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GEOLOGY AND GROUND-WATER RESOURCES OF THE
AHTANUM VALLEY, YAKIMA COUNTY, WASHINGTON

By Bruce L. FoxworTHY

ABSTRACT

The Ahtanum Valley covers an area of about 100 square miles in an important
agricultural district in central Yakima County, Wash, Because the area is
semiarid, virtually all crops require irrigation. Surface-water supplies are inade-
quate in most of the area, and ground water is being used increasingly for irriga-
tion. The purpose of this investigation was the collection and interpretation of
data pertaining to ground water in the area as an aid in the proper development
and management of the water resources.

The occurrence and movement of ground water in the Ahtanum Valley are
directly related to the geology. The valley occupies part of a structural trough
(Ahtanum-Mozxee subbasin) that is underlain by strongly folded flow layers of a
thick sequence of the Yakima basalt. The upper part of the basalt sequence
interfingers with, and is conformably overlain by, sedimentary rocks of the
Ellensburg formation which are as much as 1,000 feet thick. These rocks are in
turn overlain unconformably by cemented basalt gravel as much as 400 feet
thick. Unconsolidated alluvial sand and gravel, as much as 30 feet thick, form
the valley floor.

Although ground water occurs in each of the rock units within the area, the
Yakima basalt and the unconsolidated alluvium yield about three-fourths of the
ground water currently used. Wells in the area range in depth from a few feet
to more than 1,200 feet and yield from less than 1 to more than 1,000 gallons
per minute.

Although water levels in water-table wells usually are shallow—often less than
5 feet below the land surface—levels in deeper wells tapping confined water
range from somewhat above the land surface (in flowing wells) to about 200
feet below. Wells drilled into aquifers in the Yakima basalt, the Ellensburg
formation, and the cemented gravel usually tap confined water, and at least 12
wells in the area flow or have flowed in the past. Ground-water levels fluctuate
principally in response to changes in stream levels, variations in the flow of
irrigation ditches and in rates of water application, variations in local precipita-
tion, and seasonal differences in withdrawals from wells. Annual fluctuations of
levels generally are less than 10 feet except in localities of heavy pumping.
Periodic measurements of water levels in two observation wells in the area indicate,
locally at least, a persistent decline in artesian pressures in confined basalt aquifers,
although the record is too short to show whether withdrawal by pumping has
reached, or is nearing, an optimum balance with recharge.

The aquifers are recharged by precipitation, by infiltration from streams, and
by ground-water underflow into the area. Ground water is discharged by seepage
to streams, by evapotranspiration, by springs and seeps at the land surface,
and, artificially, by withdrawal from wells. It is estimated that the seepage
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2 GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

discharge to the Yakima River from the area studied may range from about
20,000 to 25,000 acre-feet per year., The consumptive waste of ground water
by phreatophytes probably exceeds 4,000 acre-feet per year and may represent a
large reclaimable source of water in the area. The annual withdrawal of ground
water from wells in the area for domestic, industrial, irrigation, public, and stock
supplies is estimated to be 6,300 acre-feet.

The chemical quality of the ground water generally is satisfactory for most
purposes, although the water from many wells is harder than is desirable for
domestic use.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

The surface-water supplies that usually are available for irrigation
in the Ahtanum Valley during the growing season are inadequate for
the full development of the agricultural potential of the area. About
60 percent of the irrigable land in the area is irrigated entirely with
surface water, but only about 15 percent receives an amount consid-
ered adequate throughout the growing season. An additional 10 to
15 percent of the irrigable land is, or has been, irrigated partly or
entirely with ground water. Hence, although ground water does not
now constitute a major part of the total irrigation water used, the
acreage that has been supplied by ground water is nearly as large as
that for which adequate supplies of surface water are available.
Because the surface-water resources of the area are completely appor-
tioned, future agricultural development of the area will depend largely
upon the availability and proper utilization of ground water, even
though the efficiency of surface-water utilization might be improved.
Ground water also provides virtually all the water now used for
domestic, industrial, and municipal purposes; hence, its availability
could be a limiting factor in future population growth and industrial
development within the area.

The purpose of this investigation was the collection and interpre-
tation of data pertaining to ground water in the Ahtanum Valley in
order to aid in the proper development and management of the water
resources. Special consideration has been given to the source and
movement of the ground water, its availability throughout the valley,
its hydraulic relation to the streams, and its suitability for domestic
and irrigation use.

The occurrence of underground water in any area is controlled by
the character, distribution, and structure of the rocks and is influenced
by the climate and the drainage pattern of the area. Therefore, dis-
cussions of the geology, landforms, climate, and drainage in the Ahta-
num Valley, and their relation to the occurrence of ground water in the
area, are included in this report.

The report is based largely upon fieldwork done by the writer
between April 1951 and July 1952. During that time, wells were can-
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vassed and well logs and hydrologic data were gathered. A network
of observation wells was established, in which water levels were meas-
ured periodically. Detailed geologic mapping was done on aerial
photographs.

In 1953, during the course of this investigation, the writer prepared
a brief report on ground water in the lower Ahtanum Velley (Fox-
worthy, 1953), at the request of, and under cooperative financing with,
the State of Washington’s Department of Conservation, Division of
Water Resources. Many of the data presented in that report are
included herein, although the area covered and the scope of the present
report are much broader than those of the earlier report.

This study is part of a continuing program of the U.S. Geological
Survey for the collection and interpretation of information bearing on
the Nation’s ground-water resources. It was conducted under the
supervision of M. J. Mundorff, former District Geologist of the Ground
Water Branch of the Geological Survey for the State of Washington.

LOCATION AND EXTENT OF THE AREA

The area of this investigation is the Ahtanum Creek valley, in
central Yakima County (fig. 1). The area extends from the Yakima
River westward for 21 miles and ranges in width from 6 miles at
the west end to about 3 miles in the eastern part. It constitutes the
southwestern part of the Ahtanum-Moxee subbasin. The total area
mapped is about 100 square miles.

The center of the area is about 11 miles west-southwest of Yakima,
which is the county seat of Yakima County and the largest commer-
cial center in south-central Washington. The southern side of the
valley, south of Ahtanum Creek, is part of the Yakima Indian
Reservation.

-
14
N
\ 1
T NEEIYINTYE AP,

Aoy A 47T vakIMA RIDGE Tites
—————— AR iy, s i
. 1 s EN ‘1//#11/:47"‘/ /“///l
Project boundary \\\\\\ MO\U\N\I RERITIE Y ) e, ////,//
N Lo z
\\‘Y\% \ A A 2, 3
N _ MOXEE SUBBASIN N
\ uM wide 41, wo
A — — — DTN AT — e XeE va
p\—\( 2o, LLEY
T
Ahmgu VaLLEY DMoxee City
AHTANUM  Wiley fl l
R Tampico cre\e\\ IRARRRTTIT P
\ —_— et e Wit
o 3 Ahtanum Lot 1 , ”47"“/,,1%»\\“ e,
o e, aw LT b 1, L€, /‘?o “in /'//ﬁ
K NP VOt W e “\\\ Vage iy S
. SAR ,v-/:.HmNum—-—~-———l—|‘f‘|‘| Pt ! "\- & i,
e N NUNTEERY i |
> -
[ [} (-] 12 MILES T
' L 1 — 1 I
N
RIS E RISE RI7TE R18 E RISE R20E

FIGURE 1.—Map of the Ahtanum-Moxee subbasin, Yakima County, Wash., showinglocation of study area.
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4 GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

Because there is virtually no farming, and consequently little
ground-water use in the mountain valleys drained by the upper reaches
of the North and South Forks of Ahtanum Creek, these areas were not
included in the investigation.

