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The attached report was done to determine if there are Quaternary faults in the 
general area of a planned cement tailings facility at the proposed Black Butte Copper 
Mine. Previous workers have mapped faults in this area that offset Mesoproterozoic to 
earliest Eocene rocks, but the youngest documented activity on these faults occurred 
during the late Cretaceous and early Eocene. Geologic mapping done by others and in 
this study indicates that there is no evidence of these older faults or any new faults being 
active during the Quaternary. This conclusion is supported by geologic field evidence of 
the area’s Cenozoic deposits which demonstrates that these deposits are not disrupted by 
faulting. It is also supported by LiDAR data from which a hillshade image was generated. 
Northeast-trending features can be identified on the hillshade image, but these features do 
not offset mapped Quaternary deposits. Additionally, no other fault-like features were 
observed cutting through Cenozoic units on the hillshade image.  
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EXECUTIVE SUMMARY 

This project was done to determine if there is Quaternary faulting activity in the 
general area of the cement tailings facility at the proposed Black Butte Copper Mine. 
Previous workers have mapped faults in this area that offset Mesoproterozoic to earliest 
Eocene rocks, but the youngest documented activity on these faults occurred during the 
late Cretaceous and early Eocene. Geologic mapping done by others and in this study 
indicates that there is no evidence of these older faults or any new faults being active 
during the Quaternary. This conclusion is supported by geologic field evidence of 
Cenozoic deposits which demonstrates that these deposits are not disrupted by faulting. 
It is also supported by LiDAR data from which a hillshade image was generated. 
Northeast-trending features can be seen on the hillshade image, but these features do 
not offset mapped Quaternary deposits. Additionally, no other fault-like features 
crossing the Cenozoic units were identified on the hillshade image. 

 

INTRODUCTION 

This project is focused on the question of whether Quaternary faulting is present 
in the area of the cement tailings facility (CTF) location that will be part of the proposed 
Black Butte Copper Mine. The CTF’s planned location is in section 36, T12N, R6E (Figure 
1), atop Mesoproterozoic bedrock of the Newland Formation. Additionally, Eocene age 
intrusive rocks mapped as biotite-hornblende dacite (Reynolds and Brandt, 2007) cut 
the Newland Formation in the area of the proposed CTF. 

Geologic structures that fault pre-Quaternary deposits mapped in the general 
vicinity of the proposed CTF include the Volcano Valley fault (Reynolds and Brandt, 
2007) and three northeast-trending faults (Tintina Resources, 2016 Geologic Map) 
(Figure 1).  The Volcano Valley fault lies about 1.5 miles north of the proposed CTF, 
and is a reverse fault with its south side up. The reverse fault movement is Late 
Cretaceous-pre Eocene in age. The only documented younger activity on this fault is 
that it is intruded by a hornblende biotite dacite body that has a 40Ar/39Ar isotopic age 
of 54.4±0.2 Ma, which places these rocks in the earliest Eocene. This intruded part of 
the Volcano Valley fault lies approximately 8 miles west of the CTF (Reynolds and 
Brandt, 2005). 

The three north-east-trending faults that are mapped approximately 0.08 to 0.8 
miles to the southeast and east of the CTF (Figure 1) offset Mesoproterozoic and 
earliest Eocene intrusive rocks that occur as sills and larger intrusive bodies (Tintina  
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Resources, 2016 Geologic Map). The compositions of the intrusive rocks in this area are 
hornblende biotite dacite, and as such, I assume them to have an age similar to the 
54.4±0.2 Ma hornblende biotite dacite that intruded the Volcano Valley fault.  

DO QUATERNARY FAULTS EXIST NEAR THE CTF? 

 Based on the geologic structural setting and previous geologic mapping outlined 
above, the determination of whether Quaternary faulting exists near the CTF should be 
made by initially examining where already identified faults project through Quaternary 
deposits. These faults are of particular interest because they are zones of previous 
weakness and could therefore reactivate through time. Both the mapped Volcano Valley 
fault trace and the northeast-trending fault traces can be projected into an area that, 
using available previous geologic mapping and my geologic mapping done for this 
project, contains Cenozoic deposits (Reynolds and Brandt, 2007;Tintina Resources, 
2016 Geologic Map; Hanneman, 6/14/2017-6/15/2017) (Figure 1). This area is located 
approximately 1.5 miles north and northwest of the CTF, mainly in sections 29, 30, and 
32, T12N, R7E. And finally, the CTF area was investigated during this project to 
determine if any unidentified faults offset the area’s Cenozoic deposits. 

