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LOWER JEFFERSON VALLEY 
TERTIARY STRATIGRAPHY 

 
 Kuenzi and Fields (1971) established Tertiary lithostratigraphy for southwestern Montana partly 
as a modification of formal stratigraphy established in the Three Forks area (Robinson, 1963), and in the 
Toston area (Robinson, 1967). Modifications by Kuenzi and Fields (1971) included restricting the 
Sixmile Creek Formation of Robinson (1967) to Tertiary strata that overlie the mid-Tertiary 
(Hemingfordian) unconformity (Fig. 2), and defining a new stratigraphic unit, the Renova Formation, 
underlying the unconformity.  Kuenzi and Fields (1971) described the Sixmile Creek Formation as 
typically coarse grained (defined as fine sand and coarser) and the underlying Renova Formation as fine 
grained (defined as greater than 70 percent terrigenous very fine sand and finer).  
 

Kuenzi and Fields (1971) divided the Renova Formation into three members west of the map 
area.  Two of the members, the Dunbar Creek and Climbing Arrow, were previously formally established 
as Tertiary formations by Robinson (1963) in the Three Forks area.  Kuenzi and Fields (1971) changed 
the stratigraphic rank of these two formations to member status in the upper Jefferson Valley.  
Subsequently, an informal late Arikareean unit, the Negro Hollow map unit north of Red Hill, was 
described by Lofgren (1985) and considered the upper part of the Renova Formation.   
 
 Five sequences have been recognized in the Cenozoic deposits in the upper Jefferson Valley and 
other parts of southwestern Montana.  These sequences are recognized principally from bounding 
unconformities rather than than lithology because of the lateral and vertical repetition of lithologies 
throughout the Tertiary section (Hanneman and Wideman, 1991). The sequence-bounding unconformities 
are recognized based on paleosols (primarily stacked calcic paleosols), erosion surfaces, and angular 
stratal relationships.  Some paleosols have been traced from outcrop into the subsurface in the map area 
where they are recognized as seismic reflectors (Hanneman and others, 1994). 
 
The lithostratigraphic and sequence stratigraphic approaches to dividing Cenozoic deposits have both 
been greatly augmented by fossil data, especially vertebrate fossils, and both approaches recognize 
unconformity-bounded units.  The International Subcommission on Stratigraphic Classification prefers 
the name synthem (Chang, 1975) for unconformity-bounded stratigraphic units (Salvador, 1987).  The 
latest (1983) North American Stratigraphic Code introduced the category of allostratigraphic units that are 
comparable to synthems (Salvador, 1987).  A synthem mapping approach was informally used for the 
Tertiary deposits in this report on the upper Jefferson Valley.  Rather than lump all of the Tertiary 
deposits that overlie the mid-Tertiary (Hemingfordian) unconformity into the Sixmile Creek Formation or 
Sequence 4, for example, separate facies were mapped as informal units that comprise the Sixmile Creek 
synthem in the map area of this report, and other reports (Vuke, 2004; Vuke and others, 2004; Vuke, 
2003). This approach takes into account intrabasinal and interbasinal facies changes within the 
unconformity-bounded sedimentary packages and also helps in recognizing faults that may juxtapose a 
younger part of the synthem against an older part.  Additionally, only one horizon of stacked calcic 
paleosols was recognized in the area, in the Fairview map unit south of Three Forks, the only place a 
paleosol horizon could be used for mapping.  No stacked calcic paleosols were recognized at the mid-
Miocene (Hemingfordian) unconformity (Fig. 2) anywhere in the map area. 

 
In this report the Dunbar Creek and Climbing Arrow are treated as formations following their 

original designations by Robinson (1963) because the thick Climbing Arrow Formation is divided into 
many mappable units on the present map of the Lower Jefferson Valley. 

 
 
 
 



��������	�
	����

��

�
���	������	���

��

��

��

��

��

��

���������

	���
���

����
�

�����������

�����
���
����

�����

�������

��	 ��	 ��

��


��	

��


��


���

���

���

��


��


���

���

���

��	 ��	 ��
 ��
��	

����	����
����
������

��	
��
��
��������
��
���
�����
���������
������
���
�� 
�� �!
��
"�#$
%
� ���	����

��
���

�
�

��
��

	

�

�
�


	��	�� �����

�	�
���

��
�

���
��

����	����
������	��

�
��

�	
�

�
��

��

��
���

��
	�

���
��

����	
�

���
��

�	
��

��
�

��
��

�

�������� �����

�	
��

�
�	

��
��

�
�

��
��

��
��

�	

�

�
��

��

�
��

��
	�

�
��

��

�������	�
�����

  !"##�    "$#�

%�"$��$#&

%'"##�

  !"##�
%�"$��$#&

   "$#�

%'"##�

�&
��

&
'
(�

�

)
�

*
'
�
�
+
,
�
�
&
'

)
�

-�����.�
)�
��+.(��
)�

)�� ���� ��
/�� 
0��1

���������
.���� 

(�����	���

�����
���1�

,�����
)���1

0���

/�������

�

(�)�
��
*�������

+��
�
,�����

*�������
-�����

.)
��
/�
0�

��

�
���
1�����

�������2
���

3�����
-
��0

.)
��
/�
0�
�4

5��� ,�

����
3�����
-
��0

6���
7��

+�

��
+4

�	*����#

2

(�)�
��	*��(�)�
��	*��

8
�
��
	*

��
8
�
��
	*

��

.. ��9�


��9�

-�����

-�����

8��	*��8��	*��

+��	������
5����
�:+(:+	,1���

�:+(:+	,1���

**�� �� �� �� ������
--
��
��
�� ��

��

�)����)���
6��06��0

6��6��
,�� �,� � �

-���������-���������
-�����-�����

++
�� �� 

 ��

,,�� �� �� ����

6����6����
���
����
���

�)�����)����
���
�����
����

�����	;	-��
0
-�7�
��	��5�

5�
0�
	,��������
�����	5�
0

�)���)��
8����8����

**
����

���� 

 �� ����
���� �� ��))

/��
7���
-�����
�

�������

*�������

�� �� 

 

 �� 

 ��
�� ��

-- ����������

��

��

��

���

���

�

�

���

���

���



������

��	���
�

�	���
�


��
������	��

��
�������������

���
��

��
�	


�
�


	
��

�	
��

�	
�	

��

��	����
�

����
�

����

����

����

����

����

����

����

����

����

����

����

����

����

����

��� !� 

�"#$%&��&� 

���'" () &� 

��'*+),&� 

�"#& -.)'(&� 

�'&/�'""� 

0%&+ "1� 

�'"��� 

�%�(') &� 

�2!%"* "� 

3& +� 

�'&(-"'&� 

0�*�+!%&� 

��(&*) ����+"�2�#�$�2 &+

��'"1��� !%�#�2�

��''&*) �#�2�

��(&*) �4���"1�.)'#�+&) 

�)++) 5))(��� 1) �#�2�

��+"��'&/�'"" 6

"-')��)��)5�#�2�

�'&/�'"" 6
�2 7�'��'""/�8)'#�+&) 

�2 7�'��'""/�8)'#�+&) 

��&#7& -��'')5�8)'#�+&) 

�&��&-� ��'""/�8)'#�+&) 

�"(��&���#�2�

7�*��+�� (�'%1)�&+"

����	����

�	9�	��
����:
�;

���

��
�4�
�;

���

#&(<�&)!" "
2 !) .)'#&+1

�������	
���
����������������������������������������������������������������	��� �����
����!�������
��"����������#������������$��������%&&% 


�
	�

�	
��

	�
�

�
	�

�	
��

	�
�

�
	�

�	
��

	�
�

�
	�

�	
��

	�
�

�



 4

Southwest Montana Transverse Zone and Jefferson Canyon Fault 
 The east-striking Southwest Montana Transverse Zone is a significant tectonic feature that 
transects the map area along the Jefferson Canyon Fault (Schmidt and O’Neill, 1982; Schmidt and others, 
1987).  The Jefferson Canyon fault not only separates Proterozoic Belt Supergroup LaHood Formation to 
the north from Archean metamorphic rocks to the south, but also marks the southern margin of a major 
eastward bulge in the Montana part of the fold and thrust belt (Schmidt and O’Neill, 1982) (Fig. 3).  The 
Archean crystalline rocks south of the fault have a pronounced northwest-striking structural grain 
(Schmidt and Garihan 1983). Many of the  northwest-striking faults are associated with northwest-
plunging hanging-wall anticlines cored with Archean metamorphic rocks (Schmidt and O’Neill, 1982).  
The Jefferson Canyon Fault and the northwest-striking faults to the south all experienced significant 
episodes of movement during the Proterozoic, Late Cretaceous, and late Cenozoic.  Many studies have 
pieced together the geologic history of this area, especially during Late Cretaceous and early Paleocene 
compressional tectonics (Garihan and others, 1983; O’Neill and others, 1990; Schmidt, 1975; Schmidt, 
1976;  Schmidt, 1979; Schmidt and Garihan, 1983, Schmidt and Garihan, 1986a, Schmidt and Garihan, 
1986b;  Schmidt and Geiger, 1985; Schmidt, and others, 1989; Schmidt, and Hendrix, 1981; Schmidt, and 
O’Neill, 1982; Schmidt and others,1981;  Schmidt and others, 1987; Schmidt, and others, 1988; Schmidt 
and others, 1990, Schmidt and others, 1991), but also during post-Laramide extensional tectonics 
(Schmidt and Garihan, 1986b; Schmidt and others, 1987). 
 
Latest Cretaceous, Paleogene, and early Miocene  
 Near the end of the Cretaceous, about 70 million years ago, 10,000 or more feet of Elkhorn 
Mountains Volcanic rocks overlay older rocks in the area (Klepper and others, 1957).  A tremendous 
volume of the volcanic rocks was eroded from the area during the late Maastrichtian and Paleocene and 
deposited to the east in the Upper Cretaceous Livingston Group (Lageson and others, 2001) and lower 
Paleocene Fort Union Formation.   
 
 Basalt and rhyolite on Bull Mountain and in the southeastern part of the map area, mark the start 
of Eocene extension.  The Red Hill map unit may be the oldest preserved Tertiary sedimentary unit 
deposited during the Eocene in the map area.  It is exposed in limited areas throughout the map area, 
always on bedrock and usually overlain by younger Tertiary units.  The unit may represent colluvium, 
mass flow deposits, and alluvium associated with red, kaolinitic siltstone and mudstone that may have a 
pedogenic origin during a humid climate (Richard, 1966; Kuenzi, 1966). At Red Hill, Timber Canyon, 
and the east side of Doherty Mountain, the Red Hill map unit may be associated with Tertiary thrust 
faults, and may have a tectonic origin.  If that is the case, the unit may be as young as Miocene. Various 
interpretations of the unit are discussed in Foster and others (1993), and Vuke and others (2004).   
 
 The Red Hill map unit is overlain by the Milligan Creek Formation at Milligan Canyon 
(Robinson, 1963); it is overlain by the Milligan Creek facies of the Climbing Arrow Formation east of 
Timber Canyon, and north of Negro Hollow; and it is overlain by the Antelope Creek map unit near 
Harrison.  Each of the units overlying the Red Hill map unit is lithologically similar.  The Shoddy Springs 
map unit has lithologies similar to those in the Milligan Canyon facies of the Climbing Arrow Formation.  
Both the Milligan Creek facies map unit (Climbing Arrow Formation) and the Shoddy Springs map unit 
(Climbing Arrow Formation) are overlain by the Doherty Mountain map unit (Climbing Arrow 
Formation).  A vertebrate jaw found in the Milligan Creek facies map unit is late Duchesnean to early 
Chadronian (A. Tabrum, written communication, 2006).  Fossils in the Shoddy Springs map unit are 
Uintan (Robinson, 1963) to Duchesnean (A. Tabrum, personal communication, 2005). 

 
The Chadronian Doherty Mountain map unit (Climbing Arrow Formation) on the east side of 

Bull Mountain contains sinuous channels of immature sandstone, and granule and pebble conglomerate 
that have the appearance of weathered granitic rock that has undergone little transport. Biotite is relatively 
abundant. Lithic clasts are almost all granitic, and there are only minor, scattered clasts of Elkhorn 
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Mountains Volcanics. Despite the modern proximity to Bull Mountain, Doherty Mountain, and the 
Tobacco Root Mountains, there are only sparse lithic clasts other than granitic and volcanic rocks.  
Although the Boulder Batholith or Tobacco Root Batholith are obvious possibilities for the source of the 
granitic sediment, paleocurrent data suggest southwest paleoflow in the Climbing Arrow Formation east 
of Bull Mountain (Richard, 1966; Lofgren, 1985), making these batholiths and unlikely source.  Huge 
boulders of granitic rock were found just south of Negro Hollow northeast of the exposures of Climbing 
Arrow east of Bull Mountain.   Granitic rocks that are now buried in this area may have been exposed as 
sources for the Climbing Arrow granitic clasts.  Some clasts of quartz and feldspar in the Climbing Arrow 
in this area are large enough to have been derived from pegmatites. 

 
The granitic sandstone and conglomerate in the Climbing Arrow Formation near Bull Mountain 

contain biotite and subordinate muscovite (Streeter, 1983).  Other two-mica sandstones in the Renova 
Formation of southwestern Montana are interpreted as derived from the Idaho Batholith to the west 
(Thomas, 1995).  However, the immaturity of the Climbing Arrow sandstone and conglomerate in the 
Bull Mountain area suggests that they were not derived from a distal source.  Granitic rocks of the 
exposed Boulder and Tobacco Root Batholiths contain only biotite (R. Berg, personal communication, 
2004) and were not the source of the muscovite. 

 
East of Timber Canyon, the Doherty Mountain map unit (Climbing Arrow Formation) is 

dominantly derived from a granitic source and commonly weathers to grus, but higher in the section the 
granitic clasts are replaced by fine-grained, dark volcanic and quartzite clasts probably indicating a 
western source.  North of the Jefferson River granitic clasts were not found in the Climbing Arrow map 
units.  South of the Jefferson River, Archean clasts are present in the Stateler map unit (Climbing Arrow 
Formation), indicating a southern source. 

 
 East of Bull Mountain, the late Arikareean (Early Miocene) Negro Hollow map unit 
unconformably overlies the Climbing Arrow Formation, and no deposits of Whitneyan or Orellan  
(Oligocene) age were found (Lofgren, 1985) (Fig. 2). Conglomerate in the Negro Hollow map unit is also 
primarily composed of granitic clasts (Lofgren, 1985), suggesting that the Elkhorn Mountains Volcanics 
on Bull Mountain were still not exposed or were only minimally exposed during the early Miocene.  
Arikareean fossils were also found in the lowest part of the Dunbar Creek Formation south of Three Forks 
(Douglas, 1901; Wood, 1938), mapped somewhat lower on the present map of the Lower Jefferson Valley 
than previously mapped (Robinson, 1963).  Whitneyan and Orellan deposits are also apparently missing 
in the area south of Three Forks as in the area east of Bull Mountain.  The Arikareean Dunbar Creek 
Formation disconformably overlies the Chadronian Climbing Arrow Formation south of Three Forks.  
The unconformity is marked by stacked calcic paleosols as described by Hanneman and Wideman (1991) 
in the Fairview map unit (top of the Climbing Arrow Formation).  North of the Jefferson River, the 
Dunbar Creek Formation as mapped by Robinson (1963) has only yielded Chadronian fossils. 

