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Thisreport details one of the approximately 50 stations in the Hydrologic Benchmark
Network (HBN) described in the four-volume U.S. Geological Survey Circular 1173. The
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Mast, M.A., and Clow, David W., 2000, Environmental
characteristics and water-quality of Hydrologic Benchmark

Network stationsin the Western United States, U.S.
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Site Characteristicsand Land Use

The Steptoe Creek HBN Basin islocated in the Basin and Range physiographic province in
east-central Nevada (Figure 16. Map showing the study area in the Steptoe Creek Basin and
photograph showing the basin landscape). The topography of the areais
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Figure 16. Map showing the study area in the Septoe Creek Basin and photograph showing
the basin landscape



characterized by north- to northeast-trending mountain ranges separated by long dluviated
valeys. The Steptoe Creek Basin is on the west side of the Schell Creek Range and drains an
area of 29 km2 that ranges in eevation from 2,268 to 3,335 m. The HBN dation is located 18
km southeast of the town of Ely, Nev., a latitude 39°12'05" and longitude 114°41'15".
Steptoe Creek flows south into the Duck River, atributary of the Humboldt River, and has a
channd length of 9.5 km upstream from the HBN station and an average siream gradient of
70 m/km. Mean monthly discharge ranges from 0.10 m3/sin February to 0.45 m3/sin June
during snowmdt. Between August and April, sreamflow is nearly constant because of
discharge from numerous springs in the basin. Average annud runoff from the basin was 22
cm from 1966 through 1995 (Bauer and others, 1996). Climate varies considerably with
elevation, but in generd, winters are long and summers are dry (Bailey and others, 1994).
Average monthly air temperatures range from -4.3°C in January to 19.6°C in July (Western
Regiond Climate Center, at URL http://www.wrcc.sage.dri.edu). Average annua
precipitation ranges from 24 cm in the Steptoe Valley east of the basin to as much as 89 cm
at the highest devationsin the Schell Creek Range. Mogt precipitation in the basin fdls as
snow between October and May.

The basin isin the Nevada Mountains Semidesert ecoregion (Bailey and others, 1994), and
vegetation is dominated by pinyon-juniper woodlands, mountain scrub communities, and
aspen forests (U.S. Department of the Interior, 1992). The pinyontjuniper woodlands are
most prevaent on warm, dry sites between 2,070 and 3,050 m and consist of single-needle
pinyon pine and Utah juniper that grow in scattered clumps; the ground cover consists of
small shrubs, herbs, and grasses. Mountain scrub communities grow between 2,042 and
3,140 m and consist of tal shrubs that often intermix with forest sands. The predominant
Speciesin the mountain scrub communities are Wyoming big sagebrush, mountain big
sagebrush, and curlleaf mountain mahogany; the understory consists of black sagebrush,
sarviceberry, snowberry, and bitterbrush. Aspen generdly grows in riparian areas where it
intergrades with Douglas-fir and Engelmann spruce a higher eevations and white fir and
lodgepole pine a lower devations. Soilsin the basin are classified as Xerolls and are formed
in residuum and colluvium derived from sedimentary rocks (Timothy Stack, U.S. Department
of Agriculture, Naturd Resources Conservation Service, written commun., 1998). Along the
flood plain of Steptoe Creek, soils are fairly deep, poorly drained, and have silty to gravelly
textures. The mountain dopes are covered by shalow, well-drained soilsthat are interspersed
with outcrops of limestone and shae. These soils are dkaline, have low water-holding
capacities, and range in texture from very stony over limestone bedrock to gravelly over
shale bedrock.

The geology of the basin is complex and congsts of highly faulted and folded marine
sedimentary rocks of Paeozoic age. The areally most extengve units are the Pogonip
Limestone, Chainman Shale, and Ely Limestone (Drewes, 1967). The Pogonip Limestone
congsts of athick-bedded, cliff-forming limestone that primarily underlies the eest Sde of
the basin. The Chainman Shae, which underlies a broad bench dong the west Sde of the
basin, is a dark-gray shdethat is highly carbonaceous, nonca careous, and locdly contains
veins of selenite and carbonaceous nodules with pyrite cores. The Ely Limestone forms the
ridge on the west Sde of the basin and consgts of alight gray, cherty limestone thet is the
source of water for many springs in the basin. Less extensive units of dolomite, quartzite,
shde, phyllite, and conglomerate crop out dong the valey floor and in the southern one-hdf



of the basin. A smdl exploratory mine shaft is located on the bench west of Steptoe Creek,
athough the waste rock on the mine dump was not mineralized (Drewes, 1967).

