
 

P:\Mpls\26 MT\46\2646006\WorkFiles\RFI\RFI Final Ph I 2012\Section 3.0\Section 3.1-Geology\Section 3.1 (12-31-12).docx 3.1-i 
 

Section 3.1 Geology 

 
Table of Contents 

3.1 Geology ....................................................................................................................... 3.1-1 

3.1.1 Regional Geology .................................................................................................... 3.1-1 

3.1.2 Site Geology............................................................................................................. 3.1-3 

3.1.3 Graben-Fill Deposits ................................................................................................ 3.1-4 

3.1.4 Geophysical Surveys ................................................................................................ 3.1-5 

3.1.5 Summary of Site Geology ........................................................................................ 3.1-5 

3.1.6 References ................................................................................................................ 3.1-6 

 

List of Figures 

Figure 3.1-1  Schematic Cross Sections Showing Development of the Regional Geology 

Figure 3.1-2  Regional Bedrock Geology 

Figure 3.1-3  Montana Seismic Hazard Map 

Figure 3.1.4 Mines Within 2 Miles of Rhodia Silver Bow Plant  

Figure 3.1-5  Cross Section Locations 

Figure 3.1-6  Geologic Cross Section A-A'  

Figure 3.1-7  Geologic Cross Section B-B'  

Figure 3.1-8  Geologic Cross Section C-C'  

Figure 3.1-9  Geologic Cross Section D-D'  

Figure 3.1-10  Geologic Cross Section E-E'  

Figure 3.1-11  Geologic Cross Section F-F' 

Figure 3.1-12  Geologic Cross Section G-G' 

Figure 3.1-13  Geologic Cross Section H-H' 

Figure 3.1-14  Geologic Cross Section I-I' 

Figure 3.1-15  Geophysical Survey Lines 

 

List of Appendices 

Appendix 3.1-A Well and Boring Logs 

Appendix 3.1-B Preliminary Geophysics at Rhodia (Draft) 

Appendix 3.1-C Gravity Characterization of the Rhodia Inc. Phosphorus Plant Site



 

P:\Mpls\26 MT\46\2646006\WorkFiles\RFI\RFI Final Ph I 2012\Section 3.0\Section 3.1-Geology\Section 3.1 (12-31-12).docx 3.1-1 
 

3.1 Geology 

Geologic maps of the area, along with recent investigative field activities, form the basis for the 

current understanding of the regional and site-specific geology.  The following section summarizes 

the geology of the region and the features of the Site. 

3.1.1 Regional Geology 

The Site is located within a regional bedrock structural feature referred to as a graben. A graben is 

defined as a bedrock block that has moved downward relative to the rock on either side of the block. 

The Site is located near the north end of the graben, which is mapped with the northernmost extent 

just north of Silver Bow Creek (Derkey and Bartholomew, 1988). A schematic representation of the 

graben is shown in Figure 3.1-1 and a bedrock geology map (Elliott and McDonald, 2009), which 

shows the spatial location of the graben, is shown in Figure 3.1-2.  

The graben is approximately 4.5 miles wide and oriented north-south, paralleling the Divide Creek 

Valley. The east and west sides of the graben are bounded by the Rocker Fault and West Fault, 

respectively (see Figure 3.1-2). The graben basin has been partially filled with Tertiary sediment 

eroded from the surrounding highlands, which were partially consolidated following deposition 

(Derkey and Bartholomew, 1988). The Tertiary sediment is referred to as the Melrose Basin 

Sequence south of Silver Bow Creek (Ruppel et al., 1993) and is labeled as “Ts – Valley-fill 

sediment, undivided” on the map (Figure 3.1-2). To the north of Silver Bow Creek, the Tertiary 

sediment has also been mapped as filling the north end of the Divide Creek Valley (Lewis, 1998). 

Low-lying areas receiving sediment are typically called basins. However, to avoid confusion with the 

tailing basin at the Site, the sediment filling the graben will henceforth be referred to as "graben-fill" 

rather than the more customary geologic term "basin-fill" (Ruppel et al., 1993; Lewis, 1998). 

