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Thisreport details one of the approximately 50 stations in the Hydrologic Benchmark
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Site Characteristics and Land Use

The Cache Creek HBN Basinisin the Middle Rocky Mountains physiographic
province (Fenneman, 1946) in western Wyoming (Figure 24. Map showing study area in
Cache Creek Basin and photograph of the landscape of the basin). The HBN dation is
3.9 km southeast of the town of Jackson, WYyo., at alatitude of 43x27'08" and alongitude
of 110x42'12". Cache Creek drains about 27 knt* of steep mountain and canyon terrainin
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the Gros Ventre Mountains. Basin € evations range from about 2,100 to about 3,100 m.
The ecoregion of the basin is classified as the Southern Rocky Mountain Steppe-Open
Woodland-Coniferous Forest- Alpine Meadow Province (Bailey, 1995). Timber covers
about 80 percent of the north-facing dopes and 50 percent of the south-facing dopes. On
the south-facing dopes, suba pine fir, lodgepole pine, and Engelmann spruce are the
dominant timber species. Subapine fir, Douglas fir, and lodgepole pine timber species
dominate the north-facing dopes. Grass, forbs, and brush cover the remaining area up to
timberline. Underbrush includes mountain big sagebrush, whortleberry, huckleberry, and
pinegrass (Sandra Key, U.S. Forest Service, written commun., 1997). Cache Creek is
tributary to Hat Creek, which is tributary to the Snake River.

Cache Creek isaperennia stream with a snowmdt-dominated hydrograph where
mean monthly discharge ranges from 0.11 nv/s during base flow in February to 1.4 nt/s
during snowmdt runoff in June (Smdley and others, 1996). Average annud precipitation
is about 40 cm at the Jackson westher station, which isat alower devation than the HBN
basin. Cobb and Biesecker (1971) reported about 76 cm of precipitation for the Cache
Creek gte, which mogtly fals as snow. Average annua runoff is aout 40 cm (Smdley
and others, 1996). Mean monthly temperatures ranged from -9.2xC in January to 16.0xC
in July during the period of record, 1948-95 (Nationa Climatic Data Center, 1996).
Average temperatures will be lower and average precipitation will be higher for the HBN
basin because of the higher elevations.

The reief within the Cache Creek Basin is the result of uplifting by folding and
faulting (Smons and others, 1988). Two thrust faults trend through the study area: the
Cache Creek Thrust Fault and Jackson Thrust Fault. The underlying bedrock is composed
of deformed sedimentary rocks (Goetze, 1981). Paleozoic rocks are in the upper
drainages on the north side of the Cache Creek Thrust Fault. Paleozoic rocks from severd
periods are located in the basin: Cambrian shae and limestone; Ordovician dolomite;
Devonian sltsone and shde, Missssppian limestone, shale, and sandstone; and
Pennsylvanian and Permian sandstone, shale, limestone, and dolomite. Cretaceous units
primarily are in the eastern part of the basin, including the Cody Shale, Bacon Ridge
Sandstone, and the Sohare Formation. The Cody Shaeis described as adark, marine
shde with glauconitic sandstones. The Bacon Ridge Sandstone is light-gray to tan, fine-
to medium-grained, massive to thick-bedded sandstone. The Sohare Formation contains
sandstone, shae, marlstone, and some beds of minable cod. Unconsolidated units cover a
large part of the valey and dopes and include dope wash, landdide debris and Sump
blocks, talus depodts, and partly lithified limestone conglomerate. Sailsin the basin are
well drained with moderate to rapid permesbilities (Glenn, 1981). Two main soil types
occupy the dissected forest dopes. The soil type on steep dopes (greater than 20 percent)
are light-brown, sandy, gravelly loam, containing about 10 to 60 percent rock fragments.
Clay content ranges from about 20 to 45 percent. The soils on gradua dopes (less than
20 percent) are grayish-brown to pae-brown, lime- loamy, mixed, slt loam. Rock
fragment content is about 10 to 30 percent. Subsoils are well developed in this soil type
(Glenn, 1981).