PREVIOUS INVESTIGATIONS

In 1893, I. C. Russell made a preliminary investigation of the geo-
logic features of central Washington to ascertain whether the region
was favorable for a supply of artesian water for irrigation. In his
description of what is called in this report the Ahtanum-Moxee sub-
basin, Russell presented well logs and descriptions of some of the
pioneer wells in Yakima County.

A more detailed study of part of Yakima County, including the
Antanum-Moxee subbasin, was made by G. O. Smith (1901), who
described the main geologic features, the general conditions affecting
ground water, and the flowing artesian wells in the subbasin.

Smith (1903) also mapped the geology of the Ellensburg quadrangle,
‘which covers an area of 820 square miles and includes the Ahtanum
Valley. In his description of the quadrangle, Smith treated in detail
the rock units and geologic structure of the Ahtanum Valley and in-
cluded a general evaluation of ground-water resources in the Yakima
area.

In 1943 a short report on the ground water of the Ahtanum Valley
was completed by S. N. Twiss of the Soil Conservation Service, U.S.
Department of Agriculture. Twiss differentiated a rock unit that had
not been recognized as a separate unit by earlier workers, and he
described the water-yielding potentialities of the various rock mate-
rials in the valley.

In 1954, J. E. Sceva completed a report evaluating the streamflow
records from the Yakima basin, including the Ahtanum Valley, with
regard to possible subsurface flow of water past stream-gaging sta-
tions. The report contains descriptions of the rock units and the
larger structural features in the Yakima basin, and of their influence
on the hydrology of the region; discussions of the various subbasins,
including the Ahtanum-Moxee subbasin, and the utilization of water
within them; descriptions of the geologic conditions at each gaging
station; a generalized geologic map and a section along the Yakima
River; and detailed geologic sections at the sites of gaging stations.

The geology of the Yakima East quadrangle, which includes the
eastern 1% miles of the lower Ahtanum Valley, and of the adjacent
Mozxee Valley was mapped and described in detail by A. C. Waters
(1955). Although Waters’ report is concerned primarily with the
area east and northeast of the Ahtanum Valley, it provides an excellent
description of the rock units and geomorphology of the region.
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Because all these publications deal with the area herein considered,
they have been consulted frequently during this investigation.
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WELL-NUMBERING SYSTEM

Well numbers used in this report are based on and show locations of
wells according to the rectangular system for subdivision of public
land, indicating township, range, section, and 40-acre tract within the
section. For example, in the well number 12/17-9J1, the part pre-
ceding the hyphen indicates successively the township and range

D Cc B A
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N P Q R

FIGURE 2.—Diagram showing well-number-
ing system.

(T. 12 N,, R. 17 E.) north and east of the Willamette base line and
meridian. The first number following the hyphen indicates the
section (9), and the letter (J) gives the 40-acre subdivision of the
section as shown in figure 2. The last number is the serial number of



6 GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

the well (1) in that particular 40-acre tract. Thus, the first well re-
corded in the NEXSEY sec. 9, T. 12 N,, R. 17 E., would have the
number 12/17-9J1, and the second well would have the number

12/17-9J2.
GEOGRAPHY

LANDFORMS

The Ahtanum Valley descends eastward from the foothills of the
Cascade Mountains to the Yakima River. It is one of several struc-
turally controlled eastward-trending valleys in the central Yakima
basin. In general, the valley has steep sides, a relatively flat floor,
and considerable downvalley slope. Altitudes within the area range
from about 940 feet at the Yakima River to about 4,100 feet at the
crest of Cowiche Mountain.

The major landforms of the area are directly related to the geo-
logic structure. The valley itself occupies the southwestern part of
the Ahtanum-Moxee subbasin, which is a structural trough, or syncline
(fig. 1). The ridges that border the area on the south, west, and
northwest are formed by structural upfolds, or anticlines.

The valley is bordered on the south by Ahtanum Ridge, a narrow,
even-crested anticlinal ridge that rises about 1,000 feet above the
valley floor and locally exceeds 2 miles in width. It extends east-
ward from the irregular and deeply eroded Cascades some 40 miles to
the Yakima River. Its eastward extension, beyond the Yakima
River, is known as the Rattlesnake Hills. The Yakima River, flowing
southward across the axis of the ridge, has eroded a narrow, steep-
walled gorge called Union Gap, for which the nearby town is named.

Sedge Ridge and Cowiche Mountain are similar to Ahtanum Ridge,
though somewhat higher. They are the topographic expression of
the Sedge Ridge—Cowiche Mountain anticline and form the west and
northwest boundaries of the Ahtanum-Moxee subbasin.

Discussions of ground water in the area may be related effectively
to the valley’s three main physiographic sections, herein termed the
lower valley, the upper valley, and the upland benches.

The lower valley includes the broad valley floor along the lower, or
eastern, reach of Ahtanum Creek and the adjacent lower slopes of
Ahtanum Ridge. For a distance of approximately 6 miles west of
the Yakima River, the lower valley floor has no marked natural
boundary on the north. This part of the valley floor is a southern
continuation of a broad alluvial plain that extends southwestward
from Yakima. Farther west, however, the lower valley is bordered
on the north by a moderately dissected terrace remnant that rises, at
places, more than 100 feet above the valley floor. The lower valley
floor is about 1 to 2% miles wide and has a relatively flat cross-valley
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(north-south) profile. The downvalley (easterly) gradient of the
lower valley floor ranges from about 36 to 75 feet per mile and averages
52 feet per mile.

Fourteen miles west of the Yakima River, the valley floor is sharply
constricted by resistant lava rock which forms low bluffs and vertical
cliffs along both sides of Ahtanum Creek for a distance of 3 or 4 miles.
In this constriction, locally called the Narrows, the valley floor is less
than half 2 mile wide. Upstream from the Narrows, the valley floor
widens somewhat, although it is less than a mile wide at its widest
point, in the vicinity of Tampico. The upper valley, as described in
this report, comprises the Narrows and the valley floors to the west,
including those of the North and South Forks of Ahtanum Creek for
distances of about 4 and 3 miles, respectively, upstream from their
confluence.

The upper valley is sharply delimited by steep banks and bluffs
that rise to well-defined upland benches on the north and south sides
of the valley floor and on the west between the North and South Forks
of Ahtanum Creek. In general, these upland benches are terrace
remnants formed between bedrock valley walls and overlying irregu-
larities in the upper surface of the underlying bedrock. The benches
adjacent to the valley floor slope upward toward the margins of the
basin, merging with the alluvial fans and pediment slopes along the
flanks of the anticlinal ridges.

The upland bench on the north side of the valley locally is more
than 200 feet above the valley floor. It extends eastward beyond the
Narrows and merges with the terrace remnant that separates the lower
Ahtanum Valley from Wide Hollow. This terrace gradually dimin-
ishes in height toward the east and dies away near the center of the
lower valley.

The bluffs and slopes on both sides of the valley have been moder-
ately gullied by small, intermittent streams, From the mouths of the
gullies and ravines, fan-shaped deposits of gravel have been built out
onto the edges of the valley floor. On the south side of the lower
valley, these alluvial fans coalesce to form a continuous, undulating
slope along the base of Ahtanum Ridge.

