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INTRODUCTION

Archean and Early Proterozoic igneous and metamorphic rocks are exposed in several mountain ranges 
of southwestern Montana and in the cores of some Laramide-age uplifts east of the Rocky Mountain Fold and 
Thrust Belt (fi g. 1). Middle Proterozoic sedimentary rocks of the Belt Supergroup are exposed in much of west-
ern and northwestern Montana. For the remainder of the plains of central and eastern Montana, Precambrian 
rocks are buried beneath up to 15,000 ft of Phanerozoic sedimentary rocks. 

The contact between Precambrian and Phanerozoic rocks in the subsurface represents an important geologic 
horizon for several reasons: (1) it commonly marks the boundary between igneous and metamorphic “base-
ment” rocks and overlying layered sedimentary rocks (i.e., it forms the base of Phanerozoic basin fi ll); (2) it 
represents a major unconformity with ~600–2,000 m.y. of missing rock record; and (3) it is generally the lower-
most recognizable and mappable surface in the Earth’s upper crust. It is also considered one of the key surfaces 
for constructing a continental-scale digital 3D geologic model under the U.S. Geological Survey’s GeoFrame-
work Initiative.

Moss (1936) identifi ed the major structural features of the buried Precambrian surface for most of the conti-
nental U.S. during a study of their genetic relationships. Several decades later, members of the American Asso-
ciation of Petroleum Geologists formed the Basement Rock Project Committee to develop a continental-scale 
map showing the topography of the Precambrian surface (American Association of Petroleum Geologists, 1967; 
Flawn, 1968). This was a springboard for further work by the U.S. Geological Survey (Bayley and Meuhl-
berger, 1968). Bergantino and Clark (1985) published the most recent Precambrian structure contour map for 
Montana’s plains, east of the Rocky Mountain Fold and Thrust Belt. Their map was used in Domrois’s (2013) 
compilation for the U.S. cratonic platform and subsequently published as a digital elevation model (Domrois 
and others, 2015; Marshak and others, 2017). It remains true, however, that the most recent interpretation of the 
Precambrian surface in central and eastern Montana was done nearly 40 years ago. 

Evaluating the quality of earlier interpretations can be challenging because many authors omit the data and 
methods they used in their interpretations. Thus, the goals of this study are: (1) compile a current dataset of drill 
holes that have penetrated the Precambrian surface; and (2) create an updated digital structure map of the buried 
Precambrian surface for central and eastern Montana. The primary digital product is an ESRI ArcPro geodata-
base containing elevations of the Precambrian surface from well data, an elevation grid and raster surface cover-
ing the eastern two-thirds of Montana, and a set of structure contour lines generated from the elevation grid. The 
well data are included so they can be easily used, modifi ed, and augmented as new well data become available 
or as geoscientists reinterpret existing well data.

DATA AND METHODS

One hundred seven (107) petroleum exploration wells drilled in Montana were determined to have reached 
Precambrian rocks (table 1); 88 are located within the study area of central and eastern Montana. These “Pre-
cambrian wells” were identifi ed from: 

1. Published reports listing specifi c wells drilled to the Precambrian surface, along with the depths/ele-
vations where that surface was intersected (Vine and Erdmann, 1952; Smith, 1955; Sims and others, 
1991).  

2. Well operators’ formation tops, available from the Montana Board of Oil and Gas (MBOG; https://
bogapps.dnrc.mt.gov/dataminer/Default.aspx).

3. Northwest Geological Society (NWGS) lithology logs, available from the Montana Geological Soci-
ety (https://mtgeo.org/resources/nwgs-projects/).

4. Published reports that list Precambrian wells, but without any associated depth/elevation information 
(Tullis, 1952; Garcia-Ramirez and Helland, 1985; Nelson, 1992).
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Each well was reviewed and verifi ed as having reached Precambrian rocks using a combination of lithologic 
descriptions from well fi les, mudlogs, NWGS logs, geophysical logs, and on occasion, inspection of drill cut-
tings available at the MBOG. Well header and location data were acquired from the MBOG. Geophysical logs 
and mudlogs were obtained from MJ Systems of Calgary, Alberta. NWGS logs were acquired from the Montana 
Geological Society (https://mtgeo.org/resources/nwgs-projects/). All well header data and geophysical logs were 
loaded into S&P Global’s (formerly IHS) PETRA software for analysis. 

