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‘GEOLOGY AND GROUND-WATER RESOURCES OF THE
HARNEY BASIN, OREG.

By A. M. Piper, T. W. RoBinsoN, and C. F. Park, Jr.

ABSTRACT

The Harney Basin covers about 5,300 square miles on the relatively high, semi-
arid plateau of southeastern Oregon, in Harney and Grant Counties. It consti-
tutes the drainage area of the Malheur and Harney Lakes, which have no outlet
to the sea. The average yearly rainfall is about 7.80 inches; the yearly mean
temperature 44.6° F.

The basin may be divided into (1) a low central area that comprises playas and
lake bt:ub, extensive alluvial puuub, cinder cones, and lava fields ard (2) a hxghox
marginal area that comprises erosion plains of intermediate altitude and a dis-
sected upland eroded from a fault-block terrane. The Harney, Malheur, and
Mud Lakes occupy the lowest part of the central area; together they cover about
125 square miles and range in altitude from 4,080 to 4,095 feet above sea level.
Alluvial plains cover fully 800 square miles in addition to the playas. These
plains are underlain by the shallowest water-bearing beds and inclde the arable
land that can be irrigated economically by pumping from wells. The dissected
upland attains a height of 9,600 feet above sea level in Strawberry Mountain, at
the north, and of 9,400 feet in Steens Mountain, at the southeast.

The greater part of the basin is drained by the Silvies River and the Donner
und Rlitzen pI‘an whieh rise on the hichest norfq of the nn]anr‘ t0 the north and

1IVIE AL 1l VLU JRig|id

south, respectlvely. Each stream varies W1de1y in dlscharge, between & spring
freshet of several thousand second-feet and an autumn run-off that may fail alto-
gether; also, each discharges into Malheur Lake, which in turn drains westward
to Harney Lake. Since 1895, the aggregate area of the lakes on these playas has
ranged repeatedly from about 125 square miles to about 2 square miles.

In the Harney Basin nonmarine strata of the Tertiary and Quaternary systems
rest upon crystalline and metamorphic rocks, part of which belong to the Lower
Jurassic series. The Tertiary rocks include extrusive basalt, andesite, and rhyo-
lite; ejectamenta that range from coarse scoria to compact massive tuff or breccia;
-also detrital sedimentary rocks of alluvial and lacustrine origin.

Five distinet stratigraphic units span the Miocene and Pliocene epochs. The
‘oldest consists of siliceous extrusives of Miocene(?) age about 1,000 feet thick.
These extrusives form a few scattered masses in the eastern half of the basin; in
general they are loosely crumpled and faulted and have little water-yielding
capacity. The Steens basalt, of Miocene age, rests unconformably on the older
siliceous extrusives in the marginal upland along the east half of the basin. Its
maximum known thickness, about 3,000 feet, is exposed in the eastward-facing

nt of Q4 n +03n MTha nn -
eséarpnient o1 Sieens Mountain. 10¢ CGlupﬁﬂeﬁt 1AYErs average 10 feet in thick-

ness; scoriaceous and fragmental zones are common at the top of each layer and
afford considerable water-yielding capacity. The Steens basalt iv overlain un-

1



2 HARNEY BASIN, OREGON

conformably by the Danforth formation, of Pliocene age, wl ich crops out exten-
sively over the whole dissected upland and ranges in thickness between 20 feet
and about 800 feet. In the northwestern part of the basin the upper part of the:
Danforth formation comprises stratified siltstone, sandstone, tuff, and vol-
canic ash with a few intercalated layers of glassy rhyolite and one distinctive
rhyolitic tuff-breccia member. Its lower part is massive rhyolite. In that area
the stratified beds of the upper part yield considerable water at some places, and
the lower part yields thermal water from fault conduits. In the southern part
of the basin the Danforth formation displays four local facies—(1) the distinctive
tuff-breccia member and associated stratified rocks; (2) ar equally distinctive
member of basaltic breccia and associated siltstone, sandstone conglomerate, and

ciVer RASEIVIU RICUUIA QLU SesULIALTAL AV VILLE, SRS WAL, VA

two intercalated sheets of basalt; (3) stratified siltstone, sandstone, and ash; (4)
spherulitic rthyolite. In that area the formation supplies several large thermal
springs from fault conduits but generally is not extensively water-bearing. The
succeeding stratigraphic unit, the Harney formation, of Plioc=ne (?) age, is about
750 feet thick and rests on the Danforth formation with angular and erosional
unconformity. The Harney formation underlies an extensive plain of intermedi-
ate altitude in the west-central part of the basin and occurs in outliers along all
margins of the central district except the northern. The formation includes mas-
sive basaltic tuff and breccia, sandstone, siltstone, some incoherent gravel, and a
few layers of scoriaceous and massive basalt. The incoherent gravel yields water
freely. A fanglomerate, also Pliocene (?), occurs locally along the north margin
of the central area but lies above regional ground-water level.

The Quaternary formations include both volcanic and detrital deposits. In the
southeastern part of the basin basaltic lava fields cover about 150 square miles.
These disclose compact, scoriaceous, and fragmental extrusives; also lava domes,.
cinder cones, and cinder plains. The scoriaceous and fragmental facies are pervi-
ous; they supply one moderately large perennial spring and several flowing wells
along the south margin of Malheur Lake. The youngest of these lava fields con-
stitutes the Diamond Craters, which are of post-Pleistocene age. The Quaternary
valley fill comprises alluvium, lake and playa deposits, and eolian sediments, all
derived largely from the voleanie rocks of the upland. Along the principal streams
at the outer margin of the central area the valley fill is larzely clean sand and
gravel, but toward the center of the basin these beds grade laterally and finger
out into silt and clay. At least one thin layer of voleanic ash is intercalated from
3 to 6 feet below the land surface. It is inferred that alluviation followed prompt-
ly after the extrusion of a young basalt that dammed Malheur Gap, a former
drainage outlet for the basin; also that the valley fill is thicl-est, about 300 feet,
along the north edge of Malheur Lake. In the valley fill the members, lentils,
and tongues of gravel and sand are pervious. Those which are shallow hold un-
confined water; near the center of the basin this shallow water contains consider-
able alkali. The deep permeable beds in the valley fill hold confined water and
supply several irrigation wells in the northwestern part of the central alluvial
plain.

The Tertiary rocks of the upland are inclined toward the center of the basin
from the north, east, and south, the dip ranging from 2° to 14°. In the main
these rocks are not folded but are cut by faults that strike about N. 10° E. or
N. 30°-60° W. The displacement along the principal fractures is about 1,000
feet. It is inferred that most of the faults were established at the end of the
Steens epoch but were reopened and acquired their greatest displacement after
the Danforth epoch. Some faulting occurred after the Harney epoch.

In the northwestern part of the central plain the water in the valley fill is
derived largely by percolation from the Silvies River during the spring freshets.
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ABSTRACT 3
Recharge of the shallow water-bearing beds takes place all along the stream.
On the other hand, recharge of the deep pervious beds is inferred to take place
largely within 5 miles from the head of the alluvial fan near Burns, where clean
gravel and sand form about 90 percent of the fill. Farther from the head of the
fan, confining beds prevent recharge of the deep pervious beds by downward
percolation. From several lines of evidence it is estimated that the average
annual recharge along the Silvies River is about 40,000 acre-feet, of whico about
6,500 acre-feet could be pumped perennially from wells. In addit’on some water
might be salvaged from the shallow pervious beds by growing alfalfa as a ground-
water plant.

The water in the bedrock appears to fall into three distinet temperature ranges—
slightly thermal water, 52° to 62° F.; water of intermediate temperature, 64°
to 82° F.; and hot water, 90° to 154° F. The slightly thermal water has been
encountered in bedrock wells of moderate depth in the northern part of the
basin, where the safe yield of the aquifers appears to be at least equal to the
safe yield of the valley fill. The water of intermediate temperature issues from
relatively large springs in three small distriets in the west half of the basin; the
aggregate discharge by these springs in 1931 was about 40 second-feet. Water
of intermediate temperature also issues from several flowing wells in the vicinity
of the springs. The hot water issues from a few springs that are widely scattered
over the basin, and their aggregate yield in 1931 was about 5 s3cond-feet. It
issues also from a deep flowing well in the southwestern part of the central alluvial
plain. With few exceptions the thermal springs and the flowing thermal wells
oceur along or very near faults that cut the Tertiary rocks.

Six wells more than 500 feet deep have been drilled in the central plain in search
of flowing water. The single deep well that was flowing in 1931 suggests that
the artesian head is not large.

INTRODUCTION

Location and extent of the area.—The Harney Basin covers about
5,300 square miles in the relatively high and semiarid¢ country of
southeastern Oregon, in Harney and Grant Counties. As is shown
on plate 1, it constitutes the drainage area of Malheur and Harney
Lakes, which have no outlet. The largest community in the area
is Burns, the county seat of Harney County and the commercial
center of an extensive adjacent region.

Scope of the investigation.—The investigation upon which this report
is based is one of a series that have been made in cooperation between
the Federal Geological Survey and the Oregon Agricultural Experi-
ment Station to evaluate the ground-water resources of Oregon.

MTha snnmaretiva nrasrarm wea haotn rn 109 a+ tha a1oooation of
140 CO0plirauyl piliUglalll Was Doguill 19040 auv vl Saggoouiiin Ui

J. T. Jardine, who was at that time director of the experirient station,
and has been continued under the directorship of W. A. Schoenfeld.

The investigation covered the geology of the region in relation to
the occurrence of ground water, an approximate ground-water in-
ventory for a 3-year term, and the chemical character of the ground
water. The field work was under the charge of A. M. Piper, who
made a reconnaissance of the area October 4 to 7, 1928. Intensive
field work was begun in August 1930 and ended in September 1932.
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The greater part of the study of ground-water occurrence was made
by T. W. Robinson; virtually all the geologic mapping was done by
C. F. Park, Jr. Competent assistance was rendered by George:
Hibbard, Albert Hughet, and Mervin King.

Previous investigations.—The earliest reports that describe the
general geologic and hydrologic features of the Harney Basin and
the adjacent region are those by Russell,' who made reconnaissance
surveys of ground-water resources in Idaho, Oregon, and Washington
during the eighties and nineties. These surveys have been amplified
through further reconnaissance by Waring.? Local geologic features
have been studied in the last decade by Packard and Nelson,® Smith,*
Fuller and Waters,®> Gazin,® Lupher,” and Fuller.®

Acknowledgments.—Photographic copies of original topographic
maps of the valley plain were furnished by the Bureau of Reclama-
tion, United States Department of the Interior, and topographic
maps of the beds of Malheur and Harney Lakes were made available
by the Biological Survey, of the United States Deportment of Agri-
culture, in advance of general publication. Unpublished topographic:
maps and cultural maps were contributed by the United States Forest
Service; by the State Engineer and the Department of Highways,
State of Oregon; also by Baar & Cunningham, engineers, of Portland,.
and Cooper & Dodge, engineers, of Salem. The maps by Baar &
Cunningham and Cooper & Dodge were received through C. B.
McConnell, attorney, of Burns. The Oregon Short Line Railroad
Co. supplied records of wells and pumping plants along their branch
line within the basin. L. T. Jessup, of the United States Bureau of’
Agricultural Engineering, collaborated in gathering certain hydrologic:
data. Cooper & Dodge, engineers, and C. W. Pecore, of the United
States Biological Survey, contributed unpublished data on the alti-

! Russell, I. C., A geological reconnaissance in southern Oregon: U. S. Geol. Survey 4th Ann. Rept.,
PD. 431-464, 1884; Notes on the geology of southwestern Idaho and southeastern O ‘egon: U. S. Geol. Survey
Bull. 217, 83 pp., 1903; Preliminary report on artesian basins in southwestern 1daho and southeastern Oregon:
U. 8. Geol. Survey Water-Supply Paper 78, 53 pp., 1903; Preliminary report on the geology and water re--
sources of central Oregon: U. S. Geol. Survey Bull. 252, 138 pp., 1905.

! Waring, G. A., Geology and water resources of a portion of south-central Or~gon: U. 8. Geol. Survey
Water-Supply Paper 220, 86 pp., 1908; Geology and water resources of the Harney Basin region, Oregon:
U. S. Geol. Survey Water-Supply Paper 231, 93 pp., 1909.

8 Packard, E. L., and Nelson, R. N., Geologic occurrence of the Hardgrave Jurassic fauna of Burns,

Oreg. [abstract]: Geol. Soc. America Bull,, vol. 32, p. 148, 1921,

1 Smith, W. D., Geology of Steens and Pueblo Mountains, southeastern Orezon [abstract]: Geol. Soc.
America Bull., vol. 36, p. 202, 1925; Contribution to the geology of southeastern Oregon (Steens and Pueblo-
Mountains): Jour. Geology, vol. 35, pp. 421-440, 1927.

8 Fuller, R. E., and Waters, A. C., The nature and origin of the horst and grahen structure of southern
Oregon: Jour. Geology, vol. 37, pp. 204-238, 1929; abstract and discussion by S—ith, W. D., Geol. Soc.
America Bull., vol. 40, pp. 187-188, 1929,

8 Gazin, C. L., Miocene mammalian fauna from southeastern Oregon [abstract]: Pan-Am. Geologist, vol.
54, pp. 236-237, 1930; A Miocene mammalian fauna from southeastern Oregon: Carnegie Inst. Washington:
Contr. Paleontology, Pub, 418, pp. 37-86, 1932; abstract, Geol. Soe. America Bull,, vol. 42, p. 367, 1931,

7 Lupher, R. L., Geological section of Ochoco Range and Silvies Plateau [abst-act]: Pan-Am. Geologist,
vol. 54, p. 158, 1930.

8 Fuller, R. E., The geomorphology and volcanic sequence of Steens Mountain in southeastern Oregon.:
Washington Univ. Pub. in Geology, vol. 8, no. 1, 130 pp., 1931,
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tudes of benchmarks established by them in the basin. 1. A. Mac-
Arthur, of the Pacific Power & Light Co., also supplied unpublished
data on altitudes of benchmarks compiled by his organization.
Orderly progress in the field investigation was assisted by the whole-
hearted cooperation of the residents of the area. The writers are
especially grateful to T. A. Bayless, of the West Coast Power Co., for
data on electric energy expended in pumping from wells; to G. M.
Benson, warden of the Lake Malheur Reservation, for date regarding
the history of Malheur and Harney Lakes and for cooperation in
maintaining a staff gage in Malheur Lake in 1930 and 1931; to R. E.
Cole and E. C. Hawkins, superintendents of municipal waterworks at
Burns and Hines, respectively, for assistance in capacity tests of pump-
ing plants in their charge; to J. S. Cook, R. W. Cozad, ard William
MecLaren, irrigators, and to Obil Shattuck and R. E. Hutchison, of
the Harney Branch Experiment Station, for cooperation in testing
the capacity of their wells and in recording pumpage; and to J. J.
Walsh, water master, for information on the utilization of surface

water., Records of xxrn”c in the basin have been contributed 'Frnn]v

by the well drillers who have operated in the basin; these 1nclude
A. A. Durand, of Walla Walla, Wash.; Boyer & Koenemann and
Hahn & Backus, of Burns, Oreg.; and the late P. S. Weitenhiller, of

Crane, Oreg.
CLIMATE

The Harney Basin is semiarid, for ordinarily its rainfall is not suffi-
cient to assure the growth of crops and occurs almost wholly in the
winter and spring. Snow may fall on the valley plain during any

maonth from nnfnkcn to Tn'no onr] on fhn cnrrnnnAI o meimieineg I'n
Lllvll Vil Xi Liix wvaiyr ull‘.l‘.llé ALAL ULLLVOULAZLIY AL

any month of the year. The daily and seasonal range in temperature
1s unusually wide, relative humidity is low, evaporation is rapid, and
in the summer the percentage of sunshine is high. Strong winds are
common throughout the year, especially from March to June, but
tornadoes are almost unknown.

Over a 25-year period the average length of the growing season or
frost-free period at Burns has been 118 days. On the average, the
latest killing frost of the spring has occurred on May 24 and the
earliest killing frost of the autumn on September 19, but the latest
and earliest of record occurred on July 6, 1895, and August 4, 1894,
respectively. Thus, killing frosts or freezing temperature may occur
in any month of the year. At the Harney Branch Experiment Sta-
tion, the frost-free period is even shorter, the latest and earliest killing
frosts for the 19-year term of record being July 7, 1924, and July 22,
1920, respectively.

Several tables follow to summarize the available climatclogic data.
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Summary of temperature records, in degrees Fahrenheit, for three climatologic sta-
tions in Harney Basin

[Data from publications of U. S. Weather Bureau and records of Harney Brarch Experiment Station]

Burns (altitude, 4,157 feat; term of racord, 1893 to 1920)
The
year
Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. (?é’:'
Sept.
30)
121 o WO 46.1| 35.1; 25.8| 24.5| 27.8] 36.1 44.5/ 50.2| 57.6 66.9| 653 55.5| 44.6
Mean of daily max- )
imum___________. 63.9| 49.8] 37.4| 35.8 39.8] 49.7| 59.7| 65.4| 74.1| 86.2| 86.4| 74.4] 60.2
Mean of daily min-
imam.__ .. _____.__ 29,1 20.6! 14.3] 110 14.9{ 22.2] 28.9| 34.1] 40.2| 46.6| 44.7| 35.2] 28.5
Highest of record.._| 84 71 59 66 65 79 85 100 94 100 102 93 102
Lowest of record. .. 6 [(—26 [—23 [—27 |[—32 [—12 4 9 14 21 18 10 |—32
Diamond (altitude, 4,300 feet; term of record, 1890 to 190C)
Mean__.____.__.._. 45.3| 37.3| 29.5( 29.1f 30.7| 35.7| 43.8| 50.3f 56.71 63.9| 62.9] 53.6/ 44.9
Mean of daily max-
imaem.____..___.._ 63.4] 51.1] 40.6; 40.3] 42.6] 48.3| 58.6; 65.9] 74.1) 83.7! 83.5 72.9] 60.4
Mean of daily min-
imum.__._._____. 27.2f 23.5| 18.5; 17.9| 18.7| 23.0] 29.2| 34.6| 38.7] 44.0f 42.4! 385.0|/ 29.4
Highest of record...| 86 74 59 €0 67 72 85 88 96 99 1 102 92 | 102
Lowest of record. .. 9 |-31 |—11 [-13 |[-22 3 12 17 22 26 28 17 |31
Harney Branch Experiment Station (altitude, 4,138 feet; term of record, 1914 to 1932)
Mean______.______.. 43.8] 33.6[ 21.8] 20.5| 27.2| 36.3] 43.2f 50.9] 57.7 64.6] 63.4] 53.4| 43.2
Mean of daily max-
imum.____________ 62.2| 47.2) 33.0| 32.4| 38.3| 48.7| 58.6] 68.3] 76.7] 87.1| 85.2 73.8 59.3
Mean of daily min-
imum.__ ... _____ 25.5) 19.6| 10.3 8.8] 16.3] 23.4| 28.4| 34.0f 39.1] 44.3| 41.8| 33.2| 27.1
Highest of record...{ 88 70 58 59 68 76 83 93 102 105 101 95 105
Lowest of record... 1 |—14 }|—45 |—44.5]—26 |-—17 11 12 19 27 24 2 |—45

Annual rainfall and snowfall, in inches of waler, at eight climatologic stations in or
near Harney Basin

[By climatic years (Oct. 1 to Sept. 30).

Harney Branch Experiment Station]

Data from publications of U. S8, Weatl er Bureau and records of

Harney
Branch :
Burns | Camp .- Dia- Frer ch-
Mill | Harney Burns Eégg? mond glen Blitzen | Andrews
Station
No.onplate 1_.....__. 1 2 3 4 5 6 7 8
Altitude, feet above ) o o o o
sealeveloao_o__.____ 5,000 4,150 4, 157 4, 138 4, 300 4, 100 4, 300 4, 100

1895-96
1896-97

See footnotes at end of table.
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Annual rainfall and snowfall, in inches of waler, at eight climatologic stations in or
near Harney Basin—Continued

IBIarnerl*
Burns | Camp ranct Dia- French- | p;
Mill | Harney Burns Eéggrtl- mond glen Mitzen | Andrews
Station
No.onplate 1.._..__.. 1 2 3 4 5 6 7 8
Altitude, feet above
sed level ooooooooo. §, 000 4, 150 4,157 4,138 4,300 4,100 4,300 4, 100

—
SO NN O

OHROSOHO DO ~T
RNWWNNOoOO NN

Average_...._.__

________ 10. 40 10. 55 7.80 \

1 Involves estimate for 2 months. 3 Involves estimate for 3 months.
2 Involves estimate for 1 month.

Monthly and annual rainfall and snowfall, in inches of water, al three stations in
Harney Basin

Oct. | Nov.| Dec. | Jan. | Feb. | Mar.| Apr. { May | June | July | Aug. | Sept. | Year

0 2.26 90 [ 1.50 | .79 59 15 .10 |--.._. 0 05} Tr. [16.87
0 .09 57 | 1.37 | .48 1 2.20 66 | 1.09 |.__... 64 12 11 |117.95
03105283 (1.60(1.68 35 16 .14 11 {0 01 63 | 8.62
82| .25 5313151 1.24 30| 1.00 27 | .53 96 37 34| 9.76

<)

<
i ad aal

-

N

47 | 2.78 40 00 2 1.72 69 B4 : 36 | 1.00 60 | 15. 59
76 | .68 22 50 75 2.7 1.01 500 0 29 | 11.49
) 1.7 [ 2 (S [ SR SR AR

t Missing months estimated.
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Monthly and annual rainfall and snowfall, in inches of waler, at three stations in
Harney Basin—Continued

Burns (altitude 4,157 feet)

I '

i ] i i
(Oct. 1¥($ar8ept. 30) Oct. | Nov. Dec.:Jan. Feb. | Mar. | Apr. | May June'lJuIy Aug. | Sept.| Year

Harney Branch Experiment Station (altitude 4,138 feet)

...... 1.41 [ 0.59 | 0.06 ] 1.42 | 1.51 | 1.33 | 0.11 |0 | 0.34 |10.77
0.36| 84| .73 .57| .75 1.52| .30 .30| .03| .04 | 6.95

39| .50 | 190 | 35| .81 | .72| 96| .84 | .33| ‘13| 812

38| .63|1.22| .58| .38 | .80 .33| .19 04| .89 | 5.60

62| .92 .53| .33 .12| .26 .64 .19 .51 | 153 | 7.00

14 .67 | 1.45| .43 1.07] 320 03| .07 | 178 7.17

1.63 | .35| .02 | .71 ] .57 | 51| .60| .53 | .96 | .42| 7.85

1.26 | 146 | .97 | 98| 48] 187 ( .29] .a5| o1 | 103 | 1103

45! .95 751 1.03! 88| .36| .50 | .01|1.06{ .01| 7.43

1.51 | .47 | 09| .09 | 194 86| 1.52| 33| .06( .30 892

44| 43| 127| (18| .20 .06 .02]0 18| .21 5.2

2,00 .96 | 1.07| .17 | 156 | 2.21 | .34 | .14| .44 | 1.06 | 11.70

116 | .99 | .86 | .31 [115| .53 | .19| .46 | .45| Tr.| 819

07| .80 1110 | '82| .82 | 116 | 1.67| .01 .26| .66 | 11.58

57 | 1.49 1.02] (60| 04| .28| .15|0 10 | 7.40

75| .50 | .41| .28 |1.20| .10|1.82{ Tr.| Tr.| .01| 5.38

L72| .87 ¢ .50 | .72 63| 22| 12 Tr.| 02) (57| 543

i ) 23| 96| .62]1.05| .2 | .38| .90 | Tr.| Tr.| .21 | 560

1931-32_.. .01 591 .39 1.22| .86 | .34 | 181110} .97} .29| .15| Tr.| .01| 7.73
Average....__ 68| 03| .88 | .85| .81 | .60 | .84 | .76| .61| .18 | .23 | .49 7.80

! Missing months estimated.
i Interpolated.
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Average monthly and yearly snowfall,o in inches, at five stations in southeastern
regon

[Data from publication of U. S. Weather Bureau]

%amey - b
ranch rench- “
Burns Experiment glen Blitzen Andrews
Station
No.onpl. 1. . 3 4 6 7 8
Altitude, feet above sealevel ___ ... ____ 4,157 4,138 4,160 4,300 4,100
1893-1920 1922-32 1928-32 1914-32 1915-32
0.4 0.2 Tr. 0.4 Tr.
4.5 2 U 1.9 1.1
16.6 7.3 3.6 6.4 4.6
13.5 7.9 11.0 9.0 5.6
6.3 3.6 | .. 8.1 4.7
5.0 2.8 | 3.9 1.3
2.5 2.0 1.3 1.7 .7
1 Tr. 0 .2 Tr.
.1 Tr. Tr. .2 Tr.
0 0 (] [(] [(]
0 0 (] (1] (]
September. ... 0 0 0 Tr 0
The year. - . 43.0 25.4 .. ___. 29.4 18.0

Evaporation, in inches, at Harney Branch Experiment Station

fData from records of Harney Branch Experiment Station; 6-foot land pan blackened inside, rim 0.1 foot
above land surface, water level 0.2 foot below land surface; altitude 4,138 feet)

|
!
> . : . Septem- The
Year April May June July August ber October period

1914, 3.472 6. 487 6. 647 9. 860 9. 405 5.532 2. 651 44.054
1915 .. 4.352 4.971 7.714 8.820 9. 036 5.871 3.525 44, 289
1916, .. . __ 4.632 4. 649 6.915 8.342 7.383 5.048 2. 500 40, 369
1917 e 1.750 5. 226 7. 895 10.190 8. 140 5. 257 3. 647 42. 105
1918 .. 5.104 7.186 8.611 8. 657 7.257 4 674 2. 385 43.874
1919 . 4. 509 6. 838 8. 435 9. 801 8.210 5.163 2.544 45. 500
1920 . ______ e 4 318 8. 600 6. 593 9.482 8.273 5.124 2.226 44.616
1921 . 3. 636 6.092 6.080 9. 330 8.208 4. 948 2. 849 41. 143
1922 . U 3.217 5. 950 8. 869 9.210 8. 006 6. 671 3. 024 44. 947
1923 1 e e e e e e e [,
1924 ... .. 5. 226 8.552 9. 893 10. 848 9.058 6. 900 4.028 54. 506
1925 . _. 3.915 5. 286 6. 358 9.392 7.499 4.445 2.300 39. 195
1926 .. 4.070 6. 199 8. 504 10. 057 8. 256 5. 715 2. 687 45. 488
1927 . 3.378 5.159 6. 276 8.063 6. 758 3.730 2. 425 35. 789
1928, . .. 3. 329 6. 973 7. 100 3. 560 8. 255 5. 304 2.729 42, 250
1929 . ___. 2. 580 6. 268 6. 040 9. 185 7. 888 5.063 2. 881 39. 905
1930 . 3. 596 5. 402 7.477 9. 028 7.619 4. 490 2. 248 39. 860
1931 . 3. 954 7.093 6. 639 9. 503 7.750 4.183 2.379 41. 501
1932 ... 2.982 4. 822 6. 462 7.838 6.453 | o e femmemmas

Average_.____. 3. 826 6. 290 7.414 9. 313 8. 059 5. 236 2.766 42. 905

1 Noreeord.
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Monthly mean wind velocity, in miles an hour, at Harney Branch Experiment
Station

[Data from records of Harney Branch Experiment Station; term of reco~d, 1914 to 1932]

Percent of

Month Maximum | Minimum | Average |yearly wind

movement
OCtObeT - e ecm e aa—————————— 5.1 2.2 3.4 7.3.
November. - oot cccice e nmcecm— e ——a- 5.1 1.7 3.0 6.5
December— o o ccccceaaee 4.3 1.4 2.9 6.2
JAMUAT Y. o e e 5.3 15 2.8 6.0
February- 4.8 1.7 3.3 7.1
March. 7.6 2.1 4.5 9.7
April._. 7.4 3.8 5.4 11. 6
May. .- 7.2 4.3 55 11.8
June... 6.5 2.8 4.6 9.9
B 1) 2 R 5.5 2.9 4.1 8.8
AUgust . e m 4.5 2.9 3.5 7.5
September. - e 4.9 2.3 3.5 7.5
BN T3 U ROY PRSP PR S 3.9 | o

PRECIPITATION AND TREE GROWTH IN THE
HARNEY BASIN

By L. T. JeEssup ?

Problems connected with water supply and its utilization commonly
require some information relative to the general variations and
trends of precipitation for a longer period than that covered by the
usual climatologic records. One method that has been used in efforts
to extend such records consists of the measurement of the rate of
growth of trees as shown by the width of annual rings and comparing
this rate with available precipitation records.!® In the arid regions.
the available soil moisture may be the dominant physical factor in
tree growth, and in some areas where the only source of soil moisture
is local precipitation it is possible to establish a correlation.

Juniper trees were selected for making such an investigation in the
Harney Basin, for the reason that they grow on the foothills close
to the valley floor and at an altitude not far above that of the Harney
Branch Experlment Sta,tlon where meteorologic observations are made.
The experiment station is 4,138 feet above mean sea level.

The species of juniper growing in this basin tend to branch near
the ground, and the trunks of the mature trees tend to become lobate
in cross section, so that they have flutings. In many trees the
several lobes grow at somewhat different rates, so that the width of a
particular annular ring may not be constant. Also the older trees
generally have extensive decayed sections, particularly at the heart or
core. For these reasons a considerable number of t-ees were exam-

¢ Associate drainage engineer, Bureau of Agricultural Engineering, United States Department of Agri-
culture. This investigation was made by the writer while temporarily assigned to the Bureau of Biological:
Survey. The field work was done in September 1931, in collaboration with T. W. Robinson, of the Geologi—

cal Survey, United States Department of the Interior.

10 Douglass, A. E., Climatic cycles and tree growth, vol. 2: Carnegie Inst. Wash‘ngton Pub. 289, 1928, ’
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ined, but sections of only four were selected as satisfactory for study.
These were full sections taken from isolated trees growinz well above:
the bottom of any draw or depression. A brief description of the
location of each follows:

1. Burns, 6 miles northwest of, on road to Izee, near rock ledge on steep slope
with southern exposure; altitude 4,750 feet.

2. Burns, 21 miles west of, on highway to Bend; sandy soil on flat ridge; alti-
tude 4,450 feet.

3. Frenchglen, 14 miles southwest of, on road to Blitzen, near the pass from.
Blitzen Valley into Catlow Valley, on rocky shelf; altitude 4,840 feet.

4. Frenchglen, 5 miles north of, on road to Narrows, on steep rocky slope with
western exposure on west side of Blitzen Valley; altitude 4,600 feet.

Transverse sections 2 inches thick were cut from the trunks about
1 or 2 feet above the land surface, and lines were drewn on each
section to indicate the four cardinal directions of the compass in the
position of growth. Some of these lines were shifted a few degrees.
in order to avoid indentations and other defects. Along each cardinal
radius every tenth ring was marked and dated, and if pcssible it was
bULIlPlULUly traced out. Also the very small i uwervenmg I‘LHgS of the
four sections were compared in order to avoid improper dating that
might have resulted from double or missing rings.

For the purpose of measuring ring widths a meter stick was fitted
with a slide equipped with a fine pointer, a magnifying glass of 14
diameters, a vernier, and a slow-motion screw. The meter stick
was fastened to the tree section so that the pointer could be moved
along one of the radial lines and a reading to 0.1 millimeter was taken
at the margin of each ring. Except where decay prevented, readings
were taken along each of the four radii, and the four measurements
of each ring were averaged.

For each tree the mean width of ring was determined for the period
1760 to 1930, and the deviation of each ring from this mean was
determined and expressed as a percentage. An average of the four
results for each year was taken to represent the percentaﬂe deviation

I]_OIIL Il()lnldl tree gI'OWBIl ana was plODBeQ on ngure 1 IOI' Elle yearb
1898 to 1930.

Measurements of rainfall and snowfall at Burns were started in
1892 and were continued until December 1921, although somewhat
intermittently at first. At the Harney Branch Experiment Station,
which is 6 miles due east of Burns, measurements were started during
the later part of 1913 and continued to 1932 (p. 8). For the 72-
month period of concurrent records, the average yearly precipitation
at Burns was 9.89 inches, whereas at the Harney Branch Experiment
Station it was 8.03 inches, or 81.2 percent of that at Burns. By
applying this percentage to the earlier records at Burns the pre-

66814—39—2
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cipitation at the Harney Branch Experiment Station was estimated
for 1898, 1900, 1901, and 1904 to 1913. A climatic year beginning
with October 1 was used. These estimates, together with the meas-
ured precipitation, gave 8.6 inches as the probable magnitude of the
long-term mean annual precipitation at the Harney Branch Experi-
ment Station. The percentage of yearly deviation from this mean
was determined and the results also plotted on figure 1.

On figure 1 the solid line represents the percentege deviation of
tree-ring width or tree growth from the normal growth and the dotted

line represents the corresponding deviation in precipitation. The
close resemblance of the two curves is evident, even though the
points were plotted without adjustment. Figure 2 is analogous to
figure 1 except that each of its two curves has been smoothed by
plotting the means of three successive determinaticns while giving

YEAR
1900 1905 1910 1915 1920 1925 1930
+60 . E
\ /' \‘{Precnpmatlon
~ +40 A
VAN \
+20 /\ \ A \ IA\

-
——\/ N /N /- / I\
O / \ \ / I \I A .’ \u/ \
\ C VA ATV S
v/
-20 ,/ \‘ \'/ \ ,‘-_// \ 'll v
— /
40 T Tree-ring
! o growth
-60 — - T S e I —

DEVIATION FROM NORMAL IN PERCENT

FIGURE 1.—Relation between tree growth and precipitation in the Harney Basin, 1898 to 1930.

«double weight to the middle determination and except that the
graph of tree-ring widths has been extended back to 1734.

Two of the four trees had rings extending back to 1734, but these
two trees are hardly sufficient to give representative deviations.
However, the average from the two showed tree-rirg widths below
normal from 1755 to 1759, and with but two exceptions they were
above normal from 1734 to 1754.

The mean width for all the annular rings was 0.824 millimeter,
the mean for the period 1760 to 1930 was 0.818 millimeter, and the
mean for the period 1898 to 1930 was 0.820 millimeter. These
figures indicate that the mean precipitation at the Harney Branch
Experiment Station for the years during which records are available
and computed is not materially different from the mean for the last
170 to 200 years. The curves of figure 1 agree mor= closely for the
years in which measurements were made than they do for the years
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an which the precipitation was estimated
by applying a coefficient to the records
taken at Burns. Though it is evident
from the curves that it would not be pos-
sible to determine accurately the precipi-
tation for some particular past year of no
record, yet the correlation appears to be
sufficiently strong to indicate rather defi-
nite general trends and deviations.

The data from this study suggest that
a precipitation of 8.6 inches is not far from
the true long-term mean for the Harney
Branch Experiment Station and that
severe and protracted droughts may occur
from 70 to 90 years apart. These rela-
tions and others of lesser import are shown
on figure 2.

LAND FORMS

The Harney Basin may be divided into
(1) a low central area whose land forms
are relatively young and have been con-
structed by sedimentation and volcanism
and (2) a higher marginal area which has
been eroded from a fault-block terrane.
In these general features the basin is typi-

ecal of an axtoncive racian in eactorn Oroonn
UAUA UL QUL UAUULISIL VO 4 ‘Jslu.ll. AL UdLOo ULUL 11 U/ UBUL‘

and adjacent parts of Idaho, Utah, Nevada,
and California.

In order of increasing age, the construc-
tional land forms of the central area are
playas and lake beds, dunes, and alluvial
plains; also cinder cones and plains, lava
fields, and other initial volecanic surfaces.
The marginal area comprises erosion plains
of intermediate altitude and an extensive
dissected upland.

Three playas—flats which are covered
periodically by ephemeral or intermittent
lakes—dominate the central area of the
Harney Basin; these are Harney, Malheur,
and Mud Lakes. (See pls. 2 and 3, A4.)
These three playas are sumps to which
excess surface water runs off and from
which both surface water and ground
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F1Guee 2.—(General deviations of precipitation in the Harney Basin, as indicated by tree growth, 1734 to 1930.
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water are dissipated by evaporation and to some extert by transpira--
tion. Together, they cover about 125 square miles, but their relief
is only about 15 feet. Pecore ! determined the lowest point on the-
floor of Harney Lake to have been 4,079.7 feet above sea level in:
1931; on Malheur Lake, 4,088.8 feet. Along the meander lines that:
surround the playas the mean altitudes were, on Harney Lake, about:
4,095 feet; on Malheur Lake, about 4,093 feet.
Along the margin of Harney Lake the so-called ‘“Sand Reef,”

continuous and conspicuous ridee of dunes. rises gradually from fho‘

VLAV RS Gl RS PAVRUVRS A28 S R I LA RY X)) Saaza va

alluvial plain in sec. 29, T. 26 S., R. 30 E. and traces a smooth sweep-
ing curve for about 10 miles toward the east and south. About a
mile from its south terminus, in the unsurveyed portion of sec. 18,.
T. 27 S., R. 30 E., this ridge is pierced by a single channel, the so-called
“Sand Gap,” whose floor was between 4,086 and 4,087 feet above sea.
level in 1931, according to the survey by Pecore.’? However, there is:
considerable historic evidence that the ‘“‘gap” has been partly filled.
with dune sand at times and has been scoured intermittently when.
Malheur Lake has overflowed through it. (See p. 20.)

The eastern half of Malheur Lake is traversed by three abandoned
beach ridges, of which the most easterly and westerly are known as
Pelican Island and Cole Island, respectively. On the western half of
the playa Graves Island forms a possible correlative of Cole Island.
These ridges have stood above water when the playa I as been exten-
sively flooded in historic time. KEach is breached by several gaps,
whiclh drain lagoons.

An older and higher beach ridge is imperfectly preserved at several
places about the playas. East of Malheur Lake it extends almost to
the portal of Malheur Gap (p. 18), where its crest is about 4,105 feet
above sea level. Farther west it passes through the "W sec. 11, T.
26 S., R. 33 E., skirts the southwestern flanks of Warm Sprlng Butte
and Saddle Butte, and continues about to Lawen. Still farther west
the ridge appears to lapse for several miles across the alluvial plain of
the Silvies River, but it rises again about in sec. 26, T. 25 S., R. 32 K.,
and extends southwestward into the dunes northeast of Harney liake.
In the latter reach the crests of the principal beach remrants are about

4,100 feet above sea level. A possible correlative of the high-level
hpqgh r1Ao'p 1s the hichest of four shingled beach terraces that occur

aa a4 AR 22y 2aTS R =) Taad oS VALV

south of Harney Lake in sec. 1, T. 28 S R. 29% E. (See pl. 3, B.)
No higher shore features are Lnown to ex1st in the central area of the
Harney Basin, although most other desert basins in eastern Oregon
have prominent shore features at least 100 feet higher than their
playas.

11 Pecore, C. W., Supreme Court of the United States, October term, 1932, The United States-of America:

9. the Stafe of Oregon, Joint abstract of record, vol. 1, pp. 105, 173-174, 263, 1932.
17 Idem, vol. 2, pp. 850-851.
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A, HARNEY PLAYA.
Yiew southeastward from lot 3, sec. 28, T. 26 5., R. 30 E.

B. SHINGLED BEACHES ALONG THE SOUTHERN EDGE OF HARNEY LAKE.
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MALRE UK, cave]
g j

A. PORTAL OF MALHEUR CAVE.
A lava tube in sec. 18, T, 27 S., R. 36 E.

B. EROSION TRENCH ON TONGUE OF VOLTAGE LAVA FIELD.

View eastward (downstream) frem the SE14 sec. 26. T. 27 S.. R. 35 K.



GEOLOGICAL SURVEY WATER-SUPPLY PAPER 841 PLATE 5

4. GLACIATED VALLEY OF 1 PPER KIGER CHEER.

Viewed from the crest of Steens Mountain.

B. MALIIEUR GAP.

Viewed from the central alluvial plain east of Malheur Lake.
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Alluvial plams -cover fully 800 square miles in the low central part
.of the Harney Basin (pl. 2), exclusive of the major playas. Chief

among these are (1) the central alluvial plain east of Harney Lake and

Qi iy VAIUSY AT vilT LRIV &L A2V ikl 2822 BaoU VL AAGL AN

north of Malheur Lake, which covers about 500 square mlles and is
locally called the Harney Valley; (2) the Donner und Blitzen Plain,
‘which covers about 125 square miles in the south-central part of the
area; and (3) the plains along Warm Spring Creek and lower Silver
Creek, which cover about 100 square miles between Harney and Silver
Lakes. The latter two units are extensive tongues of the central
plain which drown their respective valleys. The so-called ‘‘upper
valley” of Silver Creek includes an alluvial plain of 40 square miles;
this lies beyond the area shown on plate 2, largely in T. 23 S., R. 26 E.
These alluvial plains absorb much water from the streams as well as
from rain and snow; they also dissipate much water by transpiration
-and, to a minor degree, by evaporation (pp. 74-82). Tley are under-
lain by the shallowest productive water-bearing beds and include the
.arable land that can be irrigated economically by pumping from wells.

‘The central alluvial plain ranges between 4,165 feet above sea level

near Burns and 4,093 feet along the margin of Malheur Lake. It
originates in marginal alluvial tongues and vague fans that slope as
much as 40 feet to the mile, whereas the main part of the plain slopes
between 2 and 7 feet to the mile toward the playa. Upon this plain
.are superposed the shallow distributaries of the Silvies River and the
“sloughs” and faint drains that converge from intermittent streams
toward ‘the playa.

Commonly the relatively flat alluvial plain abuts against a steep or
.even precipitous rock border. This condition is conspicuous along the
flanks of Wrights Point, a narrow basalt-capped salient that projects
nearly 8 miles into the plain from its western margin. There talus
.deposits are not extensive. Russell ¥ and Waring * have concluded,
respectively, that the precipitous slopes of Wrights Point were shaped
by erosion and that the present topography was caused by gradual

rise of base level and deposition of the present valley fill over the foot

slopes of the-erosion surface. With these conclusions the writers agree.
Surfaces of volcanic origin that are virtually unweathered and but

little eroded are extensive in the Harney Basin, especiall> in its south-
.eastern part. These are relatively permeable and probably allow an
appreciable part of the rainfall to penetrate to the ground-water table.
‘The youngest is .a basaltic lava field, the Diamond Craters,' which

13 Russell, I. C., Preliminary report on the geology and water resources of central Oregon: U. S. Geol.
Survey Bull. 252, p. 40, 1905.

14 Waring, G. A., Geology and water resources of the Harney Basin, Oregon: U. S. Geel. Survey Water-
‘Supply Paper 231, p. 29, 1909.

16 Russel], I. C., Notes on the geology of southwestern Idaho and southeastern Oregon: U. S. Geol. Survey
Bull, 217, pp. 64-57, 1903,
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covers about 25 square miles in Tps. 28 and 29 S., P. 32 E. This
field dams the basin of Riddle Creek and in all probability has diverted
the lower part of Kiger Creek toward the west. Its dominant feature
1s a lava dome about 400 feet high whose crest is broken by & linear
pit about 2,000 feet long, 600 to 700 feet wide, and about 50 feet deep.
Small spatter cones are numerous along the eastern edge of the field.
Satellitic cinder cones flank the central lava dome on the south and
west, and from them a barren cinder plain extends soruthwestward.
At some places the marginal lava field is hummocky with collapse
pits and a few pressure ridges; at other places it is relatively smooth
and composed of ropy (pahoehoe) lava; still elsewhere it is built from
blocky (aa) lava with a jagged surface that is all but impassable. All
these recent volcanic features stand unscarred by erosion. Very little
soil has formed, but sagebrush and other desert plants grow here and
there.

An older basaltic lava field, much more extensive, extends north-
ward from the Diamond Craters nearly to Malheur Lake, eastward
to the base of Riddle Mountain, and northward into the valley of the
South Fork of the Malheur River. Altogether it covers about 125
square miles. It is unlike the Diamond Craters lava field in that it
has a discontinuous thin mantle of eolian soil, its rocks are somewhat
weathered at a few places, and locally it is overlain by alluvium.
Lava domes from which this extensive field was extruded have been
recognized in three places—(1) about 5 miles east and from 1 mile to
4 miles south of Voltage town site, in the eastern part of T. 27 S., R.
32 E.; (2) north of Riddle Mountain, near the Mule ranch, in T. 28
S., R. 35 E.; and (3) along the south flank of Malheur Gap in T. 27
S., R. 35 E. As the domes near Voitage are the most prominent,
the name ‘“Voltage lava field”’ is used in this report. In altitude, the
Voltage lava field probably does not have a range of more than 500
feet. Generally it is relatively smooth, but locally it is spotted with
pressure ridges and is strewn or paved with basaltic rubble.

Malheur Cave, in sec. 18, T. 27 S., R. 36 E., is a well-known land-
mark on the tongue of the Voltage lava that extends into the Indian
Creek Valley; ' it 1s a common lava tube whose roof has collapsed.
(See pl. 4, A.)) In 1932 the tube plunged below ground-water level
about half a mile from its portal.

Although older than the lava field near Diamond, the Voltage lava
field is relatively young in terms of the geologic time scale. It is.
inferred to have dammed the ancestral Malheur Gap and thereby to
have cut off Harney Basin from the drainage area of the Malheur

18 Waring, G. A., Geology and water resources of the Harney Basin region, Oregon: U. S. Geol. Survey
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River and to have started the epoch of alluviation that built the
extensive central plain.

The most conspicuous of the erosion plains of intermeriate altitude
liesin the western part of the basin, between Sagehen Valley and Warm
Spring Valley; it widens extensively farther west, beyond the vague
drainage divide that bounds the Harney Basin (pl. 1). TIts eastern
margin 1s a somewhat lobate scarp about 200 feet high, which fronts
on the central alluvial plain. This extensive plain has been cut from
the little-deformed Harney formation by the stripping cf weak rocks
(pp. 28, 40) from above a common layer or zone of basalt. In its
larger features the plain conforms to the initial lava surface, but pres-
sure ridges and other volcanic features have been planed off. Dog
Mountain rises about 250 feet above the plain in T. 25 S., R. 31 E.;
it is composed largely of the weak members of the Harney formation
that have been stripped elsewhere. Remmnants of analogous erosion
plains, some of them cut from rocks older than the Harney formation,

occur along the eastern and southern margins of the basin.
On the north, east, and south the central alluvial plain is bordered

by a well- dramed upland of strong to high relief and relatively high
altitude, which is composed largely of deformed voleanic rocks. These
rocks are relatively resistant to erosion and are only slizghtly perme-
able; nevertheless the upland is the chief catchment area for the
perennial streams that form the principal source of the ground water
in the central area. (See pp. 63, 69.) This upland may b= subdivided
into (1) the Silvies Plateau, which borders the central alluvial plain
on the north, whose southern part is a barren dip slope rising north-
ward to 7,000 feet above sea level at King Mountain (T. 20 S., R. 32
E.), and whose northern part is timber-covered and rolling, has mod-
erate relief, and culminates in Strawberry Mountain, at an altitude of
9,600 feet (T. 14 S., R. 33 E.); (2) the Crowcamp Hills and Indian
Creek Buttes, which, with related terrane, bound the basin on the
east; (3) Steens Mountain, to the southeast, whose crest is 9,354 feet
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5,500 feet hlgh, and whose western face is a dip slope that declines
2° to 3° to the alluvial plain of the Donner und Blitzen River; and
(4) finally, an unnamed barren plateau of low relief that lies west of
the Donner und Blitzen River and south of Harney Lake. Commonly
the upland streams occupy fault-line valleys, and many of the land
forms, both large and small, have resulted from recent movement
along faults or from stripping along inclined strata and not from
planation in horizontal strata. Most of the dissection in these upland
areas has been accomplished by streams, but in the northern part of

17 Swick, C. H., First-and second-order triangulation in Oregon: U. 8. Coast and Geodetic Survey, Specia¥
Pub. 175, p. 38, 1932,
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‘Steens Mountain the upper reach of Kiger Creek flows in a bold
U-shaped valley (pl. 5, A) which is the obvious procuct of a former
valley glacier. Also, the highest parts of both Steens Mountain and
‘Strawberry Mountain appear to have been glaciated locally.

Two low-level wind gaps pierce the dissected upland along the east
side of the basin; these are Crane Gap, with a portal in sec. 7, T. 25
S, R. 34 E., and Malheur Gap (pl. 5, B), which opens from the central
alluvial plain 11 miles farther south, in sec. 5, T. 27 S., R. 34 E.
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outlet for the Harney Basin, although no‘drainage has passed through
either within historic time or through Crane Gap in latest geologic
time. The writers infer that Malheur Gap was the chief outlet of the
basin during the epoch in which so large a volume of the Harney
formation was stripped from the central area. The high-level beach
ridge that passes around the east end of Malheur Lake swings within
half a mile of the portal of Malheur Gap and is pierced by an ill-
defined drain that can be traced well into the gap itself. These
features suggest that Malheur Lake has spilled eastward through the
‘Malheur Gap during the present geologic epoch, even though it has
not done so within historic time. This suggestion, however, is not
uncontroverted, for the alluvial floor of the gap rises toward the east
and passes over a very low divide in the vicinity of the Gap School.
"There, 6 miles east of the portal and approximately on the line between
Rs. 34 and 35 E., the alluvial floor stands 4,114 feet above sea level,"?
or about 25 feet above the floor of the Malheur Lake snd 9 feet above
the crest of the high-level beach ridge.

STREAMS

By far the greater part of the Harney Basin is drained by the Silvies
River and the Donner und Blitzen River, which head on the highest
parts of the dissected upland to the north and south, respectively, of
the central alluvial plain. Each stream crosses an imperfectly drained
plain of low or moderate relief and discharges onto the central alluvial
plain. Each is flashy and varies widely in discharge, between a
spring freshet that may be as much as 5,000 second-feet at the margin
of the central plain and an autumn ground-water run-off that may
fail altogether. The run-off likewise varies widely from year to year,
that of the Silvies River having ranged recently from 219,000 acre-feet
in 19034 to 21,800 acre-feet in 1929-30.

18 Russell, I. C., Preliminary report on the geology and water resources of central Oregon: U. S, Geol.
Survey Bull. 252, p. 38, 1905.

19 Whistler, J. T., and Lewis, J. H., Harney and Silver Creek projects: U. S. Reclamation Service, [Report
-on] Oregon cooperative work, drawing 40, p. 76, 1916.
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The Silvies River debouches upon the northwest corner of the cen-
tral alluvial plain near Burns. At the apex of its allvial fan it
branches into a loosely braided plexus of distributaries and “sloughs”
that traverse the central alluvial plain from northwest to southeast.
(See pl. 2.) Each spreads widely beyond its channel during freshets.

Under natural conditions the greater part of the ares within the
plexus of distributaries was native meadow or swamp. However,

much of the swampy land has been reclaimed to serviceable meadow,
and the spring freshets have been spread widely to irrigste by “wild
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flooding.” Donnelly ° estimated that the area commonly 1rr1gated
in this manner between the apex of the alluvial fan and Malheur
Lake was about 61,000 acres in 1912; it does not differ greatly today.
Ordinarily, a relatively large percentage of the yearly rur-off is dissi-
pated from this area by consumptive use of plants (pp. 78-82);
doubtless more water is dissipated under irrigation than under natural
conditions. In the years of the larger freshets a considerable volume
of water has run off into the Malheur Lake, but in other years the
entire freshet has been dissipated on the alluvial plain. The latter
condition existed in 1930 and 1931, when the yearly run-off was small,
likewise in 1932, when the run-off was of average magnitude. By
midsummer the discharge commonly becomes small and is entirely
dissipated by diversion, evaporation, and infiltration within a few
miles after reaching the central alluvial plain.

The Donner und Blitzen River does not ramify in its upland catch-
ment area but has a few subparallel tributaries that descend the
westward-sloping Steens Mountain block. Moreover, the valley of
the trunk stream is drowned throughout by alluvium, so that under
natural conditions the stream was sluggish and meandered through
a swampy plain from the very head of its alluvial basin. However,
this condition has been rectified by canalizing the stream for about
20 miles. Like the Silvies River, the Donner und Blitzen River has.
been spread widely upon its valley plain for irrigation by “wild
flooding,” but usually it has flowed perennially into Malheur Lake.

Without exception, the remaining streams of the Harney Basin are
intermittent in their lower reaches, and many of their tributaries are
ephemeral. Even Silver Creek and Warm Spring C-eek, which

together drain about 2,000 square miles in the western part of the
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basm and which nornlnally are tributary to Silver and Harney Lakes
(pl. 1), commonly do not flow perennially. Likewise, the southwestern
quadrant of the basin—the so-called Big Stick district of some 700
square miles—rarely has discharged water onto the alluvium of upper
Warm Spring Valley.

20 Donnelly, H. K., [Report to the Oregon State Water Board], quoted by Whistler, J. T., and Lewis,
J. H., op. cit., p. 56.
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LAKES

The Silvies River and the Donner und Blitzen River discharge into
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westward across Mud Lake
to the Sand Gap and thence into Harney Lake. Herney Lake also
receives the run-off from the western part of the basin by way of
Silver Creek and Warm Spring Creek. Thus, Harney Lake is the
ultimate drainage sump for the entire basin. Becaus> neither it nor
Malheur Lake has a functional drainage outlet, both dissipate water
by evaporation and to some extent by transpiration. Thus each lake
has varied widely in extent and volume from season to season and
from year to year, according to the interplay between inflow (pp.
122-123) and evaporation (p. 9). Indeed, since 1895 their aggregate
water-surface area has ranged repeatedly from about 125 square miles
down to about 2 square miles.

The following table and the diagram in plate 6 indicate the water-
surface area and capacity of the lakes. Plate 7 summarizes the avail-
able readings on staff gages in the lakes (pp. 128-131).

Water-surface area and capacity of Harney, Mud, and Mclheur Lakes

Harney Lake Malheur and Mud Lakes

Water-surface altitude (feet above sea level)! . .

Area ? (acres) %acll).g_‘}g%%) Aree.? (acres) ((]91133.(%&%)
4,080 . e 3, 600 360 |coomoie e
4,08 . 13, 500 8,010 |um e e e
4,082 el 19, 900 26,200 {cccom e
4,083 . e 23, 600 47,900 | [eemieeiaoo
4,084 e 26, 400 73,100 |-l .
4,085_________. 28, 100 100,300 | oo o
4,086. 29, 000 129,000 || ..
4,087 . 29, 700 158,000 | ... e
4,088 ... __.__ 30, 200 188, 000 120 60
4089 __________. 30, 700 218, 000 800 430
4,090 _ 31, 300 250, 000 12, 200 5, 230
4,091 .. 31, 700 281, 000 19, 400 23, 400
4,002 e 32, 100 313, 000 33, 600 46, 400
4,098 il 32, 400 345, 000 49, 000 91, 000
4,094 32, 700 378, 000 59, 300 143, 000
4,096 . 433, 100 411, 000 4 64,300 208, 000
4,100 . 436,600 |oceoee ..o 4 ]22 C00 |oeoee o

! Based on altitude 4,095.87 feet for the U. S. GGeological Survey benchmark at Narrows. Leveling by
‘C. W. Pecore, U. S. Biological Survey, 1931.

? By L. T. Jessup for the T. S. Biological Survey; measured by planimeter from topographic maps, scale
1:15,840.

3 Computed by T. W. Robinson, U. S. Geological Survey.

4 Estimated.

These two diagrams suggest the manner in whicl the area and
volume of the lakes have varied in recent years under natural condi-
tions, #* although it should be kept in mind that (1) vvhen the water-
surface altitude is less than about 4,091.5 feet the three lakes are
separate bodies of water, and under such conditions, the readings on

the staff gage at Narrows have no relation to the water-surface altitude

2 In 1935, the United States Biological Survey began the construction of dikes to reduce the area and vol-
nme of Malheur Lake by cutting off the lagoons east of Cole Island.
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in either Malheur Lake or Harney Lake; (2) when the water-surface
altitude is more than about 4,091.5 feet, water may be flowing from
Malheur Lake into Mud Lake and possibly to Harney Lake, and under
such conditions the water surface at the Narrows steff gage may
stand somewhat lower than in Malheur Lake; (3) the water-surface
altitude of Harney Lake is largely independent of the altitude of
Malheur Lake and may stand as much as 10 feet lower; (4) the altitude
of the water surface in the open lakes may differ somewhat, depending
upon the rate of inflow, the intensity of the wind, and the disposition
of tules; and (5) the altitude of the water surface in the legoons east of
Cole and Pelican Islands may lag behind that in the main lake, for the
channels that join them to the main lake are relatively small. A rude
cyclic fluctuation of the lakes over a term of years is sugzested by the
two diagrams.

In 1930 and 1931 no water ran off to Malheur Lake from the Silvies
River and comparatively little from the Donner und Flitzen River.
‘Consequently the lake receded steadily. In September 1930 it covered
2,000 acres, according to a stadia traverse, but a year later it had
-shrunk to its smallest known size—about 500 acres. This virtual
desiccation culminated a progressive recession of the lake that began in
1921. In 1932 the lake again received no water from the Silvies
River, but the freshet from the Donner und Blitzen Piver filled it
to an altitude of about 4,092 feet. By May 23, 1932, it covered about
25,000 acres, but very little water passed through the gaps in Cole
Island to the lagoons farther east. Throughout this 3-year term there
was no water in Harney Lake except in the pools of several thermal
springs upon its floor and about the mouth of Warm Spring Creek, at
its western margin. For example, on September 11, 1930, Warm
Spring Creek was flowing 11.8 second-feet at the margir of the playa
but was dissipated by the time it had covered 500 to 1,070 acres. In
May 1932, when the run-off to Malheur Lake had reacheq its peak for

the year, two of the writers (Piper and Robinson) traversed the western
part, of Mud Lake and found no water in the channel lpndmo- to the

band Gap and to Harney Lake.

