w Sharp Clinopyroxene, 
Plagioclase 

vs Sharp Plagioclase, 
Clinopyroxene 

s Sharp Clinopyroxene, 
Plagioclase 

I 

s I Sharp Clinopyroxene, 
I 
l Plagioclase 
I 

w Sharp Clinopyroxene 

w Broad Pl agiocl ase, 
Clinopyroxene 

w Broad Plagioclase, 
Clinopyroxene 

w Sharp Clinopyroxene 

w Broad Plagioclase, 
Clinopyroxene 

w 

I 
Broad Pl agiocl ase, 

Clinopyroxene 

*40 KV, 1 ma, Ni-filtered Cu Ka radiation, scanning speed~ 
2 degrees 2e/min • 

.....,ASTM index cards as follows: diopside, 11-654; andesine, 10-359; 
labradorite, 9-465. A broad rise in background from 16 degrees to 32 
degrees 2e is attributed to amorphous volcanic glass. 
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17.6 
13.2 
11.78 
9.82 
9.02 
8.11 
7.37 
6.75 
6.32 
5.98 
5.86 
5.35 
4.59 
4.37 
4.18 
3.86 
3. 77 

3.60 
3.23 
3.03 

2.82-2.86 
2.57 

2.50 
Erionite 

RH0-BWI-C-21 .. · 

TABLE 6. SIJlnlary of X-Ray Diffraction Powder Pattern 
of Erionfte Fibers from Sheared Basalt, 

Sample C2025B (See Table 4)* 

Intensity Peak Characteristic • Mineralstt 

w Sharp 7 

w Sharp ? 

vs Broad Erionite 
w Sharp 7 

w Broad Erionite 
w Broad ? 

w Sharp Erionite 
s Broad Erionite 
w Sharp Erionite 
w Broad 7 

w Broad Erionite? 
w Broad Erionite 
w Broad Erionite 
s Sharp Erionite 
s Sharp Erionite 
s Sharp Calcite 
s Broad Erionite 
s Broad Erionite 
s Broad Erionite? 
s Sharp Calcite 
s Broad Erionite 
w Sharp ? 

w Sharp Calcite, 

*40 KV, 17ma, Ni-filtered Cu Ka radiation, scanning speed= 
2 degrees 29/min. · 

? 

**ASTM index cards as follows: calcite, 5-586; erionite, 12-275; 
erionite, 22-854. 
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Oeformat ion of f 1 ow-top breccias is more subt 1 e in· appearance than in 
other intraflow zones because the rock was already fragnented 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 shat.tered (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 •cataclastic 11 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 UmtamlD reverse fault was described by Mackin (1955) in his 
,_, _ .. ' ~ -

report regarding the geology around the Priest Rapids Dam site. The 
f au 1 t p 1 ane _is covered by co 11 uvi 1111 and al 1 uvi m throughout most of the 
map area (Figure 25). The basalt units underlying Priest Rapids Dam are 
nearly horizontal Priest Rapids flows; whereas. southwest of the fault 
trace, the·flows are vertical to o~erturned Gr,mde R011de units. Core 
taken fr011 drill hole PRR-6, located on the buried fault trace, contains . . . . . . . 

several thick zones of gouge and breccia (Madcin~ 1955). 

The stratigraphic offset proiluced by- the revt~s~ fault is exposed 
along the south edge of Sec~ 33;._<r14N, R23E (Figur~- 26): in a gully 
bounding the ~rth side ·of a· lar-~ 1,andslide block~- At this location, 
nearly horizontal. porphyritic ,-Frenctnan Springs lavas (Sample C2110, 
Table 3) on the northeast side of the fault are brought into position 
against upper Grande Ronde flows_ (Sampl~ C2111, Table~) on the southwest 
side. The attitude of the primary basalt structur'es·indicates the Grande 
Ronde units are overturned and are dipping 40 degrees to the southwest. 

- Although the actual fault-plane is covered, the outcrop_appearance and 
the curvature of the fault contact on the ridge northwest of this gully 
indicate _the fault plane dips about 70 degrees southwest. 
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FIGURE 25. Vertical Basalt Strata Southwest of Priest Rapids Dam. 
The Umtanun 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, >sk:~td~ of C~mt~ct Relationships Adjacent to Umtanum Fault. 
The fault fs exposed'on the north side of a gully; south edge of 
Sec •. 33, Tl4N, R33E. 
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West of•the exposure in the above-mentioned gully, a chaotically 
deformed mass of porphyritic Frenchman Springs lavas has been thrust ovei 
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 is inferred to be·north of the overturned and 
vertical basalt strata along the face of eastern Uintanuni.Ridge (Figure 
25). 