DRAINAGE

The most important stream in the area is Ahtanum Creek, a peren-
nial stream which flows eastward through the entire length of the
Ahtanum Valley and enters the Yakima River at Union Gap. Wide
Hollow Creek, which flows southeastward across the east end of the
lower valley and enters the Yakima River less than half a mile above
the mouth of Ahtanum Creek, also is a perennial stream, although its
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flow is largely supported during the summer months by waste water
from irrigation outside the area.

The Ahtanum Creek drainage area covers about 171 square miles,
almost half of which lies to the west of the area studied, on the high,
well-dissected east slope of the Cascades. This headwater region is
drained by the North Fork and South Fork of Ahtanum Creek, which
converge near Tampico to form the main stream. Gradients along
Ahtanum Creek range from 36 feet per mile near Union Gap to more
than 100 feet per mile along the North and South Forks above Tampico.

The drainage pattern in the area mapped is closely controlled by
the structure of the underlying rocks. Ahtanum Creek and its South
Fork follow the axis of the structural trough that forms the Ahtanum
Valley, whereas the North Fork, after following a course paralleling
the Sedge. Ridge-Cowiche Mountain anticline, turns directly across
that upfold. Also, because the geologic structure closely controls
the topography, most of the intermittent streams in the area flow
generally i the direction of dip of the underlying rocks.

In the lower valley Ahtanum Creek splits into three main courses
which converge again into one main stem before leaving the area. At
some places these natural distributaries have been incorporated into
a complex system of canals used to irrigate that part of the valley.
During the summer the water of Ahtanum Creek is diverted for irriga-
tion and returned to the main channels of the creek several times in
its course between Tampico and the Yakima River.

CLIMATE

The climate of the Ahtanum Valley is of the continental semiarid
type characteristic of southeastern Washington. Summer days are
clear, hot, and dry, and the nights usually are cool. Winters are
comparatively wet and cloudy and have occasional periods of cold.

Precipitation and perhaps other weather conditions in the region
vary substantially with elevation and with proximity to the Cascade
Mountains. Because these factors differ considerably from place to
place within the Ahtanum Valley, observations made at one place may
not relate directly to weather conditions in other parts of the area.
For this reason, and to provide supplemental information not available
from the area itself, climatological data from four weather stations in
the Yakima basin are included herein. Weather observations made at
the U.S. Weather Bureau station at the Yakima Airport doubtless
apply over much of the lower Ahtanum Valley. A weather station
at Rimrock, about 15 miles northwest of Tampico, is about 1,700 feet
higher and some 30 miles closer to the crest of the Cascades than the
Yakima station. Data from the Rimrock station probably are indica-
tive of weather conditions over much of the headwaters area of
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Ahtanum Creek, and the climate in the upper Ahtanum Valley prob-
ably is intermediate between climatic conditions at the Rimrock and
Yakima stations. At a weather station at White Swan, 16 miles
southwest of the Yakima Airport and at about the same elevation,
only temperature and precipitation data are recorded. These data
compare very closely with similar data for Yakima. KEvaporation
data, which are not available for the Yakima station, have been
obtained from a station near Prosser. The Prosser station is about
45 miles southeast of Yakima, in an area climatologically similar to
the lower Ahtanum Valley.

Figure 3 shows the mean monthly precipitation at three stations,
Rimrock, White Swan, and Yakima, all in or near the Ahtanum Valley.
The records indicate that more than half the precipitation in the
Yakima region occurs during the 4 months from November through
February. December is the wettest month of the year and July is
the driest. There is a tendency (at 2 of the 3 stations) for June to
be wetter than either April or May, largely because of occasional
thunderstorms.

Figure 3 also indicates a general relationship between precipitation
and altitude. For example, at the Yakima station, 1,061 feet above
sea level, the mean annual precipitation is 7.21 inches, whereas at
Rimrock, 2,730 feet above sea level, the mean is 26.2 inches. Although
no climatological data are available for the upper valley, this relation-
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FIGURE 3.—Mean monthly precipitation at three stations in and near the Ahtanum Valley. (From U.S.
‘Weather Bureau records.)
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ship suggests that at Tampico, at about 2,120 feet, a mean of about
15-18 inches might be expected.

The annual precipitation at the Yakima station from 1910, the
first year of record, to 1956 is shown in figure 4. As the figure shows,
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FIGURE 4.—Graph showing annual precipitation at Yakima during the period 1910-56. (Data from U.S,
‘Weather Bureau records.)

there has been considerable variation in annual precipitation during
the 47-year period. The least amount, 3.90 inches, fell in 1930;
the greatest amount, 11.87 inches, in 1948. However, the annual
precipitation was less than 6 inches in only 12 of the years of record
(about 1 year in 4), and exceeded 9 inches in only 8 years (about 1
year in 6). The annual precipitation during 1917-36 averaged about
1 inch less than the long-term mean, a deficiency of about 14 percent
per year. During 1937-56, the annual precipitation averaged about
1 inch more than the long-term mean.

Snowfall data from the Yakima station, not presented herein,
inaicate that about one-fifth of the annual precipitation at that
station falls as snow.

Temperatures in the Ahtanum Valley are relatively mild, but the
area occasionally has extremely high and low temperatures. Weather
Bureau records show that, although the average temperature at
Yakima during the period of record was 50.2° F, a high of 111° F
(July 1928) and a low of —25° F (February 1950) have been observed.
July is the warmest month and January is the coolest. The mean
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temperatures at the Yakima station for those months are 71.4° F
and 26.9° F.

The regional movement of air generally is from the west and
southwest; however, because of the eflect of the topography of the
Ahtanum Valley, the wind comes from the west or northwest during
most of the year. Winds are mostly light; wind speed at the Yakima
station averages 5.6 miles per hour.

The average relative humidity is comparatively high in winter,
moderate to low during most of the year, and very low in summer
afternoons and evenings. At the Yakima station the monthly rela-
tive humidity is highest, 81 percent, in December. It is lowest,
41 percent, in July.

Evaporation in the Ahtanum Valley is great during the months of
low humidity. No evaporation data are available for the Yakima
station, but those for a class A Weather Bureau land pan at a weather
station near Prosser, in the lower Yakima Valley about 45 miles
southeast of Yakima, probably are representative of the Ahtanum
Valley. Average monthly pan evaporation at the station near Prosser
during the period 1948-56, in inches, is as follows: March, 2.61;
April, 4.35; May, 5.64; June, 6.58; July, 7.56; August, 6.29; Septem-
ber, 4.29; October, 2.09; and November, 0.75.

The average growing season at the Yakima station is 193 days.
The average dates of the last killing frost in spring and the first in
fall are April 13 and October 23, respectively. This growing season
and its limits probably apply over most of the lower Ahtanum Valley.
The growing season in the upper valley is shorter, but its length
probably is closer to the Yakima average than to the 111-day average
recorded at Rimrock.

VEGETATION

Vegetation in the area reflects the areal range of climatic conditions.
In the eastern part, the slopes and ridges are generally treeless, and
in their native condition they are covered with sagebrush and asso-
ciated desert shrubs and grasses. Trees are more abundant closer
to the high Cascades, and extensive thick groves of yellow pine, fir,
cedar, and mountain hémlock grow in the headwaters area. How-
ever, except in the extreme western part of the area, conifers are rare.
One of the most abundant trees in the upper valley is the scrub white
oak, which grows in dense thickets along stream courses and in ravines
west of the Narrows.