 
Deposits above the mid-Miocene unconformity 
 An episode of erosion or non-deposition occurred during the Hemingfordian. The oldest deposits 
following this episode are the Cottonwood Canyon map unit that contains early Barstovian (late Miocene) 
fossils (Lofgren, 1985) and the Madison Valley formation that also contains Barstovian fossils (Dorr, 
1956). The Cottonwood Canyon map unit disconformably overlies the Negro Hollow map unit, the 
Climbing Arrrow map unit, or Paleozoic rocks and LaHood Formation. The Madison Valley formation 
disconformably overlies the Dunbar Creek Formation. The unconformity at both locations is the mid-
Miocene unconformity or mid-Tertiary unconformity in older literature (Kuenzi and Richard, 1969; 
Rasmussen, 1973).   East of Bull Mountain, west of Big Mountain, and south of Three Forks, Barstovian 
deposits overlie Arikareean deposits. The same relationship is true in the Madison bluffs just east of the 
map area (Vuke, 2003; revised 2004). 
 



 6

 The Cottonwood Canyon map unit contains sporadic granitic boulders that are generally larger 
than the largest non-granitic clasts, both at Cottonwood Canyon and Negro Hollow.  The Cottonwood 
Canyon map unit is laterally extensive and contains rounded and subrounded cobbles throughout most of 
its extent except near Cottonwood Canyon where it rests on Paleozoic rocks or LaHood Formation.  In 
that area, the clasts range to boulder size.  The Cottonwood Canyon map unit is likely a  fluvial deposit. 
 
 The Harrison map unit also contains oversized granitic boulders.  By contrast, it is a texturally 
poorly sorted, disorganized deposit with linear geometry, and contains abundant Archean clasts, totally 
lacking in the Cottonwood Canyon map unit. The Harrison map unit extends from southwest of Harrison 
to the Jefferson River at Sappington and may have been deposited as a debris flow that developed during 
uplift on the northeast side of the Elk Creek Fault (see fault section). 
 
 Clasts in the Barstovian deposits (mapped as Cottonwood Canyon map unit) on the west side of 
the Boulder River, just north of the map area, are almost exclusively composed of Elkhorn Mountains 
Volcanics (Lofgren, 1985), suggesting the exposure or uplift of Bull Mountain during the Miocene. 
Deposits of the Carey Ranch map unit on the east side of the Boulder River also overlie the Cottonwood 
Canyon map unit, but are dominantly composed of Paleozoic clasts, suggesting that Big Mountain was 
exposed. Red Hill, just east of Bull Mountain, was exposed during the Miocene or Pliocene.   
  
 Younger units in the map area also have a variety of sources.  Distinguishing clast compositions 
such as units that have Archean metamorphic clasts, clasts of distally derived Belt Supergroup quartzite, 
clasts of LaHood Formation, clasts of Elkhorn Mountains Volcanics, or clasts of Paleozoic rocks, in 
conjunction with dating, will allow interpretation of the tectonic and paleogeographic geologic history of 
the area. The list below shows Cenozoic map units sorted by various criteria.  

 
 

CENOZOIC DEPOSITS GROUPED BY VARIOUS CRITERIA 
 

Units that contain boulders of granitic rock, generally larger than the average clast size of other 
compositions 

• Harrison map unit (Tha) 
• Cottonwood Canyon map unit (Tcc) 

 Note that the Red Bluff Formation to the south of the map area also contains oversized boulders 
 of granitic rock. 
Te units that contain lenses of locally derived breccia 

• Dunbar Creek Formation north of the Jefferson River (Tdc) (dominantly Pz limestone) 
• Milligan Creek Formation (Tmc) (dominantly Pz limestone) 
• Milligan Creek facies of Climbing Arrow Formation (Tdmca) (dominantly Pz limestone and 

intraformational limestone) 
• Shoddy Springs map unit (Tcass) (dominantly Elkhorn Mountains Volcanics) 
• Red Hill map unit (Treh) (dominantly Pz limestone, but also Archean clasts and one location and 

LaHood Formation clasts at another location) 
QT units that contain lenses of unconsolidated angular locally derived clasts 

• Eustis map unit (QTeu) 
• Parker Homestead map unit (QTph) (Note that in a large area between the east side of Jefferson 

Canyon and the south end of Milligan Canyon, the Parker Homestead map unit rests on LaHood 
Formation and is not immediately adjacent to Paleozoic rocks, yet except at the base, all the clasts 
in the map unit are derived from Paleozoic rocks. 

• Sappington Junction map unit  (QTsj) 
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QT or Te units dominantly composed of angular locally derived clasts 
• Silver Sage map unit (QTsi) 
• Carey Ranch map unit (Tcar) 

Te units that contain gravel or conglomerate with Archean clasts 
• Jefferson Canyon map unit (QTjc) 
• Harrison map unit (Tha) 
• Shaw Basin map unit (Tsb) 
• Madison Valley formation (Tmva) 
• Antelope Creek map unit (Tanc) 
• Stateler map unit (Tcas) 

QT and Te units that contain clasts of LaHood Formation 
• Jefferson Canyon map unit (only in Jefferson Canyon) (QTjc) 
• Parker Homestead map unit (only at the very base) (QTph) 
• Red Hill map unit (only at one location adjacent to the Jefferson Canyon Fault) (Treh) 

 Te units that contain gravel or conglomerate dominantly of Belt quartzite, volcanic, and plutonic rocks; 
no Archean clasts 

• Madison Plateau map unit (some Archean clasts at base probably reworked from underlying 
Madison Valley formation) (Tmp) 

• Cottonwood Canyon map unit (Tcc) 
• Parrot Bench map unit (Tpb) 
• Doherty Mountain map unit (higher in section only; lower in section granitic-derived clasts 

abundant) (Tcadm) 
• Price farm map unit, Climbing Arrow Formation (Tcapf) 

Units that are dominantly silt 
• Eolian deposits (Qe) 
• Parker Homestead map unit (QTph) 
• Negro Hollow formation (informal) (Tnh) (in fine-grained part) 
• Shoddy Springs map unit, Climbing Arrow Formation (Tcass) (in fine-grained part) 

Units dominantly derived from granitic source rock 
• Lower Doherty Mountain map unit (Tcadm) 
• Negro Hollow map unit (Tnh) (coarser part) 

Units that contain subordinate clasts derived from granitic source rock 
• Antelope Creek map unit (Tanc) 

Units with abundant redbeds 
• Parker Farm map unit, Climbing Arrow Formation (Tcapf) 
• Red Hill map unit (Treh) 

Units in which silicified wood was found 
• Madison Valley Formation (Tmva) 
• Doherty Mountain map unit, Climbing Arrow Formation (Tcadm, Tcadml, Tcadmu) 
• Fairview map unit, Climbing Arrow Formation (Tcaf) 

Units in which limestone beds with gastropods and ostracods were found 
• Dunbar Creek Formation (Tdc) 
• Price Farm map unit, Climbing Arrow Formation (Tcapf) 
• Milligan Creek Formation (Tmc) 
• Milligan Creek facies, Climbing Arrow Formation (Tcamc) 
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CENOZOIC FAULTS 
 

 Cenozoic movement has occurred on a number of faults in the Lower Jefferson Valley. Selected 
faults are discussed below. 
 
Elk Creek and Cherry Creek Faults 
 Faults in the southern part of the map area are dominantly northwest-striking.  The most 
prominent are the Elk Creek and Cherry Creek Faults.  Both faults have a geologic history of recurrent 
movement since the Precambrian, typical of the northwest-striking faults in Archean rocks south of the 
Jefferson Canyon Fault (Schmidt and Garihan, 1986).  The Elk Creek Fault and to a lesser extent, the 
Cherry Creek Fault offset an extensive Pleistocene pediment, developed on the Tertiary Madison Plateau 
map unit, by as much as 200 ft (de la Montagne, 1960; Feichtinger, 1970).  Parallel faults north of the Elk 
Creek Fault have also offset this pediment. The Miocene Madison Valley formation dips as much as 50º 
to the northeast on the northeast side of Cherry Creek Fault fault (Kellogg and Vuke, 1996), suggesting 
Neogene fault movement. 
 
 The Quaternary movement on the Elk Creek Fault that offset the Pleistocene pediment on the 
Late Miocene Madison Plateau map unit was down to the north. To the west where the fault cuts through 
Archean metamorphic rocks, the net relative sense of movement is down to the south suggesting reversal 
of movement on the fault (Feichtinger, 1970).   
 
 Paleocurrent data for the Antelope Creek map unit are to the northeast on both sides of the Cherry 
Creek and Elk Creek Faults, suggesting that the faults were not active at the time of deposition and did 
not serve as a barrier to paleoflow (Elliott, 1998; Elliott and others, 2003).  By contrast, paleocurrent data 
for the Miocene Madison Valley formation show northeast flow south of the faults switching to southeast 
flow between the faults and parallel to them. This suggests that the Elk Creek Fault, or both Elk Creek 
and Cherry Creek Faults, influenced the drainage pattern during the Miocene. Younger sediment also 
shows this trend from northeast paleoflow south of the faults to southeast paleoflow along the south side 
of the Elk Creek Fault (Elliott, 1998; Elliott and others, 2003). 
 
 Geophysical studies across the Elk Creek and Cherry Creek Faults indicate that they bound a 
deep graben in the Harrison area (Kroeger, 1997; Hoh, 1977), also suggested by Bouguer gravity and 
paleomagnetic data (Davis and other, 1965). The graben is filled with Tertiary sediment. 
 
 The development of Jefferson Canyon by entrenchment of the Jefferson River has been attributed 
primarily to uplift on the Starrett’s Ditch Fault (Aram, 1979)(see Starretts Ditch Fault below), but uplift 
on the Elk Creek Fault may have played a more significant role. 
 
Milligan Canyon Fault 
 Several faults strike northwest through Milligan Canyon offsetting Paleozoic rocks.  One of the 
faults is inferred to project into the Tertiary deposits of the western Three Forks Basin to the north. Offset 
of Tertiary units is inferred because of the change in lithology on either side of the inferred fault.  The 
Doherty Mountain map unit on the west side of the fault, contains abundant silicified wood, only sparse 
reddish beds, and no limestone.  On the east side of the inferred fault, the Price Farm map unit contains 
abundant redbeds, limestone and marlstone lenses, and no silicified wood was found.  Both units contain 
lenses of pebble to cobble gravel or conglomerate, with grossly similar clast compositions.  The 
movement on the Milligan Canyon Fault occurred after or during the Chadronian, the age of the units on 
either side of the fault. 
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Starretts Ditch Fault 
 The Starretts Ditch Fault was named by Aram (1979) for an old gold flume on the western flank 
of the London Hills. It marks an abrupt change in the Jefferson Valley from a wide valley with a broad 
flood plain on the western downthrown side of the fault to a narrow valley in the Jefferson Canyon to the 
east. The fault has juxtaposed Tertiary rock and sediment on the west against the Proterozoic LaHood 
Formation and Paleozoic rocks on the east side of the fault.  Tertiary deposits dip as much as 45º to the 
east into the fault (Aram, 1979). Uplift on the Starretts Ditch Fault is partly responsible for the 
entrenchment of the Jefferson River in Jefferson Canyon (Schmidt and others, 1987).   

 The Jefferson Canyon map unit (QTjc) was deposited as old terrace deposits along the Jefferson 
River in the canyon and east of the canyon.  Heavy calcium carbonate coating on clasts and the relation of 
the deposit to the Parker Homestead map unit (see explanation) suggest that the oldest Jefferson Canyon 
map unit terrace gravel in the canyon is Tertiary, possibly as old as Miocene.  The Jefferson Canyon map 
unit is deep in the canyon generally about 80 to 250 ft above the modern Jefferson River, so probably 
reflects deposition late in the development of the canyon. The gravels contain Archean clasts implying a 
southern source. Miocene uplift on the Elk Creek Fault (discussed above) probably contributed 
significantly to the entrenchment of the Jefferson River in the canyon. The Starretts Ditch Fault may have 
moved concurrently with the Elk Creek Fault, or subsequently. 
 
West-vergent thrust faults and associated grabens 
 Anomalous east-dipping thrust faults are present at the south end of Big Mountain just north of 
Negro Hollow.  Kinematic indicators suggest that the east-dipping thrust faults are west-vergent 
(Schmidt, 1979). West-vergent thrust faults are unusual in southwestern Montana where west-dipping 
Laramide thrust faults that resulted from west to east compression (Schmidt and others, 1977) are 
prevalent.   The west-vergent thrust faults extend only a short distance to the north, but are replaced by 
west-vergent folds on the east flank of the Devil’s Fence Anticline just north of the map area that extend 
for 4 km (Schmidt and O’Neill, 1982; Klepper and others, 1957, Plate 3), possibly cored by west-vergent, 
blind thrust faults. Southwest-vergent thrust faults apparently occur on Bull Mountain and possibly Red 
Hill (Vuke and others, 2004).  Other east-dipping thrust faults were interpreted east of Doherty Mountain 
and at Timber Canyon.  Other possible east or northeast-dipping thrust faults are indicated on the map 
with gray fault lines, however the presence of some of these faults and the direction of movement on 
others is speculative.  As on Red Hill (Vuke and others, 2004), the Red Hill map unit seems to be 
associated with several of these faults, but the relationship is unclear. Kinematic data, essential for more 
definitive interpretation, were not collected from these faults 
 
 East-vergent thrust faults in the map area are clearly Laramide, but the timing of movement on 
the west-vergent thrust faults may be younger.  On the west side of southern Big Mountain, Paleozoic 
beds are locally overturned to the west reflecting Laramide movement, which may have preceded 
development of the west-vergent thrust faults.  
 