Cenozoic Deposits Used For Age Constraints  

In order to better age constrain the question of Quaternary faulting for this area, 
it is critical to age constrain the local Cenozoic deposits. The oldest unit in this area is 
Tertiary in age, and more specifically probably late Eocene to early Oligocene. The 
maximum age determination is based upon the strata containing hornblende biotite 
dacite clasts, and thus the strata are younger than earliest Eocene, specifically younger 
than 54.4±0.2 Ma. The minimum age constraint is based upon mapped Tertiary strata 
north of the proposed mine site being overlain by basalt flows that have whole rock 
40Ar/39Ar isotopic ages ranging from 32.8 to 30.4 Ma (Reynolds and others, 2002). The 
lithologies present in the late Eocene to early Oligocene unit include smectitic 
mudstone, sandstone, conglomerate, and volcanic tuff beds (based upon my geologic 
field work and core samples provided by Tintina Resources, 6/14/2017-6/16/2017). The 
age range and lithologies of this Tertiary unit are consistent with those described for 
the Beaver Creek area by Runkel (1986) in his work on the Tertiary geology and 
vertebrate paleontology of the Smith River Valley. 

 The next younger geologic unit is an unconsolidated gravel deposit that caps the 
Tertiary strata. Reynolds and Brandt (2007) mapped this unit on the north side of 
Sheep Creek, immediately north of the proposed mine area, and labeled it a terrace 
gravel with a Pleistocene to Holocene age. I matched the gravel cap I found on the 
proposed mine property with what Reynolds and Brandt mapped as a terrace gravel 
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and I believe they are the same unit. However, I disagree with the time range that 
those authors placed on the unit. The terrace gravel is likely only Pleistocene, and 
probably falls more into the 200,000 years old to 220,000 years old age range. This age 
designation is based upon the weathering rind thicknesses of basalt clasts that I 
sampled (sample number=67 clasts) from the gravel as compared with basalt clast 
weathering rind thicknesses from a study done by Coleman and Pierce (1981) in the 
western United States. I give an age range for the basalt clast weathering rinds on the 
proposed mine property because, unlike the Coleman and Pierce study samples that 
came from a soil B horizon, there is little to no soil B horizon in my sample area. I also 
measured the clast rind thickness in the field using a portable millimeter scaler. Hence, 
the basalt clast weathering rinds may indicate an inflated older age for the deposit, but 
even the minimum rind thickness suggests an age older than Holocene. The gravel unit 
includes unconsolidated rounded small boulders to pebbles of quartzite, fossiliferous 
limestone, basalt, dacite, and sandstone clasts. Clast bases have calcium carbonate 
coatings with some coatings (particularly on the limestone) up to three cm in thickness. 

 The current drainage system is incised into all older geologic units, including the 
Quaternary terrace gravel described above. The sediments associated with the current 
drainage system are unconsolidated and include clay to boulders that comprise the 
current floodplains and active channels of Sheep Creek and its tributaries. As these 
sediments are a part of the present drainage system, I have grouped them into 
Quaternary alluvium and into the one age unit of Holocene. A water well log from an 
adjoining property to the proposed mine (SE1/4SW1/4NW1/4, section 28, T12N, R7E) 
indicates 17 feet of clay, sand, pebbles, and cobbles of what I interpret as Quaternary 
alluvium, so there may well be late Pleistocene sediment contained within this unit. But 
for the purposes of this project, Holocene is sufficient for an upper Quaternary age 
constraint. 

Do Any Structures Offset the Cenozoic Deposits? 

 I assessed both geologic field evidence and airborne LiDAR (Light Detection and 
Ranging) data in determining if there is evidence for Quaternary faulting in and around 
the CTF. The field evidence is taken from the Cenozoic deposits on the proposed mine 
property and from Tertiary strata exposures in the Holstrom ditch walls located in 
section 4, T11N, R7E, approximately 0.5 miles southeast of proposed mine property. 