Cottonwood, willow, and associated water-loving plants (phreato-
phytes or “well-plants”’) grow in belts and clumps along streams and
in marshy parts of the valley floor. These phreatophytes grow only

603275 0—62——2
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in areas where their roots can be sent down to the water table or to
some other secure, perennial supply of water. The consumptive use
of ground water by the phreatophytes is an important factor in the
study of water resources of the Ahtanum Valley and is discussed in
a subsequent part of this report.

CULTURE AND INDUSTRY

Union Gap is the only incorporated city in the area; in 1950 it
had a population of about 1,800. The remainder of the population
is scattered throughout the valley or centered around the three small
communities of Ahtanum, Tampico, and Wiley. Probably less than
one-tenth of the valley’s population lives south of Ahtanum Creek,
on the Yakima Indian Reservation.

Although there is some manufacturing in and near Union Gap,
the principal industries in the valley are agriculture, animal hus-
bandry, and the processing of agricultural products. Fruit of the
finest quality is grown and processed within the area. Hops are an
important crop, and much hay is grown throughout the valley.
Sheep and beef cattle graze in the uplands during the open seasons
of the year and are wintered in the valley.

Some grain has been grown on the upland by dry-farming methods,
but most of the crops in the Ahtanum Valley require irrigation during
at least part of the growing season. In the valley, most of the water
supply developed as of 1958 is used for these irrigation needs.

HISTORY OF WATER USE

The first known irrigation in the Ahtanum Valley began about
1864 (Kinnison, 1952, p. 3). At that time, and for many years
thereafter, the magnitude of irrigation was small and the surface-
water supplies were mere than adequate to irrigate the developed lands
of both the settlers north of Ahtanum Creek and the Yakima Indians
south of the creek. However, continued development of irrigable
land, with the accompanying need for more water, subsequently led
to a series of legal acts aimed at apportioning the water resources of
the area and regulating their use for irrigation.

The first of these acts was an agreement in 1908 between the Yakima,
Indian Nation and the non-Indian water users,! wherein one-quarter
of the total surface inflow of Ahtanum Creek was allotted to the lands
of the Yakima Indian Reservation, south of Ahtanum Creek, and
three-quarters to the lands north of the Creek.

1 Agreement of May 9, 1908, between U.S. Indian Bureau and W, W. Clidden et al., representing users
of water from Ahtanum Creek. Approved June 30, 1908, by Franklin Pierce, First Assistant Secretary of
the Interior.
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By an adjudication decree in 19252 the tracts of land north of
Ahtanum Creek were assigned water rights according to preexisting
irrigation usage. These water rights are ranked according to classes
numbered from 1 to 32, the lower nuinbers representing the more
generous allotments. According to Wallace Owen, stream patrolman
for the Ahtanum Valley, the lands having water right numbers 1 to 4
are usually assured adequate surface water for irrigation, but lands
having water rights numbered higher than about 8 receive little or no
surface water for irrigation after the middle of July. No supervised
apportionment of the surface water is made until the summer flow of
Ahtanum Creek no longer supplies all the irrigation demands. As
the flow of the creek diminishes in early summer, surface irrigation
water for the higher numbered water rights is decreased gradually,
class by class, until toward the end of the irrigation season only the
lower numbered classes receive surface water. Those landowners who
in the past have planted crops requiring more water than they could
obtain from their surface-water rights have been obliged to obtain the
extra water by buying or leasing water rights or by developing ground-
water supplies. Mr. Owen reported (oral communication, August
1951) that the water shortage has been considerably relieved by the
greater development of ground-water supplies in recent years, even
though more land has been put under irrigation during that time.

In 1945 the State of Washington established a ground-water code
(Washington State legislature, 1945) requiring permits for the with-
drawal of ground water in excess of 5,000 gpd (gallons per day).
The regulation of ground-water withdrawals is designed to prevent
the indiscriminate and wasteful development of this valuable resource.

In 1957 the validity of the aforementioned 1908 agreement was
challenged by the U.S. Bureau of Indian Affairs. In the resulting
lawsuit® the Bureau of Indian Affairs petitioned for a higher pro-
portion of the surface-water inflow than the 25 percent provided for
in the original agreement. The decision on this lawsuit was pending
when this report was written. A judgment for the Bureau of Indian
Affairs would necessitate the development of additional irrigation
supplies to replace surface water diverted from the non-Indian lands,
and probably would result in accelerated development of additional
ground-water supplies in the area.

2 State of Washington v. Annie Achepohl et al., Cause No. 18279, Superior Court of the State of Washington,
Yakima County.

3 United States v. Ahtanum Irrigation District et al., Civl. cause No. 312, United States Dist. Court, Eastern
Dist. of Washington, Southern Div.
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GEOLOGY

DESCRIPTION OF THE ROCK UNITS
YAKIMA BASALT

The oldest and most prominent rock unit exposed in the Ahtanum
Valley is the Yakima basalt. This formation is composed of a sequence
of basaltic lava flows several thousand feet thick, interbedded with
a few minor sedimentary strata. It is the basal rock unit, or bedrock,
of the Yakima region, and in the lower Ahtanum Valley and many
other places the top of the formation is hundreds of feet below the
land surface. The basalt is quite resistant to erosion and weathering
and is a notable cliff-forming rock. Arched strata of basalt form
the highest ridges of the region, including Ahtanum Ridge, Sedge
Ridge, and Cowiche Mountain.

The basalt is a dense rock, having a texture so fine that most of the
individual crystals cannot be seen by the unaided eye. Fresh,
unweathered surfaces are black or dark gray; weathered surfaces
range in color from gray to reddish brown. According to Warren
(1941, p. 802) the basalt consists principally of small crystals of calcie
labradorite, pyroxene, and olivine in a dense matrix of sodic labra-
dorite, augite, and volcanic glass. Magnetite and apatite are common
accessory minerals. Calcite, siderite, zeolites, opal, and chalcedony
are common in veins and vesicles in the basalt.

Individual flow layers in the Yakima basalt range from less than
20 to more than 200 feet in thickness, and individual flows may differ
considerably in thickness from place to place. The thicker flows,
especially in their basal parts, exhibit a characteristic jointing that
forms well-developed prismatic columns at right angles to the upper
and lower surfaces of the flow layers. Subsequent jointing has divided
many of the columns into closely spaced plates or irregular blocks.
In the upper parts of the thicker flows, and in the thinner flows, the
jointing may be predominantly irregular or platy. The abundance
and configuration of jointing vary greatly from flow to flow and may
even change abruptly in short distances within the same flow. Usu-
ally the joints are most abundant at the top of a flow and decrease in
number toward the base. However, in areas of strong folding, such
as along the north side of Ahtanum Ridge, there are zones of extreme
shattering that apparently extend from base to top across the flow
layers.

The upper parts of many of the lava flows are characterized by
zones of abundant gas cavities (vesicles) which give the rock a spongy
appearance. These vesicles were formed by bubbles of gases that
issued from the molten lava as it solidified. At places the vesicles
have been partly or completely filled with secondary minerals depos-
ited by water percolating through the rocks. Generally, however,
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except where the vesicular zones have been fractured or deeply
weathered, the vesicles are separated from each other by the encasing
solid rock.