The Steptoe Creek HBN Basin drains the central part of White Pine County in Nevadaand is
in the Ely Ranger Didrict of the Humboldt National Forest. About 85 percent of land in the
basin is managed by the U.S. Forest Service, and the remainder, primarily dong the main
channd of Steptoe Creek, is privately owned. The basin can be accessed from the Steptoe
Creek Road, which isadirt road that bisects the basin from south to north. Because the road
provides access to Nationa Forest lands north of the basin, it is used heavily by tourists
during the summer months. In addition to motorized travel, other land-use activitiesin the
basin indlude camping, hunting, and livestock grazing. The basin is heavily used for car
camping from June through October, with as many as 200 campsites on weekends and
holidays. All camping is dispersed (no developed campsites), and most campsites are
established on private land dong the main stream channd and mgor tributaries (Gerald
Green, U.S. Department of Agriculture, Forest Service, oral commun., 1998). Caitle and
sheep grazing is permitted on Nationa Forest land throughout the Schell Creek Range.
Standards and guiddines for grazing on Nationa Forest land, which were not enforced until
1993, are outlined in the forest-management plan (U.S. Department of Agriculture, 1986a).
Two flocks of about 800 sheep each and a herd of about 20 cattle rotate in and out of the
basin during the grazing season from June 15 through September 15 (Gerald Green, ora
commun., 1998). Many of the springs in the basin have been devel oped to provide water for
livestock. Plant communities in some areas have changed because of the pressures of
grazing; there particularly has been a decline in scrub communities because of the invasion of
Utah juniper and single-leaf pinyon pine (U.S. Department of Agriculture, 19864). In
addition to livestock, the Steptoe Creek Basin provides summer range for the Schell Creek
ek herd, the largest herd in Nevada. The most substantia changesin land usein the basin
during the period of record have been a decrease in grazing pressure and an increase in
summer recreationa use.

Historical Water-Quality Data and Time-Series Trends

The data set for the Steptoe Creek HBN station andyzed for this report includes 192 water-
quality samples that were collected from March 1968 through August 1995. Sampling
frequency ranged from 8 to 12 samples per year from 1969 through 1982 (except for
quarterly during 1976 and 1977) and was quarterly from 1983 to 1995. Samples from the
early part of the period of record were probably anadyzed at a USGS didtrict laboratory in
Sacramento, Cdif. (Durum, 1978). After establishment of the centrd |aboratory system,
samples were andlyzed at the Salt Lake City, Utah, [aboratory from 1973 to 1975 and the
NWQL in Arvada, Colo., from 1976 to 1995. Daily discharge records for Steptoe Creek
(station 10244950) are available beginning in June 1966. Dally water temperature was
messured at the HBN station from October 1966 through November 1983, and the daily
precipitation amount was measured at the ation from July 1991 to March 1996.

Calculated ion balances for 176 samples that have complete mgjor-ion andyses are shown in
figures 17aand 17b. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Septoe Creek, Nevada. lon balances