Geologic Field Work Observations and Interpretations. The Quaternary terrace 
gravel provides a reasonable basis for determining if the surface in sections 29 and 30, 
T12N, R7E has been cut by Quaternary faulting. I walked the old terrace surface and 
found that where the clasts aren’t disturbed by human-caused workings, the clasts are 
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in their original positions with calcium carbonate coatings on the clasts’ undersides (that 
calcium carbonate occurs on the undersides of clasts in semi-arid to arid areas is well 
documented: Machette, 1985; Pustovoytov, 2003; Scott and Moore, 2007). Thus, 
because clasts on the terrace surface (where not disturbed by human-caused workings) 
are undercoated by calcium carbonate, I interpret this occurrence to indicate that 
surface is not disrupted.  

There is a noticeable gully developing in section 29, beneath the terrace gravels 
(Figure1 and Figure 3). My mapping of this area shows that the gully is the likely result 
of the boundary between softer Tertiary mudstone and much more resistant 
Mesoproterozoic Newland Formation rock. The lithologic boundary can be more readily 
explained as an erosional edge rather than as an older fault. This explanation arises 
because the overall Tertiary strata distribution mapped by myself and more extensively 
by Reynolds and Brandt (2007) appears to be that of a Tertiary erosional paleovalley 
such as those described for age-equivalent strata in the Laramie Range (Evanoff, 1990, 
2016). 

That this area represents a Tertiary erosional paleovalley is further supported by 
Tertiary exposures in the Holstrum ditch. Figure 2 shows a ditch bank where thin white 
layers at the ditch bank’s top are horizontal. These thin white layers occur at the top of  

 

a cut-and-fill channel, and thus are within that part of the channel fill where original 
sedimentation events aggrade to form horizontal units. This ditch bank is approximately 
0.5 miles west of the mapped Volcano Valley fault (Reynolds and Brandt, 2007). If the 
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Volcano Valley fault system was active during or after deposition of the channel fill and 
the contained thin white layers, the white layers should probably be tilted away from 
horizontal as a result of faulting activity. 

LiDAR Data Observations. High resolution, 16 points/m2, airborne LiDAR flown by 
Sands Surveying, Kalispell, Montana (2012), was used to provide a detailed digital 
terrain model (DTM) of the proposed mine and CTF area. DTMs developed from 
airborne LiDAR surveys are increasingly used to identify and characterize surface faults 
(Haugerud et al., 2003; Hilley and Arrowsmith, 2008; Zielke and others, 2010; Stumpf 
and others, 2013; Tortini and others, 2015). The technique of hillshading was applied to 
the DTM that encompassed the proposed mine and CTF area using Golden Software 
Surfer version 12 (Figure 3). This technique illuminates the surface of the DTM from a  

  

particular sun angle and has proven effective for visualizing surface faults (Ganas et al., 
2005; Engelkemeir and Khan, 2008; Tortini and others, 2015; Morell and others, 2017). 
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As shown in the hillshade image of Figure 3, there are no obvious disruptions on the 
older Quaternary terrace surfaces or in the Quaternary alluvium of the current 
floodplains. The northeast-trending structures noted earlier in the Introduction  section 
of this report and indicated by arrows in Figure 3 do not cut through Cenozoic deposits. 
The gully that is the boundary of Mesoproterozoic Newland Formation rocks and 
Tertiary strata can be seen in Figure 3, but again as discussed above, is more likely an 
erosional boundary. Furthermore, no other fault-like features that cut through Cenozoic 
units were observed on the hillshade image. 

The present channels of Sheep Creek and its tributaries are also depicted on the 
hillshade image. None of the meanders in either Sheep Creek or Little Sheep Creek line 
up with projected northeast-trending faults. The non-alignment of channel segments 
suggests that there is no channel control by Quaternary faulting.  

As depicted in both Figures 1 and 3, the tributary of Little Sheep Creek 
immediately east-southeast of the CTF appears to conform to topography rather than 
follow a northeast trend where it merges with the main Little Sheep Creek drainage. 
The uppermost channel of Little Sheep Creek also appears to be curving to the 
northwest in response to butting up against the older Tertiary strata that are flanked by 
Cambrian rock. Both these geomorphic features lead me to believe that they are also 
not controlled by Quaternary faulting, but rather they are controlled by topographic 
features of the landscape.  

