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west-cenéral Columbié Plateau, Washington and Oregon
by
'Donald A; Swanson,'U.S; Geological Sﬁrvey, Menlo Pa;k,_Californiau

94025; Thomas i. Wright and Isidore Zietz, U.S. Geological Survey, .
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T Abstract

A low'alfitu&e, ﬁotal in;eﬁsity.aeromagnetic map of the west-
qenﬁral Columbia Plateau, underlain principally by the Yakima Basalt,
sbo;s positive and negative ancmalies that stand out from a moderate
intensity background reflecting interbedded flows of normal and re-
versed magnetic polarity. On® set of anomalies is related to anti-
clinal ridgss, aﬁotger follows the traces ;f known or‘inferred.faults,.
an@_a third set coincides wiﬁh a swarm of feeder dikes for the Ice '
Barbor flows of Sweanson and others (1975b), the youngest unit of basalt
iﬁ-the ar;a.'.A fourth set of narrow, sinuous anomalies is related to
.flows that filled ancient vélley§~during the late stage of Yakima
volcanism. The magnetic map suggests that the Ice Harbor dike swarm
-is offse: by left—lateral strike-slip dlsplacement along the
.Rattlesnake-Wallula fault, a segment of the Olymp1c4Wallowa llneament.
The aeromagnetic map is of great,help in da;ineating the extent of the
“dike swafm, mapping thé ancient drainage-system, and ﬁnderstanding the

étructural history of this part of the Columbia Plateau.



Introduction
- In 1957, a detailed total intensity aeromagnetic survey was made

of a 27 000 km? area in south-central Wa hlngton and north—central iy

- -

Oregon (fig 1). This area is in the west-central part of the Columbia
Figure 1 near here

‘flateau, a lerge.ph}siographio andfgeologio provinee underlain by tﬁé
Miocene Columbia River Basalt Group, primarily .the Yakima Basalt, ané )
YOpnéer sedimentary rocks. The basalt is poorly exposed throughout
mucﬁ.o; the area, end the aeromagnetlc data ald in 1ocat1ng and 1nter- .
.'preti:é hidden structures, dlxes,.and aqplenF valleys‘fllled with thick
Ya&z:e £lows. |

*. The aeromagaetic map (pl.,l) was compiled by J. R.:Kirby and D. L.

Plate ! aear here

-béﬁf& s in 1970 from‘profiles obtained duringAnorth—south fiights
. spaced about 1.6 km apart aud 150 m above ground The data ere con~

:toured in intervals of 100 gammas. Thls map is mostly consxstent w1th

L R

Abut much more detalled than, the high altitude‘(4600 m)‘aeromagnetic' C

map of part of the same area published by Zietz and others (1971;

epecific exemples of this éonsistency'are described la;er in this paoer.



We have interpreted the aeromaguetic data on the basis of recon-
. naissaace field work by Swanson and Wright, supplemented by published
gedlogic maps, especially that of Grolier and Bingham (1971). In

addltlon, nuzerous: papers and reports, some unpubllshed were consulte

Cowe ©repime e T - T em shae
~ . .. 4

Datailed oeologlc maps are not available for much of the surveyed area,

.-

"and some of the ex1st1ng maps are. 1nadequate because they predate recent

advances in knowledoe of the basalt stratigraphy. Consequently we

cannot make a ge01001c evaluatlon of each aeromaonetlc anomaly, although
‘most .of the major anomalles can be related to kncwn or reasonably
"inferrad geologic features. The tectonic map of Newcomb (1970), part

of which is shown in modified form inifigure.Z, is the most complete

- cLt . e - . : - . ‘e

Figure 2 pear here., -0 e

‘structural compilation available and shows the general distribution of

the baszlt and younger sedimentary rocks. We are publishing this

aeromagzetic map and our preliminary interpretation of it to encourage
, .

further study of the relation between geology and rock magnetism on

the Columbia Plateau.
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. Geologic sZetting
. -