g 10 3 T T T T U T T T T T
o F DISCHARGE | FIELD pH
2 ] 0.0 |-
[72]
o
1k 243
& f E
=
E - 80
w
= =
w L
0 -
= :
(&)
o 7.0
=2
U n.m 1 | 1 1
T T T T
4000 | 1,200 - MAGNESIUM
gm - T N N N S N W - . ..
s ma e, me e, = e
3,000 - ‘P'.II " - " L
o o :I . [ . m . :' & . ", L]
i N
pur =
o 2000 - - 24
2 : 2 w00 -
v [72]
o =
E 1,000 | 1 1 1 1 E 0 1 1 1 1
- -
{ T T .I T T { T T T T
% SODIUM % POTASSIUM
o 150 . . . o 20 -
g LL} .- 5 - LN ] - - - .
o .-:-- .- * o 15| == - - e mmew
U - -I - - .' U
= ‘m [ - .... - ...'. .-. - = = - — RN O S — -e LR LR
= S - T LA =
I--: -j‘- = J. .---l IJ.- i 10 i — e N L] - = L] L]
50 o _
5 -
1] I 1 1 1 1 0 1 I 1 1 1
1966 1972 1978 1984 1940 1996 1966 1972 1978 1984 1980 1996

Figure 17a. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Septoe Creek, Nevada
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Figure 17b. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Septoe Creek, Nevada - Continued

ranged from -7.7 to +22 percent, and 95 percent of the samples had values within the +10-
percent range, indicating that the analytical results are of good qudity. The averageion
balance for dl samples was 1.2 percent, and 67 percent of samples had a dight excess of
measured cations compared to measured anions in solution, indicating that unmeasured
condtituents, such as organic anions, may be asmal component of stream water at this HBN
dation. Time-series plots of the mgjor dissolved constituents were ingpected for evidence of
method-related effects (fig. 17). Field pH measurements increased abruptly



Table 30. Minimum, first quartile, median, third quartile, and maximum values of
physical propertiesand major dissolved constituents measured in water-quality
samples from Steptoe Creek, Nevada, March 1968 through August 1995, and volume-
weighted mean concentrationsin wet precipitation collected at the Lehman Caves
Station, Nevada

[Concentrations in units of microeguivalents per liter, discharge in cubic meters per second, specific conductance in microsiemens per centimeter at
25 degrees Celsius, pH in standard units, and silicain micromoles per liter; n, number of stream samples; VMW, volumeweighted mean; inst.,
instantaneous; spec. cond., specific conductance; <, less than; --, not reported]

Stream Water Precipitation

|

rerameter ‘Mirimun Qlljg‘fitle Medim‘QE::_rtﬁe ‘ Maximum | n VMA®
Discarge, ing. | 0057 | 010 | 014 | 026 | 20 (187  --
'Spec. cond., field | 220 | 310 | 320 | 330 | 400 (189 85
PpH, fidd | 76 | 80 | 84 | 86 | 90 [179] 53
Cacium | 1,850 | 2,500 | 2,650 | 2,750 | 3,800 |191| 21
Magnesum | 530 | 780 | 80 | 910 | 990 [191| 4.0
'Sodium | 4 | 74 | 78 | 91 | 180 [191| 79
PPotassium 77 | 13 | 13 | 15 | 20 [184] 8
Ammonium | <7 | <7 | 12 | 29 | 93 |%| 12
Alkalinity, laboratory | 2,120 | 3,080 | 3,220 | 3,400 | 4,060 (186  --
Sulfate | 62 | 150 | 170 | 200 | 420 (189 15
Chloride | 28 | 25 | 31 | 42 | 8 [192] 54
Nitriteplusnitatle | <7 | 86 | 10 | 13 | 29 (164 16°
Sllica | 73 | 110 | 120 | 120 | 170 190 85

2V aues are volume-weighted mean concentrations for 1985-95.
P |_aboratory pH.

°Nitrate only.

around the beginning of 1973, which may have been caused by a change in measurement
method or instrumentation used by field personndl. A similar pattern was observed at South
Twin River (fig. 15), another HBN gtation in Nevada, providing additiona evidence that the
shift in pH vaues was an andytica artifact. Some digtinct patterns dso are evident in the
plot of ion baance, particularly the positive valuesin 1978, which were followed by a period
of negative vauesin the early 1980's. Although the cause of this pattern could not be
identified, it probably indicates biasin one or more of the analytical determinations during
this period of record.