DISCUSSION 

 Prior to the late Eocene, faulting did occur in the general area of the CFT. 
However, there is no geologic evidence found by previous mapping in this area and in 
the geologic mapping done for this project that indicates Quaternary faulting activity. 

 The geological field work that I did for this project supports a conclusion that the 
surface covered by an older Quaternary terrace deposit is not disrupted by faulting. The 
in-situ position of clasts within the terrace gravel, with calcium carbonate coatings on 
their undersides, is the main basis for this deduction. This deposit also matches up with 
other Quaternary terrace deposits mapped by Reynolds and Brandt (2007) on the north 
side of Sheep Creek that are not cut by northeast-trending lineaments which can be 
readily observed in the hillshade image of Figure 3. It should also be noted that 
Reynolds and Brandt (2007) show the faulting that they mapped in this same area as 
concealed beneath Cenozoic deposits, thus also indicating that there is no evidence for 
Quaternary faulting. 
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 The Tertiary deposits in the proposed mine area appear to be deposits within 
erosional paleovalleys rather than fault controlled depocenters. Topographic relief was 
considerable in the northern Rockies during the Eocene (Constenius, 1996; Fan and 
others, 2017), and resulted in numerous Eocene-Oligocene paleovalleys that extended 
into the core of areal mountain ranges. As noted by Evanoff (1990) for the Eocene 
paleovalleys in the Laramie Mountains of Wyoming, “the local relief indicated by the 
paleovalleys was ample for erosion to provide coarse gravel for fluvial systems, without 
requiring episodes of repeated uplift” (p.446). Similarly, the sediments within the 
Tertiary units in and near the proposed mine site indicate local fluvial systems with very 
localized clast input. These same sediments also contain a high percentage of volcanic 
ash. The ash was probably originally an aeolian component to the depositional system, 
being derived from the nearby Helena Volcanic field which was active from about 39-36 
Ma (Chadwick, 1985; Schmidt and others, 1994). Volcanic ash as an aeolian deposit is a 
common component of erosional paleovalleys, although in the area of the proposed 
mine, the volcanic ash appears to be mostly reworked by fluvial processes in cut-and-fill 
channels. However, the erosional paleovalley interpretation for the Tertiary deposits in 
the project area is a viable interpretation for the Tertiary fill and is supported by the 
Tertiary deposits extending into the Little Belt Mountains (Reynolds and Brandt, 2007), 
horizontal bedding observed in Tertiary strata within a nearby irrigation ditch (Figure 2), 
and the documentation of high relief in the northern Rocky Mountain during the 
Eocene.  

 The hillshade image generated from LiDAR data shows no evidence for faults 
that cut Cenozoic deposits. Northeast-trending structures that can be clearly seen on 
the image do not cross either the older Quaternary terrace gravel surface or the current 
floodplain that contains Holocene sediment. Even the meander segments of Little Sheep 
Creek and Sheep Creek show no alignment with the projected trends of mapped area 
faults. Typically stream channels do reflect fault control by a change in their direction 
that parallels a fault’s trend, but again this aspect of stream channel geomorphology 
cannot be seen on the LiDAR hillshade image in Figure 3. 

The present drainage system within the area of the proposed Black Butte Copper 
Mine has down-cut into pre-existing rock, and this indicates a change in base level for 
the system. However, the down-cutting may have more to do with glacial melt-outs 
that affect the entire Smith River drainage system rather than local tectonism. 

 Lastly, the conclusion of no evidence for Quaternary faulting in the immediate 
area of the CTF is also supported by historical seismicity data. Wong and others (2005) 
place the area of the proposed mine in the Northern Great Plains, which is part of the 
stable continental U.S. interior. These authors state that “tectonism associated with 
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plate boundary interactions probably ceased about 100 Ma, so zones of major recent 
deformation area generally absent (Dewey and others, 1989). Earthquake epicenters 
are scattered and form isolated clusters with no apparent spatial relationship to 
geologic structures” (p. 6). Indeed, in the very general area of the proposed mine, 
there are only two 1.5-2 magnitude earthquakes found in the historic seismicity data 
base for years 1809-2001. Wong and others work (2005) also indicates low probability 
for significant seismic events in this area over the next 5,000 years. 

