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INTRODUCTION WASHINGTON | IDAHO Plate 1 of 3
The Moscow-Pullman basin is filled with Miocene-age lava flows of the Columbia River Basalt Group (CRBG) | P U I_ I_ M A N | M o S C o W I EAST

and associated sediments of the Latah Formation that have a composite thickness greater than 2,700 ft (823 |

m). Domestic and municipal water supplies have been obtained from both the sediment and basalt units.

Decades of continued water-level declines have prompted numerous hydrological studies, but accurate Sunset outcrop _

flow models have been difficult to construct due to the complexity of the subsurface architecture. Basalt Ed Harkins* Elena . Moscow Moscow Memorial Ul Parker /7/ 2700

units encountered in the subsurface were placed into a regional stratigraphic framework, and three geolog- WSU 8* T Watson City 10 City 8* Moscow Moscow Gardens* Farm® Elks Golf )

ic cross sections (Plates 1-3) were constructed to better understand the relationship between the sediments _ sediments T __ Moscow T City 6* City 4* - Palouse Formation _ Club 5* i I
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The stratigraphic sequence and correlations of CRBG units were determined primarily from geochemical Merle
analyses of rock-chip cuttings collected from ten deep (700-2,250 ft [213-686 m]) wells (Bush and others, in DOE Harlow N
press) and seven Washington Department of Ecology (DOE) test wells (Conrey and others, 2013). These 24004 Landfill - Cohen
determinations required comparisons to the regional stratigraphy as outlined by Reidel and others (20133,

b). Bush and others (2018) provided the geochemical data for the ten deep wells, discussed stratigraphic

interpretations, and noted contributions by previous workers. Correlations to wells lacking whole-rock 2300 1
geochemical data were made using flow contacts and sediment horizons noted on drillers' reports. Sixteen | L -
members of the CRBG, made up of an estimated 25-30 lava flows, are illustrated and placed into three « -~ 7 """ |  RhOZllow ~ ___--—" --—" | . | Winter | |
geologic formations; from base upward, they are the Grande Ronde, Wanapum, and Saddle Mountains 2200 +
Basalts. More than 90 percent of this basalt sequence belongs to the Grande Ronde Basalt which has been

divided, from base upward, into the R1, N1, R2, and N2 magnetostratigraphic units (MSUs) (Swanson and

others, 1980). The Latah Formation has been divided, from base upward, into the sediments of Moscow, the 2100 +
Vantage Member, and the sediments of Bovill (Bush and others, 1998). =
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Subdivision of the R1 and lower N1 MSUs into members is based only on samples from WSU well 7, and the 2000 : 92288880080 p Meyer Rldge
position shown for the R1-N1 boundary should be considered tentative. The stratigraphic sequence upward 7 _ sediments = s ? / Member(?) 2000
from the top of the N1 is consistent from well to well. Correlations of the uppermost members of the Grande [ T of Moscow == ’ J
Ronde Basalt, the Vantage Member of the Latah Formation, and the Roza and Priest Rapids Members of the 1900 : 4 1900
Wanapum Basalt were verified by comparisons to numerous drillers' reports and rare outcrops. Subsurface ’
samples of the Latah Formation and descriptions are typically poor, and correlations of lithologies from well
to well should be considered tentative.
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The geologic cross section from about 4 mi (6 km) west of Pullman, Washington, to about 2 mi (3 km) east of 2 28382 ° 7 : =0 4 1800

Moscow, Idaho, (Plate 1) illustrates the nature of the subsurface dominated by slightly deformed CRBG lava
flows in the western part and Latah Formation sediments in the eastern part. Most of the flows entered the 1700 ? _
basin from the west and pinch out and (or) thin near the state boundary. The folds in the Pullmanarea | T
plunge to the northwest. They began to form at least as early as the R2 MSU of the Grande Ronde Basaltand, | T

at times, acted as a barrier to lava emplacement into the basin. The Roza Member, in the western part of 1600 SCALE 1:24,000 2"