The Cache Creek Bagn isin Teton County and lies entirely within the Bridger-
Teton National Forest. The northern and eastern parts of the basin predominantly liein
the Gros Ventre Wilderness Area. One dirt road servesthe lower part of the basin. Travel
on the road is restricted to authorized use by the Forest Service, other agencies, and
permitted outfitters. The upper part of the basin isreached by trail only. Accessfor the
generd publicis by horses, hiking, and mountain biking in summer and is redtricted to
skiing, snowshoeing, and snowmobiles in the winter. Mechanized vehicles only are
alowed in that portion of the basin outside the Gros Ventre Wilderness Area. Land usein
the basin has changed over the years. Two small cod mines provided cod for loca needs
up to the mid-1930's. Prior to 1938, small-scaelogging and ceattle grazing occurred in
the basin (SandraKey, U.S. Forest Service, written commun., 1997). In 1942, the basin
was closed to grazing and timber harvest for protection of the water supply from Cache
Creek to the town of Jackson. Restoration in the basin during the 1960’ s included road
closure, road and trail erosion control, and seeding of disturbed areas. Since the 1970's,
recreation has been the predominant land use. Hiking, biking, and camping activity can
be substantia during summer owing to the close proximity of the basin to the town of
Jackson and Grand Teton and Y dlowstone Nationd Parks. Hunting is the dominant
recregtiona use in thefal, and cross-country skiing and snowshoeing are popular winter
recreational usesin the basin.

Historical Water-Quality Data and Time-Series
Trends

The data set andyzed for the Cache Creek HBN station includes 272 water-qudlity
samples that were collected from July 1965 to August 1995. Sampling frequency is
described on the basis of water year, which begins on October 1 and ends on September
30. Between 10-12 samples were collected per year for most of the period from 1966
through 1982. After 1982, sampling frequency was reduced, generdly to a bimonthly
schedule. Samples were analyzed at USGS digtrict water-qudlity laboratories until the
early 1970's. After 1973, with the creation of the USGS Central Laboratory System, 4l
samples were analyzed at the water-quality laboratory (now called NWQL) in Arvada,
Colo. The period of record for discharge is from June 1962 to current year (2000).

Data qudity was checked using ion balances and time-series plots. Caculated ion
bal ances for samples with complete mgor-ion andyses are shown in Figures 25a and
25b. Temporal variation of discharge, field pH, major dissolved constituents, and ion
balance at Cache Creek, Wyoming. More than 95 percent of the samples had ion balances
within the 5 percent range, indicating that the mgjor-ion andytica results were of good
quaity and that unmeasured congtituents, such as organic ions, nutrients, and trace
metals, do not contribute substantidly to the ion composition of the water. Time-series
plots of ion concentrations were ingpected for data qudity (fig. 25). Generdly, thereis
more scatter for cations (cacium, magnesum, and sodium) in the early part of the record,
but method- related causes were not isolated. Changes could be related to the decrease in
sampling frequency. The method changes for sulfate in 1982 and 1990 dso are not
gpparent in the scatter of the sulfate data a this Ste. Thefield pH vaues generaly were



lower prior to 1980. Changes were made in meters and e ectrodes used for field pH
determinations during the study period.

The median and range of mgor-ion concentrations in the stream water collected at
the Cache Creek HBN station and VWM concentrations in wet precipitation measured at
the Gypsum Creek NADP dation are presented in table 46. The NADP station is about 83
km southeast of the HBN sation. Precipitation chemistry at the NADP station was dilute
and dightly acidic with VWM pH of 5.3 over the 1985-95 period of record. The
dominant cation in precipitation was calcium, which contributed 35 percent of the total
cation concentration; ammonium contributed 24 percent and hydrogen contributed 19
percent. The dominant anionsin precipitation were sulfate, which contributed 46 percent,
and nitrate, which contributed 40 percent of the total anion concentration.
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Figure 25a. Temporal variation of discharge, field pH, major dissolved constituents, and
ion balance at Cache Creek, VWoming
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Figure 25hb. Temporal variation of discharge, field pH, major dissolved constituents, and
ion balance at Cache Creek, Wyoming - Continued