The thickness of the graben-fill sequence is unknown over most of its aerial extent, although the 

graben appears to be asymmetric, with much thicker deposits in the east, near Rocker, Montana, than 

on the west, near Miles Crossing (Weight, 1998). The sequence also appears to thicken to the south 

with sediment thicknesses ranging from less than 500 feet near Rocker, Montana to nearly 10,000 

feet near Grasshopper Creek, south of Dillon, Montana.  Near the Site, the graben-fill consists of 

poorly consolidated gravel, sand, silt, and clay and may include lenses of bentonite, lignite, and hot 

springs tufa. These types of sediments are deposited in lakes, streams, mudflows, and on alluvial fans 

(Ross et al., 1955).  



 

P:\Mpls\26 MT\46\2646006\WorkFiles\RFI\RFI Final Ph I 2012\Section 3.0\Section 3.1-Geology\Section 3.1 (12-31-12).docx 3.1-2 
 

The basement rock at the Site consists of Cretaceous intrusive igneous rocks of the Boulder Batholith 

(shown as “Kgt – Granite” on Figure 3.1-2), which, in some areas, may be overlain by Tertiary 

volcanics [Montana Bureau of Mines and Geology (MBMG), 1978; Derkey and Bartholomew, 1988; 

Elliot and McDonald, 2009]. 

3.1.1.1 Tectonics and Structure  

Seismic hazards are minimal for the Site, which is located on the west side of the Intermountain 

Seismic Zone. Seismic maps of the region (Figure 3.1-3) indicate that there is a 10% probability that 

the peak acceleration will exceed approximately 12% of the acceleration due to gravity in the next 50 

years (MBMG, 2005). Earthquakes in the area west of Butte tend to have magnitudes less than 3.5 on 

the Richter Scale. The Silver Bow Site is in an area considered to be at the lower end of mid-range 

seismic risk (MBMG, 2005). The Rocker Fault, which bounds the east edge of the graben 

approximately 3.5 miles east of the Silver Bow Site, is the nearest potentially active fault (Ruppel et 

al., 1993; Lewis, 1998; USGS, 2005). It is a high angle, down to the west, range front normal fault, 

as shown on Figure 3.1-2. The average slip-rate of the fault is less than 0.2 millimeters per year and 

the most recent deformation appear to have occurred during the Pleistocene, about 1.6 million years 

ago. Due to the slow slip rate and large amount of time since the last deformation event, the risk of 

an earthquake is very low and it is possible that the fault is no longer active (Haller, 2005). The fault 

that bounds the west side of the graben is reported as inactive (USGS, 2005). 

3.1.1.2 Economic Deposits 

The Site is located in one of the world’s major mining areas. A 2,000 square mile area surrounding 

the Site contains metal and mineral deposits mined for copper, gold, silver, lead, tungsten, phosphate, 

and talc (Alt and Hyndman, 1997). The area also has uranium deposits, including one located 

approximately three miles southwest of the Site (Merewether, 1960). Associated with these mining 

activities are many mineral concentration mills and smelters. Within a two-mile radius of the Site, 

there are seven mines or claims, shown on Figure 3.1-4, which extracted gold, silver, fluorine, 

aluminum, beryllium, and clay. All of the mines within two-miles of the Site are listed as abandoned 

and inactive. The original dataset incorrectly identified that there was a phosphate mine at the Silver 

Bow Site (Montana Natural Resource Information System, 2004). The raw materials used at the 

Silver Bow Site were not mined at the Site, and there is no information indicating that commercial 

mining ever occurred on the Site. 
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3.1.2 Site Geology 

Area geology consists predominantly of graben-fill deposits, which make up the uppermost geologic 

unit over most of the Site. Based on regional information, the graben-fill deposits are underlain by 

igneous bedrock and are covered in place by alluvial deposits associated with Sheep Gulch and Silver 

Bow Creek. The topography has been altered by construction of the tailing basin and the placement 

of the slag piles.  