The bedrock in the weSt—éentrai part of the Columbia Plateau is
the Yakima Basalt, the youngesciformation in the Columbia River Basalt
Group. The Yakima is a sequence of flood basdlt flows mostly erupted .~
,_‘dgéigé é 3 n.y. periéd centered aSout 15 mry.vago (Watkins'and Baksi,
1974), although eruptions continued intermittently until between 8-and .
9 m.y. ago (unpublished K/Ar ages by E. H. McKee). The basalt has been

subdivided into several units, summarized in figure 3. .The maximum

Figure 3 near here

thickness of Yakima Basalt in this area is at least 600 m (Diery and
HcKé;; 1969) and may " be several times that. An'oil—tést hole on the
Rattlesnake Hills about 60 km west—northwest of Pasco penetrated 3,248 m
o% baszlt and andesite (7) w1thout encountering basement (Raymond and -
Tlllso“, 1908) but at least the lower 1800 m of the basalt and andeszte
(7) ray be of early Miocene age or older (Newman, 1970) and therefore
oldgr than the Yakima Basalt. T@F basalt‘was presumably eruptgd from
q;rih—northwest trendi#g fissures, tﬁose for the Ice Harbor flows of
S%anéon aad others (1975b3 fig; 3) being locéﬁed in the southfeast

corner of the map area.



Thin sedimentary deposits of small lateral extent occur between
some of the basalt flows, especially near the top of the Yakima section.
These deposits consist largel§ of fresh andesitic debris'neﬁly erupted
. from volcanoes in the Céggade Mountains but includelsome'epiﬁlastic~'**5”**?
-.matefial,derived-from sourcés on and sﬁrrounding'the plateau. Similar

-

_déposits overlie the basalt in vaileys néar Yakima. Pliééene and
,fleistocene basalt aﬁd andesite flows erppted farther west‘occur
jiocally along the.ﬁestvedge of éhe map area.

| - Younger sedimentary deposits blanket areas along and east of the
Columbia River. These'depositg'from Pliocepe to latg Pleistocéne in .
agé, consist of a mixture of revorked andesitic debris and epiclastic
maierial'dérived'frém'the plateau ané the sﬁrrounding mountainous
regioas. Some of these deposits: date from the Spokane floods (Bretz.
and oahers, 1956; Baker, 1973), bthers contain Pleistocene lake sedi-.
ments, and still others represent Columbia River sands aﬁd'graﬁels..'
A thin mantle of loess occuréb in places. .The'thickest.section of
sedlnaatary deposits occupies thé structurally and topographlcally

lowest basin in the area, the Pasco Basin, where fluv1a1 and Iake beds

moré'than 230 m thick‘ﬁéve been cored (Broﬁn and Ledgerwoéd, 1973).

.



The regional dip of the basalt in tHe area is toward the Pasco
Basin, preb-raly averaging-less than 15 m/km. This regional dip is
broken in several places by shafp anticlines and synclines, thcﬁ form
linear topographic ridges and valleys (figs. 1 and 2). Most of these -
folds trend west-southwest to west-nbrthwest,.but they are oriented
northwest in a zone-extending diagonally across the center of ﬁhe ﬁéaa
and-passing through Ellensburg and Pasco. Some of the anticlines and
synclines may have begun to form in late Yakima tine (Waters, 1955;
Schmincke, 1967a), but most owe their present elevation to.subseqpept .

folding.

The Coiumbia P;ateau lies on the continental side of an andesitic -
chain, the Cascade Mountains, an& was an area of extensiom along north;
north:esé fissures during a time of ccnfamporaneous Cascade vdlcanism.

‘Many of the extensional fissures cut crustal rocks from Precambrian to
Mesozcic in age, but new crust may have been generated beneath the

' ' Carameatit pp,
Pasco 2asin in the form of a large swarm of dike§xa§apir (H?EE, 1972).

Thus the plateau bears some resedblance to a marginal basin (Rarig,

1971), with due allowance for continental interaction.

