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Elevation Contour Map of the Precambrian Surface of South Dakota T

INTRODUCTION

i The contour map of the Precambrian surface presented here is a revision of the Preliminary map of the Precambrian surface of South Dakota (Steece,
B eSS S S o 1961). Over the 48 years between publications, a significantly greater number of deep drill holes, many of which intersect the Precambrian basement of

23N ) - - . - 2 B T sy e e e ——— ~ == = ite-R 7 South Dakota, have been drilled and many of these data are now compiled in searchable digital databases. These digital databases, in conjunction with
sophisticated software packages now available for the display of spatial data, allow the revision of the Steece (1961) map to be more detailed and produce
easy to download digital files.
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The Elevation contour map of the Precambrian surface of South Dakota was created using depth and rock-type data from 7,523 drill holes across South
Dakota in combination with published depths to the Precambrian basement and Precambrian rock types intersected (such as schist, gneiss, and granite)
from adjacent states, as well as published Precambrian structural contour data for the region (see SELECTED REFERENCES). In areas of South Dakota
where Precambrian rocks are exposed at the surface (mainly, but not exclusively in the Black Hills, western South Dakota), elevation contours were taken
from 1:24,000-scale hypsography (digitized from digital raster graphs or DRGs). These contours were then modified based on drill-hole data in and around
outcrop areas.
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The drill-hole database consists of 4,829 drill holes that intersect Precambrian rock and 2,694 drill holes that do not intersect the Precambrian basement.
This database was created by searching published maps and reports, unpublished data, and internal and online databases for drill holes that reached the
Precambrian basement or were considered fairly deep holes in areas where no Precambrian intersects are known to exist (which is the case for several
South Dakota counties). These non-intersect holes provide constraints on contour placement, as they give depths and thus elevations below which the
Precambrian is present. The complete database is available for download at the Geological Survey Program, Department of Environment and Natural

Resources, website (http://www.sdgs.usd.edu/).
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The main drill-hole data sources used in this study are digital databases generated by state government programs: (1) the well completion report database
created by the Water Rights Program, South Dakota Department of Environment and Natural Resources (an internal database not publically available
online), (2) the “lithologic logs” and “core and cuttings repository” databases (available online at http://www.sdgs.usd.edu/other/db.html) and the geophysical
logs database (currently an internal database) created by the Geological Survey Program, and (3) the oil and gas database (available online at
http://www.sddenr.net/oil_gas/) created by the Minerals and Mining Program, South Dakota Department of Environment and Natural Resources. Past
publications by the Geological Survey Program were the next most important sources of drill-hole information for this study. These publications are available
online at http://www.sdgs.usd.edu/publications/index.html.
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To display the drill-hole data in ArcGIS, latitudes and longitudes are required. Drill-hole latitudes and longitudes are not listed in the older publications in
greater accuracy than seconds. The same is true for many of the private well drillers' logs in the Water Rights Program’s well completion report database. In
these situations, latitude and longitude were determined based on available legal location, street address, or directions relative to landmarks, farms, or
towns. Latitude and longitude in decimal degrees were recorded to six decimal places (using 1:24,000-scale DRGs in ArcGIS) for each drill hole that did not
already have a latitude and longitude recorded. Where latitudes and longitudes were already recorded, these values were double checked against the legal
locations and ground-surface elevations, if available, for each drill hole. Clearly, the precision of the latitude and longitude to six decimal places exceeds the
ability to accurately locate most of these pre-existing drill holes simply by legal location, and this should be kept in mind when using the data. Ground-
- D, surface elevation was also determined in ArcGIS (from 1:24,000 scale DRGs) if ground-surface elevation was not provided in the original record. In the
S St 1 Wilmot P . case where a ground-surface elevation was provided in an original record, the elevation was checked using a DRG in ArcGIS, and the elevation was
/.’{00 T modified if necessary.