SUMMARY 

 Faults mapped in the area of the proposed Black Butte Copper Mine and its 
contained CTF offset Mesoproterozoic to earliest Eocene rocks. The youngest 
documented activity on these faults occurred during the late Cretaceous and early 
Eocene. Geologic mapping done by previous workers and in this study indicates that 
there is no evidence of these older faults or any new faults being active during the 
Quaternary. This conclusion is supported by geologic field evidence of Cenozoic 
deposits showing that these deposits are not disrupted by faulting. It is also supported 
by LiDAR data from which a hillshade image was generated. Northeast-trending 
features can be seen on the hillshade image, but these features do not offset mapped 
Quaternary deposits. Additionally, no other fault-like features within the Cenozoic units 
were observed on the hillshade image. 
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SEPM - Society for Sedimentary Geology 
 

Publications 

Geologic Maps : Peer-Reviewed 

1. O'Neill, J.M., Klepper, M.R., Smedes, H.W., Hanneman, D.L., Frazer, G.D., and 
Mehnert, H.H., 1996, Geological map and cross sections of the central and southern 
Highland Mountains, southwestern Montana: U.S. Geological Survey Map I-2525. 

2. Hanneman, D.L., 1987, Geologic map of the Pintler Lake quadrangle, Beaverhead 
County, Montana: U.S. Geological Survey MF-1931. 

3. Hanneman, D.L., 1987, Geologic map of the Pine Hill quadrangle,Beaverhead 
County, Montana: U.S. Geological Survey MF-1930. 

4. Hanneman, D.L., 1984, Geologic map of the Mud Lake quadrangle, Beaverhead 
County, Montana: U.S. Geological Survey Map MF - 1696. 

5. Hanneman, D.L., 1984, Geologic map of the Wisdom quadrangle,Beaverhead 
County, Montana: U.S. Geological Survey Map MF - 1695. 

 

 Professional Papers: Peer-Reviewed 

1. Hanneman, D.L., and Wideman, C.J., 2009, Continental sequence stratigraphy and 
continental carbonates, Carbonates in Continental Settings: Processes, Facies and 
Applications, Alonso-Zarza, A.M., and Tanner, L.H., eds., Elsevier, p.215-273. 

2. Hanneman, D.L., and Wideman, C.J., 2006, Calcic paleosol stacks - regional 
sequence boundary indicators in Tertiary deposits of the Great Plains and Western USA: 
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Geological Society of America, Paleoenvironmental Record and Applications of Calcretes 
and Palustrine Carbonates, Special Paper 416, p.1-15.  

3. Wang, X., Wideman, B.C., Nichols, R., and Hanneman, D.L., 2004, A new species 
of Aelurodon (Carnivora, Canidae) from the Barstovian of Montana: Journal of 
Vertebrate Paleontology, v. 24, p.445-452. 

4. Hanneman, D.L., Cheney, E., and Wideman, C.J., 2003, Cenozoic sequence 
stratigraphy of northwestern USA; SEPM Cenozoic Systems of the Western            
United States, Raynolds, R.G. and Flores, R.M., eds., p.135-156. 

5. Hanneman, D.L., Wideman, C.J., and Halvorson, J., 1994, Calcic paleosols: their 
use in subsurface stratigraphy: American Association of Petroleum Geologists Bulletin, 
v. 78, p.1360-1371. 

6. Hanneman, D.L., and Wideman, C.J., 1991, Sequence stratigraphy of Cenozoic 
continental rocks: Geological Society of America Bulletin, v.103, p.1335-1345. 

7. Hanneman, D.L., and Wideman, C.J., 1990, Paleosols: reflectors in continental 
sequences: Geophysics:  The Leading Edge of Exploration, v.9, p.38-40. 

8. Foxworthy, B., Hanneman, D.L., Coffin, D.L., and Halstead, E.C., 1987, 
Hydrogeologic regions - Region 1, western mountain ranges: in Hydrogeology: Back, 
W., Rosenshein, J. S., and Seaber, P.R., eds., Decade of North American Geology, v. 
O-2., p.25-35. 