Enough time elapsed between extrusion of some lava flows to
allow considerable weathering, and thin soil zones developed at places
on top of the basalt and were buried by subsequent flows. One
buried soil zone more than a foot thick can be seen in a small basalt
quarry on the north slope of Ahtanum Ridge, due south of Wiley
(SE4UNEY sec. 23, T. 12 N., R. 17 E.). Generally, weathering
did not affect the basalt deeper than a few feet below the upper
surfaces of the flows. It is the upper parts of certain flows, rendered
relatively permeable by weathering, jointing, and (in conjunction
with these processes) vesicularity that constitute the principal water-
bearing zones in the basalt sequence.

The base of many flows is a layer of dense black volcanic glass,
usually less than half an inch thick, which is the result of a quick
chilling of the first part of the basalt flow as it came in contact with
the cooler surface below.

The total thickness on the basalt in the Yakima area has not
been determined, for no wells have penetrated to the rocks beneath.
However, it is at least 2,000 feet at Union Gap. An oil test well
(12/19-17C1) was drilled in that gorge to an approximate depth of
3,800 feet, almost entirely in basalt (table 5). The well was drilled
through steeply dipping flow layers; consequently, for most of its
depth the well penetrates the flow layers diagonally, and it may even
folow the dip of the flows for a considerable distance at depth. How-
ever, the total penetration of the well is almost certainly equivalent
to more than 1,000 feet stratigraphically—that is, across the flow
layers. As there is also about 1,000 feet of basalt exposed in and
above the gorge, the basalt sequence must be at least 2,000 feet
thick at Union Gap and probably is much thicker.

In the western part of the Ahtanum Valley, the upper 2 or 3 lava
flows (total thickness about 250 feet) are separated from the main
body of the basalt by a discontinuous member or tongue of the
overlying Ellensburg formation. The upper, separated group of
flows is similar in appearance, thickness, and stratigraphic position
to the Wenas basalt member of the Yakima (previously the Wenas
basalt of formation rank) which is exposed at Selah Gap. Although
these 2 basalt units may be equivalent, no method of definite cor-
relation has been found because at other places in the region, 1 layer,
and possibly 2, of sedimentary rocks similar in appearance and
lithology to the Ellensburg formation are interbedded with lava
flows in the upper part of the basalt sequence (Mackin, 1947; Waters,
1955, p. 670-672).
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The name Yakima basalt is applied locally to the thick sequence
of basaltic lava flows underlying southeastern Washington and ex-
tending into Oregon and Idaho; elsewhere this sequence is known
as the Columbia River basalt. The name was applied by Smith
(1901) to that part of the Columbia River basalt that poured out
in the Yakima region during the Miocene epoch. The age assign-
ment was made on the basis of fossil plants in the Manastash forma-
tion (Eocene), which underlies the Yakima basalt in the vicinity of
Cle Elum, Wash., and fossil plants in the overlying Ellensburg forma-
tion, which were first assigned an age of late Miocene (Russell, 1893,
p. 103). Subsequent workers have assigned an age of Miocene or
early Pliocene, and Pliocene, to the Ellensburg formation.

In 1952 an assemblage of fossil fresh-water mollusks was collected
from large blocks of loose debris high on the northwest flank of
Sedge Ridge, in a locality some 4% miles west of Tampico (NE4SWY
sec. 16, T. 12 N, R. 15 E.). The enclosing material, once an alluvial
sand, has been altered to a tan or rusty-brown highly resistant richly
fossiliferous quartzite. It can be traced for about half a mile in a
band roughly parallel to the strike of the basalt flows of Sedge Ridge.
Although the contact of the fossiliferous material with the basalt
was not seen, apparently being covered by slope wash, the material
almost certainly is a minor interflow deposit near the top of the
sequence of basalt flows. Mr. T. C. Yen of the U.S. Geological
Survey has identified the fossils (Sphaerium, sp. undet.; Viviparus
cf. V. leiostracta Brusinia; Fluminicola cf. F. williamsi (Hannibal);
Goniobasis cf. G. kettlemanensis), and he listed their age as probably
Plhiocene. This new evidence indicates that at least the latest flows
of the Yakima basalt may have poured out during the Pliocene

epoch.
ELLENSBURG FORMATION

The Yakima basalt is overlain by the Ellensburg formation, which
consists of several hundred feet of semiconsolidated clay, silt, sand,
and gravel. In the Ahtanum Valley, rocks of the Ellensburg for-
mation underlie the gravels of the upland benches in the vicinity
of the Narrows and crop out in bands along the slopes of Ahtanum
Ridge and Sedge Ridge. In general, the formation is easily eroded,
and over much of the uplands it has been entirely stripped away
from the underlying basalt.

A somewhat unusual topography has been developed on the south
side of the lower valley by differential erosion of the sedimentary
rocks. Headward erosion by northward-flowing intermittent streams
has formed a number of steep, narrow canyons in the north flank
of the anticlinal Ahtanum Ridge, creating well-defined spur ridges
that extend northward from the main ridge. The bases of these
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spur ridges are formed in the resistant basalt of Ahtanum Ridge,
the central parts in steeply dipping beds of the Ellensburg formation,
and the noses in moderately resistant cemented gravel. As a result
of differential erosion, most of the spur ridges terminate in knobs
consisting of this resistant cemented gravel. Saddles occur where
the less resistant Ellensburg formation appears at the land surface—
for example, between the knobs and the basalt of Ahtanum Ridge.

In appearance and lithology, the Ellensburg formation in the
Ahtanum Valley is identical to exposures of the formation in other
parts of the Yakima region. It consists of 85 to 95 percent semi-
consolidated clay, silt, and sand and only 5 to 15 percent gravel
and conglomerate. The color is predominantly gray, tan, and buff,
although there are a few relatively thin rusty-brown sand and gravel
strata. The clay and silt parts are massive at most places, but
excellent bedding and shaly parting also are found. Some sand
and gravel strata are crossbedded. The thickness of the individual
beds ranges from a few feet to more than 100 feet; strata of clay,
silt, and fine sand usually are somewhat thicker than strata of the
coarser materials.

The Ellensburg formation is mostly indurated and tough, but some
sand and gravel strata are weakly cemented and appear moderately
permeable. Cementing material is mostly argillaceous.

The silt and sand are composed chiefly of pumice, volcanic ash,
quartz, and scattered feldspar and hornblende particles. Clay-size
particles consist mostly of finely divided pumice and ash. The gravel
of the Ellensburg formation contains large amounts of tuff and a dis-
tinctive purple or gray tuffaceous hornblende andesite. Minor
amounts of diorite, quartzite, and various granitic and metamorphic
rock types also are found locally in the gravel; basaltic fragments are
rare.

In the area mapped, most of the gravel of the Ellensburg formation
is found in the lower valley and is best exposed along the north side
of Ahtanum Ridge 2 to 3 miles west of Union Gap. In that locality,
the gravel includes a wide variety of rock types.

Beneath the upper valley and in the adjacent slopes, a discontinu-
ous layer of the Ellensburg is interbedded with lava flows 250 to 300
feet below the present upper surface of the basalt. This sedimentary
bed crops out in a discontinuous band on the lower slopes of Sedge
Ridge and along the north flank of Ahtanum Ridge. The same stra-
tum has been reported in the logs of four wells in the Narrows and the
upper valley. It is 20 to 30 feet thick in surface exposures and is
reported to be 77 feet thick at well 12/16~15F1, about. 2% miles east of
Tampico. The bed could not be found on the north side of the valley,
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and apparently it has been hidden by an overlying body of cemented
gravel (pl. 1).