 To the north, reversal of movement occurred on the Lewis and Clark line, a major transform fault 
(Sears and Fritz, 1998) (Fig. 3).   Dextral-slip movement on the Lewis and Clark Line represents a 
reversal of the Laramide sinistral strike-slip movement (Fig. 3 a and b).   Westward extension of the block 
south of Lewis and Clark Line resulted in the development of pull-apart basins such as the Helena and 
Townsend grabens, and grabens to the south (Reynolds, 1977; 1979).  The west-vergent thrust faults in the 
map area are associated with normal faults and what are interpreted as grabens at the southern part of Big 
Mountain in the Negro Hollow area, and Timber Canyon.  The graben at the south end of Big Mountain is 
widest along the Negro Hollow Fault (see below) and terminates at an apparent pivot point to the north.  
By contrast, the graben west of Timber Canyon is widest to the north, and terminates at an apparent pivot 
point to the south.    
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 The change from Laramide compressional tectonics to extensional may have promoted the 
change from east-vergent to west-vergent thrusting.  Thrusting during extension may have developed 
because of buttressing against the Elkhorn Mountains Volcanics and the Boulder Batholith in the western 
part of the map area, with continued extension producing more typical normal faults and grabens.  
Extensional thrusting and normal faulting may have alternated in this area. Some of the normal faults in 
the southern Big Mountain area appear to follow the trace of the east-dipping thrust faults.   
  
Negro Hollow Fault  
 The Negro Hollow Fault strikes northwest, also the strike of basement faults to the south and the 
strike of the Lewis and Clark Line, a transverse fault to the north and northwest (Fig. 3). The Negro 
Hollow Fault has been interpreted as a dextral tear fault (Dull, 1994). If it is a tear fault, it is more likely 
related to the west-vergent thrusting that may have possibly occurred during Tertiary extension as 
discussed above. The Miocene (Barstovian) Cottonwood Canyon map unit occurs on both sides of the 
fault, down-dropped to the south, so the last movement on the fault occurred during or after late Miocene.   
 
North Boulder Valley basin-bounding fault 
 A locally well exposed, high-angle, down-to-the-west normal fault bounds the west side of 
southern Big Mountain and juxtaposes Tertiary sediment and rocks against the Mississippian Madison 
Group.  The Miocene or Pliocene Carey Ranch map unit dips steeply to west along the fault.  Offset on 
the fault may be as much as 500 ft (Aram, 1979), and it may be an extension of the Starretts Ditch Fault 
(Lofgren, 1083).  In the upper Jefferson, Three Forks, Madison and other basins of southwestern 
Montana, the basin-bounding faults on the east side of valleys are listric-normal faults, often following 
older fault planes of Laramide thrust faults (Schmidt and others, 1984; Sheedlo, 1984; Kellogg and 
others, 1995).  Tertiary valley fill typically dips eastward toward the basin-bounding listric fault.  By 
contrast, the Tertiary deposits along the basin-bounding fault on the east side of the North Boulder Valley, 
dip to the west.  The gravity profile of the fault is steep, about 84º (Dull, 1994) and does not appear to 
have followed a Laramide thrust plane. West-dipping Laramide thrust planes may have been broken up by 
subsequent east-dipping thrusts described above, prior to development of the basin-bounding fault, 
interfering with development of a typical listric-normal basin-bounding fault. A reverse fault model fits 
the 84º fault plane dip as well as a normal fault model (Dull, 1994). At the surface the fault plane dips at 
high angle to both the east and the west at different locations and locally the Madison Group limestone is 
overturned to the west along the fault.  Gravity data suggest that the Boulder Valley is bounded by several 
faults that step down to the west (Dull, 1994), although the fault that bounds the Madison Group is the 
most prominent at the surface. 
 
Inferred Arcuate Fault west of Madison River 
 An arcuate fault (T. 1 S., R. 1 E.) is inferred west of the Madison River based on map pattern.  
West of the fault, Archean rocks are extensively exposed, and there are only very limited exposures of 
Tertiary deposits. For several miles east of the fault, no Archean rocks are exposed, and the Tertiary 
section is estimated to be about 3000 ft thick (Davis and others, 1965).  At some places along the fault, 
the Archean rocks on the west are at the same elevation as Tertiary deposits on the east side of the fault. 
Bouguer gravity data (Davis and others, 1965) show an arcuate pattern of relatively steep gravity contours 
coincident with the inferred fault.  However, Tertiary deposits do not dip toward the fault, so if a fault is 
present, it must be a high-angle fault. This inferred fault may have moved simultaneously with movement 
on the Elk Creek Fault.  To the west, the arcuate pattern of the London Hills Laramide basement-cored 
anticline associated with reverse-sinistral oblique slip movement on the associated basement fault 
(Schmidt and Hendrix, 1981; Schmidt and Garihan, 1983) is apparent.  The fault-trace pattern of the 
inferred arcuate fault west of the Madison River may have been inherited from a Laramide foreland 
anticline that experienced reversal of movement during post-Laramide extension. 
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ENVIRONMENTAL GEOLOGY 
 

 At the time the map of the Lower Jefferson Valley was prepared, several large housing 
developments were underway in the area, especially in the valley northwest of Three Forks and north of 
the Jefferson River (T. 2 N., R. 1 E.) (the western Three Forks Basin). Formerly, houses were primarily 
located at the valley margins where basin cover is relatively thin, and water could be obtained from 
bedrock beneath the Tertiary valley-fill sediment.  Increasingly, houses are under construction within the 
central part of the valley where the basin fill may be as much as 2,500 ft thick (Robinson, 1963).   
 
 Most of the Tertiary section in the western Three Forks Basin north of the Jefferson River is the 
Climbing Arrow Formation, subdivided into five map units for this report: Shoddy Springs, Doherty 
Mountain, Price Farm, Mud Springs, and Broadwater map units. None of the units is likely to be a good 
aquifer capable of sustaining numerous dwellings.  Sandstone and gravel in the map units occur either as 
linear channel deposits that pinch out laterally or as lenses.  Based on surface exposures there are no 
sandstone, conglomerate or gravel deposits with a persistant sheet geometry that could be intercepted as 
an aquifer at a predictable stratigraphic horizon. Mudstone that separates the coarser lenses is typically 
bentonitic, and would serve as an impediment to groundwater flow. Siltstone in the Shoddy Springs map 
unit is argillaceous and tuffaceous, and likely has low porosity. Limestone beds occur in the Price Farm 
map unit, but they are thin and lenticular. Although water may be found in limited sand and gravel 
pockets in the western Three Forks Basin, the valley fill is not expected to contain predictable and reliable 
sources of quality groundwater. 
 
 At the Willow Creek Reservoir (Harrison Lake) area, the Elk Creek Fault (see fault section) has 
juxtaposed poorly resistant Tertiary deposits against resistant crystalline rock, providing a broad valley on 
the southwest side of the fault against a narrow gorge on the northeast side of the fault, a seemingly ideal 
place for the reservoir dam.  The Willow Creek Reservoir overlies Tertiary sediment interpreted from 
Bouguer gravity data to be about 1,500 ft thick (Davis, and others, 1965) on the southwest side of the 
dam.  However, the Elk Creek Fault is an active fault (Stickney, and others, 2000) with a probability of 
future movement, a consideration for dam safety. 
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LOWER JEFFERSON VALLEY 
DESCRIPTION OF MAP UNITS 

  
Note:  Thicknesses are given in feet because original maps were on 7.5’ quadrangles with contour 
intervals in feet.       To convert feet to meters (the contour interval unit on this map), multiply feet x 
0.3048. 
 
*Map unit with age information from fossils. 
**Map unit with age information based in part on stratigraphic relationship.  
 
Qal  ALLUVIUM (Holocene)—Gravel, sand, silt, and clay deposited in channels of  modern 

rivers cut into Qalo, and channels of tributary streams. Jefferson and Madison 
River alluvium dominantly subrounded to rounded and fairly well sorted with 
clasts rarely larger than cobble size. Thickness probably less than 50 ft in most 
areas.  

 
Qpa  PALUDAL DEPOSIT (Holocene)—Sand, silt, and organic matter deposited in swamp 

environment.  Taken from pattern on topographic base. Thickness probably less 
than 30 ft.  

 
Qlk  LACUSTRINE DEPOSIT (Holocene)—Sand, silt, and organic matter deposited during 

high water, and exposed around the margin of Willow Creek Reservoir 
(Harrison Lake) when water level is below maximum. Thickness probably less 
than 50 ft. 

 
Qc  COLLUVIUM (Holocene)—Deposit of unconsolidated, angular to subangular, locally 

derived clasts.  Thickness variable; probably as much as 50 ft thick. 
 
Qaf ALLUVIAL FAN DEPOSIT (Holocene)—Gravel, sand, silt, clay, and ash beds, poorly 

sorted with larger clasts both matrix-supported and clast-supported. Small 
deposits at mouths of minor tributaries along the Jefferson River that have 
retained at least some evidence of original alluvial fan morphology.   

 
Qalo* OLDER ALLUVIUM AND FLOOD PLAIN DEPOSIT (Holocene and Late 

Pleistocene)—Gravel, sand, silt, clay, and organic matter deposited in broad, 
open older parts stream and river valleys.  Late Pleistocene bison and Holocene 
animal bones have been found in these deposits (Robinson, 1963). Thickness 
about 450 ft (Robinson, 1963). 

 
Qls  LANDSLIDE DEPOSIT (Holocene and late Pleistocene)—Mass wasting deposit of 

rotated or chaotic beds that moved downslope.   Landslide on east side of 
Golden Sunlight Mine in Doherty Mountain 7.5’ quadrangle developed during 
1994, caused by reactivation of an older landslide and  initiated by weighting 
from mine waste dumps.  A relatively competent part of the Tertiary section slid 
2 to 4 ft on bentonitic mudstone of the Climbing Arrow Formation. Earlier 
natural downslope movement of the landslide was about 1,800 ft (Foster and 
Smith, 1995).   

      
Qac  ALLUVIUM AND COLLUVIUM (Holocene and Pleistocene?)—Dominantly sand, 

silt, clay, and subordinate gravel deposited on relatively gentle slopes primarily 
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by sheetwash and gravity processes such as soil creep. Variable thickness, 
generally less than 30 ft thick. 

 
Qat ALLUVIAL TERRACE DEPOSIT (Holocene and Pleistocene?)—Gravel, sand, silt, 

and clay underlying terraces along modern streams. Clasts subrounded and 
rounded and mostly pebble and cobble size. Thickness less than 30 ft.  

 
Qe EOLIAN DEPOSIT (Holocene and Pleistocene)—(Description modified from 

Robinson, 1963) Yellowish-gray to very pale orange silt and clay-size sediment 
with scattered grains and streaks of rounded fine-grained sand. Dominantly 
volcanic glass, quartz, and clay minerals with minor amounts of mica, feldspar, 
and calcite. Some Quaternary eolian deposits are also included in the Parker 
Homestead map unit (QTph). Thickness highly variable.  Locally as much as 100 
ft. thick. 

 
Qde DEBRIS  DEPOSIT (Holocene and Pleistocene)—Surficial deposit of loose, angular 

rock fragments mechanically detached from bedrock.  Thickness highly variable. 
Locally as much as 150 ft. 

 
Qgr   GRAVEL DEPOSIT (Pleistocene)— Flanks of Bull Mountain:  Gravel, sand, silt, clay, 

and ash on the flanks of Bull Mountain that underlie pediment surface. Composed 
of locally derived rock, mostly of Elkhorn Mountains Volcanics with subordinate 
Paleozoic rocks.  Southeast of Sheep Rock, deposit overlain by occasional blocky 
boulders of Cambrian Flathead Sandstone that may have undergone very little 
transport. Lower part brown and moderately cemented; upper part unconsolidated 
(Foster and others, 1993). Overlain by Holocene and Pleistocene loess that 
contains calcareous paleosols (Foster and others, 1993). Thickness as much as 40 
ft.  Negro Hollow area:  Gravel, sand, silt, and clay that underlies pediment 
surface.  Clasts subrounded and locally derived.  Thickness about 20 ft.  Along 
Negro Hollow Fault:  Veneer of clasts reworked from Cottonwood Canyon map 
unit (Tcc).  Clasts dominantly cobble size coated with calcium carbonate with 
some pebbles, sand, and silt. Thickness less than one foot. 

 
Qgt GLACIAL TILL (Pleistocene)—Poorly sorted, angular to rounded, unconsolidated 

clasts of dominantly cobbles and boulders, but also pebbles, sand, silt, and clay. 
Larger clasts dominantly composed of Archean metamorphic rocks, and igneous 
rocks of the Tobacco Root Batholith. Includes some stratified outwash. Thickness 
less than 150 ft. 

 
QTgr GRAVEL (Pleistocene and/or Pliocene?)—South of Three Forks:  Well-rounded, well-

sorted, clast-supported cobble gravel and calcium carbonate-cemented 
conglomerate. Clast composition:  Belt Supergroup quartzite, Archean 
metamorphic rocks, and white quartz.  Maximum thickness about 30 ft.   Timber 
Canyon area:  Unconsolidated poorly organized deposit of texturally poorly 
sorted, subangular to subrounded clasts of locally derived rock. Reddish soil 
associated with deposit locally.  Clasts range to boulder size and boulders are 
abundant. Water well logs (Montana Bureau of Mines and Geology Groundwater 
Information Center database) south of Round Spring suggest thickness of 35 ft at 
that location and very thin at Round Spring itself. 

 



 18

QTph  PARKER HOMESTEAD Informal map unit  (Holocene, Pleistocene, and 
Pliocene)—Yellowish-gray to very pale orange, angular silt and clay-size 
sediment with lenses of angular and subangular locally-derived rock ranging to 
very large boulder size but commonly cobble size and smaller. Much less 
abundant lenses of rounded and subrounded pebbles and cobbles also present.  In 
some areas, granules and pebbles float in the silty matrix.  Locally cemented; 
clasts may be coated with calcium carbonate, especially near the base.  May 
represent eolian deposits reworked by debris flows, small streams, and continual 
eolian redistribution and localized debris flows of angular locally derived rock.  
Thick calcium carbonate coating on clasts, local moderately well-cemented zones, 
and clast composition suggest the oldest part of the unit may be Pliocene or 
possibly older. Thickness variable.  Maximum thickness may be as much as 200 
ft.  

 
  Note: In a large area between the mouth of Milligan Canyon and the east end of 

Jefferson Canyon, the Parker Homestead map unit rests on the LaHood 
Formation, but the clasts in the map unit are Paleozoic limestone and other 
Paleozoic lithologies with LaHood clasts only locally at the base of the unit.  This 
is true even where miles of LaHood Formation separate  the map unit and the 
Paleozoic section. 

    
  Informal unit name derived from Parker Homestead State Park in the Willow 

Creek 7.5’ quadrangle. 
 
 QTeu  EUSTIS Informal map unit (Pleistocene and/or Pliocene?)—Light brown, gray, and 

locally reddish-gray, angular and subangular locally derived gravel in a coarse 
sand and granule matrix. Clast size ranges from pebble to small boulder. 
Maximum thickness probably about 150 ft.  

  
   Informal unit name derived from the community of Eustis in the Logan 7.5’ 

quadrangle (west-adjacent to the Three Forks 7.5-minute quadrangle). 
  
