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highest, borders on a locale known as Monocline Ridge. The local
sediments consist of mud-flow deposits derived from the adjacent
foothills, which consist mostly of marine and nonmarine sedimentary
rocks of Tertiary age. A dispersion train grades downslope toward the Val-
ley trough. Near the lower (east) part of the fan, the gradient reverses in
scattered areas, which may indicate locales where shallow groundwater
has carried selenium to the surface. At present we have no data on specia-
tion of selenium, but it appears that selenium is mostly precipitated high
on the fan and more commonly dissolved in the shallow groundwater near

N

. P o L : s
with selenium, the Coast Ranges provide more mercury-enriched
sediments than does the Sierra Nevada. This is not unexpected because
important mercury deposits such as the New Almaden Mine in Santa
Clara County about 55 miles west of Los Banos and the New Idria Mine in
San Benito County about 10 miles west of Monocline Ridge were, respec-
tively, the number one and number two producers of mercury in North
America (Bailey et al., 1973). There is also mercury mineralization in the
arkfield District at the western corner of Kings County. The Valley
samples, however, reflect the anomaly at New Idria most prominently.

Figure 7 shows the distribution of mercury in the Panoche
samples. The dispersion trains in the alluvium from Panoche Creek and to
alesser extent from Cantua Creek are classic examples of dispersion from a
mineralized area. The mineralization at New Idria is on the northeast
flank of a large serpentine intrusion, which is the source for several other
characteristic elements, such as nickel, chromium, cobalt, manganese,



I R A RO TS O P PR
’ Ll T e Lo le T T SRR BTN O S
" T T il T T B Lot IR VIR - L.l
' o T Tt A S T I -
LTl T U TR O BT T 2T L
S A OO A PR toL LY =N ! c




Do T T S les T S, oA DURY, AD JThReR ELEMENTS /IO 8. L

.G TRE 4

T
FIGURE 3

FIGURE 6
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FIGURE 7

PPLATE 1. Refer to Tidball et al., Distribution of Selenium, Mercury, and Ct ¢+

Elements in Suus of the Jan Joaquin Valley and Parts of the San Luis Drain Serv.ce
Area, Calyornia, pages 71-32.

FIGU :E 4. »ap ci total selenium at 0-12 inch (0-30 cm) depth in soils of the
San Joaquin Valley, California. Color scale identifies percentiles of the freque ~cy
distribution of gridded values in each 2-km cell.

FIGUZE 5. Map of total sclenium at 66-72 inch (168-183 cm) depth in soi.s of
the Panoche study area, California. Color scale identifies percentiles of the fi.-
quency distribution of gridded values in each 0.5-km cell.

FIGURE 6. Map of total mercury at 0-12 inch (0-20 cm) depth in soils of the Zan
Joaquin Valley, California. Color scale identifies percentiles of the frequency di;

tribution of gridded values in each 2-km cell.

FIGURE 7. Map of total mercury at 66-72 inch (168-183 cm) depth in soils of
the Panoche study area, California. Color scale identifies percentiles of the fre-
quency distribution of gridded values in each 2-km cell.
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Dy Tidball is a soil scientist with the U.S.
Geological Survey in Denver. He received his
Ronald I Tidball Ph.D. from the University of California,
Berkeley, in 1965. He has done research in
geochewmical mapping of soils in numerous
midcontinent and western states in studies
that range from environmental veochem-
istry to appraisal of mineral resources.

DISTRIBUTION OF
SELENIUM, MERCURY,
AND OTHER ELEMENTS IN
SOILS OF THE

SAN JOAQUIN VALLEY
AND PARTS OF THE SAN
LUIS DRAIN SERVICE
AREA, CALIFORNIA

AGRICULTURAL DRAINACE derived from

the San Luis Unit of the Central Valley Proj-
ect and delivered to Kesterson Reservoir in western Merced County, Cali-
fornia, contains high concentrations of salts and trace elements (Deveral et
al., 1984). Selenium in particular is believed to be responsible for exces-
sive mortality and birth defects among waterfowl that inhahit the pond
water. We have investigated the composition of solid mineral material
from a part of the San Lais Drain service area by analyzing soil samples
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AGP C . LTCRAL DRAINAGE derived from

the San Luis Unit of the Central Valley Proj-
ect and delivered to Kesterson Reservoir in western Merced County, Cali-
fornia, contains high concentrations of salts and trace elements (Deveral et
al., 1984). Selenium in particular is believed to be responsible for exces-
sive mortality and birth defects among waterfow] that inhabit the pond
water. We have investigated the composition of solid mineral material
from a part of the San Luis Drain service area by analyzing soil samples
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coll ~ =d or the alluvial fans of Panoche and Cantua Creeks in wes ~r
“resno County. In add “on, we analyzed o-chive . soil samp es collocted
wronghout the San oagin ' . 1oy to provide v background persocetive:
ageinst which to compare tac . wrviceor o e purpo. s ol "he stud'y were
to ¢ T e the nab d distributio ss of @ sments in soils, to establis 1« back-
ovound values, to ciscove locations of v.nusua concout aFors, and to
Lot to hossible source nreas oo elements of inierest, porticularly
selenivan. i8> oer reports on the vesnls of comical ~=+ yars of the
soils for < ~red ee ~aris,

