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Figure 1. Cliffs of the Pahasapa Limestone, exposed in Spearfish Canyon.

bedrock units, it is convenient to consider the rocks
described above into five major groups.

the Black Hills are described by Orr (1959). Average
annual precipitation ranges from 26 inches in the high
parts of the northern Hills to 16 inches in the lower
elevations. Most of the precipitation occurs during
the months from April to August.

Streamflow records have been collected for many
years, by the U.S. Geological Survey. These data are
published in the Geological Survey's Water Supply
Paper series for the streams of the Upper Missouri
Basin. Some of these data have been incorporated
into this report. Because the U.S. Geological Survey is
mainly concerned with the discharge of major rivers,
it was necessary for the purpose of this report to
make many additional measurements of springs and
streams above and below sinkholes.

a. 

Cretaceous aquitard. The relatively impermeable
Cretaceous black shales.

b. Sandstone aquifer. Permeable Cretaceous and
Jurassic Sandstones and interbedded shales.

c. Triassic-Jurassic aquitard. The relatively imper-
meable Triassic Spearfish Formation and
Jurassic Sundance Formation.

d. Carbonate aquifer. Permeable Paleozoic lime-
stones and sandy dolomites.

e. Precambrian aquitard. Relatively impermeable
lower Paleozoic Winnipeg and Deadwood
Formations and the underlying Precambrian
rocks.

The carbonate aquifer (shown in blue, pl. 1) is the
main object of this study, because all large springs are
related to this aquifer.

Streamflow is generally highest during April
through July when precipitation is also highest.
Another source of streamflow is the many small seeps
and springs in the central Precambrian core. These
normally freeze in winter, build ice accumulations,
and melt in the spring.

HYDROLOGY

General precipitation and runoff characteristics of
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Figure 2. Beaver Creek at Buffalo
Gap (Site 15) is being gaged with the
pigmy current meter. Twenty readings
of the average velocity, as determined
by a spinning wheel in the current, is
multiplied by the cross-sectional area
to determine the total discharge.

STREAM GAGING PROCEDURE indication of the discharge of a spring, because most
springs have either a constant or only slightly variable
discharge that follows a yearly cycle. For instance, if
the average flow of the spring-fed Fall River, as
determined by the continuous recordings of the U.S.
Geological Survey Gaging Station is compared to
monthly data, there is a difference of only 2 percent.

In order to understand the hydrology of the
Paleozoic carbonate aquifer. it is necessary to
measure the streamflow loss into it as well as the
spring discharge from it. This is why there is a
clustering of gaging stations oh or near the carbonate
aquifer as shown on plate 1. A total of 63 different
gaging stations were gaged periodically in this
investigation. These stations are located on plate 1
and described in detail in appendix A.

Information derived from the monthly discharge
measurements of streams draining the Precambrian
core of the Black Hills is not as accurate as the spring
measurements. The reason is that the Precambrian
streams are subject to flooding after heavy rain or
snowmelt (fig. 3). For example, there is a 17 percent
error between the monthly gaging data and the U.S.
Geological Survey Gaging Station data on Grace
Coolidge Creek at Custer Park Zoo between October
1968 and January 1969. Because of the variable
discharge of the Precambrian streams, they were
gaged during a normal streamflow day during the
month rather than during an exceptionally high or
low streamflow day.

Gagings were measured with the Gurley pigmy
current meter (fig. 2) where the discharge exceeded 2
cfs, or with 3-inch Parshall flumes where the
discharge was less than 2 cfs. These techniques are
discussed by Corbett (1962).

In general, gagings were taken at each site once
each month for as long as 4 years, but many of the
less significant sites have less gagings. It is believed
that one gaging each month gives an accurate
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Figure 6. Boxelder Creek disappearing into the alluvium overlying sinkholes in the Pahasapa Limestone just
below Site 53. Note whirlpool.

small springs are too numerous to describe in this
report; however, they form an important source of
water for ranchers.

November, 1966

On November 22, 1966, 10 gallons of 15 percent
Rhodamine B dye were injected into a sinkhole 100
yards above School Section Bridge (Site 53) by D. W.
Niven, a graduate student at South Dakota School of
Mines and Technology. Because a high rate of water
movement was not anticipated, the springs
downstream were not monitored until long after the
crest of the dye flood had passed. Traces of the dye
were detected from packets of activated charcoal
which had been inserted in the springs beforehand.

Plate 2 shows the location and discharge of all
three known types of major springs in the Black Hills.
According to Meinzer's (1927) classification of
springs based on discharge (table 1), none of the
springs in the Black Hills are of first magnitude
(discharge greater than 100 cfs). However, there are
six second order springs having discharge between 10
to 100 cfs: Sand Creek (23.91 cfs), Cascade Spring
(23.65 cfs), Fall River (22.92 cfs), the sum of the
springs on Spearfish Creek (39.83 cfs), McNenny Fish
Hatchery (17.47 cfs), and Cleghorn Spring (10.24
cfs).

Table 1. Meinzer's (1927) classification of springs

Magnitude Average Discharge

100 cfs or greater
10 to 100 cfs
1 to 10 cfs
0.223 to 1 cfs
0.022 to 0.223 cfs
0.002 to 0.022 cfs

First
Second

Third
Fourth

Fifth
Sixth

Dye Tests

Dye tests were used to determine the
interconnection of sinkholes and springs. The five
following tests are of significance in understanding
the hydrogeology of the carbonate aquifer.
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Figure 8. Dumping dye into the sinkhole in the Pahasapa Limestone along Boxelder Creek.

April, 1968 July, 1968

On April 11, 1968, Crooks (1968, 1968b) injected
1 pound of fluorescein dye in 2Y2 gallons of water
into the same sinkhole (fig. 8). One hour and eight
minutes later visible dye suddenly appeared at Gravel
Spring (Site 54). Since the airline distance between
two points is 2,200 feet, the water moved through
the Pahasapa Limestone at greater than 0.37 miles per
hour! The water undoubtedly travels as an
underground stream along a large crack, probably
following a joint and/or bedding plane. Such avenues
of ground-water movement are easily visible in the
many caves in the Pahasapa Limestone (Gries, 1938;
Conn, 1966). Most of the water from Gravel Spring
usually sinks back into the limestone within a few
hundred yards. Visible dye showed up at Doty Spring
(Site 55) three hours and two minutes after the
original injection at the sinkhole. At this time the
small trickle of surface overflow from Gravel Spring
had not yet reached Doty Spring. A much diluted
fluorescence was noted at Dome Spring (Site 56) six
hours and thirty-five minutes after the original
injection.

On July 9, 1968, the above test was repeated,
using 1 gallon of red Rhodamine WT dye. The dye
was injected in the same sinkhole, and reappeared at
Gravel Spring in one hour and seven minutes. It
showed at Doty Spring in two hours and fifty
minutes, and at Dome Spring six hours and
twenty-five minutes after the original injection.

These three dye tests prove that the Boxelder
Springs are directly related to Boxelder Creek where
it disappears into the sinkholes. It should be pointed
out that these springs are all Type 1 springs. and all
lie in the same drainage basin as the disappearing
master stream that feeds them.

November, 1968

There is no Type 2 spring on Boxelder Creek. The
lowermost spring on Boxelder Creek is Lang Spring
(Site 57) which sinks back into the limestone. The
question of the final destination of Boxelder Creek
water remains unanswered.
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