QTsj SAPPINGTON JUNCTION Informal map unit (Younger than Harrison map unit; 

probably Pleistocene or Pliocene)—Several rubble deposits of disorganized 
subangular clasts, dominantly boulder size, of very limited lateral extent near 
Sappington; some boulders extremely large.  Clast composition locally derived 
Paleozoic limestone and orthoquartzite.  Maximum thickness probably about 40 
ft. 

 
   Note:  The clasts in the map unit are derived from Paleozoic rocks even where the 

map unit rests on Archean rocks.   
 
   Informal unit name derived from local name for junction between Montana State 

Highways 2 and 287 near Sappington. 
 
QTjc  JEFFERSON CANYON Informal map unit (Younger than Milligan Canyon 

Formation; probably mostly Pliocene or possibly Miocene, but unconsolidated 
deposits in Jefferson Canyon west of Lewis and Clark Caverns may be 
Pleistocene)—Remnants of a terrace deposit with linear distribution along the 
Jefferson River between Milligan Canyon and LaHood Park; along South Boulder 
River; and near the mouth of the Boulder River. Gravel composed of subrounded 
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clasts that range to boulder size along the Jefferson River and to cobble size along 
the South Boulder River and near the mouth of the Boulder River.  Between 
Milligan Canyon and Lewis and Clark Caverns State Park most clasts are cobble 
size and the dominant clast compositions are Archean metamorphic rock and Belt 
Supergroup quartzite; unit is locally well cemented, although generally 
unconsolidated. At the New London placer (Fig. 1) most clasts are boulder size; 
clast composition includes Archean metamorphic rocks and Belt Supergroup 
quartzite as in the other deposits, and also subangular and subrounded clasts of 
LaHood Formation, quartzite from the LaHood Formation, and Paleozoic 
limestone, not present farther east. Clasts are dominantly LaHood Formation 
boulders and cobbles at two locations southeast of the mouth of the South 
Boulder River.  The isolated deposits in this map unit may not all be 
contemporaneous. Thickness of Jefferson Canyon map unit along Jefferson River 
generally less than 20 ft, but thicker at the former New London location and other 
locations in Jefferson Canyon where clasts are boulders. Thickness less than 1 ft 
along the South Boulder River and near the mouth of the Boulder River. 

 
  Note:  At two locations near Milligan Canyon, deposit is overlain by colluvium, 

but everywhere else it is overlain by the Parker Homestead map unit.  In Jefferson 
Canyon, the overlying Parker Homestead map unit is limited to the width of the 
Jefferson Canyon map unit exposure. The interface between the two units was the 
focus of placer operations (R. McCulloch, personal communication, 2005), and 
this horizon was also apparently prospected about one mile west of the entrance 
to Lewis and Clark Caverns State Park.  A similar relationship occurs south 
southwest of LaHood Park just northwest of the mouth of the South Boulder 
River where a cobble gravel and conglomerate are overlain by the Parker 
Homestead map unit.  At this location the gravel is locally well cemented, and the 
clasts are mostly cobbles.  By contrast to the otherwise similar deposits in the 
Jefferson Canyon map unit, clast composition resembles that of the Cottonwood 
Canyon map unit, with no Archean metamorphic clasts, no LaHood clasts, and no 
clasts of Paleozoic limestone.  Because of the lack of Archean clasts, the 
conglomerate at this location was mapped as Cottonwood Canyon informal map 
unit (Tcc).  However, it is similar to the Jefferson Canyon map unit in its 
geographic position along the Jefferson River, the presence of overlying Parker 
Homestead map unit, and evidence that the interface between the units has been 
prospected, presumably for gold as at the New London placer operation.    

 
   Informal unit name derived from Jefferson Canyon in the Sappington and 

Jefferson Island 7.5’ quadrangles. 
 
QTsi  SILVER SAGE Informal map unit (Miocene or younger)—Angular clasts of Elkhorn 

Mountains Volcanics associated with a pebble gravel in a very limited linear 
distribution on the tops of low hills east of Shoddy Springs. A Miocene 
(Barstovian) fossil was found in this unit (Robinson, 1963). Thickness about 10 
ft. 

 
    Informal unit name derived from Silver Sage Ranch, an older name for the ranch 

at Shoddy Springs in the Milligan Canyon 7.5’ quadrangle.   
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SIXMILE CREEK SYNTHEM 
 
Tha  HARRISON Informal map unit (Miocene and/or Pliocene?) Grayish-brown matrix-

suppported conglomerate or gravel with subrounded texturally poorly sorted and 
disorganized clasts, ranging from pebble to large boulder size in iron oxide-
stained matrix of granule and smaller size clasts. Clast composition dominantly 
Archean metamorphic rocks (mostly gneiss and schist) with subordinate quartzite, 
granitic rock including pegmatite, and Paleozoic limestone. Locally well-
cemented, but generally unconsolidated. Linear distribution of unit extends along 
Antelope and Little Antelope Creeks to Sappington.  Appears cut into older 
Tertiary units and in places rests on Archean and Paleozoic rocks. Maximum 
thickness as much as 200 ft.  

   
  Note:  Linear geometry and presence of granitic boulders are similar to the Red 

Bluff Formation near Norris, Montana, about ten miles to the southeast, south of 
the map area (Kellogg, 1994 and 1995). 

  
  Informal unit name derived from town of Harrison in the Harrison 7.5’ 

quadrangle. 
 
Tcar** CAREY RANCH Informal map unit (Miocene and/or Pliocene)—Light gray 

unconsolidated, angular to subangular, and subordinate subrounded gravel, and 
well cemented breccia, especially at the base.  Basal breccia matrix is reddish-
brown in most places and patches of reddish-brown matrix also occur locally 
higher in the unit.  Clasts are almost exclusively locally derived Paleozoic 
limestone but also include locally derived chert and Quadrant Sandstone. Includes 
slightly bentonitic, pinkish-gray and very light gray, tuffaceous sandstone west of 
the southern part of Big Mountain.  Unit overlies Cottonwood Canyon map unit 
(Tcc), dated as Barstovian (Lofgren, 1985), therefore, Carey Ranch map unit is 
Barstovian or younger.  Considered Tertiary because of well-cemented basal part 
of unit. Maximum thickness may be as much as 200 ft.  

 
  Note:  This unit occurs on the east side of the North Boulder River on the 

southern flanks of Big Mountain, the source of the Paleozoic clasts. It is not 
present on the west side of the North Boulder River where Bull Mountain is 
dominantly Elkhorn Mountains Volcanics. 

 
  Informal unit name derived from Carey Ranch in the Doherty Mountain and 

Negro Hollow 7.5’quadrangles, and quadrangles to the north of the map area. 
 
Tmap** MADISON PLATEAU Informal map unit (Miocene?:  Clarendonian? or 

Hemphillian?)—Sheet deposit of moderately well-sorted and well-rounded clast-
supported cobble conglomerate or gravel; color reflects maroon, gray, and brown 
calcium-carbonate-coated cobbles dominantly of Belt Supergroup quartzite. 
Archean metamorphic clasts are found only at the base as pebble size or smaller 
and were likely reworked from underlying Madison Valley formation pebble 
conglomerates that contain Archean clasts.   May correlate with clast-supported 
cobble conglomerate in Reese Creek area north of Bozeman at base of Reese 
Creek map unit (Vuke, 2003), from which an ash bed yielded a K/Ar date of 8.9 
±0.4 Ma (Hughes, 1980; Lange and others, 1980).  If so, the Madison Plateau 
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map unit is likely youngest Clarendonian or oldest Hemphillian. Thickness 20-30 
ft. 

 
  Informal unit name applied by Vuke (2003) for Madison Plateau in the Madison 

Plateau and Manhattan SW 7.5’ quadrangles, east of the map area.  
 
Tcc*  COTTONWOOD CANYON Informal map unit (Late Miocene: Barstovian)—Brown 

conglomerate or gravel dominantly of rounded cobbles of Elkhorn Mountains 
Volcanics and Belt Supergroup quartzite, although almost exclusively derived 
from Elkhorn Mountains Volcanics west of the Boulder River.  
Conglomerate/gravel clast size includes pebbles and small boulders in matrix of 
granules and coarse sand.  Clasts are commonly stained with iron oxide. 
Conglomerate and gravel are in sheets and lenses interbedded with subordinate 
light gray, coarse-grained sandstone with conglomeratic stringers and floating 
granules, greenish-brown or reddish-brown, slightly bentonitic mudstone, and tan 
siltstone and micaceous, silty mudstone.  Other than immediately west of the 
Negro Hollow uplift and east of Bull Mountain, unit contains abundant to 
occasional subrounded boulders of granitic rock with weathering rinds as much as 
1/4 inch thick. At one location south of the Negro Hollow uplift, extremely large 
boulders of granitic rock and Elkhorn Mountains Volcanics are present.  
Barstovian fossils were found in the finer-grained component of the unit between 
the Boulder River and the Negro Hollow uplift (Lofgren, 1985).  Maximum 
exposed thickness as much as 350 ft.  

 
  Note:  Near Cottonwood Canyon this unit was called Ballard gravel by Aram 

(1979).  Gravel in what is interpreted as the Doherty Mountain map unit in this 
report, on the tops of linear ridges east of Cottonwood Canyon and south of 
Doherty Mountain, was also called Ballard gravel by Aram. 

 
  Near Cottonwood Canyon there appear to be two levels of deposits both mapped 

as Cottonwood Canyon map unit.  The higher deposit overlies a syncline in 
Cambrian units.  It contains more clasts of intrusive rocks than the lower deposit, 
but similar to the lower deposit, does not contain Archean clasts.  In the 
Cottonwood Canyon area unit rests on LaHood Formation and Paleozoic rocks 
but does not contain clasts of either. 

 
  Informal unit name derived from Cottonwood Canyon in Doherty Mountain 7.5’ 

quadrangle. 
 
Tpb* PARROT BENCH Informal map unit (Cottonwood Canyon facies) (Middle 

Miocene: Barstovian)—Brown conglomerate and gravel dominantly of 
subrounded to rounded cobbles of Elkhorn Mountains Volcanics and Belt 
Supergroup quartzite.  Conglomerate/gravel clast size ranges from pebbles to 
small boulders in matrix of granules and coarse sand.  Clasts are commonly 
stained with iron oxide.  Resembles Cottonwood Canyon informal map unit 
which is also Barstovian and proximal, but mapped as part of the Parrot Bench 
map unit to the west (Vuke, and others, 2004). Middle to Late Miocene, 
Barstovian and Hemphillian fossils found in the Parrot Bench map unit 
immediately to the west on Parrot Bench (Kuenzi, 1966), but only the lower, 
probably Barstovian, part of the map unit is exposed in the Lower Jefferson map 
area.  
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  Informal unit name applied by Kuenzi (1966).  Name derived from Parrot Bench 

in the Whitehall 7.5’ quadrangle (west-adjacent to the Jefferson Island 7.5’ 
quadrangle.) 

 
Tmva* MADISON VALLEY FORMATION (informal) (Late Miocene: Barstovian and 

Clarendonian?)— Pinkish-tan, tan, yellowish-white, and very light gray, 
unconsolidated to indurated, tuffaceous silt or siltstone and marlstone 
interbedded with cross-bedded, texturally immature, coarse sandstone that 
contains lenses of pebble conglomerate or local cobble conglomerate that ranges 
from matrix- to clast-supported, and from cemented to unconsolidated.  
Conglomerate clasts are dominantly Archean gneiss and quartzite and extrusive 
volcanic rocks, with subordinate Proterozoic Belt Supergroup quartzite and 
siltite, and occasional Paleozoic limestone clasts. Sandstone has large root casts 
locally, and marlstone beds are typically full of small root casts. Several vitric 
ash beds are present throughout the unit. Opalized wood fragments are abundant 
in many of the conglomerate lenses.  Conglomerate also contains relatively 
abundant disarticulated bones and bone fragments and occasional teeth. 
Numerous articulated Barstovian fossils have been collected and studied from the 
fine-grained parts of this unit in the Madison bluffs area on the east side of the 
lower Madison River  (Tabrum and others, 2001; Douglass, 1899, 1901, 1903, 
1907a, 1907b, 1908, 1909a, 1909b; Frick, 1937; Dorr, 1956; Sutton, 1977; Sutton 
and Korth, 1995).  

 
   Thickness as much as 300 ft in the southeastern part of the map area.  Thins and 

pinches out to north in the map area.  Informal unit name applied by Douglass 
(1907b).  Name derived from the Madison River valley. 

 
Tshb SHAW BASIN Informal map unit (Miocene?)—Several deposits along the South 

Boulder River that may not be contemporaneous, all of which contain Archean 
metamorphic clasts. Shaw Basin area:  Sand and silt matrix with floating pebbles 
and cobbles; unconsolidated. A well lithified unidentifiable bone was found in 
this deposit suggesting that it is Tertiary. Deposit may be as much as 100 ft thick. 
West of London Hills: Conglomerate with dominantly rounded and subrounded 
cobble-size clasts; about 40 ft thick.   

 
   Informal unit name derived from Shaw Basin in the Jefferson Island 7.5’ 

quadrangle. 
 
  
RENOVA SYNTHEM 
Tnh*   NEGRO HOLLOW Informal map unit (Early Miocene: Arikareean) (Mount 

Doherty and Negro Hollow 7.5’ quadrangles)—West of North Boulder River:  
(Description modified from Lofgren, 1985) Dominantly poorly sorted, 
unconsolidated to moderately well cemented matrix-supported pebble 
conglomerate with granitic clasts dominant, and subordinate clasts of Elkhorn 
Mountains Volcanics, in a tuffaceous silt matrix. Conglomerate locally 
crossbedded. Lenses of clast-supported conglomerate generally at top of beds. 
Matrix-supported conglomerate grades laterally into, or is interbedded with, 
tabular beds of thinly laminated vitric silt and ash. Late Arikareean age 
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determined from fossils (Lofgren, 1985).  East of North Boulder River tuffaceous 
silt is dominant, and conglomerate is subordinate. Thickness about 900 ft. 

   
   Informal unit name derived from Negro Hollow in the Negro Hollow 7.5’ 

quadrangle. 
 