Hoil samples were collected 11 sen ™ e area by Che il Reerd,
iy Eooles, o Cfathld) ane Tl Cray on Zwonles frors L San
0ac 1van ey were coliected by ceal Clivas L samples were ana'yed in
the ULS. 17 crogieat Darvey laborato . 10 over, Tolorado. Gan s
weee propared by L7 e Legorvses for seleniam, ~ =nic, and
mer-ury weic done by o thield ana Ko 20 T~e-ady, and for sulfur

by 7L T gleman.
~ / v A LT
- - . -~ Loan s “ . — - . (]
Jhistody creas sre Lhown in dgreee e 100 Ceologies T Dues
vev had previci, v 7982, 000G ZANST sy from 2€, sitce Tore

throughout the Sav Topquin Vii ey <iors~ 2.7 “ese samyi es =1 ~50mi a
strntified randore sa~Hle taken at intervals thot o - sage asoat 91, and
(e sareoles are a comrosite of the 0- 2 inch (0-30 cni) der. 1. _vill 2l to
these seninles as the  vatley samaples” . second sel ol samy =s wag
cococted T 1905 from 721 sites o1 the “onoche and Cantua o o Cav ]
1sats T-mi 2 1.6 km)ins L oat! Toure 2N L ofer to these saim b o
e canochie sawpies) Tocan e octoiae iy aoticipaled thas tighe
sene. inm values rright occur in the v cope paris of theso pota, -
aoalyzed a conmosite tanag’ from 66-7. porc s 68- 53~ o

scoainie o omyais of veriomes study | overson et sl 1956, Do ver e con-
firmrg i~ e war o T aant difference in resy ts heotween ¢ 2 s, so

<

In

we foel confic - cin directly compariny ti2la o e sanles Al tac 'l
Iy sam1 s,

“he less-thar -2-mm diar ler fraction of all surnples wae 2o, ved
for total amounts o thirtv-five - »v mts  will present the rosu s only for
arsenic, merenyy, scienium, and sulfur. S¢oorunm » o arses ~ were deter-

inined by hydride generation and atomic absoirption method | -i~25 and
Trock, 1986 . ‘cnry was determined by acid ¢ 1gest10n and ccld ~vaor

continuous-f w ator “ic absorption _ lwirtyhann and . va i, 776; . ock
and ern~dy, 19867 and sulfar was det el ined by combustion io v Leco

ancivzer with infrarec detection of snl” . - dioxide gas . ~ksonetal. "CUT).
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TIDBALL 1 DISTRIBUTION OF SELENIUM, MERCURY, AND OTHER ELEMENTS

TRTTrT e
SAMPLE LOCATT ™ "4 > SHON ™ 177 SANP .77 SITES
IN THE S..°7 JOAQU """ LLEY

|7°30"

Q7"

48°30°

c6”

| a5°30°

s°,
121445 e 120*30° s 118730

The lower limits of determination are: arsenic, 0.1 parts per million
(ppm), mercury, 0.02 ppm, selenium, 0.1 ppm, and sulfur, 0.01 percent.

The results of these analvses are illustrated by color-scale raster-
format images that resemble contour maps. An automatic contouring
procedure typically has two steps, gridding and contouring. Ve estimated
the grid by universal kriging (Tidball et al., 1986). The gridding step
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computes a regular grid of data from sometimes irregularly spaced
samp'es, The grid interval chosen is typically finer than the original sam-
pling interval because the estimated surface of data is more continuous
and the contours will be smoother. The grid for Valley soils is estimated at
an interval of 2 km, and the grid for the Panoche area is estimated at 0.5-
km intervals. We believe the gridding produces a faithful representation of
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TIDBALL / DISTRIBUTION OF SELENIUM, MERCURY, AND OTHER ELEMENTS

the original data because the mean of the kriged estimates nearly equals
the mean of the original data, and the errors are randomly distributed and
uncorrelated with location.