MECHANISM OF FOLDING OF THE UMTANUM ANTICLINE - .AN INTERPRETATION 

· Processes which cause flexural 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-sout~ and sout~west-northeast,. 
perpendiculip- to the axis of the Umtan\lD anticline •. Fault. plane 

. solutions for microearthquake activity .in the Pasco Basin.region indicate 

. ·north- to no~th-20-degree-west compres~1onal orient~t1ons (Suppe and 
Others, 1975). H~ever, the true o;ientat1on of the c~p~essive stress 

',, 

field cannot be. evaluated fr~ this mapping study_~-.· · \ .. 

On the basis· of the data reported here, 1t seems u~f1kely that the 
_l)ntanum anticline was produced by draping of ba~:alt flows over a 
·deep-seated normal fault (e.g., Bentley, 1977)/because this· would 
require well.over 500 meters of extension in rocks that exhihit brittle, 

· .. not ductile, behavior' under low tenperature_s and c_o.nft'ni:ng pre~sure. ·If_· 
- · the bas.alt strata were stretched over such a"bloci<.fa~lt~~. they would -~ . 

:· display considerable thinning~ Instead~- the ~trat~ '_ar~-loc~lly thicke~ed 
,.- (Figure. 13) and compression: has caused local. z~ri~s 1:'o(;u1t1ple thrust~.;. · y; - :,: , 

,' ' - ' . . '. . ·.· '. ; - \('' 
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AGE OF FOLDING OF UMTANUM RIDGE 

Several features suggest that folding of Umtanum Ridge had begun· 
before eruption (14 million years ago) of f1ows 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) a'nd 
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 synclinal basin. In addition, the .Mabton interbed, which 
underlies the Umatilla Member, thins onto the south limb of the Umtanum 
anticline. The Umatilla does not crop out on the north side of eastern 
Umtan1.111 Ridge or in Sentinel Gap 24 kilaneters to the north, suggesting 
that the developing anticline could have fanned a barrier to northward 
flow of this member. This last argument only applies north of the map 
area, because the anticline plunges _eastward and outcrops of Umatilla on 
the extreme eastward end of the ridge and in the Gable Butte area show 
that the lnatilla flowed around the plunging anticline and into an 
ancestra 1 Pasco Basin. 

·However, even in Umatilla time, eastern Umtanum Ridge could not have 
had.much more than 100 meters of maximum reliefi 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 fr001 one side of the anticline to the other (Goff and Myers, 
1978). The major stages of folding, faulting,. and shearing must, ,· -
therefore, be post-Huntzinger and probably are post-Pomona in age (based 
on similar lines _of arglMllent). 

A minimum age of folding and thrusting could not be determined in the 
field. No offset of Quaternary deposits was observed. The Umtanun 
anticline is apparently older than the deformation zone coincident with 
the Olympic-Wallowa Lineament as cHscussed .below. 
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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 fleld 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, Tl3N, R24E. 
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EASTWARD EXTENSION OF THE -UMTANUM STRUCTURE 

The Umtanum anticline 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; L 1111e, .. 
1977). Gable Mounta_in and Gable Butte appear to be subordinate 
structures, possibly en ech~lon folds, associated w1th the major fold~· 

Presumably, the monocline, shear zones, and reverse fault on the 
north limb of the fold extend eastward beneath the Hanford Site as well, 
although there is some suggestion that shearing lessens in intensity to 
the east. The gravity gradient over the buried 1orth limb of the fol~ 1s 
not large, indicating that a large topographic escarpment (such as 1s 
p~esent west of Priest Rapids Dam) is not present. Therefore, it can'~ot· 
be determined from this study whether the reverse fault continues 

. uninterrupted, merges into a tight fold axis, splays into other faults 
(or folds?), or. is cut off by another structure. This last suggestion 
seems to be the l_east likely and it is suggested _here that, a zone of 
sheared rock may exist on the north lfmb of the buried fold. 

OLYMPIC-WALLOWA LINEAMENT 

The Olympic-Wallowa L 1neament was .first described. by Raisz (1945), 

who noted the a 1 i gned topography that stretches acro~s south-cen~r~ 1 _ .. 
Washington. The Olympic-Wallowa Lineament is coincident with the 
Rattlesnake Hills southeast of Umtanum Ridge.: The surface expression of. 

• the Olympic-Wallowa Lineament is vaguely defined on eastern· Umtanum 
Ridge, but it can. be observed on aerial photographs as a series of·. 

northwest~trend-ing lineaments that cross the ridge and straddle Emerson 
Nipple~ 

_ Field mapping of these l_ineaments was hindered be_cause of the" 

'I, 

pervasive cover of loess on southern slopes. - However~- a 'set ol at ,least >:: ', 

four northwest;..trending faults-, or. probable faults h~s· caused a. i\n~ar -- : : l . : :· 
:top~g~aphy_'to:develop '. arid has offset: 1 ithologic_ .. units '-1:n .S~c •. ,19 ~nd '2cf' \{::.>.' 