Prior to 1931 Malheur Lake is known to have been small in the
autumn of 1917 and to have been almost completely dry in 1889, after
) yeal“s Ul llellb.lﬁl.lb ntuua,u H;,-l.lll llﬂllblellb lull—Ull Ull UL[“ UDIleI' Llan.u,
the lake was relatively extensive in 1921, repeatedly in the decade from
1895 to 1905, and commonly in the late seventies and early eighties.
When largest, Malheur Lake commonly extended eastward within
about half a mile of Windy Point.?? All the early travelers in the
region, beginning with Peter Skene Ogden in 1826, report, an extensive
saline lake (Harney Lake) but describe only a relatively small fresh-

22 Supreme Court of the United States, October term, 1932; The United States of America v. The State of
Oregon, Joint abstract of record, vol. 1, pp. 348-621, 1932,
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water lake to the east (Mud Lake or Malheur Lake). Not until 1864,
apparently, did Malheur Lake command sufficient notice to be
described separately and to be named in any of ther journals. In
June of that year Capt. George Currey and his troops entered Harney
Basin from the east and arrived ‘“‘at the southeast margin of Lake
Malheur on the evening of June 24.”% On the other hand, maps of
the region published as early as 1846 show a chain of three lakes,
which might be Harney, Mud, and Malheur Lakes.?* These historical

papers can be construed to indicate that Malheur Lake was rela tively
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small prior to 1864, but they are far from conclusive in that respect.
Thus, in historic time Malheur Lake has been so unstable in extent
that it has been very nearly dry at least three times end has reached
to or slightly beyond the meander lines of the official land surveys
(pl. 2). Harney and Mud Lakes have doubtless varied in correspond-
ing degree. Never, in this interval, have the lakes stood sufficiently
long at any level to cut a prominent beach. That they have been
similarly unstable for at least two centuries is suggested by the data
on precipitation and tree growth in the basin (pp. 10-13). In at least
four prehistoric epochs, however, Malheur Lake has been stable long
enough to form as many typical beaches, which are now preserved in the
dissected high-level beach ridge and in the three “islands’ on the east-
ern part of its playa. Of these four features the high-level beach
seems clearly the oldest. The pattern of the three “islands’ suggests
that they were formed subsequently during sucecessive stages of a
shrinking lake.

Even within historic time Malheur and Harney Lakes have not
always been joined by a functional drainage channel. Peter Skene
Ogden, on November 1, 1826, observed that ‘‘a small r'dge of land, an
acre in width, divides the fresh water [Mud Lake] from the salt lakes
[Harney Lake]. These two lakes have no intercourse.” The following
year, on June 8, 1827, Ogden again reached the “salt lake”’ and found
that ‘“‘the water is very high. The waters of Sylvailles [Silvies] River
and lakes [Malheur and Mud Lakes] discharge into it.”” In 1860 Lt.
Joseph Dixon, topographic engineer attached to a military expedition
commanded by Maj. Enoch Steen, prepared a map which indicates that
the ‘“Cricket” [Silvies] River flowed into Harney Lake. Again,in 1864,
Captain Currey found “a deep quicksand-bottomed channel that con-
nects the waters of Harney Lake with that of Stampede [Mud] Lake
on its east, which in the early part of the summer is probably nothing
but an arm of Malheur Lake.” These repeated descriptions imply that
a well-established but intermittent drain connected Harney and Mud

3 Currey, George, in Report of the adjutant general of the State of Oregon, for the years 1865-66, pp.
4041, Salem, Oreg., 1806.
# These and subsequent notes concerning the early history of the lakes are abstracted from Clark, R. C.,

8urvey of the history of the Harney-Malheur Lakes region, 1825-72, in Supreme Court of the United States,.
op. cit., vol. 2, pp. 1014-1059.



4092

4,091

4,090

4,089

..‘h

4087

4,086

4,085

4084

ALTITUDE OF WATER SURFACE INFEET ABOVE SEA LEVEL

4,083

4,082

L
N
Q
)

4,080

50

GEOLOGICAL SURVEY

100

CAPACITY IN THOUSANDS OF ACRE-FEET
350

250

300

400

450

WATER-SUPPLY PAPER 81

500

550

600

PLATE 6

650

vﬂ/

%

7

Pl

e

7

/

~

7

1

4 L2=

kes -1

N

&
q

€d) &
Aredr

4079
0

10

15

20

WATER-SURFACE AREA IN THOUSANDS OF ACRES

25

30

35

40

45

50

55

AREA AND CAPACITY CURVES FOR MALHEUR, MUD, AND HARNEY LAKES, HARNEY COUNTY, OREG.

60

65






GEOLOGY 23

Lakes. In the seventies, however, the drain seems to have been closed
by an extension of the ‘“‘Sand Reef,” over which cattle were commonly
driven to avoid skirting the lakes. About 1880 Malheur Lal-e topped
the ‘reef,” overflowed into Harney Lake, and excavated the present
“Sand Gap’’; as the excavation started, the water surface of Harney
Lake stood several feet lower that that of Malheur Liake.” The year
in which the “reef” was breached is reported variously as 1877 * to
1881.% From spirit leveling about the gap in 1931, M. V. Dodge *
estimated that the water in Malheur Lake attained an altitude of
about 4,107 feet, as it topped the ‘“‘reef”” 50 years before. Obviously
a large tolerance must apply to this estimate. In a general way, how-
ever, it confirms other evidence as to the maximum extent of Malheur
Lake in historic time. During the nineties, and possibly at otl or times,
several persons report #® that the ‘“‘gap’ was cleaned out with teams
and scrapers to quicken drainage.

The water of Harney Lake has been rather highly secline and
ordinarily has been shunned by stock and by human beings alike, but
the military expedition of Captain Currey used the water for its horses
and men in 1864 for lack of another source. The saline water has been
toxic to vegetation, so that the shores and bed of the lake are barren
except about the thermal springs, whose dilute water has maintained
local growths of tules and other water-using vegetation. On the other
hand, the water of Malheur Lake is relatively fresh and has ¢»mmonly
been used for watering stock and even for cooking, although at times
it is unpalatable. Russell ® and Waring  both comment on this differ-
ence in salinity, and Russell ascribes it to the freshening of Malheur
Lake by repeated overflow into Harney Lake. As Malheur Lake 1s
shallow and not highly saline, tules have choked large areas about its
margins and in its western part. In 1931, however, all the tules were
dormant owing to complete desiccation of the lake.

GEOLOGY
SEQUENCE AND GENERAL FEATURES OF THE ROCKS

In the Harney Basin nonmarine strata of the Tertiary and Quater-
nary systems rest upon a basement of crystalline and metamorphic
rocks that belong to the Lower Jurassic series, at least in par. Rocks
of Middle Jurassic, Upper Jurassic, Cretaceous, or earlier Tertiary
age are not known to occur.

% Supreme Court of the United States, op. cit., vol. 2, pp. 829-842.

2 Waring, G. A., Geology and water resources of the Harney Basin region, Oregon: U. 8. Geol. Survey
Water-Supply Paper 231, p. 46, 1909.

27 Supreme Court of the United States, op. cit., vol. 2, pp. 829-842.

2 Jdem, vol. 2, p. 917.

29 Idem, vol. 2, pp. 843-846.

3 Russell, I. C., Notes on the geology of southwestern Idaho and southeastern Oregon: U. 8. Geol. Survey
Bull. 217, p. 31, 1903.

8l Waring, G. A., op. cit., pp. 46-47, 1909.
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The strata of Tertiary age include (1) extrusive basalt, andesite,.
and rhyolite; (2) volcanic ejectamenta that range from sccria to com--
pact massive tuff or breccia; and (3) detrital sediments of alluvial and
lacustrine ori g““ Strata of the three classes are interlaminated and
interfingered; also they grade laterally into one another in complex
fashion. Five distinct stratigraphic units are discriminated in this.
report to span the Miocene and Pliocene epochs. Of these the oldest
two are composed almost entirely of extrusives, one rhyo]ite and the-

atharn hacaalt Mha sratinonat +hn +hn Athan hanwd 3y aley Alaael o 1o
Ouiiol vadsaiv. 1110 yOuligodu UL[J.UU’ Ol tnieé ouner uuuu, Lubluutj usluuvmv

thick sections of sedimentary strata, although the intercalated extru--
sives seem to preponderate because they have been uncovered ex--
tensively by erosion.

The absence of marine strata among the Tertiary rocks of the
Harney Basin was first noted by Russell *> and later by Washburne 3*
and Waring.34

The deposits of Quaternary age include (1) gravel and calcareous
spring sinter in scattered patches on remnants of erosion terraces; (2)
basaltic extrusives and ejectamenta from several epochs; and (3) un--
consolidated valley fill, which comprises materials of alluvial, lacus-
trine, and eolian origin In general the terrace deposits are oldest.
lﬂe D&b&ltic t‘;XbruSth‘b anu Llll‘.‘z Vullff\? Illl are bonbenx’po‘raneous lﬂ
large part and presumably interfinger; each spans the late Pleistocene-
epoch and much if not all of the Recent epoch.

The sequence, physical character, and water-bearing properties of
these stratigraphic units are summarized in the following ta,ble and are:

l'] 1’\ IJ + 1 1’\ (“l]l’\(‘nn"‘f\ 4’ nMaorng rr‘l\ IJ (‘h]'l ]’\
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with the youngest unit and continue in the order that the units would
be encountered in drilling a well; thus they invert the order that is
usually followed in geologic reports. Formal names are initiated for

three of the volcanic units that seem to be extensive in the region be-
vond the Harney Basin; these are the Steens basalt (p. 49), the Dan--
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forth formation (p. 43), and the Harney formation (p. 38).

31 Russell, I. C., A geological reconnaissance in southern Oregon: U. 8. Geol. Survey 4th Ann. Rept., pp-
438-441, 1884,

33 Washburne, C. W., Gas prospects in Harney Valley, Oregon: U. 8. Geol. Survey Bull. 431, pp. 56-67,.
1909.

3 Waring, G. A, op. cit., pp. 18-24.
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Generalized stratigraphic section for the Harney Basin

T
|
|

Thickness {

Geologicl‘ . within area , ) )
age | Formation represented Character and extent Water-bearing properties
. | by plate 2
| ; (feet)
| ) Alluvium, lake and playa de- | Pervious beds are the mem-
' i posits, and eolian sediments bers, lentils and tongues
| : derived from volcanic rocks of gravel an1 sand which
\ ! of the upland; clean sand finger between imper~
/ ,‘ and gravel near the mouths meable beds of silt and
\ of the principal canyons, “clay.” S*aliow per-
L o3 grade laterally and feather meable bedr hold uncon-
v € fingerwise into silt and fined water, which is
g “clay” at the center of the highly con-entrated in
b Yallev d basin. At least one thin dissolved salts toward
! o, Valley fill and con- 0-270+| layer of voleanic ash is inter- the center of the basin.
g %e p oranedns calated from 3 to 6 feet below | Deep perrieable beds
P asait  near Dia- the land surface. A layer of hold confined water and
g mond. peat as much as 30 inches are most practicable
S thick covers most of Mal- source of ground water
< heur Lake, Mantles about for irrigation; safe yield
- 900 square miles of central limited by transmission
" district. The basalt near capacity and by feasible
& Diamond, which is mapped pumping 1li't. The val-
E separately, was extended ley fill yields flowing
< | after most of the valley fill- wells locally near Hines
& ing had taken place and is and in the Warm Spring
| either latest Pleistocene or Valley.
| Recent.
| } i Scoriaceous and fragmental
| ! Extrusives with compact, facies are pervious; the-
! { Basalt and basaltic 750+ scoriaceous, and fragmental Voltage lava field sup-
i ejectamenta near facies forming lava domes plies one moderately
) . Voltage and mnear and marginal lava fields; large perennial spring
.- Hines. lapilli, cinders, and bombs and several flowing wells
& in and about satellitic cones. along soutl! margin of
P S| Malheur Lake.
2 - N
= } Gravel that caps small terrace
At remua]ntsnalon]g nllargin of
central alluvial plain near .
Terrace deposits. 0-20 Burns; calcareous spring Ag?gytir lf;:,géfjal ground-
sinter along lower Prater .
; ! Creek and about 2 miles
1 i southeast of Windy Point.
‘ t Massive basaltie tuff and bree-
\ | | cia, sands%one atnd siltitone,
So1ne 1ncoherent gravel; sco-~
{ ! riaceous and massive basalt In‘(’?voolilelgnttgg\s’glﬂxglelggczg
' \ intercalated at a few hori- readily if in the zone of
:g:‘;si&a‘;ﬁgﬂ(}l?&frgzgs_ saturation; inferred to be
Harney formation 0-780£"  jate altitude in west-central gﬁtgﬁ'gf%?gcent?:fﬁﬁg}
A partt. of a]rea: oxllltliers of for} vial plain but not dis-
T mation along all margins o ; ; N
blg ¢+ central arei ex_cep% the g;]dg:(l;g{} a?lbli?tsfrom other
218 northern. Rests uncon- )
R ' formably on Danforth for-
=& [ mation.
Semiconsolidated siltstone,
l santdstone, and f]anglom-
| erate; covers several square | ,pove  resional  ground-
. miles in north-central part of :
Fzscxngéomergtéa EBM 0-163 E area hut not discriminated gggg;ggrvgilyRe?% Wl(t',g
olieepot Lreek. | elsewhere; stratigraphic | JRRIMCE Y
A | horizon uncertain. May be g
/ younger than Harney for-
mation.
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Generalized stratigraphic section for the Harney Basin—Cortinued

Thickness
within area
represented

by plate 2

(feet)

Character and extent

‘Water-bearing properties

In vicinity of Burns comprises

(1) an upper part that in-
cludes a distinetive rhyolitic
tufi-breccia member, also

stratified goiltotana qand.
Sulavid®G  ShwSione, 5ansG

stone, tuff, and voleanic ash
with layers of glassy or per-
litic rhyolite at a few hori-

Upper tart yields consid-
erable water to municipal
wells at Burns and Hines
but was not water-bear-
ing in a well near Prater
greek; ‘lower Lpart‘yie]ds
LIICT IIar waler 10

-Geologic
age Formation
«ses|eee=Unconformity?
§ Danforth formation,
£
~

zons; (2) a lower part made
up of massive rhyolite, com-
monly spherulitic.

from fault conduits.

In district south of Harney

Lake comprises (1) the dis-
tinetive tuff-breccia member
and associated rocks; (2) an
equally distinctive basaltic-
breccia member and asso-
ciated siltstone, sandstone,
and conglomerate and two
intercalated layers of basalt;
(3) stratified siltstone, sand-
stone, and ash; and (4) spher-
ulitierhyolite.

Yields considerable ther-
mal water to large springs
along fault conduits; sedi-
mentary members in-
ferred not to be water-
bearing at a distance
from tl e faults.

All sedimentary members

semiconsolidated; local un-
conformities between certain
facies; crops out extensively
in marginal upland.

0-1, 5004

Basalt, layers average 10 feet

thick, scoriaceous and frag-
mental zones common at top
of each layer; andesitic facies
locally; crops out in marginal
upland along eastern half of
the basin.

zones, together with fault
fractures, have consider-
able water-yielding ca-
pacity locally; in Donner
und Blitzen Valley sup
plies several perennial
thermal springs along
fault conduits.

Scoriaceous and fragmental

1, 0004

Rhyolite, commonly massive

and spherulitic with glassy
groundmass; generally crum-
pled and faulted; forms a few
scattered masses, mostly in
eastern half of basin.

Presumably pervious only
along fractures.

B
)
]
=
2
3
——|-Unconformity
™
8
3 Steens basalt.
+|[~Unconformity
2
g | Older siliceous extru-
S| siverocks.
~——|——[~Unconformity
2|8
-A: '
a 2]
Q|7
= |2 .
= ‘B"G Pre-Tertiary  rocks
o & &| undifferentiated.
B e ™
D
§ £
a1

®

In northern part of basin fossil-

iferous limestone of Lower
Jurassic age associated with
shale, sandstone, schist,
argillite, and greenstone.
South of the basin andesitic
porphyry, micaceous schist,
and granitic rocks, all of un-
known age.

Figure 3 compares several representative columnar sections in the
Harney Basin, arranged in two rude profiles across the basin from
northwest to southeast.

The history of the Harney Basin seems to include the following
stages: (1) Approximately in late Miocene time the site of the basin
was a district of moderate or strong relief whose rocks included (a)



GEOLOGY
MalheurGap
and vicinity
Burns and Crowcamp
vicinity Hills Late basalt
(near
Terrace | Valley fill Diamond)
deposits | |
P Late basalt \
(west of Hines) U/VCOIVF\ Late basalt
Ba—— “Z, (near
Harney Yo,
formation Harney Q %, Voltage)
| formation L2
UNCUNFOURVITT g
Upper part of Upperpartof]
Upper partof Darforthform Dgﬁfori)h form
Danforth 2o
formation 7 ”0/9/
_________ <7 e
Lowerpartof | '~ >
Danforth form A Steens
Metamorphic| V. <o . basalt Steens
rocks N oes
(Jurassic) NN basalt
Tt G,
o)
N2, | Older
| siliceous
\extrusives
AN
\ Older
N sili
N iliceous
\ extrusives

(bas.

breccia

oreflia &

mem.)

WarmSprings Harney Playato “P" Ranch
Jackass Mtn.
Valley - e Upper part of Danforth formation,
NN g —— ¥
Upperpart of FORM ! 7
DonforthformuNcO® Danfortnfomy et
S {Lasaitic Ogs‘.- Vs
Lowerpart of . N%
Danforth form \,_btefcla e 0“/ Steens
s N 77T T oanforth forrr# o
Steens ) \\\\N sedmem east of P basalt
basalt ~~\JHarneyPla
\, s /
teens
N\ /
basalt
\ /
\ L
A /
N K
Vertical scale
500 0 500

[ O

1

i 1

1

2,000 FEET
]

Haraey
araey

form

FIGURE 3.—Diagrammatic correlation of stratigraphic columns in the Harney Basin

66814—40——3

27



28 HARNEY BASIN, OREGON

metamorphosed sedimentary strata and crystalline plutonic rocks of
several kinds, in part of Lower Jurassic age, which had been faulted
and compressed; and (b) siliceous extrusives of Miocene (?) age,
which had been faulted and loosely crumpled. (2) In Miocene time
the Steens basalt was extruded in a series of thin but extensive sheets
that buried the older rocks along the eastern margin of the basin
with the exception of a few scattered peaks. North of Burns the
whole series wedged out by overlap against the crystalline rocks.
(3) The present structural basin was outlined in general form by
faulting and by tilting of blocks. At that time certain of the present
fault scarps were perhaps initiated and the major subdivisions of the
present upland were outlined. (4) In Pliocene time the Danforth
formation was deposited over most of the area; this formation com-
prised detrital sediments of lacustrine and alluvial origin, coarse and
fine ejectamenta, massive spherulitic rhyolite and perlite, and thin
discontinuous sheets of rhyolite and basalt. (5) The major faults
of the pre-Danforth epoch were rejuvenated, the major fault scarps
of the present land surface were formed or heightened, and, by further
block tilting, the central part of the basin was depressed still more
with reference to the bordering upland. (6) For a relatively long
period the region was subject to erosion, and exterior drainage was
established through Crane Gap or Malheur Gap, and possibly through
both. (7) In late Pliocene (?) time the Harney fcrmation was
deposited throughout the central part of the basin and over an exten-
sive area to the west; this formation comprised basalt scoria and
pumice, detrital sediments, and some extensive but relatively thin
layers of basalt. (8) Through a long fraction of the Pleiztocene epoch
erosion was again dominant, so that exterior drainage was once more
established through Malheur Gap and perhaps briefly through Crane
Gap. By stream planation the upper part of the Harrey formation
was stripped from the central area; it is inferred that ultimately the
central area was reduced to a submature land surface which was
adjusted to an outlet about 300 feet below the present alluvial tongue
in the Malheur Gap. (9) Immediately prior to the epoch just
described, or during the early part of that epoch, a few of the faults
were reopened and some blocks were tilted further, particularly along
the eastern margin of the basin near the two gaps; however, the
major features of the structure are believed to have remained stable.
(10) In late Pleistocene time basalt was extruded from vents west of
Hines; also from vents east and south of Voltage. From the latter
a relatively extensive lava field spread northward and eastward,
entered Malheur Gap, and filled that drain up to the level of the
present divide near the Gap School (p. 18). That lava dam has not
been breached to this day. (11) The central basin was filled by lake
and playa deposits, by alluvium, and by minor quantities of volcanic
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ash, peat, and wind-borne sand. It is not unlikely that some of the
valley fill was deposited contemporaneously with the basalt. In the
final stage of this epoch the central alluvial plain was aggr~ded to
its present altitude and the lower reaches of the stream valleys were
drowned by alluvium for several miles upstream from the central
plain. (12) At some relatively late time in the epoch of valley filling

the late basalt of the Diamond Craters was extruded.

PHYSICAL CHARACTER AND WATER-BEARING PROPERTIES
OF THE STRATA

VALLEY FILL
PHYSICAL CHARACTER AND THICKNESS

R
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valley fill is finer toward the center of the plain than around its borders,
although some beds of coarse material occur at the very center and
some of fine material occur locally at the borders. Thus, near the
apex of the Silvies River fan the valley fill is composed largely of
relatively clean gravel and sand. For example, the drillers’ records
of wells within 3 to 4 miles of the apex (Nos. 65, 73, 74;% . 134),
indicate that fine material (“clay’’) forms as little as 10 perzent of
the total thickness of the fill, at least from the land surface down to
a depth of about 100 feet. Farther out on the central plain the
“clay’’ beds make up more and more of the fill, although most wells
north of Malheur Lake penetrate from two to four layers of gravel or
sand. In six welis between 5 and 10 miles from the apex of the fan
(Nos. 30, 56, 64, 94, 112, 171) the “clay” ranges between 35 and 75
percent of the aggregate thickness. Still farther away, near Lawen,
it amounts to 80 to 90 percent in three wells (Nos. 197, 226, 246).
Because the “clay’’ beds are relatively thick in the Lawen area, it is
inferred that they are also relatively continuous and that the beds of
sand and gravel tend to feather out fingerwise between them. It is
probable that much of the valley fill at depth beneath Malheur and
Harney Lakes resembles the playa deposits and, accordingly, includes
rather massive beds of silt and clay with saline residues interspersed
It seems likely that the gradation from coarse to fine alluvisl sedi-
ments extends fanwise over most of the plain from Burns and is
broken only by small tongues of coarse sediment opposite some of the
secondary streams.

Because the Donner und Blitzen Valley and the Warm Spring Valley
are drowned by alluvium for many miles, it is inferred that sand and
gravel have not been transported from either valley to the central

3% Waring, G. A., Geology and water resources of the Harney Basin region, Oregon: U. S. Geol. Survey

‘Water-Supply Paper 231, p. 23, 1909.
3 The numbers used for wells and springs refer to descriptions and other records in the appendix (pp.

133-185), also to locations shown on pl. 2.
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plain for a relatively long period. The intermittent streams of the
Harney Basin have only small alluvial fans on which to assort their
detritus. Accordingly, they have probably not formed extensive
beds of clean gravel and sand in the fill beneath the central plain.
Moreover, between the streams the extensive front of the upland
that borders the central plain would contribute only ill-sorted slope
wash and local talus to the valley fill. Peat forms the uppermost
layer of the valley fill over most of Malheur Lake west of Cole Island,
over much of Mud Lake, over a considerable area on the central plain
between the distributaries of the Silvies River, and over much of the
Donner und Blitzen Valley. Jessup % states that at least a consider-
able part of this material is derived from tules. He has found the
peat as much as 22 inches thick along the south margin of Malheur
Lake opposite the Donner und Blitzen Valley and from 12 to 30
inches thick ‘“‘throughout a distance of several miles’’ in the northern
part of the playa between Cole Island and Graves Islend. The peat
is underlain by fine detrital sediments. A layer of buried peat was
penetrated between 3.2 and 4.4 feet below the floor of the Sand Gap
in a boring (No. 371) opposite the axis of the Sand Reef at the eastern
edge of Harney Lake. The top of this layer was 4 tn 5 feet below
the lowest of the surface peat in Malheur Lake.

Volcanic ash occurs in the valley fill in several arcas. Within 4
miles of Burns, between the Silvies River and Poison Creek, a single
layer from a few inches to a foot thick occurs from 3 to 6 feet below
the valley plain. It crops out along Newman Slough (pl. 8, A) in
sec. 16, T. 23 S., R. 31 E., and in borrow pits along tke Burns-Crane
highway; also, it was penetrated in borings made by T. W. Robinson.
There the ash is compact, fine-grained, and white. It is composed
almost wholly of microscopic curved fragments of tubular glass (index
of refraction considerably less than 0.154), but locally it contains
numerous diatoms. There are very few particles of foreign rock in
the ash, although the layer of ash is bounded sharply by alluvium
above and below. A similar thin layer of ash is exposed for a mile in
borrow pits along the road near well 126, south of Harney town site;
it was also found in borings 340 and 343, east of Malheur Lake.
“Diatomaceous earth’” or ‘“hardpan’ has been found in borings put
down by Hutchison * at the Harney Branch Experiment Station, 6
miles east of Burns; by Greensiet * from Burns southward to Wrights
Point and eastward as far as Harney town site; and by Jessup % on
the Donner und Blitzen Plain near Rockford Lane. The writers

87 Jessup, L. T., Malheur and Harney Lakes: Supreme Court of the United States, October term, 1932;
United States of America ». State of Oregon, plaintiff’s exhibit 52, pp. 80-82, 1932,

38 Hutchison, R E., oral communication.

39 Whistler, J. T., and Lewis, J. H., op. cit., drawing 48.

4 Jessup, L. T., oral communication.
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believe the ‘“‘diatomaceous earth” and “hardpan’ at the foregoing
localities to be largely volcanic ash.

Nowhere is the ash known to be more than a foot thick, althc ugh its
widespread occurrences have a range of about 50 feet in altitude. It
is inferred that the layer exposed near Burns was deposited {~om an
ash fall in relatively late geologic time. The presence of diatoms
within it suggests that the ash ponded some streams temporarily.

It is not unlikely that the lower part of the valley fill was deposited
in an extensive and relatively deep lake, for the epoch of filling began
when Malheur Gap was dammed by basalt, presumably before the

end of the Pleistocene epoch, while rainfall was relatively great and
while other closed basins in southeastern Oregon were occuried by
lakes of considerable depth. If the hypothetical lake ever rose to the
crest of the basalt dam (4,114 feet above sea level) it would have been
only about 50 feet lower than the present land surface at Burns and,
on the pre-fill topography, would have extended nearly if not entirely
across the present alluvial plain. Thus, much of the ‘“clay” that
makes up the bulk of the valley fill in the vicinity of Lawen may be
lacustrine. Itis a corollary of this supposition that the coarse Cetritus
of the Silvies River would not have been transported far offshore but
would have been deposited in a delta near Burns. Presumably,
corresponding deltas would have formed in the Donner und Blitzen
Valley and possibly at the mouths of the secondary streams. Waring
seems to imply this condition for the Harney Basin, although it is not
clear that the implication was intended.

The valley fill has buried a former land surface which comprised
two elements—(1) the initial surface of the basalt dam in Malheur
Gap and of the northern footslope along the Voltage lava field and (2)
an erosion surface whose profiles were adjusted between the predam
floor of Malheur Gap and the reaches of the present streams that are
incised on the upland. Two useful inferences as to the form of the
buried erosion surface can be drawn with fair assurance. First, over
a considerable part of the central area, the surface had been eroded on
soft tuff and sedimentary beds of the Harney formation and Denforth
formation, which resemble the overlying fill in petrographic character.
Second, the erosion surface probably had low but distinct relief,
because (1) the bordering land forms whose footslopes were buried
were youthful and still are youthful; (2) relatively weak salients along
its margins, such as Wrights Point and Windy Point, were not
smoothed off before the epoch of filling; and (3) the term of erosion
was too brief for the outlet of the basin, Malheur Gap, to have been
greatly widened, although 1t is inferred that a considerable volume of
detritus was transported through it. On the other hand, surprisingly
few outliers of the buried surface now rise above the central plain.

¢ Waring, G. A, op. cit. (Water-Supply Paper 231), p. 23.
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Waring *2 estimates that the valley fill is less than 300 feet thick at
most places, deriving his estimate partly from the fragmentary records
of five wells on the central plain. These records are summarized in
the following table, together with the available records of wells that
have been drilled through the valley fill subsequently. The later
records confirm the estimate made by Waring in 1909. Collectively
the records indicate that the valley fill is roughly 109 feet thick
within 5 miles of Burns and all along the northeastern margin of the
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southeast; and that it is from 200 feet to about 270 feet thick from 2

to 5 miles north of Malheur Lake. South of the lake the valley fill
feathers out against the Voltage lava field and is from 20 to 50 feet
thick in several wells (Nos. 331, 332, 333, 334, 375) within half a mile
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the Donner und Blitzen Valley or the Warm Spring Valley.

Thickness of the valley fill in the Harney Basin, as shown by the records of
drilled wells

Altitude
Depth of
of land
No. surface bedrock below Remarks
bov Jand surface
above sea (feet)
level (feet) ’
5 4,153 67 to 143 | Ses p. 133 for drillers’ record.
30 4,144 80 | See p. 133 for drillers’ record.
35 4,150 62to 122 | Well bottorus on hard rock at 122 feet; dense clay and white sand
between 62 and 122 feet in depth may be of the Danforth formation.
37 4,153 52(?) | Well penetrates ‘“dark gray clay’’ (Danforth forrration?) from 52 to
101 feet, then bottoms on hard rock.
53 4,139 100 | Well penetrates sand, gravel, and soft rock to depth 100 feet, then
entered hard rock.! 2
73 4,146 100 | See p. 134 for drillers’ record.
95 4,137 100 | Well reached hard rock a little more than 100 [3et in depth, pene
trated 11’ then continned in grnﬂn]or material.
121 4,129 1174 Well does not reach ‘bedrock.

...... 4,135+ 100 | Well drilled in 1896 on property then belonging to Fred Haines,

depth 507 feet, black lava and clay below depth 100 feet.!?
143 4,132 109 | See p. 135 for drillers’ record.
171 4,128 86 | See p. 135 for drillers’ record.
201 4,120 235 | Well bottomed on resistant rock at 235 feet.?

...... 4, 100+ 2004 | Well drilled in 1900 on land then belonging to G. L. Sitz, in the
southern part of Lawen, depth 432 feet, encourtered lava approxi-
mately at 200 feet.23

275 4,134 98 | See p. 136 for drillers’ record.

301 4,096 270+ | Well reported to penetrate compact and partly lithified sediments
from 270 to 1,430 feet in depth.

331 4,099 19 | See p. 136 for drillers’ record.

334 4,100 35

...... 4,1254=| Less than 280 | Well on property formerly owned by Smith, was in tuffaceous sedi-
ment at 280 feet.?

1 Russel] I. C., Preliminary report on artesian basins in southwestern Idaho and scutheastern Oregon:
U. 8. Geol. Survey Water-Supply Paper 78, pp. 4041, 1903.

aWarmg, G. A., Geology and water resources of the Harney Basin region, Oregon: U. 8. Geol. Survey
Water-Supply Paper 231, pp. 60-62, 1909.

3 Russell, I. C., op. cit., p. 42.

An anomalous record has been received for one well (No. 65) on

the central plain 2% miles east and half a mile south from Burns.
According to the record (p. 134), which is considered trustworthy, the

well remained in unconsolidated material to its full depth, 300 feet,

@ Waring, G. A., op. cit., pp. 23, 60-62.
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districts the static level was lower than the water table—that is, the
confined water was nonartesian and had subnormal pressure head, and
the water table was semiperched. However, neither the districts of
subartesian head nor the districts of subnormal head are constant in
extent but change from season to season and from year to year.
Also the pressure head in the deep water-bearing beds at a particular
place may range from subartesian to subnormal. The effectiveness
of this material as a confining bed is tested rigorously by data on
pumpage effects, which suggest that over much of the central plain
there are few permeable conduits that connect the deep end shallow
water-bearing beds.

The foregoing statement applies particularly along the Silvies River
between Burns and Malheur Lake. Analogous conditions may be
inferred for the Donner und Blitzen Valley farther south, except that
the valley plain was not built from a single apex of alluviation and
that highly permeable beds may be less extensive (pp. 29-30).

The extent and transmission capacity of coarse-grained beds op-
posite the secondary streams can only be surmised. Tongues of sand
and gravel may exist and function as ground-water arteries, but on
the whole these are presumed not to be extensive nor to be as per-
meable as in the vicinity of the major streams. The talus that is
inferred to be buried beneath the valley fill locally may form ground-
water arteries with large aggregate capacity to transmit water.

The deep permeable beds in the valley fill—the ‘‘second’’ and deeper
“flows”’—constitute the most accessible source from whicl to recover
ground water in quantities adequate for irrigation. Because their
water is confined and moves under a pressure gradient, as if in a con-
duit, the quantity of water that can be recovered perennially from this
source will be determined by the hydraulic gradient when the water
levels have been drawn down to the economic limit of pumping lift.
This quantlty, the safe yield, is estimated on pages 89-90.

Locally, in the vicinity of Hines and in the Warm Spring Valley
(p. 103), the valley fill contains water under sufficient head to yield
flowing wells. However, that water is thermal and is derived from
underlying Tertiary rocks by way of fault-plane conduits. It is dis-
tinct from the nonthermal water of the valley fill, which is not known

L a3 A a1 any nlara nn tha olly "ﬂn] iy +ha rracan
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time. On the other hand, Waring 2 states that the Burke well, north-
east of Lawen (no. 201), initially flowed about 10 gallons a minute
from a water-bearing bed 235 feet beneath the alluvial plein and pre-
sumably just above the Tertiary bedrock. In 1931 the well was found
to be open only to a depth of 66 feet and was not flowing; at that time
the static level of its water conformed to that in adjacent wells entering
deep pervious beds in the valley fill.

432 Waring, G. A., op. cit., pp. 59-61.
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LATE BASALT AND BASALTIC EJECTAMFENTA

The youngest voleanic rocks in the Harney Basin form the Diamond
Craters, in Tps. 28 and 29 S., R. 32 E. (p. 15). Thes> include compact
olivine basalt and relatlvely large bodles of highly inflated scoria,
lapilli, cinders, and bombs. Ordinarily the coarsest pyroclastic frag-
ments are less than a foot in diameter. Most of the basalt has some
disconnected gas holes or vesicles, the number and size being greater
near the tops of the respective layers. In some hand specimens
olivine is visible to the unaided eye; in general the olivine is fresh.
The tops of some of the layers are blocky and fragmental, whereas
others are relatively smooth but ropy.

The rocks of the Voltage lava field (p. 16) are elso fresh olivine-
bearing basalt. Because very little cinder or ejectamenta occurs, the
material is believed to have flowed or welled quietly from numerous
vents, chiefly southeast of Voltage and west of the Mule ranch. On
the whole the massive facies are thin-bedded and moderately dense,
but commonly the upper few feet of each layer is scorieceous. Vesicles,

.
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in general less than 10 millimeters in diameter, are present throughout

the rock but are disconnected. Pressure ridges are common. Be-
cause the initial volcanic surface has suffered little erosion (see
pl. 4, B), the complete section of the late basalt is not exposed, but it
is inferred that the base is not more than about 250 or 300 feet lower
than the central alluvial plain. If this inference is correct, the
maximum thickness is of the order of 750 feet, exclusive, of course, of
the parent volcanic plug.

A third mass of young basaltic rocks flanks the central alluvial plain
immediately west of Hines town site and adjoins the Danforth
formation. This mass comprises several lava domes and cinder cones
of typical symmetrical contour. The rocks include much highly
inflated scoria and a profusion of volcanic bombs as much as 2 feet
long. As a whole, the domes and cones are only slightly dissected.

The three masses of late basalt and basaltic ejectamenta just
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described occur a1011g the projeciea irace 01 & Zone or Zoines in which
the older Tertiary rocks, particularly the Danforth formation and the
Steens basalt, have been sliced by closely spaced faults (pl. 2, pp.
54-56). Presumably some detail of the fault pattern afforded an
easy path for the ascent of volcanic material in each of the three areas
and thereby localized the extrusions.

The age of the late basalt is known approximate'y. Because the
rocks show little evidence of disintegration and decay, and because
the lava domes and cinder cones have been little scarred by erosion,
it is believed that none of the extrusions occurred before late Pleis-
tocene time. On the other hand, at the Diamond Craters even the
tenuous lips of minor spatter cones and small mounds of fine cinder
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have not disintegrated appreciably. Hence some of the volcanic
activity may have taken place only a few hundreds or tlousands of

years ago; if so, it may have been in the Recent epoch. In each of

the three areas the first extrusions of late basalt occurred after the
upper members of the Harney formation had been stripped from the
western part of the basin and after the central valley had been eroded.
At Hines and near Voltage the late basalt is overlapped by the upper-
most beds of the valley fill and therefore antedates those beds. It is
not unlikely, however, that some of the late basalt in these two areas
(or even much of it) was extruded while the central valler was being
filled; according to that hypothesis, the volcanics—both flow rocks
and ejectamenta—and the valley fill may interfinger in complex
fashion. The late basalt near Diamond is clearly somewhat younger;
in large part it was extruded after most of the valley filling had taken
place. Accordingly, its age is taken to be latest Ple'stocene or
Recent.

The massive facies of the late basalt are essentially impermeable,

farnannnantad T nrnn +hAca
for their pore spaces (vesicles) are not interconnected. Hence those

facies probably receive little water by infiltration and hsve little or
no capacity to transmit water under hydraulic pressures of ordinary
magnitude. On the other hand, there is considerable porviousness
in the blocky and fragmental zones that constitute the upper part of
some layers, in the interspersed sheets and tongues of scoria and
ejectamenta, and in fractured zones. Altogether, these permeable
facies have considerable aggregate capacity to transmit water.

The late basalt near Voltage supplies the Sodhouse Spring (No. 317)
and several flowing wells (Nos. 327, 332, 333, 334, 375, 376, 377)
along the southern margin of the Malheur Playa. Altoether, the
spring -and the seven wells were discharging about 5,607 gallons a
minute in 1932. The water is cool (54° F.), and therefore its sources
are not deep-seated. Presumably the ultimate sources ars rain that
falls on the undrained lava field and run-off from the dissected upland
to the southeast by way of drains that are dammed by the lava field.
From both these potential sources the water must percolate northward
to its low-level outlets. However, a considerable fraction of the
rainfall probably runs off to small playas, which are numerous, and
is ultimately dissipated by evaporation.

From scoriaceous facies of the late basalt near Hines issue several
springs (Nos. 27, 28, 29), which together discharge about 1,100
gallons a minute and whose temperature at the principal orifices is
68° to 80° F. As this temperature is considerably more than the
mean annual air temperature, the source of the water must be rela-
tively deep-seated. Water of the same temperature and chemical
character issues from a flowing artesian well (No. 143) on the central
alluvial plain close at hand and from the Roadland Werm Spring,
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(No. 150) about 2 miles farther south. However, the well penetrates
far below the buried erosion surface that is the common base for both
the valley fill and thelate basalt (p. 3). The Roadland Warm Spring
does not issue from the late basalt but from jointed massive rhyolite
of the Danforth formation. It is believed that all the thermal springs
cited above and the flowing thermal well have a common ultimate
source. If this source is in the late basalt, the water must be trans-
mitted by the way of the parent basaltic plug and must percolate
rather widely into the adjacent rocks. On the otler hand, thermal
ground water occurs at many places that are remote from the late
basalt but are alined along faults in the Danforth formation (p. 106).
Accordingly, it is postulated that the thermal water that issues from
the late basalt near Hines does not originate in that formation but is
transmitted from a relatively remote source through the faulted and
jointed rocks of the, underlying Danforth formation.

HARNEY FORMATION

I

T TR 3an — 1.
The exte in of int that

The extensive erosion pl rmediate altitude that borders the
central alluwal plain on the west (p. 17) is underlain ty flat-lying detri-
tal and voleanic rocks, which are here named the Harney formation.
The type section is in the east face of Dog Mountain, along the
boundary between secs. 20 and 28, T. 25 S., R. 30 Ii.; this section is
the thickest (468 feet) in the area represented by plate 2.

Type section of Harney formation, on east face of Do¢ Mountain

Top of measured section, summit of Dog Mountain. Feet

14. Concealed; debris similar to unit 13 _________________ 32
13. Tuff, tan, massive; fragments larger than 1 inch; angu-
lar basalt blocks as much as 3 feet long embedded in

upper part_ o ____ "5
12. Concealed; debris similar to unit 13__ ________________ 42
11. Tuff and tuffaceous sandstone, light tan and gray, fine-

grained; rude beds 4 inches to 3 feet thick___________ 32
10. Concealed; debris similar to unit 11_ _________________ 68

0. Sandstone, largely basaltic, tan to buff, with some white
tuffaceous (?) shale; most grains less than 3 millimeters
in diameter but some as large as 15 millimeters; no tuff
recognized with hand lens; strata rude, usually more
than 3 feet thick, and finer toward the top._________

8. Basalt; scoriaceous flow-breccia forms base, and purple

basalt scoria forms upper 3 feet (Wrights Point cap

member) . __.___ 5
Conglomerate and sandstone, dark gray, coarse-grained,

with poorly rounded pebbles as large as 1 inch in diam-

eter, also with some tuffaceous (?) shale and caleareous

cement; rudely laminated_ _ _ _ ___ __________________ 21
6. Poorly exposed; similar to unit 5_____________________ 50

o7
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Type section of Harney formation, on east face of Dog Mountain—Continued

5. Basaltic tuff, buff, decomposed (?); unoriented fragments
of purple basalt scoria, clinker, and some dense white
tuffaceous shale as much as 2 inches long; also angular
blocks of dense basalt, mostly less than 4 inches long
but some as much as 2 feet long.. - - ___________._____ - 11

4. Sandstone, dense and earthy, deeply weathered and
calcified; crystalline quartz in vugs; contact with uimit
3 gradational and undulating in minordetail ... _______ 1

Feet
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base of bed pyroclastic fragments as large as 1}4 incles;

toward top, fragments smaller and partly of land waste,

no apparent laminations_ _ _ ___ _______ ____________.__. 12
2. Sand and gravel, basaltic, poorly sorted, grains slightly

rounded, calcareous (?) cement; laminations 2 to 6 inches

thick, some of moderately clean medium-gray gravel; at

the bottom contains fragments of small indeterminate

shells; overlain by dense whitish tuff; all poorly exposed. 29

w

1. Concealed____ _ e 62
Bottom of measured section is level with central alluvial
plain.
Thickness of measured section_ __ oo ___ 468

The basalt unit of the type section (no. 8) thickens southward and
is 20 feet thick at the southeast point of Dog Mountain. Northward,
the unit feathers out locally about the head of Sunset Valley, but still
farther north basalt recurs at approximately (if not precisely) the
same stratigraphic horizon and caps Wrights Point and the extensive
plain south and west of the Sagehen Valley. Locally in the Sagehen
area the basalt is nearly 50 feet thick and comprises mcre than one
layer. It is a prominent horizon marker.

Altogether, pyroclastic and detrital rocks form the greater part of
the Harney formation, but only at a few places do they crop out
through the prevailing cover of nondescript slope wash. It is in-
ferred that these members are characteristically inconstant in thick-
ness and in physical character and that the type section probably
does not disclose all facies. Noteworthy deviations from the type
section are (1) incoherent and cross-bedded gravel, whicl is exposed
in a small road-metal pit on the south face of Wrights Point, and (2)
ﬁue-gramed stratified white volcanic ash ( \ } and an aSSG*"laucd lentil
of pumiceous basalt, which are exposed in cuts along the Burns-Bend
highway in T. 24 S., R. 29 E.

The strata that are equivalent to the lower part of the Harney
formation (units 1 to 8 of the type section) cover the ertire district
between the Sagehen and Warm Spring Valieys, extend to and far
beyond the western margin of the area described in this report, and
are inferred to form several outliers in the eastern part of the area.

(See pl. 2.)
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On the other hand, the strata that are equivalent to the upper part
of the type section of the Harney formation (units 9 to 14) occur only
in the vicinity of Dog Mountain and locally in the Sagehen Hills
west and northwest of Burns. How far beyond those areas they
extended initially is not known. At the localities in the Sagehen
Hills patches of basalt cap several of the highest buttes and ridges;
these patches appear to be correlative with an extensive basalt-
capped plateau farther northwest. They are, Fowever, strati-

grnnhlﬁgnv distinet from several small slivers of ]—mao“ that undarlia
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rhyolitic strata of the Danforth formation in upfaulted slices in the
same district, and from the late basalt near Hines. Plateau, patches,
and typical Harney formation are of about one age. Their rocks are
similar in chemical and physical character. Thus, the basalt caps
of the Sagehen Hills are correlated somewhat arbi‘rarily with the
Harney formation in the adjacent area to the soutl, although they
are displaced by faults that do not disturb the typical Harney forma-
tion.

The upper surface of the Harney formation comprises two seg-
ments—(1) its present youthful erosion surface, which is essentially
coextensive with the erosion plain of intermediate altitude (p. 17);
and (2) a part of the former land surface of low relief that was buried
by the young volcanic rocks and the valley fill (p. ©1). Essentially
the two segments constitute one youthful or submature land surface,
whose higher parts are virtually unmodified. The total relief on this
surface is estimated as about 750 feet—that is, from the summit of
Dog Mountain to the bottom of the valley fill near Lawen.

The sub-Harney surface or unconformity can be observed at a few
places only, where the Harney formation laps upon older rocks.
However, it may be inferred with fair assurance that the relief on that
surface is determined largely by the level to which the pre-Harney
rocks beneath the center of the basin were depressed after the Dan-
forth epoch (p. 28). The magnitude of that relief is conjectural but
probably is considerable. Hence, the stratigraphic thickness of the
concealed portion of the Harney formation is not known from strati-
graphic relations.

One deep well has been drilled on the Harney formation in search
of natralaim This well, the nrnn-nn (§)1] & Gas Co.’s No. 1. ”\Tn 219
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is on the southwest flank of Dog Mountam about in the SE % sec. 24
T. 25 S., R. 30 E. According to an incomplete driller’s record (not
given in this report) the well was initially 3,750 feet deep and pene-
trated ‘“‘clay, sand, shale, and lime”’ in much of the space below 1,040
feet. The record does not afford any sound basis for estimating the
thickness of the Harney formation at that place.

The exact age of the Harney formation is not known, as deter-
minative fossils have not been found in its strata. It is inferred to
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be late Pliocene or early Pleistocene and is tentatively classified as
Pliocene (?).

The capacity of the Harney formation to absorb water at the land
surface or to transmit water in the zone of saturation varies widely
because its component strata are diverse in physical character. Over
extensive areas its topmost member is the prominent layer of basalt
that caps Wrights Point (unit 8 of the type section). At most places
this basalt is dense, contains only a few disconnected small vesicles,
ana IS relamVeiy IIIIPG.[‘VI() us eXCepu as COlUﬂ]ﬁ&I JU.LLle d;lIOI'(]. Opemngs
for the percolation of water. Much of the rain that falls on it runs off
to numerous small playas and is dissipated by evaporation. In
some areas, however, the relatively impervious basalt feathers out.
Whether strata of this character are present in the zone of saturation
is not known; if present, they might act as confining beds. Much
of the formation is tuff and breccia with a massive fine-grained matrix,
probably not water-bearing. On the other hand, some strata that
are composed of sand and gravel are relatively clean and only slightly
indurated—for examples, unit 2 of the type section and the beds
exposed in the road-metal pit on the south flank of Wrights Point.
Strata of this character would absorb water readily and transmit it
freely. That similar beds occur in the formation below the regional
water table is suggested by the record of a well drilled or the central
alluvial plain near Burns (No. 65). This well reached about 200
feet below the presumptive base of the valley fill (p. 32) and in that
zone penetrated two water-bearing layers composed of fine gravel
and coarse sand with an aggregate thickmness of 138 feet. In part
this sand is described as black, which suggests the basaltic Harney
formation. If this suggested correlation holds, the formation may
include a considerable volume of permeable material boneath the
central alluvial plain. However, there seems to be no I'ape of dis-
criminating any such permeable material from the underlying Dan-
forth formation. Accordingly, the occurrence of water in the Harney

farmatinnm ie dicerniccad 10intly urlf‘.h watar 1n tho n'l-'hnr- hadranls farma
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tions. (See pp. 94-111.)

FANGLOMERATE NEAR COFFEEPOT CREEK

In the north-central part of the area represented by the geologic
map (pl. 2), in T. 22 S, R. 32 E., semiconsolidated sediments form
the divide between Coffeepot and Soldier Creeks for several miles
immediately north of the central alluvial plain. The same material
flanks Soldier Creek on the west, although it is not conspicuous there.
The deposit occupies a small downwarped fold and terminates abruptly
on the west by a fault-line contact against the older Danforth forma-
tion. Its physical character is indicated by the following section:
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Section of fanglomerate near Coffeepot Creek, near east quarter corner of sec. 15, T.

22 8., R.32 E.
Feet

9. Conglomerate (fanglomerate) of poorly sorted sub-
angular pebbles as large as 6 inches in diameter;
most pebbles from rhyolite members of the underly-
ing Danforth formation but a few from the tuff-
breccia member_ . _____________________________

Sandstone, coarse, indurated; similar to unit 4________

Conglomerate (fanglomerate) of subangular pebbles,
most of which are silicified chert or rhvolite. I s-

A11¢11 &I SIUCHIed Clel'y 12 VRIVET.

tinct and relatively coarse stratum at base, 3 inches

thick, of subangular pebbles about 1 inch in diameter._ 1%
6. Sand and gravel, indurated; similar to unit 4_________ 9
. Conglomerate_____________________________________ 1
4. Gravel, sand, fine sand, and silt, indurated; locally the

groundmass is glassy owing to secondary silicificat‘on

and opalization. (This part of the section forms an

overhanging ledge which is inaccessible for detailed

study) - - o ___.__ 22-27
3. Gravel, with sand near the top; torrentially crossbedded

and semiconsolidated; a typical stream deposit______ 0-5
2. Sandstone; lower part is medium gray and contains a

few pebbles, also one 10-inch boulder from the tuff-

breccia member of the underlying Danforth forma-

tion; upper part, 3 to 12 inches thick, fine-graired

and mottled white__________ . _________________ 3
1. Concealed . __ ... .. 110

N ®
o0 W
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Thickness of measured section_______________._ 163

This sedimentary material is thought to be an indurated alluvial-
fan deposit or fanglomerate. Some of its beds show torrential cross-
bedding and contain coarse debris that is poorly sorted and water-
rounded. Its exact age is unknown, but it overlies the Danforth
formation (unconformably?), and some of its component pebbles
have been derived from the distinctive tuff-breccia member of that
formation. On the whole it is much more indurated than the sedi-
mentary members of the Harney formation and so gives the impres-
sion of greater age. On the other hand, it seems to belong in the
same general epoch as the Harney formation and so not to differ
greatly in age.

So far as is known, the far
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correlative at any other place in the Harney Basm although it 1s
similar lithologically to some facies of the older sedlmentary strata
east of Harney Lake (p. 46). 1t is perched above the regional water
table and is inferred to be rather thoroughly drained.
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A. EXPOSURE OF 10-INCH LAYER OF VOLCANIC ASH IN THE VALLEY FILL IN EAST BANK
OF NEWMAN SLOUGH.

In the SWHNW sec. 16, T. 23 S., R. 31 E.
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B. STRATIFIED SEDIMENTS UNDERLNING THE TUFF-BRECCIA MEMBER OF
DANFORTH FORMATION.

Exposure in samd pit in the N15 sec. 13, T. 23 S, R. 30 E.
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A. EXPOSURE OF BASALTIC-BRECCIA MEMBER OF THE DANFORTH FORMATION.
In the NW1j sec. 23. T. 28 S.. R. 30 E. Seale indicated by hammer.

B. BLUFF EXPOSING LACUSTRINE AND ALLUVIAL SEDIMENTS EAST OF HARNEY LAKE.
In sec. 30, T. 27 S., R. 30 E.
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DANFORTH FORMATION
PHYSICAL CHARACTER

The greater part of the dissected upland that forms the margin of
the Harney Basin 1s composed of relatively young silicaous volcanic
rocks and associated tuffaceous sedimentary rocks that are distinct
stratigraphically from the basaltic Harney formation, which overlies
them, and from the older Steens basalt and siliceous volcanic rocks,
which underlie them. The young siliceous extrusives and associated
sedimentary rocks are named the Danforth formation in this report,
from the Danforth ranch, in T. 22 S., R. 32% E. where s conspicuous
section 1s exposed along Cow Creek. The formation appears to be
divisible into an upper part that is composed of sedimrentary rocks
with a few intercalated sheets of extrusive material and a lower part
that is composed largely of extrusives. (See pls. 8, B, and 9, A, B.)

The four partial sections that follow suggest the character of the
upper part of the Danforth formation in various parts of the basin.
Few of the members that compose these sections are extensive; it is
characteristic that they interfinger and grade laterally into one an-
other. Some additional characteristics of the formation are shown by
the drillers’ records of four wells along the north edge of the central
alluvial plain near Burns (Nos. 5, 6, 30, 32). Well 32 reaches the
lowest stratigraphic horizon, at least 500 feet below the tuff-breccia
member.

Seciion of tuff-breccia member and associated rocks in upper part of Danforth
Sformation in bluff west of the Silvies River, in the SEY sec. 36, T. 22 8., R. 30 E.

Feet

4. Tuff-brececia, purplish gray, massive; vitreous brownish-

gray matrix (welded rhyolitic pumice?) enclosing

abundant unoriented fragments of white pumice, black

obsidian, and massive inflated rhyolite; fragments a

fraction of an inch to a foot long___ __________._______ 10-15
3. Glass, black, massive but granular; comprises feldspathie

spherulites less than 1 inch in diameter, a slightly in-

flated matrix, and a few inecluded fragments of banded

glass as much as 12 inches long; grades upward into

unit 4 with undulating contact______________________ 24-29
2. Transition zone; at base a light-gray massive tuff enclos-

ing some fragments of pumice less than half an inch

long; grades upward through dense purplish-gray tuff

toblack glass______ . _______. 6
1. Sediments, white, stratified, fine-grained; particles about

half pumice and half glass, some waterworn; well

assorted; laminae 1 to 10 inches thick________________ 5

Base of section is alluvial plain of the Silvies River.

Thickness of measured section_ __ . ______________ 50

66814—40——14
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Partial section of upper part of Danforth formation in bluff west of Cow Creek,
in the SW; sec. 23, T. 22 S., R. 323% E

Feet
16. Rhyolite, pink (cap roek) .. ________________________. 10
15. Poorly exposed; powdery gray and brownish-gray slope
wash that encloses small outerops of (a) white ash at
60 feet above base of unit, (b) fine-grained gray tuff
with many small pebbles of pumice at 120 feet, and
(c) fragmental pumiceous light-gray tuff at 160 feet.
Resembles units 4 to 6______ . _ . _____________.____. 160
14. Voleanic ash, white, fine-grained, poorly exposed_._.___. 26%

13. Breccia, brownish; contains bits of obsidian, inflated
basalt, and other volcanic rocks averaging ¥ in<h in
diameter__ .. ____ 34

12. Ash, tuff, and tuffaceous sand, white, buff, and gray,
fine-grained; lowest third dense but upper two-thirds

highly inflated ._____ . 10
11. Siltstone (?), brownish yellow, massive, indistinctly
stratified; has conchoidal fracture__._______________ 154

10. Clay and pumiceous tuff, dark gray; weathers buff to
yellow; middle third is leached and minutely cavern~

ous; upper third contains fraements an inch long

ous; third contains fragments an inch long____
9. Conglomerate, sandstone, and siltstone, gray; weathers

buff; lower half contains pebbles of pumice and basalt

scoria and is well stratified; finest-grained at top_.___ 34
8. Ash and tuff, white and gray, in laminae 1 to 6 inches

thick; upper part sandy, weathered, and poorly ex-

ey
ot

12

7. Pumice, loosely cemented, fragmental; a few angular
pieces of compact white ash less than 3 inches long. - 3
6. Pumiceous ash, gray and white, also tuff, gray to cream;
low specific gravity; several beds of massive comvact
ash 3 to 9 inches thick; upper half contains many
subangular and angular pieces of pumice as much as
half an inch through. -« . ___ 44
5. Tuffaceous sandstone, light gray, fine-grained.________. %
4. Pumiceous tuff and ash, light gray and white, fine-
grained; very low specific gravity; lower part poorly
exposed; uppermost part has paper-thin bedding ..... 15
Shale and coarse dir L) sanumone, thlu-uuuucu, indur: y
bedding very irregular__ _ . _ . ___ ..o 3
2. Siliceous tuff, light to dark gray, poorly exposed; at top
and bottom contains small fragments of basalt, pumrice,
black obsidian, and quartz; in center, contains many
green chert concretions about a foot in diameter_____ 2214
1. Concealed; slope wash________________________._____
Base of section is alluvial plain of Cow Creek.

Qo
Q.D
(1)
[N

Thickness of measured seetion_.______ . _______ 390
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Section of basaltic breccia member of Danforth formation and associated rocks in
the W% sec. 18, T. 28 S.,, R. 31 E.