The sedimentary bed apparently pinches out a short distance east of
the Narrows, for it could not be traced farther east by surface mapping
and has not been reported in the logs of wells east of the Narrows.
However, probably only a few of the deeper wells in the lower valley
have been drilled deep enough into the basalt to have reached the
horizon of the bed.

To show the interbedded Ellensburg material on the geologic map
(pl. 1), its thickness has been exaggerated somewhat. Its true thick-
ness is shown in the geologic sections.

A section of about 900 feet of the Ellensburg formation is exposed
in sec. 11, T. 12 N, R. 18 E., and well logs indicate that this unit is
almost certainly more than 1,000 feet thick beneath the east end of
the lower valley floor. At least the lower part of the main body of the
Ellensburg formation apparently is conformable with the underlying
Yakima basalt. The contact between the Ellensburg formation and
the overlying cemented gravel generally is sharp where it is exposed
along the north flank of Ahtanum Ridge, where at several places an an-
gular unconformity exists between the two units. However, logs of
wells in the lower valley indicate considerable gradation and inter-
bedding of the upper part of the Ellensburg formation and the lower
part of the overlying cemented gravel in the center of the subbasin.

Most of the material constituting the Ellensburg formation obvi-
ously was derived from a region of intense volcanic activity. Its com-
position shows that the volcanism that produced it was violently
eruptive, as opposed to the slow, quieter extrusions of the Yakima
basalt. The source area for the Ellensburg apparently was west of
the Yakima region, in the area occupied by the present Cascade
Mountains.

Most of the material making up the Ellensburg {ormation was de-
posited by streams or in lakes and ponds. However, scattered thin
beds of volcanic ash or shards of volcanic glass indicate that at least
small amounts fell directly from the sky.

The first determination of the age of the Ellensburg formation was
made by F. H. Knowlton (Russell, 1893, p. 103) on the basis of fossil
plants, which were classified as belonging to the upper part of the
Miocene series. Smith (1903) cited an unpublished report by Knowl-
ton confirming this age determination. Subsequently the Ellensburg
formation has been assigned ages of Miocene or early Pliocene (Mer-
riam and Buwalda, 1917, p. 255-256; Beck, 1940).

In 1936, during construction of a tunnel through Yakima Ridge
about 6% miles north of the city of Union Gap, fossil bones were found
in sedimentary rocks mapped by Smith (1903) as the Ellensburg
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formation (NEXNW¥sec. 5, T. 13 N., R. 19 E.). Elephant remains
were found 8 to 10 feet stratigraphically above the top of the Wenas
basalt member, and camel bones were collected from a clay layer about
15 feet below the base of the Wenas member. These fossils subse-
quently were borrowed from the collection of the State College of
Washington and were identified by Miss Jean Hough. In her report
on the fossils, Miss Hough states her belief that the possible age of
these vertebrate fossils (Mammut (Miomastodon) merriams Osborn,
and a large camelid, Pliguchenia merriams Frick?) is not younger than
late Pliocene and not older than middle Miocene; the balance of evi-
dence being in favor of an early Pliocene age. This age assignment,
along with the age determination for the fossils from Sedge Ridge,
strongly indicates that the main body of the Ellensburg formation
probably was deposited entirely during the Pliocene epoch, and that
the Wenas basalt member, and perhaps the uppermost flows of the
main body of the Yakima basalt, probably are of early Pliocene age.

CEMENTED BASALT GRAVEL

An extensive body of cemented basalt gravel overlies the older
rocks along both sides and throughout the entire length of the Ah-
tanum Valley. The cemented gravel is moderately resistant to ero-
sion, and it caps, or forms entirely, the upland-bench deposits in the
west hall of the Ahtanum-Moxee subbasin. It may be wholly or
partly contemporaneous with similar gravel bodies in other parts of
the Yakima basin. A typical exposure of the cemented gravel may
be seen in a small gravel pit at the north base of Ahtanum Ridge, in
the SWYNW sec. 11, T. 12 N, R. 18 E. Smith (1903) mapped the
gravel in the Ellensburg formation and did not describe it in detail.
On the basis of lithology, structure, and hydrologic properties, how-
ever, the cemented gravel should be treated as a separate rock unit.

The gravel unit consists of 75 percent or more cemented basaltic
gravel and 25 percent or less sand, silt, and clay in lenses and discon-
tinuous layers. The color ranges from buff and gray to reddish brown
and black. The gravel strata usually are massive but may exhibit
fair to indistinct bedding. Crossbedding is rare in the gravel but is
not uncommon in layers of sand. Pebbles and larger particles gener-
ally constitute about 75 percent of the gravel strata, boulders make
up only a few percent and the matrix of sand and finer material
generally is less than 25 percent. Most of the cobbles and pebbles
are moderately well or well rounded; the finer material commonly is
more angular.

The cemented gravel differs greatly in lithology from gravel typical
of the Ellensburg formation, which Smith (1903, p. 3) correctly
described as containing very little basalt. Most of the pebbles and
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larger particles in the cemented gravel consist of basalt which is
identical in texture and composition to the Yakima basalt. Tuff and
hornblende andesite are predominant accessory rock types in some
parts of the report area; diorite, quartzite, and many granitic and
metamorphic varieties are less common. The relative amount of each
rock type varies considerably. For example, at the gravel pit de-
scribed above, basalt constitutes only about half the pebbles and
larger particles, whereas in the west half of the valley, and particularly
on the pediment slopes, all or nearly all the large particles are basalt.

The matrix in the gravel is a heterogeneous mixture of sand, silt,
and clay similar in composition to the gravel-free interbedded layers.
Finely pulverized pumice, quartz, volcanic glass, augite, and clay
minerals predominate. Cementing material commonly is argillaceous
or ferruginous, or a combination of both. The gravel generally is well
cemented and, at places, constitutes a true conglomerate. At most
places the interbedded clay lenses are well indurated and tough, but
the sandy layers are weakly cemented and friable. Some of these
sandy layers appear to be moderately permeable and may typify the
water-bearing zones in the cemented-gravel unit.

In some localities the basaltic cobbles and boulders have undergone
considerable weathering in place. Weathering of a fragment of basalt
rock typically forms concentric shells of decayed rock that separate
from the core, giving an onionlike appearance. Evidently the weath-
ered material has been incorporated to some extent in the matrix, so
that it is difficult to determine what the size and degree of angularity
of the gravel fragments were at the time of their deposition.