Table 46. Minimum, first quartile, median, third quartile, and maximum values of
physical propertiesand major ions measured in water-quality samples from Cache
Creek, Wyoming, 1965—95, and volume-weighted mean concentrationsin wet

precipitation collected at the Gypsum Creek Station, Wyoming, 1985—95

[Parameters in units of microequivalents per liter, except for 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; VWM, volume
weighted mean; spec. cond., specific conductance; --, not reported; <, less than]

Stream Water L
Parameter Precipitation
Minimum Fird Median Third Maximum | n VWM
quartile quartile
Discharge 0.06 0.13 0.20 0.37 31 272 --
Spec. cond., 220 300 315 334 450 269 --
fidd
pH, fied 7.2 8.1 8.3 8.5 9.1 269 5.32
Cdcdum 1,400 2,200 | 2,300 | 2,400 3,100 |272 9.5
Magnesum 620 1,000 | 1,100 | 1,200 1,700 |272 2.0
Sodium 52 87 100 120 260 272 34
Potassum 5.1 13 15 20 67 270 52
Ammonium <7 14 2.1 4.3 12 98 6.4
Alkdinity, 2,200 3,200 | 3,400 | 3,500 4,400 |272 --
|aboratory
Sulfate 10.4 94 120 160 500 272 11
Chloride <2.8 14 22 31 150 271 3.3
Nitrite plus <7 <3.6 7.1 8.6 86 139 9.6°
nitrate
Slica 45 74 79 84 140 272 --
L aboratory pH.

® Nitrate only.




Stream water in Cache Creek isafairly buffered, cacium bicarbonate type. The sum
of ion concentrations ranged from about 5,900 to about 8,900 megyL. Alkainity ranged
from 2,200 to 4,400 meg/L, and bicarbonate was the primary contributor to akdinity at
this gation. Cacium and magnesium accounted for 97 percent of the median cation
concentration in stream water; akalinity accounted for 96 percent of the median anion
concentration. These results indicate that carbonaceous rocks, including limestone and
dolomite, are the primary contributors to the ion compostion of the stream water.
Concentrations of dissolved congtituents were higher in Cache Creek, which drains
sedimentary rocks, compared to other high mountain HBN sites that drain Precambrian
igneous and metamorphic rocks. Annud precipitation and runoff data indicate that
evapotranspiration can account for about atwofold increase in stream-water
concentrations compared to precipitation (Smaley and others, 1996). Although chloride
concentrations in stream water were small, precipitation chemistry can account for only
about 30 percent. The sedimentary rocks in the basin are of marine origin and may
contribute some of the chloride to stream water. Concentrations of ammonium and nitrate
were lower in the stream water than in the preci pitation, indicating thet nitrogen generdly
is retained by the biomassin the basin.

Table 47. Spearman rank correlation coefficients (rho values) showing therelation
among discharge, pH, and major ions, Cache Creek, Wyoming, 1980 through 1995

[Q, discharge; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, alkalinity; SOs, sulfate; Cl, chloride; SiO», silica; --, not
applicable]

Q pH Ca Mg Na K Alk | SO4 Cl

pH | 0208 | -- S T S RS IS IS I

Ca |-119 |-0008 | -- | — | — | — | — | — | -«

Mg | -.696 | -.125 0424 - | - | = | — | — | -

Na | -.200 | -.010 | .721 |0.308 | -- -- -- -- --

K 113 065 | .328 | .096 |0.418 | -- -- -- --

Alk | -369 | -.114 | 586 | .516 | .528 | 0.237 | -- ~= ~-

SO4 | -490 | -.182 | .303 | .525 | .369 | .260 | 0.358 | -- --

Cl -114 | -063 | .097 | .192 | .074 | .283 | .062 | 0.269 | --

SO, | -435 | -.089 | .581 | .667 | .619 | .331 | .483 | .576 | 0.229




Correlations among dissolved congtituents and discharge were determined for Cache
Creek (table 47). The base cations and anions, except potassum, showed inverse
relations with discharge. However, these correlations were weak. Positive correlations
occurred among dissolved congtituents, but most of these correlations a so were wesk.
The sirongest correlation was between calcium and sodium (rho value = 0.721). The
weak correlations may result from the large number of different geologic units and
lithologies exposad in the basin and the different contributions from various drainages
during runoff conditions.