. _Tl3N/ R24E~ ';ln·addition~':a :zone of_sheafed.',ancl b~ec~i,~t~d°rock,(S~~i~tt\):->,., 
··,_ . ~'-::.•:·/'.·~··' ·;/.,'!. ···-··,, :·• .. c·~···, -,.i,,', ~ .'"'·,,·•.:::·•,·,: •:~--.,·,·./:;.'~;,,_.'.":,, .. '"· 

. · C2046,:.:c2056~·'.'"and ·c2069~'.Table,ALcrops out ·west~northwest •· of Emerson·>, . . : i: .. 
·• .. ·. N"ipple ·and;trend~ ~cross ~.he!'cr'e~t, of the.: ridge'' i~t6; 7;'\h~~ply '.d~fI~;ct\ '' ' ' 

: ,• ,' ~ . •' ' - ,;, 

{ 
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northwest-trending gully that exposes the axis of a small but tight fold 
(Sec. 13, Tl3N, 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 blJck 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 line to a conmon 
northwest-trending reference line {representing the Olympic-Wallowa 
Lineament) suggests left-lateral ·displacement of roughly 1 kilometer and 
indicates movement after the formation of the Umtanllll 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 
rememtered 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-Wal1owa Lineament is associated 
with nonnal and reverse faults reflected by sharply defined linear 
topography,· 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 responsible 
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 th~ 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 ris.es sharply south of a low cliff bordering a very straight. 
segment, of Cold Creek (NE 1/4, Sec_. 26, Tl3N, R23E), which is the 
topographic expression of a second monocline. 
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The second monoc11ne 1s easily visible from the road across Cold 
Creek because of the steeply dipping, fractured rocks that comprise the 
cliff. A narrow zone of sheared rock is parallel to and southwest of the 
monocline axis, but it can be observe~ only beneath the rubble covering 
the sides of deep gullies that cut across the monocline. This monoclfne 
could possibly represent an ilTITiature stage in the evolution of a 
monocline similar to that described on eastern Umtanum Ridge. The 
geometrical resemblance of the two anticlines and monoclfnes is 
noteworthy and suggests that the mechanism of folding that produced 
Umtarium 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 the~e faults have 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 mo,vement was ~ound .for 
any of these faults. Three of these faults are discussed below. 

A covered, northeast-trending fault runs beneath the land~lide 
complex at Juniper Springs and brings the upper porphyritic Fr~nc~ari . 
Springs unit into stratigraphic adjacency with the lower po;phyr:itic 

• • > 

unit. The Vantage Member, which crops out as a thick sandstone interbed 
0.5 kilometer west of the exposed fault trace, does not appear ~ast 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, Tl3N, R23E). This fault offsets the 
Vantage and MgO horiz.ons farther downslope. 

,·,, 
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The presence of a north-trending pair of possibly contfnuo~s faults 
on Yakima Ridge (Sec. 26 and 35, TI3N, 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 1n association with them. The west 
pair traverses the east margin of the Juniper Springs slide complex; the 
west lineament 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 lineaments to the system of northeast-trending faults suggests 
the lineaments are structurally controlled. 

INTRACANYON STRUCTURE 

The Wahluke and Huntzinger lavas flowed through a northeast-trending 
paleovalley across Umtan1111 and Yakima Ridges (Figure 3). The outcrop · 
pattern of the Wahluke flow is strikingly linear and it is ·probable that 
the ancient streiJll cut its course in a northeast-trending structure. The 
basalt in this area is deeply eroded and extensively folded. No evidence 
for faulting was found; however, the structure is most probably·a 
fracture or system of fractures (joints) related to the other 
northeast-trending linear structures. 

LANDSLIDES , 

· Small landslides occur on steep slopes throughout the_map 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 
lines 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, Tl3N, R25E. 
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the slides 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 llntanum 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 Col1.111bia River. 
Continued movement in these slide complexes is possible. 

McCOY CANYON SLIDE COJil>LEX 
• , . ~ -h -

The McCoy Canyon area consists of ro~ghly 3 square k11meters of 
slide blocks (Tereva blocks) and smaller chaotic slides-(Figure 30). The 
major block is adjacent to the Colllllbta River and exposes about 350 ·,,,•-

meters of basalt section. The slide cmplex fs clearly .. defined by. the ... 
3-kilcaeter-long arcuate headwall zone ca~ved into t~ ·rid~ ~d by the.,_ 
nearly closed topographic depressfon,_behfnd .the slidej,1~..ts. Mapping --~- · ', 

. . . · .. , . 

along the east aargin of this block.-shows that the Vantag1fhorfzon.:has _:-• '· · 
dropped 170 aeters ~d that the basalt strata have .rotated:such.-tl1~f~~/. .,-:: 

• -··. ·., < .-. ' ' ·- ,, :', ··.". _· •• ,·,~- •. ·.',:~;)._-.-••• ~ • ,:.·, 

dip 10 degrees more steeply to the south than do adjacent, in-place -- · 
strata to the east. The continuity of the anticlinal hinge is broken.at. 
this.point as well. In the prominent topographic bend midway down McCo~ 
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 colluvfun 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 strec111 drainages 
outline the slide masses throughout the slide complex. 