The median concentrations and ranges of major dissolved congtituentsin stream water
collected at the HBN station and VWM concentrations in wet-only precipitation measured at
the Lehman Caves NADP dation are presented in table 30. Precipitation chemistry at the



NADP gation, which is about 45 km southeast of the HBN gation, is dilute and dightly
acidic and had aVWM pH of 5.3 for 11 years of record. The predominant cationsin
precipitation were calcium and ammonium, which contributed 41 and 24 percent of the total
cation charge, respectively. The predominant anions were sulfate and nitrate, which
accounted for 41 and 44 percent of the total anions, respectively. Stream water in Steptoe
Creek ismoderately concentrated and well buffered; specific conductance ranged from 220
to 400 mS/cm and akalinity ranged from 2,120 to 4,060 meg/L (table 30). The predominant
cations in stream water were cacium and magnesum, and the mgor anion was bicarbonate.
The predominance of these solutes in stream weter is congstent with the westhering
stoichiometry of carbonate minerasin the underlying sedimentary rocks. The median
chloride concentration in stream water was 31 meg/L compared to the VWM concentration
of 5.4 meg/L in precipitation. Based on the difference between average annud runoff and
precipitation, evapotranspiration can account for as much as afourfold increase in the
chloride concentration of precipitation, indicating that precipitation accounts for most of the
chloride in stream water. Some chloride so might be derived from wesathering of the
sedimentary rocks or perhaps from land-use activities, such as dispersed camping and
livestock grazing. The median sulfate concentration of 170 meg/L in stream water was
Substantiadly greater than the VWM concentration of 15 meg/L in precipitation. Thislarge
difference in concentration indicates that most sulfate in stream water probably is derived
from weethering of sulfate mineras, such as gypsum and anhydrite, in the marine
sedimentary rocks. Although concentrations of inorganic nitrogen were generdly lower in
Stream water than in precipitation, most stream-water samples had detectable concentrations
of nitrite plus nitrate, indicating that grazing and camping activities may have asmdl but
measurable effect on nutrient concentrations a the HBN station.

The solute composition of stream water was further evauated by andyzing correlations
between solutes and stream discharge (table 31). Discharge was poorly correlated with the
magor solutes, except for a negative correation with magnesum (rho = -0.648) and a positive
correlation with sulfate (rho = 0.497). The lack of correlations between discharge and major
solutes probably reflects the importance of springs in maintaining stream discharge during
most months of the year. The positive correlaion between sulfate and discharge indicates
that runoff during periods of increased discharge, such as spring snowmet, isenriched in
sulfate compared to spring-fed base flow, perhaps because of compositiond differences
among the bedrock units. Among the solutes, the strongest correl ations were between
cacium and dkdinity (rho = 0.511) and sulfate and sodium (rho = 0.514), which is
conggtent with the weethering stoichiometry of marine limestones and shaes. The cause of
the weak correlations with magnesium, particularly magnesium and cacium (rho = -0.046)
and magnesium and dkainity (rho = 0.170), was unclear, particularly consdering the
abundance of carbonate-bearing formationsin the bedrock.



Table 31. Spearman rank correlation coefficients (rho values) showing therelation
among discharge, pH, and major dissolved constituents, Steptoe Creek, Nevada, 1968

through 1995

[Q, discharge; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, alkalinity; SO4, sulfate; Cl, chloride; N, nitrite plus nitrate Si, silical

| |Q|pH|Ca\|v|g|Na K [ Alk Cl
pH F0.116] -- | -- | - | - -
Ca [.326 [0.265] -- [ -- | - -

Mg |-.648 |.113 -0.046| --

Na |.397 |-.051|.397 \0.039| -- |

K |.056 |.175 | .486 |.146 0.380|

Alk |.095 |.090 |.511 |.170 |.284 |o.440| -- |

SO,| 497 |-.063| .363 |-.103 |.514 |.361 (0.337| -- | --

’_
I
’T
|

Cl |.214 |.087 | .255 |.000 |.426 |.289 |.248 0.490| -- | --

N [.215 [-.107|.315 [.030 [.227 [.252 .337 [.226 [0.170[ -- |

Si [.363 [.046 | .497 [-.048 |.449 [.293 [.348 |.413 [.405 [0.433

Table 32. Results of the seasonal Kendall test for trendsin discharge and unadjusted
and flonradjusted pH and major dissolved constituents, Steptoe Creek, Nevada, March