Plate 1, is the best example of a flow pinching out against the anticline.
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The geologic cross sections in Plates 2 and 3 illustrate north-south relationships. They are more interpretive 0 5000Feet S P
due to lack of subsurface data. Plate 2 shows the near-horizontal nature of the sequence in the central part 1500 | | | | | | " T - _ e L 1500
0

of the basin, while Plate 3 portrays gentle folding beneath Pullman. T | ’ -

Hydrological Implications
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The two primary groundwater systems in the Moscow-Pullman basin have been referred to as the upper and
lower aquifers. The lower aquifer occurs entirely within the Grande Ronde Basalt and interbedded Latah
Formation sediments, whereas the upper aquifer occurs primarily in the Vantage sediments (Latah Forma- . Pl s i e DS
tion) and overlying basalt of Lolo (Wanapum Basalt). Some relationships between the subsurface geology 1300 '
and the aquifer systems are discussed briefly below.
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In Pullman, municipal water wells (Pullman 5, 7, 8; WSU 6, 8) were completed just above, in, and below T T
sediments that separate the Cold Spring Ridge Member (CSRM) of the N1 MSU from the R2 MSU of the -
Grande Ronde Basalt. Primary production comes from this interval which contains gravel, hyaloclastite, P
sand, silt, and clay deposited by a stream system that existed in the Pullman area at the end of the N1 MSU e G B | r "
(Bush and others, in press). Additional production comes from contacts between lava flows and flow-units REFERENCES fomTTTTTT T .
of the overlying R2 MSU. All these producing zones are part of the lower aquifer. WSU well 7 was designed B . R Palr%:u/g‘lf\(\

to obtain water from the lower aquifer (to a depth of 1,000 ft [305 m]) and then was extended to a depth of ush, JH, Provant, AP, and Gill 5.W., 1998, Bedrock geologic map of the Moscow West quadrangle, Latah County, Idaho, and -~ -

2,225 ft (678 m) for research and exploration purposes. It subsequently was backfilled and grouted to a Whitman County, Washington: Idaho Geological Survey Geologic Map 23, scale 1:24,000. -
depth of 1,814 ft (553 m) (Wyatt-Jaykim Engineers and Ralston, 1987). Analytical modeling has indicated Bush, J.H., Garwood, D.L., and Dunlap, Pamela, 2016, Geology and geologic history of the Moscow-Pullman basin, Idaho and T T .
that, in Pullman, the lower aquifer is separated into upper and lower compartments with vertical leakage
between the two (Moran, 2011; Folnagy, 2012). The lower compartment is believed to be primarily related
to the sediment interbeds between the N1 and R2 MSUs and the upper compartment to flow contacts
within the R2 sequence. Bush, J.H., Dunlap, Pamela, and Reidel, S.P, 2018, Miocene evolution of the Moscow-Pullman basin, [daho and Washington: Idaho