Reaults of the seasond Kenddl test for trendsin discharge and mgjor dissolved
congtituents for Cache Creek from 1965 through 1995 are presented in table 48.
Satidicdly sgnificant upward trends (a = 0.01) occurred for pH and nitrate for
unadjusted concentrations. Statisticaly sgnificant downward trendsin magnesum and
sulfate were determined in unadjusted concentrations. FHlow adjusting for variations due
to discharge removed the trends in pH; insufficient data existed to flow-adjust nitrate
concentrations. The trend in unadjusted nitrate concertrations may be afunction of a
change in the minimum reporting leve for the laboratory method rather than an
environmenta change, as seen in the linear Sep pattern in the time- series plot about
1982. Thetrends for sulfate and magnesum were retained after flow adjusting, indicating
that they probably were not caused by variations in discharge. Smith and Alexander
(1983) dso detected a downward trend in sulfate concentrations for the period mid- to
late 1960’ sto 1981 at this station. Lins (1987), however, reported an increase in sulfur-
dioxide emissons of 24 percent in Wyoming for the period 1975-84. Most Western
States, including Montana, New Mexico, Utah, Arizona, Nevada, Cdifornia, Oregon, and
Washington, had decreasing sulfur-dioxide emissons, indicating thet regiond emissons
were lower overdl. The magnesum and sulfate trends are consstent with trendsin
precipitation chemistry for the region that show decreasing sulfate and magnesium for the
period 1980-92 (Lynch and others, 1995). However, it is unlikely that stream-water
magnesium would be affected by precipitation chemistry owing to much higher
magnesium concentration in the stream.



Table 48. Results of the seasonal Kendall test for trendsin discharge and
unadjusted and flowadjusted pH and major-ion concentr ations, Cache Creek,
Wyoming, 1965 through 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; pvalue, attained significance level; --, not calculated; <, less than]

Perameter Unadjusted Flow adjusted
Trend p-vaue Trend p-vaue
Discharge -0.02 0.377 -- -
pH .01 <.001 O -
Cddum -2 .033 -3 0.018
Magnesum <01 .009 -2 <.001
Sodium <01 444 ® --
Potassium <01 433 ® -
Alkdinity -1 276 -2 071
Sulfate -2 .008 -1 .006
Chloride -1 192 ®) --
Nitrite plus nitrate 28 <.001 -- -
Slica -2 .015 -2 .016

&Trend test for highly censored datawas used.

P Concentration-flow model not significant at a= 0.10.
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Synoptic Water-Quality Data

Reaults of a surface-water synoptic sampling conducted July 30 and 31, 1992, in the
Cache Creek Basin are presented in table 49, and locations of the sampling Stes are
shown in figure 24. Discharge at the HBN station (site 12) was 0.13 n/s compared to the
mean monthly discharge of 0.68 /s for the month of July (Smalley and others, 1996).
The water type of al samples that were collected from tributaries and main-gem stesin
the Cache Creek Basin was calcium bicarbonate. The sum of ions ranged from about
5,400 (site 4) to about 9,800 meg/L (dte 11); the ion concentration at the HBN gation
(gte 12) was about 6,600 meg/L. Concentrations of dissolved congtituents at tributaries
generdly were within the range of dissolved condtituents for the HBN dtation for the
period 196595 (table 46). Quaternary deposits cover alarge portion of drainage
upstream from site 4 and may explain the higher discharge at this Ste. Quaternary
deposits dso make up alarge part of the surficid geology upstream from site 11,
however, stream discharge was low at Site 11 during the synoptic sampling (lessthan
0.001 mP/s). The parent materias of the Quaternary deposits account for the differences
in the water chemidtry at these Stes (dtes 4 and 11). Rocks in the upper basin of Ste 4 are
Cambrian shde and limestone, whereas rocksin the upper basin of site 11 are Permian
rocks containing phosphorite. The phosphorite rocks probably contribute to the high
sodium concentration at Site 11 (870 meg/L). Cretaceous shaes probably are the source
of the eevated sodium concentrations at Sites 1, 2, and 3. Sulfate concentrations were the
highest in samples from Stes 2 and 4. Site 4, which was sampled downstream from an
abandoned cod mine, may have been affected by acid-mine drainage, as evidenced by
iron gaining on the streambed. The waters of these tributaries, however, were dkdine
(pH vaues of 8.3 and 8.4, respectively). No difference was observed in the water quaity
at gtes upstream (Site 7) and downstream (site 6) from the mine on Noker Mine Draw.
The percent difference of cations and anionsin al samplesranged from 0.1t0 5.3
percent, indicating that unmeasured ions did not substantialy contribute to theionic
composition of the water, but al were postive. Nitrate concentrations are low in all
basins and are characteristic of undeveloped areas (Mueller and others, 1995).
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Table 49. Physical properties and major-ion concentrationsin surface-water