1968 through August 1995

[Trends in units of microequivalents per liter per year, except for discharge in cubic meters per second per year, pH in standard units per year, and
silicain micromoles per liter per year; <. less than; --, not calculated]

Parameter | Unadjusted |Flow adjusted
‘Trend |p-vaue | Trend p-vaue

Discharge -0.002/ 0.003 | - | --

pH, fidd 01| 002 | (&) | --
Cdcium | 83 | .000 |11.5 |0.000
Magnesium | <1 | 462 |-14 | 147
Sodium | -1 | 176 | -1 | 574
Potassium <1 | 134 | <1 | 035
| Alkdinity, laboratory | 2.3 | 461 | 2.6 | .382
Sulfate |-15 | .001 | -5 | .291
Chloride | -3 | 096 | -2 | .247
Nitriteplusnitrate | <.1° | .808 | <.1 | .517
Slica | <1 | 404 | <1 | 981

#Fow mode! not significant at a= 0.10; ® Trend calculated for 1971-95.



The results of the seasona Kendall test for trends in discharge and mgjor dissolved
condtituents are listed in table 32. Statigticaly significant downward trends were detected in
discharge and unadjusted sulfate concentrations and upward trends were detected in
unadjusted pH and calcium concentrations at the 0.01 probability level. The downward trend
in sulfate was not gatigticaly sgnificant after flow adjustment, indicating thet the trend was
probably caused by the trend in stream discharge. By contrast, the calcium trend was smilar
for the unadjusted and flow-adjusted concentrations, indicating that it was not caused by
vaiations in sream discharge. The trend in flow-adjusted pH was not cal culated because the
flow modd was not significant at the 0.10 probability level (Schertz and others, 1991). The
LOWESS curvesin figure 17 show that most of the increase in field pH occurred in the early
1970's, whereas the increase in calcium concentrations was more gradua during the period of
record. The shift in pH in the early part of the record was most likely caused by achangein
measurement method or instrumentation, indicating that the trend in pH is probably an
andytica artifact. The cause of the upward trend in stream- water calcium could not be
identified. Environmenta factors that may have affected ca cium concentrations include
livestock grazing, recreationd use, or atmospheric deposition. Changes in amospheric
depaosition probably would not affect stream-water calcium at this HBN station because of
the dilute chemigtry of precipitation a the nearby NADP gation in comparison to the
chemidiry of the stream. Landscape disturbance associated with grazing and camping has the
potential to increase rates of base-cation leaching from soils and bedrock (Stoddard and
Murdoch, 1991). Although landscape disturbance is a plausible cause of the upward trend in
stream-water calcium, increases were not observed in dkalinity, as might be expected on the
basis of predominance of carbonate bedrock in the basin. Laboratory bias also may have
affected the concentration pattern of calcium, particularly the change in the andytical
technique for mgjor dissolved cations and trace inorganic congtituents that occurred in 1983
(Office of Water Qudity Technica Memorandum No. 82.18, National water-qudity
networks, issued September 28, 1982, at URL  hitp://water.usgs.gov/admin/mema/).

Synoptic Water-Quality Data

Results of the surface-water synoptic sampling of July 23, 1991, are ligted in table 33, and
locations of sampling Sites are shown in figure 16. During the synoptic sampling, discharge

at the HBN gtation was 0.13 m3/s compared to the median daily discharge of 0.25 m3/sfor
July (Lawrence, 1987), indicating that the basin was sampled under low-flow conditions for
that time of year. Most of the solute concentrations measured at the HBN dation (Site 1)
during the synoptic sampling were generdly less than the fird- quartile concentrations
reported for the station during the entire period of record (table 30). The tributary streams
were Smilar in compodition to stream water at Ste 1 with calcium and bicarbonate the
predominant ions. lon balances for dl but one of the synoptic samples were positive, with an
average value of +3.4 percent. The positive ion balances were somewhat unexpected because
of the relatively high solute concentrations of the synoptic samples and may indicate abiasin
one of the andyticd measurements.