Feet
13. Basalt, olivine-bearing, red, somewhat inflated, espe-
cially near its base - - -« ______ 10
12. Concealed; slope wash of wind-blown sand and highly
inflated red elinker____ . ___._ 110
11. Basalt, olivine-bearing____ _ .. ____________.________ _. 8
10. Poorly exposed; lower third sand or silt, brownish, fine-
grained; upper third vitrified (?) tuff and ash; 22 feet
above base of unit is a 1-foot layer of sandy white
clay; 47 feet above base is a 1-foot buff calcareous
layer that contains shells of fresh-water gastropods_.-.. 79
9. Sandstone or tuff, grayish, chalky, fine-grained but frag-
mental; lower part poorly exposed .. _.___________ 23
8. Pumiceous conglomerate, pale yellow, very fine matrix._ .. 6

7. Silt or ash, gray and white, calcareous; laminae pape=-
thin to 1-foot thick; fine-grained but distinctly gran-
ular; upper two-thirds contains travertine (?) and
numerous disconnected solution cavities as much as
6 inches long . _ .. o._ 24

6. Conglomerate, well cemented and cross-bedded; pebbles
rounded, about 1 inch in diameter, and composed of
white altered pumice; permeable__ _______________.. 36

5. Ash, white, fine-grained; 3-inch beds ______.___________ 4

4. Siltstone, sandstone, and conglomerate, brownish; poorly
eXPOSed _ e 60

3. Ash (?), white, fine-grained and dense_ . . .. __________ 10

2. Basaltic breccia and very coarse tuff, comprising many
inclusions of pumice and a light-gray fine-grained cal-
careous matrix; the whale is highly inflated but ce-
mented and compact. In other exposures the inclu-

4.
sions are as much as 3 feet long and include basal

rhyolite, and sedimentary rocks__________.______... 25
1. Largely concealed; particles and small outcrops of (a)

fine-grained cherty and calcareous material; (b) pum-

ice; (¢) glassy feldspar; (d) ash, grayish white, coarse

and lumpy, containing particles as much as half an

inch long; and (e) several 3-inch layers of dense white

Base of measured section is alluvial plain of the Donner
und Blitzen Valley.

Thickness of measured section o aeecccccaccaana 460
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Section of sedimentary strata east of Harney Lake, in the SE/ANEY, sec. 30, T.
278, R.30 E.

Feet
14. Rhyolite, altered, cherty____________________________ 1714
13. Silt, brownish yellow, thermally altered - ______._.__._.__ 3
12. Conglomerate, mottled brown and white, fine-grained
and highly altered . _ .- ____________________._____ 6
11. Sandstone or siltstone, yellow to buff, fine-grained but
massive, with ferruginous concretions; largely semi-
consolidated; two strata of reddish-brown dense cal-
careous sandstone at top and near base, each accom-
panied by a 6-inch layer of white calcareous silt or
elay o dcdeeeo 33
10. Sandstone, buff, medium-grained, concretionary, pervi-
OUS o e 1%
9. Conglomerate, fine-grained, caleareous, with pebbles of
pumice as large as half an inch in diameter_____._____ 4

8. Sand and silt, buff, in alternating layers; 2-foot stratum
of dense fine-grained white voleanie ash (?) at center;
upper part poorly exposed _ _ . __ _____________._____ 39

7. Sandstone, buff to reddish brown, weakly consolidated;

wrar vt oanarallyy finae and aarth rTer part

lower part generally fine and earthy; upper
coarse and cross-bedded. Encloses a 23-inch layer of
soft buff silt and ap 18-inch layer of fine white ast _.__. 1334
Ash (?), white, fine-grained, thinly laminated and dense._
5. Sandstone, grit, and conglomerate; white, gray, and
brown; some of the sandstone is clean and pervious,
but the unit as a whole is earthy; thin layers of clay
and ash are enclosed. The conglomerate contains
pebbles of pumice half an inch in diameter_._._______ 58
4. Silt, brownpish; ash, white, fine-grained, compact, and
sandy; and one 15-inch layer of sandstone, coarse and
poorly assorted. The ash containg some diatomg__ __ 7
3. Conglomerate, earthy; pebbles well rounded and about
one-fourth inch in diameter, although some are about
1 inch; pebbles most abundant at the base; middle
and upper thirds poorly exposed . __ . ________._______ 30
2. Silt, brownish to white, loosely consolidated and rmas-
sive; cliff-forming; resembles loess but contains many
lerr'ungub concretions 10 inches in diameter which
locally are alined horizontally. There are two inter-
calaled layers of mottled fine-grained sandstone 3 to
6 inches thick; also, near the top, an 18-inch layer of

o

dense iron-stained calcareous sandy «ilt_____________ 50
1. Slope wash_ _ __ _ - 50
Base of section is alluvial plain adjacent to the BHarney
Playa.
Thickness of measured section_.___ . _.____ 315

In the northern part of the area, the lower part of the Danforth
formation comprises thick extrusive sheets and masses of reddish-
gray rhyolite. At some places its members are conspicuous owing
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to an abundance of evenly distributed spherulites ard lithophysae
{“stone bubbles”’) that are lined with opaline silica. These openings

nd d " " h 1
are usually discontinuous and do not impart perviousness to the rock.

This facies of the lower part of the Danforth formation is well exposed
in the canyon of Poison Creek along the highway that extends north-
ward from Burns toward Seneca and Canyon City. At some places
it is at least 300 feet thick.

In the Sagehen Hills, west and southwest of Burns, the rhyolite
that has been classified as the lower part of the Danforth formation
includes considerable black glass, is massive, and is jointed so closely
that its initial layers cannot be readily discriminated. Certain
spherulitic facies in that locality may belong with the older siliceous
extrusive rocks (p. 51), which they resemble closely in petrographic
character.

The uppermost member of the formation in the Silvies River section,
the tuff-breccia member, is an invaluable horizon marker that can
be traced from the type locality to and even beyond the remote parts
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Cow Creek, the member is a brown translucent glass with few included
fragments. In the eastern part of the basin the member is commonly
underlain immediately by glassy rhyolite, which is coarsely spheru-
litic at some places and perlitic at others.

STRATIGRAPHIC RELATIONS, THICKNESS, AND AGE

As a whole, the sedimentary section that crops out elong the Cow
Creek Valley in the type area is considered tentatively to be a crude
correlative of the section that overlies the basaltic breccia member
east of Harney Lake. Thus, along the west margin of the Donner
und Blitzen Valley in T. 28 S., Rs. 30 and 31 E., the basalt layer
that caps the basaltic breccia section occurs directly beneath the
tuff-breccia member of the type facies. Locally, however, there is
a discordance of about 3° between the dips of the two horizon markers,
particularly about 2 miles southwest of the Alkali Flat Playa. Be-
cause the discordance is local, the two rock units are corsidered essen-
tially conformable. South of Harney Lake the basalt horizon
marker underlies young rhyolite and overlies spherulitic thyolite that

- ] + Af +1 MNanfarth
is similar petregraphlcally to rocks in the lower part of the Danforth

formation in the type area. Still farther west, in the lower reach of
Buzzard Canyon a few miles beyond the area represented by plate 2,
Fuller * found two thin layers of basalt above spherulitic rhyolite and
below the typical tuff-breccia member.

The small slivers of basalt that underlie rhyolitic strata of the
Danforth formation in upfaulted slices in the Sagehen Hills (p. 40)
are possible correlatives of some unit in the basaltic breccia member.

4 Fuller, R. E., The geomorphology and voleanic requence of Steens Mountain in southeastern Oregon:
Washington Univ. Pub. in Geology, vol. 3, No. I, p. 130, 1931,
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The sedimentary strata that crop out east of Harney Lake
appear to underlie the basaltic breccia unconformably, at least at
the locality southwest of the Alkali Flat Playa. There the strata of
the basaltic breccia are nearly horizontal, whereas the sedimentary
beds dip 3°-5° NW. However, this unconformity is also considered
tentatively not to be regional. This interpretation has two corol-
laries—(1) the sedimentary strata east of Harney Lake are equivalent
to a lower part of the Cow Creek section, and (2) all the sedimentary

atrata ara anmewhat hichar atratioranhioally than tha macaioe anh
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litic rhyolite that composes the lower part of the formation in the
type district. It is inferred tentatively that the sedimentary strata
east of the Harney Playa overlie the Steens basalt (p. 49), because
they crop out in the lowest of a succession of down-faulted slices,
whereas the Steens basalt crops out only in the higher slices to the
south—that is, in the vicinity of Jackass Mountain.

In the type area, there is no obvious unconformity between the
upper and lower parts of the Danforth formation, ttough the brief
time available for the geologic investigation did not permit detailed
study of the stratigraphic relations.

The Danforth formation varies greatly in thickness. In the
northern part of the area the beds that crop out are at least 700 feet
thick. Sections that are several hundred feet thick are exposed at
many places along the north margin of the central alluvial plain,
also between Harney Lake and the Donner und Blitzen Valley.
On the other hand, a single sheet of rhyolite about 20 feet thick appears
to be the only member of the formation in an extensive area on the
west flank of Steens Mountain. The thickness of the formation
beneath cover is unknown.

The Danforth formation rests unconformably upon all the older
rocks of the region—that is, upon the Steens basalt, the older siliceous
extrusives, and the pre-Tertiary rocks. The relief of the surface of
unconformity is at least 500 feet, and both erosional and angular
discordances are involved.

Within rather broad limits the age of the Danfor‘h formation is
indicated by five species of fresh-water shells that were found by C. F.
Park, Jr., in the NWY4NWY sec. 18, T. 28 S,, R. 31 E., in unit 11 of
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states that the age may be either Pliocene or Plelstocene and reports
the species to be as follows:

Pisidium sp.

Pompholix? sp.

Fossaria? sp.
Fluminieola fugca Haldeman,

Gyraulus parvus Say.
It is inferred that the age is more likely to be Pliocene, and the
formation is here assigned tentatively to that epoch.
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WATER-BEARING PROPERTIES

The capacity of the Danforth formation to transmit water varies
widely. In general, the sedimentary facies that compo-e the greater
part of the formation (see pl. 8, B) are not highly pervious, although
there are pervious beds of sandstone and conglomerate, such as unit 9
in the Cow Creek section (p.44), and units 5 and 10 in the section
east of Harney Lake (p. 46). Even these beds are likely to finger
or grade laterally into earthy material that is impervious.

The wide range in the water-yielding capacity of the sedimentary
facies is shown by wells in the northwestern part of the basin. At one
extreme are the two municipal wells at Burns (Nos. 17, 18), which
bottom about 250 feet below the distinctive tuff-breccia member. In
recent years their aggregate monthly pumpage has been as great as
44,000,000 gallons (p. 99). The municipal well at Hines, about 4
miles to the southwest (No. 22), bottoms about 340 feet below the
horizon of the tuff-breccia member. Its monthly pumpage has been
as great as 7,000,000 gallons. At the opposite extreme is a well (No. 1)
near Prater Creek, about 6 miles northeast of Burns. This well, like
the municipal wells at Burns, was started in the tuff-breccia member;
it entered ‘“‘shale” at a depth of 35 feet and continued in fine material
to 490 feet. It is reported that the well failed to encounter ground
water after it had picked up a small quantity of percolete at shallow
depth. Evidently the stratum or strata that were pervious at Burns
are not pervious at the Prater Creek locality.

In general, the extrusive members in the Danforth formation are
compact and lack continuous primary pore space, but they have been
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openings thus formed are ground-wa,ter condu1ts and transmit a large
volume of water. For example, along certain of the faults in the Dan-
forth formation are alined most of the large thermal springs in the
basin (p. 106). Because no thermal springs issue from the Danforth
formation at a distance from the faults, it is inferred that the formation
is not generally pervious except for its fracture conduits. Otherwise,
some of the ascending thermal water would almost inevitably be trans-
mitted laterally to remote orifices.

If the inference just drawn is sound, it follows that the surface of
unconformity at the base of the Danforth formation may control the
circulation of the thermal ground water of moderate temperature, at
least locally. (See p. 106.)

STEENS BASALT
In stratigraphic sequence the rhyolitic Danforth formation is under-

lain by a thick basalt series, for which the type section has been des-
cribed and the name ‘“Steens Mountain basalt’’ has been introduced by
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Fuller.* In this report the series is designated the “Steens basalt,”
the name having been condensed to accord with the ccde of rules pro-
mulgated recently by the Committee on Stratigraphic 1Tomenclature.*

The type section of the Steens basalt occurs along the highest part
of the bold east face of Steens Mountain, about 20 miles east of the
head of the Donner und Blitzen Valley. There the basalt series is
more than 3,000 feet thick and comprises many layers whose thickness
varies widely but averages about 10 feet. Scoriaceous and fragmental

mman af tha +nna nf tha crinencaiva lavaras +h
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from a few inches to a few feet thick.

The Steens basalt crops out extensively in the eastern half of the
area but only in the dissected upland that encloses the central alluvial
plain. Its most northwesterly outcrop is in the valley of Rattlesnake
Creek, but even there the exposed basalt strata are about 1,000 feet
thick. In the southern part of the area the Steens basalt does not
crop out west of Jackass Creek. Somewhat farther east, in the
escarpment west of the Donner und Blitzen Valley and again in Riddle
Mountain, the exposed sections also are about 1,000 feet thick, but
none of these show the base of the series. In the Harney Basin the
total thickness of the Steens basalt is inferred to range between a
feather edge and about 3,000 feet, for the series does not crop out in
the canyon of the Silvies River, to the north, and, so far as is known,
it is thickest in the vicinity of the type section just described.

With respect to the age of the typical Steens basalt Fuller " says:
“In general the evidence indicates that the Steens Mountain basalt
¥ * % occurred either late in the Miocene or early in the Pliocene.”
His statement is based on the classification of a few flora and a few
vertebrate fauna from associated strata.

Within the area mapped on plate 2 a few fresh-weter shells were
collected by C. F. Park, Jr., in sedimentary strata that are considered
to be interbedded with the Steens basalt or to underlie it, although
their stratigraphic position is not clear. The fossiliferous locality is
along the west base of the Crowcamp Hills about 4% miles north of

Crane in the NE % SE ¥%sec. 18, T. 24 S., R. 34 E. W. C. Mansfield
has determmed the fossﬂs as Viviparus cf. V. (Callinag) tvrnert Hannibal
and Helisoma aff. H. (Perrinilla) cordillerana Hannibal. He says:
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”  This classification is in

appears at least not later than Miocene.
general agreement with that by Fuller.
The rock that makes up Jackass Mountain, in and about sec. 24,
T.29 S, R. 30 E., which has been mapped as Steens basalt, is strictly
4 Fuller, R. E., op. cit., pp. 101-121.
# Ashley, G. H., and others, Classification and nomenclature of rock units: Ge»sl. Soc. America Bull,,

vol. 44, pp. 433-434, 1933.
47 Fuller, R. E., op. cit., pp. 114-114.
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andesite. It is pinkish gray to glossy black, and most of it contains
numerous disconnected vesicles, although some layers are massive and
dense. Parting planes and platy textures are conspicuous in some
layers. Itis poss1ble that the rock of Jackass Mountain is older than
the Steens basalt and correlative with the andesite that underlies the
basalt at its type section in the eastward-facing escarpment of Steens
Mountain. On the other hand, Fuller * reports latites that are inter-
bedded with the Steens basalt in the northeastern pert of Steens
Mountain. Moreover, along Jackass Creek some andesite layers are
interbedded with basalt. Accordingly, it is believed that evidence
for greater age is not sufficiently strong to justify discriminating the
andesitic rocks of Jackass Mountain as stratigraphically distinct from
the Steens basalt.

Many of the scoriaceous and fragmental zones in the Steens basalt
are certain to be pervious. As a whole the basalt series is brittle and
has been extensively jointed and faulted. Together, the pervious
zones and certain of the fractures are presumed to transmit water

ra "}\DT‘ 'FT"DD]V ’T‘h1Q nraqnmnhnn 'IQ nnn‘ﬁrmﬂr‘ }\‘T +}\ﬂ Tﬂ]ﬂ“'I‘Tﬂ]"T ]Q"'ﬂ'ﬂ
AQUELTDL 12001y 41215 pPAUDULLIP UAULL 4D VULLLIL 10U VLT LTLQUui vy Ty iigT

springs, both thermal and nonthermal, that issue from the basalt along
the west flank of Steens Mountain and the eastward-fecing Donner
und Blitzen escarpment. It is postulated that in the westward-tilted
Steens Mountain block the water-bearing passages receive considerable
water by infiltration from rain and melting snow and tend to transmit
that water westward beneath the overlapping mantle of the Danforth
formation. Analogous conditions may exist south of the Warm
Spring Valley, where the volcanic rocks commonly dip northward.

In its type district the Steens basalt is underlain in turn by (1) a
distinctive andesite series, (2) dacite and rhyolite, and (3) stratified
sedimentary rocks.* Between these there are unconformities which
appear to have little relief.

Tn the arsa ronrecented }\v nlate 2 howaver mneoithor the o oaal
ALL VELY wivw 4 UPL UNULL VUL J.w ¥ W) H AAV VY LU Y UL ’ ALCUAVELU AL viiyv CULLAUOA

series nor the stratified sedlmentary rocks are known to crop out, and
only the intervening unit—the siliceous voleanic rocks—Fhas a possible
correlative. 'This correlative is the only stratigraphic unit that is
exposed beneath the Steens basalt within the area; it comprises rocks
that are designated in this report older siliceous extrusives, to dis-
criminate them from certain extrusives of the Danforth formation,
which they resemble.

The older siliceous extrusives crop out in a few ‘reletively small
disconnected masses. In the hand specimen most of the rock is deep
reddish brown and is not obviously crystalline but commonly contains

48 Fuller, R. E., personal communication.
# Fuller, R. E., op. cit., pp. 43-45.
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a few macroscopic angular fragments. The glassy matrix ranges
from rhyolitic to andesitic; at some places it is almost completely
devitrified. Both orthoclase and plagioclase feldspar are present, but
the plagioclase is usually the more abundant. Most of the rocks
contain chalcedony and opal; some contain also epidote, chlorite, and
other secondary minerals.

Several masses of the older siliceous extrusives, especially those in

the northern part of the Crowcamp Hills, north of C-ane, are com-
posed of coarse spherulitic layers that contain numerous lithophysae.
This phase of the older siliceous extrusives resembles certain members
in the lower part of the Danforth formation so closely that isolated
masses of the two units may have been confused as this district was
mapped. Likewise, in the Sagehen Hills, west of Burns, certain rocks
that were mapped as Danforth formation may belong to the older
siliceous extrusives and may be separated from the true Danforth
formation by an unconformity that was not recognizec and that cuts
out the Steens basalt.

The Palomina Buttes, in T. 24 S., Rs. 28 and 29 E., are composed
of extrusives which in petrographic character are unique among the
rocks of the Harney Basin. These extrusives are I'zht gray, are
inflated throughout and even pumiceous at some spots, and commonly
disclose conspicuous flow banding. Their matrix is largely siliceous
glass (index of refraction less than 1.54) in which perl‘tic cracks and
shards are common. The common feldspar ranges from oligoclase to
acidic andesine, but some orthoclase (?) is present. Hornblende has
been abundant as a primary mineral but is largely altered to biotite.
A few small crystals of apatite are present, but no cther accessory
minerals were recognized in the thin section. The rock of the Palo-
mina Buttes has been ascribed provisionally to the older siliceous
extrusives,

Where the older siliceous extrusives and the Steens basalt are in
contact they are separated by an unconformity that has strong relief
and involves considerable erosion and local angular discordance.
The angular discordance is disclosed in the northern part of the
Crowcamp Hills, in the eastern part of Riddle Mountain, and in the
area east of Malheur Gap. In the last-named area the older siliceous
extrusives are crumpled and fractured, whereas the Steens basalt lies

nearly flat, is faulted in a rather sunple pattern, and is not crumpled.

PRE-TERTIARY ROCKS, UNDIFFERENTIATI'D

In the canyon of the Silvies River, from 20 to 25 miles north of
Burns, fossiliferous strata of Lower Jurassic age crop out beneath the
Tertiary rocks. Fossils from this general locality were first collected

by a Mr. Huntington and were first studied by Thomas Condon.®

% Condon, Thomas, Oregon geology (edited by E. C. McCornack), p. 48, Portland, J. K. Gill Co., 1910.
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Later, Packard and Nelson ® reported a fauna of nearly 50 species,
contained largely in impure red limestone. They also described the
section as comprising light-colored limestone, fine-grrined shale,
arenaceous shale, arkosic sandstone, and basic intrusives. In 1932 a
few fossils from the Donovan ranch were presented to C. F. Park, Jr.,
by Archie McGowan, of Burns. These Lower Jurassic fossils were
identified by J. B. Reeside, JT., as follows:

Parapecten acutoplicatus Gabb.

(lawrerillia an
ACIVinld Sp.

Ostrea sp.

Pholadomya nevadana Galb.
Pholadomya multilineata Gabb.
Pleuromya aff. P. concentrica Meek.

In the same vicinity, particularly where the Myrtle Creek road
crosses the Silvies River, in sec. 29, T. 19 S., R. 31 K., greenstone
crops out along the bottom of the canyon. This rock is highly altered
and contains characteristic secondary minerals such as epidote, car-
bonates, and penninite. Quartz and plagioclase feldspar are present
in broken and corroded grains, iron oxides are common, and the
groundmass has begun to recrystallize.

Still farther north, in the Strawberry and Ochoco Mountains, which
lie along and beyond the drainage divide of the Harney Basin, the
correlative rocks are more metamorphosed and include schist and
argillite. There intrusive rocks are also common.

Far south of the areas that have just been described, in the Pueblo
Mountains, other crystalline rocks also crop out beneath the Tertiary
lavas. According to Waring ® these pre-Tertiary rocks include
andesitic porphyry, micaceous schist, and granitic types, but their
specific age is not known.

The unconformity that bounds the pre-Tertiary rocks at the top
is the most profound stratigraphic break known in the region. Its
relief amounts to several thousand feet, for the entire Tertiary volcanic
sequence abuts against it at one place or another.

GEOLOGIC STRUCTURE
GENERAL FEATURES

The Tertiary rocks that border the central alluvial plain of the
Harney Basin dip inward from all sides. Along the north border of
the plain the Danforth formation dips 2°-3° S. (pl. 2). Along the
whole east border and even farther south, along the Donner und
Blitzen Valley, all the Tertiary rocks are present and dip inward from

& Packard, E. L., and Nelson, R. N., Geological occurrence of the Hardgrave Jurassic fauna of Burns,
Oreg.: Geol. Soc. Ameriea Buil., voi. 32, p. 148, 1921.

88 Waring, G. A., Geology and water resources of the Harney Basin region, Oregon: U. S. Geol. Survey
Water-Supply Paper 231, p. 18, 1909.
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2° to 14°. Farther west, in the quadrant south of Herney Lake and
the Warm Spring Valley, the Danforth formation is exposed and
again the dip is gentle, between 2° and 5°. Finally, along the west
border of the central plain only the Harney formation crops out; its
inward dip is only about 1°. Accordingly, the basin appears to be
the broad, low fold or basin of downwarping that Russell ® and
Waring % have described.

The geologic structure of the Harney Basin is summarized in part

m bl
as follows: (1) the Tertiary volcanic formations are not conformable

and are deformed in different degree; (2) in general, the older forma-
tions are deformed most; (3) in all the Tertiary rocks ercept the oldest
(older siliceous extrusives) the prevailing structural forms seem to be
tilted fault blocks or horst and graben structure (raised and depressed
blocks in alternation); (4) warps and folds are uncnmmon in the
later Tertiary rocks except as they are caused by drag along major
faults, by lapse of faults along the strike, and by local subsidence, as
about the late basalt near Diamond; (5) the older siliceous extrusives
are loosely crumpled as well as faulted, and the Lower Jurassic rocks
that lie beneath the extrusives have been tightly compressed and are
locally metamorphosed.

Owing partly to numerous faults in the Harney Basin, discontinui-
ties In pervious strata are the rule rather than the erception in the
Tertiary volcanics; also certain faults afford passages for the upward
movement of thermal water in large volume. (See pp. 106-108.)

FAULTS

With few exceptions, the faults in the Harney Basin can be segre-
gated into two sets that strike about N. 10° E. and N. 30°-60° W,
and are arranged in a simple rhombic pattern. Most of them are
grouped within a few wide zones and are disclosed or the land sur-
face by conspicuous fault scarps. Few single faults persist more than
7 miles along the strike, but commonly several faults are arranged en
échelon in a fault zone that extends much farther. In general, the
fault surfaces are distinctly undulating or even anguiar.

Plate 2 shows the faults that have been traced with assurance or
inferred from offset of the strata, from folds such as result from drag
along faults, and from discordance in the dip of contiguous blocks,
such as occurs east of Crane. Breccia, gouge, and slickensides have
been accepted as corroborative evidence, although in a region of re-
current volcanism, such as the Harney Basin, these features commonly
accompany minor collapse and in themselves are not considered evi-
dence for mapping a fault. Also, certain land forms % have been

8 Russell, I. C., Preliminary report on artesian basins in southwestern Idaho and southeastern Oregon:
U. S. Geol. Survey Water-Supply Paper 78, p. 22, 1603.

8 Waring, G. A., op. cit., p. 25.
8 Davis, W. M., The mountain ranges of the Great Basin: Harvard Coll. Mus. Corp. Zoology Bull,, voi.

42, p. 151, 1903.
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taken as corroborative, including (1) parallel escarpments that appear
to be unrelated to the drainage pattern, (2) terminal ridge facets

whose bases are alined, (3) prominent escarpments for which erosion

does not seem a reasonable cause, and (4) prominent escarpments that
are transverse to one or more structural units. However, certain
prominent escarpments cannot rationally be inferred as of fault
origin. Among these is the escarpment that bounds Wrights Point
and fronts on the alluvial plain for miles farther west and south.
On the other hand, certain land forms suggest faults where they have
not been mapped. For example, several segments of the westward-
facing footslope of the Crowcamp Hills are nearly straight and are
parallel to one of the known sets of faults.

There appears to be no evidence for appreciable horizontal move-
ment along any of the faults. In fact, many of the fault traces pass
around promontories that would have been sheared off had there been
material horizontal movement.

Although the faults that strike northwest are the mrore numerous,
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the fault escarpments. Commonly, the stratigraphic displacement
along these faults is less than 100 feet, although along the faults that
bound Steens Mountain on the north, near Riddle Mountain, it is
somewhat more than 1,000 feet. Usually the strata ars thrown down
to the northeast, commonly stairlike across an entire fault zone. On
the other hand, the northwestward-trending faults are involved in
horst and graben structure in several areas. For example, the Sagehen
Hills, west of Burns, overlook a small valley that trends N. 30°-35° W.
and is a graben between a pair of dual-step faults. To the southeast,
Riddle Mountain is an up-faulted sliver or horst, which is about 1
mile wide and 6 miles long. To the west, horst and graben structure
recurs south of the Warm Spring Valley, although the stratigraphic
displacement is moderate. In the area west and southwest from Weed
Lake is a hinge zone where the stratigraphic displacement is negli-
51bic uiuhuugu the faults may be continuous ror ex:?mpm about 3
miles southwest of the lake a prominent southward-facing fault scarp
decreases steadily in height as it approaches the hinge zone from the
east, disappears for about 100 yards, then rises again kut faces north
as 1t continues westward.

Although the faults that strike northeast are less numerous, they
are longer and commonly have the greater stratigraphic displacement.
The most conspicuous example within the area is the fault (or fault
zone) that forms the west flank of the Donner und Rlitzen Valley.
This fault is marked by a bold eastward-facing escarpment about
20 miles long. Its maximum stratigraphic displacement is about
1,000 feet. Locally, sharp drag folds take up fully half the displace-
ment; in these the strata dip as much as 35°. This fault escarpment



56 HARNEY BASIN, OREGON

is rudely parallel to the better-known escarpment about 25 miles to
the east that forms the east face of Steens Mountain. (See pl. 10.)

It is inferred that displacements have occurred concurrently along
the faults that strike northeast and along those that strike northwest.
Perhaps the most convincing demonstration lies in the structure along
the Donner und Blitzen Valley. There the outstandirg stratigraphic
displacement follows a Z-shaped trace that compriser (1) the fault
that strikes northwestward and passes near Frenchglen, (2) the
Donner und Blitzen fault, and (3) the relatively broed zone of step
faults that strikes northwest and passes just north of Jackass Moun-
tain. East and north of this composite trace the Tertiary rocks have
been depressed as a unit, although parted by some secondary frac-
tures. Each of the two faults that form the southern salient of the
Z-shaped trace is continued in the elevated block by & minor tear or

flaw that dies out within a short distance.

FOLDS

In the Harney Basin the strata within each fault block or fault
slice ordinarily are nearly plane, and the few folds are small. In the
north-central part of the basin, in the vicinity of Coffeenot and Soldier
Creeks, the Danforth formation is warped into a small depression
that is shaped like half a spoon, abuts sharply against a fault on the
west, and does not extend beyond that fault. In the southeast
quadrant of the area another small structural basin and comple-
mentary anticline deform the Danforth formation and span the
Kiger Creek Valley about 4 miles northwest of Diamond. These
structural features adjoin the Diamond Craters; they are thought
to be simple puckers formed by sagging of the roof above the magma
chamber that supplied the late basalt. With the exception of the
drag folds associated with faults, these two small basirs are the most
conspicuous folds in the area. At many places the strata are flexed
gently about the termini of faults. Altogether, however, the few
folds do not suggest that the Steens basalt and the overlying Tertiary
rocks were ever folded extensively and independently of the faults.

EPOCHS OF DEFORMATION AND MECHANICS OF FAULTING

The Tertiary rocks in the Harney Basin appear to have been
faulted and tilted at least thrice between late Miocene (?) and early
Pleistocene time—that is, after the Steens, Danforth, and Harney
epochs. The two unconformities within the Danforth formation
(pp. 47-48) suggest that tilting took place during the Danforth
epoch as well. Finally, the strata of Quaternary ag>—the terrace
deposits, late basalt, and valley fill—are not known to have been

faulted or deformed in the Harney Basin, although Fuller * has found

% Fuller, R. E., personal communication.
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fault scarps in the alluvium of the Alvord Valley, whiclt adjoins the
Harney Basin on the east. Recurrent faulting in other districts of
south-central and southeastern Oregon has been described by Waters,?’
Russell,’® Fuller and Waters,*® and Fuller.®

Further, the recurrent displacements in the Harney Basin have
been in the same stratigraphic direction and along the same fault
zones or, at some places, even along the identical faults. This is
supported by the evidence that Davis 8 and Fuller ® have presented
for recurrent movements along the Steens Mountain fault zone.
Thus, the fault pattern and general structural form of the Harney
Basin appear to have been established before the Danforth epoch
and may have been inherited from the rocks older than the Steens
basalt. Furthermore, most elements of that fault pattern seem to
have been reopened through each succeeding formation, although
certain inferred faults in the Steens basalt do not extend into the
overlying Danforth formation, and some faults in the Danforth do

not extend into the overlying Harney formation.
The structural relations just described are disclosed particularly

The al relations describe p larl
well in the western part of Riddle Mountain and in the Indian Creek
Buttes, in T. 28 S., Rs. 34 and 35 E. There rhyolite of the Danforth
formation rests on the Steens basalt in successive step-faulted slices,
but the stratigraphic displacements in the rhyolite are materially
less than in the basalt.

The writers concur in the belief that the conspicuous faults in the
Harney Basin and elsewhere in south-central and southeastern Oregon
are of the normal or gravity type—that is, they have r=sulted from
tensional stress. On the other hand, Smith,® following the hypoth-
esis of Wayland,** has advocated the idea that the fault along the
eastern face of the Steens Mountain is a thrust fault—tlat is, it was
caused by compressive stress. This theory of compression has been
vigorously opposed by Fuller and Waters.® In hic discussion,
Smith cites a small anticline east of the Diamond Craters as com-

natant avidanna nf samnraceinn Mhic anticlina ic a ralativaly amall
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and gentle flexure which the writers have inferred was produced by

% Waters, A. C., A structural and petrographic study of Glass Buttes, Lake County, Oregon: Jour.
Geology, vol. 35, pp. 441452, 1927.

8 Russell, R. 1., Basin Range structure and stratigrap the War
California Univ., Dept Geol. Sci., Bull., vol. 17, pp. 417-418, 1928.

# Fuller, R, E., and Waters, A. C., The nature of the horst and graben structure of scutheastern Oregon:
Jour. Geology, vol 37, pp. 204-239, 1929.

8 Fuller, R. E., The geomorphology and volcanic sequence of Steens Mountain in scutheastern Oregon:
Washington Univ. Pub. in Geology, vol. 3, no. 1, 1931.

81 Davis, W. M., op. cit., pp. 168-169.

62 Fuller, R. E., op. cit., pp. 28-29.

6 Smith, W. D., Contributions to the geology of southeastern Oregon (Steens and FPueblo Mountains):
Jour. Geology, vol. 35, pp. 421441, 1927,

6 Wayland, E. J., Some account of the geology of the Lake Albert rift valley: Geog. Jour., vol. 58, pp. 344~
359, Royal Geog. Soc., 1921,

8 Fuller, R. E., and Waters, A. C,, op. cit., pp. 205-208, 221-238. Fuller, R. E., op cit., pp. 16-21.
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sagging or slumping in the volcanics. Commonly the oldest Tertiary
rocks of the basin (older siliceous extrusives) are loosely crumpled
as if by compression, but even in those rocks no thrust faults have
been observed.

WATER IN THE VALLEY FILL
UNCONFINED WATER IN THE SHALLOW PERVIOUS BEDS

FORM, DEPTH, AND FLUCTUATIONS OF THE WATER TABLE

Plate 2 shows the form of the water table beneath most of the
central alluvial plain of the Harney Basin by contours for October
1931 and May 1932, these two sets of contours representing the lowest
and highest stages in the climatic year 1931-32 and in the 3-year
term of the present investigation as well. KEach set of contours is
based on altitudes of the water surface in about 169 wells that are
too shallow to reach confined ground water. At about 75 wells the
datum for altitudes was determined by spirit leveling; at the other
wells it was estimated from a topographic map with 2%-foot contour
intervals.®

In general the water table, like the land surface, declines gradually
from the northern, eastern, and southern margins of the central
alluvial plain toward Malheur Lake, but it slopes somewhat more
steeply than the land surface. So far as is known, the water table
was lowest in the vicinity of Lawen, in Tps. 24 and 25 S., R. 32% E.,
as is indicated by the closed 4,080-foot lines on plate 2. It is inferred,
however, that the water table was about as low beneath Harney Lake,
farther west.

The contours for October 1931 show the form of the water table after
a successton of relatively dry years, but the form that would be
assumed after a term of wet years can only be surmised. It is presumed
that (1) the closed depression in the water table near Lawen would be
obliterated, so that the water table would decline smoothly from the
head of the alluvial plain near Burns to Malheur Lake; (2) in the

southern part of the central alluvial plain the altitude of the water
table would fluctuate according to the stage of Malheur Lake (see pl.
7); and (3) when the seasonal recession of the lakes was sufficient to
separate them in the vicinity of the Sand Reef, the water table in the
southern part of the plain would slope westward toward Harney Lake
and would fluctuate in altitude according to the stage of that water
body. These presumptions are supported by fragmentary data from
several sources—(1) measurements of depth to the water table by
E. R. Greenslet between August 1915 and April 1916, in connection

% Whistler, J. T., and Lewis, J. H., Harney and Silver Creek projects: U. S. Recl. Service, [Report onl

Oregon cooperative work, maps 29, 30,32, 1916. (Copies of the original drawings for these maps, scale 1:63,360,
were made available by the U. S. Bureau of Reclamation.)
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‘with soil-classification surveys;® (2) the driller’s record of a well near
Lawen (No. 197), which indicates that water-bearing sand and gravel
were penetrated from 12 to 20 feet beneath the land surface in 1926,
whereas in 1931 the water table at that place was about 32 feet below
the land surface; and (3) comparative measurements of tke depth to
the water table made by Waring ® in 1907 and by T. W. Pobinson in
1931-32.

In October 1931 the water table was 6 to 10 feet below the land

1wfana alano tan maroin af Fha nantral o1liivial R1a s nd

-Dul 1aCe i’lalUllé lJl.lU OuUver llli’lalélll O1 viie Celivral dlluvldzl Pla:l_l]. UPPUDJ.UU buU
streams and was 8 to 14 feet beneath Malheur Lake. Its greatest
measured depth, 41.5 feet, was in well 178, near the head of the trough-
like depression about Lawen. Farther west the water table was from
10 to 16 feet beneath Mud Lake, was only 5 feet deep in two wells at
the north margin of Harney Lake, and ranged between 7 and 10% feet
deep in the northern part of the Warm Spring Valley. By May 1932
the water table had risen considerably in many parts of the valley, so
that it stood at its highest level for the 3-year term of the investigation.
At that time it was less than 1 foot beneath the land surfece in some
wells along the margin of the plain, and the greatest measured depth,
39.5 feet, was again in well 178 near Lawen. Several of the wells on»
the Malheur playa were under water in May.

In the Harney Basin the water table is known to have fluctuated
owing to fluctuations in the discharge of streams and to trinspiration
by vegetation. Material fluctuations due to pumping have not been
discriminated, because the draft from shallow beds in the valley fill is
relatively small and the draft from deep beds has not affected the stage
of the water table appreciably. (See p. 69.) However, it seems
inevitable that the water table will tend to recede somewhat, at least
locally, if the draft by pumps should increase materially.

The streams of the basin are flashy, and most of the year’s run-off
takes place in the spring; also, in years of relatively large run-off the
‘streams commonly overflow extensive areas of the alluvial plain.
Near the streams the water table generally risesin the spring in response
to increased run-off and then declines until the end of the growing
season, as is shown by plate 11.

For e‘(ample in 1930-31 the Silvies River did not spread materially

haxrand Lanl- and $lha macrarman ~f +ha <ratan Lo Aaviand

UU)’ Oona ].UD l)iblll&b’ allu l)LlU .lt,‘DPUllbb O1 bllb wavor Ud:UlU cX Ut llueu Gdbb-
ward about a mile—that is, to and a little beyond well 48. In 1931-32,
on the other hand, the river spread rather widely over the alluvial plain
north of Burns, as did Foley, Newman, and Poison “Sloughs’’ and other
intermittent distributaries. As a result, the water table in wells near

8 Whistler, J. T., and Lewis, J. H., op. cit., maps 47 and 48, p. 20. Greenslet, E. R., unpublished data

.for the area from the Sand Reef to and 3 miles beyond Narrows.
6 Waring, G. A., op. cit., pp. 58-59, 1909.

66814—39 5
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the river rose somewhat higher than in 1930-31; ultimately the rise
was felt in well 57, about 4 miles to the east. The water table did not
rise in wells far east of Poison Slough; in well 54, 1% miles to the east,
it varied only 0.3 foot in altitude during 1931-32 and seemed not to
respond in any way to the freshet in the Silvies River. Fluctuations
analagous to those mentioned occurred in other wells along the river—
for example, in wells 77 and 245 (pl. 14).

Plate 12 shows the magnitude and extent of the rise of the water table
beneath the central plain from October 1931 to May 1932. Essenti-
ally, this rise measures the net effect of the intervening freshet in the
Silvies River, as well as the gross range in water-tatle stage in the 3-
year term of the investigation. Ultimately the rise delineated on
plate 12 should cause the water table to trend upward in the more
remote parts of the central plain, although the short-term fluctuations
would lag progressively and would be largely dampe.

As White # and others have shown, certain species of plants com-
monly send their roots to the water table or to the capillary fringe and
induce a diurnal fluctuation in water-table stage by their transpiration.
These plants are the phreatophytes, or ground-water plants.”® In the

<Harney Basin they include greasewood (Sarcobatus vermiculatus), salt
grass (Distichlis spicata), certain meadow grasses that cover extensive
tracts on the central plain, also the common tule or bulrush (Seirpus)
and willow (Sal:z), which border the perennial reaches of the streams
and the perennial ponds.

The three graphs that constitute figure 4 show daily fluctuations of
the water table in well 77, which 1s at the edge of a native-grass
meadow and about 25 feet from a clump of willows bordering the
Silvies River. At the time both willows and grasses were growing
vigorously. Graph A represents the period of most vigorous growth
during 1931 and has a stairlike form owing to the ret effect of daily
transpiration draft and steady recession of the water table. Graph B
indicates the smaller daily range of the water table after the lapse of a
month, probably because the vegetation was transpiring less as the
growing season waned and because the water table Fad fallen materi-
ally, possibly below the root zone. Graph C represents the period of
vigorous growth in the following year when the daily average stage of
the water table was nearly constant; thus, the graph has the sinelike
form that White 7 infers to result from transpiration alone.

Transpiration by greasewood is inferred to explain a seasonal reces-
sion of the water table in certain widely separated wells. (See fig. 5.)

6 White, W. N., A method of estimating ground-water supplies based on discharge by plants and evapora-
tion from soil: U. S. Geol. Survey Water‘Su)pply Paper 659, pp. 24-54, 1932.

70 Meinzer, O. E., Plants as indicators of ground water: U. S. Geol. Survey Water-Supply Paper 577, p. 1,
1927.

n White, W. N., op. cit., pp. 44-47.
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In addition to these fluctuations of relatively short term the water
table no doubt rises or falls progressively during longer p-riods that
correspond to terms of successive wet and dry years. For example,
in three wells in the vicinity of Lawen (Nos. 200, 247, 250) the static
level declined steadily from the beginning of the record until late May
and early June 1932, when water from the Silvies River was being
spread over adjacent meadows for irrigation; thereafter the water
level resumed its downward trend. Further indication cf the pro-
gressive decline of water levels in recent y
wells listed in the following table.

i e a1 ] Lr 2l .
ears 18 aloraea oy uneé ary

Dry wells in the valley fill, Harney Basin

I%stin;ated }%stir{lhaged
epth to ep 0
No. D?})(tfh Otf water table No. v?e(]a]pggeotf) water table
well (feet) | i October in October
1931 (feet) 1931 (feet)
136 . 9 12 194 20 33+
137 . 9 12 196 . 28 31
139 .. 12 124 202 e 14 | ..o
175 o 34 35 214 o L__ 2 R
177 . 2614 29 218 e 22 | -.
180 o . 24 32+ b1 14 15+
190 . 1615 26 269 . o ieaaa 20 |eeaooo--
191 . 32 34 .75 U 16 27
192 . 32 36+ 341 .. 19 | eiceceeea
193, ... 18 36

SOURCE AND DISPOSAL OF THE UNCONFINED GROUND WATER

Ground water necessarily moves in the direction of the maximum
hydraulic gradient—that is, at right angles to the contcurs of the
water table or other pressure-indicating surface. Also, ground water
is generally in constant motion from areas of recharge or intake toward
areas of disposal; if the water-bearing material is homogeneous, the
rate of movement is proportional to the hydraulic gradient. Thus,
from the water-table contours on plate 2, the hydrographs of plate 11,
and the water-table profiles of figure 6, it is inferred that so long as
water flows in the Silvies River the water table is continuous with the
surface of the stream and water percolates outward into the alluvium
as a ground-water wave, the wavelike advance of the percolate being
shown by the continuous rise of the water level until May 14 or later
in well 49 (fig. 6), whereas a decline had begun soon after April 30 in
the wells nearer the river. It is inferred further that ground water
continues to percolate outward when the stream is not flowing over
the alluvial plain and the water table is low, as in October 1931, after
a succession of relatively dry years. Analogous conditions prevail
along the south margin of Malheur Lake at the mouth of the Donner
und Blitzen River.

Along the northern edge of the main alluvial plain water was enter-
ing the alluvium from Poison Creek in 1931-32 and merging with the
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percolate from the Silvies River. Farther east, an appreciable vol-
ume of water was percolating outward from Soldier, Coffeepot, and
Rattlesnake Creeks, as is shown by the composite southward bulge of
the water-table contours in that district. Of the other minor streams
along the margin of the alluvial plain, none seemed to be contributing
materially to ground-water storage in 1931-32, although they may do
80 in wet years.

Locally, the infiltration of rain probably adds somewhat to ground-

+ha TN
water storage beneath the central alluvial plain, but the aggregate

quantity so derived is much less than the percolate from the streams.

& Well no 70
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! > | |
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FIGURE 6.—Profiles of the water table east of the Silvies River along the Burns-Crane highway, 1932,

Over most of the plain, however, the rainfall is inferred not to pene-
trate below the belt of soil water. (See p. 80.)

The water-table contours for October 1931 and for May 1932 both
indicate (1) that the shallow ground water beneath the main valley

>n AanmaccrAan alna T xtran
plain was converging toward the troughlike depression about Lawen

and beneath Malheur Lake, (2) that the shallow ground water in the
western part of the area was percolating radially toward Harney Lake,
and (3) that no material volume of water was percolating outward
beyond the margin of the topographic basin. Inasmuch as the two
sets of lines represent, respectively, a low stage of the water table after
a succession of dry years and a moderately high stage after the spring
freshet of 1932, it is inferred that the three condition< just stated have
prevailed commonly. It follows, therefore, that the ultimate dis-
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posal of the shallow ground water has commonly taken place from the
vicinity of Lawen and from Malheur and Harney Lakes. Probably

'O'F“ﬂ'l‘ [>] fnrm n'F ‘l‘ﬂ]‘)*“l‘?’l)]“r ‘IYD“' wToaarag HQT‘Y‘\ATT T Q]Zﬂ 1!7(\11]!‘] ]'\nnnmn +}\ﬂ
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chief sump from which ground water would be dissipated by evap-
oration; also some water might percolate eastward by way of Malheur
Gap and pass beyond the topographic basin.

Evaporation and transpiration by ground-water plants probably
dissipate a considerable volume of shallow ground water from the
valley plain north of Malheur and Harney Lakes, especially during
wet years. (See pp. 76-78.) Indeed, they probably dissipate most
of the ground water that is discharged from the basin. Continued
transpiration discharge during a succession of dry years is postulated
as the cause of the peculiar troughlike depression in the water table
near Lawen, for that trough is roughly coextensive with the most
vigorous ground-water plants—greasewood and saltgrass. Its deep-
est part 1s overlain by vigorous greasewood, which is reported to send
its roots as deep as 50 feet to reach ground water > and wlich is com-

“l\“l\"\" ‘l"‘\ “'1\ " v-nnnnn“- ]nnrrn nnnnmr\]1a]’\n/] “1’\"\ 11 ““Tn“‘f\?‘ YO T'; “1‘\[\
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alluvium unwatered has a specific yield of 10 percent, alout 28,000
acre-feet of ground water appears to have been withdrawn from stor-
age to form the trough. It is a corollary of the postulate that the
alluvium unwatered 1s relatively impermeable; otherwise ground
water would have percolated freely toward the area of dis-harge, and
the northern lobe of the trough could not possibly have been so much
constrained as it was in 1931. The corollary is sustained by the
drillers’ record for well 197, which reports clay between 20 and 52
feet in depth below the land surface.

CONFINED WATER IN THE DEEP PERVIOUS BEDS
FORM AND DEPTH OF THE PIEZOMETRIC SURFACE

The pervious beds deep in the valley fill of the Harney Basin hold
confined water whose pressure head commonly is distinctly different
from the head of the unconfined water in the shallow pel‘_IIOub beds.
Plate 13 shows the magnitude of this difference. It covers the two
periods for which water-table contours are shown on plate 2 and is
based largely on measurements of the static level in about 89 relatively
.deep wells that are cased tightly through the shallow pervious beds in
the valley fill but do not reach the bedrock. (See pp. 137-151.) The
available data of this sort are limited to the western part of the central
alluvial plain.

These data afford two instructive comparisons between the form of
the water table and the form of the piezometric surface (the imaginary
surface that coincides everywhere with the static level of the confined

2 Meinzer, O. E., Plants as indicators of ground water: U. 8. Geol. Survey Water-8 1pply Paper 377,
ibp. 37-42, 1927,
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water in the deep aquifers ™). Thus, the piezometric surface had the
same general form as the water table, for in October 1931 and in the
following May it sloped inward toward Malheur ard Harney Lakes
from all margins of the alluvial plain; nevertheless, the piezometric
surface was notably smoother than the water table and contained no-
suggestion of a depression in the vicinity of Lawen.

In October 1931 the piezometric surface was lower at most places
than at any other time from 1930 through 1932. Atthattime its depth
below the land surface ranged between 1 foot in well 156, midway from
Burns to Wrights Point, and 22 feet in well 246, near Lawen. Along
the northern edge of the alluvial plain the depth to the piezometric
surface was 144 feet near the mouth of the Silvies River Canyon and
10 feet near Harney town site. On Malheur Lake tl' depth was less
than at Lawen and ranged between 7% and 15 feet. Caly fragmentary
data are available for the Warm Spring Valley,in the western part of the
area; according to these, the piezometric surface ranged from 5% feet
below the land surface in one nonflowing well (No. 278) to 6 feet above
the land surface in a flowing well (No. 350), which is about 2 miles
west of Harney Lake.

By the following May the piezometric surface for tle confined water
had risen as much as 8 feet in the vicinity of Burns and about 6 feet
near the mouth of Rattlesnake Creek. Toward the south this rise
diminished progressively to a feather edge somewhere near the north
margin of Malheur Lake. (See pl. 12.) Owing to the rise just
described, the piezometric surface ranged from 11% feet to about 5
feet below the valley plain between Burns and Harney; it was 20% feet
below at Lawen and from 6 to 14 feet below much of Malheur Lake.

FLUCTUATIONS OF THE PIEZOMETRIC SURFACE

The static level of the confined water in the val'ey fill has been
observed to fluctuate in response to run-off in the streams and to
pumping from deep wells. Fluctuations from other causes have not
been discriminated.

Plate 14 comprises hydrographs for three pairs of companion wells
and shows typical fluctuations of the static level of tha confined water

in response to two freshets in the Silvies River; also, it compares those

- e O B L,.---,.L- v, 1
fluctuations with the concurrent fluctuations of the water table. Each

of the three pairs comprises two wells a few feet or yards apart, one
well being deep and tightly cased down to the confined water, whereas
the other is shallow and does not reach far below the water table.
Thus, the difference between the respective static levels indicates the:
true height of the piezometric surface above or below the water table
at that place.

3 Meinzer, O. E., Outline of ground. water hydrology, with definitions: U. S. Genl. Survey Water-Supply
Paper 494, p. 38, 1923,
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It is inferred that the fluctuations in the static level of the confined
water are due to changes in the load borne by the deep water-bearing
beds as the shallow beds are saturated and unwatered and are not due
primarily to recharge of the deep beds. Such fluctuations in response
to changing load have been observed by many workers. For example,
King ™ and Stearns 7 describe fluctuations caused by railroad trains
passing near an observation well; Veatch 7 and Thompson 7 relate
certain fluctuations in wells along the seacoast to the ocean tides.

hage Arrntratiang A vressu haoad hawvwa hanan analwoad NN Azrvzar 18
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-and ascribed to elastic deformation of the confined water-bearing bed,
so that a part of the overlying load is transmitted to the confined
water itself.

The inference that fluctuations of the static level in deep wells along
the Silvies River are an effect of loading is drawn largely from the
hydrographs from the water-stage recorders at wells 76 and 77. A
critical section of these hydrographs constitutes figure 7; it shows the
response of water levels to the impounding of water above the Culp
diversion dam, which is about 150 feet downstream from the wells.
After the peak of the spring freshet had passed, flashboards were
placed in the dam early in the afternoon of May 15, 1932; within a few
hours water was passing over the dam, the river stage opposite the
wells having risen about 8 feet. The water table began to rise almost
immediately at the shallow well and continued at a diminishing rate
until 9 a. m. on the following day. Concurrently the static level in the
.deep well rose about 40 percent as much as in the shallow well and
lagged about 4 hours. In other deep wells upstream the static level
did not rise. Therefore, it appears that most if not all the increase of
head in the deep aquifers was due to loading. After ite initial rise,
the water table was steady for about 26 hours, then rose about 0.2
foot in the succeeding 14 hours, again was nearly steady for 36 hours,
and finally declined sharply about 11:30 a. m. May 19. These fluctua~
tions are presumed to reflect manipulations of the flashboards at the
dam. Concurrently, however, the piezometric surface rnse steadily,
although it responded somewhat to the fluctuations of the water
table. The condensed hydrographs of plate 14 indicate that the

piezometric surface continued to rise steadily with resvect to the
watar tahla for at ot A0 dava® hv that time tho difforonece 1

im a
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74 Xing, F. H., Observations and experiments on the fluctuations in the level and rate of movement of
ground water on the Wisconsin Agricultural Experiment Station and at Whitewater, Wis : U. S. Dept. Agr.
‘Weather Bureau Bull. 5, pp. 67-69, 1892.

75 Stearns, H. T., Robinson, T. W., and Taylor, G. H., Geology and water resources of the Mokelumne
area, California: U. S. Geol. Survey Water-Supply Paper 619, pp. 148-149, 1930.

6 Veatch, A. C., Fluctuations of the water level in wells, with special reference fo Long Island, N. Y.
U. 8. Geol. Survey Water-Supply Paper 155, pp. 62, 63, 65-69, 74-75, 1906.

T Thompson, D. G., Ground-water problems of the barrier beaches of New Jersey: Geol. Soc. America
‘Bull., vol. 37, p. 466, 1926.

8 Meinzer, O. E., Compressibility and elasticity of artesian aquifers: Econ. Geology, vol. 23, pp. 275-276,
1928,
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WATER IN THE VALLEY FILL 69

levels had diminished to about 1 foot. Other fluctuat'ons of the
piezometric surface at this place have been 40 to 80 percent as large
as the corresponding fluctuations of the water table and lave lagged
from 1 hour to 4 hours.

Altogether, 11 pairs of companion wells have shown fluctuations
analogous to those just described, although the fluctuations are defined
only by periodic measurements of depth to water and not by charts

from water-stage recorders. Thus, they confirm the inference just
develoned. Further confirmation 11nq in similaritv m the form of the

develope urther confirmation lies in similarity the form of the
zones through which the respective water levels rose frcm October
1931 to May 1932 (pl. 12).

Plate 15 assembles hydrographs for four wells in the vicinity of the
Harney Branch Experiment Station and shows typical fluctuations
of the static level in the deep valley fill in response to pumping. Three
of the four wells (Nos. 53, 97, 107) tap the deep pervious beds in the
valley fill from which water is pumped for irrigation at the experiment
station (through well 94). Obviously, the recessions of water level
in these deep wells are closely correlative with the pumping and are
not reflected in a water-table well (No. 54) which is dug around the
casing of one of the deep wells (No. 53). Thus, it is concluced that the
recession in the deep wells is due wholly to loss of head in the aquifer.
Even more convincing is the record from well 93, a shallow boring only
15 feet from the pumped well. In this shallow well also the water
table did not recede in the least during the pumping season, although
the pumped well was drawn down from 45 to 58 feet for 3% months
(pl. 16). Identical behavior of water levels was shown in the preceding
year. This difference in head was approximately equal to the thick-
ness of the impervious beds that intervene between the challow and
deep pervious zones. Thus, a hydraulic gradient of unity was in-
sufficient to draw water downward from the shallow pervious zone.
Analogous conditions existed about the irrigation wells cverated by
R. W. Cozad and William McLaren (Nos. 112, 64, respectively). At
Mr. Cozad’s well the difference in head during the pumping season
was more than twice the aggregate thickness of the impervious beds
reported by the driller (p. 135); at Mr. McLaren’s well it was about
one and a half times as great.

The forecoine data afford rather r 1000 ol
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of the confining beds that overlie the dee pervious zone in the valley
fill. The three tests agree in indicating that the zone is tightly conﬁned
indeed.

:+

ests of the water-tightness

SOURCE AND DISPOSAL OF THE CONFINED WATER
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water in the deep pervious beds of the valley fill was moving away
from the Silvies River at an acute angle in two areas—(1) along an

As the form of its piezometrir'
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8-mile reach beginning at the head of the alluvial fan near Burns and
(2) near the north margin of Malheur Lake. The obvious implication
is that water enters the deep beds by downward percolation from
shallow water-bearing beds in the valley fill. However, three lines of
evidence indicate that downward percolation along ths Silvies River is
restricted to a rather small district at the head of the alluvial fan.

First, wherever the static level of the water in the deep pervious
beds stands above the water table, percolation tends to be upward
rather than downward. In 1931 ‘22 that condition prevailed over a
considerable part of the alluvial plain—specifically, within the areas
that are delineated on plate 13 by shading. Of course, those areas are
not constant in extent; they appear to be most extensive in the autumn
and after a succession of dry years, as in October 1931. The following
May, while the Silvies River was in freshet, the static level of the
water in the deep beds stood but slightly below the water table every-
where within 3 to 4 miles of the apex of the alluvial fan of the Silvies
River, near Burns. That condition implies that water was percolating
downward to the deep beds so readily that material differences in head
could not long remain. Farther to the southeast, hovrever, the static
level for the deep beds was persistently from 5 to 10 feet below the
water table. Although the pressure gradient favored downward per-
colation there, the inference follows that the valley fill was relatively
impervious; otherwise, the difference in head would not have persisted.

Second, confining beds separate the shallow and the deep water-
bearing zones beneath most of the central alluvial plein. Thus, near
Lawen the confining beds are about 100 feet thick according to drillers’
records for three wells (Nos. 197, 226, 246). The thickress and mode of
origin (p. 31) of these beds both suggest that they are extensive in that
vicinity, but it has been inferred that they tend to feather out finger-
wise toward the northwest—that is, toward the aper of the alluvial
fan of the Silvies River. Nevertheless, they are from 20 to 50 feet
thick in wells between 5 and 8 miles from the apex of the fan (Nos. 56,
64, 94, 112). The data given above on the depression of water levels
by pumping have shown that these beds are watertigcht. It is still
closer to the apex of the alluvial fan that the confining beds constitute
a minor fraction of the valley fill (wells 65, 73, 74).