The color-scale shown on the image maps represents sclected
percentiles of the frequency distribution for each element. ‘ellow includes
the median. Warmer colors (orange to red) represcut arcus with above
average values, and cooler colors (green to blue' represent areas with
below average values.

okl o
[CRIR v}

The kriging algorithm has a smoothing effect on the data that tends
to reduce the highest peaks but changes the mediar value very little. “or
ex” 1ple, the geometric mean for selenium i. the = unoche arca is 0.68
ppm and the median for tl e gridded va'v s s 0.79 ppm. 77 *s dos not
detract from the value of the image map for illustrating the rezional distri-
bution of an element in the soils.

““he distribution of selenium in the Yailey samples is shown in <ig-
ure 4. " "he gridded vaiues of selenium range from 0,07 to 1.07 ppm. . .bove
average values occur on the west side of the Valley and below average
values occur on the east side. This suggests that the Toast langes are a
more - gnificant source of selenium than is the Sierra “evaca. Taere are
two areas with relatively high selenium values (90th percentile or above).
One is within the delineated Panoche ~an study area in western ™~sno
Countv. The other is in western Kern County in the vicinity of the - ite-
lone  lls. The highest measured concentrations of selenium found a-e
>.53ppmoin the " atelope TTills area and 4.3 ppm in the Panoche area. 'he
geometric mean for selenium is 0.14 ppm in the Valley samples and 0.68
p M in the Panoche area; these values can be compared with 0.25 ppm for
495 soils collected extensively throughout the western United States
Bhacklette et al., 1974). The distribution of selenium in the ‘’anoche
study area is shown in Figure 5. ..ic » comparing Figure 4 with  izure 5,
note that the colors of the two figures represent different ranges of
selenium values: The upper 10 percent of the Valley samples (greater than
0.36 ppm) are nearly equivalent to the upper 90 percent of the Yanoche
samples. . he two sample sets both confirm the selenium distrilotion in
the “anoche area.

Figure 5 shows that the probable source area for the selenium is
located between the two major alluvial “ans of >anoche Creek and Cantua
Creek. Therefore, sediments from within the  hio Range are not a
major source of selenium, or, if they are, that fact is masked by deposition
of more recent but barren sediments. The interfan area, where selenium is
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DISTRIBUTION OF SELENTUM, .. ERCURY. AND OTHER ELEMENTS / TIDBALL

highest, borders on a loc .. known as = onocline ! .dge. The local
sedime s consist of rwd-flow dejosits derived from the ad™ cent
toothills, whicii consist mostly of marire :nd nonmarine sedimeata.y
rocks of Tertiary age. A dispersion train yrac os downslope toward the Val-
ley trough. Near the lower (¢~ | | - cof dhe fan, the gradient reverses in
scattered areas, which may indicate locales where shallow groundweter
has carried selenium to the su 0 -/t present we have no data on specia-
tion of selenium, but it appea.s tp: L se'>niuvm ‘s mostly precipitated high
on the fan and more commonh <l 0lved in tae shallow groundwater near
the Valley trough (Deveral et »., 1S5, lerhaps seleniw is slowly dis-
solved into the groundwater Figion the fan and is moving down (hrough
the fan to emerge at the lowe #nd.

Figure 6 shows the dis “ution of -~ -cury in the vailey soils. 5
with selenium, the Coast langes provide more mercury-enriched
sediments than does the Sier-a . .evaca, ~his is not unexpected because
important mercury deposits s10h as the _cw  linaden - _ne in Santa
Clara County about 535 miles v, ovt of .05 3anos and tae Jew drie . _inein
San Benito County about 1015w (of | onocline udue we & . espec-
tively, the number one and nui:ber two prodacers of mercucy 10 . orth
America (Bailey et al., 1973). b~ ¢ is also ipercury o ineralization i the
Parkfield District at the wes*1n cor~er of 1 ‘ngs Zounty. The “alley
samples, however, reflect the anoma v *© ~w dria most promineniiy.

Figure 7 shows the distri.ition of mercury in the Panoche
samples. The dispersion train. i1 tae alluvia.. from anoche - eck and to
alesser extent from Cantua Cree < a. » clas. o exemples of disp rsion f-oma
mineralized area. The minera ization at v Avia is on t.e northeast
flank of a large serpentine intrusion, which is the source for several other
characteristic elements, surii as nirxel, chromium  cobalt, manganese,
and iron.

igare & shows the distribution of arsenic in the Valley samples.
The Coast “anges ¢ ppea- to contribute more arsenic to the sedinients ihun
the Sie. . mada. rsonic is often associated with sulfide mineralization,
but t.e reasons for .h- _utterns showii her are not known.