In Moscow, sediments dominate, flow contacts are not common, and the major production zones in the Geological Survey Technical Report 18-3, 36 p. ?
lower aquifer are not‘ as conS|s‘tent as they are "‘T Pullme?n. Moscow city ‘.Ne”S 9and 10and Ul well 3 pro'd.uce Conrey, RM.,, and Wolff, J.A, 2010, Basalt lava stratigraphy beneath Pullman and Moscow—Implications for the flowof T T
from the coarse-grained portions of the clay-rich sediments and the interlayered R2 basalts. In addition, _ ' ) '
Moscow city well 9 was also designed to obtain water from the base of the CSRM and the top of the underly- groundwater: Palouse Basin Aquifer Committee, 1 sheet. Available at:
ing sediments. Ul well 3 was also designed to produce water at various intervals within the CSRM and under- http://palousebasin.org/wp-content/uploads/2018/03/100331_Conrey_Wolff_Basalt_Stratigraphy_Poster.pdf (accessed 8 July
lying sediments including weathered sands above granitic rocks. Thus, Moscow city well 9 and Ul well 3 are 2018).
;Zr:ggsé;i;meg;: nga;e:f)?r:\gi:;:epzzgvr\‘/ vz;;e:\:‘:l)lgn Gd:::‘eée; t\,:;aetlggfg Itcohﬁ::(:g; v(\;lftt[\;]netggsh;'ag:g Conrey, Rick; Beard, Chris; and Wolff, John, 2013, Geology of the Palouse basin DOE test wells: Palouse Basin Aquifer Committee, 1 -
produce primarily from the underlying Latah sediments and to a much lesser extent from the CSRM. The unpublished presentation, [22)p. Availableat: - T ]
CSRM is the most extensive CRBG member that can be correlated from well to well, and it ranges from 275 ft http://palousebasin.org/wp-content/uploads/2018/03/2013_Conrey_Beard_Stratigraphy_in_Palouse_Basin_DOE_test_Wells.p 2 _____________________—---—————:::: ________________
(84 m) beneath Pullman to 325 ft (99 m) below Moscow before terminating near the eastern end of the df (accessed 8 July 2018). Q mmmmmomTTTTTTTTTTTTTTTTTT
g:::; ,?ht lt/llqcfs?c?vg sn::r:g:i-flsé:tr;da(r?g?f):;:?e(l)lnc:\vi‘::.:?:;/Sa?l,:'btlzptlrfeab\;igl ﬂigzent:;ﬁ;t O‘?Q:\Zerarr‘irii:lc;e; Conrey, Rick, and Crow, Kyler, 2014, Basalt stratigraphy of Moscow #9 and Ul #4 wells—Evidence for the Moscow fault: Palouse 300+
the top but throughout the unit, and the CSRM is considered an invasive unit in the eastern part of the basin. Basin Aquifer Committee, unpublished presentation, [10] p. Available at: "
We believe the CSRM is a leaky aquitard throughout much of the basin. Folnagy (2012) and Fiedler (2009) http://palousebasin.org/wp-content/uploads/2018/06/140619_Conrey_Moscow_Fault-1.pdf (accessed 8 July 2018). O’@e /sso(,//,
determined that Moscow city wells 6 and 8 were hydro.loglcally separated from the other Moscow city W?IIS Fiedler, Aaren, 2009, Well interference effects in the Grande Ronde aquifer system in the Moscow-Pullman area of Idaho and N. MSU Clay PLATE 1 /l’/OG,. Frarices an
based on aquifer tests. In Pullman, Wyatt-Jaykim Engineers and Ralston (1987) noted that water-bearing ) o ) . ) . 1 S0, Ben Reed

. . . . . Washington: University of Idaho M.S. thesis, 127 p., and digital data on CD. Thesis text, but not the data, available at: T Or
zones below 1,000 ft (305 m) in depth in WSU well 7 likely were not as prolific as those intercepted above. Jood - DOE Landfil DU//,h Co
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Washington, from late Grande Ronde to late Saddle Mountains time, in Lewis, R.S., and Schmidt, K.L., eds., Exploring the
Geology of the Inland Northwest: Geological Society of America Field Guide 41, p. 151-174.
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Recognition of the CSRM as an aquitard is significant and should be considered in any hydrological model of http://palousebasin.org/wp-content/uploads/2018/03/Fiedler_Well_Interference_Effects_in_the_Grande_Ronde_System_2009 . P Palagoni te Pullman-Moscow

. i .pdf (accessed 12 July 2018). " 7 - Ciy Regional Airport
the Moscow-Pullman basin. pdf ( y 2018) - Pe 46°45'N Merle Harlow U//J/G g P

Folnagy, A.J.B, 2012, Long-term Grande Ronde aquifer stress testing to delineate aquifer compartmentalization and water level QT -7 04 . . .
UPPER AQUIFER responses in the Palouse groundwater basin: University of [daho M.S. thesis, 188 p. 7 X ApprOX|mate location of basalt sample analyzed for Chem|5try

Domestic and municipal water supplies are obtained from the upper aquifer, but production varies from less Moran, Kathryn, 2011, Interpretation of long-term Grande Ronde aquifer testing in the Palouse basin of Idaho and Washington:

than 1 gallon per minute (gpm) to more than 1,000 gpm. The variations of thicknesses and lithology of the versity of Idaho M.S. thesis. 1 ! .
Vantage Member of the Latah Formation are considered the primary controls on supply (Bush and others, University of Idaho IS thesis, 100 p. Uncased, perforated, or screened intervals for some wells