Tdc*  DUNBAR CREEK  FORMATION  (South of Jefferson River--Early Miocene and 

Oligocene:  Arikareean;  North of Jefferson River--Late Eocene: Late 
Chadonian—Very light gray to grayish-yellow, thick-bedded, tuffaceous silt and 
siltstone with subordinate sand, sandstone, conglomerate and rare bentonitic clay 
and very light gray limestone.  North of the Jefferson River, unit  includes many 
tongues of poorly sorted, poorly rounded carbonate-rich gravel not present south 
of the Jefferson River.  The tuffaceous rocks and sediment are dominantly 
composed of fine volcanic ash.  Base of formation south of Jefferson River 
mapped at top of stacked calcic or siliceous paleosols (pedocomplex) and 
associated moderately well-cemented to well-cemented sandstone or 
conglomerate of the Fairview map unit (Tcaf). This placement of the contact 
differs from Robinson’s (1963) higher placement of the contact between the 
Climbing Arrow and Dunbar Creek Formations in this area.  An Arikareean 
(Early Miocene) fossil, Diceratherium armatum Marsh, was found in a sandstone 
four miles south of Three Forks (Wood, 1938) in the lower Dunbar Creek 
Formation as mapped in this report.   Also, an Arikareean beaver was described 
from the bluffs on the west side of the Madison River “about nine or ten miles 
south of Three Forks” (Douglass, 1901) in the Dunbar Creek Formation.  On the 
east side of the Madison River, just east of the map area, Arikareean radiometric 
dates were obtained from two ashes collected from locations 5 miles apart in this 
unit (Vuke, 2003).  By contrast north of the Jefferson River the Dunbar Creek 
Formation contains Chadronian (Eocene) fossils (Tabrum and others, 2001). 
North of the Jefferson River the contact between the Climbing Arrow and Dunbar 
Creek Formations is conformable, and south of the Jefferson River, the contact is 
disconformable. If the Dunbar Creek Formation south of the Jefferson River is 
Arikareean, the Dunbar Creek Formation is as old as Chadronian and as young as 
Arikareean  as originally mapped by Robinson (1963). 

 
      Named by Robinson (1963).  Name derived from Dunbar Creek, a tributary of 

Mud Creek north of the eastern part of the map area. Thickness as much as 300 ft 
in the southeastern part of the map area. 

 
   Note:  Immediately west of the map area, Dunbar Creek rank was formally 

designated as a member of the Renova Formation (Kuenzi and Fields 1971).  Unit 
is treated as a formation on present map because of its thickness, and the 
thickness and mappable units in the underlying Climbing Arrow Formation (see 
below). 

 
   Age summary:  The Dunbar Creek Formation is apparently as young as 

Arikareean south of the Jefferson River where it unconformably overlies the 
Climbing Arrow Formation.  North of the Jefferson River it is conformable on the 
Climbing Arrow Formation and is Chadronian. 

 
Tnc  NORWEGIAN CREEK INFORMAL MAP UNIT (Oligocene? or Eocene?)—

Interbedded white, light-gray, and light-tan very fine-grained locally vuggy 
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limestone and sandy limestone, white to light-brown tuffaceous, micaceous, 
calcareous siltstone and sandstone, and massive white ash.  Contains silicified 
stems one cm in diameter with visible internal structure, and tubular root casts. 
Exposed thickness about 200 ft. Informal map unit named by Feichtinger (1970).  
Name derived from Norwegian Creek in the Willow Creek Reservoir 7.5’ 
quadrangle. 

 
   Note:  The Norwegian Creek map unit lies geographically between exposures of 

Dunbar Creek Formation and Antelope Creek informal map unit (Tac). It was 
not determined which of those two units it correlates with.  Kellogg and Vuke 
(1996) interpreted that it correlates with the Dunbar Creek Formation, but 
although it lacks prominent channel conglomerate found in the Antelope Creek 
map unit to the northwest, it could also correlate with that unit.  The Antelope 
Creek map unit may correlate with the Dunbar Creek Formation (Vuke, and 
others 2002; Elliott, 1998 a), however stratigraphic relations and the presence of 
prominent conglomerate channels suggest that it may correlate with the Milligan 
Creek Formation instead.  

 
Tca*  CLIMBING ARROW FORMATION, undivided (Eocene)—Small areas of exposure 

that were not assigned to one of the informal Climbing Arrow map units listed 
below but contain typical Climbing Arrow greenish-gray, bentonitic mudstone.  

 
    Note: Immediately west of the map area, Climbing Arrow rank was formally 

designated as a member of the Renova Formation.  The Climbing Arrow is shown 
as a formation throughout the area of the current map to maintain continuity and 
because the Climbing Arrow can be divided into numerous mappable and mostly 
relatively thick map units, that would more appropriately be considered informal 
members than beds. 

 
   Named by Robinson (1963). Name derived from the Climbing Arrow Ranch in 

the Three Forks SE 7.5’ quadrangle. 
 
  The informal units mapped within the Climbing Arrow Formation are listed 

below. 
 
Climbing Arrow Formation North of Jefferson River and east of inferred Milligan Canyon Fault 
 Tcabr**  Broadwater informal map unit (Eocene: Chadronian), (Milligan Creek and 

Three Forks 7.5’ quadrangles)—Light brown tuffaceous siltstone interbedded 
with gray bentonitic mudstone and fine-grained sandstone. Thickness 
approximately 60 ft. 

 
  Note:  Unit is between Mud Spring map unit and Dunbar Creek Formation, both 

of which contain Chadronian fossils in this area.  Therefore, the Broadwater map 
unit is Chadronian. 

 
   Informal unit name derived from Broadwater County line in the Milligan Canyon 

7.5’ quadrangle. 
 
 Tcams*  Mud Spring informal map unit (Eocene: Early Chadronian), (Milligan Creek 

7.5’ quadrangle)—Upper part:  Dark gray and grayish brown bentonitic mudstone 



 25

and gray sandstone. Robinson (1963) reported three Chadronian fossils from this 
part of the unit.   

  Lower part: Very light gray and yellowish gray bentonitic, mudstone and 
tuffaceous siltstone that weather powdery, and lenses of gray, medium- to coarse-
grained sandstone and pebble conglomerate. Contains Early Chadronian mammal 
fossils (Tabrum and others, 2001). Thickness approximately 150 ft. 

 
  Informal unit name derived from Mud Spring in the Milligan Canyon and Three 

Forks 7.5’ quadrangles. 
    
 Tcapf*  Price Farm informal map unit (Eocene: Chadronian) (Milligan Canyon and 

Three Forks 7.5’quadrangles)—Variety of interbedded lithologies including 
reddish-brown, brown, and gray conglomerate with mostly pebble size 
subrounded to subangular clasts, but ranging to large cobbles; reddish-brown and 
gray, coarse, locally cross-bedded sandstone and conglomeratic sandstone; 
reddish-brown, greenish-gray, and gray, bentonitic mudstone, limestone lenses 
locally with gastropods; lenses and pods of white to very light gray marlstone, 
locally with root casts; tan siltstone; and rare carbonaceous dark gray shale.  
Conglomerate clasts dominantly composed of Elkhorn Mountains Volcanics and 
quartzite.  Clast size increases to the north where green and purple Belt 
Supergroup quartzite and siltite clasts are in greater abundance than to the south.  
This is the only Climbing Arrow map unit that contains an abundance of red-
colored lithologies, especially mudstone.  Silicified wood, relatively abundant in 
the Doherty Mountain informal map unit, was not found in the Price farm map 
unit.  Thickness as much as 250 ft. 

 
  Note:   
  1.  A lot of what is shown as Qos (subrounded Quaternary gravel) by Robinson 

(1963) is considered part of the Tertiary Price farm map unit in this report for the 
following reasons:  Lithologies are the same as the part of the Price farm map unit 
shown as Tc (Tertiary Climbing Arrow Formation) on Robinson’s map; the Qos 
unit is locally well-cemented, suggesting Tertiary rather than Quaternary age; and 
a Chadronian rhinoceros skull was found in the Qos unit. 

 
   2.  The rhinoceros skull found in the Price Farm map unit was identified as a 

juvenile Metamynodon (R. Nichols, written communication, 2005), and  is a new 
species for Montana (A. Tabrum, written communication, 2006). 

    
  Informal map unit name derived from Price Farm in the Milligan Canyon 7.5’ 

quadrangle. 
 
Climbing Arrow Formation South of Jefferson River 
 Tcaf  Fairview informal map unit (Eocene) (Three Forks SE and Willow Creek 7.5’ 

quadrangles)—Light gray to dark brown calcareous to non-calcareous,  locally 
siliceous, feldspathic and biotitic granule/pebble conglomerate with many clear, 
glassy quartz grains; and gray to pinkish-gray, coarse- to fine-grained sandstone 
with coarser grains floating in matrix; associated silicified wood and occasional 
reddish-brown scoria clasts.   Overlain by white, stacked calcic or silicic paleosol 
beds (pedocomplex) with floating clear glassy quartz grains and abundant 
burrows or root casts, and associated gray ash bed.  This may correlate with 
prominent pedocomplex  (Hanneman and Wideman, 2006) of stacked calcic and 
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silicic paleosols at the base of the Dunbar Creek on the east side of the Madison 
River. Thickness 40 to 60 ft.  

 
  Informal map unit name derived from Fairview Cemetery in the Three Forks SE 

7.5’ quadrangle.  
 
 Tcabu*  Buttleman informal map unit (Eocene: Chadronian) (Three Forks SE and 

Willow Creek 7.5’quadrangles—Greenish-gray, greenish-brown, and minor 
grayish-red, bentonitic mudstone with subordinate yellowish-gray to grayish-
green sandstone and pebble conglomerate. Sandstone is mostly coarse-grained 
and composed of quartz with subordinate feldspar, flakes and books of biotite, 
and dark, fine-grained volcanic rocks (Robinson, 1963). The Buttleman map unit 
has the greatest volume of bentonite of any of the Cenozoic units in the map area.  
The bentonite is capable of appreciable swelling, as much as doubling original 
volume (Robinson, 1963). An Early Oligocene (now considered Late Eocene and 
therefore Chadronian) fossil  (A. Tabrum, written communication, 2006) was 
identified from this unit (Robinson, 1963). Base not exposed.  Exposed thickness 
approximately 200 ft. 

 
  Informal map unit name derived from Buttleman Ranch in the Three Forks SE 

7.5’ quadrangle. 
  
 Tcas  Stateler informal map unit (Eocene) (Three Forks SE and Willow Creek 7.5’ 

quadrangles)—Yellowish-orange to brownish-orange, pebbly, cross-bedded sand 
or sandstone and gravel or conglomerate with subrounded clasts locally rimmed 
with calcium carbonate. Clasts dominantly pebble size to the east and dominantly 
cobble size to the west.  Interbedded with greenish-gray bentonitic mudstone and 
poorly resistant sandstone with pebbles floating in matrix.  Clast composition 
includes Archean metamorphic rocks, quartz, quartzite, feldspar, biotite, and dark 
igneous rocks.  Abundant iron-oxide staining near town of Willow Creek.  
Ranges from 40 to 100 ft thick.     

 
  Informal map unit name derived from Stateler Monument in the Willow Creek 

7.5’ quadrangle. 
 
 Climbing Arrow Formation North of Jefferson River and west of Milligan Canyon Fault 
     Tcadm*  Doherty Mountain informal map unit, undivided (Eocene: Chadronian) 

(Doherty Mountain, Negro Hollow, Jefferson Island, and Milligan Canyon 7.5’ 
quadrangles)—Entire unit contains scattered silicified wood including occasional 
stumps and logs. In the lower part sandstone and granule/pebble conglomerate 
composed almost entirely of clasts derived from a granitic source are common in 
shoestring bodies that weather to grus. Iron oxide staining is abundant.  Higher in 
section, map unit contains many lenses of sand or sandstone, and granule/pebble 
conglomerate or gravel with fewer granitic clasts and more subrounded dark 
volcanic clasts and clasts of Belt Supergroup quartzite. Lacks granitic clasts in the 
uppermost part of the map unit. The sandstone and conglomerate occur as lenses 
and bodies within bentonitic mudstone of a variety of colors that commonly 
include greenish and brownish-black, olive-gray, dark greenish-gray, pale olive, 
pale yellowish-brown, and reddish-brown. Throughout the unit there are local 
small zones of cobble-size clasts, but unlike the Cottonwood Canyon informal 
map unit that has clasts of similar composition, the cobble distribution is not 
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extensive or thick. Light brown, pale yellowish-brown and pale reddish-brown 
silty mudstone that is slightly bentonitic occurs locally and weathers to powder.  
Ash beds occur throughout the unit. Units shown as upper and lower Doherty 
Mountain informal map unit were arbitrarily divided at prominent ash bed easily 
traceable on aerial photos. Westernmost thickness approximately 500 ft, thins 
eastward.  

 
  Note:  Pebble and granule gravel at the top of the Doherty Mountain map unit 

were called Ballard gravel by Aram (1979) and considered to be an early 
Quaternary deposit.  Large blocks of shale were found in the gravel with over 
fifty leaf fossils that are similar to leaves from a collection from the Dunbar 
Creek Member of the Renova Formation in the Ruby Valley (Aram, 1979).  Eight 
genera were identified.  Two of the genera became extinct in North America 
before the Pliocene (Miller, 1978, written communication in Aram, 1979).  In situ 
beds of light gray shale and mudstone are present between gravel lenses in the 
Doherty Mountain map unit near where the leaves were found. The block of 
fossiliferous shale was likely from the Doherty Mountain map unit, and the gravel 
at that location is likely Eocene rather than Quaternary. 

  
  Informal unit name derived from Doherty Mountain in the Doherty Mountain 7.5’ 

quadrangle. 
 
 Tcadmu  Doherty Mountain informal map unit, upper (Eocene: Chadronian) 

(Negro Hollow and Milligan Canyon 7.5’ quadrangles).  Doherty 
Mountain map unit above a prominent ash bed traceable on aerial photos.  
Top eroded.  Exposed thickness approximately 60 ft. 

 
     Tcadml  Doherty Mountain informal map unit, lower (Eocene: Chadronian) 

(Negro Hollow and Milligan Canyon 7.5’ quadrangles.) Doherty 
Mountain map unit below a prominent ash bed traceable on aerial photos.  
A prominent sandstone/conglomerate bed occurs at the base of the unit 
west of Milligan Canyon.  Thickness approximately 120 ft. 

 
 Tcamc*  Milligan Creek facies informal map unit  (Eocene: Chadronian and 

Duschesnean?) (Milligan Canyon, Doherty Mountain, and Negro Hollow 7.5’ 
quadrangles)—Gray and very light gray limestone beds, locally fossiliferous, 
white and very light gray tuffaceous limestone and siltstone, discontinuous beds 
of breccia derived from both within the unit  and from Paleozoic limestone, and 
ash beds, interbedded with pale olive bentonitic mudstone.  Overlies Red Hill 
map unit at Negro Hollow and east of Timber Canyon.  