P



Interpretation ..
In most places, the Yakima Basalt consists of geﬁtly dipping,
areally extensive lava flows with both normal and reversed magnetic

polarities. The normal and reversed‘flowé are interbedded (fig. 3). -

Consequantly the expected aeromagnetic pattern should be rather

-featurelesé and of low magnetic.intensity despite the highly magﬁetizéd’
_character of single flows. This type of pattern typifies much §f the
mép, where intensities range from 500-900 gammas and anomalies afé of
small zmplitude and extent. Beneath such areas, the liggghood of
complicated Structurs or intense diking is minimal, at least at sﬁallow

depth. Thus one can attempt correlations across these areas without

much concern about structural complexity,leven though the basalt may be

-
s

t

poorls exposed or even concealed.

Yomerous limear anomalies of moderate to large amplitude stand out

above the featureless background, Zs>wewsme.. These anomalies must have
' o ‘ ,anahjﬁ:
causes cther than flat-lying extensive.flows. Our zadsss suggests

that soze of these linear anomali'es reflect topography (most of which -
is $tructurally controlled) and others are related to known dikes and
lava~filled paleovalleys. A few irregularly shaped anomalies record

the presence of features as yet unidentified by other means. = = - - .

.



Anomalies reiated to structurally-controlled topography
- The Yakima Basalt i§ uplifted and folded'along several long,
'\‘narrow, antzcllnal and monocllval rldges 1n the area (Waters, 1955'
Newcomb, 1970). " Many of the antlcllnes are:gsymmetrlc, generally wgth

..a steeper north limb forming an abrupt scarp. The aeromagnetic

aaomalies reflect these anticliral ridges and their aéE&mmetry.
amples are the Horse Heaven Hills between 119°‘and 120° W. longltude

- anomak
- (rumber 1, pl. l), the Rattlesnake Hills-Red Mountain-Badger Mountain
chain-of ridges west of Pasco (2), Toppenish Ridge.(3), Yakima Ridge
(4), parts of Gable Mountain and Gable Butte on the Hanford Reservation
(5), Saddle Mountains (6), to a poor degree the Frenchman Hills (7),

and tha Alder Ridge-Golgotha Butte area‘northeast of Arlington,.Oregon

(8). These anomalies are presumably.related to flows that dip away

.

fro the eroded ridgecrest; as a result of the dip and the erosion,
flow szcuences of uniform magnetic polarity are exposed rather than _
hidden in the "sandwich"‘of normal and reversed flows that |
characterizes areas between ridgés.'
The anomalies are paired zlong some of qﬁe Qteepest.nqrth—facing.
.scarps, a positive anomaly occurring near the top of the scarp and a
- #eéative gncmély toward the base; good examples are anomalies 1 and 2.-
‘ ihis may largely result from tﬁe fact that the earth's magnetic fieid-.
" 1s mot verticgl in this area (Nettleton, 1971).° Changing flight alti- |
tude is proﬁably not a major contributing factor té the anomaly pattern,

'as a nearly constant altitude above ground was supposedly maintained.



Another type of'topogféph)h~reiated aﬁomaly is the sinuous
magnetic high (9) that approximately coincides with the morth bank of
thé Columbia River upstream from McNary Dam, 30 km southwgst of Pasco.
"lﬂere; bold-cliffsAexppsing-nearly-horizontai_flows.of'normallyl ‘7’5"‘%*
polarize& basalt, chieflj.Freﬂchman Springs Momber; were produced
fdurlnc the late Plelstocene floods that dralped Lake Missoula (Bretz
‘and sf,,,aFeJ Qway Unconso fydated Stdsmesfary S2p0srfs overlynmy #ae basull,
.and others, 1956; Baker, 1973)5/ The p051t1ve.magn¢t1c anomaly may
‘:feflect these bare cliffs.

| Anomal?es :gla;ed to dikes

" The cluster of four N20°~-30°W-trending positive and negative
anomalies (10-13) in the southeast part of the area crosses nearly flat;
featureless terrain. Single anomalies witﬁin this cluster are as much
as 8C = iong, less thzz 4 km (generally iess than 2 km) wide, and
have z:glftudes of 400-500 gammas above the regional bggkground.v.The
anomailas are remarkably straight, continuous, symmetric, and show
no chénge in charactar as they pass from areas of basalt ogtcgop into
, areas where the basalt is covered by.thin sedimentary deposits. The.
.. anomalies are probably shallow features, as suggested by their hlgh

gradient, narrow w1dth and absence from the high altltude aeromagnetic

map of Zietz and others (1971 flg. 1)



We interﬁret thgse anomalies to be caused by a system of mostlj
éoncealed dikes known from geologic mapping to occur in the area
(Swanson and others, 1972; Swanson and others, 1975b Helz and others,
—1n.;ress). These dlges fe&u;g; Ice Harbor flows, Wthh are 8 9 m.Yy.