2016). For example, in the central part of the basin, the Vantage is thin and consists primarily of clay, thus Reidel, S.P, Camp, V.E,, Tolan, T.L., Kauffman, J.D,, and Garwood, D.L., 2013a, Tectonic evolution of the Columbia River flood basalt <
wells are generally only capable of very low yields. Large-production wells have been developed in the province, in Reidel, S.P, Camp, V.E., Ross, M.E., Wolff, J.A., Martin, B.S., Tolan, T.L., and Wells, R.E., eds., The Columbia River Flood *Well projected onto cross section 0 4
Vantage Member where it is thick (> 200 ft [61 m]) by both the City of Moscow and the University of Idaho. Basalt Province: Geological Society of America Special Paper 497, p. 293-324.

The Vantage is clay rich, but zones of coarse-grained materials provide the necessary permeability for the _ . o . ) . . o
high-production wells. These high-yield wells follow a north-south trend through the western part of Reidel, S.P, Camp, V.E, Tolan, T.L., and Martin, B.S., 2013b, The Columbia River flood basalt province—Stratigraphy, areal extent, Note: Surface shown is the first Tertiary rocks encountered after drilling
Moscow along ancient stream channels responsible for the deposition of the Vantage Member (Bush and volume, and physical volcanology, in Reidel, S.P, Camp, V.E,, Ross, M.E., Wolff, J.A,, Martin, B.S., Tolan, T.L, and Wells, R.E., eds., The through the Palouse Formation (loess). The boundary between Palouse
others, 2016, in press). These streams existed east of the pinchouts of the N2 and upper R2 MSUs of the Columbia River Flood Basalt Province: Geological Society of America Special Paper 497, p. 1-43. pre-Tertiary rocks

) ; : Formation and sediments of Bovill was estimated.
Grande Ronde Basalt, as noted in Plate 1. Swanson, D.A,, Wright, T.L,, Camp, V.E, Gardner, J.N., Helz, RT, Price, S.M.,, Reidel, S.P, and Ross, M.E., 1980, Reconnaissance geologic G eo | Og IC C ross Sec‘tlo n Th rou g h Pu I I man an d M oscow @ Well or outcrop in Plate 1

map of the Columbia River Basalt Group, Pullman and Walla Walla quadrangles, southeast Washington and adjacent Idaho: U.S. 0 2 4 Miles

ACKNOWLEDGMENTS Geological Survey Miscellaneous Investigations Map I-1139, scale 1:250,000, 2 sheets. Geologic Cross Sections Across the Moscow-Pullman Basin’ ldaho and Washington

The Palouse Basin Aquifer Committee provided the major part of the funds for our research. Steve Robis- ) ) ) ) ) :
chon provided information throughout the research project. The Department of Geological Sciences at the Wyatt-Jaykim Engineers and Ralston, D.R., 1987, Construction report for the W.S.U. no. 7 production/test well: Wyatt-Jaykim 0 3 6 Kilometers

Q
S
University of Idaho provided technical assistance. Too numerous to mention are the people who collected Engineers and Dale R. Ralston unpublished report submitted to Washington State University, project no. 0939, 32 p., driller's By . . '_§‘
samples from wells over a period of five decades. We were encouraged and helped by the work of Rick report, 2 sheets, vertical scale 1:1,200.
Conrey and his co-authors (Conrey and Wolff, 2010; Conrey and others, 2013; Conrey and Crow, 2014) who . . . LOCATION MAP
provided data and interpretations to the Committee. Reviews by Alexis Clark, Dennis M. Feeney, Reed Lewis, John H. Bush' , Pamela Dunla p2’ Stephen P. ReldeP, and Daisuke Ko bayaSh i4 'Department of Geological Sciences, University of Idaho, Moscow, Idaho 83844-3022 This Technical Report is a product of independent work from non-ldaho Geological
and Robin Nimmer greatly improved the manuscript. Special thanks to Reed Lewis of the Idaho Geological 20ro Valley, Arizona 85755 Survey personnel. These cross sections are published by the IGS to further future scientific
Survey who assisted and encouraged us to submit our cross sections for publication. 3School of the Environment, Washington State University, Pullman, Washington 99194 studies. The IGS does not guarantee this report to be free of errors nor assume liability for
201 8 “Department of Earth Sciences, The College at Brockport, State University of New York, Brockport, New York 14420 interpretations made from this report, or decisions based thereon.