Table 33. Physical propertiesand major dissolved congtituents from surface-water
sampling sitesin the Steptoe Creek Basin, Nevada, collected July 23, 1991

[Site locations shown in fig. 16; Q, discharge in cubic meters per second; SC, specific conductance in microsiemens per centimeter at 25 degrees
Celsius; pH in standard units; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, akalinity; SO4, sulfate; Cl, chloride; NO3, nitrate; Si,
silica; concentrations in microequivalents, except silicain micromoles per liter; <, less than; --, not reported]

Ste| Sationnumber | Q [SC|pH| Ca [Mg|Na|K [ Alk [S0,[CI [NOs| S [Criteria®| Remarks

1 1044%0 013 310842560 77066 [12 304011056 79 110~ |

Mixed

2 (391216114410400 | .061 8.4/2,400/610 | 52 112,580 |83 [5.6/8.6 | 93 BG lithology

Mixed

300
3 [391231114410300 | -- (340(7.8|2,400(880| 65 (13|3,120/1205.6| 13 110 BG lithology

Mixed
lithology,

4 [391313114405300 |.022 |3608.3/2,950|880 | 91 133,520 210|20 | 4.4 (130 BG, LU [downstream
from
campground

Ely
Limestone,
livestock
use

5 [391335114414400 |.0003 380 8.2 (3,350 [260 160 163,640 250 |76 | 21 150 BG, LU

Ely
Limestone,
livestock
use

6 [391416114411900 |.0003 390 8.4(3,800 [250|110 10|3,280 210 8.5| 12 170 BG, LU

& Criteriaused in selection of sampling sites: BG = bedrock geology, LU = land use.

In generd, concentrations of the mgor solutes did not vary markedly among the sampling
Sites, probably because of the presence of limestone bedrock throughout the basin. For
example, calcium concentrations ranged from 2,400 to 3,800 meg/L, and dkalinity ranged
from 2,580 to 3,640 meg/L (table 33). Of the weathering-derived congtituents, magnesium
had the widest range of concentrations, ranging from 250 to 880 meg/L, which may reflect
the didtribution of different rock typesin the basin. For example, the lowest magnesum
concentrations (Sites 5 and 6) were in areas of the basin that are underlain by the Ely
Limestone, whereas the highest concentrations (Stes 3 and 4) were in Streams draining
dolomite and shale units, aswell as limestone. Silica concentrations were low and uniform
(93 to 170 mmol/L) across the basin, which is reasonable, based on the lack of weatherable
slicate minerdsin the sedimentary rocks. Chloride and nitrate concentrations were higher at
ste 5 compared to the other sampling Sites, probably because of livestock activity near the
spring. Chloride concentrations dso were dightly higher at Ste 4 compared to the other Sites,
perhaps because the Site is located downstream from the highest density of campgroundsin
the basin.
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Cave Creek, Nevada (1:24,000), 1981, HBN gaging station on this quadrangle
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east-centrd Nevada, dratigraphy and structure of a complexly deformed areain the
Basin and Range province, and an evaudion of the tectonic environment in which it
was developed: U.S. Geologica Survey Professional Paper 557, 93 p., scale 1:48,000.

c. Soil surveys No soil survey available

d. Miscdllaneous Maps.
U.S. Department of Agriculture, 1984, Humboldt Nationa Forest, White Pine Ranger

Didrict, Ely Ranger Didrict: Ogden, Utah, U.S. Department of Agriculture Forest
Sarvice, Intermountain Region, scale 1:202,752.

Appendix B. NWIS Site-ldentification Numbers

Table B-1. NWIS site-identification numbers and site names for water-quaity sampling
Stes.

Site| | dentification Number Site Name

10244950 STEPTOE CRNRELY, NV

391216114410400 CLEAR SPRING CRNRELY, NV

391231114410300 SECOND EAST TRIB TO STEPTOE CRNR ELY, NV
391313114405300 STEPTOE CR AT CAMPSITENRELY, NV
391335114414400 ASPEN SPRING CRNR ELY, NV

391416114411900 UPPER STEPTOE CRNR ELY, NV
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