- old (unpublished K/A ages by E. H. McKee) and ccnstitute the youngest
:flows of Yakima Baéalt within tpe area of the aeromagpetic maé. The
fIce Harbor flows have been subdivided by Helz and others (in press)
jand éwanson.and others (1975b) into four subgnits, from oldest to !
youngest with paleomagnetic polarity in parantheses, Basin City (normal),
Ice'Harbor 1 (reversed), upper Ice Harbor 1 (reversed?), and Ice HarborE
12 (norzal). The paleoﬁagnetic polarities were determined in the fiéld |
with a portable fluxgate magnetometer.

.Suaﬁson and others (1975b) described 18 vent and near-vent éreas
for thase four units and showed how they were alignéd'into linear vent
syste=s coincident with the aeromagnetié anomalies. . The northern third
of the Basin City vent syste; follows a narrow, shallow graben (Swanson
'andsotners, 1975b, p. 894). The:Ice Harbor 1 vent sjstem occurs along
the western negative anomaly.(ll); the upper Ice Harbor 1 system alongv
the eastern negative #némaly (13), and the Basin City and Ice Harbor 2
‘systems along the intervening positive anomaly (12). Two vent areas
‘for Ice Barbor 2 devlate from this general pattern and’ sugoest a right
offset en edhelan f1ssure set not reflected by the magnetlcs (Swanson N
‘and others, l975b, p- 894-895). No dikes have been foupé for the bread -

westerﬁmost.positive anomaly (10), but this area is cohpletely coverad

with young sedimentary deposits. In fact, the entire area.underlain

10(10a follows)
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by the Ice Harbor flows is poorly exposed, and the aeromagnetic data.
provide a far more complete picture of the dike swarm than does the

field mapping alone. ' ~

10a



The observed dikes are all vertiéal,.;hin (less than 3 m wide), and
-trend parallel to the anomalies. It seems unliiely, however, that one
such dike could itself be responsible for the size and amﬁli:ude of a

Parpigulér.aqomaly. More likely, a set’ofwgeve;al-clpée}y spaced dikes

of uniform polarity, or a single wide dikelikéAbddy, underlies each
anomaly. For example, two dikes and one thia dikelet occur on the
.nprth bank of Snake River where it crosses anomaly 12. |
The anomaiies do not strictly parallel each other but instead
trend progressively mére northerly from east to west. Such a change in
;zimﬁth could be related tb-slight tectonic rotation, if it could be
demoqstfated Fhét the age of'tbe dikes changes’systematically across
the swarm. This is not the.case, however,'as the oldest dikes (Ba;in
Ci£y) zre sandwiched between dikes of younger age. Apparently the
'divéfgeag trends aré related to something other than'rotation.
Severa; other narrow, northwest-trending anomalies may'be related
‘to dikss, although no dikes have been found associated with them.
Examples are the set of negative:gnomalies (14) ﬁha;'crosses the Snake
Rive; aeér thé border of T. 10 and 11 N.,-R. 33 E., near tﬁe‘railroad
siding called Snake River;'the anomalies (15) in and édjacent to T. 15
and 16 N., R. Si E. west gf Qunninghgm; and the gengral northwest grain
{16) in T. 14 and 15 N., R. 33 E. southeast of Cunningham.. These
_ anomalges.all have'lower amplitudes than those of tﬁe Icé Harbor éike

swarm and may reflect smaller or more deeply buried dike systems.