 
  Limestone beds locally contain abundant well preserved gastropods some of 

which resemble genera previously collected and identified from the Milligan 
Creek and Climbing Arrow Formations (B. Roth, written communication, 2006; 
Roth, 1986, species a fig. 5 and figs. 31 and 32). Identification by B. Roth of 
gastropods collected from west of Timber Canyon include:  Gastrocopta,sp.,  
Polygyrella (?) sp., Helminthoglyptidae (?), Planorbidae (?), Lymnaeidae (?) and 
Physa sp. Identification by B. Roth of gastropods in the Negro Hollow area 
include: Holospira sp., Pupillidae, and Gastrocopta sp. Lenses of breccia that 
contain limestone clasts with Milligan Creek facies gastropods cemented into the 
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limestone  were found at Negro Hollow and east of Timber Canyon, indicating 
that those breccias are from within the unit.  

 
  The lower jaw of an insectivore, Aptemodus, was found east of Timber Canyon 

by D. Hanneman.  It probably belongs to the late Duchesnean to early Chadronian 
Aptemodus baladontus rather than the middle to late Chadronian Aptemodus 
mediaevus, but certainly pertains to one of these two endemic Montana species 
(A. Tabrum, written communication, 2005).  Maximum thickness approximately 
200 ft. 

 
  Note:  A probable new species of Holospira was found in this unit in the Negro 

Hollow area.  Gastrocopta sp. was found in both the Negro Hollow area and east 
of Timber Canyon in this unit. All of the gastropod taxa identified are terrestrial 
except for Physa, Lymnaeidae, and Planorbidae, which are freshwater snails (B. 
Roth, written communication, 2006). 

 
  Informal unit name derived from Milligan Creek Formation.  The Milligan Creek 

facies of the Climbing Arrow Formation is considered a facies of the Milligan 
Creek Formation. 

 
 Tcass* Shoddy Springs informal map unit (Eocene: Late Uintan and Early 

Duschesnean?)—White, very light gray, yellowish-gray and tan, tuffaceous to 
very tuffaceous, generally calcareous siltstone and silty limestone.  Siltstone 
weakly to moderately cemented with abundant pods and spherules more strongly 
cemented by calcium carbonate.  Weathers tan and powdery or very light gray, 
breaking into small chips.  Locally pale green to reddish-brown and slightly to 
moderately bentonitic. Contains lenses of breccia and uncemented angular gravel 
derived from the Elkhorn Mountains Volcanics.  Where the angular gravel serves 
as caprock it is easily mistaken for colluvium.  Also contains pods and lenses of 
coarse sandstone and granule conglomerate that weather to grus. Fossils at 
Shoddy Springs dated as Uintan (Robinson, 1963), but may be early 
Duchensnean (A. Tabrum, personal communication, 2006). Thickness 
approximately 150-200 ft. 

 
  Informal unit name derived from Shoddy Springs in the Milligan Canyon 7.5’ 

quadrangle. 
  
Tmc  MILLIGAN CREEK FORMATION  (Eocene) (Milligan Canyon 7.5’ quadrangle)—

Gray, sucrosic, tuffaceous, locally silicified and locally vuggy limestone; gray, 
platy limestone beds with gastropods and charophytes; very light gray marlstone 
beds locally with floating sandstone grains; white tuffaceous limestone and 
siltstone beds; and tan and reddish mudstone and siltstone that weathers to 
powdery silt and clay-size particles. Within these lithologies are well-cemented 
coarse sandstone to granule conglomerate beds with matrix-supported angular 
and subangular pebbles.  Clast composition includes quartz, quartzite, granitic 
rocks, and dark volcanic rocks. Overlies Red Hill map unit with a gradational 
contact. Lenses of breccia similar to those in the Red Hill map unit occur 
sporadically in the lower part of the formation. Most lack red color of the Red 
Hill map unit, but some lenses have red color similar to that of the Red Hill map 
unit. Gastropods collected from unit were identified by B. Roth (written 
communication, 2006) as Physa (?), Lymnaeidae, and Gastrocopta (?), all of 
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which are also found in the Milligan Canyon facies of the Climbing Arrow 
Formation. Maximum exposed thickness 300 ft. 

 
   Named by Robinson (1963).  Name derived from Milligan Creek in the Milligan 

Creek and Willow Creek 7.5’ quadrangles. 
 
Tanc  ANTELOPE CREEK INFORMAL MAP UNIT (Eocene?)—White to very light 

yellow, tuffaceous, fine-grained sandstone, siltstone, mudstone, and limestone; 
pebbly, locally crossbedded, coarse sandstone and granule conglomerate; and 
clast-supported conglomerate with subrounded to rounded clasts composed of 
quartz, quartzite, granitic rock, and Archean metamorphic rock. Overlies Red 
Hill map unit.  Previously mapped as Dunbar Creek Formation (Vuke and 
others, 2002; Elliott, 1998a), but more likely a facies of the Milligan Creek 
Formation (Tmc) and/or the Milligan Creek facies of the Climbing Arrow 
Formation (Tcamc) based on stratigraphic position and thick channel 
conglomerate typical of Milligan Creek Formation.  Basal part of map unit 
resembles that of the Milligan Creek facies of the Climbing Arrow Formation 
described above and is in the same stratigraphic position overlying the Red Hill 
map unit. Exposed thickness about 200 ft. 

 
   Informal map unit name derived from Antelope Creek in the Harrison and 

Sappington 7.5’ quadrangles. 
 
Treh  RED HILL INFORMAL MAP UNIT (Eocene)— 
  Red Hill area:  Reddish-brown, texturally poorly sorted, locally silicified breccia 

and conglomerate in sandy matrix generally cemented by calcium carbonate. 
Clasts in breccia as large as boulder size.  Clast composition that of adjacent 
Paleozoic rocks (dominantly limestone, dolomite, shale, and chert) with 
subordinate clasts of Elkhorn Mountains Volcanics. Clasts are angular to 
subrounded.  Overlain by kaolinitic red tuffaceous siltstone that is locally 
brecciated, and locally apparently overlain by beds of red or brown, immature 
coarse-grained sandstone or granule conglomerate derived almost exclusively 
from granitic rock with locally abundant biotite with no Paleozoic clasts. 
Abundant slickensides and local silicification. Some red-stained Climbing Arrow 
Formation sandstone and granule and pebble conglomerate is included in this 
map unit at Red Hill. Thickness 80–150 ft. 

 
   Milligan Canyon area: (Description from Robinson, 1963, who called this unit 

Sphinx Conglomerate). Reddish-orange conglomerate and breccia composed of 
subangular pebbles and cobbles of dark, fine-grained Paleozoic limestone.  Larger 
clasts rare, but locally includes boulders as much as three feet long. 

 
   Doherty Mountain area:  Resembles unit at Red Hill described above, but lacks 

slickensides and has numerous calcite veins; locally well cemented; boulder-size 
clasts more abundant lower in section. Thickness about 200 ft.   

  
   Timber Canyon area:  Recognized by red soil that contains abundant angular to 

subangular Paleozoic limestone clasts. Unconsolidated in this area.  Thickness 
60–100 ft.   
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   Antelope and Little Antelope Creek area: Light brown to reddish-brown, 
texturally poorly sorted breccia and subordinate conglomerate with clasts of 
Paleozoic limestone, dolomite, and chert, cemented by calcium carbonate or 
silica. In several places clasts are coated with dogtooth spar with crystals as much 
as 1 inch long. Red mudstone and soil are associated with the breccia or 
conglomerate, that ranges from unconsolidated to well cemented. Clasts range 
from angular to subrounded. Larger clasts in a matrix of granules and sand are 
mostly pebble and cobble size, but range to small boulder size. Occurs as patches 
that either rest disconformably on Paleozoic rock or are within 1/8 mile of 
Paleozoic or Archean rock along the length of Antelope and Little Antelope 
Creeks to Sappington. 

 
   Note:  Near the mouth of Dogtown Sewer along Antelope Creek, unit is adjacent 

to Archean rock, but no Archean clasts are present--clasts are Paleozoic rock.   
 

Willow Creek area (atypical clast composition):  Breccia similar to that described 
above, but with different clast composition.  Near the Willow Creek fault, unit 
rests on Cretaceous Elkhorn Mountains Volcanics but clasts are wholly derived 
from the LaHood Formation.  West of Willow Creek on the south side of the 
Jefferson River unit contains abundant clasts of gneiss and schist in addition to 
Paleozoic rocks (Robinson, 1963). 
 
Note:  Some of the Red Hill map unit deposits may be partly tectonic in origin 
and may be Miocene (see text). 
 
Informal map unit name derived from Red Hill in the Doherty Mountain 7.5’ 
quadrangle. 
 

Tba  BASALT 
 
Tr  RHYOLITE 
 
TKi  INTRUSIVE ROCK 
   
TKg  GRANITE 
 
Ks  CRETACEOUS SEDIMENTARY ROCKS, UNDIVIDED—Includes Thermopolis 

Shale, and Kootenai Formation. 
 
Ki  INTRUSIVE ROCK 
 
Kan  ANDESITE 
 
Kdi  DIORITE 
 
Kit  INTRUSIVE ROCK OF TOBACCO ROOT BATHOLITH 
 
Kem  ELKHORN MOUNTAINS VOLCANICS 
 
KJs  CRETACEOUS AND JURASSIC SEDIMENTARY ROCKS, UNDIVIDED—

Includes Thermopolis Shale, Kootenai Formation, Morrison Formation, and Ellis Group. 
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Js  JURASSIC SEDIMENTARY ROCKS, UNDIVIDED—Includes Morrison, Swift, 

Rierdon, and Sawtooth Formations. 
 
JTr  s  JURASSIC AND TRIASSIC SEDIMENTARY ROCKS, UNDIVIDED—Includes 

Morrison, Swift, Rierdon, Sawtooth, and Dinwoody Formations. 
 
Ps  PERMIAN ROCKS, UNDIVIDED—Includes Phosphoria Formation. 
 
IP Ms  PENNSYLVANIAN AND MISSISSIPPIAN SEDIMENTARY ROCKS, 

UNDIVIDED—Includes Quadrant and Amsden Formations. 
 
PIP Ms  PERMIAN, PENNSYLVANIAN, AND MISSISSIPPIAN SEDIMENTARY 

ROCKS, UNDIVIDED—Includes Phosphoria, Quadrant, and Amsden Formations.  
 
Ms  MISSISSIPPIAN SEDIMENTARY ROCKS, UNDIVIDED—Includes Mission 

Canyon and Lodgepole Formations. 
 
MDs  MISSISSIPPIAN AND DEVONIAN SEDIMENTARY ROCKS, UNDIVIDED—

Includes Three Forks, Jefferson, and Maywood Formations 
 
Єs  CAMBRIAN SEDIMENTARY ROCKS, UNDIVIDED— Includes Pilgrim, Park, 

Meagher, Wolsey and Flathead Formations. 
 
Yla  LAHOOD FORMATION (BELT SUPERGROUP) 
 
Amt  ARCHEAN METAMORPHIC ROCKS, UNDIVIDED 
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Doherty 
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1, 3, 7, 
10, 11, 
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16, 17 

Negro  
Hollow 
1, 6, 10, 
13 

Milligan 
Canyon 
14 

Three  
Forks 
14 

Jefferson 
Island 
13, 15 

Sapping-
ton 
13, 15 

Willow 
Creek 
14, 15 

Three 
Forks SE 
2, 14 

Harrison 
4, 8, 15 

Willow 
Creek 
Reservoir 
5, 9 

Norris 
NE 
5, 9 

Pony 
15 
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 3.  Dixon, R.M., and Wolfgram, Diane, 1998, scale 1:24,000. 
 4.  Elliott, W.S., 1998, scale 1:24,000. 
 5.  Feichtinger, S.H., 1970, pl. 1, scale 1:24,000. 
 6.  Glaman, L.R.B., 1991, pl. 1, scale 1:12,000. 
 7.  Hendrix, R.E., and Stellavato, N., 1976, Fig. 10-1, scale 1:62,500. 
 8.  Hoh, A.M., 1997. 
 9.  Kellogg, K.S., and Vuke, S.M., 1996, scale 1:24,000. 
10.  Lofgren, D.L., 1985, pl. 1, scale 1:24,000. 
11.  Ludman, A., 1965, pl. 1, scale 1:6,000. 
12.  Moore, G.T. 1954, pl. 1, scale 1:6,000. 
13.  Richard, B.H., 1966, pls. 1-4, scale 1:24,000; pl. 5 scale 1:60,000, fig. 10, scale 1:31,680. 
14.  Robinson, G.D., 1963, pl. 1, scale 1:24,000. 
15.  Schmidt, C.J., 1975, pl. 1, scale 1:24,000. 
16.  Streeter, 1983, pl. 1, scale 1:24,000. 
Unpublished 
17.  Cox, Bruce for Golden Sunlight Mine, Inc. 
 
 

LOWER JEFFERSON VALLEY 
SOURCES OF GEOLOGIC MAPPING AND 

INDEX OF 7.5’ QUADRANGLES 

  46° 

112° 

33 



 34

REFERENCES CITED AND  
BIBLIOGRAPHY (Emphasis on Cenozoic deposits) 

LOWER JEFFERSON VALLEY 
 
 

Alexander, R.G., Jr., 1951, The geology of the Whitehall area, Montana:  Princeton, N.J., 
Princeton University, Ph.D. dissertation, 150 p. 

 
 Aram, R.B., 1979, Cenozoic geomorphic history relating to Lewis and Clark Caverns, Montana:  

Bozeman, Montana State University, M.S. thesis, 150 p. 
 
Aram, R.B., 1981, Geologic history of Lewis and Clark Caverns, Montana, in Tucker, T.E., ed., 

Southwest Montana:  Montana Geological Society Field Conference and Symposium Guidebook, 
p. 285–300. 

 
Basu, Abhijit, Molinaroli, Emanuela, and Andersson, Steen, 1998, Diversity of physical and 

chemical properties of detrital zircons and garnets in Cenozoic sediments of southwestern 
Montana:  The Mountain Geologist, v. 35, no. 1, p. 23–29. 

 
Berggren, W.A., Kent, D.V., Aubry, M.-P., Swisher, C.C., III, and Miller, K.G., 1995, A revised 

Paleogene geochronology and chronostratigraphy:  Society of Economic Paleontologists 
and Mineralogists Special Publication 54, p. 129–212. 

 
Burfeind, W.J., 1967, A gravity investigation of the Tobacco Root Mountains, Jefferson Basin, 

Boulder Batholith, and adjacent areas of southwestern Montana:  Bloomington, Indiana 
University, Ph.D. dissertation, 90 p. 

 
Burton, B.R., Lageson, D.R., Schmidt, C.J., Ballard, D.W., and Warne, J.R., 1997, Large-

magnitude shortening of the Lombard Thrust System, Helena Salient, Montana Fold and 
Thrust Belt:  Implications for reconstruction of the Belt Basin, in Berg, R.B., ed., Belt 
Symposium III, Montana Bureau of Mines and Geology Special Publication 112, p. 229–
243. 

 
Chadwick, R.A., 1981, Geologic Road Log—Livingston to Three Forks, in Tucker, T.E., ed., 

Southwest Montana:  Montana Geological Society Field Conference and Symposium 
Guidebook, p. 380–387. 