Despite this evidence, Converse, Davis and Associatas (1970) 

concluded that the bowl-shaped topography behind the slide blocks 
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FIGURE 30. McCoy Canyon Slide Complex. Note the arcuate headwall zone 
behind and abJve the two largest slide blocks (nunibered 1 and 2 on the 
photo). The Vantage horizon (V} is shown by a dashed line. 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 praninent 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 probably cut by the Colllllbia River prior to landsliding. 

. . 

The position of the McCoy Canyon slide complex at the intersection of 

the ._an•· anticlf~. and the01J111Pfc~wa11~a Line-~nt. is not~rthy and· 
it is· speculated that tect~ic weakening of basalt u~its at this· 
intersection has g_reatly enh~ced the slide potential •.. 

JUNIPER SPRINGS SLIDE COK>LEX 

A:1.5-kilmeter-wide ai=c..ate. elba.)fflellt is carved out of eastern 
lbt~~ Ridge at Juniper Springs (Figure 28). This emba}ffleflt is 
partially filled with one large ·slide block and many chaotk slides which 

. . ... - . ' . ~ 

form discrete tongues of j1111bled rock. Huch of the sfiding appears to be 
related to the inc0111petent Vantage horizon on the west side of the slide 
complex. Howaver, the major cause of sliding is probably due to the 
intersection of the northeast-trending fault and lineaments with the 
Umtanllft anticline. This intersection has possibly reduced the canpetency 

· of the basalt strata. 

WATER QUALITY AND GEOTHERMAL POTENTIAL 

Four artesian wells in the southeast part of the map area discharge 
water which is slightly warmer than the amb.ient 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 
01.YIIIPic-Wallowa L ineanent as it crosses eastern Umtanum Ridge. The 
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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 ~ells 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 
Line511ent. 

SilllPles were collected .1n iifd-·s111111er 'of 1977. Few easily accessible 
springs, untrc111pled by cattle, flow from eastern lhtam.an Ridge during 
this season. Waters from·four cold springs 1n 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 S511J]les were 
c001prised of waters from two artesian wells (one of which fs shown in 
Figure 32), one deep irrigation well (courtesy of Mr. D. Wilson, St. 
Michelle Vintners), and Juniper Springs on the north face of eastern 
Umtam.111 R.idge •. Three of the ·;springs are associated. with obvious .. 

landslide zones. 

The water ~hemistry and pH of. all eight s~les (Table 7) are 
./ 1,- :·.~ . .. - . .. . . : .. -, . ~' . -· 

strikingly simiJar,_. although they_ issue fr011· a .variety of depths and 
geologic-settings~ "~- water~ "are·'dil~e 'ani of. good drinking quality~ 
They can be divided into two subtly different diemicaf~ps.~hi~h . 
correlate with the ar~as '(coincidentally) frm':""11~hithii~ere ~.:·; 
collected •. :·The' cold surficial:,:waters, s-.,le~· ns.:.1 toiPBs~·:,'(Group A). 

. ' .. . ,~ ' ' . . 

contain less S102, Na+ and K+ than the other' fciur waters ~j"mnpled;: , 
(Group B). The close similarity of Juniper Springs waters to the well 
waters of Group B suggests that some aquifer may be conmon to all. 

Juniper Springs issues frooi 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) 1s the Vantage 
sandstone interbed which crops out 770 meters to the east. Many springs 
issue from the Vantage sandstone on the north face of eastern UmtamJ11 
Ridge. To test the hypothesis of a comnon 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 12 encounters a 
large water entry at approxim~tely 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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FIGURE 32. Artesian Well #1. Gate valve fully open. Although this 
water is relatively warm (22°c), it contains few solutes. 
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400 meters on the Umtam.111 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 12 is calculated 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 ignor~s any complications caused by offset along the Juniper 
Springs fault. Even so, it ·suggests that the ·probable source aquifer of · 
St. Michelle Well 12. is the Vantage horizon or overlying Frenchman 
Springs basalt. 

According to Mr. D. Leitch (Washington State Highway 0epar~ment), the 
flow of artesian well #1 was cut in half shortly after St. Michelle Well 
12 was drilled in 1974. This fact, in combination with the similar 
chemistry of Group B "aters, c1rgues that a 11 four Group B waters · 
originate in part from th~ same horizon. The relatively higher Na+ and 
K+ of these waters probably results from reactions with feldspars and 
micas which are plentiful in the Vantage sandstone. The slightly hig_'1er 

Si02 probably results from a longer residence time of the water in the 
source aquifer, as compared with the residence times of cold surficial 
waters. Group B waters may have higher temperatures because the source 
aquifer is buried up to 325 meters· or more below the ground surface. The 
temperatures of Group B waters increase as the well locations are 
positioned progressive~y down-dip on the Umtanun anticline. 