Because only 88 wells penetrate the Precambrian surface in the study area—too few to accurately depict the 
topography of the Precambrian surface on their own—we estimated the Precambrian elevation for another 222 
wells by projecting downward from shallower horizons. Precambrian elevations for 8 wells were estimated by 
projecting downward from the top of the lowermost Cambrian Flathead Formation (Fm). The thickness of the 
Flathead Fm averages approximately 120–125 ft (Lindsey, 1980), particularly in central Montana where 7 of the 
8 wells are located. Flathead Fm thicknesses were adjusted where nearby well control was available. Because 
the projected elevations of the Precambrian surface at these 8 well locations is likely to be within ±50 ft of ac-
tual elevations, they are included in table 1. For another 214 wells, elevations of the Precambrian surface were 
estimated by projecting downward from the top of Cambrian strata using a Cambrian isopach map developed as 
part of this study. 

Precambrian elevation data used for gridding and contouring are, in order of reliability: (1) actual elevations 
taken from well data and Precambrian exposures in the Big Snowy, Little Rocky, Pryor, Bighorn, and Little Belt 
Mountains (fi g. 1); (2) fairly reliable estimates of Precambrian elevation for 8 wells that reached the lowermost 
Cambrian Flathead Fm; (3) reasonable estimates of Precambrian elevation projected downward from the top 
of Cambrian strata using a Cambrian isopach map developed from well and outcrop data; (4) existing structure 
contours from Bergantino and Clark (1985), particularly for the area south of the Lake Basin Lineament and 
west of the Powder River Basin (fi g. 1); and (5) approximate elevations derived from published and unpublished 
cross-sections and structure maps drawn on shallower horizons (e.g., Dobbin and Erdmann, 1955; Bergantino, 
1985). 

Well data and Precambrian elevation contours from adjacent states and provinces were included to improve 
“edge-matching” along the borders between Montana and North Dakota (Heck, 1988; Anderson, 2009), South 
Dakota (McCormick, 2010), Wyoming (Blackstone, 1993a, b), Alberta (Alberta Geological Survey, 2023), and 
Saskatchewan (Government of Saskatchewan, 2023). 

Elevation data were loaded into the PETRA software and gridded using a 2,000-m-square grid spacing and 
PETRA’s “Least Squares Method” interpolation algorithm. We used a “stepwise approach” to gridding, whereby 
the most reliable data (i.e., actual elevations from well data) were used to generate an initial elevation grid and 
surface. During subsequent grid iterations, we added data of lesser reliability (i.e., elevations projected down-
ward from shallower strata) to fi ll in gaps where data were sparse, but used the contour lines generated in prior 
grid iterations to guide the gridding, and thus continued to rely most heavily on measured Precambrian elevation 
data. 

The fi nal, edited XYZ grid from PETRA was imported into ArcPro and converted to an ESRI raster using 
a 500 m cell size. The set of contour lines generated in PETRA were imported directly into ArcPro. The raster 
surface and contour lines were “clipped” to the Montana state boundary and, to the west, to a line roughly coin-
cident with Precambrian surface exposures. Well data and results are shown in plate 1.

RESULTS 

The data and results from this project are contained in an ESRI ArcPro geodatabase (MT_Precambrian_
Structure.gdb) and illustrated in plate 1. The coordinate reference system for the elements contained in the geo-
database is NAD83 State Plane Montana FIPS 2500 (m). A map package (MT_Precambrian_structure.mpkx) is 
also provided to preserve the symbology used in plate 1.
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The geodatabase contains the following elements:

• Wells—Well header information and elevations of the top of the Precambrian surface for 115 oil and 
gas wells in Montana (107 drilled to the Precambrian; 8 drilled to the Cambrian Flathead Fm).

• PC_Elev_grid—Precambrian structure grid (2,000-m-square spacing) where X, Y, and Z are longi-
tude, latitude, and elevation of the Precambrian surface.

• PC_structure_surface—A raster surface representing the elevation of the Precambrian surface (500 
m cell size), interpolated from the elevation grid. 

• PC_structure_contours—Structure contour lines generated from the grid in PETRA. The contour in-
terval is 500 ft except in some areas of steeply dipping beds where contour intervals were increased 
to 1,000 ft or 2,000 ft to reduce the number of contour lines.

• Geology—Faults and Precambrian outcrop polygons (modifi ed from Vuke and others, 2007). 

• Base layers—Cities, Counties, and State boundary.

For portability to other software applications, Excel data fi les are provided for the Precambrian tops in-
terpreted from oil and gas wells (pc_datapoints_MBMG.xlsx) and for the Precambrian structure grid (pc_
grid_2000m_MBMG.xlsx). The structure grid is in XYZ format, where X is longitude, Y is latitude, and Z is 
elevation of the top Precambrian surface in feet.
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