Mg, N
Arthur Cohen b 37 \$%\$ o 5
DOE City Yar
Pullman SU 7 Mosco

Pullman City 8 -

o Elena Watson nset M ial Gardens
Pullman Ci Suns""’E4 Harkins

PLATE 3 @@

N
a°
Soutn ForV? Paradise Ridge

2
Q
[
&2

WASHINGTON

IDAHO

Published and sold by the Idaho Geological Survey
University of Idaho, Moscow, Idaho 83844-3014



IDAHO GEOLOGICAL SURVEY

TECHNICAL REPORT 18-1
MOSCOW AND BOISE IDAHOGEOLOGY.ORG BUSH AND OTHERS
NORTH Pullman-Moscow SOUTH Plate 2 of 3
Regional Ai t* DOE Pullman
DOE Frances and Ben Reed egiona’ Alrpor Test and
* .
2500 'BL-IEte Gap Roger -S-\Nan 3 T Observatlon _ 2500 117015'W 11707!30!!W
T ! 2,
basalt of Lolo p ,M/‘P
2400 - = _——— | 2400 a
Vantage Member R == - S
2300 4 [ 2300 >
/'eek
46°52'30"N |-
2200 | L 2200
RS PLATE 2
Yo™ DOE Butte Gap
2100 - L 2100 K
3 3 \;0urm'\\e o
§ 2000 - - 2000 §
g — g Roger Swan 3
o sediments of Moscow TR 2 ~z~\\\ Palouse Range
1900 - L 1900 & ®
o %
Q
1800 - - 1800 9 Qek
%
A .
1700 - - 1700 ey Missoy,,
" M, Frarices an
——— PLATE 1 Gre
1600 - o] 1600 , A, or Co Ben Reed
? ? sediments of Moscow ATATATATA DOE Landfill m, o Pullman-Moscow
. 7 Regional Airport
1500 - L 1500 46°45'N 1= Merle Harlow 0//y 6 g P
Arthur Cohen J,,b?'? \$%\)%\) Us
EXPLANATION DOE City Yar o5
Pullman
=1 | Pullman City 8 SU7 @
3 Wanapum Basalt Grain size unknown SCALE 1:24,000 < Pullman Ci 5un ™R Hardre oo
/0/7
- S SRR 0 >/000 Feet & PLATE 3
h S h555535] Gravel | | | | | »
o Grande Ronde Basalt £ | ' | . 029
— . . T uth Fork
v N, Magnetostratigraphic 5 | sand 0 2,000 Meters ‘
[ Unit (MSU) Z 10x vertical exaggeration pre-Tertiary rocks z .
© © T .. @ Well in Plate 2 T s
re) R, MSU = ~ A7) Siltand clay Z|o Q
= < 0 2 4 Miles Z|£ LS
S ] I Y S SR Y T N N < g
e} - N, MSU E Clay T T T T T T =2 ofeek
O - 0 3 6 Kilometers §
| 1
x Approximate location of basalt sample analyzed for chemistry LOCATION MAP
Geologic Cross Section Across the Central Part of the Moscow-Pullman Basin
[‘ Uncased, perforated, or screened intervals for some wells
Geologic Cross Sections Across the Moscow-Pullman Basin, Idaho and Washington
* Well projected onto cross section
. : - By
Note: Surface shown is the first Tertiary rocks encountered after drilling
; . . . 'Department of Geological Sciences, University of Idaho, Moscow, Idaho 83844-3022
through the Palouse Formation (loess). The boundary between Palouse John H. Bush’, Pamela Dunlap?, Stephen P. Reidel’, and Daisuke Kobayashi* 2010 Valley, Arizona 85755 e N Rt oS PSSO e
. . . . p p p 9
Formation and sediments of Bovill was estimated. 3School of the Environment, Washington State University, Pullman, Washington 99194 Survey personnel. These cross sections are published by the IGS to further future scientific
“Department of Earth Sciences, The College at Brockport, State University of New York, Brockport, New York 14420 studies. The IGS does not guarantee this report to be free of errors nor assume liability for
20 1 8 interpretations made from this report, or decisions based thereon.