The slight differences in chemistry of the two water .types are 
reflected in the subsurface-equilibration temperatures estimated from the ' 
Na-K-Ca geothermcmeter 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 higher estimated 
equilibration temperatures •. 

The c~lculated subsurface equilibrilJTI (Beta= 4/3) temperatures of 
Group B waters are more than 2s0c above their measured temperatures 
(see Table 7). ·•· This suggests that there may be minor. subsurface'mi'xing,'.· · 
of, a, deeper warm wate'r with•· cold ~~teoric water ··(Fournier and.Jr1:i'esd~1:1.· 

: 1974)~. 'Ir such deep wat~r :exist~, '1·t may rise' along the Junipe~·_sp~rn·~~ '-:;: .· 
. ,;l . . • I • . ",' ., ' 
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TABLE 7. Temperatures, Flow Rates, and Chemical Analyses of 
Eight Spring and Well Waters From Rattlesnake and Eastern 

Ridge Region Collected and Analyzed in 
July-August 1977* 

SAMPLE NUMBER 
SAMPLE NAME 

GROUP 
LOCATION 

PBS-1 
RATTLESNAKE 

SPRINGS 
A 

North 1/2,Sec. 29 
TI2N, R25E 

Temp. OF (OC) 63 (17) 
Flow rate (gpm) 5-10 
Field pH** 5.6 

SiO~ 45 
Mg2 10.0 
ca2+ 25.5 
Na+ 13.0 
K+ 4.0 
Li+ 0.1 
Fe (Total) 0.1 
Hco- 123 
S04 2- 4.5 
c1- 4. 5 
F- 0.46 

B 'J.1 

Na-K-Ca 45 
Geothermometer, 
Beta= 4/3, oc 

Comnents Issues from Dry 
Creek south of 
possible fault 
scarp on Yakima 
Ridge. 

PBS-2 
MIDDLE SNIVELY 

SPRINGS 
A 

Center. Sec. 8 
TUN, R25E 

59 ( 15) 
2 
5.9 

40 
7.5 

17.5 
7.5 
2.5 
0.1 
0.1 

83 

3.5 
4.5 
0.3 
0.1 

34 

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

*All species reported in parts per million. 

PBS-3 
BENNETT 
SPRINGS 

A 

Center, Sec. 14, 
Tl lN, R24E 

56 (13) 
1.5 
5.8 

so 
7.7 

20.0 
8.0 

2.3 
0.1 
0.1 

83 

4.0 
7.25 
0.28 
0.1 

Three springs 
at head of land­
slide; collected 
and piped to 
pond. 

**Co 1 .orphast pH i ndkator strips numbers 9581, 9582 1 and 9583. 
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Table 7 (continued) 

'· 

SAMPLE NUMBER PBS-4 PBS-5 PBS-6 

SAMPLE NAME MAIDEN ARTESIAN MAGEE WELL 
SPRINGS WELL f 1 

GROUP A B B 

LOCATION East 1/2 , Sec. 18 NW 1/4, Sec. 30 Center, Sec. 14 
TllN, R24E TI3N, Rl24E TI3N, R25E 

Temp. OF (OC) 56 (13) 73 (23) 81 (27} 
Flow Rate, gpm 1.5 300 500 
Field pHtt 5.7 6.0 5.9 
Si02 30 55 60 
Mg2+ 6.0 7.0 7.7 
ca2+ 15.0 15.0 14.0 
Na+ 7.0 21.0 24.0 
K+ 1.8 7.0 8.5 
u+ 0.1 0.1 0.1 
Fe (Total) 0.1 0.1 0.15 
HCO- 72 144 141 

504 2- 2.5 0.5 0.5 
er 3.75 5.0 4.25 
F- 0.22 0.72 0.76 
B 0.1 0.1 0.1 
Na-K-Ca 28 76 86 
Geothennometer 
B = 4.3, oc 

Comnents 
Issues fran We 11 dr1 ll ed Well drilled 
alluvi1JD at through alluvi1JD through alluvium 
mouth of gully into basalt; into basalt; 

20.3-centimeter 30.5-centimeter 
iron casing; iron casing; 
depth to water depth to water 
entry unknown entry unknown 
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Table 7 (continued) ,' -,,. 

SAK>LE NUM3ER PBS-7 PBS-8 
-

SAM>LE NAME JUNIPER SPRINGS ST. MICHELLE WELL 

ffiOUP B B 

LOCATION Center. Sec. 14. Center. Sec. 27. 
TI3N. R24E TI3N. R24E 

Tenp. OF (OC) 64 (18) 69 (21) 
Flow rate. gpn 10 500 
Field pH-tt 5.9 6.7 
S102 55 55 
Hg2+ 13.3 10.8 

, ca2+ 19.5 16.5 .\ 
Na+ 20.5 21.0 
l{+ 6.25 6.5 
u+ 0.1 0.1 
Fe (Total) 0.15 0.15 
Hco- 148 144 
SO 2- 7.5 0.5 ,. 4 

i• c1- 5.75 5.0 
F- 0.62 0.64 
B 0.1 0.1 
Na-IC-Ca 67 72 
Geothennaneter. 
B = 4/3, oc 

Ccmnents Flows fr001 base Well drilled in 
of large block alluviun and 
in landslide basalt. 30.5-centimeter 
c001plex. 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., Li+, c1-, so4

2- 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. 