'l“mrd data on the chemical character of fhp Q'rmmd water (pp. 114-

119) 1nd1cate that the quantity of dissolved matter in the water from
the shallow pervious beds increases steadily toward tle southern part
of the alluvial plain and becomes very large in the vicinity of Malheur
and Harney Lakes. On the other hand, the water from the deep per-
vious beds at any particular place ordinarily contairs less dissolved
matter, especially near the playas. It seems that if tke deep pervious
beds were recharged by downward percolation in ell parts of the
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alluvial plain, the water from the two pervious zones shcild be more

alike in chemical character.
From the foregoing three lines of evidence it is inferred that effective

recharge of the deep pervious zone by downward percolation from the
Silvies River can take place only within about 5 miles of the apex of
the alluvial fan near Burns—that is, largely in the nortkwest half of
T. 23 S., R. 31 E. It is inferred further that a consequential volume
of water does not reach the deep pervious zone by percolation from
the minor streams along the north margin of the alluviel plain, nor
from Sagehen and Sunset Valleys along the west margin. These
streams have little run-off and inconspicuous alluvial fans. On the
other hand, the Donner und Blitzen River, which drains the extensive
southern part of the Harney Basin (pl. 1), is competent to have depos-
ited coarse detritus beneath the western part of Malheur Lake. Thus
it is altogether possible that the deep and shallow water-boaring zones
are interconnected there, as at the apex of the Silvies River fan,
although fragmentary data on ground-water levels impl~ that deep

nercolation was not taking ] ce extens vcﬂv nnnoglte the Donner und
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Blitzen Valley in 1931-32.

The form of its piezometric surface indicates that in 1931-32 the
water in the deep pervious zone of the valley fill was converging toward
Malheur and Harney Lakes; thus it is implied that some of the water
was dissipated there. The method of disposal, however, is not entirely
clear. Over part of the playas the difference in pressure head would
have permitted water to pass upward to shallow pervious beds, from
which it might have been dissipated by evaporation and transpiration.
However, only a few miles to the north the confining beds that separate
the two water-bearing zones are competent to restrain percolation
under much larger heads; thus the hypothesis of upward percolation
is scarcely tenable unless the valley fill is preponderartly coarse-
grained opposite the Donner und Blitzen Valley.

Fragmentary data on the form of the piezometric surface along the

east margm of the alluvial plain indicate that in 1932 the vater in the

deep pervious zone of the valley fill was moving westward away from
Malheur and Crane Gaps. Nevertheless, if the static level should rise
considerably after a term of wet years, it is conceivable that some
water in the deep pervious zone might percolate eastward through the
gaps and out of the basin.

It seems unlikely that much water can percolate out of the alluvial
basin through the enclosing bedrock, for the few deep wells along the
margins and in the eastern part of the main alluvial plain indicate
that generally the water in the bedrock has a higher head than the
water in the valley fill. Under such conditions, water would tend to
pass into the fill if any pervious conduits were available.
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To facilitate discussion of the source, disposal, snd recovery of
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ground-water problems are discriminated. As shovmn on figure 8,
these are (1) the Silvies subarea, (2) minor subareas north of Malheur
Lake, (3) the Donner und Blitzen Valley, and (4) the Warm Spring
Valley.

CP

SILVIES SUBAREA

GENERAL HYDROLOGIC FEATURES

The Silvies subarea 1is essentially a natural ground-water province
within whose boundaries the valley fill receives and discharges ground
water independently of other subareas, although those boundaries are
somewhat conventionalized. On the west and north the subarea is
bounded by bedrock whose water is generally under greater head than
the water in the valley fill. Hence ground water can cross that
boundary only as it may percolate from the bedrock into the fill. On
the east, its boundary in T. 23 S., R. 32 E., coincides approximately
with the direction of natural percolation in both the shallow and the
deep water-bearing beds in the valley fill in 1931-32; thus little or no
ground water was percolating into the subarea or out of it in that town-
ship. Farther south, in T. 24 S.) R. 32% E., and T. 25 S., R. 32 E,,
water tended to percolate into the subarea, but the inflow is believed
to have been offset by outflow toward the Malheur P aya.

There appear to be three sources for the water in the valley fill of
the subarea— (1) seepage from the Silvies River and from Poison and
Prater Creeks, (2) infiltration of rain, and (3) upward percolation of
water from the bedrock. The third source is known to function only
near Hines, in the northwestern part of the subarea, where thermal
water from the Danforth formation is confined under artesian head
in deep beds of the valley fill and where some recharge at shallow
depth is effected by seepage from thermal springs. The volume of
water contributed to the valley fill from the bedrock in this manner is
not known. The recharge by seepage from the streams and by pene-
tration of rain is discussed further on succeeding pages.

There are at least three lines of evidence showing thet ordinarily the
valley fill is recharged by substantial volumes of water each year.
These are derived from data on ground-water storage, ground-water
discharge, and source and disposal of soil water; each is developed

separately on following pages.
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RECHARGE OF THE VALLEY FILL
ESTIMATES BASED ON GROUND-WATER STORAGE

The net rise or fall of the water table during any period may be
taken as an index to the net volume of water that has been added to
storage in the valley fill or withdrawn from storage during that period.
If the water level is the same at the end as at the boginning of the
period, it follows that there has been no net change in storage but.

that recharge and discharge have been equal.

In the Silvies subarea the water table is ordinarily lowest near the
end of the growing season, usually in October, and is highest during
the spring period of high water, usually in April or May. Nearly all
the rise from autumn to spring is believed to be caused by seepage
from the streams during their freshets.

Thus, in 1932 the high-water period hegan about mid-March;™
ground-water recharge probably began soon afterward at the head of
the Silvies River fan and extended gradually downstream. Plate 12
shows that by May, when the freshet had begun to vrane, the water
table had risen materially over an area of 75,000 acre~ and had risen
8 feet or more over some 35,000 acres. 'The corresponding volume of
material saturated may be computed by the principle of average end
areas; after measuring the area within each of the lines of equal rise
it proves to be about 485,000 acre-feet. As the freshet waned, the
water table fell near the river but continued to rise along the margin
of the area of recharge. These subsequent changes in water-table
stage do not indicate any increase or decrease in the net yearly
recharge but merely a change in its distribution.

In 1931, on the other hand, the high-water period was relatively
brief and the zone of recharge extended over about 36,000 acres. The
volume of material saturated was about 64,000 acre-feet, or only 13
percent of the volume saturated a year later.

The average specific yield of the valley fill in the zone of water-
table fluctuations in the Silvies subarea has not leen measured.
However, it may be estimated from the relative volumes of gravel,
sand, and “clay’’ that compose the fill, taken in conjunction with
data from Clark,® Lee,® Piper,® Stearns,® and White®! as to the spe-
cific yield of materials of these classes.

7 Daily gage height, in feef, and discharge, in second feet, of Silvies River near Burns, Oreg., for the year
ending September 30, 1932, Office of the State Engineer, Water-Resources Departmer t, State of Oregon, 1932.

# Clark, W. O., Ground water in Santa Clara Valley, Calif.: U. S. Geol. Survey Water-Supply Paper 519,
pp. 2830, 1924.

& Ellis, A.J., and Lee, C. H., Geology and ground waters of the western part of Sa Diego County, Calif.:
U. 8. Geol. Survey Water-Supply Paper 446, pp. 121-123, 1919,

8 Piper, A. M., Gale, H. 8., Thomas, H. E., and Robinson, T. W., Geology and ground-water hydrology
of the Mokelumne area, Calif.: U. 8. Geol. Survey Water-Supply Paper 780, pp. 177-104, 1939.

83 Stearns, H. T., Robinson, T. W., and Taylor, G. H., Geology and water resources of the Mokelumne
area, Calif.: U. 8. Geol. Survey Water-Supply Paper 619, pp. 151-172, 1930.

8 White, W. N., A method of estimating ground-water supplies based on discharg> by plants and evapo-
ration from soil—results of investigations in Escalante Valley, Utah: U. 8. Geol. Survey Water-Supply
Paper 659, pp. 74-76, 102-105, 1932.
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The relative volumes of the three classes of granular material in the
Silvies subarea are indicated by the drillers’ records of 19 wells, of
which 14 representative records are tabulated on pages 133-136. Mate-
rial reported by the driller as ‘“gravel and sand’’ or “sand and gravel”
has been considered half sand and half gravel, but, on the other hand,
“clay and gravel,” “sand and clay,”’ or material reported by similar
phrases has been classified as wholly “clay’” on the presumption that
fine particles are sufﬁciently abundant to occupy all the interstices

mo - 1 founded
between the coarse grains. That presumption seems well founded

because the drillers, at least locally, commonly describe as “clay’”
only those materials that are sufficiently plastic to cling to the drilling
tools. This method for correlating drillers’ terms follows Clark.®*
The following table indicates the percentage volume of gravel, sand,
and “clay’’ computed for successive 5-mile zones according to distance
from the apex of the Silvies River fan.

Percentage volume of gravel, sand, and glay composing the valley fill of the Silvies
subarea

Percentage volume

. ) iy T . Number of
Distance from apex of Silvies River fan (miles) well records
Gravel Sand Clay
OB 70 8 T U [ 48 22 30
510 10 e 9 13 34 53
1080 15, o e am [ PRI ISR S,
1500 20 o o e 4 4 23 73

The data on specific yield just cited show the following ranges:
Gravel, 41.0 to 31.5 percent (by volume); the coarser grades of sand,
35.4 to 20.2 percent; sand of the finer grades, siit, and loam, 18.9 to
4.7 percent; clay and clay loam, 3.9 to 1.3 percent. For the three
classes of material discriminated in the Silvies subarea, mean magni-
tudes have been adopted for the specific yield as follows: Gravel, 35
percent; sand, 20 percent; clay, 3.5 percent.

The following table applies the foregoing data to derive estimates of
the volume of water added to storage in the valley fill in the springs
of 1931 and 1932. The relative magnitudes of the recharge in 1930

and 1929 are suggested by measurements of depth to water in well 90
(p. 162). Even the foregoing Frﬂumpnfnrv data suggest the relative
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magnitude of the long-term mean rechalge, for 1931 and 1932 were,
respectively, a year of very small run-off and a year of average run-off
following a succession of dry years in which the water table had
receded. Thus, the opportunities for recharge were, respectively,
about the potential minimum and materially greater than the long-
term mean. Accordingly, the average recharge in the two years,

% Clark, W. O., op. cit., p. 27.
66814—39 6
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36,500 acre-feet, may be taken as an approximate value for the long-
term mean.

Estimated recharge in the Silvies subarea from the volumes
1931 and 1932

1931 1932
Volume of material saturated during the spring rise___________________ acre-feet_. 64, 000 485, 000
Average specific yield of the material saturated.___.________percent by volume._ 18.5 12.5
Volume of water added tostorage_ __._ _______ . ___ . ____________._._ acre-feet 12, 000 61, 000
Run-off in the Silvies River during the period of high water_.._.___.__acre-feet__ 15, 200 94, 900
Percentage of run-off represented by ground-water storage. .. _______________._____ 79 64

ESTIMATES BASED ON GROUND-WATER DISCHAFGE

Over a term of years the recharge to a body of unconfined ground
water must equal the discharge except for net increase or decrease in
storage. Thus, for an area in which the natural regimen has not been
seriously disturbed by pumping, such as the Harney Basin, the dis-
charge of ground water by natural processes may be estimated in
lieu of a direct measure of the recharge. Within the Silvies subarea
discharge 1s effected by underflow, return seepage to the streams,
evaporation from the soil, and transpiration from vegetation. The
net underflow from the subarea is believed to be negligible, and return
seepage to the streams takes place only for a short tin-e, as high water
wanes in the spring, and is negligible; thus only evaporation and trans-
piration need be estimated to evaluate ground-water recharge.

With respect to the source from which they derive water, plants
may be divided into three classes—(1) species thet ordinarily do
not depend upon ground water but utilize soil water almost exclu-
sively, such as sagebrush (Artemisia tridentaia and Artemisia cana)
and some cultivated plants; (2) species such as alfalfa and certain
grasses, which utilize ground water intermittently after the soil water
has been depleted; and (3) species that habitually send their roots
down to the capillary fringe or to the zone of saturation and draw
upon ground water throughout their growth cycle. The third class
comprises the true ground-water plants, such as greasewood (Sar-
cobatus vermiculatus), rabbitbrush (Chrysothamnus nauseosus), and
saltgrass (Daistichlis spicata). The plants that use ground water
either habitually or intermittently differ greatly in their power to
extend roots in the search for water. Thus, alfalfa and greasewood
do not thrive where the water table is shallow but, on the other
hand, may send their roots to a depth of 50 feet to reach the zone of
saturation.®® Thus, they can withstand a protracted drought.
In contrast, even so vigorous a ground-water plent as saltgrass
seems not to send its roots down more than about 12 feet for water ¥

# Meinzer, O. E., Plants as indicators of ground water: U. S. Geol. Survey Vater-Supply Paper 577,

pp. 37, 54, 1927,
87 Idem, p. 19.
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and may become dormant if the water table falls to greater depth;
much of the saltgrass in the Harney Basin did that in 1931.

The three tables that follow show (1) the distribution and aggregate
extent of each plant species within the Silvies subarea in 1931, (2) the
consumptive use by each type, and (3) the estimated yearly draft
from ground water by each type. The data on consumptive use are
estimates adapted to the climatic conditions of the Harney Basin
from findings by other workers.®® The estimates of ground-water
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make some allowance for areas in which the water table may be so
shallow in wet years that evaporation is excessive, and, on the other
hand, to make a corresponding allowance for areas in which during
dry years the water table recedes below the root zone.

Disirtbution of plant species in the Silvies subarea, Harney Basin

[Quantities in acres; surveyed in 1931 by T. W. Robinson]
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- « v 2 p=i n [: o) ) M =
T 228, R.30F______ | e B 1,500 | b | 1, 500
T. 228, R.3VE._____|.__ 1. 900 70| 1,340 (T 60 | . 450 |- 2,820
T.238, R.80E || . 1,000 | 260 | .___ 440 |7 1,190 |10 2,800
T.238,R.31E _____ 430 | 3,790 470 (13,200 | 190 |- - 7 950 | 3,100 |- 22, 800
T.23S., R.32E______ 280 | ____ 2,000 | ____ 1,000 |- 980 | ______ 7,400 |- .- 11,700
T. 248, R.30 B |\ 1,860 || DT\ . 540 10 |2 2,410
T 243, R.31E._ |10 100 |- 10,900 |-\ 111 1,360 | 7,330 | 1,930 |____ - 21, 600
T.248. R.32F. .| .| 40 | 2,190 ||l 2,480 | 9,160 | 8,830 | ______ 22,700
T 248, R.32%s B || 160 | 2,210 | 8,810 ... __ 11, 200
T.258., R.32 B |\ 12,400 (... 530 {1,300 | 5,180 | 2,860 | 170 | 22, 500
T, 258, R.32%s B, | J01TC 120 | 7.330 | .0 - 2,230 (1,370 | 2.400 | 1,100 | 290 | 14, 800

Thesubarea ___| 710 | 4,790 | 2,700 {51,700 {1,450 |2,760 |8, 850 |27, 800 35,700 | 460 137,000

I Commonly only part of the area is irrigated if the year’s run-off is small.

* Blaney, H. F., Taylor, C. A., and Young, A. A., Rainfall penetration and consumptive use of water
in Santa Ana p!\'rnr \R\an and anafnl Plain: California Div., Water Resourees Rull. 323 pp. 2054 1020,
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Lee, C. H., An intensive study of the water resources of a part of Owens Valley, California: U. S. Geol.
Survey Water-Supply Paper 294, pp. 53-64, 1912. Powers. W. L., and Johnston, W. W., The i 1mpr0\ ement
and irrigation requirement of wild meadow and tule land: Oregon Agri. Exper. Sta., Bull, 167, pp. 36-41,
1920. Shattuck, Obil, and Ritchie, D. W., Growing irrigated crops in Harney Valley: Oregon Agri. Exper.
Sta., Bull. 191, p. 21, 1922. Shattueck, Obil, and Hutchison, R. E., Progress report of the irrigated 80-acre
-demonstration farm unit of the Harney Branch Experiment Station, 1927-30: Oregon Agri. Exper. Sta.,
:Bull. 270, pp. 16-17, 1930. White, W. N., op. cit., pp. 84-101.
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Estimated yearly consumptive use and ground-water draft by vegetal types in the -
Harney Basin, Oreg.
[Depth of water in inches]

Consump Draft from ground
tive use (in- water
Class cluding

evaporation Wet Dry

from the soil) vears years
Alfalfa and cereals, irrigated by pumped ground water____.._._.._.__.__. 18 to 32 0 0
Alfalfs with small areas of cereals, irrigated by surface water 1_________ 0 0L -oun- 12 15
Cereals and fora.ge other than alfalfa, not irrigated.. ... ... __._._._. 15t0 20...... 4 0
Meadow, irrigated by surface water 1 .. ceeemeeaos A 15 to 18 { g 1
Meadow, not irrigated .. e AT Y O 12 1
%allt)%r%%s__-ﬁ .......................................................... 24 t030...... 18 0

abbitbrush. e

GreaSEWOOM . o oo oo o oo e e e }7% to 12 5 2%
Bagebrush . __ i cmeameoo- 5t010....... 0 0
Bare land, tules (dormant in 1931), and Weeds. occ oo oo ece e 5tob02.___. 6 0

1 Commonly only part of the area is irrigated if the year’s run-off is small.
? After a succession of wet years, much of the area would be swampy and would be recaptured by tules.

Estimated discharge of ground water from the Silvies subarea, Harney Basin

Ground-water discharge
. Ares (acre-feet)
Ground-water vegetation (acres)
Wet years | Dry years
Alfalfa with small areas of cereals, irrigated by surface water 1.___.._ 4,790 4, 800 6, 000
Cereals and forage other than alfalfa, not irrigated. - ... ... 2, 700 900 0
Meadow, irrigated by surface water \_ ______ . ... 51,700 39, 000 4,300
Meadow, not irrigated. . i deecmemaan 1,450 1,400 100
Balt BraSS . e e m———cm e 2,760 4,100 0
Rabbit brush_ e c——mm—e———a 8, 850 3,700 1,800
GreasewoO0q. - .o oo e eemmmmeemamem——————————— 27, 800 12, 000 5, 800
Bare land, tules (dormant in 1931), and weeds. « v oo cmcccecocoaaeo oo 460 200 0
The SUDArea . acaeeeeccceecccmcccceacmmmoccamcacmccaccaaen 137, 000 66, 000 18, 000
AVOIaAge _ oo ccececmc e aec—meemmeacamemmmemmeeamm—an] e —————— 42, 000

1 Commonly only part of the area is irrigated if the year’s run-off is small.

This second line of evidence places two approximate limits on the
average yvearly recharge of the valley fill in the Silvies subarea. It is
to be expected that over a long term of years the mean recharge would
be equal to the average of these two limits—that is, it would be of the
order of 42,000 acre-feet a year. In general, however, recharge does
not balance discharge in any particular year and may lag progressively
behind or forge steadily ahead for several consecutive years.

ESTIMATES BASED ON SOURCE AND DISPOSAL OF SOIL WATER

AT

Within the Silvies subarea the principal sources of soil water are
rain or snow and water diverted from the streams onto the meadows
and fields for irrigation, chiefly by “wild flooding.” Disposal of
water takes place (1) by evaporation from free water surfaces so long
as the streams are in freshet and water is held on the meadows;
(2) by evaporation from the soil and transpiration by vegetation
throughout the growing season (consumptive use); and (3) by deep
percolation below the root zone, the deep percolate ultimately reaching
the zone of saturation and becoming ground water. Available data
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. afford passable estimates for infiltration and for consumgtive use in 9
years of a 21-year period; corresponding estimates of ground-water
‘recharge may then be computed by a simple soil-water inventory.
First, records of stream discharge afford nine yearly estimates of
the diminution in run-off between the head of the subarea and the
“Malheur Playa. These estimates are derived in the table that
follows. Ultimately they lead to estimates of infiltration from the
streams and thus create the foundation for the soil-water inventory.
As a background for the table, a few characteristics of the stream flow
may be summarized to advantage. Thus, at the gaging station on the
Silvies River near Burns (for all practical purposes the head of the
subarea) the yearly run-off has ranged from 21,800 to 299,000 acre-feet
during the 28 years of record. From 75 to 90 percent of the run-off
takes place during a relatively brief freshet that ordinarily begins in
March though sometimes in February and that lapses by the end of
June. Thereafter the flow diminishes steadily until ordinarily by
midsummer the stream channels are drained over most of the subarea.
If the high-water period does not begin until March at the head of
the subarea, as is usually the case, 4 to 9 weeks elapse* before any
run-off reaches the playa. This considerable lag is due largely to
intervening diversions for ‘“‘wild flooding” and to infiltration into the
soil, which generally is thawed by March. On the other hand, if the
high-water period begins in February a relatively large volume of
water runs off from the subarea promptly, for in that month the soil

is usually still frozen, so that infiltration takes place slowly if at all.

Estimated yearly diminution of run-off within the Silvies subarea

Yearly run-off (acre-feet)!

Diminution
of stream¢flow

Year (Qct. 1 to Sept. 30) Poison and West Fork East Fork within the
Silvies River Prater Creeks of Silvies of Silvies | subarea (acre-

near Burns |\ * o niing s | River near | River near feet)!
Lawen 3 Lawer 3
1 2 3 4 5

1911-12 o e 173, 000 10, 000 70, 060 10, 600 103, 000
191516 oo e 5 208, 000 11, 000 111, 000 16, 800 91, 000
191617 ¢ e e e 5 189, 000 10, 000 89, 000 15, 000 95, 000
1017-18 . e eeemme €3, 000 2,000 10, 0600 55, Q00
1918-19 @ o e 114, 000 6, 000 16, 300 6, 000 98, 000
191920 . oo mee e maeaa 80, 600 4, 000 10, 000 75, 000
1921-22 . e 5127, 000 6, 220 8 40 000 93, 000
1930-31 - e oo meem 22,100 0 0 0 22, 100
193132 ¢ e e 98, 600 5, 000 U} (O] 104, 000
Average_ ... ... 118, 000 6, 000 43, 800 81. 800

1 From-data on pp. 120-122 except as indicated.
$ Except for 1921-22 and 1930-31, estimated from a run-off coefficient.

3 Except as indicated, data are from Donnelly, H. K.,
. (typoscrxpt report to_ the State engineer of Oregon),

Pp. 10, 14, January 1922,

4 Sum from columns 1 and 2 less sum from columns 3 and 4.

8 Estimate by Henshaw, F.
¢ Estimated.

F., idem.

Duty of water for Silvies River and its tributaries
p 18-19, ert 22,

1915; and from Henshaw, F. F.,
Water supply of Malheur Lake, Harney County, Oreg. (fyposcript reporn to the State engineer of Oregonj,

7 In 1932 the East Fork and West Fork discharged an undetermined quantity at the gaging stations near
. Lawen but discbarged nothing onto the Malheur Playa.
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Second, the yearly rainfall on the Silvies subarea has been measured
at the Harney Branch Experiment Station, where it ranged between
5.24 and 11.7 inches from 1913-14 to 1931-32 ard averaged 7.8
inches (p. 8). KEven the greatest yearly rainfall yet measured can be
dissipated by evaporation from the soil and by transpiration of the
native plants having the least consumptive use, such as sagebrush
and rabbitbrush (p. 78). Thus, in the marginal parts of the subarea
that are not irrigated, rain is ordinarily insufficient to cause deep
percolation to the zone of saturation. Accordingly, these marginal
areas can be excluded from the soil-water inventory. For the 9 years
of the foregoing surface-water inventory, the following table indicates.
the yearly rainfall and snowfall on the part of 'the subarea that is
overflowed naturally or by ‘“wild flooding”” during the freshets.

Rainfall and snowfall on the overflowed and irrigated portion of the Silvies subarea,
Harney Basin

Rainfall and snowfall Area ov Rainfall and snowfall
v Area over- ver-
Year (Oct. 1 flowed or Year (Oct. 1 flowed or
to Sept. 30) irrigated | Depth ! Quantity to Sept. 30) 1r(r1gaet§d Depth! | Quantity
{acres) {inches) | (acre-feet) (aCTes {inches) | (acre-fest)
1911~12.___.___ 2 57, 600 39.90 47, 500 1921-22____ ... __ 57, 600 7.43 35, 700
1816-16... ... ___ 2 57, 600 8.12 39,000 || 1930-31._.....__ 412, 500 5.60 5, 800
1916-17_ .. ___ 2 57, 600 5. 69 27,300 || 1931-32._._.____ 3 52, 00N 7.73 33, 500
1917-18. . ____. 3 36, 000 7.00 21, 000
191819 . _____ 57, 600 7.17 34, 400 Average_____|___________. 7.39 30, 00@
1019-20..._____. 3 40,000 7.85 26, 200

! From records for the Harney Branch Experiment Station (p. 8).

? Maximum area that has been irrigated according to maps by H. K. Donnelly in 1912 and by T. W.
Robinson in 1931.

3 Estimated.

¢ From map by J. J. Walsh, watermaster.

The three next tables show (1) the estimated evaporation from free
water surfaces during the period of freshet and “wild flooding,” (2)
the distribution of vegetation within the variable area that has been
overflowed or irrigated, and (3) the estimated soil-water discharge by
consumptive use. Each of these tables covers the 9 years of the soil-
water inventory. The fourth table summarizes the foregoing data

and derives figures for the deep percolate or ground-vrater recharge.

Estimated evaporation from free water surfaces in the Silvies subarea

Maximum Evaporation Maximum Evaporation
area over- area over-
Yeasre((t)c;('))] to flowed or | Approxi- Ye%re(?cgb)l to flowed or | Approxi-
pt. irrigated mate Volume pt. irrigated mate Volume
(acres)! depth | (acre-feet) (acres)t depth |(acre-feet)
(inches)? (inches)?
1911-12__________ 57, 600 3.90 18,700 i} 1919-20___________ 40, 000 4,26 14, 200
1916-16. ... 57, 600 3.62 17,400 || 1921-22__.___.____ 57, 600 3.61 |- 17, 300
1016-17...___.___. 57, 600 2.72 13,100 || 1930-31...___._.__ 12, 500 4.31 4, 500
1917-18. ... _._. 36, 000 4. 79 14, 400 1931-32 ... _._. 52, 000 3.04 13, 200
1918-19 . __._._. 57, 600 4, 42 21, 200

! Inirrigation by “wild flooding’’ water is spread widely during the spring freshst and is held on the land
by dikes. Alltheareaisnot flooded at the same time, for the diversions are made pogressively as the freshet
advances downstream. Ordinarily the area overflowed increases from zero in I arch to a maximum in
April or May and then declines to zero again in June. . . L

? Half the evaporation measured in April and May at the Harney Branch Experiment Station multiplied
by 0.78, a pan coefficient.
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Areu, in acres, occupied by vegetalion within the overflowed and irrigated part of the
Silvies subarea !

Rabbitbrush, Rushes,
Year (Oct. 1 to Sept. 30) |  Alfalfa Cereals | Meadow gfgg"ggg@ Segagtetsai‘f:d Total
brush (“tules’)
191812 3,900 900 34, 300 8, 500 10, 000 57, 600
1915-16. ... 3, 900 900 34, 300 R, 500 10, 000 57, 600
191617 3,900 900 34, 300 8, 500 10, 000 57, 600
1917-18 LT 3, 900 900 26, 300 3, 900 1, 000 36, 000
191819 DT 3, 900 900 36,300 8, 500 8, 000 57, 600
191920 LTI 3, 900 900 29, 700 4, 500 1,000 A0, 000
192122, T 3, 900 900 36, 300 8, 500 8, 000 57, 600
1930-31 ... 2, 000 0 10, 300 200 0 12, 500
193132 LT 3,900 0 39, 800 8, 300 0 52, 000
]

! Areas based on distribution in 1931, there being considerable evidence that the areas have not changed
materially since 1912 except in low-lying meadows that revert to ‘‘tules” in wet years.

Estimated yearly consumptive use by vegetation within the overflowed and irrigated
part of the Silvies subarea

Rabbitbrush, Rushes, d
. | greasewood, | sedges an
Alfalfa Cereals Meadow and sage- ’ catteils Total
brush (“‘tules’)
Coeflicient of consump-
tive use (inches)!._______ 20 16 9 7 50 [accmceoeaas
Year (Oct. 1 to Sept. 30) Consumptive use (acre-feet)
191312 . 6, 500 1, 200 26, 000 4, 900 42, 000 81, 000
191516 ... 6, 500 1, 200 26, 000 4, 900 42, 000 81, 000
1816-17 ... __ 6, 500 1, 200 26, 000 4, 900 42,000 81, 000
1917-18__ .. 6, 500 1,200 20, 000 2,300 4, 200 34, 000
191819 .. ___ .. ___ 6, 500 1, 200 27, 000 4, 900 33, 000 73, 600
1919-20_ .. __ . ________ 6, 500 1, 200 22, 000 2, 600 4, 000 36, 000
1921-22 . ________ 6, 500 1,200 27, 000 4, 900 33, 000 73,000
1030-31 .. _______.___ 3,300 0 7,700 100 0 11, 000
1931-32. . . ... 6, 500 0| 30, 000 | 4, 800 0 41, 000
1
Average_ . | e 56, 800
I

! Estimated mean derived from the limits shown on p. 78.

Estimated yearly percolate from the belt of soil water to the

the Silvies subarea

[Quantities in acre-feet]

zone of saluration in

Diminution Rainfall Evaporation | Consump- Deep .
Year (Oct. 1 to Sept, 30) of stream flow| and snowfall | from water tive us~ percolate i
1 2 3 4 5

103, 000 47, 500 18, 700 81, 000 51, 000

91, 000 39, 000 17, 400 81, 000 32, 000

95, 000 27, 300 13, 100 81, 000 28, 000

55, 000 21, 000 14, 400 34, 000 28, 000

98, 000 34, 400 21, 200 73, 000 38, 000

75, 000 26. 200 14, 200 36, 000 51, 000

93, 000 35, 700 17, 300 73, 000 38, 000

22, 100 5, 800 4, 500 11, 000 12, 000

104, 000 33, 500 13, 200 41, 100 83, 000

81, 800 3G, 060 14, 800 5%, 600 40, 0600

! Sum of columns 1 and 2 less sum of columns 3 and 4, without allowance for changes in soil-water storage,
However, it is believed that each growing season soil water is depleted about to the wilting percentage;
thus the errors from soil- water storage should be moderate and should be largely compersated in the 9 year

average.
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It will be noted that the minimum and maximum figures for deep
percolate are those for 1930-31 and 1931-32, respectively. In
1930-31 the yearly run-off was next to the lowest on record, whence
it follows that the infiltration from the streams and tt= deep percolate
were also near their respective long-term minima. In 1931-32 the
run-off was of average magnitude but the computed deep percolate
seems inordinately large. This may result from neglecting the net

yearly change in soil-water storage, because 1931-32 followed a
Ql](‘(‘PQQ](\T’I ﬂ'F AT“T vears nnr] mav hava r\‘nonnr] with a anil_watar
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deficiency that was appreciably greater than the ordinary. The
9-year average, 40,000 acre-feet, should be a passable figure for the
long-term mean, for it involves average run-off and rainfall.

SUMMARY OF ESTIMATES OF RECHARGE

The three averages given above for yearly recharge to the valley
fill of the Silvies subarea are 36,500, 42,000, and 40,000 acre-feet.
As they have been derived independently, their relatively close
agreement tends to be mutually substantiative, although of necessity
several postulates are involved, so that the agreement may be some-
what fortuitous. The estimates derived by the first two methods
would measure the aggregate recharge by infiltration and by upward
percolation of thermal water near Hines (pp. 102-104), whereas the
estimate derived by the third method would measure cnly the recharge
by infiltration. However, the recharge from thermal water is believed
to be relatively small. Thus, the long-term average recharge of
the valley fill in the subarea under natural conditions is taken to have
been equal to the mean of the three averages—that is, about 40,000
acre-feet, a year.

The foregoing estimate of the long-term average recharge to the
valley fill covers, of course, the common source for the unconfined
water in the shallow pervious beds and the confined water in the deep
pervious beds. Over a term of years this common recharge tends to be
offset by natural ground-water discharge from the shallow and deep
water-bearing beds. However, as water is recovered from the valley
fill for beneficial use, the ground-water levels will inevitably be
depressed somewhat and each recharge season will tend to open
with an unnaturally }arge deficiency in ground-water storage. Thus,
like an emptied reservoir on a stream, the valley fill can absorb more
water by infiltration and store it for subsequent use; in this way,
the natural yearly recharge may be increased materially.

RECOVERY OF GROUND WATER

ECONOMIC REQUIREMENTS

Where unconfined ground water occurs at shallow depth, as in the
valley fill of the Silvies subarea, there are at least two methods for
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salvaging water that otherwise would be discharged without economic
benefit— (1) uprooting worthless native ground-water plants and
growing a ground-water plant of large worth, such as alfalfa; (2)
pumping in sufficient volume to depress the water table below the
roots of ground-water vegetation. Of course, if the venture is to be
economically sound, the cost of salvage must not exceed the addi-
tional return from the land.

If salvage is effected by pumpinq, the venture involves the economic
limit of pumping lift, which is the maximum depth from which water
may be raised before the pumping cost exceeds the additional value or
yield of the crop due to irrigation. This cost should include operation,
maintenance, depreciation, interest on the inttial investment, taxes,
and insurance of the pumping plant. For crops that canrot be raised
without irrigation, the economic pumping limit depends upon the
value of the crop; for other crops it depends upon the added return
derived through irrigation. Thus the depth from which water may
be raised to irrigate one crop with profit may be prohibit've for some
other crop. Other factors also have a material influence on the cost
of pumping, such as the method of constructing and developing the
well,® the type and capacity of pump and motive power, and the
arrangement of ditches and works for applying the water to the land.

In the Harney Basin the growing season is relatively short, the
climate is rigorous, and markets are somewhat remote. Consequently
the practicable crops appear to be the hardy cereals and forage,
which are relatively low in market value and do not afford a large
margin above the cost of production. Accordingly, the success or
failure of irrigating from wells depends in large measure upon the
good judgment of the farmer in choosing the crop that affords the
widest margin of profit, upon his enterprise and skill, and upon the
efficiency of his pumping plant.

RECOVERY OF WATER FROM THE SHALLOW PERVIOUS BFDS

In the Silvies subarea of the Harney Basin the climate and condi-
tions of ground-water occurrence appear to be similar to those in
the Escalante Valley, Utah, where alfalfa has been grown as a ground-

water plant with some measure of success since 1919, #s described
]'\v White 9 There the alfalfa 1Q 1rr1mq+nr] nntil 1te rante have nene-
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trated to the capillary fringe; thereafter growth is maintained by
ground water, provided the soil and subsoil are so fine in texture
that the capillary fringe is relatively thick. Where the subsoil is
gravelly the capillary fringe is presumably thin and does not yield
8 Adequate methods of construction are necessary to assure permanence of the well. See notes for wells.
56, 94, 113 (D. 86).
% White, W. N., A method of estimating ground-water supplies based on discharge by plants and evapo-

ration from soil—results of investigations in Escalante Valley, Utah: U. S. Geel. Survey Water-Supply
Paper 659, pp. 9-10, 1932,
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sufficient water for growth of the alfalfa; further, the root system
does not extend itself readily. White® brings out the essential require-
ments by the following statement:

Measurements of about 15 fairly evenly spaced wells in this area [lands pro-
ducing alfalfa as a ground-water plant] in the fall of 1923 showed depths to water
ranging from 9 to 15 feet. The water table rises 114 to 234 feet in the late winter
and early spring. On Jands where natural subirrigation has proved feasible the
s0il and subsoil down to the water table is a dark-gray clay loam or sandy loam
and a black loam derived largely from decomposed peat. Attempts to extend the
cultivation of subirrigated aifalfa to adjoining areas where the subsoil is gravelly
have not proved successful, although the depths to ground water in these areas are
no greater than in the area where success has been attained.

The development in the Escalante Valley has not b2en without mis-
fortune. At first the alfalfa was grown largely for its seed, a crop of
high value. However, experience seems to show that growth for seed
cannot long endure.”” By 1935 the water table had receded 6 to 10 feet
in the lower parts of the valley—a recession anticipated by White.®

It had become necessary to irrigate much of the alfalfa that formerly
had depended upon the ground water,” presumably because the zone
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of unwatering contamed numerous lentlls of sand and gravel that
thwarted downward extension of the root system.®

Conditions in parts of the Silvies subarea of the Harney Basin also
seem to favor substituting alfalfa for the native ground-water plants
and growing crops of hay or seed with slight irrigation or none,
although the experience in the Escalante Valley indicates the wisdom
of further investigation before extensive developments are under-
taken. However, it seems inevitable that a considerable part of the
ground water discharged by native plants cannot be salvaged in this
manner, because in some areas both the soil and the water in the
shallow pervious beds of the valley fill—that is, the “first flow”’—
contain considerable ‘‘alkali.” Also, in some areas the water table is
so deep that it would be difficult to establish alfalfa as a ground-water
plant, although deep-rooted native plants thrive.

It is believed that excent in the vicinity of Burns nnmngrahvn]v
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little of the ground-water now discharged by native vegetation can be
salvaged by pumping from the ‘‘first flow,” for the water-yielding
capacity of those pervious beds is commonly rather small. Near
Burns, in the relatively small recharge area that is common to the
shallow and the deep pervious beds of the valley fill—that is, at the
head of the Silvies River fan and in the northwest half of T. 23 S., R.
31 E.—the “first flow” yields water freely and promises wells of
sufficient yield for effective irrigation. For example, in July 1930,

9 Idem, p. 10.

9 Clyde, Q. D., written communication, Dec. 8, 1935.

9 White, W, N, op. cit., p. 90.
% White, W. N., written communication, Oct. 19, 1935.
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about 2,200,000 gallons of water was pumped daily from C. E. Sil-
baugh’s gravel pit in the SE4XNWY sec. 18, T. 23 S,, B. 31 E.; in
August the pumpage was about 1,400,000 gallons a day. These
quantities are equivalent to a steady inflow of 1,500 and 1,000 gallons a
minute, respectively. At that time the pit was about 200 yards long,
100 yards wide, and 12 to 18 feet deep; its floor was 3 to 9 feet below
the water table. Farther from the apex of the fan, bowever, the
shallow pervious beds are thinner and have less capacity to transmit
water. Dug wells that tap them as much as 8 miles from the apex
are adequate to irrigate gardens covering half an acre or less or to
water as many as 50 horses or cattle; however, these use~ require far
less water than would be necessary for effective irrigation. Still
farther from the apex of the fan all the stock wells in the larger mead-
ows (each of which pastures several hundred cattle) pass through the
“first flow” to reach the deeper water-bearing beds, whence it is in-
ferred that commonly in these areas the ‘“first flow” is inadequate.

Where the water table is higher than the static level of the confined
water (p.65), the casings of deep wells might be perforated from top to
bottom, so that some water might be drawn from the “first flow,”
provided the “first flow”” did not contain a prohibitive parcentage of
alkali. On the other hand, where the water table is lover than the
static level of the confined water it would be inadvisable to perforate
well casings opposite the “first flow” lest the head of the confined
water should be dissipated.

RECOVERY OF WATER FROM THE DEEP PERVIOUS BED<

Pumpage, 1927 to 1931 —From 1927 to 1931 moderately large vol-
umes of water have been pumped from six wells that tap the deep
pervious beds in the valley fill within the Silvies subarea. The fol-
lowing tables assemble pertinent data on these wells and their pump-
ing plants, and plate 16 shows the performance of the well that was
pumped most heavily in 1931.
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Discharge tests of pumping plants on deep wells tn the valley fill of the Silvies subarea

[Tests by T. W. Robinson except as indicated]

Discharge Energy input
Total | Draw- Kilo-
No. Owner Date of test lift down | g Gal- watt-
(feet) | (feet) | oo b}'ls o | Kilo- | hours to
feet | winute watts th%o%%re'
pumped
5 | J.S. CooKuwomoo June 11, 1931.___ 78. 2 66 1.29 580 [ocooo o |occcmmea
July 5, 1931 ______ 70.0 8 1.34 600 oo o)
64 | William MecLaren._ .. _....__ June 6, 1931__.__ 149 | ... 1.06 L £ T DS PRSI
June 26, 1931, .| ____l___._ 1.04 465 10.1 118
July 11, 1931 _____ 494 joooaao- .89 400 10.6 144
July 25, 1931 - )| 1.07 480 10.9 123,
74 ) C.E. Silbaugh_ . _..__..___. Aug. 13,1930} .. 22,45 121,100 Jocoeo)eiiameaan
94 | Harney Branch Experi- | Mar. 5-15, 1927__| 160 449.5 | 51.59 34 ¥: T IR S
ment Station (87-foot | June 22-July 29, | 167 6 58 61.18 6 530 12.6 129
well) 3 1931.
112 R.W. Cozad....___.___.. May 25, 1931..._| 45.7 34.5 1.05 475 | o
July 11, 1931__ .. 56.0 43.8 .96 435 e
July 20, 1931 55.7 44. 5 .97 440 | e
Aug. 10, 1931 _f o faeoaa- 1.05 475 || e

1 Approximate.

i Estimated.

3 Tests by Obil Shattuck, superintendent.

4 Maximum drawdown at end of 244-hour test.
5 Average for 244-hour test.

¢ Steady after about 175 hours’ operation.

56. Well drilled in 1930-31, 18 inches in diameter, 105 feet deep; galvanized stovepipe casing to 84 feet, per-
forated from 67 to 79 feet. Deep-well turbine belt-driven by 25-horsepower semi-Diesel engine. Consid-
erable sand pumped throughout 1931, indicating incomplete development, after dri’ling. Well deepened to
330 feet in 1934, also recased in an attempt to curb influx of sand.

64. Well 18 inches in diameter, 87 feet deep; galvanized stovepipe casing to 53 feet, perforated from 41 to 53.
feet with slots about 3¢ inch wide by 1 inch long. Kimball turbine pump driven by a belt-connected
Fordson tracior until June 19, 1931; thereafter by a direct-connected 15-horsepower electric motor.

74. Well 12 inches in diameter, 106 feet deep, standard screw-joint casing to 106 feet, drilled in a gravel pit
close to its southern bank. Turbine pump set with its base about 5 feet below ratural land surface and
actuated by a direct-connected 15-horsepower electric motor.

94. Well drilled initially in 1926, 18 inches in diameter, 8614 feet deep; galvanized 12-gage stovepipe casing
to 60 feet, perforated 4213 to 55 feet with 13-inch drilled holes 114 inches apart. Kimball turbine pump
belt-driven by a 25-horsepower serni-Diesel engine. After caving below the initial casing, the well was re--
drilled to 82 feet. in August 1930 and 16-inch perforated casing was set from 42 to 82 feet, so that it overlapped
the initial casing for a space of 18 feet; perforations were slots about }{s inch wide, 34 inch long, spaced 113
inches apart in staggered rounds. The dual casings appear to have increased the entrance head materially
and reduced the specific capacity of the well about 25 percent. In June 1931 the initial pumping plant was
replaced by a Price turbine direct-connected to a 15-horsepower electric motor. Ir March 1935 the 16-inch
inner casing was pulied, and 90 percent of its narrow perforations were found clogged. The well was then
cleaned to 93 feet and fitted with standard 12-inch casing from 14 foot to 93 feet (4 feet into clay), the casing
having been perforated from 36 to 86 feet by torch-cut slots about Y4 inch wide, 6 inches long, and 3 inches
apart horizontally and verticzlly. This inner casing having been set, the annular space between it and the
initial 18-inch casing was filled with screened gravel (14-inch to 34-inch in size) as the well was swabbed.

112 and 113. Two wells have been drilled at this site. 'The flrst well (No. 113) was 24 inches in diameter
and 78 feet deep and was cased to 60 feet with 14-gage perforated stovepipe casing. It was equipped with a
“Parma water lifter” belt-driven by a 23-horsepower semi-Diesel engine; its vield is reported to have heen
925 gallons a minute, with a drawdown of 26 feet. After about a year’s use this wel caved at 30 feet, and its
casing was crushed. In May 1929 the present well (No. 112) was drilled about 10 fest to the north, 24 inches
in diameter, 72 feet deep, cased to 64 feet with 10-zage galvanized stovepipe casing, of which the lower 12 feet
is perforated. It is equipped with a Byron-Jackson turbine belt-driven by a 25 harsepower semi-Diesel
engine.
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Yearly pumpage in acre-feet, from the deep valley fill of the Silvies subarea, 1927-31

Pumpege
No Use

1927 1928 1929 1930 1931

56 | Irrigation . . e | e e 43.0
64 |____. [ (o TP URIUUPURUUPRRNY PAIUUPRY FRSPRPIPRUOR PP 80 119
173 | Railroad . . e 5 5 5 5 5
74 | Pit drainage and irrigation_ . _ e 200 0
94 | Irrigation . e 36.5 90. 4 118 90.5 201
112 . & 0o YU SRRY SIPUPR 190 1107 {1100 114
_____ Domestic, stock, and miscellansous ' oo ____ 20 20 27 20 20
Total pumpage for irrigation__.___ ... ______.__ 36.5 180 218 | 470 477
Total pumpage for all uses. . _ . .o oo 61.5 | 205 243 1 495 502

1 Estimated.

Permeability and transmission capacity of the deep pervious beds.—
The capacity of a water-bearing stratum to transmit water is approxi-
mately proportional to (1) the gradient of the hydraulic pressure head,
measured in the direction of flow; (2) the thickness of the stratum;
and (3) the hvd_rauhc nermeabﬂltv or perviousness of the stratum,
which is the rate at which it will transmit water through a unit cross
section under a unit pressure gradient. This rate is expressed by a
coefficient of permeability, which is defined on page 34.

Fairly accurate figures for the mean permeability of the deep per-
vious beds in the vicinities of two irrigation wells (Nos. 94, 112) can
be computed after the method proposed by G. Thiem,*” which depends
upon the rate of draft from the pumped well, the corresponding draw-
down in a pair of observation wells close at hand, and the thickness of
the pervious stratum. For each of the two wells in the Silvies subarea,
available data afford three independent figures for the coefficient of
permeability; the average coefficients are 450 for well 94 and 490 for
well 112. These coefficients indicate that the deep water-bearing
beds in the valley fill have a moderately large capacity to transmit

water away from the area of recharge.
The coefficient of nermeabilitv mav be computed al*n from the

The 1t permeability may be ¢ -pu

transmission capaclty of the water—bearmg beds in the Silvies subarea
according to the formula ¢=Phwm, or, in modlﬁed form,

(7
hwm

P=

in which ¢g=the quantity of water conducted, in gallons a day.

% Thiem, G., Hydrologische Methoden, Leipzig, 1906. For a discussion of the Thiem method and for
certain simplifications of Thiem’s formula, see Meinzer, O. E., Cutline of methods for estimating ground-
water supplies: U. S. Geol. Survey Water-Supply Paper 638, pp. 134-135, 1932; Wenzel, L. K., Recent in-
vestigations of Thiem’s method for determining permeability of water-bearing materials: Am. Geophys.
Union Trans. 13th Ann. Meeting, p. 313, 1932; The Thiem method of determining permeability of water-
bearing materials and its application to the determination of specific yield: U. S. Geol. Survey Water-
Supply Paper 679-A, 1936.
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P=the coefficient of permeability.
h=the hydraulic gradient, in feet to the mile.
w=the width of the segment of the water-tearing stratum
under consideration, in miles.
m=the thickness of the stratum, in feet.
All these variables except the coeflicient of permeability may be
evaluated directly for the vicinity of well 94 at the end of the pumping

season in 1931. Thus, the quantity of water conducted (g) is taken
as the averace dailv numnace from Tn]v 27 to Ano’nc‘f 3, or 419,000
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gallons a day. The width of the segment that was yleldmg water to
the well (w) and the corresponding hydraulic gradient (k) are evaluated
from plate 17; they are 6.0 miles and 6.3 feet to the mile, respectively,
for the 4,118-foot contour of August 3, 1931. The thickness of the
water-bearing stratum (m) is taken as 24.5 feet. From these data the
coefficient of permeability is computed as 450, a virtual check on the
result already computed from Thiem’s formula.

In principle the aggregate underflow to the remote parts of the
Silvies subarea through the deep pervious beds in the valley fill is
equal to the underflow passing beneath the feather edge of the im-
pervious confining beds along the outer margin of the srea of recharge
that is common to the shallow and the deep perviour zones. Data
given above afford estimates of the natural rate of that underflow and
the accelerated rate that conceivably can be maintained by pumping:
from wells. These estimates involve several inferences. (1) The
form of the piezometric surface in late August 1931 (pl. 17) indicates
that the four irrigation wells then active (nos. 56, 64, 94, 112) were
intercepting essentially all the underflow in the deep beds within a
segment about 3 miles wide, bounded on the north by the margin of
the central alluvial plain and on the south by an imaginary line repre-
sented on plate 17 by the line A-A’. (2) The rate of pumping, 5.5
acre-feet a day, was sensibly equal to the rate of underflow from that
area, although there was a negligibly small flow toward well 94 from
the north. (3) The 4,130-foot lines on plate 17 approximately mark
the outer boundary of the common recharge area; there, in August
1931, the average hydraulic gradient was about 6.2 feet to the mile
across the 3-mile segment that was supplying the wells. (4) Finally,

the thickness and nnﬁnnnqnnqq of the water-bearinoe beds are pqqmﬁ’r‘mnv
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constant along those lines because they are circular about the apex of
the alluvial fan.

Just before pumping started in May the average hydraulic gradient
along the full length of the 4,130-foot line was 4.0 feet to the mile.
Accordingly, the natural underflow across the outer margin of the
area of common recharge at that time is estimated to bave been about
10 acre-feet a day—that is, at the rate of 3,600 acre-feet a year.
However, competent data are not available to estimate the long-ternx



WATER IN THE VALLEY FILL 8%

average rate. 1t is not considered feasible to steepen the average
hydraulic gradient to more than 10 feet to the mile by pumping from
wells, lest economic pumping lifts be exceeded or some cf the deep
pervious beds be unwatered. Therefore, the potential maximum
underflow away from the recharge area is estimated to b~ about 25
acre-feet a day. If all that underflow were recovered by pumping
from wells beyond the outer margin of the common recharge area,
the draft Would amount to about 3,000 acre-feet in the ordinary 120-

Aoxr 1rrica cnaan
day irrigation season—that is, about from April 15 to August 15.

That potential seasonal draft is 1,800 acre-feet more than the natural
underflow during the 120 days, if the average natural gradient is pre-
sumed to be the same as that which prevailed in May 1931.

SAFE YIELD OF THE VALLEY FILL IN THE SILVIES SUBAREA

The safe yield of a ground-water province is the rate at which water
can be withdrawn perennially without depleting the supply to such
an extent that withdrawal at that rate becomes uneconomic or phys-
ically impossible. It may be considered as comprising two items—(1)
the portion of the natural ground-water discharge that can be salvaged
and (2) the increased recharge that may result as ground-vrater levels
are drawn down by pumping or as water is spread artif cially over
potential recharge areas. If all the natural discharge can be salvaged
(pp. 76-78), the ultimate limit to the safe yield is the gros- recharge;
ordinarily, however, salvage is not complete. If the volume of water
available for recharge exceeds the capacity of the water-bearing beds
some water may be rejected. However, if the water-bearing beds
have been depleted to an unnatural extent by pumping from wells,
they can absorb additional water to replace that withdrawn by
pumping. Thus, the water-bearing beds may be utilized to absorb
and store water that otherwise would be rejected, and their safe
yield can be increased by use.

In the Silvies subarea the safe yield of the valley fill may be limited
by (1) the facilities for intake and storage; (2) the transmission
capacity of the water-bearing beds, particularly of the desp beds; or
(3) the pumping lift.

The area of recharge that is common to the shallow and to the deep
pormnnq beds ecomprises the alluvial fans of the Silvies River and

AU USRS VUVARA A LU RALA VIR L1RIAD [ND5 % 4

Poison Creek and is estimated to cover about 6,500 acres. If, as
seems feasible, the ground-water level can be lowered 5 feet through-
out that area by pumping from wells, about 32,500 ecre-feet of
water-bearing material would be unwatered and about 6,500 acre-feet
of water would be removed from storage. The facilities for infiltra-
tion seem to assure replenishment in that volume each year. Ac-
cordingly, that volume is taken as an approximate estimate of the:
safe yield from both shallow and deep pervious beds within the
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common recharge area and from the deep pervious beds in the outlying
parts of the subarea. The latter fraction of the safe yield has already
been estimated as about 3,000 acre-feet during the irrigation season
The remainder—3,500 acre-feet a season—would perforce be recov-
ered by pumping from wells within the recharge arca. Obviously,
the aggregate safe yield would be influenced by the spacing and
arrangement of wells not yet drilled, but the foregoing estimates are
believed to be of the proper order of magnitude for the particular

AnnAditiama agarimna
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In addition, some water can doubtless be recovered from the shallow
water-bearing beds in the outlying parts of the subarea by pumping
from wells or by cultivating ground-water plants of large worth
(pp. 83-84). However, so many little-known variables are involved
that no estimate of added yield seems warranted.

In the development of any ground-water province by wells, some
decline of water levels is inevitable, otherwise per-olation toward
the area of artificial discharge would not be accelerated above the
natural rate, and large withdrawals could not be made continuously.
In 1931 the water level in irrigation wells 94 and 112 was drawn down
by pumping about to the lowest practicable level. Accordingly,
further recession of the pumping level in those wells might properly

«<ause concern.
FLOWING WELLS IN THE SILVIES SUBAREA

At the western margin of the Silvies subarea, near Hines, certain
.deep pervious beds in the valley fill confine water under sufficient
artesian pressure to overflow at the land surface—for example, in
wells 24, 143, and 144. Presumably these beds are supplied by lateral
percolation from the conduits that transmit thermal water from depth
(pp. 166-108). Accordingly they are not recharged by infiltration of
surface water, and their safe yield is not included in the quantities
just estimated. It is not expected that flowing wells will be obtained
from the valley fill in other parts of the subarea.

MINOR SUBAREAS NORTH OF MALHEUR LAKE

Along the northern margin of the central alluvial plain the valley
fill is inferred to include tongues and lentils of pervious material
beneath the faint alluvial fans that lie opposite the several creeks east
of the Silvies subarea (fig. 8). In that respect the ground water in
the fill occurs under conditions analogous to those of the Silvies sub-
area. However, it is probable that the pervious beds are decidedly
less extensive and thinner than in the Silvies subarea. A moderate
number of shallow wells are available to disclose the form of the water
table (pl. 2) but only three wells (Nos. 11, 97, 128) are known to reach
deep pervious beds in the valley fill. All three deep wells are pumped
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lightly. Accordingly, data are not available to indicate (1) where the
water in the deep beds may be confined under artesian head, (2) where
the water table may be semiperched, (3) what the water-yielding
capacity of the pervious beds may be, or (4) whether the deep and the
shallow pervious beds are essentially distinct sources of water, as in
the outer parts of the Silvies subarea.

The water in the valley fill of this subarea appears to be derived
chiefly through infiltration from the streams and from rain. All the
streams are intermittent, although together they drain about 200
square miles along the moderately rugged flank of the dissected upland.
Their channels are well defined at the mouths of the canyon< but dis-
integrate on the alluvial plain and finger out within 1 or 2 miles.
During years of small rainfall, such as 1930 and 1931, the run-off onto
the subarea is very small; on the other hand, in years of large rainfall
the run-off is considerable and the streams spread widely beyond their
channels, as is attested by the coarse debris that has been depostted.
Under these conditions there is ample opportunity for infiltration,
and ordinarily the entire run-off is dissipated by infiltration or evapora-

tion within the subarea. Only infrequently is the run-off so large that
vater flows entirely across the subarea into Malheur Slough and
thence into Malheur Lake.

In the spring of 1931 the increase in ground-water storage in the
subarea was negligible. In 1932, however, the water table rose be-
neath some 55,000 acres (pl. 12), about 190,000 acre-feet of material
~eing saturated and about 20,000 acre-feet of water being added to
storage. Because 1932 was a year of average run-off and because it
‘ollowed a succession of dry years in which the water table had
~eceded steadily, the recharge of that year probably was somewhat
oreater than the average.

Rough estimates of ground-water discharge by vegetatior indicate
“hat the long-term average recharge in the subarea is about 17,000
acre-feet a year. This figure is a rude confirmation of the quantity
added to storage in 1932.

Competent data are not available to afford an estimate of the safe
-ield from the valley fill in the subarea that has just been described.
“resumably it is a relatively small fraction of the average yearly

recharge, as in the Silvies subarea.

The remaining two subareas north of Malheur Lake—Sagehen
""alley and Sunset Valley—together drain about 175 square miles of
erritory that is intermediate in altitude and low in relief. No
~tream-flow records for these subareas are available, but the indis-
“inct channels suggest that the run-off to the square mile is decidedly
"ass than that from other parts of the basin. Accordingly, the facilities
‘or recharge by infiltration are not good. Furthermore, the tongues

66814—39——7
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of fill that occupy the two valleys are inferred to be composed largely
of fine material with small water-yielding capacity. Altogether, con-
ditions in the two valleys appear not to favor the recovery of large
volumes of water from wells.

Sagehen Valley contains several relatively large springs (Nos. 148
to 151; see p. 182), which issue from the Tertiary rocks along the
northern margin of its alluvial plain. Conceivably the spring con-
duits would charge pervious beds in the valley fill by lateral percola-
tion, as in the vicinity of Hines, although the volume of water so

stored cannot be estimated.