1n



One thick.dike aod two thin ones, feeders‘for a normally bolatizgd
flow in the Frenchman'Springs Mamber,/are located on both sides of the
‘Snake River in sec. 1, T. 11 N., R. 33 E, 10 km northeast of the rail-
_road siding, Snake Rlver (Swanson and others, 1975b, pl. 1 B). These ..
dlkes, which trend N 25° W have little magnetic expressmon, suggestlng.
that they do not greatly widen or become more numerous within the depth
range affecting the magnetometer.
- L Anomalles related to faults

The gnomalies related to the Ice Harbor dikes appear.to'terminatg
south of the Walla Walla River against a zone of west;northﬁest trending,
fosioive and negative anomalies that form the southeagt continuation of
the Rattlesnake Hills~Red Mountain-Badger Mountain trend. The pattern
of ter—ination suggests strike-slip offset along a fault or fault zone
that extends at least as far northwest as the Columbia River, and
?rcbabi; farther northwest along the Rattlesnake Hills-Badge% Mountain
trend. éne of the west-northwest trending, negative anomélies (17) is
associated with a fault mapped byaNewcomo (1965) that defines the south-
west margin of the Walla Walla Basin, further northwest, this anomaly
coincides with the Rattlesnake-Wallula fault of Bingham and others
(1970);' This anomaly may partly reflect the topography along the
easte?n extension of thg Horse Heaven'Hills, but the oosic fault cootroi .
is suggested by its %glation to the dikes. Other anomalies sooth of the
Valia Qalia Basin'follow the.linéar.valleys of Vansycle Can&on, Waém
Springs Conyon, and the valley east of Warm Springs Canyon, mapped as

faults or fracture zones by Vewcomb (1965), Blngham and others (1970),
12(12a follows) |



and Walker (1973). Thus both geologicAand geophysical evidence supports
the existeﬁce-of a fault zone in the area of trumcated, dike-related

anomalies.

12a”



The sense of displacement along the fault zome cannot be

 demonstrated, though left-lateral offset is suggested if the assumption

ie made that the dike-related anomalies are offset by the fault zone.

No such anomalles occur on the south’ 51de of the fault zone west of

B I Rl . Fari sy o .'....' i el s -1_ 2‘- ] ....‘w__'si_ e msa mwe
a3 : R Sabad

55 25 b

Wallula Gap, as they would ;f they had been offset by rlght-lateral

dlsplacement. Magnetic coverage in this area is reasonably good and
would be expected to reveal the anomalies if present. Coverage along

the southeast continuation of the fault zome is incomplete; if future s

aeromagnetlc surveys of thls area (scheduled for the fall of 1975)

- reveal dike~related . anomalies, the left—lateral sense of dlsplacement

will be a sﬁrong pbssibility.

The Rattlesnake-Wallula fault zone forms part of the Olympie;

: Wallccaeiineament, as defined by Raisz (1945) on the basis of topo-

graphy and discussed by many workers, espec1ally Wise (1963), Skehan .
(1965), Watkins (1965; 1967), and Taubeneck (1966; 1967). Whether this
topogreéhic lineament has regional tectonic significance is debatable,
but available evidence now favori the Rattlesnake Hills—Walle‘ﬁalla.

Basin segment of the lineament being at least partly fault controlled.

13.
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Othér anomalies .on thé map may be asséciated with faults aand shear
" zones. For example, the strong west-northwest grain in the extreme
southwest part of the map has the same trend as faults that occur a few
kilometres farther west and south (Newcomb, 1970; fig. 2) and may re-
flect similar structures. These-anomalies tross shallo& éast~trending:
:foids iﬁ this area, such as the Swale Creek-Glade Creek synclihé
(Newcomb, 1970), with no deflection. ‘ihe anomalies also‘aﬁpear to-
" transect the large fold associated with the Horse Heaven Hills in T.
'.6 N., R. 19 E., 18 km east-northeast of Satus Pass.

' " Anomalies aléng the Rattlesnake Hills-Badger Mountain trend and
the.;outheast—trending part of the Horse Heaven Hills may well be re-
l;ted to faults as well as topographic exﬁress%on. Bingham and others
(1970§ mapped three faults in these are;s, and two of these, the.