Published and sold by the Idaho Geological Survey
University of Idaho, Moscow, Idaho 83844-3014



IDAHO GEOLOGICAL SURVEY

TECHNICAL REPORT 18-1

MOSCOW AND BOISE IDAHOGEOLOGY.ORG BUSH AND OTHERS
Plate 3 of 3
SOUTH Pullman NORTH 17°15'W 117°7'30"W
- Pullman City 8* T _ T T
2500 City 5 Pullman McGregor [ 2200 2
T City 6* Co.4 Pal
24004 [ Pullman - 2400
— Clty 7% = %
C basalt of Lolo s,
2300 - 2300 ok
46°52'30"N -
e PLATE 2
- N 1ok BY
2200 2200 Y™ DOE Butte Gap
= = e eek
22100 L2100 & ourmi®
e =3 ¢
c C
2 k)
% 2000 -2000 % Roger Swan 3
v o QA Palouse Range
NS
X
& e
1900 1900 S 2
Q
o Sek
ae)
1500 I — sediments of Moscow - 1800 3
| S Al .
O/'ee M/SSOO/f
tz04 === - e L -1700 - 7 Frarices an
(o)
PL JE 1 R G/’egoro Ben Reed
1600 - L1600 DOE Landfill YU, - ° Pullman-Moscow
e 74, Regional Airport
46°45'N - 6
EXPLANATION Merle Harlow Y S
Arthur Cohen 2% $"o o us
o SCALE 1:24,000 DOE City Yar O o$
© Wanapum Basalt Grain size unknown 0 5,000 Feet Pullman su7 —
O ! Pullman City 8 (0@
= S S | ! | | , ine 2~ Elena Watson
© =~ b000600 | | | < Pullman C Sunsh d Harkins
0 ® 5558588] Gravel Zon
@ Grande Ronde Basalt c 0 2,000 Meters % PLATE 3
] N, Magnetostratigraphic o Sand 10x vertical exaggeration o
> . L PE
&= Unit (MSU) = South Fork
© .
2 R, MSU o Silt and clay pre-Tertiary rocks -
—Q 2 | O Co
£ @ WellinPlate 3 5 4,0
3 g Z -
3 - N, MSU 1 Clay 0 2 4 Miles T % 2
U : Il Il I |I I . I . I . | I g Q
. . . 1 1 i Q
x Approximate location of basalt sample analyzed for chemistry GeOIOg ic Cross Section Th roug h Pullman 0 3 6 Kilometers g
|
[‘ Uncased, perforated, or screened intervals for some wells GeOIOglc Cross Sections Across the Moscow-Pullman BaSIn, ldaho and WaShlngtOn LOCATION MAP
* We” prOjeCted onto cross SeCtion By This Technical Report is a product of independent work from non-ldaho Geological
Survey personnel. These cross sections are published by the IGS to further future scientific
. . a1 . . . 1 : : B f _ studies. The IGS does not guarantee this report to be free of errors nor assume liability for
Note: Surface shown is the first Tertiary rocks encountered after drilling John H. Bush', Pamela Dunlap? Stephen P. Reidel?, and Daisuke Kobayashi* zgfgf‘/;tlj‘gjng of GeologicalSciences, Uiversiy of daho, Moscow, Idaho 83544-3022 ztudie, The 165 does not guarantos thé reportto b ree of ororsnorsssume by
through the Palouse Formation (Ioess).The boundary between Palouse 3School of the Environment, Washington State University, Pullman, Washington 99194
Formation and sediments of Bovill was estimated. 20'] 8 “Department of Earth Sciences, The College at Brockport, State University of New York, Brockport, New York 14420

Published and sold by the Idaho Geological Survey
University of Idaho, Moscow, Idaho 83844-3014