RECOM4ENDATIONS 

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 recoomended that the 

> 

proposed nuclear waste repository be located away from fault zones, shear 
zones, and areas of fractured rock that might pr01110te groundwater 
circulation into the caverns should they somehow be ruptured. 

Therefore, the proposed repository should not be located near the 

buried north flank of eastern Umtan1111 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 
l)ntanllll Ridge because their distribution appears to be random. 

The thick UmtanllD basalt flow and similar flows above and below, 
which are being considered as proposed repository host rocks, display 
some of the most intense deformation exposed on eastern Umtanllll Ridge 
(Figure 16). Away from the shear zones. however, these flows are 
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probably much less distur~. Circulation of deep groundwater-through_::: 
primary flow structures such as cooling joints .or pillow zones may to,: , · 
sane extent be unavoidable. However. the major avenues of movement for. 
circulating groundwater within the. buried •. south flank of eastern Umtanllll 
Ridge are prob.ably at or near the flow contacts and interbed horizons 
such as the Vantage sandstone. 

As possible aids to 1nterpre:atioq of the detailed structure beneath 
the Hanford Site, the following is reccamended: 

1. Detailed seismic surveys crossing perpendicular to the projected 
concealed extension of the Umtanllll 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. 

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

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

SEISMIC CONSIDERATIONS 

The structure considered to have the 1DOst potentiai. for seismic ,, , 
activity is the defonaation zone coincident with the postulated 
01.)llpic-Wallowa lineaaent; however. no evidence for Quaternary movement 
was found along this zone on eastern Umtanm Ridge. Possible studies 
might include the. following. 

1. Seismic surveys to define buried topographic lineaments that may be 

associated with the 01.)Gpic-Wallowa Lineanent. 

2. · Trenches :aa-oss s1gn1f1cant lineaaents found by field mapping or ... 
geoptaysical surveys. Preferably._trenches would be excavate(J where 
possible deformation could be observed in overlying glaciofluvial or 
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.e 

' 
! other young sediments. Possible locations might be in the notch f 

between Vahluke outcrops just southwest of Emerson Nipple and near 
the extreme east end of Yakima Rf dge. where a linear escarpment of 

,., 

the Elephant Mountain Member was reconnaissance mapped.·. 
' ' 3. Detailed study of the drill cores taken during construction of Priest , .. 

Rapids Dilll. According to Mackin (1955). several faults are suggested ,, ·, 

by the stratigraphic relations in these cores and the dan sfte lies 
astride the northwest extension of the 01.)111pic-Wallowa Lineament as ., 

i 

.} it crosses eastern lbtanUIII Ridge. 

GENERAL REmMNDATIOO ,, 
,' ·, 

1. A detailed magnetic survey should be run through the basalt section ), 
; 

'i described·on Plate 2 to determine magnetic polarities. ·inclinations. 
' 

and declinations. This survey would check the stratigraphic ' ' 
'· 

~ correlation rpplication of a similar traverse conducted by Coe and )~ ,, 
J Others (1978) at Sentinel Gap. ', 

' ' '1 :! 

2. A detailed study of the genesis of thick flow-top breccias should be 

undertaken to better understand the f ntraflow structures in flows 

' Nhich aay house nuclear waste. ·! 

f1 

3. A second stratigraphic section should be 11easured in the canyon 
described in Figure 6 in order to ccmpare stratigraphic variations in \' 

the Grande Ronde Basalt. 
,' 

4. The thrust faults and c011pressfve stress field of the Ullltanm fault 
and anticline should be studied in detail to understand the 
mechan1sas and style of similar structures throughout the Pasco Basin. 

~ 5. The Priest Rapids fnterbed discovered on Yakima Ridge should be ... 
,, 

,' I 
·' studied to see if ft represents a significant time interval between 

Priest Rapids and lolo che111ical types. 

{ 6. The paleomagnetism and chemistry of the •Roza-like• porphyritic flows 
mapped on Umtanm and Yakima Ridges should be studied to deter11ine if t ·, 

r 

•',' they are the Roza Melber of Mackin (1955) • ,' 

f 
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CONCLUSIONS 

Geologic mapping, whol~rock chemistry, ·and natural remanent magnetic 
polarities show that eastern Umtanum Ridge is an as.)ffllletric anticline 
formed by folding of over 20 layers of Colunbia River basalt. ·This·-· 
folding began before Umatilla time (14 million years ago). and probably 
continued well beyond Panona time (10.5 million years ago)~- culminating 
in the formation of the l)ntanun reverse fault. Happing 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. Sane nonnal faults cut the basalt 
members on eastern lntanum 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 movenent of groundwat~r. _ :_ 
Similar structures beneath the Hanford Site can and should be avoided in 
the construction of proposed nuclear waste repositories. 