DONNER UND BLITZEN VALLEY

The Donner und Blitzen Valley (fig. 8 and pl. 2) comprises three
parts—(1) the P-ranch field, a southern segment of tl « alluvial tongue
that covers about 15,000 acres in Tps. 30 to 32 S.; (2) a rock-cut
gorge about 4% miles long that heads in sec. 15, T. 30 S., R. 31 E.;
and (3) a northern segment of the alluvial tongue that covers some
45,000 acres and extends onward about 18 miles to jo'n Malheur Lake.

In the southern segment of the valley the fill may enclose coarse-
grained pervious beds near the mouths of the creeks that descend the
westward-facing slope of Steens Mountain, but nothing is known as to
the lateral extent and thickness of those beds nor as to their capacity
to transmit water. Whether such beds occur widel:” in the northern
segment of the subarea below Kiger Creek is unknovm.

Under natural conditions the greater part of the P-ranch field and
much of the area between the rock gorge and Rockford Lane were
perennial swamps—obvious evidence that ordinarily the valley fill

al < B Lizin
was saturated and had no capacity for additional water. By canalizing

that reach of the river, however, those areas have been drained and
reclaimed into meadows. Ordinarily the meadows are irrigated by
““‘wild flooding”’ during each yearly freshet, so that tha opportunity for
infiltration is large; thus the water table is inferred to have remained
at relatively shallow depth. For the P-ranch field, at least, relative
stability in water-table stage is brought about by the small under-
flow capacity of the rock gorge. In contrast, the part of the subarea
that lies north of Rockford Lane is not swampy, although in years of
large run-off a considerable part of it is overflowed naturally or is
watered by “wild flooding.” There the opportunity for infiltration is
moderately large, at least in wet years.

The spring freshet in the Donner und Blitzen River commonly
reaches the valley plain 4 to 6 weeks later than that from the Silvies
River, but it continues longer and discharges somewhat more water
onto the plain. (See pp. 121-123, also pl. 1.) In some years a consider-
able fraction of the run-off passes over the entire length of the subarea
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and is wasted into Malheur Lake. The following table summarizes
the 5-year record that is available.

SO SR S . 1.-... S AR | U B DU 1L o T~
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acre-feet

Station 1916 1917 1918 1919

Measured inflow:
Donner und Blitzen River near Diamond._.___... 96, 100 | t 118, 000 63, 200 76, 700
Mud Creek near Diamond - ____ . __ .. _.____..

Bridge Creek near Diamond

Kiger Creek near Diamond ... ... __....__... )

Cucamonga Creek near Diamond___._._._..____.. 21,620 | 217,600 10, 100 13, 200 25, 800

MecCoy Creek near Diamond ..o o_._ 2 13 800 | 220,500 1 4,300 2 4,260 29,000
Total measured inflow_______ ... . _._ ... 2142,000 | 2 182,000 | 286,500 | 2114,500 | 2 185, 500

Measured outflow:

Donner und Blitzen River near Voltage. ........ 43, 800 119, 600 12, 400 22,700 76, 300:

Quantity of surface water dissipated._._....._. 98, 200 63, 600 74, 100 91, 800 109, 200

! Low-water run-off not measured and not represented in the year’s total.
? Estimated.

WARM SPRING VALLEY

Two intermittent streams—Silver Creek and Big Stick Creek—enter
the Warm Spring Valley from the west (fig. 8), and a thirl stream—
Warm Spring Creek—rises within the subarea in perennial thermal
springs (p. 104); all three streams trend eastward across the alluvial
plain and nominally discharge onto the Harney Playa. S‘lver Creek
alone is of consequence, its drainage area to the northvrest of the
subarea being estimated * as 900 square miles and its run-off at the
gaging station near Narrows (p. 127) having been as much as 33,900
acre-feet in 1921. In 1930 and 1931 its run-off was zero; in 1932, the
third year of the investigation, it was appreciable but was not meas-
ured. Of the other exterior stream, Whistler and Lewis ¥ say:
‘“Big Stick has an area of more than 700 square miles tributary to it,
but the character of the watershed is such that the run-off is very low
in average years, while in minimum years none whatever reaches
Warm Spring Valley.”

Under its former natural regimen Silver Creek swerved westward as
it entered the subarea and discharged into Silver Lake (pl. 1), although
in wet years a considerable fraction of the run-off passed onward to
Harney Lake. In late years, however, most of the run-off has been

diverted above Silver Lake and has been nnnhnﬂ to meadows for irri-
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gation. Accordingly, there has been a material opportunity for infil-
tration to the zone of saturation. Evidence of recharge is shown by
the water level in well 278, which rose 1.5 feet between Julr 1931 and
May 1932. Although the features just described imply that the mean
vearly recharge in the northwestern part of the subarea may be mate-

¥ Whistler, J. T., and Lewis, J. H., Harney and Silver Creek projects, irrigation and drainage, p, 78,

T. S. Recl. Service, 1916.
¥7 Jdem, p. 79.
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rial, neither the safe yield nor the water-yielding cape.city of the valley
fill is known.

In the southern part of the subarea the valley fill eppears to receive
water from the bedrock by percolation from thermal-spring conduits.
The volume of water so received each year is not I'nown but is un-
doubtedly considerable. Several drilled wells that tap pervious beds
in the valley fill in that part of the subarea flow by artesian head, their
discharges ranging from 2 to 100 gallons a minute. It is estimated
that the aggregate discharge by all wells of that sort is about 300 gal-
lons a minute, or nearly 500 acre-feet a year. Here #lso the safe yield
of the valley fill is not known.

WATER IN THE BEDROCK
GENERAL FEATURES

In the Harney Basin certain of the bedrock formations (pp. 36-53)
yield water copiously to perennial springs and to flowing and nonflow-

ing wells, although the water-yielding capacity of a particular forma-
tion is hv no means constant from place to place. Rather, there are

AL AD 222TQRAID LIS URAIY AVALL A MU pARa. AvRuiitl LAALAD QAL

in the bedrock several bodies of water that are distinct and of some-
what small extent. For convenience, these bodies mray be segregated
into three classes according to distinctive conditions of ground-water
occurrence and according to the water temperatures of representative
wells and springs, as follows: (1) Slightly thermal vrater (52° to 62°
F.); (2) water of intermediate temperature (64° to 82° F.); and (3)
hot water (90° to 154° F.). The slightly thermal weter is inferred to
be derived largely if not entirely by local infiltration of rain and snow
to relatively shallow depth; the water of intermediate temperature
and the hot water are inferred to originate by deep percolation from
relatively remote meteoric sources or in part by upwerd percolation of
juvenile water.

Certain features of ground-water occurrence in the bedrock are
suggested forcefully by the depth-temperature curve determined by

Van Orctrand 98 in a doon atl_toct wall (tha enrcallad Dao 7\/fn11n+o1n
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well, No. 212). This curve is reproduced in figure 9. It is unique in
that (1) it indicates uncommonly high earth temperatures for the
shallow depths; (2) it comprises three isothermal segments in each
of which the temperature varies little, the approximate respective
depths of these segments below the land surface being (a) from 375
to 500 feet, (b) from 1,250 to 2,125 feet, and (¢) from 2,250 to 3,250
feet; and (3) the mean depth-temperature gradient is steep—1° F.
in 39.8 feet. Commonly the temperature of ground water is about
the same as the temperature of the rock from which 1t is derived and

% Van Orstrand, C. E., Temperature in some springs and geysers in Yellowstone National Park: Jour.
Geology, vol. 32, p. 221, 1924,
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depends largely upon the depth of the source rock beneath the land
 surface. Accordingly, Van Orstrand explains the isothermal segments

of the denth-temmnerature curve as nrobably due to distinet bodies of
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ground water ot different temperatures circulating {reely through
distinct bedrock units,* although it seems that they may result in part
from convection within the well. From Van Orstrend’s explanation,
at least three distinct water-bearing zones would be expected in the
bedrock. Analogous conditions may exist in other parts of the basin,
although the particular zones of the Dog Mountain locality may not
extend laterally to great distances.

In a general way, the depth-temperature curve of the Dog Mountain
well may be taken as representative for the Harney Basin, because its
average gradient agrees fairly well with gradients deduced from 211
observations in mines and in flowing and nonflowing wells within the
adjacent region of Tertiary lavas.! In strictness, tlerefore, even the
water that circulates in the bedrock only 100 to 25( feet beneath the
land surface is thermal, for its temperature may be expected to range

hAdar =0 A eco T +1h 3 N
between 57° and 66° F.—that is, between 13° and 22° F. above the

mean annual air temperature, which is about 44° F. On the other
hand, this range is only 5° to 10° F. above the temperature range for
the water in the valley fill. Thus the slightly thermal bedrock water
may have acquired its temperature by circulating orly about 250 feet
beneath the land surface; the limit in depth of circulation so derived
is confirmed in a general way by geologic conditiors. Likewise, the
bedrock water of intermediate temperature and the hot bedrock water,
if derived wholly from meteoric sources, could acquire their highest
temperatures by circulating to respective depths of about 1,750 and
4,500 feet beneath the land surface. However, some heat would
doubtless be dissipated from the water as it ascended to the surface;
this heat loss might well be appreciable if the path of ascent were
circuitous. Hence, the actual depth of circulation is inferred to be
somewhat greater than the figure interpolated fror the depth-tem-
perature curve.

The geologic structure of the Harney Basin (p. §3) favors the cir-
culation of meteoric water to moderate depth and thus is compatible
with the bedrock-water temperatures of the intermediate range.
Ordinarily, however, water does not circulate freely at depths so great
as 4,500 feet—a fact which implies that the hottest water has acquired
some heat in another way.

The abundance of Tertiary and Quaternary volcanic rocks in the
Harney Basin suggests that igneous magma or uncooled rocks prob-
ably underlie the region even now, although probably not within
several thousand feet of the land surface. Materials of that sort

¥ Van Orstrand, C. E., personal communication.
1 Van Orstrand, C. E., op. cit., pp. 218-221.
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commonly contain considerable water, which may be expelled as steam
but not as liquid water.? This generalization is based, at least in
part, on the experimental work of G. W. Morey, who found that the
vapor pressure of water in a magma would be so reduced by dissolved
constituents that a pressure sufficient to condense the vapor would
serve only to drive water into the magma. In other words, if water
is to leave the magma at all, it must do so as steam. A simple cal-
culation shows that 1 kilogram of steam at 100° C. (212° F.) and
atmospheric pressure would heat about 25 kilograms of water from a
temperature of 6.7° C. (44° F.) to 27.8° C. (82° F.)—that 1s, from the
mean annual atmospheric temperature of the Harney Basin to the
upper limit of the intermediate temperature range for bedrock water.
The resulting solution would contain only about 4 percent of mag-
matic water. Likewise, the same quantity of steam would heat
nearly 9 kilograms of water to 67.8° C. (154° F.), and the solution
would contain about 10 percent of magmatic water. However, the
depth-temperature gradient for the Dog Mountain well implies that

steam ascending from maoma beneath the Harnev Basin would con-
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dense into water while still many hundred feet beneath ti-~ land sur-
face. Indeed, the heat evolved by such condensation mray account
for a large measure of the unusual steepness of that gradient. Accord-
ingly, the foregoing ideal case of admixture of meteoric water and of
magmatic steam at shallow depth is unlikely to occur. Nevertheless,
the intermediate case—that is, magmatic steam condensing to juvenile
water and ascending to mingle at moderate depths with water from
meteoric sources—seems a rational explanation for the temperature of
much of the hot bedrock water and even for some water of interme-
diate temperature. Whatever may be the source of its heat, the
thermal ground water of the Harney Basin is probably der‘ved largely
from meteoric sources—a conclusion that is substantiated in a general
way by the chemical character of the water.

SLIGHTLY THERMAL WATER NEAR BURNS

OCCURRENCE

Within 6 miles of Burns slightly thermal water issues from the bed-
rock in at least two perennial springs along the margin of the alluvial
plain (Nos. 148, 149) and is pumped from several wells on the plain
or on an adjacent bedrock terrace (Nos. 5, 17, 18, 22, 30, 32, 65, 88,
95). Certain other valley springs along the south margin of the
Silvies Plateau may also be supplied from the bedrocl-, although

their immediate source is in alluvium or slope wash. In depth the
“ro"a 111qf enumerated range kol—urann 251 feet (T\an 1’7 TQ\ n-nr] 400

T

feet (No 30); in temperature they range between 57° F. (No 17) and

2 Day, A. L., and Allen, E. T., The source of the heat and the source of the water in the hot springs of ths
Lassen National Park: Jour. Geology, vol. 32, pp. 178-190, 1924,
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62° F. (No. 22). Some of these wells tap pervious bads in the Harney
formation, and others tap the upper part of the Danforth formation,
but collectively they are presumed to draw from a common body of
ground water. However, wells 1 and 6 have been drilled into the
upper part of the Danforth formation to depths of 490 feet and 228
feet, respectively, yet they failed to find water belovr the zone of rock
weathering. Obviously, therefore, the pervious zones in the bedrock
strata are discontinuous.

The form of its piezometric surface suggests that tl-e slightly thermal
bedrock water near Burns originates by infiltration on the Silvies
Plateau and possibly on other parts of the dissected upland to the
north and west, although the catchment area cannot be bounded
specifically. Furthermore, the slightly thermal water percolates
southeastward, and some may percolate upward into the overlying
valley fill, for ordinarily its pressure head is 1 foot to 3 feet higher
than that of the deep water-bearing beds in the valley fill and its
aquifers are probably in contact with the pervious beds in the valley
fill at some places, as in the vicinity of well 65. That well pene-
trates only gravel, sand, and clay to a depth of 301 feet, a depth so
great that the well has been inferred to pass through the valley fill
into the Harney formation. The inference is substantiated by the
temperature of the water from the well, 58%° F., vrhich corresponds
to that of the bedrock water but is 4° to 7° F. warmer than the water
from adjacent wells that tap the valley fill. Tte drillers’ record
(p. 134) indicates a 38-foot stratum of ‘“blue clay” between the valley
fill and the next deeper pervious bed, which is pr2sumed to belong
to the Harney formation. However, it seems probable that this in-
tervening stratum of clay is discontinuous. The rate at which water
may be supplied to the valley fill in this way is not known.

There is a suggestion that the body of ground weater just described
extends far beyond the small district near Burns, fcr several wells on
the outlying parts of the central alluvial plain draw water from the
bedrock at moderate depth. Among these are the railroad well at
Crane (No. 275) and two wells on the Island rar<h of the Pacific
Live Stock Co. (Nos. 184, 225). In these wells, as in those near
Burns, the static level for the bedrock water ordnarily is slightly
higher than that for the water in the valley fill; novrhere, however, is
the slightly thermal bedrock water known to have sufficient head to
rise above the land surface. Thus it is unlikely to yield flowing wells.

RECOVERY BY PUMPING FROM WELLS,

In the vicinity of Burns the slightly thermal water has been pumped

SR (T iy e Y PN IS e eIl L T o
in relatively large volume from three wells for municipal purposes
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(Nos. 17, 18, 22) and from two wells for irrigation (Nos. 65, 95).
The next four tables give data from capacity tests on these five wells

m 193()—-31 also computed pummbpace
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Discharge tests of pumping plants on bedrock wells near Burns

Discharge Energy input
[ Kilo-
No. Owner Dateof test | ‘oial | Draw-| | ga. | watt-
i e (')“I‘l’a_ lons a | Kilo- hours
feet min- | watts to the
ute acre-foot
pumped
Feet Feet
18 | City of BUMDS.-muemmevnvee (0o 29 1oa1 | 1%t )  *B) O8] 32yl 1m0
; . Aug. 8,1930 |_.o___. 431 1.34 )
22 | City of Hines............... {Oct. 23,1031 |- Tl T 62.3 } 1564
65 | Pacific Live Stock Co......__ June 6,1931 | _..____|._______ 2.10 940 |ocoeme o ceacaea
95 | Harney Branch Experiment {1931 __________________________________ 340470 |- ecoom oo
Station.l 1932 ... 245 33.8 .88 395 6.9 95.7

1 218-foot well. Tests by R. E. Hutchison, assistant superintendent; data for 1932 are averages from daily
observations throughout the 93-day 1rr1gat10n season.

A s T
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Monthly pumpage, in gallons, from the two municipal wells at Burns (Nos. 17 and
18), 1930-33

Month 1930 1931 1932 1933

8, 490, 000 5, 740, 000 4,720, 000 5, 510, 000

7, 640, 000 5,040, 000 5, 470, 000 5, 020, 000

6, 840, 000 4, 600, 000 4, 800, 000 4, 470, 000

9, 770, 000 5, 300, 000 5, 770, 000 9, 060, 000

12, 600, 000 9, 230, 000 6, 970, 000 11, 600, 000

16, 200, 000 15, 700, 000 10, 830, 000 11, 000, 000

20, 400, 000 19, 700, 000 16, 500, 000 13, 900, 000

19, 400, 000 20, 800, 000 12, 800, 000 12, 100, 000

14, 000, 000 13, 800, 000 9, 560, 000 10, 700, 000

October... ...l 8. 930, 000 7,700, 000 6, 170, 000 5,790, 000
November.. ..o T 5, 850, 000 4, 530, 000 4, 420, 000 5, 490, 000
December ... 5, 060, 000 4, 810, 000 4, 450, 000 5, 900, 000
The YOar- oo oo 135, 200, 000 116, 400, 000 92, 400, 000 100, 600, 000

17 and 18. Two wells, each 12 inches in diameter and 251 feet deep, cased to 151 feet with standard screw-
Joint casing; deep-well turbines driven by 25-horsepower direct-connected electric motors. Pressure and
draft are equalized by 100,000-gallon elevated tank. No. 17 is the northerly of the two wells. The two
pumping plants can be operated independently or simultaneously; ordinarily they are controlled by auto-
matic switches so as to maintain the water level in the elevated tank.

22. Drilled well 12 inches in diameter and 340 feet deep; kind and amount of casing unknywn. Deep-well
turbine with rated capacity of 600 gallons a minute, driven by a 100-horsepower direct-conrected motor.

65. Well 121inches in diameter and 300 feet dean: drillad in October 1020 Olagineg: (1) 1R.inosh cinola stnva-

ell 12 inches in diameter and 300 feet deep; drilled in October 1930. Casing: (1) 18-inch single stove-
Dpipe, to 53 feet, perforated with longitudinal slots 14 by 14 inch spaced 16 to the round, the rounds staggered
and 4 inches apart; (2) 12-inch standard serew-joint to 117 feet, perforated in place between 37 and 117 feet by
slots 14 inch by 114 inches spaced 4 to the round, the rounds 12 inches apart; (3) 8-inch standard screw-joint
155 to 300 feet, perforated in place between 160 and 240 feet by slots 14 inch by 114 inches spaced 8 to the
round, the rounds 9 inches apart. Byron-Jackson deep-well turbine belt-driven from a 25-horsepower
semi-Diesel engine.

95. Well 8 inches in diameter and 218 feet deep; standard screw-joint casing to about 170 feet; drilled in
1917; measured depth 160 feet in 1920. From 1920 until May 1932, Kimball deep-well pump belt-driven by
a 15-horsepower semi-Diesel engine; thereafter, by a Byron-Jackson turbine and electri® motor. Water
distributed by wood flume and earth ditch for irrigation.
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Monthly pumpage, tn gallons, from the municipal well at Hines (No. 22), 1930-33

Month 1930 1931 1932 1933
650, 000 741, 000 863, 000
573, 000 620, 000 1,042, 000
515, 000 602, 000 718, 000
909, 000 1, 150, 000 961, 000
2, 580, 000 1,720, 000 2, 620, 000
3, 990, 000 3, 290, 000 4, 480, 000
- 4, 790, 000 5, 130, 000 6, 850, 000
August. e ea s 4, 800, 000 4, 590, 000 5, 730, 000
September. . ______ 197, 000 2, 500, 000 2, 720, 000 4, 420, 000
October_ .. 596, 000 1, 130, 000 1, 350, 000 1,370, 000
November. ..o 753, 000 758, 000 747, 000 1, 094, 000
December.. . oo 579, 000 793, 000 897, 000 886, 000
The year o oo occeiiccamaaas 2,125, 000 23, 890, 000 23, 560, 000 31, 020, 000

Yearly pumpage, in acre-feet, from the slightly thermal bedrock water in the vicinity
of Burns, 1926-32

Number Use 1926 | 1927 | 1928 | 192¢ | 1930 { 1931 1932

fe }M‘mi"ipal ---------- 1.1} 99.8) 222 1325 | 416 | 357 284
P PRSI PRI [ [0 ORI FRUIPUIIIUES PRUIRUPIONY USRI IR 6.5 73.3 72.3

1 U, Irrigation SSUEPII S NSRIINN W B SO 57 0

21 SR RIS B, Aol 1 60 1 60 1 60 1860 67 87 94
L Domestic and stock_| 2.5 12,51 26| 12.5| 125| 125 12.5

Total pumpage for irrigation. |- oo .. .. 60 60 60 60 67 144 94

Total pumpage for all USeS_.-_|-ocooooovoaeccacaao2 74 162 184 388 491 578 453

1 Estimated.

Plate 18 shows the performance of the 218-foot wall at the exper-
iment station in 1931, as plate 16 shows the performance of the
adjacent 87-foot well. These diagrams show that the specific capac-
ities of the two wells are very nearly equal, although the bedrock well
is less than half as large in diameter as the other and would be expected
to have materially larger entrance head. From the foregoing data it
is concluded that the water-yielding capacity of the pervious zone in
the bedrock about the experiment station is about equal to that of
the deep pervious beds in the valley fill. This conclusion is substan-
tiated by a relatively large draft from the other bedrock wells that
have been described.

SLIGETLY THERMAL WATER IN THE SOUTHERRN PART OF
THE BASIN

Along the southern margin of the central alluvial plain water issues
from two perennial springs (Nos. 317, 328) and from seven flowing
wells (Nos. 327, 332 to 334, 375, 376, 377) presumably from the late
basalt near Voltage. For the wells, the aggregate discharge in 1931
was about 375 gallons a minute and the temperature ranged between
52° and 54° F. For the larger spring, the so-called Soedhouse Spring
(No. 317, pl. 19, A), the temperature was 54° F. and the discharge
5,200 gallons a minute (11.6 second-feet) on September 9, 1930.
However, the discharge fluctuates with the seasons and is known to
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have been as small as 1,800 gallons a minute (p. 184). The relatively
low temperature and the seasonal variation in discharge indicate
that the ultimate source of the spring is shallow. It is believed that
most if not all the water is derived by infiltration of rain on the late
basalt near Voltage and near Diamond and is confined by the fine-
grained playa deposits that overlap the basalt from the north.

The water-ylelding capacity of the late basalt probably varies
widely from place to place, for its pervious zones are inherently dis-

;
continuous (p. 37). As the artesian head is relatively small in the

wells just mentioned, the area of artesian flow is probably confined
to a narrow strip along the edge of Malheur Lake. Moreover, it is
to be expected that the head will fluctuate commensurately with the
discharge of the Sodhouse Spring. The ultimate capacity of pumped
wells in those rocks is unknown.

In the southern lobe of the Donner und Blitzen Valler, about 5
miles northeast of Frenchglen, the Knox Spring (No. 380) issues from
the Steens basalt at the base of the western dip slope of Stesns Moun-
tain. The average discharge of that spring was 450 gallon= a minute
from March to July 1930.2 Moreover, the larger perennial streams in
the adjacent area—in particular, Riddle, Kiger, and Krumb» Creeks—
are formed by or receive water from other perennial springs that
issue from the Steens basalt. Presumably the springs are supplied by
water that percolates at relatively shallow depth through porous zones
of the basalt and is replenished by local infiltration of rain on the dip
slope of the mountain. This condition implies that wells in the Steens
basalt would commonly be successful, although the texture of that
volcanic formation is extremely variable.

Still farther west, in the northern part of Warm Spring Valley,
slightly thermal bedrock water issues from the “OO cold spring”
(No. 279, p. 182) and was encountered in one drilled well (No. 283), but
so far as is known, all other springs and wells in that well-watered
district find warmer water. Presumably the OO cold spring is fed by
relatively shallow percolation from the north and west. From
geologic conditions it is inferred that the bedrock of the Silver Creek
Valley might afford wells of sufficient capacity for irrigation, but that
inference is yet to be proved by exploratory drilling The safe yield

»raal sradarn 1 Fhia Aigéniad O SR
Of the Siightiy thei IidL wailer 11]. tnis aistrict m UNKNowili.

Possibly the slightly thermal bedrock water in the vicinity of the
Silver Creek Valley is part of a relatively extensive body trat extends
northward as far as Burns and across much of the area north of
Malheur, Mud, and Harney Lakes. If so, its source lies to the north-
west. It 1s believed that this water cannot transgress the Warm
Spring Valley nor Harney Lake except as it may mingle with the water
of intermediate temperature that rises through the conspicuous spring

3 Water resources of the State of Oregon, 1925-30: Oregon State Engineer, Bull. 8, p. 483, 1931,
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conduits along the south margin of the valley (p. 104). Further, this
water 1s believed to be distinct from the water in the late basalt near
Voltage, being separated from that body of water by playa deposits of
low permeability and having a somewhat lower head. The few perti-
nent data on ground-water levels suggest that slightly thermal bed-
rock water may percolate eastward in the area about Crane and
Malheur Gaps and there pass beyond the drainage divide of the
Harney Basin.

THERMAL WATER OF INTERMEDIATE TEMPERATURE

The thermal water of intermediate temperature (64° to 82° F.)
issues from a number of large perennial springs and is tapped by a few
wells. Brief descriptions of these springs and wells appear in the two
tables that follow. With a single exception, they ars found in one of
three relatively small districts in the western half of the area—(1) at
the western margin of the central alluvial plain near Hines, in Tps. 23
and 24 S., R. 30 E.; (2) along the southern margin of the Warm Spring
Valley, for the most part in T. 27 S., R. 29E.; and (3) in the vicinity
of Mud Lake, in T. 27 S., R. 30 E. The one exception is an outlying
spring (No. 13) on the west branch of Cow Creek. In 1931 the aggre-
gate discharge of the springs was about 18,000 gallons a minute (40
second-feet, or 29,000 acre-feet a year).

Thermal springs of intermediate temperature in the Harney Basin

Discharge, gal-
Tem- | lons a minute

No. pera- | ‘Water-bearing formation
ture
1930 1931
°F.
) & S 72 225 225 | Alluvium overlying Danforth formation.

Highly inflated and jointec late basalt along contact
Wilt)h valley fill.
o.

Do.
Jointed rhyolite (Danforth formation).
Do.
Slope wash of Harney formation,
J oing,d rhyolite (Danforth formation).
0.
Do. )
Join{;)ed rhyolite and tuff (Danforth formation).
0.

Do.
Danforth formation.

Valley fill.
b 4V 2 D S Valley fill (overlying Danforth formation).
865 s 70 |ocaaaos 125 Do.
866 oo 110 Do.
869 o (0 PR 15 Do.
37 el 66 [.._____. 125 Do.
Total e |eoas 18, 200

1 Estimated. ? May 30, 1932.
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Estimated
No. Depth Tg?ﬁ?g" vl%ié [;n]' Water-bearing formation
minute !
Central plain near Hines Feet °F.

174 76 { 9 ggg }La.te basalt near Fines,

152 ... .. 3 400 Do.

478 80 300-400 | Late basalt near Hines" T(7).
60 64 Trickle | Valley fill (?).
8318 e * Late basalt near Frines_(?).
80 82 ® Do.
47 68 2 | Valley fill.
63 64 100 Valley fill (7).
43 60 20 | Valley fill (black sand).

103 6414 %] Danforth formaticn (?).

318 6514 35 | Danforth formaticn.

1 By artesian fiow except as indicated.

? Maximum capacity when pumped.

3 Well does not flow; estimated capacity when pumped.
¢ Flow surges; dr]ller:’ log on p. 135.

¢ Flowed shﬂhtly prior to July 1930; hand pump.

¢ Hand pump.

In the area near Hines the aggregate natural discharge of the
springs of Intermediate temperature in 1930 and 1931 was sbout 1,500
gallons a minute (3% second-feet or 2,400 acre-feet a year); however,
it is not known whether the discharge is variable over a term of years.
The natural discharge of one spring (No. 27) was increased somewhat
by a turbine pump (capacity 500 gallons a minute) which drew the
water level down below the natural orifice. The few wells in the same
area suggest that the static level for the thermal water is nowhere

o than a 'Fo AT an thaot Anwrine alla AFf
UA. w Yy L

mo 1an eet above the land surface, so that flowing wells of

LL.LUJ. u

large yields are not likely. The potential area of flowing wells is
inferred to be a relatively narrow belt along the west margin of the
alluvial plain.

In this area near Hines the water temperature is greate~t (82° F.)
in well 146, whence it diminishes progressively in all directions. This
condition suggests a focal point at which excess heat is transmitted
to the ground water, by ascending magmatic steam or juvenile water
(p. 97). 'This hypothetical focal point would fall near the southern
edge of the late basalt and close to an outlier of the upper part of the
Danforth formation that has been hydrothermally altered. Thus
it is suggested, though by no means proved, that the transmission of
heat is a continuing stage of the late basaltic volcanism. Conceiv-
ably the groundwater temperature gradients could be extended
northward to well 22 (62° F.), possibly even to wells 17 and 18 (58° F.)

(o] N Ay
at Burns, also westward to spring 148 (56° F.) in the Sagelen Valley.

In other words, they might be extended to accepted components of
the shightly thermal ground water. Accordingly, in the area near
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Hines there may be no real distinction between the slightly thermal

water and the water of intermediate temperature.
The thermal sprines of intermediate temperature in the Warm

S L v vaiC L2242 | i < Vi SAVRLLLTRRLK/VT VTR PULGUULT Al A Y7 uL Ak

Spring Valley are by far the most conspicuous springs in the Harney
Basin. They are alined along the base of the fault-line escarpment
that bounds the valley plain on the south, each issuing from numerous
small orifices in the bottom of a sizable pool. Near some of them the
rocks of the escarpment (Danforth formation) are prominently
jointed, but at others there are no obvious secondar openings in the
rocks. In 1931 these springs together discharged ebout 16,500 gal-
lons a minute (37 second-feet, or 27,000 acre-feet a year). This
quantity is about 90 percent of the discharge from all springs of inter-
mediate temperature and 80 percent of the discharge from all thermal
springs in the Harney Basin. The greatest discharge from any one
spring measured in 1931-32 was 5,700 gallons a minute (12.6 second-
feet) from spring 349 (pl. 19, B). However, the so-called “O0

warm spring”’ (No. 280) has the greatest recorded discharge of all in
the district—90 Ann callome a minnta (20.9 second-feet) on Aucust
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23, 1913. The discharge of these thermal springs hes been measured
at irregular intervals beginning in 1907 (p. 184), and the variability
among the largest five springs i1s from 43 to 103 percent of the respec-
tive averages. A considerable part of the variability may have been
caused by intermittent diversions for irrigation, which is accomplished
by regulating the stage in the spring pools over a moderate range.
Nevertheless, the measurements suggest that the discharge has tended
to decline progressively It seems likely that the discharge would
not vary greatly in any one year if the stage in the pool were held
constant, yet equally likely that it would vary over a term of years
in response to long-term fluctuations in rainfall.

The wells in the Warm Spring Valley indicate a triangular area of
potential artesian flow from the valley fill and from the bedrock,

bounded on the north by the wagon road between Narrows and the
OO ransh and on tha ennith hv tha lina af tharmael cnrinea MaAaxsrand
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the east it may extend to and beyond the margin of Harney Lake.
To this area slightly thermal water is inferred to percolate from the
north and west and water of intermediate temperature from the spring
conduits to the south.

In the Warm Spring Valley, as in the area near Hines, the ground-
water temperatures show a decided gradient. The maximum (74° F.)
is at the westernmost of the thermal springs, the OO warm spring
(No. 280); thence the temperature decreases eastward to 66° F. at
spring 354. It also decreases northward among the flowing wells and
by inference grades ultimately into the slightly thermal range. These
features suggest that a focal conduit for the transmission of heat lies
near the OO ranch or farther west, and (2) that some thermal water
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percolates northward from the spring conduits through pervious
facies of the bedrock and through the valley fill, ultimately to mingle
with nonthermal or slightly thermal water from the north and west.

Plate 20, A, shows one of four “sulphur’ springs near Mud Lake.
Among these springs, the water temperature ranges between 66° and
70° F. 1In 1931 the aggregate discharge was relatively small, only
about 65 gallons a minute. In the same area one 315-foot well was
flowing about 35 gallons a minute in June 1931 and its water temper-
ature was 65%° F. The relation of this ground-water L()uy to those
near Hines and in the Warm Spring Valley is unknown, as is its rela-
tion to the cooler ground water close at hand. Neither can its area

of artestan flow be bounded.

HOT WATER

The hot ground water (90° to 154° F.) issues from s few springs
that are widely scattered over the Harney Basin, also from one flow-
ing well in the southwestern part of the central alluvial plain. The

Sn-rﬂn oc aro lletead 1 the fallawn ahla and tha hattoct anring (N~ 2211

PLLLES QiU 1i5U0W &1 VAT 1VRIU W J..ll. u MAT) il VLT LU ULVODBU BpPL Ug (1Y U, L)U.l.)
is pictured in plate 20, B.

Hot Springs (90° to 154° F.) in the Harney Basin
Approximate Approximate
No Temper- discharge, No Temp-ora- discharge,
. ature 1930-31, gal- ' ature 1930-31, gal-
lons a minute lons a mmute
o F. ° F.

126 180 || 361 .. 154 150

1104 3) 280 900

192 ® 289 500

360, e 1108 20 || 382l 283 100

1 Main spring orifice inaccessible; temperature taken in slack water close to edge of sp~ing pool and prob-

ably too lew.
2 Tsolated spring in the Donner and Blitzen Valley; temperature distinetly higher than for springs of inter-

mediate temperature in the Warm Spring Valley, to the north, but somewhat less than the hot-spring range.
3 Small.

o

The lone well that yields hot water is the so-called Howell oil-tes
well (No. 301), about 5% miles northeast of Narrows. According to
report, that well was drilled 1,430 feet deep. It penetrated two water-
bearing beds in the valley fill, seven water-bearing beds in the bedrock

hatwannn 420 and 250 fant 1 r]n'r\f.h na watar_haarine hada frae 2EO
UGCUWUOUILL TOVU QAilu VJUJU 100U LUl UUp LU, 11U Wwavol- ucwlllls UUU_D 11U111 qu l;U

1,330 feet, and finally encountered the hot water in two strata between
1,330 and 1,402 feet. From the depth-temperature curve for the Dog
Mountain well (fig. 9), which is 8 miles farther west and 2% miles
farther north, it is inferred that the seven water-bearing b-ds at inter-
mediate depth contained water at about 75° to 80° F.—tlat is, in the
intermediate-temperature range, Whether any of those seven beds
confined water under sufficient pressure to flow at the lard surface is
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not reported. The 670-foot dry zone between 659 and 1,330 feet
corresponds rudely with the interpolated depth of the Danforth
formation. In 1930 the well was flowing about 30 gallons a minute,
presumably from the deepest water-bearing beds; however, there is an
unconfirmed report that the yield was materially greater before casing
was placed in the well. The position of the static level with reference
to the land surface is not known for any of the water-bearing beds, so
that the extent of the area of artesian flow cannot even be surmised.

RELATION OF THE THERMAL WATER TO GEOLOGIC STRUCTURE

Two features in the occurrence of thermal water in the Harney
Basin are striking—namely, (1) most of the natural discharge falls
within a narrow temperature range, 64° to 82° F., and takes place
in a few small but widely spaced areas; and (2) nearly all the thermal
springs are alined along certain known or inferred faults or issue from
the valley fill along the projected traces of faults. The definite excep-
tions to the second of these generalizations are the C-ane hot spring
(No. 205), on the central alluvial plain near its eastern margin and a
quarter of a mile north of Warm Springs Butte; the thermal springs
near the Mud Playa and certain of those on the Harney Playa,
farther west; and spring 382, at the eastern flank of the Donner und
Blitzen Valley. Even these may be on or close to faults that have not
been recognized. Certain of the springs near Hines issue from the
late basalt (p. 102), but that volcanic mass itself was extruded along a
conspicuous fault zone, which may provide the spring conduits. In
this connection, Meinzer * has pointed out that the great majority of
thermal springs in the neighboring States of Nevada, Utah, and
Idaho arise along faults.

It seems obvious that the circulation of thermal ground water in
the Harney Basin is controlled largely by faults, which locally afford
conduits transverse to the strata and which set impervious beds against
pervious beds. Accordingly, certain major fault blocks become dis-
tinct ground-water provinces so far as the thermal water is concerned.
Within each of these blocks the circulation is inferred to be controlled
also by stratigraphic nonconformities. An example is furnished by
the relatively large springs of intermediate temperature in the Warm
Spring Valley. From the average depth-temperature gradient of
figure 9, the source rock for these springs may be interpolated to
extend from 850 to 1,200 feet below the land surface; if the actual
depth-temperature graph is taken rather than the average gradient the

interpolated depth of the source rock would not exceed 800 feet and

¢ Meinzer, O. E., Origin of the thermal springs of Nevada, Utah, and southern Idaho: Jour. Geology,
vol. 32, pp. 295-303, 1924.
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DIAGRAMMATIC SUMMARY OF OPERATION OF THE 218-FOOT WELL AT THE HARNEY BRANCH EXPERIMENT STATION, 1931.
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might be as little as 300 feet. It is, therefore, inferr~d that the
functional aquifers for the springs lie within the Steens basalt and
that the confining beds are in the overlying Danforth formation.
Possibly the unconformity between the two formations is the precise
horizon at which the water is confined. Whatever the }orizon may
be, it is thrown down to the north by the fault along whicl the springs
are alined, that fault being the western limb of a major Z-shaped
fracture separating two of the larger crustal blocks in the Harney
Basin (p. 56). Accordingly, some or all of the aquifers in the up-
faulted block to the south would abut against the confining beds in
the downfaulted block to the north and, if the pressure head were
adequate, their water would be deflected upward to the land surface
through chance conduits along the fault. It is inferred further that
the catchment area for the meteoric fraction of the water is not
remote and lies to the south, the direction from which the Tertiary
rocks generally dip toward the center of the basin. No part of the
Harney Basin other than the Warm Spring Valley is likel:” to afford a
catchment area equally large or artesian circulation equally free.

Geologic conditions near Hines would permit mucl the same
mechanism for the catchment, circulation, and discharge of thermal
water of intermediate temperature. The water temperatures are
somewhat higher than in the Warm Spring Valley, and suggest that the
depth of circulation is on the order of 1,000 to 1,500 feet beneath the
land surface (fig. 9, average gradient). On the other hand, heat may
be transmitted to the water as a continuing stage of the late basaltic
volcanism.

By implication, the circulation and discharge of the hot ground
water is controlled by faults in a fashion similar to that set forth above,
at least for the fraction of the water that is derived from meteoric
sources. However, the interpolated depth of circulation is greater—so
great that in certain areas it involves the deeper rocks, which have
been faulted more extensively than those cropping out. Hence, the
hot water may ascend through fault conduits that do not extend to the
land surface, and it may reach the ultimate spring orifices by devious
paths. As would be expected, the hot water usually does not give
rise to springs in the areas that yield water of intermediate tempera-
ture, for there any ascenamg hot water presumamy would be inter-
cepted by the shallower water. The extent to which heat may be
transmitted in this way to water of intermediate temperature is
problematic.

A certain fraction of the ascending thermal water—of the inter-
mediate- and high-temperature ranges alike—escapes from its fault-
plane conduits and percolates laterally into the wall rocks at relatively
shallow depth. In the area near Hines, for example, water of inter-

66814—39——8
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mediate temperature enters deep beds in the valley fill, for locally the
pressure head in those deep beds is built up so much that flowing wells
can be obtained (p. 90). In the Warm Spring Valley water of
intermediate temperature percolates northward from the spring
conduits into the valley fill and the bedrock alike (p. 104).

RECOVERY OF THERMAL WATER FROM SPRINGS AND WELLS

Altogether, a major fraction of the discharge from the thermal
springs of intermediate temperature is used for irrigation, and at
Hines one spring (No. 27) is used for industrial purposes. The Crane
Hot Spring (No. 205) has been developed for a small natatorium.
At most springs, however, only rude diversion works have been
provided, and the full capacity is not utilized. At some springs more
water could probably be salvaged by cleaning the orifices and sinking
cut-off walls into the soil to restrain shallow percolation. Because
most of the springs issue under low head, the discharge is highly

sensitive to changes of stage in the spring pool; thus, the discharge
decreases if diversions are made at hicher levels but may be increased
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if the water level is drawn down below its natural stage. Conserva-
tion of the spring discharge during the nongrowing season is difficult,
though waste would be minimized by imposing a back pressure on the
orifice through dikes and gates by which the pool could be held at
high stage. However, this might force the spring into a new low-
level orifice outside the control works or might cause waterlogging
of arable land near the spring.

Wells can recover the water of intermediate temporature and the
hot water only as they enter one of the devious fault-plane conduits
or as they tap one of the pervious strata in the bedrock or valley fill
that are fed by those conduits. In general, the chance of the well
being successful is greatest if it 1s near a known conduit, a thermal
spring, or a known body of thermal water, although the stratigraphic

horizon and extent of all the pervious zones cannot be foretold. Also,
the safe vuﬂﬂ of a thermal-water bodv 1s determined ]-\w tha trana.
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mission capac1ty of the conduit that feeds it, and that capamty cannot
readily be gaged. Accordingly, the few existing thermal wells that
have been cited are far from an adequate basis for judging the aggre-
gate safe yleld of the thermal ground water.

Two of the drilled wells that tap water of intermediate temperature
near Hines (Nos. 24, 25) have been pumped rather Feavily, it being
reported that each will yield about 800 gallons a minute when drawn
down 20 feet. Thus, their specific capacities are roughly three times
those of the two irrigation wells at the Harney Branch Experiment
Station. The rock which they penetrate, a a scoriaceous facies of the
late basalt, is decidedly more pervmus than most other Tertlary rocks
in the Harney Basin and promises other wells of large capacity in that
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vicinity. So far as the writers are aware, no other thermal wells in
the basin have ever been pumped heavily, so that the capacities of
pownmdu WE‘US 111 OI/.[H')I parts Ul D.[le DaSLIl are yeb to De aemonsuravea

The data available to the writers indicate that wells more than 500
feet deep have been drilled at six widely spaced localities on the central
alluvial plain. The history of these wells retraces the effort that has
been made to bring in deep flowing wells. The oldest is an exploratory
well (No. 53) put down in 1893 at the expense of Harney County.
In describing it Russell ® says:

A well drilled at the expense of Harney County in 1893, at & locality about 6
miles east of Burns, in sec. 13, T. 23 S., R. 31 E., was continued 10 a depth of 848
feet. The well at the top has a diameter of 6 inches but narrows near the bottom
to 4inches. Af the depth of 350 feet water was reached which rose and overflowed
at the surface, but after an attempt to improve the well, made in the spring of
1902, it ceased to flow. The water in August 1902 stood 3 feet below the surface
and had a temperature of 49° F. The first 100 feet of material passed through
was sand, gravel, and soft rock, and at a greater depth hard rocl- was penetrated,

but no record as to its nature, etec., is available. Two water-tearing strata are
za1d +n have hoon rnan'ﬁnr‘ ANo q+ QRN foot from tho +an and tha Athor at +tha
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horizon where drilling was discontinued—mnamely, 840 feet. The outflow from
the first water-bearing layer is said to have been small. The well is cased with
iron tubing, 6 inches in diameter, to a depth, as reported, of 450 feet * * *,
Work is said to have been abandoned on account of the loss of drilling tools in
the well.

Waring *® reports that during the summer of 1907 the water level in
the well stood about 5 feet below the land surface and little, if any,
above the water table. At that time, therefore, the water level was
some 2 feet lower than at the time of Russell’s visit. In 1928 the
well was sounded by Obil Shauuuuk, superinuendeuu of the quuey
Branch Experiment Sfation, and found to be partly bridged from 110
to 148 feet, and closed tightly at 411 feet. On October 5 of that year
the water level was found by A. M. Piper to be 6.8 feet below the top
of the casing, or 4.9 feet below the land surface—that is, it was ap-
proximately the same as when observed by Waring 21 years earlier.
In August 1930 an effort was made to recondition the well by redrilling
and bailing to a depth of 420 feet and then ‘‘shooting” with 35 sticks
of 40 percent dynamite at 350 feet and with 50 sticls at 326 feet.
As a result the casing was ruptured thoroughly; also, sand and gravel
ran in so freely that the well could not be kept open for more than 325
feet. Subsequently, the water level in the well has ranged between
10.8 and 25.7 feet below the top of the casing (p. 155) and, in spite
of the difference in the depth of the wells, seems to have fluctuated
with the confined water in the deep Valley fill and to have been drawn

21

down intermittently by pumping in the 87-foot well at the experiment

s Russell, I. C., Preliminary report on artesian basins in southwestern Idaho and southeastern Oregon:
T. 8. Geol. Survey Water-Supply Paper 78, pp. 40-41, 1903.

s Waring, G. A., Geology and water resources of the Harney Basin region, Oregon: U. S. Geol. Survey
Water-Supply Paper 231, p. 62, 1909.
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station (pl. 15). This condition implies a casing failure above the
325-foot level.

The second deep well was drilled in 1896 about 10 miles farther east.
This well was not found during the investigation of 1930-32, but
Russell ¢ describes it as follows:

About 5 miles east of Harney, on land belonging to Fred Heines, in sec. 2, T.
23 8., R. 32} E., a well 3 inches in diameter, drilled in 1896 to a depth of 507 feet,
struck water at a depth of between 200 and 300 feet, which rcee to the surface.
The well is not cased, and the water now stands 6 feet below tl e surface and has
a temperature of 49° F. The material passed through was soft to a depth of 100
feet and below that depth consisted of black lava, clay, ete., but no definite record
is available. This well at first yielded a true artesian flow, but, as nearly as can
be judged, has caved in, owing to lack of casing, and the water supply at present
is from percolation through porous beds near the surface. TI 2 temperature of
the water now being pumped indicates that it comes from about 50 feet below
the surface.

About a quarter of a mile southeast of the so-called County well,
a 3-inch well (No. 105) has been drilled on the property of Fred
Denstedt. It is reported that the well is 565 feet deep, is cased to
240 feet, and has never flowed at the land surface. During the
irrigation season its water level is depressed by pumping in the 218-
foot well at the experiment station, but at other times it intermittently
overflows the top of its casing, which is 9.0 feet below tl-e land surface,
and discharges into a surrounding pit.

About 2% miles farther east a 6-inch well (No. 101) I'as been drilled
to a reported depth of 800 feet. From 1930 to 1932 its static level
ranged between 6.0 and 5.6 feet below the top of the casing, which was
about 0.5 foot above the land surface (p. 168).

The remaining two deep wells on the central plain are located in
the alcove between Wrights Point and Malheur Leke. One, the
Howell oil-test well (No. 301) was the only flowing hot-water well in
the Harney Basin during the present investigation. The other well
(No. 233) was drilled about 4% miles to the north in 1930, also in
search for petroleum. According to report, 1t was 1,000 feet deep,
did not find water under sufficient pressure to flow, end was finally
plugged. The casing is now removed and the well abandoned.

Of the six wells just described, only one (No. 301) was flowing in
1930-32, three (Nos. 53, 101, and the Haines well) were not flowing
at that time but are known or inferred to have flowed previously.
and two (Nos. 105 and 233) have never flowed. Satisfactory casing
records are not at hand for any of these wells, and accordingly it is
not known whether the lapse of artesian flow has been due primarily to
caving in the well, to local temporary dissipation of pressure head

.

dhwatreelh Jaalrer nacitier ~An da maciatal warmcasmansdt dismatemcidoas ~£ Lo 1
buluugu an:l’xy U&bulg, Ul W uzg;uuiu ptjll_lla;lltﬁ.llb Uity uioIil or 1iead.

In part, the lapse is believed due to permanent diminution of head, for

¢ Russell, I. O,, op. cit., p. 40.
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water under sufficient pressure to flow was found at a depth of 350
feet in 1893 in well 53, but subsequently not in well 105, a quarter of
amile away. KEven from the fragmentary data available it is clear
that wells on the central alluvial plain from 500 to 1,000 feet deep are
likely not to flow by artesian pressure, although flowing wells of
shallower depth are common in the three areas along the western
margin of the plain. Still deeper wells, such as No. 301, which flowed
first when 1,330 feet deep, m&y flow from bodies of hot vater beneath
the central alluvial plam rexauvely close to Malheur Lake. The
boundaries of the area of artesian flow for the hot water cannot be

traced specifically from the data at hand.

CHEMICAL CHARACTER OF THE GROUND WATER
IN RELATION TO USE FOR IRRIGATION'

As an index to the chemical character of the ground water in the
Harney Basin, samples for analysis were taken in 1931 end 1932 from
100 wells and 7 perennial springs. Three of the wells (Nos. 50, 51,
344) were sampled twice, once in each year. In addition, five samples
were taken from the streams in May 1932, and one sample had been
eollected from the Harney Lake by I. C. Russell in 1902.2 All these
samples (except the one taken from Harney Lake in 1902) were
analyzed by E. W. Lohr and S. K. Love, of the Geological Survey,
according to the methods regularly used by the Survey.

Samples of water for analysis were taken from 65 shallow wells in
the valley fill and from 27 wells whose measured depth was so great
that obviously they reached the deep pervious beds in that uncon-
solidated material. These deep wells were chosen with a view to
comparing the chemical composition of the water in shallow and
deep beds. Accordingly the sampling was limited to those wells
whose casings appeared to be in good condition and thus adequate
to effect a real separation of the two water-bearing zones. However,
some wells were necessarily accepted for the purpose without full
information as to the depth reached by the casing. Others were
accepted though they were not fitted W1th pumps and had not been
used for several years, the samples being withdrawn by a small pump
attached to ordinary garden hose. Deep wells of either sort may not
have yleldﬁd samples that represented the water in the deep pervious
beds, owing to insufficiency or leakiness of the casing.

The successful use of water for irrigation depends on a number of
factors in addition to the chemical character of the water. Among
these are the character of the soil, the amount of water used, rainfall,

7 By W. D. Collins in large part.

¥ Russell, I. C., Notes on the geology of southwestern Idaho and southeastern Oregor: U. 8. Geol. Survey
Bull. 217, p. 31, 1903.
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and drainage. A recent publication ® has suggested limits for certain
characteristics of irrigation water. The lower set of limits is such
that in general waters within the range specified are not likely to be
harmful when used in ordinary irrigation. The upper limits represent
concentrations that are very likely to make the waters unfit for irriga-
tion because of their effects on the soil or on the plants. Concentra-
tions between the upper and lower limits may or may not cause injury
to crops and soils, their effect depending on the concentrations of the
various constituents of the water, the characteristics of the land, and
the way the water is used. The following table shows the suggested
limits:
Suggested limits for safe and unsafe waters for irrigation

[Parts per million except as indicated]

Constituents Safe Unsafe
Total dissolved solds L o i i iccaccccccccccacaccacaen 700 2, 000
Percent sOQiUm - . e ccdcaccaccacm—na- 50 60
Sulphate (FO4) oo e mccmem—mmmm—m—mm—m—————— 192 480
Chloride (Cl) - e oo e e e e e —m——————— 142 353

1 Reported by Scofield as ‘“specific electrical conductance.”

The percentage of sodium is calculated from analytical results
expressed in milligram equivalents per kilogram. These results are
obtained by dividing the parts per million of sodium, calcium, and
magnesium by 23, 20, and 12.24, respectively; then 100 times the milli-
gram equivalents of sodium is divided by the sum of the milligram
equivalents of sodium, calcium, and magnesium. In milligram equiva-

100 Na
Na+Ca+Mg

The following table shows the suitability for irrigation of the ground

waters of Harney Basin:

lents =percentage of sodium.

Suitability for irrigation of the ground waters of Harney Basin

[Number of samples from each source that fall into each of Scofield s classifications]

Shallow valley fill (65 | Deep valley fill (27 sam-
samples) ples) Bedrock (16 samples)
Constituents

Safe | IDter" | yneafe| safe | IDter- l Unsale| Safe | IDeT" | Unsafe

cal® imediate mediatel mediate ¢
Total dissolved solids....... 31 20 14 19 4 4 15 1 0
Percent sodium. ... ... _.__ 23 5 37 6 3 18 4 2 10
Sulphate (SO4) . euemeccaaann- 40 9 16 22 3 2 16 0 0
Chloride (Cl)ceececcmaceea - 48 6 11 21 4 2 ] 15 0 1

9 Scofield, C. 8., South Coastal Basin investigation, quality of irrigation waters: California Dept. Public
‘Works, Div. Water Resources, Bull. 40, pp. 21-24, 1933.
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This table shows that water from the shallow valley fill is less suit-
able for irrigation than the water from the deep valley fill and from the
bedrock. In every respect except percentage of sodium the water
from deep valley fill and bedrock is better. Water from the shallow
valley fill is likely to be more toxic to growing plants then that from
the other two sources, whereas the water from the deep valley fill and
bedrock is more likely to injure the physical character of the soil.
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Staff gages in Malheur Lake

Gage datum Adjust-
- ment of
MNacionatinn A ran vy T Aanatinn Nnrayrinne
ASOd1RLavIVLL LARCUUY A avivil I Altitude :i Fivt;;:(ine.)
| Term of use (feet)? (foot)
May 14, 1903, to | 4,087.67 —0.33
. July 21, 1906.
County bridge across the ||Mar. 27, 1989, to | 4,08%.55 —-.33
. Py Narrows, a quarter of a Sept. 16, 1911.
Narrows Bridge ¥ G, 0 ] mile west of former post |\Mar 9, 1912, to | 4,088.73 ~.33
office of Narrows June 13, 1914.
Mar. 31, i9i6, to | 4, 088. 53 —.33
\ Sept. 26, 1922.
Al})]out 2 1iles ;1()le'l:k]1xeasl\t,I (if Jane‘ 5, 1921, to [4¢4,090.29 {_______._.
eadquarters of Lake Mal- uly 9, 1926.
Near Voltage..._..... B { heur Reservation and 2%: |YOnand after Mar. | 4.089.80 |.______..__
Vr‘r{iie% x%(‘)lrth of \7301t:%§.r,e:.)6 a 3, 1927.
NWILiNFE!4 sec. 31, T. 26 S,, . s
Showen Bridge, near 0 R. 32 E.,, 5 miles south of %4132 322'152932 """ Z’ 8311 .1,; i }Z
Lawen. Lawen, on north side of \Joo % ‘g gos 7 " 4091 37 17
Showen Bridge. sept. 24, 19et. .- P R +
Near Voltage_..______ 0 Northeast of George Benson’s | Mar. 24 to Sept. | 4, 091. 09 - 27
cabin, about 1%4 miles north- 29, 1922.
east of headquarters of Lake
Malheur Reservation and 2
miles northwest of Voltage.
Qraves Ranch, near 0 About 6}% miles southeast of | Mar. 26 to Sept. 24, | 4, 091. 06 +.04
Lawen. Lawen and 1 mile south of 1922,
dwelling on Graves ranch.
Pelican Point, near 0 About 7 miles southeast of | June 23 to Sept. | 4,091.35 +-.34
Lawen. Lawen. 30. 1922.
Near Voltage_ _...____ About 2! miles northeast of | Sept. 12, 1930, to | 4,090.42 {_.____.__.
headquarters of Lake Mal- Mar. 13, 1931.
heur Reservation and 234 !
miles north of Voltage. ; !

1 G, U. 8. Geolozical Survey, data published in water-supply papers: B, U. S. B'1logical Survey, data
not published; O. Oregon State L.and Board, data from Cooper. R. D., Malheur La%e Survey, 1922 (type-

written report), 1923.

2 Adju=ted to datumn of U. S. Geological Survey benchmark at Narrows, altitude 4,075.87 feet.
C. W.. Supreme Court of the United States. October term, 1932, United States of America ». State of Oregon,
Joint abstract of record. vol. 1, p. 174, 1932.

3 Water at gage disconnected from the lake when water-surface altitude is less than 4,091.5 feet (approxi-
mately); altitude of bottom of channel at gage 4,084.1 feet.

4 Datum of gage determined by comparison with gages of the Oregon State L.and Board near Voltage

and at Graves ranch.