9. O'Neill, J.M., Ferris, D.C., Schmidt, C.J., and Hanneman, D.L., 1984, Recurrent 
movement along northwest trending faults, southern Highland Mountains, southwestern 
Montana: in A Guide to Belt Rocks: Roberts, Sheila, ed., Montana Bureau of Mines and 
Geology Special Publication 94, p.209-216. 

 

Non-Journal Articles 

1. Hanneman, D.L., 2013, Journeying through Cuba’s geology and culture: Earth, v. 
58, no. 8, p.42-51. 

2. Hanneman, D.L., 2008, Geological consulting and kids: An unpredictable balancing 
act?: Motherhood, The Elephant in the Laboratory, Monosson, E., ed., Cornell University 
Press, p.79-82. 
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Field Guides  

1. Boggs, K.J.E., and Hanneman, D.L., 2016, Tectonics, Climate Change, and 
Evolution: Southern Canadian Cordillera: Association for Women Geoscientists Annual 
Field Trip, 209 p. 

 

Recent Abstracts – 2002 to Present Time 

1. Hanneman, D.L., and Lofgren, D., 2017, Vertebrate Paleontology and Geology of 
High Elevation Tertiary Deposits in the Gravelly Range, Southwestern Montana: 
Geological Society of America Abstracts with Programs. Vol. 49, No. 5 doi: 
10.1130/abs/2017RM-293156. 

2. Hanneman, D.L., and Wideman, C.J., 2016, Cenozoic Stratigraphy in Western 
Montana: Current Status and A Way Forward, Geological Society of America Abstracts 
with Programs. Vol. 48, No. 7 doi: 10.1130/abs/2016AM-279878. 

3. Wade, D., Nielsen, C., and Hanneman, D.L., 2016, Age Constraints on Cenozoic 
Continental Deposits, Madison Bluffs, Southwestern Montana, Geological Society of 
America Abstracts with Programs. Vol. 48, No. 7 doi: 10.1130/abs/2016AM-282047.  

4. Nielsen, C., Wade, D., and Hanneman, D.L., 2016, Neogene Distributive Fluvial 
System Strata at the Anceney Fossil Vertebrate Locality, Southwestern Montana, 
Geological Society of America Abstracts with Programs. Vol. 48, No. 7 doi: 
10.1130/abs/2016AM-281977. 

5. Hanneman, D.L., and Wideman, C.J., 2013, Cenozoic tectonic sequences and basin 
evolution in western Montana, Geological Society of America, Abstracts with Programs, 
Vol. 45, No. 7, p. 134. 

6. Hanneman, D.L., and Wideman, C.J., 2010, White River Group Equivalents in 
Montana: Geological Society of America, Abstracts, Rocky Mountain Sectional meeting, 
v. 42, no. 3, p.18. 

7. Hanneman, D.L., and Wideman, C.J., 2009, Continental sequence stratigraphy with 
emphasis on continental carbonates: Geological Society of America, Abstracts, national 
meeting, v. 41, no. 7, p.123. 
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8. Hanneman D.L., and Wideman, C.J., 2006, Sequence Stratigraphy and Paleosols in 
Continental Rocks – Examples from Cenozoic Deposits of the Great Plains and Western 
USA: American Association of Petroleum Geologists, Abstracts, regional meeting. 

9. Hanneman D.L., and Wideman, C.J., 2005, Calcic pedocomplexes delineate 
sequence boundaries in Tertiary strata of the Great Plains and western USA: Geological 
Society of America, Abstracts, national meeting, v. 37, no. 7, p.139. 

10. Hanneman D.L., and Wideman, C.J., 2005, Calcic Paleosols - Regional sequence 
boundary indicators in Cenozoic strata of southwestern Montana: American Association 
of Petroleum Geologists, Abstracts, annual meeting, Calgary, Alberta, Canada. 

11. Hanneman, D.L., and Wideman, C.J., 2004, Ash fall tuff marker beds within 
Cenozoic basin-fill of Southwestern Montana: Geological Society of America, Abstracts, 
national meeting, p.72. 

12. Hanneman, D.L., Cheney, E., Wideman, C.J., 2002, Cenozoic synthems of the 
northwestern United States; Geological Society of America, Abstracts, national meeting, 
p.281. 

 

 

 

 


	Blank Page