 
Chang, K.H., 1975, Unconformity-bounded stratigraphic units:  Geological Society of America 

Bulletin, v. 86, p. 1544–1552. 
 
Davis, W.E., Kinoshita, W.T., and Robinson, G.D., 1965, Bouguer gravity, aeromagnetic, and 

generalized geologic map of the eastern part of the Three Forks Basin, Broadwater, 
Madison, and Gallatin Counties, Montana:  U.S. Geological Survey Geophysical 
Investigations Map GP-497, scale 1:62,500. 

 
 
Dixon, R.M., and Wolfgram, Diane, 1998, Bedrock geology of the Elkhorn Mountains Volcanics 

in the southern Bull Mountain area, Jefferson County, Montana:  Montana Bureau of 
Mines and Geology Open File Report 374, 1:24,000 scale. 

 



 35

Dorr, J.A., 1956, Anceney local mammal fauna, latest Miocene, Madison Valley Formation, 
Montana:  Journal of Paleontology, v. 30, p. 62–74. 

 
Douglass, E., 1899, Neocene lake beds of western Montana and descriptions of some new 

vertebrates from the Loup Fork:  Missoula, University of Montana, M.S. thesis, 27 p. 
 
Douglass, E., 1901, New species of Merycochoerus in Montana, Part II:  American Journal of 

Science, v. 11, p. 73–83. 
 
Douglass, E., 1903, New vertebrates from the Montana Tertiary:  Annals of the Carnegie 

Museum, v. 2, p. 145–199. 
 
Douglass, E., 1907a, Merycochoerus and a new genus of merycoidodonts with some notes on 

other Agriochoeridae: Annals of the Carnegie Museum, v. 4, no. 2, p. 84–98. 
 
Douglass, E., 1907b, New Merycoidodonts from the Miocene of Montana: Bulletin of the 

American Museum of Natural History, v. 23, p. 202–222. 
 
Douglass, E., 1908, Rhinoceroses from the Oligocene and Miocene deposits of North Dakota and 

Montana:  Annals of the Carnegie Museum, v. 4, no. 3-4, p. 256–266. 
 
Douglass, E., 1909a, Description of a new species of Procamelus from the Upper Miocene of 

Montana with notes upon Procamelus madisonius Douglass:  Annals of the Carnegie 
Museum, v. 5,  p. 159–165. 

 
Douglass, E., 1909b, Dromomeryx, a new genus of American ruminants:  Annals of the Carnegie 

Museum, v. 5, no. 4, p. 457–479. 
 
Dull, K., 1994, A gravity study of the North Boulder Basin in southwestern Montana:  

Bloomington, Indiana University, M.S. thesis, 145 p.  
 
Elliott, W.S., 1998a, Geologic map of the Harrison and Maltbys Mound 7.5-minute quadrangles, 

Madison County, Montana:  Montana Bureau of Mines and Geology Open-file Report 
375, scale 1:24,000. 

 
Elliott, W.S., 1998b, Tectono-stratigraphic control of Quaternary and Tertiary sediments and 

structure along the northeast flank of the Tobacco Root Mountains, Madison County, 
Montana:  Bloomington, Indiana University, 83 p. 

 
Elliott, W.S., Douglas, B.J., and Suttner, L.J., 2003, Structural control on Quaternary and Tertiary 

sedimentation in the Harrison Basin, Madison County, Montana:  The Mountain 
Geologist, v. 40, no. 1, p.1-18. 

 
Feichtinger, S.H., 1970, Geology of a portion of the Norris quadrangle, Madison and Gallatin 

Counties, Montana:  Bozeman, Montana State University, M.S. thesis, 89 p. 
 
Fields, R.W., Rasmussen, D.L., Tabrum, A.R., and Nichols, R., 1985, Cenozoic rocks of the 

intermontane basins of western Montana and eastern Idaho:  A summary, in Flores, R.M., 
and Kaplan, S.S., eds., Cenozoic paleogeography of west-central United States:  Rocky 
Mountain Paleogeography Symposium 3, Rocky Mountain Section, Society of Economic 
Paleontologists and Mineralogists, p. 9–36.  



 36

 
Foster, Fess, Cox, Bruce, and Chadwick, Tom, 1993, Field Trip—Economic, environmental and 

“socioeconomic” geology of the Whitehall Valley, southwestern Montana, in Childs, J.F., 
and Lageson, D.R., eds., Economic and regional geology of the Tobacco Root-Boulder 
Batholith region, Montana: Tobacco Root Geological Society, 18th Annual Field 
Conference, Northwest Geology, v. 22, p. 79–102. 

 
Foster, Fess, and Smith, Troy, 1995, A summary of the geology and environmental problems at 

the Golden Sunlight Mine, Whitehall, Montana, in Mogk, D.W., Field guide to geologic 
excursions in southwest Montana, Geological Society of America, Rocky Mountain 
Section:  Northwest Geology, v. 24, p. 77–83. 

 
Frick, C., 1937, Horned ruminants of North America:  Bulletin of the American Museum of 

Natural History, v. 69, no. 1, p. 669.  
 
Garihan, J.M., Schmidt, C.J., Young, S.Y., and William, M.A., 1983, Geology and recurrent 

movement history of the Bismark-Spanish Peaks-Gardiner fault system, southwest 
Montana, in J.D. Lowell, ed., Rocky Mountain Foreland Basins and Uplifts:  Rocky 
Mountain Association of Geologists, p. 295–314. 

 
Glaman, L.R.B., 1991, The geology of Negro Hollow, Jefferson County, Montana:  Butte, 

Montana College of Mineral Science and Technology, M.S. thesis, 69 p. Glaman, L.R.B., 
1991, The geology of Negro Hollow, Jefferson County, Montana:  Butte, Montana 
College of Mineral Science and Technology*, M.S. thesis, 69 p.  

 
Hall, R.D., 1990, Quaternary geology of the Tobacco Root Range, in Hall, R.D., ed., Quaternary 

geology of the western Madison Range, Madison Valley, Tobacco Root Range, and 
Jefferson Valley:  Rocky Mountain Friends of the Pleistocene Field Trip Guidebook, p. 
183–193. 

 
Hanneman, D.L., Cheney, E.S., and Wideman, C.J., 2003 (in press), Cenozoic sequence 

stratigraphy of northwestern USA, in Raynolds, R.G., and Flores, R.M., eds., Cenozoic 
Systems of the Rocky Mountain Region:  Society for Sedimentary Geology, Rocky 
Mountain Section. 

 
Hanneman, D.L., and Wideman, C.J., 1991, Sequence stratigraphy of Cenozoic continental rocks, 

southwestern Montana:  Geological Society of America Bulletin, v. 103, p. 1335-1345. 
 
Hanneman, D.L., Wideman, C.J., and Halvorson, J.W., 1994, Calcic paleosols:  Their use in 

subsurface stratigraphy:  American Association of Petroleum Geologists Bulletin, v. 78, 
no. 9, p. 1360–1371. 

 
Hendrix, T.E., and Stellavato, N., 1976, Pervasive deformation of the Meagher oölitic limestone, 

North Boulder Valley, Montana, in Lankston, M.M., ed., Tobacco Root Geological 
Society, Field Conference Guidebook: Montana Bureau of Mines and Geology Special 
Publication 73, p. 131–139. 

 
Hill, C.L., 2001a, Late Pliocene and Pleistocene geology and paleontology in the Three Rivers 

Basin, Montana, in Nichols, R., ed., Cenozoic vertebrate paleontology and geology of 
southwestern Montana and adjacent areas, in Hill, C.L., ed., Mesozoic and Cenozoic 
paleontology in the western plains and Rocky Mountains:  Society of Vertebrate 



 37

Paleontology 61st annual field trip guidebook, Museum of the Rockies Occasional Paper 
no. 3, p. 113–125. 

 
Hill, C.L., 2001b, Pleistocene mammals of Montana and their geologic context, in Nichols, R., 

ed., Cenozoic vertebrate paleontology and geology of southwestern Montana and 
adjacent areas, in Hill, C.L., ed., Mesozoic and Cenozoic paleontology in the western 
plains and Rocky Mountains:  Society of Vertebrate Paleontology 61st annual field trip 
guidebook, Museum of the Rockies Occasional Paper no. 3, p. 127–144. 

 
Hoh, A.M., 1997, Gravity survey of a Cenozoic basin in Madison County, Montana:  

Proceedings, Tenth Keck Research Symposium in Geology, College of Wooster, 
Wooster, Ohio, p. 282-285.  

 
Hughes, G.C., 1980, Tertiary stratigraphy and depositional history of the Dry Creek Valley, 

Gallatin County, Montana:  Bozeman, Montana State University, M.S. thesis, 147 p. 
 
Johnson, R.W., Jr., Henderson, J.R., and Tyson, N.S., 1965, Aeromagnetic map of the Boulder 

Batholith area, southwestern Montana:  U.S. Geological Survey Geophysical 
Investigations Map GP-538. 1:250,000 scale. 

 
Kellogg, K.S., 1994, Geologic map of the Norris quadrangle, Madison County, Montana: U.S. 

Geological Survey Geologic Quadrangle Map GQ–1738, scale 1:24,000. 
 
Kellogg, K.S., 1995, Geologic map of the Bear Trap Creek quadrangle, Madison County, 

Montana: U.S. Geological Survey Geologic Quadrangle Map GQ-1757, scale 1:24,000. 
 
Kellogg, K.S., and Vuke, S.M., 1996, Geologic map of the Willow Creek Reservoir and Norris 

NE quadrangles, Gallatin and Madison Counties, Montana: U.S. Geological Survey Open 
File Report 96-012, scale 1:24,000. 

 
Klepper, M.R., Weeks, R.A., and Ruppel, E.T., 1957, Geology of the southern Elkhorn 

Mountains, Montana:  U.S. Geological Survey Professional Paper 292, 82 p. 
 
Kroeger, G.C., 1997, Cenozoic basin geology and geophysics, southwestern Montana:  

Proceedings, Tenth Keck Research Symposium in Geology, College of Wooster, 
Wooster, Ohio, p. 282-285. 

 
Kuenzi, W.D., 1966, Tertiary stratigraphy in the Jefferson River Basin, Montana:  Missoula, 

University of Montana, Ph.D. dissertation, 293 p. 
 
Kuenzi, W.D., and Fields, R.W., 1971, Tertiary stratigraphy, structure, and geologic history, 

Jefferson Basin, Montana:  Geological Society of America Bulletin, v. 82, p. 3373–3394. 
 
Kuenzi, W.D., and Fields, R.W., 1968a, Tertiary stratigraphy and geologic history in the 

Jefferson River Basin, Montana:  Geological Society of America Special Paper 115, p. 
429–430. 

 
Kuenzi, W.D., and Fields, R.W., 1968b, Depositional sequences and their significance in 

interbasinal correlation of the Bozeman Group, southwestern Montana:  Geological 
Society of America Special Paper 115, p. 430. 

 



 38

Kuenzi, W.D., and Richard, B.H., 1969, Middle Tertiary unconformity, North Boulder and 
Jefferson Basins, southwest Montana:  Geological Society of America Bulletin, v. 80, p. 
315. 

 
Lange, I.M., Fields, R.W., Fountain, D.M., Moore, J.N., Qamar, A.I., Silverman, A.J., Thompson, 

G.R., Chadwick, R.A., Custer, S.G., and Smith, D.L.,  1980, Uranium resource 
evaluation, Bozeman quadrangle, Montana:  U.S. Department of Energy, Grand Junction, 
Colorado. 

 
Lofgren, D.L., 1985, Tertiary vertebrate paleontology, stratigraphy, and structure, North Boulder 

River Basin, Jefferson County, Montana:  Missoula, University of Montana, M.S. thesis, 
113 p. 

 
Ludman, A., 1965, Geology of the Doherty igneous complex, Jefferson County, Montana:  

Bloomington, Indiana University, M.A. thesis, 48 p. 
 
Moore, G.T., 1954, Intrusions in the Middle Cambrian formations, Cottonwood Canyon, 

Jefferson County, Montana:  Bloomington, Indiana University, M.A. thesis, 45 p. 
  
Morgan, W.T., and Hall, R.D., 1982, Pediments in the North Boulder River Basin, southwestern 

Montana:  American Quaternary Association Program and Abstracts, University of 
Washington, Seattle, p. 143. 

 
Nelson, W.L., 1962, A seismic study of North Boulder Valley and other selected areas, Jefferson 

and Madison Counties, Montana: Bloomington, Indiana University, M.S. thesis, 32 p. 
 
Nichols, Ralph, Tabrum, A.R., and Hill, C.L., 2001, Introduction:  Cenozoic mammals, southwest 

Montana, in Nichols, Ralph, ed., Cenozoic vertebrate paleontology and geology of 
southwestern Montana and adjacent areas, in Hill, C.L., ed., Mesozoic and Cenozoic 
paleontology in the western plains and Rocky Mountains:  Society of Vertebrate 
Paleontology 61st annual field trip guidebook, Museum of the Rockies Occasional Paper 
no. 3, p. 79–81. 

 
Pardee, J.T., 1950, Late Cenozoic block faulting in western Montana:  Geological Society of 

America Bulletin, v. 61, p. 359–406. 
 
Perry, E.S., 1950, Highlights of geology between Three Forks and Whitehall:  Billings Geological 

Society, 1st Annual Field Conference Guidebook, p. 56–59 
 
Rasmussen, D.L., 1973, Extension of the middle Tertiary unconformity into western Montana:  

Northwest Geology, v. 2, p. 27-35. 
  
Rasmussen, D.L., 2003, Tertiary geology of western Montana and east-central Idaho:  a synopsis, 

in Raynolds, R.G., and Flores, R.M., eds., Cenozoic Systems of the Rocky Mountain 
Region:  Society for Sedimentary Geology, Rocky Mountain Section. 

 
Reshkin, M., 1963, Geomorphic history of the Jefferson Basin, Jefferson, Madison, and Silver 

Bow Counties, Montana:  Bloomington, Indiana University, Ph.D. dissertation, 146 p. 
 



 39

Reynolds, M.W., 1977, Character and significance of deformation at the east end of the Lewis 
and Clark line, Montana:  Geological Society of American, Abstracts with Program, v. 9, 
no. 6, p. 758-759. 

 
Reynolds, M.W., 1979, Character and extent of basin-range faulting, western Montana and east-

central  Idaho,  in Newman, G. and Goode, H. (eds.), Basin and Range Symposium:  
Rocky Mountain Association of Geologists and Utah Geological Association Guidebook, 
p. 185-193. 

 
Richard, B.H., 1966, Geologic history of the intermontane basins of the Jefferson Island 

quadrangle, Montana:  Bloomington, Indiana University, Ph.D. dissertation, 121 p. 
 