See Pecore,

& Showen Bridge unstable: water-surface altitudes (after Cooper) assumned to have t een adjusted for rising

aco
SeC.
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Altitude of water surface at staff gages in Malheur Lake, 1903-32
Narrows Bridge
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Daie of Altlgude
measure- of water
ment surface
(feet)!
1903
May 14__ 93.4
June 1______. 93.3
June 15.__ __ 93.3
July 1______ 493.0
July 15._ __. 92.7
Aug. 1. . . 92.3
Aug. 15 -1 91.9
Sept. 1: 91.0
Sept. 15_____ | 90. 3
Oct. 1_______ 89.6
QOct. 156 _____ 89. 2
Nov. 1 __._ .. £9.1
Nov.15___.__ 89.1
Dec.1_______ 89.3
Dec. 15______ &Y. 6
1904
Jan.1______ o &9, 5
Jan. 16 ______ &9.4
Feb. 1 _____. 89.3
Feb. 15______ %9. 5
Mar. 1.______ 89,6
Mar. 15._____ £9.9
Apr.1 ______ 93.3
Apr. 16______ 94.1
Apr.30__.__ 94.9
May 15 _____ ' 95.0
June 1. _____ t 94. 7
June 15._____ ! 94. 6
July 1_____.. 94. 4
July 16__ ... 4.2
Aug. 1. ____.. 94. 0
Aug. 16______ 93.7
Sept. 1_______ 93. 4
Sept. 16__.._. 93.1
Oct.1_______ 93.1
Oct. 15______ 93.1
Nov. 1. ..._.. 93.3
Nov. 15 ____. 93.3
Nov.20____.. 92, 8
1905
June 16______ 93. 35
July 8__.____ 93. 30
July 15 _____ 93.15
July 22_.____ 93. 00
July 29__ ... 92, 85
Aug. 5 ... 92. 65
Aug. 12_____. 92. 45
Aug. 19_____. 92.25
Aug. 26_.____ 92.05
Sept. 2.___.__ 91. 85
Sept. 9. _____ 91. 65
Sept. 16____.. 91. 50
Sept. 23._.__ 91.25
Sept. 30.____. 91.15
Oct. 7 ... 91.10
Oct. 14 . 90, 93
Oct.21______ 90. &5
Oct. 28 _____ 90.75
Nov.4. _____. 90. 65
Nov. 11______ 90. 55
Nov. 18____ .. 90. 45
Nov. 26______ 90, 4
Dec.2__.____ 90. 35
Dec. 9__ ____ 90. 3
Dec. 16______ 90.3

Date of A%titutde Tiata of Arltitude Trate nf Altitude
of water Soas of water oo of water
measue: surface mesnt. | surface m;ag:g{e- surface
(feet)! (feet)! ’ (feet)!
1906 1911 1716
Jan, 6 to June 30___.__ 92.6 Mar. 31, ___ 91. 10
Mar. 3.___. 91.25 | July 1._____. 92.55 || Apr.6.__..__ 91. 10
Mar. 10._____ 91. 4 July 8 _____. 92.55 || Apr.25______ 92.74
Mar, 17-24 91 55 || July15__ . ___ 92 .55 |'! May 1 .____ 93.21
Mar. 31______ 92,1 July 22_____ 92.55 |} May6.__._.___ 93.43
Apr.7______ 92.4 July 29 _. .. 92.35 || May 14______ 93. 53
Apr. 4. ___ 92.45 || Aug. 2....._. 92.15 (| May 22 _____ 93.73
Apr.21_____ 92.65 {| Aug.5 ____ 91.95 || May 26______ 93.78
Apr. 28 ____ 93.15 || Aug.12...___ 91.65 || June 7___.____ 93.93
May 5. ___ 93.3 Aug.19 ____. 91.35 |} June 13______ 93. 88
May12._____ 93. 4 Aug.26. ... 91.3 Oct. 25 _____ 92.25
May 19____ 93.35 || Sept.2.____. 90 15
May 26____. 93. 35 Sept. 9. _-.__ 89. 65 1917
June 2_______ 93.55 || Sept. 16.____ ?)
June 9_____._ 93. 60 Apr.13____.. 93. 01
June 16_____. 93. 65 1912 Apr.20._._._ 93. 37
June 23_____ 93.75 i Apr. 21_____. 93. 33
June 30 ____. 93. 85 ] 3 r || Apr.22_____. 93.
July 7. . 93.9 i‘gi ;}‘, """ 2*5- 9% 1l Apr. 25,1 93. 43
July 14_____ 93.6 ‘\pl" 07 { gq' 45 Apr. 27 ... 93.43
July 21 ____ 3.5 May4 . . 18965 (| June 16______ 94. 63
o May 6. ____ 90. 05 July 200 .. _. 94.33
199 May 7 ... 90. 65
_ | Mays o 91.35 1922
Mar. 27_____ 0. 55 May 9 92. 05
Sept. 4..____. 90.25 || Mav 10 ... 92,95 || Mar. 24._____ 93.1
Sept. 5. 90. 25 Ma§7 1 99,45 Apr.2.______ 03.1
Sept. 6. .. __ 90. 15 Ma'y 13 02 55 Apr.9__.____ 93.6
Sept. 7_...._ 90. 15 May 15 ... 92: 60 Apr.16..____ 93.6
Sept. S_..____ 90.05 || Aa¥ 18 T 92. 65 Apr.24______ 9.7
May 20...___ 92.75 || Apr.-26._.... 93.7
1911 Mai(- 22 92. 85 May b S 93.7
May 2. 92.95 || May 6. 3.7
Moeor. 22_____ 91. & Sor ' May 7. .. _ 93.7
May 28_____. 63.05 || :
Mar. 25______ 91,9 May8 ... 93.8
Junel. __._. 93.15 4
Mar, 28 ____ 91.9 May 9 .. 93.7
. June 8_.__._. 93. 55
Mar. 31_____ 91. 9 June 11 93. 75 May 11______ 93.7
Apr. 2. __ 92,0 T ‘ox || May 14._____ 93.7
: June 15 __._. 93. 85
Apr.4_______ 92.0 May 18______ 93.8
A June 22_____. 94. 05
Apr. 6 _____ 92.1 June 29 94.35 May 20 ___._ 93.8
Apr.9__. 92, 55 T ’ May 21_____. 93.8
Apr.11_____ 92. 55 o May22___... 93.8
Apr. 14_____ 92. 65 1913 May 24______ 93.8
Apr. 17, . 92.7 R o re || May 270200 3.8
Apr.20______ 92.75 || Apr.2-..... 93.55 || June 1.__._-. 93.8
Apr. 231 92.8 || Apr.5... .. $93.55 1| yune 4. ____ 93.7
Apr.26. | 928 | Apr.12._.. 93.65 || yune 5__.___. 93.8
Apr. 29._____ 0285 || Apr. 19 93.85 || yune 7...__.. 93.8
May 1 __.._.| 9285 || Apr. 26 93.95 1| June 9 _____. 93.8
May 3. .. 92.9 || May3. .. ... 93.95 || June 11_.__ _ 93.8
May 6. ... 92.9 May 10...... 94.05 |\ yune 13_____. 93.8
May 9. ____ 92,9 || Mayl17...... 84.25 || June 16____.. 93.8
May 12 .. 92.9 fay 24 94.35 | June 19______ 93.7
May 15 ___ 92.9 May3i._.... 94.35 || June 22______ 93.7
May 18 ____. 92.85 || June 7.. ... 94.25 1! yyne 24_____. 93.7
May 21 ... 92.85 || June 14___._. 94.25 || June 26.____. 93.7
May 24 .. 92,85 || June 2l _____ 94.35 || yune29____ .. 93.6
May 27.... 92.9 || June28 ... 9645 quly 1o 93.6
May 30 _____ 92.9 || July14 . . 94.24 1 Tyuly 4 . 93.6
Tunet. . 92.8 %‘12- ;LZ’ 83- 85 July 7 _ 93.5
June 4. ____ 92.8 || Aug. 23 - July 11 ______ 93.5
June 6_______ 92.75 || Aug. 28 ___.. 93.95 |l July 28____. 93.0
June 9. _____. 92. 75 July29..__... 92. 9
June 12 ___.. 92.75 1914 Aug. 15______ 92.5
June 15_.__. 92.75 Aug. 18__.__. 92.4
June 18 ____ 92.7 Feb. 11..____ 693.78 || Sept.12______ 91. 8
June 21______ 92.7 June 1__...__. 94.90 || Sept.16._____ 91.7
June 24______ 92.65 |, June 8____.__ 94.90 || Sept. 20_..__. 1.7
June 27.. ... 92.6 June 13_.___. 94. 90 Sept. 26______ 91.6

1 In excess of 4,000 feet above sea level.
3 Channel dry.
3 Water seeping into channel near gage from Apr. 13 to May 4.

4 Malheur Lake broke through natural dike, and water in channel rose rapidly.

3 Considerable ice in channel.
¢ Altitude by Cooper & Dodge by leveling.
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Altitude of water

Near Voltage

HARNEY BASIN, OREGON

[United States Biological Survey gage]

surface at staff gages in Malheur Lake, 1903-32—Continued

Date of {

Altitude Altitude Altidute Altitude
! of water \ Date of of water Date of of water Date of of water
measure- urface measure- urface measure- surface measure- face
ment S ment | SY ment ment sur
(feet) 1 (feet) (feet) (feet)
. ]
1921 1023 j 1925 i 1928
June5___ ... 04.87 || May 6.______ 94.08 || Oct. 13______ 91.04 || May 20._.__. 93. 63
June 23_____. 04.95 |, June 4_______ 92.79 || Nov.4._.____ 91.16 || May 25_____. 03,82
July4_.____. 94.62 || June 10______ ! 92.75 || Dee.5..___. 91.12 || June 12. 93,17
July 14 . 94.58 {' June 24______ 02, 54 Jne 26 _____ 92.96
July 22_ .- 94.37 |i June 30_.___ ! 92, 49 1926 | Ty 7. 000 92, 84
July 29 ___ 64.21 || July 22 __ 92,21 P Iy 27- . 92. 50
Aug. 7. ... 94.04 || Aug. 9. - ! 01,91 || Jan. 81....___ 91.29 || Aug. 6.————-_ 92. 26
Aug. 14______ 93.91 || Aug. 18 ____ 1 91.83 {| Feb.18______ 91,49 || Sept. 9. _..._ 91.72
Aug. 21 93.77 || Sept. 11._____ | 91.45 || Mar. 4.______ 91.29 || Sept. 23..__. 91.63
Aug. 28 - 93.67 || Oct. 17______ | 01.45 || Apr.6_______ 91.29 || Oct. 13.._._. 91.55
Sept. 4. 93.58 || Nov. 1.2 | 9154 || June 26 _ 91. 21
Sept. 25 _.___ 93.37 | July 9. _____ 9112 1929
Oct. 17______ 93. 29 1924 - { *) :
Nov. 7__..... 93.25 | | | 1927 | Mar. 27...___ 92. 50
Dec. 27__..__ 93.49 || Jan.31_______ 91.09 | Apr.10.____. 92. 50
| Feb.16.____ 92,21 || Mar.3._..____ 91.30 || Apr. 25 .____ 92,55
19922 || Feb. 23 ____. ' 92. 25 ’ Apr. 7. ... 91.30 || Jneb5_.____. 92.05
Mar. 2. ____ 92.29 { Apr.24._____ 91.42 || J~ly 16______ 91.92
Jan. 24 93. 62 ’ Apr.26_____. i 01.95 || June 5.._.__. 02,22 || July 27_. ... 91. 55
Mar. 24 04.08 || 308 30717 o7 || Tanezs | baes | Ame sl oo
Apr.2..... 9408 || yune 2277777 9104 i| July 131 90246 1|
Mav 14 0458 ;o July 181 ! 91.29 || July 22._____ 92.30 || 1930
Moy Y o4 5g | July 21 ! 9L 21 || July 28._.___ 92.22
May 2. 9498 | Aug 10070 o112 || Aug 41110 92.13 || Feb.25...._. 01. 59
Yane 207 94 37 || Sept. 8. 91.13 || Aug. 9--___ 92.09 || Mar. 26.____. 91.63
------ o0 1 Nov. 20 . 91.08 ,| Aug. 26..___. 91.88 || May 23_____. 91.13
june 25...-..- e J Sept. 7......_ 91.72 i May 27. ... 91. 05
S T - 1925 | | Sept. 14._.__. 891.76 1| Jly12...___ 91.13
Aug. 16.___.. *92.41 ' NoOV. 5ommnn. 91,55 || T~y 24 ... 91,13
Sept. 30...- o || Feb.2s ...l oL1s | gept. 20,7 91.05
Ve e 9% Mar. 1102000 9L s 1928 | Sept. 22 ___. 91.09
l Apr.21______ 90.71 | I Oct. 21_____. 91. 00
1923 || May 22______ ! 91,21 | Feb. 17..___. 92.63 || Dec. 3. 91. 09
|| Juned______ 91,37 i| Mar. 2..____ 92.88 ||
Jan. 11 _____. 92.95 |, June 17______ | 91.45 || Apr.7.._.. 93. 55 ‘ 1931
Feb. 17 _____ ?) ’ July 12....00 i 91.62 || Apr.13______ 93. 63
Mar. 25 ___ 03.21 il Aug. 5. __ 91.45 || Apr. 24 - 93.63 |, Feb.10______ 90.96
Apr.8__ . . | 94. 25 \,i Aung. 27, 91.12 { Apr. 29 .- 93. 63 g Mar. 13- ¢ 90. 59
Showen Bridge, near Lawen
1922 1922 1922 1922
Mar. 22._.__ 94.2 1! Apr.18.____. 94.6 || May 3. 94.5 || June 11_._.__ 94.6
Apr.2_______ 941 (| Apr.20_..._. 94.4 || May 7...__. 94.6 || Jne 17.__.__ 94.6
Apr.3_______ 94.2 94.4 || May10._____ 94.7 || Jone 27-__.__ 94.3
Apr.8_______ 04.4 94.4 || May 14....__ 94.8 |} Jiy 3. _._.__ 94.2
Apr.9_______ 94.4 94.4 || May 17...___ 94.8 || Jy 6. ... 9.1
Apr.11_.____ 94.5 94.3 || May 21._____ 94.8 || T~ly 28 .. 93.5
Apr.13. ... 94.6 94.3 || May 24______ 4.7 || Aug. 4. - 93.4
Apr. 14 __ 94.7 94.3 || May 28.____ 94.7 || Aug. 15— 92.8
Apr.16._____ 94.7 94.4 || May 31_.___ 94.6 || Sept. 24____. 91.1
Apr.17___... 94.6 04, 4 ! June 4..._._. 94.6 |

1Tn excess of 4.000 feet above sea level.
1s Probably 1 foot low.
2 Jce 12 inches thick.

3 Maximum depth of water in lake about 20 inches.
¢ Inlate July and in August 1926 water level was near zero of gage; nowhere in the lake was the water more

than 6 inches deep.

8 Rise due to increased discharge of the Donner und Blitzen River.
8 Stage falling because water cut through mud dike beyond mouth of river; wate~ level rising in centra |

part of l1ake.
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Altitude of water surface at staff gages in Malheur Lake, 1903-32—Continued

Near Voltage
[Oregon State T.and Board gage]
Date of %t]-tvivt’utdf Date of Afltitutde Date of Atl.tid‘%te T ate of A}tit;lt%g
measure- aLer measure- o1 water measure- | Ok Water moasure- ol w
ment surface ment surface ment surface ment surface
(feet) 1 (feet) (feet) (feet)
1922 1922 1922 1922
94.1 [ May4..._... 94.2 || June 20...... 94.5 || July 29_____. 93.5
4.1 | May 14.___._ 4.5 |1 July 6._.___. §4.1 ) Aug. 16.._.. 93.2
94.1 || June 7....... 94.5 || July 6..._... 94.0 {| Sep*. 29...._. 92.7
94.2 || June 11___.__ 94. 5
Graves ranch, near Lawen
1922 1922 1922 1922
Mar. 26... __ 94.1 || May 21..___. 94.5 || June 5._.._... 94.4 || July 2_____.. 9.0
Apr.2__.____ 94.1 || May 23.._.._ 94.5 || June 7._._... 94.4 || July 6_...._. 93.9
Apr.9...__.. 94.0 || May 24.__.__ 94.5 || June 10_.._.. 94.4 [} July 28__.... 93.5
Apr. 17___._. 94,2 || May 28_._._. 94.5 || June 14_.___. 94.3 || Aug. 5..__... 93.4
Apr.23._.. .. 94.2 May3l..._.__ 94.5 {! Juns 20_.____ 94.3 || Aug. 13 _.... 93.2
Apr.26 _____ 94.2 || June 2__._.__ 94.5 || June 25_._.__ 94.2 || Aug.20..._. 93.0
May12._.._. 94.4 || Juned_______ 94.5 || June28...._.. 94.1 || Sep*. 24...._. 91. 9
Pelican Point, near Lawen
, .
1922 g 1922 ” 1922 ;

June 23_..._. 94.6 || July 21..____ 94 0 i! Aug.11_.__.. 93.6 93.1
Tune 28__ .. 94.5 " July 29.._ .. 93.8 1! Aug. 250 93.3 92,9
Near Voltage
|United States Geological Survey gage]

‘ 1
1930 ’ ” 1930 , } 1931 ! H 1931 !
|
Sept.12......|  90.72 || Oct.21. ... 90.67 || Feb.10..._..|  90.97 || Mar.13......|  90.57
Sept 20} 9072 || Dec.3 I 907 | \
| |}

Altitude of water surface in Harney Lake, 1912—18

{Based on leveling from temporary bench marks assumed to be tied to the United States Geological Survey
bench mark at Narrows; altitude reduced to the common datum by a correction of —0.33 foot]

Altitude of
Date water sur- Authority
face (feet)!
Mar. 12,1912_________. 86.48 | U. 8. Geological Survey Water-Supply Paper 330, D. 246, 1914.
July 14,1913 ___.______ 84,4 | Report to Oregon State Land Board by R. D Cooper.
Sept 13 1913 ___.... 84.0 Do.
May 4, 1914 86.2 Do.
Oct. 24,1914 _________. 84.6 Do.
Mar. 31, 1916 _._...._. 83.5 | Levels by M. V, Dodge and F. F. Henshaw.
May 31,1916 ... ____. 84.7 | Report to Oregon State Land Board by R. D. Cooper.
Oct. 24, 1816___._.____. 83.0
May 22, 1917 ... __.___ 85.1 | Levels by F. F. Henshaw and R. D. Cooper.
July 13, 1917_.__ ... __.. 84. 04| Levels by R.C. Briggs and —— Barron,
May 21, 1918 . _..... 83.7—| Report to Oregon State Land Board by R. D. Cooper.

1 In excess of 4,000 feet

above sea level.
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Altitude of water surface at staff gages on streams in the Harney Basin, 1930- 32
Silvies River gage

INWLNWI4 sec. 17, T. 23 8., R. 31 E., on south side of highway bridge, east bank of river. Zero of gage,
4,142.72 feet above sea lavel]

Gage Gage Gage Gage
Date height Date height Date height Date height
(feet) (feet) (feet) (feet)
1930 1931 1931
Sept. 22______ 0.30 || Apr.20__.___ 568 || Aug. 24______ —0.34 3.08
Septl. 27______ .30 1 Apr. 29 5,62 11 Aug. 31 _____ —. 12 7.20
Oct.3____.__. .30 || May 9 ____ _ 5.28 || Sept. 7.__._.. —-.37 7.30
Oct. 18 ____. .34 May 18.____. 482 || Sept. 14_..___ 56 8. 00
Nov.1._.____ 34 May 25 ___ 4.99 || Sept.21.._. . 44 7.85
Dec. 7...___. .48 |[{ June 1l _____. 4.34 || Sept. 28___._. 38 8.12
June 8_______ 4. 14 Oct. 5._______ 00 7.95
1931 June 15.____ - 4,08 || Oct, 14______ —. 28 7.90
June 22_. ____ 4,08 || Oct. 19______ 10 7. 90"
Jan.3__ ... _. 48 || June 29______ 3.72 || Oct. 26______ 46 5.00
Feb.8___.. . 62 || July6_______ 3.35 || Nov.10_____ 1.98 6.22
Mar. 8....__ 94 || July 13_.. .. 68 || Dec. 6. __ . 1.80 6.08
Mar. 16...___ 4.67 |} July20______ 44 5.42
Mar. 25 __ 5,96 || July 27..____ .14 1932 4,90
Mar. 31._____ 6.02 || Aug.3._.__ - —. 31 2. 40
Apr.5______. 6.66 || Aug. 10._____ —.30 || Jan.6______.. 2.30 1.35
Apr.11._____ 6.12 || Aug. 17 __ —.33 )| Feb.3____._. 2.30

Donner und Blitzen River gage

[NEL18W1s sec. 35, T. 26 8., R. 31 E. (“south of Malheur Lake’’), on south side of highway bridge, east
bank of river. Zero of gage, altitude unknown]

1930 1931 1931 1932
Sept. 9__.___ 0.80 ||Feb. 8 ______ 1.60 [jJuly 23_____. (?) I Mar.y_______ 0 60
Sept. 15.___. .80 {[Mar.8 .. ____ 2.50 ||Sept. 4. ___. 0.04 fApr.3._ ____ 1. 80
Sept. 27 ... 150 {{Apr.5...____ 2.82 {|O0ct. 2. ____ .50 |{May 10 ____. 3.00
QOct. 19___.__ .76 ({May 11_.___. 3.26 [{(Nov. 11.__.__ Q) June 7___._.__ 2. 09
Nov.2..._._. 1.36 ||May 26._____ 3.10 [{Dec. 6___.... @ JWww 7o 2.60
Dec. 7 _._._. 1.48 ||June 4_______ 2.86 Aug. 3.____.. 1.10
June 10..____ 2.80 1932
1931 June 20______ 2.58
July 3. ___._. 2.30 {{Jan. 6 ______ O]
Jan. 4 ... _. 2.24 ((July 7.._... 2.30 {|{Feb.4______. .90

t (Gage moved; vertical displacement unknown.
2 Channel dry at gage.

Poison Slough gage

[ NW1iNE!] sec. 14, T. 23 8., R. 31 E,, on south side of highway bridge, east bank of river. Zero of gage
4,136.18 feet above sea level]

1932 H 1932 1932 ’ 1932
Mar. 26.____. 1248 ‘ Apr.23._____ 2.68 || May 23.____. 1.40 1L INly 19 . ___ Q)
Apr.2.__.___ 2.80 || Apr.30__._._ 2.86 || June 6. _____ .49 || Aug. 1. _____ 3
Apr.9__.___. 240 [ May 7..._.._ 2.76 ! June 24______ )
Apr.16 _.__. 3.00 l May 4. .. __ 2. 14 i July 6..___ _ (2) ’
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Drillers’ records of wells in the Harney Basin

[Stratigraphic correlations by A. M. Piper]

No. 5, pl. 2. Frank Whiting.

133

Land-surface altitude 4,153 feet; drilled by Boyer & Koenemann in 1930;

diameter 18 inches to 82 feet, & inches from 82 to 155 feet, unknown 155 to 288 feet; cased to 68 feet; reported
vield 300 gallons a minute when 155 feet deep, 400 gallons a minute with draw-dow+ about 50 feet when

255 feet deep

Thick-

Thick-

Depth Depth
ness ness
(feet) (feet) (feet) (feet)
Valley fill: Danforth formation:
Soil. . ... 10 10 Pumice or sandstone, fne,
Gravel and sand, ﬁne water- white. ... .. 5 148
bearing; static le\ el —8 feet . 15 25 Rock, black (basalt)_______._.. 27 175
Clay, blue, sticky____._________ 4 29 Shale, green_ ___________._.__.____ 30 205
Gravel, coarse, and sand.__ ____ 18 47 Clay, gravel, and sand in alter-
Clay, yellow and sticky, and nating layers from 2 feet to 3
sand-__________._____________ 4 51 feet thick__ . _____.___________ 42 247
Gravel, fine, and sand_________ 6 57 Gravel, waterworn, and sand._ 8 255
Clay, brown, hard__.__________ 4Ls] 6115 Clay, yellow, and sand . _______ 28 283
Sand, fine, brown. ... _.__._____ 51.] 67 Sand, fine, yellow; some
Unc]asmﬁed pebbles, white, glassy; static
Clay,blue______.____..____.._. 15 82 level —9feet___._____ _.______ 5 288
Clay, yellow, blue, and brown;
some waterworn gravel .. ___ 61 143

No.7, pl. 2. Chas. Walker.

Land-surface altitude 4,152 feet; drilled by P. S, Weiterhille

Crews in 1930; diameter 24 inches to 30 feet, unknown’ below 30 feet; reported ¢s ‘““dry hole’’

r and Smitzer &

Valley fill: Danforth formation—Continu-d.
Soil, sand, and gravel._________ 30 30 Lava, black, very dense and
Danforth formation: 2lassy - . . 65 108
Stone, pink, similar to build- ] Shale, blue_ . _________________ 120 228
ing stone at Burns (rhyolite i
or tuff-breceia)_ . ______._.____ 13 43 l
No. 30, pl. 2. Oregon Western Colonization Co. Land-surface altitude, 4,144 feet; drilled by
Hahn & Backus
Valley fill: Danforth formation—Contin ued.
16 16 Sand, black, ‘“‘paraffin”_._____. 20 175
9 25 Sand, gray and black__ .. ...... 13 188
15 40 Gra\e] pumiceous. . ______.__ 22 219
5 45 Shale, hlnp sticky___ . 38 248
7 52 Sand, gray ‘and black___.______ 11 259
Gravel, water-bearing. _.______ 3 55 Sha]e, blue to green, sticky.__. 111 370
Quick sand _____________________ 25 80 Shale, gray, and sand; little
Danforth formation: Water el iee- 30 400
Soapstone_ __________________._. 35 115
Gravel, pamiceous, and sand,
water-bearing. ... ____________ 40 155
No.32, pl.2. P.G. Williams. Land-surface altitude 4,150 feet; drilled by P. G. Williaws in 1930; diameter,
6 inches; uncased. Driller reports no water-bearmz beds below zone of weathermg
Danforth formation: Danforth formation—Continued.
Limerock. ... ... 232 232 Sand, black (tuffaceous); con-
Porphyry, brown._____________ 8 240 tains many black particles.. 40 310
Sand, light gray_______________ 20 260 S8and. with eclay, browrish
Sandstone, red__ . _______. .. __. 10 270 53 9 Y 40 350
i

No. 56, pl. 2.

7. S. Cook. Land-surface altitude 4,143 feet; drilled by O. L. Gasch in 1931; redrilled in

1934—35 diameter 18 inches to 95 feet, 12 inches 95 to 330 feet casing 18-inch stovepipe to 83 feet perforated
from 67 to 79 feet; 12-inch to 200 feet perforated in place; in 1931, tested capacity 600 gallons a minute

with draw-down 57 feet

Valley fill:

12
11

aa
&0

12

22
55

Harney and Danforth forma-
tions (M): .
Sand and clay, mixed.._..____..

wigy
Roek. ...
Clay, yellow. ... ____.____.___.._
Gravel
Clay, black___..____.__...__._.__
Clay, yellow_. .. ________.______

— b

SQWQWCDU

[y
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Drillers’ records of wells in the Harney Basin—Continued

No. 64, pl. 2. William McLaren. Land-surface altitude, 4,142 foet; drilled by P. 8. Weitenhiller in 1930:
diameter 18 inches; casing to 53 feet, perforated 41 to 53 feet with slots 1 inch by about 1% inch: tested
capacity 480 gallons a minute; draw-down unknown

Thick- Thick-

ness l?fgptth ness I(Dfeptt.h
(feet) et) (feety | (feet)
Valley fill: Valley fill— Continued.

Loam, black_.._____._._.____.__. 6 6 Muck, blue__.. ... _._____ 17 38
QGravel, waterworn, pebbles Hardpan..._.________. 1 39
up to 2 inches in diameter, Gravel and sand, red__ e 13 52
some sand.__..___._.____._____ 15 21 Clay,blue-. ..o .. 35 87

No. 65, pl. 2. Pacific Live Stock Co. Land-surface altitude, 4,146 feet; drilled by P. S. Weitenhiller and
A. A, Durand; diameter 12 inches to 117 feet, 8 inches 155 to 300 feet; plugged at bottom; casing per-
forated from 37 to 117 feet with slots 114 inches by !4 inch spaced 4 rounds to the foot, also from 160 to
240 feet with slots 1%4 inches by !4 inch spaced 8 to the round with rounds 9 inches apart; capacity
reported 150 gallons a minute while drilling and 155 feet deep, tested 940 gallons a minute when com-
pleted, draw-down unknown

|
Valley fill: ! Harney formation (?):

Boll.. .. 9l 914 Clay,blue ... . ... 38 155
Gravel, loose; cementerd layers QGravel, fine, or sand, coarse. .. 105 260
1 foot thick at 50 and 75 feet. . 74141 84 Clay . oL 8 268

Clay . . 6 90 Sand, grains as large as 14 inch

Gravel, coarse, black, loose; in diameter, black; some

coarser toward bottom__.____ 27 117 pebbles as large as 2Aincl‘1‘?s

in diameter; considerable
fine silt. ... .. 32 300

No. 73, pl. 2. Oregon Short Line Railroad Co., at Burns. Land-surface altitude 4,146 feet; drilled in 1924;
diameter 12 inches; cased to 100 feet; reported vield 150 to 200 gallons a minute

Valley fill: Valley fill—Continued.
(0] -1 5 5 Sandandelay.____ ... .._._..__ 19 100
Sand and gravel . __._._____.___ 20 25 || Danforth formation (?):
Clay 10 35 Gravel, pumiceous. . __.____._ 3 103
Gravel . . . ... 36 ¢ 71 (?); water-bearing, static level
Sand_ ... ... 10 ; 81 ! —5feet ... 7 | 110
\ !

No. 74, pl. 2. C. E, Silbaugh. Land-surface altitude 4,144 feet; drilled in 1930; diameter 12 inches; cased
to 106 feet; reported yield 1,100 gallons a minute with draw-down 19 feet

Valley fill: Valley fill—Continued.
Sand and gravel._.____._.__.___ 30 30 Clay e e 3 95
Clay . . 8 38 Quicksand._ ... . ... ____. 11 108
Sand and gravel ____._______..__ 54 92

No. 94, pl. 2. Harney Branch Experiment Station. Land-surface altitude 4,135 feet; drilled by P. S.
Weitenhiller in 1926; diameter 18 inches; initial casing to 60 feet. perforated from 421% to 55 feet with
14.inch drilled holes 114 inches apart; in 1930 well cleaned after caving and 16-inch casing set from 42 to
82 feet, perforated with slots 146 by 3s-inch spaced 13% inches in staggered rounds. Average capacity
for 20-day test in 1931, 540 gallons a minute with draw-down about 55 feet. In March 1935 16-inch casing
removed and well redrilled to 93 feet; cased to 93 feet with standard 12-inch pipe perforated from 36 to
86 feet with torch-cut slots 14 inch wide by 6 inches long spaced 3 inches horizontelly and vertically

!
Valley fill: Valley fill--Continued.
Siit loam, sandy._..______..___. 115 114 Gravel, waterworn, and coarse
Adobe, black, angular____._____ 314 5 sand, grading to fine sand
Clay, yellow__.__.._..____.___. 414 9L and clay at base_......_._.._ 12141 55
Sand, fine, blue_..._____...__.__ 1 1014 Sand, fine, red.___.____ ... ... 1 56
Gravel, fine; water table, static Clay, yellow with gray_____._. 5 61
level —11feet_______.________ 134 12 Sand, gravel, and clay_..__..__ 2 63
Gravel, fine, grading to coarse Sand, fine, blue___._._..__._.__. 1 64
SANQA .- . e . 2 14 Clay, blue, with blue sand
Clay, blue, and fine sand______ 134! 1515 layers. ... 1 75
Clay, blue, grading to fine Clay, fine, blue, coarser toward
sand at base___ ... _____.__ 614 22 bottom, with some gravel;
Clay, blue. oo oo ce e 17 39 “third fiow” of water.__._... ii 86
Clay, blue, and gravel, hard- Clay, blue. ..o 14 8614
0723 HE R 3}/2! 4214
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Drillers’ records of wells in the Harney Basin—Continued

No. 112, pl. 2.

R. W. Cozad. Land-surface altitude 4,132 feet; drilled by P. S. Weiterhiller in 1929; diam-

eter 24 inches; casing to 64 feet, perforated from 56 to 64 feet; tested capacity 435 to 525 gallons a minute
in 1931, with draw-down about 40 feet

|
Thick- Depth Thick- Depth
ness ness
(foet) (feet) (feet) (feet)
Valley fill: Valley fill—Continued.
Loam. ..ol 6 6 Quicksand, water-bearing._ __ ._ 5 38
Hardpan, cement______________ 134 7% Clay, blue, hard and sandy.... 2 40
.Sand, grades to gravel_________ 2 914 Gravel cement_______________. 4 44
Gravel, rounded, little sand; | | || (Moo e . 7 51
water table, static level —9 Gravel loose, water-bearing. . _ 19 70
 (:1<) I 414 14 Clay, b]ue _____________________ 2 72
Clay, blue, compact, with
some sandy layers..__.._____ 19 33

No. 143, pl. 2. J. C. Clemens.

Land-surface altitude 4,132 feet; drilled by Boyer & Koenemann in 1930;

diameter 12 inches to 52 feet, 10 inches 52 to 478 feet; cased to 117 feet; artesian flow estimated 300 to 400

gallons a minute

Valley fill:
Soil
Safllld and gravel; first artesian

Clay,blue___ ..o i
Gravel: second artesian flow___|
Clay, blue, soft_______________. ‘
Late basalt scoria or Danforth |
formation: !
Clay, vellow___.___....._.__... i
Clay, blue, soft .________._____. !

il

60

82
97
109

207

217
245

Late basalt scoria or_ Danforth
formation— Continued.

Clay, yellow_ ... _.__.__.___. 10 255
Clay, blue, hard_ ... _.....____ 58 313
Shale, green. ______________.__. 39 352
Sandstone; third artesian flow_ 106 458
Roek,red__________________._. 19 477
Soapstone fourth artesian flow. 1 478

No. 171, pl. 2. Pacific Live Stock Co.

Land-surface altitude 4,128 feet; drilled by William Switzer in
1932; diameter 10 inches; cased to 121 feet

Valley fill: |
Soil
Sand, water-bearing. .________. i
Clay, blue, soft and sticky..___ i
Sand, brown, with pea-sized

gravel; water-bearing___..___
Clay, blue, soft and sticky.__._.
Sand, grading to marble-sized

[, ¥-L) Ol\)w

20
30

Valley fill—Continued.

Clay, blue, harder than abcve._ 30 85
Sand, water-bearing_ .. _......_. 1 86
Clay, blue (shale). . ___._______. 814 9414
band and gravel, water-bear-
__________________________ 3£ Y714
Harney formatlon (?): Shale.._.... 20714 305

gravel . . oo iciaen 7 55
No. 197, pl. 2. Ralph Catterson. Land-surface altitude 4,106 feet; drilled by P. S. Weitenhiller; diameter
18 inches; cased to 80 feet
Valley fill: Valley fill—Continued.

Soil, sandy . ... . ..._..
Sand, very fine, and gravel,

water-bearing. .. ...
Clav. blna

~ Ay i e cace et m e

12

o
[SRe

12

0

130
130+

bearing_ . __.__
Clay, blue

and and &

Santi an

Bl

Quicksand, flne, black, water- E
l

No. 226, pl. 2. Pacific Live Stock Co.

Land-surface altitude 4,103 feet; drilled by Boyer & Koenemann in
1931; diameter 8 inches; reported as ‘‘dry hole’’

Valley fill: Valley flll—Continued. ! !
133 (S 2 2 Lavarock. . ... .____ 1/2‘ 49
Hardpan_.._ .. . aao... 6 8 Clay, yellow. ... .._._____ 2 i 51
Sand; little water 20 28 Sand, black, and clay...._____. 9 1 60
Clay, yellow 6 34 Clay, green, and sand_. __._... 16151 10614
Clay, green 14141 48% !
No. 246, pl. 2. Fred Timm. Land-surface altitude 4,105 feet; drilled by Fred Timm in 1931; diameter 4
inches at top, 134 inches at bottom; uncased
Valley flll; Valley fills—Continued | I
1Y - e 52 52 Quicksand...cceacccacanaaa U PR I
and black, water-bearing. ... 8 60
Clay, varlegated (black, gray,
green and blue)...........__. 125 185
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Driliers’ records of wells in the Harney Basin—Continued

No. 275, pl. 2. Oregon Short Line Railroad Co., at Crane. Land-surface altitude 4,134 feet; drilled by Ray
tSex;}cith in 1916; diameter 10 inches; cased to 92 feet; reported yield 125 gallons a minute during a 5-heur
Thick- Depth Thick- Depth
ness | “(feet) ness | “feet)
(feet) (feet) ‘
Valley fill: Valley fill—Continued.
Soil.. . 22 22 Gravel, cement_____ ________ _. 8 98
Qulcksand ____________________ 20 42 || Harney formation (at least the
__________________________ 8 50 upper part): Shale, hard; weter
()mokqand _____________________ 40 90 from rock at 410 feet _ ____.________ 317 415
|
No. 331, pl. 2. Mrs. Frank Dunn. Land-surface altitude 4,099 feet; drilled by Hahn & Backus in 1930;
diameter 6 inches; cased 20 feet
‘ -
Valley fill: Dirt and clay (sedi- ! i Late basalt near Voltage—Con )
ments) . .. 19 4 19 | Shale, red, broken (probably
Late basalt near Voltage: l ‘ SCOTIB) . _.___ 75
Rock (vesicular basalt) __._____ 51 | 0 i 10 2 | 815 8334

No. 332, pl. 2. Hahn & Backus.

Land-surface altitude about, 4,100 feet; drilled by Hshn & Backus in 1931;
diameter 8 inches at top, 6% inches at bottom; artesian flow estimated 120 gallons a minute

Valley fill: Soil and subsoil.______.
Late basalt near Voltage:

Lava, broken, loose_.___._..___ l
Lava, brownish black, hard . _ _|

Rock, broken

! !
2014 2214 1 Late basalt near Voltage—Con. |
\ Lava, gray, hard______________ 25
413 27 | Tava, vesicular and broken; |
17 44 I vesicles filled with white tal- i
cose material
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HARNEY BASIN, OREGON

Measurements of depth to water in observation wells, 1928-32

No. 5. Frank Whiting. Stock well, drilled 18 inches in diameter and 288 feet de>p. Water from Dan--
forth formation. Measuring point, top of casing, 1.0 foot above land surface; altitude 4,154 feet (inter-
polated)

Depth to l Depth to Depth to Depth to
v‘(zater vz't-:ner vgfater water
feet eet eet feet
Date below Date below Date below Date b(elow
measur- measur- measur- measur-
ing point) ing point) ing point) ing point}
1930 1931 1931 1932

Aug. 8.___._. 9.95 (| Feb.7______. 13.15 || Nov.9_______ 11.20 |} June 6_______ 3.35

Sept. 6._...__. 10.90 |{ Mar. 7__.__ 13.05 || Dec. 4. _____ 11.10 || July 1.______ 4,90

Oct. 3. _.____ 11.36 || Apr.4.._____ 6. 05 Aug. 1_______ 6. 45

QOct. 18.____. 11.45 || May 9._._._. 4.90 1932

Nov.1....__. 11.50 || May 19._____ 5. 65

Dec. 6. ... 11.50 || June 9...._.. 6.15 (| Jan. 4________ 12. 35

July 6. _____ 7.10 || Feb. 2__.____ 11. 80

1931 Aug. 4. _____ 9.30 Mar. 3.._____ 12. 40
Sept. 2._..... 10.60 |} Apr.1___.___ 5.30

Jan. 3 ... __ 11.55 | Oect. 1__.____ 11.15 ||[May 9. _...__ 2. 60

No.8. Alex Rogers,

Domestic well, dug 5% feet in diameter and 11 feet deep. Water from shallow valley

fill. Measuring point, top of well platform, 0.5 foot above land surface; altitude 4,147 feet (interpolated)
1930 1931 1932 1932
Sept. 1._..._. 9.05 || July 7._____. 890 || Jan. 4___...__ 10.25 [} July 1. .. ____ 6.10 -
QOect.6_ ______ 9. 40 Aug.4._____. 9.25 Feb.2.._____ 10.20 || Aug. 1._..___ 7.40
Sept. 2._.____. 9. 50 Mar.3.______ 10. 15
1931 Oct. 1_______ 10.20 || Apr. 1. __..__ 4.75
Nov. 9._._... | 9.95 || May9..__.__ 3.50
May 19.____. 8.45 || Dec. 4._.__.. ! 9.85 || June 6...____ 4.25
June9_._____ 8. 60 i
|
No. 10. William Krzeska. Unused well, dug 6 feet in diameter and 14 feet deep. Water from shallow
valley fill. Measuring point, top of 2- by 12-inch plank of platform, at land surface; altitude 4,144.5 feet
1930 1931 1931 l 1932
Sept. 1._.._.. 10.75 || Apr. 4. __.__. 10.90 || Dec. 4.....__ 11.76 || Jure 6_.___.. 1L. 20
Oct.6___._... 10.85 || May9._____. 11.00 Ju'v1.______ 10. 90
Cet. 18..._.__ 10. 90 May 15....__ 11. 30 1832 Aug.1....___ i1. 55
Nov. 1 _.._.. 10.85 || June 9__..__. 11.30 1
July 7. ... 11.30 || Jan. 4________ 11.15 |
1931 Aug. 4 __.___ 11.40 Feb. 2 ___.___ 11.15 '
Sept. 2......_ 11.45 )| Apr.1______. 10. 90 i
Feb. 7...._.. 10.90 || Oct. 1.__..___ 11.50 || May 9______. 11.30
Mar. 7....._. 10.70 || Nov.9_.__._. 11.55 || May 31.____._ 1120 }
No. 11. Frank Triska. Dcmestic well, drilled 6 inches in diameter and 44 feet dee>. Water from deep

valley fill. Companion to-well 12,.which is about.150 feet to the south and which teps the shallow valley

fill. Measuring point, top of casing, 0.6 foot above land surface; altitude 4,133 feet (interpolatad)
1930 1931 1931 1932
Qct.6____... 9.85 | Mar. 7.______ 10.15 {| Nov. 9.._____ 10.75 || May 9_______ 4.45
Oct. 18 . __.. 9.90 | Apr.4_______ 10. 15 Dec. 4. ______ 10.75 || June 6_______ 5.25
Nov. 1..._.._ $.90 | May 9. ______ 106. 065 July i....___ 8. 65
Dec. 6. ... ... 9.70 | May19____._ 9.%0 1932 Aug.1.____._ R. 10 -
June 9_______ 10. 05
1931 July 7. ______ 10.20 || Jan. 4____.___ 10. 85
Aug. 4_______ 10.45 || Feb.2_______ 11. 30
Jan.3....... 9.70 | Sept. 2._.____ 10.70 Apr.1._____. ¥5.70
Feb.7._..... 10.00 { Oct. 1.._____ 10.70

1 Adjacent land flooded.
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Measurements of depth to water in observation wells, 1928—-32-—Continued

No. 12. Frank Triska.

Unused well, drilled 8 inches in diameter and 16 feet deep. Water from shallow-

valley fill. Measuring point, top of casing, 2.0 feet above land surface; altitude 4,134 feet (interpolated)
Depth to Depth to.
water water
(feet (feet
Date helow Date Date Date below
measur- measur-
ing ing
point) point)
1930 1931 1931 1931
Oct.6__. ... 11.15 || Jan. 3_.______ Apr. 4 ______ May 9. __.__ [
Qct. 18- __ 11.15 Feb. 7.______
Nov.1.______ 11.15 1| Mar. 7. ____
Dec. 6. __ 11.25

No. 14, I. L. Poujade.
till. Measuring point, top of 2- by 14-inch plank, at land surface; altitude 4,143 feet (interpolated)

1930

11. 40
11. 40
11. 50
11.40

11. 55
11. 85

Unused well, dug 5 feet in diameter and 14 feet deep; water {-om shallow wvalley

P

1931

July 7. ___.__
Aug.4_______
Sept. 2.___._.
Oct. 1. _.___.

1931

1932

9. 35
9.30
10. 20
11. 00

No. 30. Davidson.
Water from deep valley fill; underlying Danforth formation (?) not water-bearing.
no. 31, which is about 125 feet to the west and taps the shallow valley fill.
ing, 8.40 feet below land surface; altitude, 4,135.28 feet

Stock well, drilled; initial depth reported 400 feet; measured depth, 63 feet in 1930.
Companion to well
Measurirg point, top of cas-

1930

5.6

o
© -1

(5 =}

Aug. 3. ______
Aug. 10___...
Aug. 17.____.

Avier 4

Sy ]

QOct. 14____.
Oct. 19__ ...

2%

2.90-

No. 31. Davidson. Unused well, dug 5 feet in diameter and 22 feet deep. Water fro.u shallow valley fill,
Measuring point, top of casing, at land surface; altitude, 4,144.28 feet

1930

Aug. 9.___ __

1931

May 12._____
May 18______

13.30

13. 40
13. 42
13. 48
13. 52

1931

June 8_ _____
June 15__ ___

July 27 ...

Aug. 3. . ___
Aug. 10__ . __
Aug. .
Aug. 24 _____
Aug. 31.______

1931

1931

14. 05
14.03

13. 50

1 Casing removed and well filled up.

2 Pump or windmill stopped a short time before measurement.
3 Windmill operating during measurement.
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HARNEY BASIN, OREGON

Measurements of depth to waler in observation wells, 1928-32—Continued

No. 33. Owner unknown. Unused well, dug 4 by 6 feet across and 13 feet deep Water from shallow
valley fill. Measuring point, top of 2- by 12-inch well curb, 1.5 feet above land surface; altitude, 4,145
feet (interpolated)

!
Depth to Depth to | Depthb to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1936 1931 1931 1932

Aug. S _. 10.80 || Feb. 7. 1L15 | Oct. 1____.__ 11.65 || Apr.1..____ 11.20

Sept. 6_._.___ 10.85 (I Mar, 7__..___ 11,05 || Nov.9_______ 1.70 || May 9....___ 10. 20

Oct. 4___._.. 11. 00 Apr.5__..... 11,15 || Dec. 4. __ 11.65 || June 6_..___. 10. 00

Oct. 18__._.._ 10.95 May9_..__.. 11. 15 July 1___._._ 10.15

Nov.1l.__._._ 11.00 || May 19_____. 11.15 1932 Aug. 1...____ 10.75

Dec. 6....-. 11.10 || June 9______. 11.30

1931 July 6_____.__ 11.40 }| Jan. 4. ___. 11. 70
Aug. 4 _____. 11.55 || Feb. 2. ______ 11. 60
Jan, 3ooee.o_ 11.35 || Sept.6...____ 11. 55
No9. 37. L. M. Hamilton. Unused well, bored 18 inches in diameter and 98 feet deep. Water from deep

valley fill. Measuring point, top of casing, 1.0 foot above land surface; altitude, 4.153 feet (interpolated)
1930 1930 ,' 1931 1932
]
Aug S ... 11.75 Dec.6__._._.. ! 12.45 1f June 9__.____ 12.77 {| Jan. 4__..___. 13.43
Aug. 11 _____ 111,82 July 6. _____. 12,95 Apr. 1 __.__. 10.70
Aug. 17______ 11. 84 1931 Aug 4. __ 13.15 || May 9..._... 8.95
Aug.23____._ 11. 90 ‘ Sept. 2....___ 13.24 |} May31._.___. 8. 45
Sept. 6______- 12.06 Feb. 7_______ ' 12. 60 Oct. 2 _.____ 13.30 {| June 6_._._.__. 8.45
Sept. 13__.__. 12.11 Mar. 7_______ 12.40 Nov. 9.._..._ 13. 27 July 1..._._. 9.19
Sept. 29___..__ 212,16 |! Apr.4______. 12.68 || Dec.4__.__.. 13.20 || Aug. 1_._____ 10.43
Oct. 18_____. 12.25 || May9.______ 12. 60
Nov 1.____.. 12.36 ll May 19___.__ I 12. 62
i

No.40. William Hanley Co. Domestic well bored 3 feet in diameter and 42 feet deep. W ater from shallow
valley fill. Measuring point, in top of plank well cover, copper nail with washer, 2.0 feet above land

surface; altitude, 4,162 feet (interpolated)

14. 20
14.70
15.10

13.60

13. 60
13.95
15.35
16.00
16. 356
16.70

1932 1932
Jan. 4. _______ 16.90 || Aug. 1..__.__
Mar.3...__.. 16.70
Apr.1_______ 12.65
May9.._.._. 8. 65
June6.._____ 9. 50
July 1._____. 10. 25

11.95

No. 43. Hansen.

Unused well, drilled 4 inches in diameter and 14 feet deep. Weter from shallow valley

fill. Measuring point, top of casing, 2.3 feet above land surface; altitude, 4,157 feet (interpolated)
|
1930 1931 i 1931 } 1932
Aug.12..._. 11.10 || Feb. 7. .. 12. 60 ] Nov.9....._. 12.60 || June 6.._.... 9.40
Sept. 5.o_.--< 11,75 |} Mar., 7.__._.__ 12.45 i Dec. 4. ___. 13.05 {| July 1...._.. 9.70
Oct. 4_...._. 12.15 || Apr.4__.____ 10.95 Aug. 1. ____. 10. 80
Oct. 18______ 12.20 || May 9. ____ 9.65 || 1932
Nov. 1. ._..__ 12.25 || May 19____.. 9.55 ||
Dec. 6__..._. 11.65 | June 9_______ 9.85 || Jan. 4..__.__. 13.10
July 6. __.__. 10.35 |{ Feb.2_____.. 13. 00
1931 Aug. 4...___. 10.60 || Mar. 3. __.__ 12.70
Sept. 2__.___. 12.45 || Apr. 1._.__.__ 11.70
Jan.3.....__. 12.30 |{ Oct. 1__.___.. 12,95 || May 9..___.. 10. 16
t Water-stage recorder instailed. * Water-siage recorder removed.
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Measuremenis of depth to water in observation wells, 1928-32— Continued

No. 49. Burns Airport. Domestic well, bored 4%4 inches in diameter 25 feet deep. Water from shallow

valley fill. Measuring point, top of casing, 0.3 foot above land surface; altitude 4,150.19 feet
Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1930 1931 1931 1932
Aug. 8 ______ 10.85 {| Apr.20__...._ 10. 88 11,60 [| Mar. 4..___._ 12.05
Sept. 6. 11.15 i| Apr. 29 _ ...__ 10. ¥4 11.71 Mar. 19_____. 12.12
Oct. 3. _-__ 11.40 |} May 9_______ 10. 10 11.82 || Mar. 26...___ 10. 32
Oct. 18______ 11.50 |} May 18_.____ 10. 12 11.91 || Apr. 2 _.____ 10.19
Nov. 1._.... 11.25 || Muay 25._____ 10. 14 1201 |} Apr. 9 ._.- 7.82
Dec. 7. 11.80 || June 1_._____ 10.23 12.09 {| Apr. 16__ 7.32
June 8 ______ 10. 36 12.15 |} Apr. 23_. 6187
1931 June 15__.._. 10. 49 12,20 || Apr.30_.___. 6. 40
June 22______ 10. 57 12,19 || May 7..-_... 1578
Jan.3_.__.__ 11.85 || June 29._____ 10. 66 12,20 | May 14__.___ 15,59
Feb. 8_.__... 12,20 || July 6_ ... 10. 77 12.30 || May 23._.__. 15,47
Mar. 8_____.. 12,15 || Julv 13__._._ 10. 88 12,80 || June 7..._-._ 5.06
Mar. 16_ ... 12.20 || July 20.._.__ 10. 98 June 24______ 5. 04
Mar. 25______ 12 14 {t July 27_._.__ 11,11 July 6 _...___ 7.15
Mar. 31___.__ 12.05 || Auc,. 3. ... 11. 25 July 19______. 8.04
Apr. 5. ... 1L.77 |1 Aug. 10__.___ 11,37 13.55 || Aug. 1 ._..._. 8.75
Apr.11______ 11.23 || Aug. 17__.... 11. 46 12.38

No. 50. George Whiting., Stock well, dug 12 feet deep. Water from shallow valley fill.
well 51, which is about 100 feet to the southwest and whieh taps the deep valley fill: distributary chan-
nel of the Silvies River about 25feet to the north. Measuring point, top of 2-inch plank in well platform,
0.2 foot ahove land surface; altitude 4,144.£9 feet

Companion to

1930

Sept. 13__.._
Oct. 4______.

Lo
QO v O
Nt

1931

Junel_._.._.

July 6. __

1931

10.17
10.12
10. 10
10. 68

bt b

PRRSD
SOVED O
RO R OO

1932
Apr.16....__ 32.86
Apr. 23...___ 32.37
Apr.30._._.. 31.72
May 7-..___ 32.40
May 14.____. 32,89
May 23...... 32,98
June 7_..___. 33.35
June 24______ 5.17
July 6..._... 6.12
July 19. ... 5.73

No. 53. Obil Shattuck. Unused well, drilled 6inches in diameter and 848 feet deep in 1893, redrilled 325

feet deep in 1930.

Water irom deep valley fill and Harney (?) formation.

Companion to well 54. Meas-

uring point, top of 6-inch casing, 1.9 feet above land surface; altitude 4,141.15 feet (in common with

well 54)
1930 1931 1931 1931

10.80 || June 8___..._ 4121.86 || Aug.10...._. 422 36 15.72
419.10 || June 15______ 421.52 ) Aug. 17_..._. 23.86 15.37
June 22______ 22,37 || Aug.24.____. 20. 64 15. 49

June 29__.._. 424,14 || Aug. 31...._. 19. 28

July 6___..__ 423.65 17.90

17.40 || July 13____._ 424 81 17.01
4$18.24 | July 20__.._. 425,18 18. 04 12.90
4109.41 July 27___._. 425.72 17.41 11. 64

June 1....___ 420.87 || Aug.3-._-__ 25.35 16. 59

1 Adjacent land fiooded.

? Windmill operating during measurement.
3 Water fiowing in adjacent channel.
# Pumping from adjacent irrigation wellin deep valley fill.

66814—39———11
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Measurements of depth to waler in observation wells, 1928-32

HARNEY BASIN, OREGON

Continued’

No. 54. Obil Shattuck. Unused well, dug 6 feet square and 28 feet deep. Water {from shallow valley fill.

Companion to well 53, whose casing it surrounds.
land surface: altitude 4,141.15 feet (in common with well 53)

Measuring point, top of 6-inch casing, 1.9 feet above

Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date helow Date helow Date below
measur- measur- measur- measur--
ing ing ing ing
point) point) point) point)
1930 1931 1931 1931
Aug. 12._____ 14.15 || June 8_.____. 14.65 || Aug. 10.____. 14.83 || O-t. 19___.__ 14. 90
Aug.23..____ 14, 21 June 15__..__ 14.66 || Aug. 17.___._ 14. 81 O-t.26_.__._. 14.87
June 22___.._ 14.69 || Aug. 24 ____ 14. 86
1931 June 29.____. 14.72 {| Aug.31_.____. 14. 86 1932
July 6. ... 14.75 || Sept. 7._...__ 14.85
May 12..____ 14.55 || July 13_____. 14.76 Sept. 21.._._. 14. 88 Mar.4_..____ 14.77
May 18..____ 14.60 || July 20_.___. 14.79 || Sept. 28._..__ 14.88 || May 12.____. 14. 58
May 25._..__ 14.60 || July 27__.__. 14.81 || Oct. 5_...___ 14.90
June 1. _._.__ 14.62 || Aug.3_..._.. 14.83 | Oct. 14 ____. 14,88
No. 55. Owner unknown. Stock well, drilled 16 feet deep. Water from shallow valley fill. Measuring
point, top of pump-base flange, 2.3 feet above land surface; altitude 4,141 feet (interpolated)
1930 1031 1931 1932
Sept. 13 .___ 16. 65 Mar. 31 _.___ 16.95 {| July 13______ 16.92 || Apr.16__._.. 17.03
Oct. 4. _____ 17.15 || Apr. 4. ______ 15.82 |1 July 20_____. 16.94 Apr.23__..__ 17.00
Oct. 18___.__ 17.20 || Apr.11__ ___ 16,88 [} July 27___. __ 16.96 || Apr.30.._... 17.04
Nov. 1._._.___ 16. 60 Apr.20. ___. 16. 88 Aug.3..____. 16. 99 May 7 ... 17.10
Dec. 7. ____ 16.70 || Apr.29_____. 16.85 {| Aug. 10___._. 17.01 May 14___.__ 16. 90
May 18___.__ 15.80 || Aug. 17____.__ 17.03 May 23__ __ 16. 89
1931 May 25.____._ 16. 80 Aug. 24 _.__. 17.04 || June 6. _._.__ 17. 10
June i____.__. 16. 82 Aug.31._.___ 17.25 || June 24._.__. 16. 87
Jan. 3. .__._. 16.70 |} June 8_..____ 18,83 July 6._._ ... 17.01
Feb. 7.___.__ 16.95 || June 165.__.__ 16. 86 1632 July 19...___ 16. 94
Mar. 8 ___.__ 16 90 || June 22______ 16. 87 Aug. 1 ______ 16, 98
Mar. 16______ 16.90 || June 29______ 16. 8% Mar. 19______ 17.10
Mar. 25._____ 16.90 || July 6____... 16.91 || Mar. 26._.__. 17. 20
No. 56. J. 8. Cook. Irrigation well, hored 18 inches in diameter and 105 feet dcep. Water from deep
valley fill. Measuring point, top of pump base, at land surface; altitude 4,142.80 feet
1931 1931 1931 1931
May 11._____ 112.00 || June 15_____ 20.25 | July 20______ 16.57 || Aug.31..____ 17.95
May 1t _____ 17.80 {| June 22______ 16.710 || July 256 .. _. 269.65 || Sept. 7.._.___ 19. 22
May 16.____. 20.35 || June29.__.__ 2115 || July 27_ .. _. 268.90 || Sept. 21 _..__ 17.83
Mav 18._____ 16.10 1| July 6 _____. 18.30 || Aug.10__.._. 1R.38 || Sept. 28._____ 15.47
Junel.__.___ 1560 !| July 11._____ 16. 85 Auz. 17____ .. 16. 80
June11____ .. 177.90 || July 13._____ 16.70 || Aug. 24 16.12
No.57. Observation well, hored hy Geolnzieal Survey, 4 inches in diameter and 1214 feet deep. Water
from shallow valley fill. Measuring point, top of easing, 0.7 foot above land surface: altitude 4,140.70 feet
1930 1931 1931 1932
Oct. 4. ______ 10.84 || MayQ_______ 11,13 Aug. 31 . ____ 11.06 }| Mar.19._____ 11.13
Oct. 18______ 10. 7 May 18 ____. 11.02 Sept. 7____._. 11.12 Diar.gﬁ ______ 311.15
Nov.1_..____ 10.89 || May 25______ 11.06 || Sept. 14..____ 11,16 || Apr.2_______ 310.97
Dec. 7. .__ 10.7 June 1______. 10.40 || Sept. 21__.___ 11.11 Apr.9____._. 310.92
June 8 ____.__ 10. 57 || Sept. 28___._ 11.16 || Aor.16___._. 310. 83
1931 June 15_____. 10. 40 Oct. 5__..__ 11.22 Apr.23___._. 310.81
June 22. ____ 10 &° Oct. 24_____. 11.23 || Apr.30_____. 310.77
Jan. 3. ... 10.89 || June 29_____. 10. 7 Oct. 19____ _ 11.26 || May 7.___... 310.71
Mar. 8 ... 11.05 July 6. __._. 10. 69 Oct. 26_____. 11. 27 May 14.__.__ 310.58
Mar. 16._____ 11,08 || July 13__..__. 10.81 Nov.9_ .... 10.55 || Mav 23_____. 39.92
Mar. 25______ 11,10 {| July 20._.___ 10. 93 Dec.6__._.__ 11.35 || Jane 6_.._._. 310.02
Mar. 31..__.. 11.09 |} July 27__.__. 11.02 Jine 24______ 10.00
Apr.5.______ 11,11 Aug.3..___._ 11. 02 1932 Juy 6. ____. 10. 56
Apr. 11._____ 11.10 || Aug. 10______ 10. 60 July 19..____ *)
Apr.20._..._ 11,10 Aug. 17.___.. 10.79 !| Jan.5...._._ 11. 50
Apr.29._____ 11.06 Aug.24._ ... 10. 97 Mar.4.___.._ 11.38

1 Measurement by owner.

1 Pump operating in well during measurement.

3 Water fiowing in adjacent channel.

¢ Caved in.
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AMeasurements of depth to waler in observation wells, 1928-32—Continued

No. 538. Observation well, bored by Geological Survey, 4 inches in diameter and 12 feet deep. Water from

shallow valley fill.