? Rattlesn;ke—Wallula and ¥allula Gap faults, are knowﬁ to have

associzted magnetic anomalies, as seen on plate 1 and from unpublished '

data.

14



Anomalies associated with valley-filling basalt flows
Ancieﬁt‘valleys éilled Wi;h baéalt flows occur on the Col&mbia
* Plateau (Lupher and Warren, 1942). These valleys were cut and filled
--during the waning stage of Yakima volcanism.(Swanson and others, 197%3.
.All known paleovélleys Qiihin the map area are.reflected by magnetic- .
anomalies; this relation cam be uséd to infer the course of these
- valleys beneath concealed areasl The znomalies are thought:to reflect
the £illing of narrow valleys by a flow so thick that its maénetic
.intensity is much stronger than that of wallrock, ﬁhich consists of
interbedded flows of reversed and normal polarity that tend £o cancel
each other.

The two narrow, sinuous anomalies (18 and 19) trending east-west -
between Esquatzel Coulee and the Snake River occur in a very poorly
exposad area between‘localities of gappad intracanyon flows. Remnants
of intrzcanyon flows belonging to the.Pomona and Elephant Mountéin
Basalt Members of Schmincke (1967b).occur wherévgr exposures éan be
found along these anomalies, suc? as in 01d Maid and Esqﬁatzel Coulees.
A particularly good exposure of an Elephént Moﬁntain flow filIiné a
valley is at CactUSFSiding.in Esquatzel Coulee (Grolier, 1965, p. 107-

108). The two anomalies converge eastward and appear to conhnect with

mapped remnan?S‘of valley-filling Pomona and Elephant Mountain flows ih_ )
Wilson Canyon, 3 km west of Devils Canybn. The;e'and othér.valley—
filling flows can bé tr;ced in the field eastward from Wilson Canyon

for many tené of kilometres; they define the location of the ancestral

.. Snake River during late Miocene time.
. : s



~

The flow of the Pomona Basalt Member is the only intracanyon flow
known to occur along the southernmost (18) of the two anomalies, and

its reversed polarity (Rietman, 1966) probably accounts for the negative

'anpmaly. The Elephan:.Mount;ipr§§§lt Member_iswphegpgly“knownﬂ;ntr@;jﬂfw

- canyon flow along the northernmost énomaly (19). 1Its polarity is weakly

3

normal to transitional (Rietman, 1966), a state especially susceptible
to acquiring an unstable, relatively strong 'pseudo-normal polarity" in

the earth's present magnetic field (ﬁatkins and Baksi, 1974, p. 157).°
help

- Such a "pseudo-normal polarity" may ,account for the positive anomaly.

- There is a suggestion from anomaly 19 that a reversely polarized flow

(Pomonz?) may also be present.

. Ware it not for the aeromagnetic data, we would be-unable to trace
the amcient valleys between Esquafzel Coulee and Wilson Canyon, and
thus thase data are of much importance in determiﬁing the 1ate'Miocene .

-~ -
$¢.

paleogzzphy of the area.
A

16



Using this example as a guide, we suggest that several other
narrow, .sinuous anomalies on the map reflect ancient lava—fiiied
valleys. One such gxample about 5 km northwest of Othello is especially

s--clear:. Here, -an unﬁamed‘flow}’reéognized as filling a valley by "< "=~

e Groiier (1965, p._1b6-107) andimapped by Grolier and Bingham (1971),
}coiﬁcides with a gently curving, narrow, southwest-trending positive
:magnetic anomaly (20). The magnetic.polarity of the flow,‘és determinea
in ;he field with a portablé:fluxgéte magnetometer, is also normal.
This anomaly can be traced with confidence northeastward to a_point(
about § km southwest of Warden, where it apparehtly swings eastward
and continués south of Lind Céulee for 13 km; the mapped intravalley
fiow swings eastward with the aqomalf, before disappearing beneafh
jouﬁgar éedimentary deposits (Grolier and Bingham, 1971). Southwest

‘ _frqﬁ the btheilo area, th2 anomaly apparently continues_acréss the
Saddle Xountains as far as the Columbia 3iver and‘may extend up the
Columbiz at least as far west as loﬁg. 120° W. 1If these correlations
are correct, the aeromagnetic‘&aq§ trace the ancient valley and its
basalt éilling for a distance of 80 km, along most of which no outcrops

were found by Grolier and Bingham (1971) because of younger depbsits.