—————— <748

Elevation of the Precambrian surface in each drill hole is calculated by subtracting depth-to-the-Precambrian from ground-surface elevation. For drill holes
pid A\ that do not reach the Precambrian, subtracting bottom-hole depth from ground-surface elevation gives a depth below which the Precambrian is present. On
7 916 \\\Big Stone City the map, these values are shown with a “<” in front of the bottom-hole elevation.
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G R A N T i 867, L/\T”SM Also included in the drill-hole database is rock type, if noted in the original drill-hole log or report. For drill holes for which samples exist in the Geological
922/ @ 1022 1000 Survey Program’s core and cuttings repository, core or cuttings from the holes were examined to confirm or correct reported rock types.
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DATA PRESENTATION
The contour interval on this 1:500,000-scale map is 100 feet except for the region in and around the Black Hills where the Precambrian basement is
exposed. The contour interval of 100 feet is too dense in this area of basement outcrop and in the surrounding area at the scale of 1:500,000, so the
1000 contour interval in these areas is increased to 500 feet above the zero-elevation contour for publication purposes.
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913 Most drill holes in this database of 7,523 drill holes that do not intersect the Precambrian basement (the “<” elevation data) are not displayed on the map
because they are too shallow to effectively constrain the placement of the elevation contours. Additionally, around the Sioux Ridge and Milbank Granite
(eastern and northeastern South Dakota, respectively) and the Black Hills (western South Dakota), only selected drill holes are displayed on the 1:500,000-
scale map due to the high density of drill holes and Precambrian intersects in these areas. However, all data are in the drill-hole database. Both the

database and the contour lines are available digitally.
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A few data in the drill-hole database are excluded from the map because they are interpreted to yield improbably high elevations (and very rarely,
improbably low elevations). These cases are discussed below. In all cases where drill-hole data were not used for contouring, the data are still within the
drill-hole database, and thus, can be considered in alternative interpretations by users of the map.

45° DISCUSSION

—————— 4 The decision of which data in the drill-hole database are reliable is based on all available geologic information, but ultimately it is fairly subjective. The
most significant example of this is exclusion of Precambrian elevation calls in two drill holes in western Sully County, Pearl Township well no. 1 and well
no. 2, drilled prior to 1905 (Darton, 1905, 1909). The Precambrian was tentatively called in the two Pearl Township holes at depths considered shallow
relative to the surrounding region, but not unrealistically so. After discussion with several colleagues and consideration of the surrounding subsurface
“““ > a geologic data, the Pearl Township wells were not included in the table of Precambrian intersects. For other drill holes, the depth to Precambrian is used,
but the reported Precambrian rock type is questionable. For a few drill holes, the accuracy of the lithologic log is not questioned but the drill-hole location
data are not adequate to determine a latitude and longitude for the drill hole.
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“““ / ‘| / / A 1 ! ark_ "~ 7 Rarely, depth to Precambrian calls are suspect because they are considerably deeper than surrounding intersect depths, and may also be excluded from
~~~~ ! ! / U 1 ! ' — = 4 he elevation-cont Al lously d P brian depth here P bri k h as the Si tzite, is heavil
———————— z — . T A —— L e f use on the elevation-contour map. Anomalously deep Precambrian depths may occur where Precambrian rock, such as the Sioux Quartzite, is heavily
] // \ \\ / /I ‘\ J/ K I| : i weathered or is unconsolidated (unconsolidated or poorly consolidated zones are sparingly present within the Sioux Quartzite).
S | e - “ \ ,’ by / 1 i (
-600 \Q\\\:\\‘}§§§§\‘\‘\\\\\ N _— l \ \\ : ,' 1 / ,/ : ‘\ '''''''' | Precambrian rock-type calls taken from drillers’ logs can also be difficult to evaluate around the Sioux Ridge. Historically, many drillers have called the
-500 0 ‘\‘\ A o / ‘, \ | ,’ 1// ! 66% | L S L S S I v ) S A O S S N e L U N AN AN (NN S S [ Sioux Quartzite ‘Sioux granite’ (or simply ‘granite’). Complicating interpretation of these Precambrian rock-type calls is the fact that there are indeed
-400 iy ‘}3&§S\Q§\§S\§QQ\\\ ! ,' \ ‘| 1 }‘ ‘\ ) ‘\ k \ “windows” to granite or granitic gneiss within the Sioux Quartzite subcrop area, as that is the rock type typically overlain by the Sioux Quartzite (Sims and
_300_4_\@;%\\\\%“}\\&\\\\\\ W _ | . . L . N S others, 1991; Steece, oral commun., 2008; this study).
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