Measuring point, top of casing. 0.4 foot above land surface; altitude 4.142.83 feet

Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1930 1931 1931 1932
Octd4_ . _.._. 12.00 || Apr.29. _____ 12.10 || Aug. 10..____ 12,75 || Apr. 2__.___. 210.70
Oct. 18. .. ___ 12.08 May 9._.._. 1LY Aug. 17_..___ 12.75 Apr.9_ .. __.__ 410. 54
Nov.1 ______ 12.02 May 18______ (1) Aue. 31 .____ 12.78 Apr. 16______ 210.10
Dec. 7.______ 11.65 || May 25______ M Sept. 21_.____ 12.69 {| Apr.23__.__. ? 9 .52
June 1. _____ (1) Oct. 14__.____ 12. 7 Apr.30___._. 29.14
1931 June 8_______ o) Nov. 9. ______ 12,35 || May 7....._. ?8.83
June 15______ 12. 58 May 14______ 28 87
Jan.3_ .____ 12.03 || June 22______ 12. 59 1932 May 23..._. 29,11
Feb.7....__. 12.15 || June 29_.____ 12. 60 June 6.__.___ 29 32
Mar. 16______ 12,35 || Julyv 6____ __ 12,85 |{ Jan. 5_______. 12.30 || June 24______ 10. 01
Mar. 25 ___ 12.35 {| July 13..____ 12,70 || Feb.3______. 13.00 |{ July 6____._. 10. 33
Apr. 5.__ ___ 12.50 || July 20 - 112. 7 Mar. 4. _____ 12.86 || July 19._____ 10. 53
Apr. 11______ 12. 40 July 27__ 12. 65 Aar. 19______ 12. 76 Aug. 1..____. 10.78
Apr.20_ ____ 12.10 || Aug.3__._____ 12 84 Mar. 26___._. 212.47

No 59.

from shallow valley fill.

Observation well, bored by Geological Survey, 4 inches in diameter and 1214

feet deep. Water

Measuring point, top of casing, 0.5foot above land surface; aititude 4,142.85 feet

1930

Apr. 5. ___._.
Apr. 11._____

11.91
12. 44
11. 98
12.00

11.99
11. 55
12.35
12.32
12.36
12.33
12.35
12.32

1931

Apr.20.__. .
Apr.20______

12 35
12.31
12.39
12.37
12.42
12.43
12.46
12.48
12. 49
12,52
12.53
12,87
12. 59
12.64
12. 68

1931

Aug. 10._____
Aug.
Aug.
Sent.
Oct. 1
Nov. 9. ______

Mar. 26______

12. 34
13.00
12.32
12. 40
29.84

1932

Apr. 2 _____.
Apr.9_._____
Apr.
Apr. 23___.__
Apr.
May 7....__.

May 23 ___

R R e

COLLNDIIEND NN
[ )
(S,

— e

No. 60.

shallow valley {ill.

Observation well, bored by Geological Survey, 4 inches in diameter and 12 feet deep. Water from
Measuring point, top of easing, 0.7 foot above land surface; altitude 4,141.96 fect

11.00
10.99

11.30
11. 45
11. 68
11. 63
1i.62
11.62
11. 55
11,25

1931

May 18______
Mav 25______

July 6. _____
July 13_.____
July 20______
July 27__.___
Aug. 3. ._____

11
11.
Q)
11.
11. 55
11
11.
11
1L
11,
11.
11
1.7

-
D W

1931

12,05
11.80
11.57
11.62
26.82

I Well dry.

? Water flowing in adjacent channel.
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Measurements of depth to water in observation wells, 1928-32

HARNEY BASIN, OREGON

Continued

No. 61. Owner unknown. Stock well, bored 6 inches in diameter and 28 feet deep. Water from shallow
valley fill. Measuring point, top of casing, 1.0 foot above land surface; altitude 4,144.50 feet
Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date helow Date helow Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1930 1931 1932
Aug. 9. __..__ 12. 80 13.47 || Aug.10______ 13.7 NMar.19._____ 13. 67
Sept. 13__..__ 12. 90 13.45 || Aug. 17______ 13.80 || Maor. 26_____. 113.85
Oct. 4. _.___ 13. 10 13. 46 Aug. 24 _____ 13. 80 Apr.2.______ 113.50
Oct. 18...... 13.05 13.45 || Sept. 21___... 13.94 || Apr. 9. _____ 112 59
Nov. 1._.__._ 13. 10 13.45 |} Sept. 28_ ... 13.92 || Apr.16_._____ 112.08
Dec. 7_cauae. 13. 20 13. 45 Oct. 14__.__. 13.95 || Apr.23_____. 112.40
13. 47 Oct. 19 _____ 13,94 (| Apr.30.____. 112,41
1931 13.50 || Oct.26___.._ 13.91 || Mav 7.__._.. 112.16
13.52 || Nov. 10_.__._ 13.90 || May 14______ 112,15
Jan. 3. __.___. 13.25 13.54 |} Dec. 6. ... 13.97 || May 23______ 111.85
Feb. 7. ....._ 13. 40 13. 57 June 7_______ 111.64
Mar. S_...... 13.45 13. 62 1932 June 24______ 11.72
Mar. 25__..__ 13.45 13. 65 July 6. _.._. 11.70
Mar. 31____._ 13. 42 13. 67 Jan. 6___...__ 14.01 July 19...___ 11, 84
Apr. 5 ______ 13.48 13.71 Feb. 3. ... 14.00 || Aug. 1 __.___ 11,89
Apr. 11 ... 13. 45 13.75 || Mar.4....... 13.73

No. 62. William McLaren. Domestic well, bored 18 inches in diameter and 16 feet deep. Water from

shallow valley fill.

0.2 foot above land surface; alt'tude, 4,141.¢0 feet

Companion to well 62, which is about 300 feet to the southwest; also to well 64, which

is about 300 feet to the west and which taps the deep valley fill. Measuring roint, top of casing, about

PoEBCoo
bt
N

1931

Sept. 21._.__

0 0 0009 0000 O 30 00 L0 W D
CIDI DD D bt e = D O QO 4 D
WO AN UL O OW e ©

1931

Sept. 28 . __
Oct. 5. __.__.

15,27
13.08
1170
12.63
12.28
124,22
12.26
12.95
4.25
4.55
6.81
8.04

No. 64. William McLaren. Irrigation well, bored 18 inches in diameter and §7 feat deep. Water from

deep valley fill.

e N a1 a0 fas
surface; altitude, 4,141.92 feet

Measuring point, bottom of %4-inch drilled hole in side of casing, 0.1 foot above land

1930

90909000 0 50 00
OO ~J O00~J N>
OO N

2N 02 i B A

=~ €O 00 90 20 00 00 ¢O O
W O3 0D C0 T2 i T3 O
SR -TONROR

1931

DEP 28 e

Feb.3_ __.._.

PLOOOODODLD
=t bt e DO = DD O DD RD
IO O © O 00

1932

July 6._._...

1 Water fiowing in adjacent channel.
? Windmill operating during measurement.
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Measurements of depth to water in observation wells, 1928—-32—Continued

No. 65. Pacific Live Stock Co. Irrigation well, drilled 12 inches in diameter and 300 feet deep; water from
Harney (?) formation. Measuring point, top of pump base, at land surface; altitude 4,145.58 feet

Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1930 1931 1931
Aug. 12__.__. 19,6 || June29._..__ 9.62 || Sept. 14__.___ 10.19 10.71
Aug. 27_____. 29,3 July 6. _._... 9. 53 Sept. 21__._.. 10.21 $5.19
Oct.22.___.. 312,00 || July 13..__._ 9.54 || Sept.28_.._.. 10.21 5. 41
July 20...... 9.57 || Oct.5...._.. 10. 21 6.17
1931 July 27 ... 9. 68 Oct. 14__._.. 10. 25 Aug.3....... 7.39
Aug. 3 ... 9.80 || Oct. 19.____. 10. 26
May 13.._... 9.75 || Aug.10...... 9.91 || Oct.26___... 10.26
May 18_._... 9.00 || Aug. 17______ 9.91 || Nov. 10...... 10.29
Junel._..... 11. 44 || Aug. 24.__._. 9.97 || Dee. 5. 10.27
June 15...._. 13.36 || Aug.31._____ 10.00
June 22__._.. 10.19 || Sept. 7-cceo 10. 09

No. 66. Ohservation well. bored by Geological Survey, 3 inches in diameter and 10 feet deep. Water from
shallow valley fill. Measuring point, top of casing, 0.6 foot above land surface; altitude 4,147.75 feet

1931 1932 1932
Oct. 22..__.. 10.73 || Mar.4__._... 50 || Apr.16...... 50.60
Qct. 26 ... 9.86 || Mar. 19._._._ 9.20 (| Apr.23_____._ 5.65
Nov. 10.._.___ 9.15 || Mar. 26..._.. 4.06 || Apr.30_...._ 5. 57
Dec. 6. 10.10 || Apr. 9. ..._.. 5,82 (| May 14._._._ $2.25

No. 67. Observation well, bored by Geological Survey, 4 inches in diameter and 11 feet deep. Water from
shallow valley flll. Measuring points, (1) through October 19, 1931, top of casing, 0.8 foot above land
surface; altitude 4,147.19 feet; (2) beginning October 26, 1931, top of casing (reset); altitude 4,147.26 feet

1930 1931 1931
Oct. 3. .. 7.79 || Apr.29_____. 2.81 || Aug.24...__. 7.20
Oct, 18.__.__ 7.86 || May 9. - 2.23 |} Aug.31l...._. 7.3%
Nov.1.. ._.. 7.85 || May 18._..... 3.04 || Sept. 7.ccoe-. 7.57
Dec. 7_.._... 8.10 || May 25...... 3.07 || Sept. 14...._. 7.75
Junel_ ... ... 3.76 |{ Sept. 21______ 7.89
1931 June 8_...... 4.50 || Sept.28._.... 7.89
June 15.._... 4.93 }| Oct. 5__.._.. 8.12
Jan.3...._._. 8.13 || June 22._._.. 5.16 {| Oct. 14__..__ 8.15
Feb. 8. __..__ 8.22 || June 29._.... 5.40 || Oct. 19. ... 8. 24
Mar. 8.._.... 8.10 || July6.....__ 5. 63 Oct. 26...... 68 27
Mar. 16..._.. 8.09 {| July 13...._. 5.82 || Nov. 10...... 8.35
Mar. 25...... 7.54 (| July 20.._._.. 6.05 || Dec.6....... 8.33
Mar. 31.____. 417 N July 27___... 6.30
Apr.5...._.. .72 || Aug.3...._.. 6. 54 1932
Apr.11...__. 2.85 || Aug.10.__... 6. 80
Apr.20._.___ 2.83 || Aug.17._.._. 6.97 1] Jan. 6....._.. 8.40

-

o
Labad SIS el K S Balutai
DXARRO DS D

-1

MO DVNRId DO

1 Well being drilled, 37 feet deep when measurement was made.
t Well being drilled, 53 feet deep when measurement was made.
3 Drilling complete; well 300 feet deep.

¢ Water flowing in adjacent channel.

& Adjacent land fiooded.

¢ N'ew measuring point.
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Measurements of depth to water in observation wells, 1928-22—Continued

No. 68.

shallow valley fill.

altitude 4,148.31 feet; (2) beginning October 14, 1931, top of casing (reset); altitude 4,147.42 feet

Observation well, bored by Geological Survey, 4 inches in diameter and 17 feet deep. Water from
Measuring points (1) through October 5, 1931, top of casing, 0.8 foot above land surface;

Depth to Depth to Depth to Depth to
v{fatetr v;'rater vgl?ter vg{ater
ee eet eet cet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing point) ing point) ing point) ing point)
1930 1931 1932
Oct.3.______. 8.68 || May9_._____ 2.25 8.00 || Mar. 26_..__. 21.13
Oct. 18_______ 8.50 |) May 18 ____._ 2. 65 819 |1 Apr.2.__._..__ 2,12
Nov.1 ______ 8.50 || May 25 _____ 2.61 . 8.37 || Apr.9....__. 214
Dec. 7..__.__ 8.47 || June 1_...__. 3.20 . 8.49 || Apr.16.__.___ 2,08
June8._______ 3.83 . 8.57 || Apr.23...__. 2 10
1931 June 15 _____ 4,23 . 8. 62 Apr.30._.___ 2,01
Jan.3.______. 8.51 || June 22______ 4. 36 Oct. 14_______ 17.72 May 7_..._.. 1,05
Feb. 8___.___ 8.47 || June 29______ 4.64 || Oct. 19...____ 7.78 || May 14__.__. 21.29
Mar. 8_.__.__ 8.10 || Julyv6._______ 4,94 1| Oct.26___..___ 7.78 |} May 23_..__. 2, 25
Mar. 16___.__ 810 || July 13___.__. 5.59 || Nov.10._____ 7.69 || June 24__.___ 2,69
Mar. 25______ 4,69 || July 20__._.. 6.01 July 6_.__.___ 1.90
Mar. 31._____ 3.45 |t July 27______. 6. 24 1932 July 19.______ 3.03
Apr. 5. ______ 1.87 || Aug.3____._. 6.87 !l Jan.6________ 7.42 || Aug. 1.______ 4.09
Apr.11______ 2.29 Aug. 10_.____ 7.28 Feb.3.___..__ 7.33
Apr. 20_._._. 2.30 || Aug.17______ 7.58 {{ Mar.4_.__._. 6. 42
Apr.29______ 2.28 || Aug. 24 ____. 7.84 || Mar.19_..___ 6.08
No. 69. Observation well, bored by Geological Survey, 4 inches in diameter and 12 feet deep.  Water from

shallow valley fill,

altitudce 4,150.44 feet: (2) beginning Oct. 26, 1931, top of casing (reset); altitude 4,150.49 feet

Measuring points (1) through Oct. 19, 1931, top of casing, 1.0 foot above land surface;

July 27._.___.

OO 0020 N GO R R 000 W
DO GV 1 OB 1D 00 90 D> 02 =3 00 =1
SERH BRI =[S

1931

10. 47
10. 60
10.80
10. 94
10.95
11.00
11. 05
11.01
110.91
10.41
9.67

9.18
9.30
8.06

July 6_____.___
July 19. .. ___
Aug. 1. ..

6.32
22.30
2.88
21.19
21.02
21.17
2111
21.25
23.16
22,39
22 62
23.23
3.99
5.81
7.06

No. 70. Observation well, bored by Geological Survey. 4 inches in diameter and 14 feet deep. Water from

shallow valley fill.

Measuring points, (1) through October 19, 1931, top of casing, 0.5 foot above land

surface; altitude 4,150.89 feet; (2) beginning October 26, 1931, top of casing (reset); altitude 4,151.05 feet

1930

11.25
11.
11.2
11.

11.
10.

@000 10 02 0 i
<
=

1931

........

O STE D e g e 00 20 00
[0 2}
3

1931

! N'ew measuring point.

? Adjacent land flooded.

3 Well dry.
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Continued

No. 72. C. H. Voegtly. Domestic well, dug 6 feet square and 13 feet deep. Water from shallow valley
fill. Measuring point, top of well cover, 0.7 foot above land surtace; altitude 4,152 fe2t (interpolated)
Depth to Depth to Depth to Depthto
vv{fateér vz’rater vgfater vgfatei;r
ee eet ool (5
Date below Date below Date below Date below
measur- measur- measur- measur-)
ing point) ing point) ing point) ing point
1930 1931 1931 1932
Oct. 22______ 10.30 || May 18 __.__ 9.65 || Sept. 7____.__ 10.25 || Mar. 26....__ 9.65
Nov.1._..... 10.30 || May 25..___. 9.40 || Sept.14._____ 10.55 || Apr. 2_______ 9. 50
Dec. 7_..___. 10.35 {{ June 1____.__ 9.66 || Sept. 21 _____ 10.65 || Apr.9.__.__. 9.45
June 8.___._. 9.45 || Sept. 28__..__ 10.70 || Apr. 16._____ 9.30
1931 June 15._____ 9.80 (| Oct. 14_...___ 10.80 || Apr.23__..__. 9.15
June 22_.___. 9.90 || Oct. 19______ 10.80 || Apr.30_._.__. 9.10
Jan. 3. .____. 10. 40 || June 29._____ 9.90 {| Oct. 26_._.__ 10.75 || May 7-._.__. 9.10
Feb.8_ _.___.. 10.10 || July 6____.__ 9.65 || Nov. 11._____ 10.80 || May 14-.._.. 8.95
Mar.8...____ 10.05 (| July 13_..__. 9.80 || Dec. 6._.._.. 10.75 {{ May 23.._.__ 8.90
Mar. 16_____. 10.05 || July 20_____. 9.95 June 6__..._. 8.90
Mar. 25__.__. 10.00 || July 27...__. 9.70 1932 June 24 _____ 9.15
Mar. 31...._. 9.95 || Aug. 3_______ 10. 10 July 6_...._. 9.25
Apr.5_ ... 9.95 |{ Aug. 10___.__ 10.30 || Jan. 6.._..__. 10.65 || July 19._.__. 9. 50
Apr.20.__._. 9.85 || Aug. 17.____. 10.30 {| Feb. 3. ... 10.55 || Aug. 1-._._.. 9.85
Apr.29______ 9.80 || Aug. 24.____. 10.15 || Mar. 4._.____ 9.70
May 9...____ 9.65 || Aug. 31.._.._. 10.35 || Mar. 19.__.___ 9.70

No. 76. Charles Culp. Unused well, bored 24 inches in diameter and 6314 feet deep. Water from deep
valley fill. Companion to well 77, which is about 15 feet to the south and which taps the shallow

valley fill; West Fork of the Silvies River 50 feet to the east.

above land surface; altitude 4,147.79 feet

Measuring point, top of casing, 0.8 foot

1930

1931
Feb. 28 ______

—
—
[
o>

,.4
OO T b L3 B VO b

. 57
10. 20
10. 52
10.72

Dec. 26_____.
1932

Mar. 22____..

.06
10.
10.
8.
6.

74
48
84
01

O ~NNSd

-
QO NINIOD O i i 00 4 i D0 00 00 00 B O

] 60 D b AT T RS ]

No. 77. Charles Culp. Observation well, bored for Geological Survey, 18 inches in diameter and 15 feet
Measuring point, top of easing, 1 foot above land surface; altitude

deep. Water from shallow valley fill.

4,147.67 feet

1930

11.28
10. 20
10. 00
10. 02
9.34
8. 22

-
HOBONG® R RN W

-
Pt
-J
oS

11,
11,

11.

11.
11.

10.

B PO PO D N N0

81

77
71

64
36
64
70
80
75
69
26
68
50
25

2.17
2.20
2.23
2.17
2.12
3.75
3.09
3.52
3.56
4,98
573
6.14
6. 56
26.80

1 Water-stage recorder installed.

3 Water-stage recorder removed.
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Measurements of depth to water in observation wells, 1928-32—Continued

No.82. Willlam Hanley Co. Stock well, drilled 4 inches in diameter and 5534 feet deep. Water from deep
valley fill. Measuring point, top of casing, 0.5 foot above land surface; altitude 4,136.44 feet

Depth to Depth to Depth to Depth to
vz'fatetr vz'fat%r v(v?ter v(vfatetr
ee ee eet ee
Date below Date below Date below Date below
. IMeasur- measur- measur- measur-
ing point) ing point) ing point) ing point)
1930 1931 1931 1931
Aug. 16...... 10.60 || June 1% 110.42 || Aug.3...___. 111.51 |{f Sent. 21__.___ 11. 64
J 110.61 || Aug. 10....__ 111.69 || Sent. 28______ 11,57
1931 June 29_ 110.80 || Aug. 17______ 111,75 | Oct. 5....__. 11. 51
May18._.... 19.63 {f July6._____. 110.95 || Aug.24_____. 11.80 || Oct. 14___.__ 11. 43
May27.__... 19,87 |} June 13 111.10 {| Aug. 31______ 11.74 || Oct. 19..._._ 11.39
June 1______. 19.99 |{ June 20.____. 111.21 || Sept. 7. 11.70 {| Oct. 26._.____ 11.30
June8..___.. 110.18 |} July 27....__ 111.33 || Sept. 14___.__. 11.68

No. 85. Charles Culp. Stock well, drilled 8 inches in diameter and 45 feet deep. Water from deep valley
fill. Companjon to well 86, which is about 20 feet to the south and which taps the shallow valley fill.
Measuring point, top of casing, 1.7 feet above land surface; altitude 4,139.2 feet (da‘um is land surface at
well 86, altitude 4,137 feet interpolated)

1930 1931 1931 1932
Aug.13...._. 9.90 {| Feb.8_.____. 9.05 [| Oet 2___..__. 10.35 || June 6._.___. 2.80
Sept. 2... 10.00 || Mar.8_____.. 9.90 || Nov.10___._. 10.40 || July 7..._..__ 6.55
Oct. 3___.__. 10,20 1} Apr. 5 _.____ 9.20 /I Dec. 5....... 10.35 | Avg.3.....__ 7.90.
Oct. 19...___ 10.25 || May 11.____. 7.85
Nov.2.___... 10.25 || May 22.__._. 8.05 1932
Dec.6._.._.. 10.20 || June 10__.__. 8.60 || Jan. 6. ___... 10. 30

July 8__.____ 9.15 || Feb.4___._._ 10. 10

1931 Aug. 6 _____. 9.70 || Mar. 7____... 9.95

Jan.4 . _.__. 10.20 || Sept. 2__.._.. 10.15 || May 10._._.. 22,65

No. 86. Charles Culp. Unused well, dug 4 feet square and 9 feet deep. Water from shallow valley fill
Measuring point, in top of 2- by 12-inch well curb, copper nail with washer, 0.5 foot below land surface-
altitude 4,137 feet (interpolated)

1930 1931 1931 1932
Aug. 13._____ 7.80 || Feb.8__.___. 8.80 || Oct. 2....... 8. 40 1.00:
Sept. 2....._. 8.10 || Mar.8_______ 8.50 || Dec. 5uoceen.. 8.70 5.10
Oct.3__..__. 8.40 || Apr.5.__.___ 8.40 6. 55
Oct. 19._.._. 8.10 || May 11______ 6. 40 1932
Nov.2_...... 8.80 || May 22__.___ 6.20 |} Jan.6_____.._ ®)
Dec.6.._____ 8.65 || June 10_____._ 6.75 || Feb.4_______ 8.40

July 8_..__._ 7.10 || Mar. 7_______ 7.80

1931 Aug. 5. .. 7.90 || Apr.3___.... )

Jan.4 ... ©) Sept. 2.__._.. 8.20 || May 10_...._ 2,10

No.9. O.D.Hotchkiss. Unused well, driven 114 inches in diameter and 10 feet deep Water from fhallow

valley fill. Measuring point, lower valve seat of pump, 2.2 feet above land surface; altitud

(interpolated)

1928 1929 1929 1930
Oct. 6. .__.__ 8.4 Apr.10.._... 44.1 || Dec. 10....... 9.3 1 Aug.15...__ 9.70
Dec. 6. ... 18.7 May 6__...__ 13.1 Oct. 3..__.._ 10. 20
July 6_.._... 16.3 1930 Oct. 19 _.___ 10. 55
1929 Aug. 10_.._.. $8.3 || Mar. 18._..__ 45.3 || Dec.6o..... 8.75
Jan. 8 ..._... i8.5 Sept. 10_..... 49.2 1| May 25._.._. 16.9
Feb.8_ __.... 48.5 Oct. 10.____. 49.6 |{ June 25 .__._ 48.4
Mar.9...__.. 18.5 Nov. 10_..... 19.6 || July 28_.___. 49.3

{ Pumping from adjacent irrigation well in deep valley fill.
$ Adjacent land flooded.

? Well dry.

4 Measurement by owner.
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Measurements of depth to water in observation wells, 1928-32— Continued

No. 92. Owner unknown. Unused well, dug 5 feet in diameter and 1914 feet deep. Water from shallow
Measuring point, top of 4- by 6-inch girder of pump platform, at land surface; altitude 4,138
feet (interpolated)

valley fill.

Depth to Depth to Depth to Depth to
v&ater vgfater vg?.ter vgfatei;r
eet eet eet ee
Date below Date below Date below Date below
_Imeasur- measur- measur- _Imeasur-
ing point) ing point) ing point) ing point)
1930 1931 1931
Aug. 9. ._.__. 14.45 || Mar. 7.....__ 14.20 {| Nov. 9._.____ 15.35 12.45
Sept. 6. 14.65 || Apr.4._____. 1410 || Dec. 4..._... 15, 35 12, 50
Oct. 6. ... 14.60 (| May 9.__..._ 14. 05 12,55
Oct. 18 _.... 14.65 || May 19____.. 14. 10 1932 July 1.__.... 13.20
Nov. 1 .. ... 14,60 | June 9_____.. 14, 45 Aug. 1. 14.30
July 7 ceea_. 14,95 || Jan.4._...... 15. 30
1931 Aug.4.__._.. 15.40 || Feb. 2. ... 14. 90
Sept. 2......_ 15.50 || Mar.3....... 15. 05
Feb. 7. .... 14.30 || Oct. 1__._____ 15.60 || Apr. 1. ... 13.10

No.93. Harney Branch Experiment Station.

valley fill.
fill.

Observation well, bored 1114 feet deep. Water from shallow

Companinn to well 94, which is about 20 feet to the southwest and which taps the deep valley

Oct. 3, 1930, top of casing, 0.4 foot above land surface; altitude 4,135.6 feet

Measuring points, (1) through Sept. 2, 1930, at land surface; altitude 4,135.2 feet; (2) beginning

O

00 00 00 90 > N I 00 0 00 30
B0 D0 D 00 L1 O L2 i D
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©DDWO0PRNED

W OOM O b=t 1 OO = =Y

9.5

M

PPRPNNNROO D000
IS FNTRN E RN TR PR PR =Y

O

NNP N0 ®
CI-- Y- f-T -]

i Measurements by owner.

1 New measuring poinf.
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Measurements of depth to water in observation wells, 1928-32—Continued

No. 94. Harney Branch Experiment Station.
Water from deep valley fill.
land surface; altitude 4134.88 feet! (2) beginning

above land surface; altitude 4,136.64 feat

all UNaCC, allillilde 4£,120.04

pi1l

. Irrigation well, bored 18 inches in d'ameter and 87 feet deep.
Measuring points, (1) through Mar. 27, 1931, top of casing, 0.2 foot above
Apr. 27, 1931, center of pneumatic depth gage, 1.4 feet

Static | Pumping Static | Pumping Static | Pumping
level level level fevel level level
(feet be- | (feet be- (feet be- | (feet be- (feet be- | (feet be-
Date low low Date low low Date low low
measur- | measur- measur- | measur- measur- | measur-
ing ing ing ing ing ing
point) ! | point) ! point) 1 | point) ! point) ! | point) !
1928 1930 1931
Oct. 5_._..__ 6.90 |_________. Aug. 2.___ 23.65 | ... June2l_____ 33.0 59.0
Dec.1.____. 6.55 |- ... Aug. 7_.__. 23.35 | ... June 22 ___ 27.5 60.0
Aug. 12___. 20.40 | _..._. June23____|__._______ 62. 5
1929 Aug. 18___. 14.50 (o _____. June24____|__________ 64.0
Aug. 19_____ 16.65 | __________ June25_ __ _|_________. 64. 5
Jan,1______ 6.20 |_________. Aug.20___. 19.40 | _________ June26____|_ __.____._ 65.5
Feb. 1. __ 6.20 |_______._. Aug.21___. 20.35 | ______._. June?27. .. | _______._ 66.0
Mar. 1.___. 6.20 | _____. Aug.22____ 18.65 | ______.__ June28._ - | _______ 66.0
Apr.1.__.___ 6.10 |.__._._._. Aug. 23____ 20.10 | __.___.__ June29____| ________: 66. 25
May1l....__ 6.00 |.__.___.__ Aug.25____ 17.00 | ..oo___. June30___ _|._____..__. 66. 5
Sept. 2. 9.5 (_________ Aug. 27._.. 14.60 |__________ July 1. 17T 66.5
Oct.2_.____ 9.1 ... Sept. 2____. 1230 | . _______ July 2. .. 66. 5
Nov.7..... 7.6 |.coo . Oct.2_.__ .. 9.15 | ________. July 5._.___ 24.0 46.0
Dec. 11_____ 7.2 | Oct. 4______ 9.10 | __.___.._. July 6| . 60.5
Nov.3..__. 8.50 (.. _____.__ July 7. | _. 62.0
1930 Dec. 1______ 8.00 |_o.o_____ July8_ _____ I 64.0
July9_ . ___ | _.__. 65.0
Jan. 1. _____ 7.0 | __._.__ 1931 July 10____ ... 65. 5
Feb. 5 ____. 6.9 |__________ July 11 __ | ______._.. 66.0
Mar. 1_____ 6.9 |____._____ Jan. 5__.___ 7.80 | _ Julvi2.___ | _________ 66. 25
Apr. 1. __ 6.7 |- Feb. 5. __ 7.60 | _________ July13____ |\ T 66.5
May2 ____ 6.7 ... Mar. 2_____ 7.60 |_.________ July 14 | ________. 66. 25
May29.___ 18.35 .. __ Mar. 27_ . 7.585 | _ July 15 ____|__________ 66. 5
May31.___ 14.50 {__________ Apr. 27 __ | .. __._. 247.0 July 16__ | _____. 66.75
. - 3110 59.0 July 17 | .. 67.0
- 17.0 58.0 July 18 ___ | ... 87.0
20.0 60.0 July19____ | _._______ 67.0
21.0 59.5 July 200 ___| . _______ 67.0
22.0 60. 5 July 21l ___ | . ______ 67.0
18.0 60.0 Julv 22 ____{ _________ 66.5
21.0 60.0 Julv 23 ___ | ___ 66. 5
22.0 59. 5 July 24 ____|._____.__ . 66.5
23.0 60. 5 July 25| _______. 66. 5
24.0 60. 5 July 26 .| ..__ 66. 5
27.0 §1.0 July 27 .. 66.5
17.5 e July 28 ___|____.____. 66. 5
June 20_____ 28.35 52.50 || May 13___. 17.0 59.0 July 30_____ 40.0 65. 25
June21_____ 28.35 53. 25 May 14____ 21.0 59.75 |} July 31.____ 39.5 61 0
June 23_____ 2150 |- ___.__. May 15_ __. 24.0 60. 5 Aue. 1_____ 37.0 62.0
June24.____ 28.50 | ... May 16____ 26.0 59.5 Aug. 10____|ooo_____. 5%.5
June 26..___ 18.90 | ______._. May 18____ 20.0 60.0 Aug. 11____|.________. 60.0
June 27_ . 20.65 [________ _ May 19__ __ 23.5 60. 5 Aug. 12 _ | ... 62 0
June 28_____ 28. 60 58.25 || May20__._ 23.5 58.5 Aug. 14____{______._._ 64 5
June 30_.___ 21.65 | _____...__ May21___. 27.0 58. 5 Aug. 15 | _.... 64. 5
Julyt._____ 27.25 | ___. May 23.__. 27.0 61.0 Aug. 24.___ 18.0 | o._.__
July3. . 29.00 |__________ May 25 ___ 220 ... Ang. 27___ 17.0 51.0
July5._____ 22.50 | .. ____. May 26_.__ 28.0 59. 5 Aug.28___. 22,0 55.0
July7._.___ 21.00 | ... ____. May 27___. 29. 5 59.0 Aug.29____ 25.0 52.0
July8 _____ 26.75 | ... May 28 ____ 31.0 55.0 Sept. 7__.__ 150 | oo
July9______ 28.60 |._______.__ May29____ 31.0 55.5 Sept. 14.___ 1358 | __
July 10_.___ 128.90 |__________ May30_.__ 31.0 55.0 Sept. 18.___ 14.0 45.5
July 14_____ 16. 00 48.00 || Junel_____ 24.0 54.0 Sept. 19_.__ 1R.0 51.0
July 15. ____ 21.85 36.60 {| June2.____ 30.0 56.0 Sept. 21____ 170 |
July 16. .___ 23.15 |oeo .. June3_.__. 32.0 57.0 Sept. 22____ 15.0 45.0
July 17.____ 23. 65 37.50 || June4____. 32.5 56.0 Sept.23_ ... 18.0 (. _____
July 18 ___. 23.00 |- ______. Juned.____ 32.0 |- . Sept.24_.__|.______. - 55.0
July21_____ 19. 00 46.85 || June6_____ 32.0 56. 5 Sept. 25____ 25.0 ... _.
July22_____ 21.60 .. ___.____ June8_____ 27.0 55.5 Sept. 26_.__ 26.0 56.0
July 23_____ 23.50 | .. June9_.___ 30.5 57.0 Sept. 28.___ 20.0 | ...
July 24 ____ 23.15 | ____. June 11____ 251 foaooo .. _-|{ Oct.5__.____ 14.0 {__..______
July 25_____ 23.10 |ocaooo .. June 12___ 21.0 50. 5 Oct. 11_____ 15.0 30.0
July 26.____ 23.00 oo ... June 15____ 21.5 54.0 Oct. 13..._. 14.0 34.0
July 28.____ 19.50 | oo .. June 16. ___ 25.0 |ocoeoo ... Oct. 14__.__ 12.5 | ...
July29__.__ 23.00 |- ._.__ June 17____ 25. 5 57.0 Oct. 17 ... 12.0 3L.0
July 30_.___ 23,15 | June 18____ 28.0 59.0 Oct. 19_____ 120 .. _____
July 3l .. __ 23.75 | ... June 19____. 31.0 60. 0 Oct. 20 __.__ 13.0 47.0
Aug. 1____. 24.00 t._________ June 20.____ 32.5 61.0 Oct. 21_____ 17.0 49.0

1 Measurements by owner.

1 Caved in.

¢ New meas1ring point.
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Measurements of depth to water in observation wells, 1928-32—Continued

Static | Pumping Static | Pumping Static | Pumping
level level level level level level
(feet be- | (feet be- (feet be- | (feet be- (f2et be- | (feet be-
Date low low Date low low Date low low
measur- | measur- measur- | measur- Imeasur- | measur-
ing ing ing ing ing ing
point) ! point) ! point)! point) ! roint)t | point)!
1931 1932 1932
Oct. 22_____ 19.0 50.0 June 7__ ... 25.0 57.0 July 8___.__ 31.0 63.0
Oct. 26_.__. 14.0 |.__..___.. June 8____._ 26.0 57.0 July 9..___. 33.0 |
Nov. 12__. 1.4 | .. June 9_____. 26.0 58.0 July 11.____ 26.0 58.0
Dec. 5. ... 11,0 | ... June 10_____ 27.0 59.0 July 12.____ 27.0 61.0
June 11__.__ 28.0 58.0 July 13| . ... 63.0
1932 June 12.____ 27.0 53.0 July 14____ | ___._. 65.0
June 13____. 23.0 58. 0 July 165 | ... 66. 5
Jan. 2...___ 10,0 | ___.___ June 14_____ 25.0 58.0 July 16.____ 34.0 64.0
Feb. 2___ ... 9.7 | June 15_____ 26.0 59.0 July 18__.__ 26.0 610
Mar. 5_.... 9.6 |- oL June 16____ 27.0 59.0 July 19____. 25.0 | oo.
Apr.2__..__ 9.3 | ... June 17___. 27.0 59.0 July 20_____ 59.0 62.0
May2_.... 85 | June 18_ __. 27.0 59.0 July 21 ___ | ... 64.0
May 11.__. 9.0 |.oo.. June 20_._.__ 26.0 56.0 July 22| __. 65.0
May 14_ ___|[ ... ... 59.0 June 21.____ 25.0 57.0 July 23 .| .. 66.0
May 16.._.. 19.0 55.0 June 22____ 25.0 59.0 July24_____|________.. 66.0
May 17_._. 25.0 55.0 June 23._.__ 27.0 60. 0 July 25..__. 34.0 66.0
May 23____ 13.0 47.0 June 24____ 28.0 60.0 July 26__.__ 34.0 62.0
May 24____ 170 | ooo. June 25____. 28.0 61.0 July 27____ .\ ... 65.5
May 25 | ... 55.0 June 26.._._.|.....____. 62.5 July 28.___ ... ._. 66.0
May 26_ .. |.._._...__ 58.0 June 27__._. 270 |ocooe oo July 29 [.._.______ 67.0
May27_ ___\ ___._ ____ 61.0 June28_ . | _________ 63.0 July30_____ 26.0 84 0
May 28 ___. 29.0 |oo...__. June 29____ 32.0 62.0 Aug. 1.____ 29.0 62.0
May29_ ... |....___._. 61.0 June 30_____|_________. 63.0 Aug.2_____ 310 62.5
May30... .| ... 62.0 July 1____ ... 65.0 Aug. 3| ... 65.0
May3l____\ ... 63.0 July 2. ___ | _________ 65.0 Aug. 4____ | _____ 66.0
June 1__.___j._________ 63. 5 July 3. | . 65.0 Aug. 5. ... . 66. 5
June 2. ____|..._______ 65.0 July 4. __ 30.0 62, 2 Aug. 18____ 17.0 54.0
June 3.__._ 32.0 61.0 July 5.__.__ 31.0 62.0 Aug. 19._ .. 21.0 55.0
June 4.___. 30.0 61.0 July 6______ 32.0 63.0 Aug. 23____ 17.0 52.0
June 6_____ 23.0 57.0 July 7..____ 31.0 62,0

No. 95.

Harney Branch Experiment Station.
reported 218 feet, measured depth 160 feet in 1920.

to well 96, which is about 300 feet to the southeast and which taps the shallow valley fill.
points, (1) through Mar. 27, 1931, top of casing, 10 feet below land surface; altitude 4,126.75 feet; (2) beginning
Apr. 28, 1931, center of pneumatic depth gage, 0.7 foot above land surface; altitude 4,137.40 feet

Irrigation well, drilled 8 inches in diaweter; initial depth
Water from Harney formation (?).

Companion
Measuring
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1 Measurements by owner.
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2 Above measuring point.
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HARNEY BASIN, OREGON

Measurements of depth to water in observation wells, 1928-32—Continued

Static | Pumping Static | Pumping Static | Pumping
level level level level level _level
(feet be- | (feet be- (feet De- | (feet be- (feet be- | (feet be-
Date low low Date low low Date low low
measur- | measur- measur- | IMeasur- measur- | measur-
ing ing ing ing ing ing
point)! point) 1 point)! point) 1 point)! | point)!?
1930 1930 1931
May 31.__. 5.0 25.9 || Oct.3._..... 20.75 |cocaacaao June 29____ 23.5 43.2
June 2____.. 4.5 25.7 || Nov. 3..... 2185 |, June 30____ 25. 4 43.2
June 3.___.. 7.5 25.7 || Dec. 1...__. 32,15 | July1__._.. 23.6 43.7
June 4__.___ 8.7 28.4 July2.____. 26.0 4.0
Jung 5...... 9.7 28.4 1931 July3._..... 27.4 4.5
June 6_..... 10.3 20.1 July 6._.... 21.5 41.0
June 7__..__ 10.7 28. 6 65 |l July7.____. 24.6 39.0
June 9._..___ 7.3 27.9 X e |p July 8ol 24.7 44.0
June 10_..._ 10.4 27.9 . e | Tuly 9oL 26.2 44.4
June 11...__ 11.2 28.4 B L1 P July 10.____ 27.5 45.2
June 12_.___ 11,8 28.9 .5 35.0 || July 11____. 27.6 45.2
June 13_.___ 12.4 29.4 .0 37.5 || July 13_..__ 23.6 43.6
June 14.____ 12,9 29.2 .5 39.2 || July14.____ 26.5 43.5
June 16..___ 8.0 27.9 .8 39.2 {| Inly 16_____ 27.0 44.0
June 17..___ 11.0 29.0 .5 40.0 || July 16_.._. 27.6 43.5
June 18_.___ 12,1 28.9 .0 37.5 || July 17____. 28.0 43.5
June 19._.__ 12,7 29,1 . 3 40.0 || July 18_.... 25.7 42.7
June 20..___ 13.6 29.1 .8 41.0 || July 20..._. 22.8 42.4
June 21 ____ 13.4 29.1 || May 7_.... 20.0 41.3 || July 21____. 25.6 43.0
June 23..___ 9.6 29.1 || Mav8_____ 21.0 42,0 [} July 22..._. 26.8 43.0
June 24_____ 12.4 20.5 1 Mav9_____ 22.5 42.5 |} Tuly 23____. 27.6 43.5
June 25_____ 13.2 30.0 || May 12____ 16.1 eemo (| July 24 27.8 43.0
June 26_ ___ .8 | May 13.__ 15.0 38.6 1| July 25..... 28.0 45,5
June 27_____ 1.4 (... May 14____ 18.5 390 || Julv27__.__ 23.0 41.4
June 28_____ 13.5 31.9 || May 15._.. 20.7 40.2 || Tuly 28..._. 23.4 45. 4
June 30___._ 10,1 | . May 16 __. 21.6 40.6 || July 29.___. 27.4 45.0
July 1....__ 10.3 31.4 || May18__.. 18.0 40.6 || July 30__... 28.2 43.8
July 2...__. 13.1 3.4 || May 19_.__ 21.5 42.0 |, July 31 ... 27.8 44.5
July 3._____ 13.9 31.4 || May 20__.. 22.6 43.0 || Aug.1___.. .0 .
July 5 ____. 10. 4 31.7 |} May21____ 23.0 43.0 || Aug.2._._. .0
July 7..._._ 9.8 31.9 {| May22___. 23.8 43.0 || Aug.3..... .0
July 8__._._ 13.3 31.9 || May 23___. 246 43.3 || Aug.4___.. .3
July 9 _.___ 14.3 32.7 May 25____ 20.2 420 || Aug.7._... i
July 10_.___ 15.0 33.8 May 26___. 23.0 43.0 || Aug.8_____ .7
July 11_.___ 15.3 34.0 || May 27.__. 24,3 43.0 |} Aug, 13_.__ .0
July 12.___. 15.6 34.5 || May 28___. 25.6 43.0 || Aug.14____ .3
July 14.____ 11.6 3.3 || Mav 29___. 25.3 44.0 || Aug.15____ .3
July 16.____ 140 |oeoao.. . May 30._._. 26.0 44.0 || Aug.17____ .4
July 16..___ 14,7 33.8 (| June 1_____ 22.0 41.5 |} Aug.24.._. .0
July 17...__ 15.7 34.0 || June 2___._. 24.0 43.5 || Aug.25____ 5.1
July 18..__. 16.3 33.5 || June 3___.. 25.2 45.5 || Sept. 7_._... .0
July 19.._._ 14. 5 33.4 || June 4_____ 26.0 44.6 || Sept. 14 .. .0
July 21_._.. 11.7 33.3 || June 5.__.. 26.6 44.0 || Sept. 17..._ .4
July 22._.__ 150 foooeooo._ . June 6. ...|-co___. 45.0 || Sept.18_._. .5
July 23___.. 12.3 32.9 |} June 8___.. 21.8 41.2 || Sept.19____ .4
July 24 ___ 15.0 34.8 || June 9___._ 23.0 44.0 || Sept.21___. .5
July 25_._ __ 15. 9 35.4 || June 10____ 25.0 42.0 || Sept. 28.__. .5
July 26_.___ 17.0 36.4 || June 11___. 26.0 450 || Oct.5___... .5
July 28_.__. 12.5 35.1 || June 12__._. 26.8 44.5 (| Oct. 14._.__ .0
July 29 .___ 15.3 35.6 || June 13___. 27.0 45.5 || Oct.19___.. .4
July 30.___. 18,3 38.1 1 June 16.._. 22.7 41.7 11 Oct. 26__.__ .5
July 31_.___ 16.8 35.9 || June 16__._. 23.8 42.6 || Nov.12__.. .
Aug. 1| . 35.5 || June 17___. 25.4 41.8 | Deec. 5. ....
Aug.2..__. 17.3 35.9 (| June 18___. 26.0 42.0
Aug.4._.__ 12.9 35.1 || June 19___. 26.6 44.6 1932
Aug.5_._._ 15.9 34.9 || June 20____ 27.2 46.0
Aug.6___._ 16.8 35.5 || June 22___. 23.5 44.0 || Jan 2..__..
Aug. 7-_.__ 17.4 32.9 || June 23____ 26.5 44.0 ;| Feb.2_...._
Aug.8._... 16,7 foceeoe .. June 24 ___ 27.2 45.0 (| Mar. 5__.._
Aug 11____. 9.7 32.0 || June 25 __ 7. 6 45,5 || Apr.2_._...
Aug.12___. 13.6 32.2 || June 26.__. 27.8 45.5 || May 2__...
Sept. 2..__. 14,05 |oceaoa ... June 27.._. 27.9 43.7 || May12__..

I Measurements by owner.

2 Above measuring point.

3 New measuring point.
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AMeasurements of depth to water in observation wells, 1928—-32-—Continued

No. 96. Harney Branch Experiment Station. Unused well, bored 11 feet deep. Water from shallow

valley fill. Measuring point, land surface; altitude 4,136 feet (interpolated)
Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point)! point)t point)! point)!
1929 1930 1930 1331
Feb. 1__._.__ 9.0 || Feb.5_..__._ 9.5 1 Aug.20__..__ 9.5 || Aug. 7oacuo-- 9.6
Mar.2..._.__ 8.6 {| Mar. 1__.____ 9.3 || Sept. 2.._.... 9.6 || DeC. 5. 10.2
Apr.1.._____ 8.6 | Apr.1.._..___ 9.4 | Oct.3_.___._. 9.6
May 1......_ 8.6 || May 2__..___ 9.4 || Dec.1___.._. 9.9 1732
June 1__.____ 8.4 || May 31._._.. 9.6
July2. ... 8.2 June 2._._._. 9.6 1931 10.2
Aug. 1.______ 8.6 || June3.._.__. 9.6 10.3
Sept. 2.._.___ 9.1 || June9_______ 9.5 | Jan. 5. _...__. 10.0 10. 4
Oct.2__._.... 9.1 | June 16______ 9.5 || Feb. 5. ....._ 9.9 9.8
Nov., 7. 9.3 1| June23..___. 9.4 Mar.2_.__.__ 10.0 9.3
Dec. 11 9.3 |1 July1. .. ... 9.3 || Mar. 27 _._.. 9.9 8.9
July 10..__._ 9.4 || May 2._..... 9.9 9.0
1930 July 18._.__.. 9.4 || May 12._..__ 10.0
July 29._____ 9.4 |/ Junel_ __.__. 9.7
Jan. 1._...__ 9.4 || Aug. 7-ooo--. 9.4 || July3._..._. 9.6
No. 97. Owner unknown. Unused well, driven 1}4 inches in diameter and 45 feet deep. Water from

deep valley fill.

Measuring point, top of casing, 1.5 feet above land surface; altitude 4,134.95 feet

1930 1931 1931 1931
Aug.9.____. 14.35 [{ June 15___.___ 214.60 || Aug. 17-__... 17.12 || Oct. 19_____. 12. 26
June 22.____. 714.85 || Aug. 24_____. 16.22 || Oct. 26._.__. 12. 24
1931 June 2G_.____ 215.94 || Aug.31.____. 15. 22
July 6_.____. 216.60 || Sept. 7_..--- 14. 63 1932
Mayi2...... 11.65 || July 13_..._. 216.89 || Sept. 14_____. 13.62
May 18..__.. 112,10 || July 20_..._. 217.70 (| Sept. 21._..__. 13.11 {| May12...... 38,68
May 25.._.__ 212.80 || July 27____._ 218.22 || Sept. 28 .._.. 13.56
Junel. ______ 213.72 || Aug.3_.._.._. 18.39 || Oct. 5. _.___. 13.37
June 8_._.... 214.53 || Ang. 10.____. 217.05 || Oect. 14._____ 12.57
No. 99. Owner unknown. Unused well, drilled 6 inches in diameter and 33 feet deep. Water from deep

valley fill (7).
feet (interpolated)

Measuring point, top of 8- by 8-inch woed curb, 1.5 feet above land su-face; altitude 4,133

1930
Sept. 1._.___ 11.30
Oct. 6__...__ 11,40
Oct. 18 _.___ 11.45
Nov. 1.....__ 11. 50
Dec. 6. 11.40
1931
Jan. 3. ... 11, 55
Feb. 7_._.... 11. 20
Mar. 7....... 11. 30
Apr.4..____. i1. 25
May 9..._... 11. 45

Aug. 10._..._
Ang. 17 ____
Aug.24.__.__
Aug.31______
Sept. 7._____.
Sept. 14._..__
Sept. 21_____.
Sept. 28___._.
Oct.5.___...

Oct. 19_._._.

N~ o0

UCL. L0 aa o

11.85
11.88
11. 98
12.02
12.05
12.09
12,14
12.15
12.18
12.18
12.19
12.15

12.12

19371

12.0C

11.98
11,65
11. 40
11, 24
11,24
11.29
11. 54

t Measurements by owner.
1 Pumping from adjacent irrigation well in deep valley fill.
3 Water flowing in adjacent channel.
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Measurements of depth to water in observation wells, 1928-32—Continued

No. 100. Owner unknown. TUnused well, dug 4 by 6 feet across and 1824 feet deep. Water from shallow
valley fill. Measuring point, top of 2- by 4-inch girder spanning well, at land surface; altitude 4,128 feet
(interpolated)

Depth to Depth to Depth to Depth to
vzfater vz'?tet wfater water
eet eet (feet i (feet
Date below Date below Date helow Date below
measur- measur- measur- measur-
ing pcint) ing point) ing point) ing point)
1930 1931 1931 1932
Oct. 8 ___.__ 9.85 !l Feb. 7__._.____ 10.0 Sept. 2_._.___ 10.7 Apr.1..____. 10.5
QOect. 18______ 9.9 Mar. 7__.___. 113.0 Oct. 1.______ 10. 6 NMayy._ _____ 10.1
Nov. 1. __. 9.9 Apr.4____.__ 10.15 (| Nov.9__._... 10.65 || June 6.______ 9.8
Dec. 6. ______ 9.9 May9.___._. 10.1 Dec.4.._____ 10.60 || July 1.______ 9.9
May 19______ 10. 15 Aug. 1._.___. 10.0
1931 June 9_._...__ 10. 2 1932
July 7______. 10. 35
Jan.3____.__. 10.05 || Aug. 4.._____ 10. 4 Jan. 4. _______ 11.0
No. 101. Dr. Horton. Unused well, drilled 6 inches in diameter; initial depth reported 800 feet. Water

from bedrock, formation unknown.

Measuring point, top of casing, 0.5 foot above land surface; altitude
4,132 feet (interpolated)

1930 1931 1931 1931
Aug. 14...__. 5.565 |} June i5______ 5.75 || Aug. 10.____. 5.91 || Oct.5__._.__ 5.96
June 22______ 5.67 || Aug. 17..____ 5.83 || Oect. 14______ 5.97
1931 June 29_____. 5.80 || Aug. 24 .___. 6. 00 Oct. 19__. __ 5.88
May 15...... 5.72 || July 6. ___.___ 5.80 || Aug.31___.__ 5.91 '
May 18._.._. 5.91 |} July 13_____. 5.76 || Sept. 7___.__. 5. 84
May 25.__.__ 5.52 || July 20. _____ 5.75 Sept. 14._____ 5.76 1932
Junel..._... 568 || July27_____. 5.81 || Sept. 21._____ 5.96 || May 13______ 5. 84
June 8.______ 5.88 || Aug.3_.._...__ 5.77 || Sept. 28.___._ 5.84
No. 103. B. L. Allen. Unused well, drilled 8 inches in diameter and 53 feet deep. Water from deep
valley fill. Measuring point, top of casing, at land surface:; altitude 4.135.70 feet
1930 1931 1931 1932
Aug. 14.____. 17.50 || June 15______ 217.62 || Aug. 10_.____ 220.64 || Oct.5_______ 16. 68
June 22___.__ 217.94 1| Aug. 17.____. 20.60 {| Oct. 14______ 15.99
1931 June29______ 218.56 || Aug.24._____ 20.25 || Qet.19______ 15.66
May 15._____ 214.43 July 6.___.__ 219.12 Aug. 31..____ 19. 31 Oct. 26_____. 15. 40
May 18 . ___. 214.82 || Julv 13______ 219.54 |} Sept. 7___.___ 18. 50
May 25_...__ 215.51 || July 20 . 220.19 | Sept. 14._____ 17.67 1932
June 1___.___ 216.30 || July 27__.___ 220.77 Nept. 21______ 17. 06 May 13..____ 11.35
June8_ ______ 217.11 || Aug. 3_.___.__ 21.11 || Sept. 28 _____ 16. 91

No. 104. B. L. Allen. Domestic well, drilled 8 inches in diameter and 52 feet deep. Water from deep

valley fill. Measuring point, top of casing, 1.0 foot above land surface; altitude 4,134 feet (interpolated)
Depth to Depth to Depth to
water (feet water (feet water (feet
Date below Date below Date below
measuring measuring measuring
point) point) point)
1931 1931 1931
May 15 ... 12275 || July 20 .______ 117.25 |1 Aug. 3. . _______ 118,26
June &. . __________ 14.

! Windmill operating during measurement.
! Pumping from adjacent irrigation well in deep valley fill.



Measurements of depth to water in observation wells,

No. 105.