The Umtanun structures are older than geologic structures coincident 
with the 01.)fflpic-Wallowa Linec111ent. As of yet, no conclusive evidence 

. . 
has been found to suggest this lineament is an active fault zone.· 

,:• 
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APPENDIX 
· DESCRIPTION OF MAP UNITS . ,. 

NOTE: Descriptions are jn order of increasing age. PotassilJll/argon 
ages are for whole-rock sanples and wer~ obtai

0

n.ed from ARH-ST-137 (19.76) 
! . . ' • • .... '• ·-. • ' . ' ' ~ 

unless otherwise noted. 

Qa 

Ql 

Qaf 

ALLUVIUM _.;. River and stream deposits. of conglanerate, sand, 
silt, and clay which fill present-day valleys; maxim111 thickness 
in Cold Creek Valley is less than 5 meters; maximl111 thickness in 

.Col1111bia River Valley is unknown. 

LOESS -- Wind-blown dust and silt which blankets gentle slopes; 
mapped only where no outcrops exist or where covering critical 

, ' 

contacts; maxim1111 thickness less than 10 meters! 

ALLUVIAL FAN DEPOSITS -- Unsorted, coarse. ·and fine materials 
d!posited at the mouths of small, steep valleys during periods 
of rapid erosion; maxiffllll1 thickness about 15 meters. 

Qco COLLUVIUH ANO TALUS -- Coarse material and silt derived by . 
downslope movement on steep slopes due to gravity; mapped only 
where very conspicuous or where covering critical contacts; 
maximun thickness.about 10 meters. 

Qld 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 hU111Docky 
topography, closed to nearly closed topographic depressions. 
bowl-shaped headwall zones. and rotation of dip of bedded units; 
maximllD thickness at McCoy Canyon is on the order of 400 meters; 
maximun thickness of. most slides is less than 30 meters. 

Qag TERRACE GRAVELS,-~ Rounded to subangular clasts of basaltic 
gravel in. a matrix ·of sand ai;td silt deposited along ancestral 

··1 ':· 
. ': ~,' ' .• ',• . \ ~- . 
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Cold Creek; includes minor side-stream fanglomerate; local 
bas_altic sources only; subject to extensive calfche 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 metc111orphic origin; 
deposited during late Pleistocene catastroph;c floods of 
ancestral Columbia River and Lake Missoula; deposits restricted 
to east end of map area; occasional large glacial erratics or 
lenses of conglomerate which are too small to map; maximum 
thick"ess in map area 100 meters(?). 

Tp POllNA -- Black to dark grey porphyritic basalt with 11 of 
plagioclase phenocrysts up to 1 centimeter long which_are often 
sieve-textured; contains IS of olivine phenocrysts 0.5 
millimeter across; olivine coomonly altered to orange c1ays and 
Fe oxides; occasionally forms dark talus ribbons on steep 
slopes; generally has narrow colonnade; columns 0.2-0.4 meter 
across which radiate outward aild fan upward; base of flow is 
extensively pillowed i~ SE 1/4, Sec. 29, Tl3N, R24E; consists of 
two flow units at extrane north.tip of outcrop in NW 1/4, Sec. 
32. Il3N. R24E; over 1 i es rare se_~iments and tuf f of_ Se 1 ah 
horizon and Umatilla basalt south of Umtanum anticline; overlies 
Selah tuff and Priest Rapids basalt north of anticlin~; magnetic 
'polarity reverse; potassium/argon age 10.5 million_ years; 
maxiffl\111 thickness 30 meters. 

Tel ELLENSBLRG (SELAH) -- Grey volcaniclastic sand and silt and 
rhyolitic ash; upper 0.5 meter of ash locally welded to dark 
grey perlitic glass by overlying Panona basalt; ash generally is 
vhite and D•!!laceous, with occasional accretionary lapilli 0.5 
centimter _across; _only rare lenses of sediment and ash:exposed 
south.of lbtanun anticline; extensive white ash deposit.is 
dh.contin-~ously expos~ north of anticline- and we~t- of Priest 
Rapids Den on the •Selah Bench;• maximun thfckness.20 meters(?) • 

. . ,. . . . . : 
.,,"• .. · 
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Ta HUNTZINGER Intracanyon flow of grey to black porphyritic 
basalt with variable hand-specimen appearance; may be ophitic 
and diktytaxitic with ~iagioclase phenocrysts up to 1 centimeter 
long and olivine up to 0.5 millimeter across enclosed by ophitic 
pyroxene; glassy samples contain a total of lS phenocrysts of 
plagioclase (1 cent~:neter or less long) and pyroxene and olivine 
(0.5 millimeter across); hand samples easily confused with 
Panona basalt; crops out as praninent black ridge overlying 
Wahluke basalt in Sec. ~4, TI3N, R23E; forms conspicuous ledge 
on north side of Col1111bia River below Priest Rapids Dam; 
colonnade col1111ns 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 
nonnal; pota55ium/argon age 12.6 :!: 0.4 million years (~ard 
1976); maxim1111 thickness 40 meters(?). 