Exposures of the cemented gravel, and records of wells that have
penetrated it, indicate that this unit is almost certainly more than
400 feet thick at some places. Few sand and clay layers within the
gravel are thicker than about 10 feet. Cemented gravel rests on each
of the older rock units in, various parts of the area, and many exposures
show some evidence of unconformity (either angular or erosional).
Where bedding is evident, that in the upper part of the gravel unit
appears to be horizontal, or nearly so. However, in the vicinity of
the type locality described above, the basal part of the unit was some-
what tilted, apparently at the time of the deformation of the under-
lying Ellensburg formation. Also in the type area, minor thrust
faults can be found in the cemented-gravel unit. Thus, at some places
part of the basalt gravel apparently was deposited before or during
the last deformation. Conversely, the obvious unconformity with
Tertiary rocks in other parts of the valley, and the nearly horizontal
attitude of the upper, younger layers of the gravel unit, indicate that
the upper part of this rock body was deposited since the last period
of deformation.
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The cemented basalt gravel has the physical characteristics of
fanglomerate, flood gravel, or glacial outwash, indicating that the
agent of deposition was abundant fast-moving water. Much of this
material obviously was deposited in the form of alluvial fans along the
flanks of upfolds and was derived from the upfolds themselves. The
terrace remnants along the upper valley and the north side of the
lower valley indicate that the gravel unit formerly was much more
extensive than it is at present. Because the gravel probably was
deposited during the Pleistocene or glacial epoch, outwash from
alpine glaciation may have contributed toit. The foreign rock types,
such as quartzite and metamorphic and granitic rocks, that are
present in the gravel may indicate deposition from melt water; how-
ever, they may have been derived by reworking of the Ellensburg
formation in which these same rock types occur locally.

Smith (1903, p. 4) mapped a large deposit of cemented gravel in
the small valley of Cowiche Creek, approximately 8 miles north of
the Ahtanum Valley, and gave it the name Cowiche gravel. Smith
did not describe the gravel in detail, but he attributed its deposition
to the damming of Cowiche Creek by flows of the Tieton andesite in
the Pleistocene epoch. Recent geologic reconnaissance and study of
logs of wells in that area indicate that gravel apparently identical
with some of that mapped as the Cowiche gravel is beneath, and
interbedded with, the andesite flows. Therefore, the deposition of
the Cowiche gravel was, at least in part, independent of any damming
by the andesite flows.

In appearance, lithology, and stratigraphic relations with the older
rocks, the Cowiche gravel of Smith is almost identical with some of
the cemented gravel in the Ahtanum Valley. Also, the cemented-
gravel unit in the Ahtanum Valley has been traced northward to within
3% miles of the Cowiche gravel in an area where the 2 units are sepa-
rated by the Cowiche Mountain anticline. For these reasons, it is
concluded that the cemented basalt gravel in the area mapped was
deposited during virtually the same time, and under the same general
conditions, as was the Cowiche gravel of Smith and the other gravel
bodies associated with the Tieton andesite. The interbedded relation-
ship of the gravel and the Tieton andesite (of Pleistocene age) indi-
cates that at least a large part of the deposition took place during the
Pleistocene epoch.

ROCK MATERIALS OF RECENT AGE

The Ahtanum Valléy is floored by a relatively thin mantle of uncon-
solidated and semiconsolidated stream deposits of Recent age. In the
upper valley and through the Narrows, this alluvial material consists
of unsorted to sorted gravel, sand, and silt. Downstream, the allu-
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vium generally is slightly finer and better sorted, and in many places it
includes discontinuous, semiconsolidated strata of silt and clay, which
locally are called hardpan. However, even in the lower end of the
valley near Union Gap, the alluvium contains a considerable propor-
tion of cobbles. The thickness of the alluvium, as determined from
well logs, ranges from a few feet to about 30 feet.

The material in the alluvial fans on both sides of the valley is gener-
ally coarser and less well sorted than that of the flood-plain alluvium.
Most unconsolidated gravel throughout the Ahtanum Valley is com-
posed of basalt particles; however, the gravel in the alluvial fans was
derived from the Ellensburg formation or from the less basaltic parts
of the cemented-gravel unit.

Over much of the upland benches, patches and mounds of wind-
blown silt, or loess, a few feet thick overlie the resistant cemented gra-
vel or the basalt. The patchy cover evidently is a remnant of a mantle
of loess which covered the Yakima area at one time and which is simi-
lar to, and may be correlative with, the Palouse formation of eastern
Washington. Some of the patches are large enough to be cultivated;
the mounds generally are 10 to 30 feet long and a few feet high and are
protected from erosion by grass and shrubs.

The unconsolidated alluvium in the valley floor and in alluvial fans
is shown without pattern on plate 1. The loess is neither widespread
nor thick enough to map separately from the underlying units.

STRUCTURE

The Tertiary rocks of the Yakima region have been deformed into a
series of prominent east- and southeast-trending folds, which closely
control the main topographic features. The upfolds, or anticlines,
form the ridges; the downfolds, or synclines, make troughlike basins.
The Ahtanum Valley occupies part of one such synclinal trough (the
Ahtanum-Moxee subbasin) and is bordered on the south and west, re-
spectively, by the Ahtanum Ridge and Sedge Ridge-Cowiche Moun-
tain anticlines.

In the area of this investigation, the Ahtanum-Moxee syncline
slopes, or plunges, east (pl. 1, section A-A4’). The axis of the syncline
is located definitely only where the depth and configuration of the
upper basalt flows can be determined from geologic mapping and reli-
able well logs. Information available at present indicates that smaller
flexures are superimposed along and across the main folds, but the deep
burial of the basalt and the scarcity of reliable deep-well logs precludes
the early delineation of this structural detail.

Ahtanum Ridge, the anticlinal ridge south of the valley, is a tight
asymmetrical fold—the inclination, or dip, being steeper on the north
side of the ridge. 'This asymmetry is readily seen at Union Gap, where
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the arched basalt strata that form the ridge are well exposed. The
flow layers at the north end of the gorge are vertical, but within half a
mile to the south across the fold, the attitude changes to a moderate
southerly dip.

From the east end of the Narrows to within 2 miles of Union Gap,
the north side of Ahtanum Ridge is flanked by the upturned edges of
Ellensburg strata. As a rule, the Yakima basalt and the Ellensburg
formation on this flank of the ridge dip moderately or steeply north,
toward the center of the valley. However, in the southern parts of
secs. 9-12, T. 12 N., R. 18 E., sandstone and conglomerate strata of the
Ellensburg formation have been overturned slightly past the vertical
by strong thrusting from the south, and dip steeply south.

The intensity and complexity of the deformation in this part of the
valley may be judged from the abrupt changes in the attitudes of the
rocks. For example, in the SE}SWY sec. 11, T. 12 N., R. 18 E., El-
lensburg strata dip southward at a high angle; about 500 yards to the
west, rocks of the same formation dip about 46° N.; half a mile farther
west-northwest and north, in the SE4NEY sec. 10, the strata dip about
20° S.

The complexity of the structure at this locality probably is due to
either a slumping or a wrinkling of a large block of the sedimentary
rocks during the major diastrophism that produced the Ahtanum
Ridge anticline, although minor faulting also may have occurred here.

No evidence of major displacement by faulting was found in the
area, although some minor displacement, which may have been caused
by several small thrust faults, is present in the cemented-gravel unit in
the structurally complex locality just described. The tight folding
exposed at Union Gap shows that the basalt was strongly deformed by
folding alone.