Fred Denstedt.
from bedrock, formation unknown.
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1928-32—Continued

Unused well, drilled 3 inches in diameter; initial depth reported 565 feet.
Companion to well 106, which is about 50 feet to the west-north-

Water

w eqt and w thh taps the shallow va]lev fill; also to well 107, v»hxch is 40 feet to the north-northwest and

which taps the deep valley fill. Measuring point, in top of pit curb, copper nail with washer, 0.5 foot
above land surface; altitude 4,137.89 feet
Depth to Depth to Depth to Depthto
v;'fatgcr vz'fater v&(rrater vgater
ee eet cet feet
Date below Date below Date bhelow Date below
measur- measur- measur- measur-
ing point) ing point) ing point) ing point)
1930 1931 1931 1€32
Aug. 23___.__ 21.61 || June29______ 123.36 1| Sept. 7_.____. 14.81 |{ Jan. 5. _._.. 10. 20
July 6__._.__ 121,83 || Sept. 14._____ 13.87 || Apr.2__.____ 9.43
1931 July 13_...__ 123.68 |{ Sept. 21______ 15.89 || May 12._..__ 9. 34
May 14 __ 116.68 || Julyv 20___..__ 123.24 Sept. 28 _. 13.80 {| June 6.._.____ 1 18. 55
Mayv 18_.____ 118.12 || July 27._____ 124,27 Oct. 5_____.. 13.29 || July 6._.___. (%)
May 25 ____ 120.26 || Aug. 3._.__._ 123.37 Oct. 14 ___ 12. 59
Junel_ ______ 121.60 {| Aug. 10.-____ 21.79 || Oct. 19______ 12.27
June8__._._._ 12233 || Aug. 17-_____ 121.56 || Oct. 26_.____ 12.29
June 15._____ 122 55 || Aug. 24 _____ 17.95 || Nov. 9. ______ 11. 49
June 22______ 123.06 |} Aug. 31___.__ 16.20 || Dec. 6_______ 10. 50
No. 107. Fred Denstedt. Unused well, drilled 6 inches in diameter and 60 feet deep. Water from deep
valley fill. Mleasuring point, in top of pit curb, copper nail with washer, 0.5 foot above land surface;
altitude, 4,138.85 feot
1930 1931 f 1931 ! 1932
Aug. 23 __ $17.62 | June 20______ 321.45 ) Sept. 7______ 18.31 | Jan. .. ... 13.32
July 6. ______ 321.52 || Sept. 14_____ 17.34 || Feb.3__.___. 13.07
1931 July 13.__.__ 322.24 || Sept. 21.____ 17.01 || Mar. 4..._._. 13.00
May 14..____ 315.80 || July 20-.____ 323.06 || Sept. 28_____ 18.03 || Apr.2_______ 8.72
May 18_..... 316,41 || July 27. ... 323.50 ‘ Oct.5______. 17.01 May 12._.__. 10.95
May 25 ... 317.38 || Aug.3._.____ 323.40 || Oct. 14______ 15.79 || June 6_..____ 16. 25
June 1. ___. 3 18. 54 Aug. 10...___ 321.34 Oct. %9 ______ 15.38 || July €_..___. 19. 57
June8_..____ 319.33 || Aug.17._.__. 22.35 1| Oct.26______ 15.65 || Aug. 1-.._.__ 21.16
June 15______ 318.89 {| Aug. 24 .____ 20.43 || Nov.9.__.__. 14. 50
June 22______ 319.81 || Aug.31.____. 19.09 ec.6___.__. 13.75

No. 108. R. W. Cozad. Domestic well, drilled 6 inches in diameter and 39 feet deep. Water from deep

valley fill. Measuring point, top of casing, 0.3 foot above land surface; altitude, 4,132.98 feet

1931 1931 1931 1331
May 13.-__.. 317.90 || June29______ 316.20 || Aug. 17___._._ 321.17 |} Oct. 14______ 13.71
May 18._____ 316.75 || July 6_______ 318.24 || Aug.24._____ 17.60 || Oct.19___.__ 13. 56
May 25..._.__ 14.80 || July 11_____. 319.85 || Aug.31..____ 16.34 || Oct. 26 _____ 13.33

Do._._.... 316.19 July 13..__.. 318,82 Sept. 7. ____ 15. 54
June 1. _____. 317.15 || July 20______ 320.06 || Sept. 14_____ 15.01 1932
June 8____.___ 319.15 || July 27_____. 319.17 || Sept.21_._.. 14.62 || May 11-_.__. 9.72
June 15_.____ 319.48 (| Aug.3.__.___ 319.46 || Sept. 28_____ 14.25
June22__.____ 318.31 || Aug. 10 _____ 319.84 . Oct. 5_______ 14.00

No. 110. R. W. Cozad. Stock well, dug 15}2

2 feet deep.

Walter from shallow valley fill.

Companion to

well 111, which is about 100 feet to the north and which taps the deep valley fill; also to well 112. which is

300 feet to the northeast and which taps the deep valley fill.

foot above land surface; altitude, 4,132.60 feet

Measuring point, top of plank well cover, 0.5

1930 1931 1931 1932

Aug. 14 ____ 10.40 || Jan. 3. _._._ 10.55 || Nov.9._.____ 10.90 || Mar.4.._.__. 10. 45
Oct. 18______ 10.40 || Mar. 7. __ 10. 60 i Dec. 5. ______ 11.50 || Apr.a ... 10. 45
Nov. 1....__. 10.45 || Apr.4.______ 10.55 ¢ May 11..___. 10. 85
Dec. 6. ______ 10.45 || May 9_._.___. 10. 65 | 1932 July 6. ______ 11.40

May 23___.__ 10.70 !{ Jan.5_______ 10.59 || Aug. 1-__._._ 11.03

i Oct. 1 10. 60 | Feb.3___ _ . 10. 60 1

No. 111. R. W. Cozad. Domestic well, driven 2 inches in diameter and 44 feet deep. Water from deep

valley fill. Measuring point, lower valve seat of pump, 4.0 feet above land surface; altitude, 4,135.27 feet
1931 1931 | 1931 1931
May 13_...__ 329.40 || June 22______ 327.79 ’ Aug. 3. __.. 329.32 {| Sept. 21_.___ 17. 96
May 18_._..._ 327.00 |{ June29______ 325,17 Aug.10._____ 329. 65 Sept. 28___.. 17. 52
May 25._____ 18.10 || July 6_ ._____ 828.55 || Aug. 17_____. 33170 || Oct.5______. 17.37
Do..__._. 326.66 || July 11.____. 330.40 || Aug. 24 _____ 21.10 || Oct. 14______ 16. 94
June 1._.__.. 327.15 July 13 _____ 328.87 || Aug.31..____ 19.75 Oct. 19______ 16. 22
June 8..___._ 329,42 || July 20...__. 330.30 || Sept. 7. __.._. 18. 67 Oct.25.__._. 16. 66
June 15_._.___ 328.79 i July 27 ____. 324.93 || Sept. 14_____ 17.98 H

! Pumping from adjacent irrigation well in bedrock.

‘Caved in.

‘Pumping from adjacent irrigation well in deep valley fill.



170

HARNEY BASIN, OREGON

Measurements of depth to water in observation wells, 1928-32—Continued

No. 112.

R. W. Cozad. Irrigation well, bored 24 inches in diameter and 72 feet deep. Water from deep-

valley fill. Measuring point, top of pump base, 0.4 foot below land surface; alt'tude 4,132.75 feet

Depth to Depth to
water (feet water (feet
Date Hour below Date Hour below
measuring measuring
point) point)
1931
18.10 || July 8- - oo 5:10 a. m. 221.00
16.35 1| July 9_ - 12:10 p. m. 219.20
16,05 ! July10__ . ___ 5:20 3. m1. 220, 10
13.55 || July 11, L oo 5:10a. m. 221,10
12.35 Do .. ______. 11:30 a. m. 154,80
1210 (| July 13- .. 5:10 a. m. 219.00
12.15 July 4. . 5:10a. m. 220.85
July Y6, . 5:15 a. m. 219.90
.m. 218.90
12.15 . m. 120.80
11. 15 .1, 221,40
11.10 .m. 121,00
11. 05 . 1m. 221.10
136.7 .1m. 1 55, 50
155 4 . m, 121.90
119.40 .. 221.90
219.60 .m. 222,00
32 16.80 .m, 12215
218.8 . m, 222 40
219.0 . m. 219,80
15.75 | . m. 221.00
215.70 | . 1m. 321,75
15. 09 . 1. 222.00
145,55 . 1. 222,30
217.50 .1m. 122, 40
218.65 . In. 419,65
218.60 .1, 221.60
318.90 . 1. 222.00
219.30 . 1. 2 21.60
217.20 | .1m. 22,00
219.00 | . 1m. 222,35
219,25 .m. 119.85
220.00 .m. 121.65
220.10 .m. 12220
. 220. 60 . m, 322.60
. 220.10 .m, 122.20
. 220.45 .m, 222,65
. 1 55. 90 . m. 222,85
. 220.80 .m. 222,20
. 220.90 . 1m. 822 85
. 221,30 ¢ .m. 220.7
. 221.45 ¢ 18.08
. 221, 50 ‘ 16. 73.
. 220.50 ! 15.87
220.75 | 15. 29
219,50 | 14, 89
June 17 oo 5:10a. m, 219,60 | 14.48
June 18 o eecens 5:20a.1m, 220.20 14, 24
June 19________.__________ 5:10 2. m. 220. 40 i 13.91
June 20. - oo 5:00a. m 320,65 | 13.71
June 22______________.__.__ 5:10 a. m, 118.50 | 13. 49
June24___ .. ____ 6:50 a. m. 118.25 1 12.95
June29. ... 7:00 a. m. '16.30 11. 90
June 30. v 5:15a. m. 218.50
July 1. e 7:00a. m. 119.00 |:
July 2o el 5:10 a. m. 210.60 |} Jan. Bece e e oo eeeceeee 12.05
July 3. e 5:10a. m, 220,10 1] Feb. 8 e | 12,20
July 4o e 5:10a. m, 220. 50 i ____________ 11.45
JWY 6 oo 5:15 a. m. 238,50 || ADI. 2o 11.26
Ty 7 e 5:15a. m. 220.00 || MaY 1om e o e mceeeee 9. 90

1 Pump operating in well during measurement.

$ Measurement by owner.
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Measurements of depth to water in observation wells, 1928-32—Continued

No. 114. D. N. Varien. Domestic well, driven 2 inches in diameter and 47 feet deep. Water from deep

“valley fill. Companion to well no. 115, which is about 80 feet to the east and which taps the shallow valley
fill. Measuring point, top of tee in casing, 8.5 feet below land surface; altitude 4,124.39 feet
Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet,
Date below Date below Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1931 1931 1931 1931
May 16 17.37 || June 29__._.. 19.10 || Aug.17.._... 110.87 || Oct. 5. ____. 8.15
May 18______ 17.55 || July 6. ... 19,37 || Aug. 24 _____ 10.58 || Oct.14_____. 7.82
May 25______ 1775 || July 13_...__ 19.65 || Aug.31.__._.__ 9.99 || Oct. 19 ... 7.67
June 1.._.__. 18.14 |{ July 20...... 19.91 || Sept. 7oceeeoo 9.47 || Oct. 26_..___ 7.44
June 8_..____ 18.67 || July 27__._.. 110.34 || Sept. 14._.__ 8.96
June 15______ 19.25 | Aug. 3._..... 110. 50 Sept. 21._.___ 8. 61
June 22_.____ 10.40 || Aug. 10._____ 110.70 || Sept. 28._..__ 8.37
No. 121. Duhaime Bros. Unused well, bored 24 inches in diameter and 135 feet deep. Water from deep
valley fill. Measuring point, top of casing, at land surface; altitude 4,129 feet (interpolated)
1928 1931 1931
Oct. 5. .- 15. 65 10.25 || June 22______ 318.61 || Aug.10._____ 219,27
19.70 || June 29...__. 218.94 || Aug. 17...... 219,27
1930 19. 26 July 6. ... 218.95
Aug. 6._..... 21. 40 18.28 |\ July 20...___ 218.88 1932
Oct. 4 ... 19. 80 19.08 || July 27...__. 218.96 || May 13._.... 1315.80
218.63 || Aug. 3. 218.98

No. 122. Owner unknown. Unused well, pored 8 inches in diameter and 1214 feet deep. Water from

shallow valley fill.
4,128 feet (interpolated)

Measuring point, top of bucket in top of well, 0.2 foot above land surface; altitude

Deptszto Deptl(lfto Depttg to
water (feet ; water (feet water (feet
Date below meas- Date below meas- Date below meas-
uring point) uring point) uring point)
1930 1930 1931
Bept. 13- e cceceaee 11.8 Oct. 19 vaaee 11.3 Mar. 8..ceeeaeee 11.45
[ 61 T S 1L5 §| Nov. 2o 1L3 1 Apr. 8o “

1 Pumping from adjacent irrigation well in deep valley £11.
2 Water from shallow valley fill leaking through casing into well.
3 Water fiowing in adjacent channel.

4+ Well dry.

66814—39——12
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Measurements of depth to waler in observation wells, 1928-32—Continued

No. 124.

Owner unknown. Stock well, dug 6 feet square and 15 feet deep. Water from shallow valley

fill. Measuring point, top of 4- by 12-inch plank in well cover, 1.2 feet above land sarface; altitude 4,134
feet (interpolated)

Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below Date bhelow
measur- measur- nieasur- measur-
ing ing ing ing
poiut) point) point) point)
1930 1931 1931 1932
Oct. 6_._____ 11.2 Jan. 3.__.____ 11.2 July 7.._____ 1141 Ap~. 1___.___ 29,7
Oct. 18______ 11.05 || Mar. 7.______ 11.35 || Sept. 2______._ 113.15 || May 9._.____ 26.8
Nov.1___.___. 11.1 Apr. 4. _____. 11. 57 Oct. 1.______ 12.4 Jure6.______ 4.95
Dec. 6. __ 11.1 May9_______ 11.7 Nov.9___._.. 12. 4 Julr 1. ... 5.25
AMay 20._____ f 14,1 Dec.4__...__ 12.35 || Auz.1.______ 7.2
No.129. Henry Anderson. Domestic well, dug 18 feet deep. Water from shallow valley fill. Companion

to well 128, which is about 100 feet to the southeast and which taps the deep valley fill; “slough’

about 150 feet to the east. Measuring point, lower valve seat of pump, 0.7 foot above land surface; altitude
4,120 feet (interpolated)
1930 1931 ” 1931 1932
Oct. 4. ____._ 16.7 || Jan. 3_.______ 17 05 f| June 9_______ 19.95 Jan 5. ____ 17. 85
Oct. 18_.____ 16.6 || Feb. 7_______ 17.05 [ July 7______ _ 17.05 || FeY . 3______. 7.9
Nov. 1_._.... 16. 8 Mar. 7_._____ 17. 05 ” Aug. 5. _..__ 17.25 Mar. 4_______ 17.75
Dec. 6______. 16.8 | Apr.4_______ 17.25 11 Oet 1. 17.5 Apr.2______. 17. 15
May 9. 7 16.85 || Nov. 9. .. 17.35 || May 13.. 7 17.35
‘ May 20._____ 17. 4 | Dec. b_______ 18.0 June 6_._____ 17.2
No. 134. Owner unknown. Stock well, dug 8 feet square and 1114 feet deep. Water from shallow valley
fill. Measuring point, top of 2- by 6-inch plank in well cover, at land surface; altitude 4,134 feet (inter-
polated)
1930 1931 [ 1931 ‘[ 1932
Oct. 6.._____ 7.45 || Jan. 3________ l T.85 || June9.______ 7.7 Jan. 4_______. 8. 55
Oct. 18 ______ 7.45 Feb. 7_______ 795 (W July 7o .. 19.95 1| Apr.1_______ 4. 25
Nov.1_______ 7.5 Mar, 7_______ 7.55 || Aug. 5. ___ 19, 45 May 9______. 5.0
Dec. 6___.__. 7.55 || Apr.4____.___ 7.85 Oct. 1_______ P11.4 Jun~6___.___ 5. 45
May 9.______ 7.6 Nov.9_ ______ 8.25 || July6_______ 5. 35
May 20_____. 7.6 Dec. 4 ______ 8.2 Aug. 1__.____ 7.8
No. 138. State of Oregon. Stock well, dug 8 feet in diameter and 1824 feet deep. Wate~ from shallow valley
fill. Measuring point, top of 2- by 12-inch plank in well cover, 0.2 foot above land surface; altitude 4,130
feet (interpolated)
1930 1931 1931 1932
Oct. 6_______ 14,7 Jan.3________ 12. 4 July 7_._____ 118.15 || Jan.4._______ 12. 25
Oect. 18______ 12.15 Feb.7____._. 12.9 Aug. 4. _____ 118,15 Mar. 3_._.___ 12. 45
Nov. 1.__._.. 12,25 || Mar. 7_______ 12.05 Sept. 2_______ 13.% Apr.1______. 113.75
Pec. 6. ... 12,15 || Apr. 4. ______ 1.7 ) Cet. 1o ____ 14.056 y May 9_______ 12. 25
May 9 _____ 13.15 || Nov.9.__.___ 12.85 || June 6_._.___ 11.9
May 20.____. 13.0 | Dec. 4. _..._. 12.8 July 6______. 12.05

No. 159.

Owner unknown. Domestic well, drilled 2 inches in diameter and 4414 feet deep. Water from

deep valley fili. Companion to well 160, which is about 150 feet to the south-southwest and which taps

the shallow

valley fill.

wp o

Measuring noint, ton of casing. 1.6
M gp I casing, 1.6

(datum is land surface at well 160, altitude 4,125 feet interpolated)

foet ahoave land surface: cltitude 4 126 5 fest

A00V GO VE 1a0 SULIall, Cavliul 2,100.860 180y

1930

Jan, 4.._.____

HN~OWD
&

SPED o
o

5.7

1931

o

(=]

Yy R gy
(4]

VOTRIIDO 0D =

1931

Apr. 3
May 10__.. ..

6. 95

&4

DRSO
o eRu B (o oje Ry o]
[} Haw)

1932

o
Q0 00

1 Windmill operating during measurement.

2 Adjacent land f'ooded.
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No. 160.
valley fill.

Owner unknown.
Measuring points, (1) through February 8, 1931, top of 1- by 6-inch beard, 2.3 feet above land
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Continued

Unuysed well, bored 3 inches in diameter and 10 feet deep. Water from shallow

surface; altitude, 4,130.3 feet (interpolated); (2) beginning March 8, 1931, top of 2- by é-inch plank, at land

surface; aititude, 4,128 feet (interpolated)

Depth to Depth to Depth to Depth to
water vszater x\(7f-ater water
(feet eet . eet (feet
Date below Date below Date below Date helow
measur- measur- meagsur- measur-
ing point) ing point) ing point) ing point)
1930 1931 1931 1932
Aug. 15..___. 10.9 Feb.8______. 11.2 Oct. 2. _____ (2) Apr.3_______ 8.7
Sept. 4______. 11.15 1] Mar. 8_____. 1.9 Nov. 10______ 9.7 || May10..____ ®
Oct. 3__.____ 11.25 {| Apr. 5. ______ .35 Dec. 5. _...._ (%
Oct. 19_ . ____ 11.5 May 11 _____ 9.1
Nov.2.___.__ 11.65 || May 22 _____ 9.1 1932
June 10_____. 9.2
1931 July 8._____. 9.45 || Jan. 6______._ ©)
Aue. A______ 9.8 Feh. 4_______ (2)
Jan, 4. ____. 11.2 Sept. 2_______ 10.0 Mar. 7______ _ )
No. 164. Owner unknown. Stock well, dug 6 feet square and 11 feet deep. Water from shallow valley

fill.

Measuring point, in top of log girder, copper nail with washer, 0.3 foot above land surface; altitude,
4,125 feet (interpolated)

1930 1931 1931 1932
Sept. 4 __.___ 9.2 Mar. 8 ______ 9.7 Nov.10_____. 9.80 || May10_____. 41.55
Oct. 3. ... ___ 9.35 (| Apr.5_.._._. Q.85 || Dec. 6_____.._ 9.75 |{ June 7_______ 41.60
Oct. 19_____. 9.45 || May 11._____ 9.7 July 7..____. 1.6
Nov. 2 __.._. 9.75 || Mav 22 _____ 9.6 1932 Aug. 3._____. 6.7
Dec. 6. .. .. 9.7 June 10.____. Y. 5
July 8_.____. 9.65 || Jan. 6_______ 9.9
1931 Aug. 5 ______ 9.7 Feb.4_______ 9.95
Sept. 4_______ 9.76 || Mar. 7. _____. 9.7
Feb.8 ... 9.75 || Oct. 2. 10.05 || Apr.3..__.__. 3.4
No. 165. Larsen rarch. Stock well, drilled 2 inches in diameter and 53 feet deep. Water from deep

valley fill.

Companion to well 166.

tude, 4,126.5 feet (1.5 feet above measuring point of well 166)

Measuring point, top of casing, 2.5 feet at ove land surface; alti-

1930

10.2
10. 4
10. 5
10.6
11.0

10.5

1931

1931

11. 55
12,3

=k ek
st A
[ S N

O en

1932

—

Lo
~ ~100 o
&

No. i66. Larsen ranch. Unused well, dug 3 by 5 feet across and 11 feet deep. Water from shallow valley

fill. Companion to well 165. whose casing it surrounds. Measuring point, top of 2- by 12-inch curb, 1.0
foot above land surface; altitude, 4,125 feet (interpolated)
1930 1931 1931 1932
Sept. 2. _____ 9.55 || Mar.8____.__. 10.0 Oct. 2. ___.__ () Apr. 3....__. 6. 35
Oct.3______. 9.9 Apr. 5 _____. 9.45 {1 Nov. 11___._._ ?) May 10____._ 3.25
Oct. 19_____. 9.6 May 11______ 8.95 || Dec. 6._._____ O] June7.._.._. 5.25
Nov.2 ______ 9.6 May22_ _____ 9.35 July 7. ... __ 7.1
Dec. 7.____._. ® June 9______. * 1932
June 11______ 9.75
1931 July 8______. 9.9 Jan. 6. _______ Q)
Aug. 5.______ Q) Feb.4_______ ®
Feb. 8. ______ 9.9 Sept. 4.______ [©) Mar. 7_____.__ O]
! New measuring point. 2 Well dry. 3 Caved in. ¢ Adjacent land flooded.
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Measurements of depth to water in observation wells, 1928-32—Continued
No. 170. E. Woods._ Unused well, driven 2 inches in diameter and 51 feet deep. Weter from deep valley
fi_ll.t M?a‘s;u(rﬁng point, in top of pit curb, copper nail with washer, at land surface; altitude 4,125 feet
interpolate

Depth to Depth to
water (feet water (feet
Date bhelow Date below
measuring measuring
point) point)
1931 1931
May 15, e 16.05 || Oct. 2. ... 16.7
June 16 . 16.8
July 8 e 16. 4 1932
Aug. 5l 17.1 May 11 el 17.16
Sept. 4. e 17.0

No. 172. Dan Jordan. Unused well, driven 1}$ inches in diameter and 42 feet deep Water from deep
valley fill. Measuring point, top of casing, 2.5 feet above land surface; altitude 4,122 feet (interpolated)

1930 1931
Sept. 13 e 19.95 | Nov. 11, e 20.6
DeC. 6 e 20,7
1931
May 15, e 20. 05 1932
June 10 e 26.15 [} May 1o e 20.3
July 8 el 20.25 || June 7. oo 20. 2
AUg. 5o e 20.35 || WY 7o e 20.2
Sept. 4. L 20.5 AUE. B e 20. 25
Oct. 2 L 20.8

No. 173. Owner unknown. Stock well, bored 8 inches in diameter and 40 feet deep. Water from shallow
Eralley ﬁ%l.t (%\)/Ieasuring point, top of 1- by 12-inch board in platform, at land surface; altitude 4,117 feet
interpolate

1931 1932
May 21 e 29.05 |} May 13 oo 27.3
June 9. oo 27.6
No. 178. Owner unknown. Unused well, drilled 6 inches in diameter and 57 feet deep. Water from shal-
low valley fill. Measuring point. top of plank platforin, 0.3 foot above land surface; alt/tude 4,121.15 feet
Depth to Depth to Depth to Depth to
water water water water
{fect {{eet (feet {feet
Date below Date below Date below T ate below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1930 1931 1931 1932
Sept. 4....___ 40. 65 Feh.R_____.__ 39.35 Auve, 11______ 40. 8% Mar. 9....... 39. 65
QOct. 13__._.._ 40 15 || Mar. 8_...... 39.20 {| Sept. 4o oaeo 41.80 || Apr.3._._._. 39. 53
Oct. 19_....._ 40.05 Apr.5. .. .__ 39. 15 Oet. 2._____._ 41. 50 May i1.__..__ 39. 56
Nov, 2....... 39. 90 May 11______ 39.10 Nov.11_____. 40. 40 May 31._.... 39.45
Dec. 7 ... 39.60 || May 16....__ 39.10 || Dec. 6..._.... 40.55 || June 7..___._ 39. 64
June 10.._.._ 39. 15 Juy 7._...... 39, 64
1931 July 7. ... . 39. 50 1932 Aug. 3. .oo.. 40. 37
Jan. 4. __... 39.40 |} Aug.4._.___. 40.55 {| Jan. 6...._... 39.90

No. 179. Oscar West. Stock well, upper part dug 414 feet in diameter, lower part bored 6 inches in diam-
eter, 46 feet deep. Water from shallow valley fill. Measuring point, top of plank cover, at land surface;
altitude 4,114.60 feet

Depth to Depth to
water (feet water (feet
Date below Date below
measuring measuring
point) point)
1931 1932
Aug. 1l e 30.20 || May 11 ..o 28.34
Sept. 4 e 30.00 || May 31 o ecmcmeeena- 27.95
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Measurements of depth to water in observation wells, 1928-32—Continued

No. 182.

Ohservation well, drilled by Geological Survey, 3 inches in diameter anc 1534 feet deep.

Water

from shallow valley fill. Companion to well 183, which is about 6 feet to the west and which taps the

deep valley fill. Measuring point, top of casing, 0.6 foot above land surface; alsitude 4,112 feet (inter-
polated)
Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing ing ing ing
point) point) point) point)
1931 1931 1932 1932
June 11_____. 13.7 Sept. 4___.___ 14.3 || Jan. 6_______. 14.3 May 10.._._. 13.65
July 8.....__ 13.8 Oct.2.__.._.. 14.4 | Mar. 7....... 14,05 || June 7_.._.... 13.45
Aug. 5.._____ 14. 05 ’ Apr 3....... 12.15 || July 7. .-._. 13.9
No. 183. Pacific Live Stock Co. Unused well, drilled 2 inches in diameter and 3934 feet deep. Water
from deep valley fill. Measuring point, top of casing, 2.5 feet above land surface; altitude 4,113.35 feet
(1.35 feet above measuring point of well No. 182)
1930 1931 1932 1932
Oct. 14__.__. 14.4 July8_ ... 14.75 || Jan. 6.cceee._ 15.3 June7__ ... 13.9
Aug. 5. ... 14.95 || Feb.4..._.__ 15.25 || July 7_...._ 14.25
1931 Sept. 4._.___. 16.1 Mar. 7_._____ 15.1 Aug. 3. 14.8
May 22._____ 14.5 Oct.2____.__ 15.25 [} Apr.3.___.__ 15.0
June 10.____. 14. 65 | Nov.11._... 15.25 } May 10...... 14.1 '
No. 197. Ralph Catterson. Unused well, bored 18 inches in diameter and abou’ 130 feet deep. Water

from deep valley fill. Measuring point, top of casing, 1.0 foot above land surface’ altitude 4,107.02 feet

1930 1931 1932
Aug. 16 _.._.. 31.86 32.05 || May 16______ 31.56 || Jan. 6._...__ 32.01
Aug. 18 ... 131.77 32.60 || June 9...._._ 31.55 || Feb. 4. ... 3170
Aug.19._..__ 31.85 32,26 || July 7...._.__ 31.88 (| Mar.9_.._.___ 31.70
Aug.22__..__ 31.77 Aug. 5..._... 32.54 || Apr.3._.... 31.61
Aug. 26 _.___ 32.03 Aug. 11.._.. 32.77
Sept. 4.______ 32.14 32.00 || Sept.4....._. 33.11
Sept. 13.._._. 32.10 31.65 {{ Oct. 1. ...__. 32. 95
Sept. 22...... 32.10 31.85 || Nov.11..._.. 32.40
Oct. 2. ... 132.16 31.75 || Dec.B..____. 32.49
No. 200. Owner unknown. Unused well, bored 7 inches in diameter and 35 feet deep. Water from
1srhf;;l]ovv valley fill. Measuring point, top of wood casing, 0.2 foot above land surface; altitude 4,110.30
ee
1930 1931 1931 1932
Oct. 10__.... 30.45 || Jan. 3......_. 30.50 || June 9.....__ 30.80 || Jan. 5.oac__. 31. 60
Oct.18._..._ 30.45 || Feb.7_.. 30.60 || July 7..eee-n 30.80 {| May 11._____ 31.30
Nov.1....__. 30.50 || Mar. 7__..._. 30.60 || Aug. 4. ... 30.90 || May31._.__. 31.20
Dec.6..__... 30.45 || Apr.4._.____ 30.80 [} Oet. 1__.___. 3110 || June 6..._... 31.20
May 9 .. ... 30. 60 July 6. 31.26
May 21...... 30. 60 Aug. 1.__.___ 31.34

i

il

No. 203. C. M. Spencer.
Water from deep valley fill.
taps the shallow valley fill.

altitude 4,111 feet (interpolated)

Domestic well, drilled 12 inches in diameter, measure¢ depth 106 feet in 1931,
Companion to well no. 204, which is about 500 feet to the south and which
Measuring point, top of 2-inch plank on casing, 1.2 feet above land surface;

17.75

1931

I

17.65
17. 65
17.70

[

193
Aug.4_ ..
Sept. 2.
Oct. 1_____

17.90
18. 00
18. 20

No. 216. E. N. Nelson.

formation (7).

Stock well, drilled 6 inches in diameter and 105 feet deep. Water from Harney

Measuring point, top of casing 1.1 feet above land surface; altitude 4,124 feet (inter-

polated)
1931 ” 1931 H 1932 ” 1932
May 26._.... 14.8 || Nov. 11_..... 15.0 Jan. 6. ... .. 12.8 May 10-._._. 14. 4
July8..__.__ 15.4 || Dec.6_...._. 14.95 || Feb.4.____.. 14.3 June 7..._... 14. 55
Sept.4_...___ 15.3 | Mar. 7...._.. 14.6 July 7. ... 12. 45
Oet. 2. ... 15.2 ' ADT. 3. oeoon. 14.45 || Aug. ..o 15.05

1 Water-stage recorder installed.

1 Water-stage recorder removed.
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Measurements of depth to water in observation wells, 1928-32—Continued

No. 218. School district no. 14.

from valley

fill (?).

Unused well, driven 2 inches in diameter and about 40 feet deep. Water
Measuring point, lower valve seat of pump, 2.2 feet above land surface; altitude
4,114 feet (interpolated)

Depth to Depth to Depth to Depth to
vgratetr vzrfater vz'?ter vgtter
ee eet eet eet
Date below Date below Date below Date below
measur- measur- mezsur- measur-
ing point) ing point) ing point) ing point)
1928 1930 1931 1931
Oct. 6____.___ 15.7 Oct. 19_______ 16.25 |t Jan.4_______ 16.15 | Msy 26______ 16. 05
Nov.2_______ 16. 25 Feb.8._____ 16.1 Jure 10.____. 16. 25
1930 Dec. 7. ... 16.25 || Mar,8_______ 16.0 Julr8____.___ 16. 4
Sept. 2.___ __ 16.3 Apr.5 .. ____ 16.1 Auz. 5 ______ 116.5+
Oct. 15.__.___ 16.3 May 11...___ 16.0

No. 219. Owner unknown. Unused well, driven 2 inches in diameter and 31 feet deep. Water from valley

ﬁll1 (?). ) Measuring point, lower valve seat of pump, 1.7 feet above land surface; altitude 4,113 feet (inter-
polated
1930 1931 1931 1932
Sept, 11__.__. 17.8 Feb.8______. 17.6 18.0 Msr. 9_______ 17. 70
Oct. 15_.____ 7.7 Mar. 8. ... 17.6 17.95 || Ap~. 3. .___ 17.75
Oct. 19___.___ 17.65 || Apr.4.._____ 17. 55 17.85 || May 10._____ 17. 8¢
Nov.2...___. 17.7 May 11.._.__ 17.6 17.80 || Jure 7_._____ 17. 80
Dec. 7-._____ 17.6 May 26._____ 17.7 Tal-7...__.__ 18. 10
June 10.____. 17.85 Auz, 3.__.__. 18. 30
1931 July 8 _____.. 17.9 17.55
Jan. 4. ____ 17. 6 Aug. 5.._____ 17.95 17.75
No. 223. Pacific Live Stock Co. Stock well, drilled 6 inches in diameter and 43 feet deep. Water from
deep valley fill. Companion to well no. 224, which is about 150 feet to the south and which taps the
shallow valley fill. Measuring point, top of casing, 0.2 foot above land surface; altitude 4,103.35 feet
1930 1931 1932 1932
Oct.9__...___ 11. 90 July 7..._... 13.00 |} Jan. 5...._._. 14.60 || May 31..____ 11.70
Aug. 4. __. 13.45 || Feb.3.____.. 14.55 || Jure 6.___.___ 11. 60
1931 Sept. 2_______ 13. 95 Mar. 4...____ 14.35 || Jul-6.._____ 11. 50
May 16 __. 12,75 | Oct. 1_______ 14, 25 Apr.2._____. 14.25 || Auz. . ______ 11. 55
June 9_____ 12,85 || Nov. 9______ 14.20 || May 11..____ 12.30
No. 224. Pacific Live Stock Co. Unused well, dug 8 feet square and 13 feet deep. Water from shallow
yalfley fill. Measuring point, top of 2- by 12-inch wood curb, 2.8 feet above land surface; altitude 4,105.10
(120N
1930 1931 1932 1932
Oct. 9..._.._. 13.80 || Aug.4.______ 15.15 |{ Jan. 5. ..___. Q) Jure6.__.__. 14. 20
Sept.2._.____ () Feb.3._.____ (O] Julr6.______ 13. 00
1931 Oct. 1____.__. Q) Mar.4....__ )] Aux. 1.______ 15. 60
May 16____ . 14.50 {] Nov.9__...__ M) Apr.2._____. O]
June9______. 14.80 || Dee. 5. _.._ O] May 11._____ 15. 90
July 7.....__ 14. 85 May 31.____. 14. 40
No. 225. Ruh Brothers. Unused well, drilled 2 inches in diameter and 53 feet deep. Water from deep

vailey fiil.

1.8 feet above land surface; altitude 4,098.80 feet

West Fork of the Silvies River about 100 feet to the west.

Measuring point, top of casing,

1931

16. 45
16. 65
17. 05

17. 05

17.05 |

1931

17. 15
17. 20

Feb. 4. ______
Mar. 9___....

Anre 2
LpPL. O

1932

No. 236. School distriet 17.
shallow valley fill.

Measuring point,

Unused well, driven 115 inches in diameter and 15 feet, deep. Water from
lower valve seat of pump, 1.7 feet above land surface; altitude

4,097.85 feet
1930 1931 1931 1932
Oct. 11______ 14.75 || Apr.5_______ 15.00 || Nov, 11______ Q) Mey 10_..__. 116,10
Oct. 19______ 14.80 (| May 11______ 15.25 || Dee. 6. O Mey 19______ 115, 50
Nov.2._____. 14.85 || May 22______ 15. 30 June 7_____ .. 114,55
Dec. 7. ______ 15.05 || June 10______ 15. 40 1932 Jul~7__..._. 13.90
July8_______ 15.60 || Jan. 6__.____. m Auz. 3. . __ O}
1931 Aug. 5 ______ 15.85 || Feb. 4. ______ )
Feb.8_______ 15.25 || Sept. 4._____. 16.00 || Mar. 9___.___ Q)
Mar, 8______. 15.25 Oct. 2. _.____ 1 16.144) Apr.3.______ ()

1 Well dry.

2 Water flowing in adjacent channe'.
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Measurements of depth to water in observation wells, 1928—-32—Continued

No. 237. Owner unknown.
shallow valley fill.

Unused well, driven 2 inches in diameter and 18 feet deep. Water from
Measuring point, top of casing, 1.4 feet above land surface; al‘itude 4,103 feet (inter-

polated)
Depth to Depth to Depth to Depth to
water water water vz'fater
(feet (feet (feet eet
Date below Date below Date below Date below
measur- measur- measur- measur-
ing point) ing point) ing point) ing point)
1930 1931 1931 1932
Oct. 11______ 15.85 || Mar.8_______ 15.85 || Sept. 4..____ 16.3 Fb.4_____._ 16. 15
Oct. 19.______ 15.85 || Apr.5.__.___ 15.85 (| Oct. 2_______ 16. 4 Mar.9_..____ 16.1
Nov.2_._.__._ 15.9 May 1. ____ 15.85 || Nov 11______ 16. 4 Aor.3__....._ 16.3
Dec. 7._.___. 15.9 May 22_____. 15.85 || Dec. 6_._____ 16.0 May 10__.____ 16. 25
June 10_..__. 15.9 Jene 7_______ 16.2
1931 July 8. ______ 16.0 1932 ly 7. 16.1
Feb.8_._..__ 15.85 || Aug. 5____._. 16.15 || Jan. 6. ... 16.35 || Aug. 3..___._ 16.45
No.241. C.DM. Spencer. Unused well, upper part dug 4 feet square, lower part bored 10 inches in diameter,

23 feet deep. Water from shallow valley fill.
northwest and which taps the deep valley fill.

foot aboveland surface; altitude 4,103.10 feet

Companion to well 242, which is about 125 feet to the
Measuring point, top of 2- by 12-inch plank platform, 0.2

1930

1931
21,00 || Mar. 7__..__. 21. 00
21,00 || Apr.4___.... 20. 50
21,00 || May 9_______ 21,10
21.05 || May 20____.. 21. 10
June9.______ 21,25
July 7_. ... 21. 50
21,20 || Aug. 4___.___ 21.90
20.55 || Sept. 2______. 22.25

22. 40

99 AR
& OU

22.15

22.00
23.45
21.95

1932
Apr.1____._. 22.10
May 11______ 21,65
May31._____ 21. 65
Jrne 6_._____ 21, 65
July 6 ______ 22.05
Aug. 1.______ 22. 55

No. 242. C. M. Spencer.
measured depth 86 feet in 1930.

2.7 feet above land surface; altitude 4,102.45 feet,

Water from deep valley fill.

Domestic well, drilled 114 inches in diamneter, initial depth reported 190 feet
Measuring point, lower valve seat of pump

1930 1931 1931 1932
Oct.22______ 183.75 || July 7___._.. 14.10 || Dec. 5_______ 14.60 || Mar.4.______ 14. 55
Aug. 4 ______ 15. 00 Aor. 1 __.____ 14.35
1931 Sept. 2______ 14,65 1932
May 21______ 14. 00 Oct. 1_______ 14.75 || Jan. 5________ 14.70
June 9_.___.__ 14.05 l Nov.9.______ 14. 50 l Feb.3_______ 14. 60
No. 244. Owner unknown. Stock well, drilled 8 inches in diameter and 51 feet deep. Water from deep

valley fill. Companion to well 245, which is about 25 feet to the west and which taps the shallow
valley fill. Measuring point, top of casing, 0.2 foot above land surface; altitude 4,098.65 feet
1931 H 1931 ” 1932 H 1932
June 3_______ 14.30 {| Oct. 1______. 15.20 || Jan. 5________ 15.45 || May 31._____ 112.25
June9_______ 14.30 || Nov.9______. 13.35 || Feb.3__.____ 15.50 || Jtne 6_._____ 12.00
July 7___.___ 14.45 || Dec. 5__..___ 15.45 || Mar. 4_______ 15.55 || July 6. ... 12. 45
Aug. 4. ... 14.70 Apr. 1. .. __ 15.50 || Aug. 1._____. 13.10
Sept. 2._...__ 14,95 May 11______ 13. 20
|
No. 245. Owner unknown. Unused well, dug 6 feet square and 15 feet deep. Water from shallow valley
fill. Measuring point, top of 4- by 6-inch curb, about 0.4 foot above land surface; altitude 4,098.65 feet
1930 1931 1932 1932
Oct. 10______ 11.20 || Aug. 4. _____ 12.50 || Jap. 5. __.__. ?) June 6__.____ 12,30
Sept. 2______. 12.90 Feb.3_._____. %) July 6._.__.__ 12.95
1931 QOct. 1_______ 12. 90 Mar. 4. ______ @) Aug. 1 __.___ 14.75
May 21 _____ 12,30 Nov.9______. 13. 15 Apr.1_______ 13. 40
June 9_______ 12,30 || Dec. 5...__.. 13.15 || May 11______ 13.05
July 7. ______ 12, 40 H H May 31_____. 112.45 |
1 Adjacent land fiooded. 2 Well dry.
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Measurements of depth to water in observation wells, 1928-32-—Continued

No. 246. Fred Timm. Domestic well, drilled 4 inches in diameter, initial depth reported 185 feet deep,

measured depths 162 feet on May 16, 1931, 66%¢ feet on June 3, 1931.

Water from deep valley fill.

Com-

panion to well 247, which is about 20 feet to the northwest and which taps the shallow valley fill.
Measuring point, top of vertical wood curb, 0.4 foot above land surface; altitude 4,105.65 feet

Depth to Depth to Depth to Depth to
vg;a.tetr vzfater w(?.ter wfater
e eet eot (feet
Date below Date below Date below Date below
_measur- _Tneasur- measur- measur-
ing point) ing point) ing point) ing point)
1031 1031 1022 1032
May 16__..__ 20.15 || Sept. 2...__._ 22.05 {| Jap. 5. .. ... 22.50 || Aor.1__.___. 22. 65
June 3___.._. 21.20 || Oct. 1_______ 22.15 j| Feb.3....... 23.20 || May 11______ 21.05
July7_____._ 21.40 || Nov 9_.__._. 22,80 || Mar.4.....__ 22.65 May 31__._._ 21. 60
Aug. 4. . ... 21. 70

No. 247. Fred Timm. Domestic well, bored 8 inches in diameter and 22 feet deep Water from shallow

valley fill. Measuring point, top of box pump support, 2.1 feet above land surface; altitude 4,107.40 feet
1928 1929 1930 1931
Oct. 5. ... 19.80 || Dec. 2....... 120.6 21.30 22,80
119.80 21.35
1930
Jan. 2. .__.... 120.6 23.25
119.80 || Feb.2_...._. 120.6 21.45 23.25
119,80 |} Mar. 2.______ 120.70 21. 60 O]
119. 90 . 120,70 21.75 )
119.80 120.70 21. 65 22,75
119.80 120.80 22.05 3 21.60
120.00 129,60 22.25 22.60
120.20 121.00 22. 50 22.75
120. 30 121,10 22. 60 23.00
. 120.4 121.20 23.10
Nov.1. .. _.. 120.5 21.15 23. 00

No.249. Ownerunknown. Unused well, drilled 4inchesin diameter and 14feet deer. Waterfrom shallow

valley fill. Measuring point, top of casing, 3.5 feet above land surface; altitvde 4,102.00 feet
1930 1931 1932 1932
Qct. 9. ____.. 15.35 || Aug. 5...._._ 16.15 || Jan. 6_.oc-... 16.80 || Jtme 7___._._ 37.60
i Sept. 4._____. 16.40 || Feb.4_....._ 16.65 || July 7... 8.85
1931 Oct. 2__.._.. 16. 55 | Mar. 9......_ 16.60 || Aug. 3.._-._- 11.05
May 16__.._. 15.80 || Nov. 11 .___. 16.75 || Apr.3.----__ 16. 80
June 10.__... 15.85 || Dec. 6. ---__ 16.85 || May 10...... 311,00
July 8. _..... 16. 00 May 31...... 37.55
No. 250. Owner unknown. Unused well, dug 4 feet square and 22 feet deep. Water from shallow valley

all.

Measuring point, top of 4- by 4-inch girder at land surface; altitude 4,096.00 feet

18.25

18. 60
18.65
18.80

I
18.90
19.15
19.30
19.35
20. 10

i

|

1932

19. 65
19. 40
19.10
19.25
19. 35
19. 40

1932

No. 253.
valley fill.

Owner unknown. Stock well, dug 4 by 6 feet across and 13%% feet deep. Water from shallow

Measuring point, top of 2- by 4-inch girder, 1 foot above land surface; altitude 4,097.70 feet

1930

413.30
12. 80
il

1931
May 22._._..
July 8. ...

12,95
15.15

1931
Aug.5...__..
Sept. 4....__.

®
®

1932

15. 65

1 Measurement by owner.
1 Well dry.

3 Adjacent land flooded.
¢ Windmill operating during measurement.
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Measurements of depth to water in observation wells, 1928-32—Continued

No. 267.

Owner unknown. Unused well, dug 5 feet square and 21 feet deep. Water from shallow valley

fill; on bank of Malheur Slough. Measuring point, top of 2- by 6-inch girder, at lend surface; altitude

4,101.85 feet

Depth to Depth to Depth to Depth to
water water water water
Date (feet below Date (feet below Date (feet below Date (feet below
measuring measuring measuring measuring
point) point) point) point)
1930 1931 1932 1932
Oct. 10_.._... 17.30 || Aug. 4._.____ 18.55 || Jan. 4___.____ 18.05 || June 6_....._ 13. 65
Sept. 2__..... 18.85 || Mar. 3..._... 17.50 || July 6.ceee._ 14. 60
1931 Oct. 1...__._ 19.05 Apr.1__.____ 12.55 || Aug. 1...... 14. 60
May 20..-... 17.80 |} Nov. 9...._.. 19.30 || May 11._____ 112. 50
June 9._..._. 17.95 || Dec. 4.._.___ 19.35 || May 31.._.__ 13. 55
July7..._._. 18. 20

No. 268. Owner unknown.

Water from Harney formation or valley fill.

surface; altitude 4,102.95 feet

Unused well, drilled 6 inches in diameter, measured denth 120 feet in 1930.
Measuring point, top of well platform, 0.9 foot above land

1930 1931
Oct. 10.__.___ 9.50 || Mar. 7....__.
Oct. 18 _____ 9.55 || Apr.4..._..__
Nov. 1....... 9.65 | May 9 ......
Dec. 6...____ 9.65 || May21._....

June 9..___._

1931 July 7 ..._..

Jan, 3........ 9.70 || Aug.4__.___.

9. 80
9. 80
9.85
9. 80
9. 90
9.95
10. 05

1931

10.15
10. 25
10. 15
10. 10

10. 05

1932

July 6_..._..
Aug. 1._...

- 10. 45

No. 272, Owner unknown. Unused well, driven 2 inches in diameter and 2834 feet deep. Water from

shallow valley fill.

Measuring point, top of casing, 2.0 feet above land surface; altitude 4,110 feet (inter-

Polated)
1930 1931 1931 1932
Oct. 10. ... 26.2 Mar. 7. ceee-o 25. 55 Oct. 1__..-- 26.8 Apr.1._._.._. 25, 55
Oct. 18_..... 26. 1 Apr.4___.._. 25.45 || Nov. 9....._. 26.35 || May 11...._. 25. 6
Nov.1._...... 26.05 || May 9.._.___ 25.35 || Dec. 4....___ 26.3 June 6._..... 25. 55
Dec.6..._... 26.05 [} May 21_.___. 25.3 July 6_...___ 26. 2
June 5______. 25.5 1932 Aug. 1._.___. 26. 85
1931 July 7._..... 25.95 || Jan. 4....__.. 26. 25
Jan.3._____.. 26.15 || Aug. 4..____. 26.55 || Feb.3_._..__ 25.45
Feb. 7...__._. 25.65 || Sept. 2. ... 26. 8 Mar. 3...___. 25. 6
No. 292. Observation well, bored by Geological Survey, 314 inches in diameter and 14 feet deep. Water

from valley fill.

Measuring point, top of casing, 0.4 foot above land surface; altitude 4,095.48 feet

Depth to Depth to
water (feet water (feet
Date below Date below
measuring measuring
point) point)
1931 1932
Aup. 14 e eeaean 12.75 || MaY 10 e e 11. 95
Dt 4 e eeeeeeeee 12,95 || June 7o e e 11.90
Oct. 2 e e e 12.90 {| JULY 7r e ae 12.35
AUg. 3o e eeeeeem 13.10
No. 293. Observation well, bored by Geological Survey, 3 inches in diameter and 14feet deep. Water from
valley fill. Measuring point, top of casing, 0.5foot above land surface; altitude 4,096.41 feet
1931 1932
JUNE 16 e eee e ccemeeeeeae 13.08 || Jan. 6. e e e 13.46
June 24 o e 13.12 (| Feb. 4 e e em—eaan 13.35
JUVY 8. e 13.20 || Mar. 9. o e 13.37
AUg. 5o e 13.40 || AP 3t ccccmerme——e e - 13.20
Sept. 4 e aaan 12.60 || MAY 10n e e cecerccaec ccecmonccane 13.40
Oct. 2. e e em 13. 60
B D - U 13.45

1 Water flowing in adjacent channel.
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Measurements of depth to water in observation wells, 1928-32—Continued

No.294. Observation well, bored by Geological Survey, 3 inches in diameter and 17 feet deep. Water from
valley fill. Measuring po'nt, top of casing, 0.5 foot above land surface; altitude 4,100.75 feet

Depth to Depth to
water (feet water (feet
Date below Date below
measuring measuring
point) point)
1931 1932
Aue. 12 .. 16.81 || May 26, e eaeeae 16. 80
Sept. 4. 16.71
Oct. 2 16.79

No. 2906. Owner unknown. Unused well, drilled 4 inches in diameter and 21 feet deep.

Water from late

basalt (?). Measuring point, top of casing, 1.0 foot above land surface; altitude 4,111.90 feet

Depth to Depth to Depth to Depth to
water water water water
(feet (feet (feet (feet
Date below below Date below Date below
measur- measur- meastr- measur-
ing ing ing ing
point) point) point) point)
1930 1931 1932
Sept. 14..____ 20.85 || Mar.8...____ 20. 85 Oct.2..___.. 21.15 || Apr.3.____._ 21.00
Oct. 19 __._. 20.85 |} Apr.5_.___.. 20. 90 Nov.11__ __. 21.25 || May 10.____. 21.15
Nov.2._..... 20.85 || May 11__.___ 20. R0 Dec. 6....._. 21.70 || June 7...__.. 21.05
Dee. 7.._..__ 20.85 | May 26 _____ 20. 80 I~y 7______. 21 15
______ 21.390 1932 Aug. 3...._.. 21.25
w1 f HJuly8._._.____ 20 90 || Jan.6... ... 21. 40
Jan.4________ 20.85 || Aug. 5.__..._ 20. 95 Feb.4__..._. 21.05
Feb.8. _..__. 20. 85 21.05 Mar. 9___.__. 21.10

No.316. Alva Springer.

Domestic well, dug 5 feet square and 16 feet deep. Water from shallow valley fill.

Measuring point, top of 2-inch plank well cover, 0.5 foot above land s urface; alt*tude 4,099.65 feet

1930
Sept. 12.._ _. 6. 65
Oct. 19. ___._. 6. 65
Nov.2._..__. 6.70
Dee. 7. ___ 6.70
1931
Jan. 4. . ... 6.80
Feb.8._._._. 6.80

_-
DD D LR

om
&~
Tt

gfom»h(h:'d
Ly OT OO W

1931

Aug. 3.2

S
WD G b
SNOERO

No. 374. Owner unknown.

TUnused well, driven 1% inches in diameter and 18 feet deep. Water from

valley fill. Measuring point, lower valve seat of pump, 1.8 feet above land surface; altitude 4,104 feet

(interpolated)
1930 1931 1932
Sept. 15__.__ 9.25 || Mar. 8. ____.. 8.85 || Oct.2_...._. 13.10 {| Apr.3._.__.. R.35
Oct. 19_____. 810 || Apr.5__..._. 8.65 || Nov.11__ ___ 11.5¢ || May 10 .. -- 27.40
Nov.2_...___ 6.80 || May 11______ 9.35 {{ Dec.6......_ 13.60 || June 7______. 28.80
Dec. 7......_ 7.75 || May 26._____ 9. A5 JUy 7.....-. 10. 20
______ 10. 05 1932 Aug. 3. 11 40
1931 July 8...__ .. 16.90 || Jan. 6..___.__ 13. 55
Jan. 4. ... 7.40 S S, 11.20 || Feb.4._____. 13.69
Feb. 8 ._.___ 9.45 || Sept. 4.___.__ 12.65 || Mar.9.__..__ 14. 05

1 Pump stopped a short time before measurement.

? Adjacent land flooded.
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HARNEY BASIN, OREGON

Records of discharge from magjor springs in the Harney Basin, 1902-32

No onpl. 2

Location

Name

D*~charge !

Date of %‘é?g’ Gallons
measurement second |2 minute
T.228.,, R. 3213 E.
13 .. NEYMSWi{sec. 14. | e Sept. 6,1930 0. 50 225
May 8,1931 .50 1225
T.24 8., R.30E.
148 ... SWUHNWYsec. 9 | Sept. 3,1930 .73 330
May 29,1931 . 56 250
150 ... SEM4SWlisec. 11..__..___ Roadland Spring......___. Sept. 3,1930 1.08 485
May 29,1931 .82 370
T.248S.,, R.33 E.
205. - eeeee-- NWISEls sec.34.._..___| Crane Hot Spring._._._.__ —— 1903 .25 110
Aug. 13,1907 .40 180
Oct. 10,1930 .40 3180
June 3,1931 .40 3 180
T.25 8., R. 30 E.
1) I SEMSWl{sec. 22._._______ Weaver Spring____________ Aug. 18,1907 __._______ 20
Oct. 16,1930 |__________ 220
June 16,1931 {__________ 210
T.26S.,, R.28E.
273, e SEYSEl{sec. 26......____| OO0 Cold Spring___________ July 29,1907 {20.6-0.8 1270-360
July 22,1931 214+ 34504+
280, .o NEl4SEl{sec. 34..._...__| OO Spring.____....__._____ July 30, 1907 12.5 5, 600
Aug. 23,1913 20.9 9, 400
Apr. 13,1916 15.8 7, 100
May 14,1916 15.7 7, 100
Oct. 28,1916 16. 4 7,400
Apr. 18,1917 14.1 6, 300
May 22,1917 16. 0 7, 200
Oct. 11,1917 14.1 6, 300
Apr. 26,1918 13.9 6, 300
June 10,1918 8.4 3, 800
Mar. 23,1919 15.2 6, 800
Sept. 5,1919 15.0 6, 700
Apr. 24,1921 15.2 6, 800
May 30, 1932 11. 89 5, 350
281 ..o..| NENWY{sec.36.._..___ OO0 Barnyard Spring..._. Apr. 12,1916 6.6 3, 000
May 15,1916 5.8 2, 600
Oct. 28,1916 7.9 3, 600
Apr. 19,1917 6.0 2, 700
May 22,1917 5.7 2, 600
Oct. 1,1917 5.1 2,300
Apr. 26,1918 6.0 2,700
June 10, 1918 3.0 1, 350
Mar. 23,1919 6.0 2,700
Sept. 5,1919 9.2 4,100
July 21,1931 3.85 1, 750
T.268S., R.29 E.
285 e Lot4Sec31 . ___________. Basque (East OO) Spring_| Julv 29, 1907 4.0 1. 800
Apr. 12,1916 2.1 950
May 15,1916 2.7 1, 200
Oct. 28,1916 1.8 800
Apr. 19,1917 2.3 1, 100
Oct. 21917 2.2 1, 000
July 22,1931 2.70 1, 200
May 30, 1932 1.97 900
T 26 8., R.31 E.
k) Iy SR, Lot 6sec. 35 ..o ... Sodhouse Spring. . ____..__ Aug. 20,1907 4-5 1,800-2,250
Sept. 9,1930 11. 60 5, 200
Aug. 22 1931 9.13 4,100

! Records of discharge in 1902 from Russell, I. C., Preliminary report on artesian basins in southwestern
Idaho and southeastern Oregon: U. 8. Geol. Survey Water-Supply Paper 78, p. 39, 1903 (presumably dis-
charge estimated); in 1903 from Russell, I. C., Preliminary report on the geology and vater resources of cen-
tral Oregon: U. 8. Geol. Survey Water-Supply Paper 252, p. 241, 1905 (presumably discharge estimated);
in 1907 from Waring, G. A.. Geology and water resources of the Harney Basin, Oreg.: U. 8. Geol. Survey
Water-Supply Paper 231, pp. 39, 40, 1999; in 1911 to 1921 from U. 8. Geol. Survey Water-Supply Paper 310,
p- 196, 1913; 440, p. 326, 1919; 460, p. 271, 1921; 480, p. 266, 1922; 510, p. 341, 1923; and 530, p. 190, 1926; in 193¢
and 1931 from measurements by T. W. Robinson.

2 Estimated.
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Records of discharge from magjor springs tn the Harney Basin, 1902-32—Continued

Discharge
No.on pl. 2 Location Name .
Date of %‘;E’f Gallons
measurement second | & minute
T.27S.,,R. 20 E.
347 .. SWYNWI{sec. 5.........| Johnson Spring.__._..__.. July 29,1907 2.0 900
Apr. 12,1916 1.5 680
Oct. 28,1916 1.3 5%0
May 22, 1817 1.7 760
Oct. 2,1917 2.0 900
July 24,1931 1.9 850
349 . _.._...| NEY{NElgsec. 8. ...._.._. Hughet Spring______._.__. Apr. 12,1916 413.6 4 6, 100
Apr. 24,1916 49.2 44,100
QOct. 28,1916 14.5 6, 500
Apr. 19,1917 13.3 6, 000
May 22,1917 12.0 5,400
Oct. 2,1917 12.8 5, 800
July 24,1931 13.0 5, 850
May 30.1932 11. 94 5, 400
350 e SEYSEl{sec. 9 .. ____.__. Sizemore Upper Spring__..| Apr. 12,1916 1.5 680
May 14,1916 2.1 950
Oct. 28,1916 1.2 510
May 22,1917 2.8 1, 250
Oct. 2,1917 53.5 51, 580
July 28,1931 2.58 1, 160
354 . o.o. NWINWIsee 16 ____. Sizemore Lower Spring.___| Apr. 12,1916 1.4 630
May 14,1916 1.6 720
Oct. 28,1916 1.3 590
May 22,1917 1.6 720
Oct. 2.1917 53.5 51,580
July 28,1931 .92 410
T.27 8., R. 29013 E.
361 .. NEYSEYseC. 36, -] ceaeeeen 1902 .8 360
Aug. 19,1907 .4 180
Sept. 11,1930 3.35 3150
June 2,1931 3.35 3 150
T.318, R. 32 E.
379 - NWYNEYsec. 13 _...... Hog House Spring....__._| Nov. 1,1907 4 1, 800
Aug. 27,1932 22 2900
T. 318, R.3213 E.
380..-_._...| NWI4SE!{sec. 21__._..... Knox Spring. .. _.......__ Apr. 11,1911 1.5 680
July —, 1932 21 2 450
T.328,R.32E
381 . SWYNEY{sec. 12 | oo ciciiiciee Aug. 28,1907 | 0.4-0.6 180-270
June 9,1916 1.4 630
Aug. 27,1932 21,1 2 500
T.328, R. 32! E.
382 - NEYSWYL (2) 8€C. 5 | ceecmee e Aug. 27,1907 {. ... 20
Aug. 27,1932 .2 1100

1 Estimated.
3 Float measurement.

4+ Measured 1 mile below head of spring.
$ Combined flow of springs Nos 351 and 354.
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