Tw WAHLUKE -- Intracanyon flow of black aphyric basalt with 
conspicuous plagioclase microphenocrysts 1-2 millimeters long 
and rare plagioclase phenocrysts up to 1 centimeter long; 
comnonly has tiny, pervasively distr~buted vesicles 0.5-3 
milli~eters across; has concoidal fracture; hand SilJtPles easily 
confused with Umatilla basalt; outcrops on Emerson Nipple, 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 pillowing at 
flow base; overlies Priest Rapids and Frencllnan Springs basalts 
(Roza(?} basalt); magnetic polarity normal; potassium/argon age 
12.7 million years; maximun thickness 30 meters(?). 

Tu UMATILLA -- Black, glassy, aphyric basalt with abundant 
plagioclase microphenocrysts less than 0.25 millimeter long; has 
distinctive concoidal fracture and rare plagioclase phenocrysts; 
fonns dark talus ribbons on steep slopes; colonnade col1111ns vary 
fran 0.3-1 meter across depending on outcrop location;· 
entablature is hackly; flow base is extensively pillowed 
especially near the Cold Creek syncline; cross-bedding of pillow 
lobes indicates lava flowed 1n a west-northwest direction near 

f 
,"t 
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ancestral Cold Creek; flow top is poorly exposed; overlies 
. Ellensburg horizon and Priest Rapids basalt; magnetic polarity 

normal; K/Ar age 14.l million years; maximum thickness about 50 
meters. 

. ' ' 

Tel ELLENSBURG (MABTON} INTERBED -- Discontinuous exposures of buff 
to brown sandstone, siliceous silt, gravel, chert, and petrified 
wood; gravel locally cemented with hydrated Fe oxides and 
contains clasts of c~~r: granitic rocks, an~ metamorphic rocks; 
generally overlies ·a deeply weathered zone in Priest Rapids· 

. basalt; maxim1.111 thickness less than 10 meters. 

Tpr PRIEST RAPIDS -- Four and possibly more flows of ~rey, usually 
diktytaxitic aphyric basa~t with a coarse texture produced by 

. ' ~ . . . 

plagioclase microphenocrysts; contains rare plagioclase 
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; s<Jne flows or flow 
units(?) contain vesicle cylinders and vesicle sheets (Goff, 
1976 and 1977); flow base is rareiy pillowed; uppermost flow is 
darker, more massive, and finer gra1ned than others; uppermost 
flow overlies a prominent interbe~ (Tel) of siliceous siltstone, 
chert, and petrified wood up to 5 meters thick exposed on Yakima 
Ridge in Sec. 36, TI3N, R23E; magnetic polarity predominantly 
reverse; potassium/argon age about 15 million years; maxim1Jm 
thickness of member about 70 meters. 

Tel ELLENSBURG (QUINCY) INTERBED -- Rare, thin lenses of 
1 i ght-co l ored siliceous silts tone, chert, and petri fie~ wood, 
occasionally baked to a brick-red color by overlying Priest 
Rapids basalt; maximum thickness about 3 meters~· 

,,• 

Tfu FRENOIHAN SPRINGS -- Six or possibly more. flows of dark grey, 
aphyric to porphyritic basalt; undifferentiated where not mapped.· 
,in detail; porphyritic flows are colT'lllOnly _::lik.tyta_xitic and 

_·contain frcxn 1-7S plagioclase glanerophenocrysts up to 5 
cen,ti1Det£rs long; diktytaxitic_ flows _weather·to ~usty~brOWTI'·, ' 

- . . . -. ~- ' .. 
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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(?). 

Tel ELLENSB~G (VANTAGE) SANDSTONE INTERBED -- Discontinuous unit of 
.i 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; 

I i! 

} ,, 

maximllll thickness about 30 meters. 

Tsb~ GRANDE RONDE BASALT -- At least 13 flows of grey to black 
Ts, generally aphyric basalt; more complete descriptions are given. 
Tsu in stratigraphic section, Plate 2; undifferentiated where not 

mapped in great detail; formation was mapped in two units 
subdivided by a chemical-stratigraphic hor·:zon, the "MgO 
Horizon;a the unit above this break (Sentinel Bluffs, Tsb) has a 
thick basal flow with a 10-15 meters thick flow top breccia; the 
unit below the HgO 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 
Umtanllll 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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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 r.enter of figure, block HU should be WA 

Page 39, last line of second paragraph, (<11%), should be (<1%) 

II II 

Pocket Part l of 2, should be Pocket Part lA of 2 

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

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

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