samples collected at sitesin the Cache Creek Basin, July 30—31, 1992

[Site locations shown in fig. 24; 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, alkalinity; SO, sulfate; Cl, chloride;
NOs, nitrate; SiOo, silica; concentrations in microequivalents per liter, except silicaisin micromoles per liter; --, not measured; <, less than;
criteria used in selection of sampling sites: BG = bedrock geology, TRIB = major tributary, LU = land use]

Ste Identification Q [SC|pH| Ca | Mg | Na|K | Alk |SO,| Cl|NO;| SO, | Criteria
number
1 |432526110382100 | 0.007|399]8.3| 3,100| 1,100|170|18|4,000| 54 | 25| 04| 77 BG
2 |432527110382500 | .003 |430]8.3|3400]1,200|160|15|4500|110|25] 1.6 | 90 BG
3 |432539110382700 |<.001|452|8.213100|1,300|350)18]4,400| 83 |25| 1.6| 100 | TRIB
4 |432552110384200 | .07 |260|8.411,800| 800 | 22 |14|2600|110|17| 49| 57 LU
5 1432606110385600 | .01 |347|8.4|2600| 960 | 78 |17|13300| 77 |20| 1.0| 73 | TRIB
6 |432615110391300 | .03 |303|8.5(2000(1,200| 52 | 15| 3,100| 67 |20| 3.0| 72 | LU
7 1432625110390700 | -- |304|8.4|2000]1,100| 48 |15|3100| 60 |17| 4.2 72 LU
8 |432627110402200 | .04 |315|8.5]|2000|1,200| 35 |11|3300| 54 |20| 58| 73 | TRIB
9 |432647110395800 | -- |313]8.3|2000(1200| 35|11|3,200| 56 |20| 80| 70 | BG
10 |432647110400000 | -- |32218.3|2000(1,300| 30 |110|3300| 63 |20| 82| 75 BG
11 |432559110385700 | <.001|47518.413300| 960 |870)24)4,600| 29 | 28| .7 | 110 BG
12 113018300 A3 |31118.4]12100( 1,100 83 |15/3200| 88 |20 6 | 73 --
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Appendix B. NWIS Site-l dentification Numbers

Site

|dentification
Number

Site Name

1

432526110382100

|UPPER CACHE CREEK

2

432527110382500

|UNNAM ED TRIBUTARY TO UPPER CACHE CREEK

3

432539110382700

[UNNAMED TRIBUTARY TO UPPER CACHE CREEK NEAR
PACK TRAIL

432552110384200

[UNNAMED TRIBUTARY TO CACHE CREEK BELOW COAL
MINE

432606110385600

[UNNAMED TRIBUTARY TO CACHE CREEK ABOVE
NOKER MINE DRAW

432615110391300

NOKER MINE DRAW TRIBUTARY NEAR CACHE CREEK

432625110390700

NOKER MINE DRAW TRIBUTARY ABOVE MINE

432627110402200

[UNNAMED TRIBUTARY BELOW CACHE CREEK THRUST
FAULT NEAR CACHE CREEK

432647110395800

EAST BRANCH OF NOKER MINE DRAW TRIBUTARY
ABOVE MINE

10

432647110400000

NORTH BRANCH OF NOKER MINE DRAW TRIBUTARY
ABOVE MINE

11

432559110385700

[UNNAMED TRIBUTARY ONE MILE UPSTREAM OF CACHE
CREEK GAGE

12

13018300

CACHE CREEK NEAR JACKSON, WYOMING
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