17



A faint,,east—trending negative anomaly (21) about 3 knm ﬁo:theasc

- of Beverly, a village on the Columbia River‘just north of Saddle

Mountains, may correspond to the Jericho flow tongue of Grolier (1965,

p. 108), which he 1nterpreted to be a valley—fllllno flow.‘ The narrow,

- east;trendlng p031tive anomaly (22) extendiag from the westernmost dike -

a

‘anomaiy toward Ribhland may record a valley filled withhflow erupted

‘from the dike.

Numerous other narrow, sinuous magnetic anomalies on the map are

not associated with obvious topography or structure and should be con-

°~-sidered as possible indicators of old valleys filled with younger

basalt flows.
Major anomalies of unknown origin
Several large anomalies have no obvious cause. The most striking
is the broad positive aaomaly (23) in the area immediately southea;t of

Cunningham, This anomaly also shows up on the high altitude nagnetic -

- map of Zietz and others (1971, fig. 1). The basalt in this arez {is

. poorly exposed, being mantled except in some valleys by tuffaceous

oo

éedimentary deposits and loess (Grolier and Bingham, 1971). A genera-

lized water-level contour map of this area (Luzier and Burt, 1974, pl
Cnorty msT) '

2) .shows an area of unusually shallow water depth updleTrom the area

of the magnetic anomaly. This suggests that the anomaly may reflect a

structure or rock body that serves as a gfédnd—water barrier. Three

possib@}e sources of the anomaly consistent with its appearance on both

magnetic maps are a shallow mafic intrusive body, a basement high, or a

structural dome. . Interestingly, the largest ground-water barrier that
18(18a follows)



. Luzier and Burt (1974, p. 11-14) found, between Ruff and Lind in the
northeast part of plate 1, has no strong magnetic expression, although
the general magnetic trend in this area parallels the northwest-

-trending barrier.
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Another unexplained feature is. the broad positive anomaly (24)°
south of Richland. %his could result from a thick Ice Harbor flow
'.ponHEd against the ancestral Ratﬁlesnake~Wallula structure. Alterna-
- tively, the éndmaly cbuld reflect a deeper feature, such as a bgried :
;;.basement ﬂigh; particularly since the'high altitude aeromagnetid'map oﬁ‘
fZietz and others (1971, fig. 1) shows a broad positive anomgly that
?includes the Richland area.. - ‘
A pearly circular positive amomaly (25) along the northeast marginf
éf Kittitas Valley near Ellensburg is also puzzling. The anomaly is
‘i-‘centéred over alluvium within 10 km of the margin of fhe basalt field
'(NeWConb, 1970). Its shape suggests a buried prebasalt hill or a

shallow pluton of post-Yakima age.
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| 'Three broad negative. anomalies are Qf unknown origin. Anomaly 26,

*~»  in the Quincy Basin.north of the Frenchman Hills, is developed over
Quaternary. fluvial and lacustrihe sand and silt (Grolier and Bingham,

;i;q;%?z;)_and mag»;eﬁlgct.a thick deposit of these weakly magnetized. - - - :

: - materials. szoialy 27, west bf Jackass Mountain, may have a"similar

5 origin; as this area is also underlain by lacustrine clay, ;ilé, and

: .fine sand of Quaterna:y agé (Géolier and Bingham, 1971). Anomaly 28,

? ie lbbate anomaly on the Royal Slope and iuhthe western part of the

*  Drumheller C'nanneis, is developed over both basalt flows and Quaternary:
sedfmentary'deposits (Grolier and Bingham; 1971) and may have a compo-~
site origin. Many of the exposed flows in this area are reversely
_polarized (§riest Rapids Member, Pomona Basalt Member of Schmincke