“ zure 9 shows e distribution oi arsenic in the Panoche sanuipics.
The cisteibution poaticras are somewhat diffose, but arsenic appears to be
associated mostly with the alluviuin of “ano~re and Cuntua Croeks. " his
suggests that the arsenic and  ercury may be derived from a similar
source.

figure 10 shows the distiibution of sulfur in the Panoche samples.
Suliur und seleniuin normally exhibit similur cheurical behavior, and a
comparison of the disi-ibition of sulfur with that of seleniu. 1 generally
supports that observation. The most prom‘nent concurrence of suifur
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with selenium is on the west side on the interfan area between Panoche
and Cantua Creeks. A locale where there is no concurrence is near the
southeast border adjacent to Fresno Slough. This was a former outwash
channel for floodwaters from the Tulare Lake Basin. The sulfur pattern is
apparently showing the trace of an old channel imprinted by sulfate-rich
water.

¥l roe I N
fl foes — ~

The distribution of mercury and arsenic on the alluvial fans of
~anoche Creek and Cantua Creek suggests these elements were both de-
rived at least in part from a mineralized zone. ercury most certainly
came from New Idria and perhaps arsenic did also. The dispersion
patterns for selenium and sulfur, however, rac ate fror . a more local
source area in the vicinity o .. ‘'onocline Ridge. The footills in this area
are composed of dipping sedimentary beds of marine anc nonmarine ori-
gin that range from Pleistocene age near the valley edge to « .. ctaceous age
near the serpentine intrusion of ~“»w idria. The strata at the Valley edge
are in tt ulare Formation of Tertiary age.

Selenium has been found elsewhere in a number of different geo-
logic materials including sulfide minerals such as pyrite in sedimentary
rocks, black shales, phosphorites, coals, brimstones, sedimentary metal
deposits, tuffaceous rocks, and mercury and antimony deposits (i akin and
Davidson, 1973). In the Northern Great Plains, seleniferous soils occur
particularly over the Pierre Shale and the Niobrara Formation, both fine-
grained marine sediments of Cretaceous age (i.akin, 1941). The cross-
section of strata between the Valley edge and New Idria contains marine
shales of both Tertiary and Cretaceous ages, and scattered measurements
of selenium in these shales indicate values ranging from 4 to 10 ppm. Thus
there is some evidence that selenium in the Valley sediments could be
derived from one or more sedimentary strata that border the Valley. Cer-
tainly the proximity of the selenium anomaly to the locale of the mud-flow
deposits that come from sedimentary rock materials lends some credence
to that notion. That is hypothesis number one.

Recall that Figure 4 shows selenium to be higher on the west side
of the Valley than on the east side. There are marine sediments all along
the west side of the Valley that may be a potential host for selenium. There
are isolated anomalies along the Valley margin, but the most prominent
one is near Monocline Ridge. Is it only coincidence that the  onocline
Ridge anomaly is close to the New Idria mineralization? The evidence for a
halo effect is circumstantial at this time, but such an effect is offered as
hypothesis number two.
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If we speculate that selenium was originally more generally dis-
persed in the several alluvial fans, it is troublesome that selenium occurs
mainly - the interfan area and is not more widely dispersed over the allu-
vial fans uike mercury), as one might expect of sediments derived from
the Silver Ureek and Cantua reek watersheds. This speculation would
require that such dispersion does not appear because of a tran< >ort mech-
anism where selenium in the alluvium is carried in solution t’ rough to tae
water table and fails to appear in the surface sediments. The selenium in
the mud-flow deposits would not have been leached and therefore appears
as a lag deposit.

T T FRETE oo PR TR
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Whatever the explanation may be, it is evident that selenium in the
Panoche area is a natural geologic condition. The circumstances at
Kesterson Reservoir were aggravated by human activity. The seleniu: -
occuri nce in the Panoche area is not uniyoe even in the San Joaquin — ai-
ley. The “ntelope ills area in western  “2rn County appears to offer a
destiny similar to that of the Panoche area and Kesterson. Other problom
ar i< are known in the central and northeir Creat Plains of the U.S. (. "ill-
¢. et al., 1951); losenfeld and Beath, 1964), as well as in various parts of
the western U.C. (..arris and Morris, 1985). Even larco Polo wrote in
1295 about animal diseases in western China that we now attribute to
selenium toxicity (Rosenfeld and Beath, 1964). Although selenium is the
current issue in the San Luis Drain service area, the larger concern is that
of soil salinity. The San "wis rain was an engineering solution for the
removal of excess salts in the soils and groundwater, but it merely trans-
ferred salt from one problem area to another one.
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