Robinson, G.D., 1960, Middle Tertiary unconformity in southwestern Montana:  U.S. Geological 

Survey Professional Paper 400-B, Article 101, p. B227–B228. 
 
Robinson, G.D., 1961, Origin and development of the Three Forks basin, Montana:  Geological 

Society of America Bulletin, v. 72, p. 1003–1014. 
 
Robinson, G.D., 1963, Geology of the Three Forks quadrangle, Montana:  U.S. Geological 

Survey Professional Paper 370, 143 p. 
 
Robinson, G.D., 1967, Geologic map of the Toston quadrangle, southwestern Montana:  U.S. 

Geological Survey Miscellaneous Geologic Investigations Map I-486, scale 1:24,000. 
 
Roth, Barry, 1986, Land mollusks (Gastropoda:  Pulmonata) from early Tertiary Bozeman Group, 

Montana:  Proceedings California Academy of Sciences,  v. 44, no. 11, p. 237-267. 
 
Ruppel, E.T., 1993, Cenozoic tectonic evolution of southwest Montana and east-central Idaho:  

Montana Bureau of Mines and Geology Memoir 65, 62 p. 
 
Salvador, Amos, 1987, Unconformity-bounded stratigraphic units:  Geological Society of 

America Bulletin, v. 98, p. 232–237. 
 
Schmidt, C.J., 1975, An analysis of folding and faulting in the northern Tobacco Root Mountains, 

southwest Montana:  Bloomington, Indiana University, Ph.D. dissertation, 480 p. 
 
Schmidt, C.J., 1976, Structural development of the Lewis and Clark Cavern State Park area, 

southwest Montana, in Lankson, M.M., ed., Tobacco Root Geological Society, Field 
Conference Guidebook:  Montana Bureau of Mines and Geology Special Publication 73, 
p. 141–150. 

 
Schmidt, C.J., 1979, Discussion of origin of west-directed thrusts on the east flank of the Negro 

Hollow syncline, Jefferson County, Montana, in Suttner, L.J., ed., Near surface 
batholiths, related volcanism, tectonism, sedimentation, and mineral deposition:  
Geological Society of America, Granite II Penrose Conference Guidebook, p. 84–91. 

 
Schmidt, C.J., Aram, Richard, Hawley, David, 1987, The Jefferson River Canyon area, 

southwestern Montana:  Geological Society of America Centennial Field Guide, Rocky 
Mountain Section, p. 63–68. 

 



 40

Schmidt, C.J., Evans, J.P., and Douglas, B., 1991, Pull apart origin for the Tobacco Root 
Batholith, southwestern Montana:  Geological Society of America, Abstracts with 
Programs, Rocky Mountain Section, v. 23, no. 4, p. 90. 

 
Schmidt, C.J., and Garihan, J.M., 1983, Role of recurrent movement of northwest-trending 

basement faults in the tectonic evolution of southwestern Montana, in Lowell, J., ed., 
Rocky Mountain foreland basins and uplifts:  Rocky Mountain Association of Geologists, 
p. 271–294. 

 
Schmidt, C.J., and Garihan, J.M., 1986a, Middle Proterozoic and Laramide tectonic activity along 

the southern margin of the Belt Basin, in Roberts, S.M., ed., Belt Supergroup—A guide 
to Proterozoic rocks of western Montana and adjacent areas: Montana Bureau of Mines 
and Geology Special Publication 94, p. 217–235. 

 
Schmidt, C.J., and Garihan, J.M., 1986b, Role of recurrent movement of northwest-trending 

basement faults in the tectonic evolution of southwestern Montana, in Alderich, M.J., and 
Laughlin, R., eds.: Proceedings of the 6th International Conference on Basement 
Tectonics, p. 1–15. 

 
Schmidt, C.J., and Geiger, Beth., 1985, Nature of deformation in foreland anticlines and 

impinging thrust belt:  Tobacco Root and southern Highland Mountains, Montana:  
Tobacco Root Geological Society, 10th Annual Field Conference Guidebook, p. 41–65. 

 
Schmidt, C.J., Genovese, P., and Foster, F., 1989, Road Log—Structure and economic geology 

along the transverse thrust zone of southwestern Montana, in French, D.E., and Grabb, 
R.F., eds., Geologic Resources of Montana:  Montana Geological Society Field 
Conference Guidebook: Centennial Edition, p. 482–501. 

 
Schmidt, C.J, and Hendrix, T.E., 1981, Tectonic controls for thrust Belt and Rocky Mountain 

foreland structures in the northern Tobacco Root Mountains–Jefferson Canyon area, 
southwestern Montana, in Tucker, T.E., ed., Southwest Montana: Montana Geological 
Society, Field Conference and Symposium Guidebook:  p. 167–180. 

 
Schmidt, C.J., James, C., and Shearer, J., 1981, Estimate of displacement in major zone of tear-

thrusting in fold and thrust belt, southwest Montana:  American Association of Petroleum 
Geologists Bulletin, v. 65, p. 986–987. 

 
Schmidt, C.J., and O’Neill, J.M., 1982, Structural evolution of the Southwest Montana 

Transverse Zone, in Blake, R., ed., Geologic Studies of the Cordilleran Thrust Belt, v. 1:  
Rocky Mountain Association of Geologist, Field Guidebook v. 1, p. 193–218. 

 
Schmidt, C.J., O’Neill, J.M., and Brandon, W.C., 1988, Influence of Rocky Mountain foreland 

uplifts on the development of the frontal fold and thrust belt, southwestern Montana, in 
Schmidt, C.J., and Perry, W.J., Jr., eds., Interaction of the Rocky Mountain foreland and 
the Cordilleran thrust belt:  Geological Society of America Memoir 171, p. 171–201. 

 
Schmidt, C.J., Smedes, H.W., and O’Neill, J.M., 1990, Syncompressional emplacement of the 

Boulder and Tobacco Root Batholiths (Montana–USA) by pull-apart along old fault 
zones:  Geological Journal, v. 25, p. 305–318. 

 



 41

Schmitt, J.G., Haley, J. C., Lageson, D.R., Horton, B.K., Azeveda, P.A., 1995, Sedimentology 
and tectonics of the Bannack-McKnight Canyon–Red Butte area, southwest Montana:  
New perspectives on the Beaverhead Group and Sevier Orogenic Belt, in Mogk, D.W., 
ed., Field guide to geologic excursions in southwest Montana:  Northwest Geology, v. 24, 
p. 245-313. 

 
Sears, J.W., and Fritz, W.J., 1998, Cenozoic tilt domains in southwestern Montana:  Interference 

among three generations of extensional fault systems:  Geological Society of America 
Special Paper 323, p. 241-247.  

 
Stickney, M.C., 1993, Seismicity of the Tobacco Root Mountains and surrounding region, 

Montana, in Childs, J.F. and Lageson, D.R., eds., Economic and regional geology of the 
Tobacco Root-Boulder Batholith region, Montana: Tobacco Root Geological Society, 
18th Annual Field Conference, Northwest Geology, v. 22, p. 49–54.   

 
Stickney, M.C., 1997, Seismic source zones in southwest Montana: Montana Bureau of Mines 

and Geology Open File Report MBMG 366, 51 p. 

Stickney, M.C., 1999, Characteristics of Recent seismicity in southwest Montana and its relation 
to Late Quaternary faults:  Seismological Research Letters Abstracts, v. 70, no. 2, p. 237. 

 
Stickney, M.C., and Bartholomew, M.J., 1987, Seismicity and Late Quaternary faulting of the 

northern Basin and Range Province, Montana and Idaho:  Bulletin of the Seismological 
Society of America, v. 77, no. 5, p. 1602–1625.  

Stickney, M.C., Haller, K.M., and Machette, M.N., 2000, Quaternary faults and seismicity in 
western Montana:  Montana Bureau of Mines and Geology Special Publication 114, scale 
1:750,000. 

Streeter, M.E., 1983, The geology of the southern Bull Mountain area, Jefferson County, 
Montana:  Kalamazoo, Western Michigan University, M.S. thesis, 88 p. 

 
Sutton, J.F., 1977, Mammals of the Anceney local fauna (Late Miocene) of Montana:  Lubbock, 

Texas Tech University,  Ph.D. dissertation, 241 p. 
 
Sutton, J.F., and Korth, W.W., 1995, Rodents (Mammalia) from the Barstovian (Miocene) 

Anceney local fauna, Montana:  Annals of Carnegie Museum, vol. 64, no. 4, p. 267-314. 
 
Tabrum, A.R., Barnosky, A.D., and Nichols, Ralph, 2001, Tertiary paleontology of southwest 

Montana and adjacent Idaho in Hill, C.L., ed., Cenozoic Vertebrate Paleontology and 
Geology of southwestern Montana and adjacent areas:  Society of Vertebrate 
Paleontology 61st Annual meeting, Museum of the Rockies Occasional Paper no. 3, p. 93-
112. 

 
Tabrum, A.R., Prothero, D.R., and Garcia, Daniel, 1996, Magnetostratigraphy and biostratigraphy 

of the Eocene-Oligocene transition, southwestern Montana, in Prothero, D.R., and Emry, 
R.J., eds., The terrestrial Eocene-Oligocene transition in North America, Cambridge 
University Press, New York, p. 278–311. 

 
Tabrum, A.R., and Nichols, R., and Barnosky, A.D., 2001, Tertiary paleontology of southwest 

Montana and adjacent Idaho, in Nichols, R., ed., Cenozoic vertebrate paleontology and 
geology of southwestern Montana and adjacent areas, in Hill, C.L., ed., Mesozoic and 



 42

Cenozoic paleontology in the western plains and Rocky Mountains:  Society of 
Vertebrate Paleontology 61st annual field trip guidebook, Museum of the Rockies 
Occasional Paper no. 3, p. 88–112. 

 
Thompson, G.R., Fields, R.W., and Alt, D., 1981, Tertiary paleoclimates, sedimentation patterns, 

and uranium distribution in southwestern Montana, in Tucker, T.E., ed., Southwest 
Montana:  Montana Geological Society, Field Conference and Symposium Guidebook, p. 
105–109. 

 
Thompson, G.R., Fields, R.W., and Alt, D., 1982, Land-based evidence for Tertiary climatic 

variations: northern Rockies:  Geology, v. 10, p. 413–447. 
 
Vuke, S.M., 2003, Geologic map of the western and northern Gallatin Valley, southwestern 

Montana:  Montana Bureau of Mines and Geology Open File Report 481, scale 1:50,000. 
 
Vuke, S.M., 2004, Geologic map of the Divide area, southwestern Montana:  Montana Bureau of 

Mines and Geology Open File Report 502, scale 1:50,000. 
 
Vuke, S.M., Coppinger, W.W., and Cox, B.E., 2004, Geologic map of the Cenozoic deposits of 

the Upper Jefferson Valley, southwestern Montana:  Montana Bureau of Mines and 
Geology Open-File Report  505, scale 1:50,000. 

 
Vuke, S.M., Lonn, J.D., Berg, R.B., and Kellogg, K.S., 2002,  Preliminary geologic map of the 

Bozeman 30’x 60’ quadrangle, southwestern Montana:  Montana Bureau of Mines and 
Geology Open-File Report 468, scale 100,000. 

  
Wilson, D.A., 1962, A seismic and gravity investigation of the North Boulder River and Jefferson 

River Valleys, Madison and Jefferson Counties, Montana:  Bloomington, Indiana 
University, M.S. thesis, 43 p. 

 
Wilson, M.C., and Davis, L.B., 1994, Late Quaternary stratigraphy, paleontology, and 

archaeology of the Sheep Rock Spring Site (24JF292), Jefferson County, Montana:  
Current Research in the Pleistocene, v. 11, p. 100–102. 

 
Wood, H.E., 1938, Continental Cenozoic at Three Forks, Montana:  Geological Society of 

America, Abstracts with Program, p. 291-292. 
 
Zietz, 1960, Configuration of the 10N Pluton, Three Forks, Montana:  U.S. Geological Survey 

Professional Paper 400-B, Geological Survey Research, Short Papers in Geology, p. 229-
230. 

 
 
 
 
 



���������	

����� ����
�� ���������	

�������
����
�� ���������	

�������

�������


�������	


�������	


��
��


�������	


�����


��
��


�������	

���������	

�������

�
�
�
�
�
� �

	


��
�



���������
�������

�

 � � � �

� � � � �
� � � � 


���
������

������

�������

����������������������


�����
� � � � � �� � � � � � � �
�

� ��

�����


������

!
�� � ��

�
�

�
�
�
�
�
�

�
�
�
�


"#���

$��
��

� � ��
�� 
 � � � � � � � 


!
��

�
� 
 


� � �
�


%"&
&'(

)

�
��
�



*�

+
�

�



�
�
�
�


�����������	�
����	�	�
����
�������
����������

���	�
�����
�
����
��������
��
����������
��������������
��
�����

)��� ,�",-#.###

# /.-## -.### 0.-## "#.###�!�
���"./-#

# / ' 1 2�!����"

3������������������45)5������������)��6��,
3�7�����8#*91#*�
�:����:
���;���������
!�:���
�,�"&2&
$��<��
���,�4	!�7����"/=�"&/0���+





�

���
����
�����
���
�����������	�	����
��������������������
����
��� �
������!������
����"�������
�������������������
���#����"�������������������	���!��
���
� ������$%&'�"$$()�

"*�����	��
���+�,������	�����	��������������-�"�����������
+���
������
����-�"�

�. �� ��-#/��#�.���* ���� 0�"�.1."2
��0����
���
�������
����������������#�����
�
��������
���

�-�"�.���������%)34����
��5����5
"���������������1�6���7�����
���8�������9$$:

�

!�:�����������
����������,�$������
�����>�����
!��
����3���������!����������������

"8##�?��
�$����)
���

3�

�.�!��
����-&0#"@2&&0
$
���,�%'#1(�'&1@'"10
��9,�%'#1(�'&1@''-"




:,AA���5����5�
��
5���

��-�"�.���������%)3

"���������������!���;����0���
�

����
��
1�6���7�����
���8����������
�6�

�������
���

��
������8�<�

�9$$:

������������������������������ ��!� "
�����

�������������������������:��������
��������
�9
5

$��@����7������������������������:��
�������������%"&&"(5

$��@����7��������������������������)�
���
�%"&0"(=

$��@����7��������������������������B��������%"&18(5

$��@����7��������������������������C�����������D����%"&&1(5

4)�)�05-*�;����������

+�
��
�
!���
���

�����
������

!�������
������

	
���
�����

���������
E�����

)�::���@

��

?�����
�����

	
���
�����
) 

$��� ��������
?�����
�����

B����6���
������
� 


	MBMG 537—Geologic Map of the Cenozoic Deposits of the Lower Jefferson Valley, Southwestern Montana
	Geologic Map