[166751) and would contribute to a negaﬁive anomaly, together with the

sedizsntary deposits. Howeﬁer, it is also possible that deeper-seated

struci—res are the source of these three anomalies, as the'high altitude

aeromzgnetic map (Zietz and.others, 1971) shows prominent mégnetic lows

coinciding with anomalies 27 and’28 and the southern part of anomaly

26.
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There is one intriguing difference between the high altitude and

" low altitude magnetic maps. The high altitude map (Zietz and others,

1971, fig. 1) shows a striking linear set of anomalies trending north-

west located along or somew&at south of the eastern half of the

P g e = 1, Cene ’\..~. Elb el st F33 R N p——c LIt
- b . T Cemae 302 e
. . " pdh R erle T O

APHorse Heaven HlllS anticllne (pl. 1, anomaly 1). This high altitude

‘enomdly extends at least 20 km farther northwest than the low altitude

anomaly and may reflect a deeper part of the structure than can be
seen using the, low altitude da;a.
"Relation between aeromagnetic and gravity anomalies
Correspondence betwéen~aeromagnetic and Bouguer gravity (Bonini
and others, 1974; Koniéek, 1974) anomalies is poor in south-central
o ,

Washington. The gravity data are most likely influenced by deeper

structures and rock bodies than are the low-altitude aeromagnetic data.

One possible exception is the spatial correspondence between the

aeromagnetic anomaly along the Rattlesnzke Hills west of Pasco (pl. 1,
anomaly 2) and a northwest-trending gravity gradient that defines the
northazst side of a positive anomaly centered mear lat. 46°15'N, long.
119°40'W. Perhaps the aeromagnegic ancmaly and gravity gradient are
both reslated to a structure along the Olympic-Wallowa lineament.

South of Pasco, however, the aeromagnetic and gravity trends in the

area of the lineament are markedly discordant.
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Conclusions
The low altitude aeromagnetic map corresponds closely to the known

geology and enables extrapolations to be made across poorly exposed

" areas: It outlines the limits of the Ice Harbor dike éystem better ' FHE:

. than would ever be possible from knowledge of the surface geology alone.

. . i
*  The anomaly patterns suggest the first evidence of strike-slip dis-

_placement aloné the Rattlesnake-Wallula fault. The magnetic map also
1

H

7 greatly aids in reconstructing the drainage system that formed during

the.}ate state of Yakima volcanism. The map suggests areas that shouldé
*  be é&amined more closely in the field and significantly contributes to i
aﬁ understanding of tﬁe late Cenozoic history of the area. Aeromag- .
netic coverage of the entire Columbia Plaﬁeau, especially along éhe
southzast extension of the Rattlesnake—éallula fault, would Be ‘“ﬂwtﬁ;‘i«
: invaluabie toward this end. ' ‘ .
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Figure captions

Figure 1. Index map showing location of aeromagnetic survey and

approximate extent of the Columbia River Basalt Group. The

N

is a'loosely defined term for the area east of

.

" ‘Columbia Plateau

the Cascade Mountains underlain by the Columbia River Basalt.

The extent of the basalt is. after Waters (1961).

Figﬁre 2. Structural map of west-central Columbia Plateau, simplified
and slightly modified from Newcomb (1970). The most important
structures have topographic expression, as shown by comparison
.with the base to the aeromagnetic map. The Rattlesnake-Wallula
'fault of Binghanm and others (1970) lies just northeast of the line

of short anticlinal axes a few kilometres southwest of Pasco.

[N

Figure 3. Summary of stratigraphic nomenclature for the principal units

of Yakima Basalt in the west-central Columbia Plateau. -Magnetic
traastteoaal (1)

olarity, shown as normal (N)Yor reversed (R), are from Rietman
P y A

(1966), Helz and others (in press), and Swanson and Wright (1976).

]

Potassium—~argon ages for the upper Yekima basalt are from E. H.
McKee (written commn., 1975). Older flows are mostly 16-13 m.y.

old {Watkins and Baksi, 1974; Holmgren, 1970).
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