The Narrows, in secs. 13-15, T. 12 N., R. 16 E., is the result of a
gentle cross flexure in the Ahtanum-Moxee subbasin. The lava flows
in the bottom of that syncline were warped upward and were later cut
through by stream erosion to produce this narrow, steep-walled part
of the Ahtanum Valley. The Narrows has an important influence on
the movement of ground water in the area, as the cross flexure partially
separates the upper Ahtanum Valley from the rest of the Ahtanum-
Moxee subbasin to the east (pl. 1, section A—A’), and retards ground-
water flow from the upper valley. At the upstream end of the Nar-
rows the nearly horizontal basalt strata emerge from beneath the
alluvial materials and gradually pass into steep bluffs and vertical
cliffs, as the valley floor slopes more steeply to the east than does the
basalt. The flow layers are quite distinct at numerous places, and
examples of typical columnar jointing may be seen along the highway.
The attitude of the basalt throughout most of the Narrows is so nearly
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horizontal that no dip is discernible, but in sec. 13 a slight eastward
plunge becomes apparent. Farther east the plunge gradually in-
creases to about 2.5°, or 225 feet per mile, between the downstream
end of the Narrows and Wiley. The steepness of the plunge probably
diminishes somewhat between Wiley and Union Gap, as shown in
section A-A’ (pl. 1), but the top of the basalt probably is at least 1,500
feet below the land surface, or some 500 feet below sea level, at the
Yakima River. Well 13/18-29Q1, just north of the lower valley
(pl. 1), was reported to have penetrated basalt at about 60 feet below
sea level (table 4).

GEOLOGIC HISTORY

At the end of the Miocene epoch, the area that is now the Ahtanum
Valley was part of a vast, monotonous plain of basaltic lava that cov-
ered most of eastern Washington and extended eastward into Idaho
and southward into Oregon. The basaltic lava flows were extruded
from fissures which probably were centered somewhere southeast of
the Yakima region. At the west side of the lava plain, approximately
where the present Cascade Mountains now stand, there was a region
of more intense voleanic activity at an elevation somewhat higher than
the lava plain but probably lower than the present Cascades. Those
ancestral Cascade Mountains were the source for the sedimentary
materials, constituting the Ellensburg formation, that were trans-
ported by eastward-flowing streams and deposited along the west side
of the lava plain.

The outpourings of basaltic lava probably continued intermittently
into the Pliocene epoch, covering the discontinuous sedimentary depos-
its, changing stream courses, and forming new basins of deposition.
Before the period of lava extrusion ended, there was increased uplift
and volcanic activity in the ancestral Cascades, furnishing more vol-
canic debris and resulting in thicker deposits of sedimentary material
which became interbedded with the upper basalt flows. After the
flows ceased, and as the Cascades continued to rise, the main body of
the Ellensburg formation was deposited. Most of the Ellensburg was
deposited from streams or in lakes, but some ash and pumice fell
directly from the sky.

The deformation that produced the sharp folds in the older rocks of
the Yakima region probably began during Pliocene time, while the
Ellensburg sedimentary material was still accumulating. This defor-
mation undoubtedly was related to the Cascade uplift, but in part it
may have be~n due also to subsidence of the center of the lava body,
somewhere to the southeast. The folding proceeded slowly so that .
the Yakima River was able to maintain its course at Union Gap by
eroding its channel as the Ahtanum Ridge anticlinerose. The Yakima



WATER RESOURCES 25

River was never dammed to a very great depth by the uplift of Ahta-
num Ridge; if it had been deeply ponded, the water would have spilled
over and established a new course through Donald Pass (fig.1), a
structural gap about 5 miles east of Union Gap and some 400 feet lower
than the present crest of Ahtanum Ridge near Union Gap.

As the folding continued, the sedimentary material previously depos-
ited on the parts of the plain that became the anticlinal ridges was
eroded off and carried down into the centers of the synclinal basins.
This process accounts in part for the great thickness of the Ellensburg
formation (1,000~1,500 feet) in the center of the Ahtanum-Moxee sub-
basin. It is very unlikely that such a tremendous thickness of sedi-
mentary material was continuous throughout the Yakima basin.

After the easily eroded Ellensburg material had been removed from
the ridges, the underlying lava rock was exposed to erosion, and
basaltic debris was carried down the flanks of the ridges and out to the
centers of the valleys, forming a part of the cemented-gravel unit.
The lower part of the cemented gravel along the ridges has been con-
siderably tilted, indicating that deposition of the gravel began before
the folding ended. However, probably most of the cemented gravel
was deposited after the folding and uplift of the anticlinal ridges had
ceased.

Deformation of the rocks in the Yakima area had ceased by the last
of the Pliocene or the beginning of the Pleistocene, or glacial, epoch.
Since then, the major topographic features in the Ahtanum Valley
probably have not changed. Gravel continued to accumulate during
Pleistocene time, and, as evidenced by the terrace remnants on either
side, the valley probably was once filled with a nearly continuous sheet
of gravel to a level as much as 200 feet above the present valley floor.
Much of the gravel undoubtedly was deposited as fans, but melt water
and outwash sediments fiom alpine glaciers in the Cascade Mountains
may have contributed to the forming of the gravel sheet.

A change in physical conditions, probably related to the recession of
Pleistocene glaciers, resulted in active erosion of the extensive gravel
deposit into the form of the present valley floor. Sometime before or
during this period of downcutting, the uplands in the Ahtanum-Moxee
subbasin were covered by a nearly continuous mantle of windblown
silt, or loess, of which there are only remnants today.

WATER RESOURCES

Of the precipitation that falls within the drainage basin of Ahtanum
Creek, part evaporates directly or is transpired by vegetation, part
begins its return to the Pacific Ocean as direct runoff, and the remain-
der infiltrates into the soil and rocks to the zone of saturation, the
surfaee of which is called the water table. This ground water moves
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slowly toward the streams and either is discharged into them, forming
most of their dry weather (base) flow, or is evaporated and transpired
as it approaches the land surface.

Ground water in the unconsolidated alluvium in the area is freely
interconnected with the streams. Water may alternately rise to or
sink below the land surface several times during its course eastward
through the valley. During most of the year, the flows of the streams
are maintained largely by ground-water discharge; conversely, much
of the recharge to both the shallow and the deep ground-water bodies
occurs by direct infiltration from stream channels and by infiltration
of irrigation water derived from streams. Therefore, any quantita-
tive study of the ground-water resources of the area necessarily must
include an appraisal of the surface-water supplies.

SURFACE WATER

The surface runoff in the Ahtanum Valley varies widely from year
to year and from season to season. The amount of annual runoff is
determined mainly by the total yearly precipitation in the drainage
basin, but other influencing factors are the type and seasonal distri-
bution of precipitation, air temperature, soil conditions, and evapora-
tion. Seasonal distribution of the runoff is determined mostly by
the amount and melting rate of snow in the headwaters area. About
one-fifth of the total precipitation falls as snow; consequently, years
of high total precipitation usually are years of above-normal snowfall.

The runoff is greatest during years in which the snowfall is excessive,
especially if the melting of accumulated snow is rapid. Conversely,
the runoff is least during years of scanty snowfall, especially if the
melting is slow. During years of rapid melting and quick runoff,
the loss of water through evaporation is considerably less than in
years of slow melting of the snow and correspondingly slow runoff.

The Geological Survey maintains two stream-gaging stations in
the area studied. One is on the North Fork and the other is on the
South Fork of Ahtanum Creek above all major diversions. Three
other Geological Survey gaging stations have been discontinued—at
the Narrows, at the mouth of Ahtanum Creek near Union Gap, and
on the South Fork near Tampico. (See pl. 1 for location of gaging
stations.) Complete streamflow records from these stations have
been published by the U.S. Geological Survey.*

The U.S. Bureau of Reclamation formerly maintained a gaging
station on Wide Hollow Creek near its mouth (pl. 1). The records
from that station have not been<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>