Geologic cross sections of the Site were prepared using available logs of production wells and 

borings advanced at the Site. A cross section location map (Figure 3.1-5) identifies the locations of 

cross section A-A’ through cross section I-I’ (Figures 3.1-6 through 3.1-14). From the cross sections, 

available logs, and field observations, a discussion of the Site geology is provided below. 

3.1.2.1 Sheep Gulch Alluvial Deposits 

Sheep Gulch is normally dry from its upper reaches to just south of the tailing basin. Surface flows 

are observed only during snowmelt, heavy rainfall events, or periods when the REC Silicon plant 

located south of the Site discharges sufficient water to a branch of Sheep Gulch. The tailing basin 

was constructed over a portion of the former Sheep Gulch channel and its associated alluvial 

deposits. A number of borings and monitoring wells have been completed in the alluvial deposits at 

the Site.  The 2006 Site investigation work included placement of two monitoring well nests within 

the Sheep Gulch alluvial deposits. Nested monitoring wells MW-06-7, MW-06-8, and MW-06-9 were 

installed near the center of the tailing basin, with MW-06-8 completed in the Sheep Gulch alluvial 

deposits.  Nested wells MW-06-5 and MW-06-6 were installed south of the tailing basin, near the 

upstream Rhodia property boundary, with MW-06-5 completed in the Sheep Gulch alluvial deposits. 

Monitoring well logs are provided in Appendix 3.1-A, and monitoring well locations are shown on 

Figure 3.1-5. Soil sampling completed during the well installation verified the presence of the Sheep 

Gulch sediment beneath the tailing basin and identified the vertical extent of those deposits at about 

10 feet thick. Sand, clayey sand, and organic soils were observed in the Sheep Gulch sediment 

samples. The sediments collected in the former stream channel, where the tailing basin is located, 

were indicative of a stream with low sinuosity, and possibly moderately braided in some areas. The 

soil sampling also shows a deposit of clayey organic soil above the Sheep Gulch sediment. This 

material was likely deposited during the early years of plant operations, as a phosphate ore-washing 

unit was used to wash the clayey soil from the ore and the wash water and soil were conveyed to the 

tailing basin.  
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Cross-sections A-A’, B-B’, C-C’, D-D’ and F-F’ (Figures 3.1-6 through 3.1-9 and 3.1-11) transect 

the current and former location of Sheep Gulch and show Sheep Gulch alluvial deposits. These 

sediments were deposited within its floodplain over the years, and the main channel bed consists of 

sand and gravel. Along the sides of the main channel, sediments are typically interbedded sand 

deposits and fine-grained over-bank deposits with limited amounts organic soils. Boring logs 

completed by others found similar alluvial materials beneath the stretch of Sheep Gulch on adjacent 

property to the south (see REC boring logs in Appendix 3.1-A). Beneath the Sheep Gulch alluvial 

deposits, the sediment is characteristic of the graben-fill deposits. 

3.1.3 Graben-Fill Deposits 

The graben-fill deposits were separated into two groups, upper and lower, based on sediment 

composition and the degree of consolidation. Although there are some geologic differences observed 

with depth at the Site as discussed below, the upper and lower portions of the graben-fill deposits are 

hydraulically connected based on the data available and behave as a single hydrostratigraphic unit 

(see Section 3.2 for additional discussion).  Well logs for the onsite production wells show the upper 

graben-fill deposits extend to depths of at least 100 to 200 feet below the ground surface (Appendix 

3.1-A).  Based on deep borings completed for the facility production wells, the lower graben-fill 

deposits extend to a depth of at least 400 feet in the northeastern portion of the Site.  Igneous rocks 

(which would indicate the lower limit of the graben-fill deposits) were encountered at depths of 197 

and 208 feet in the southern portion of the Site. 

The upper graben-fill material beneath the Site consists primarily of fine-grained silt and clay 

deposits with interbedded silty sand layers. The cross sections show the western portion of the upper 

zone are predominantly fine-grained silty sands, clay and silt with some interbedded sand, silty sand, 

and poorly consolidated clays and silts. The eastern portions of the upper zone contain fine-grained 

clays and silts with interbedded layers of sand and silty sand occurring more frequently and near the 

surface. In general, sediments observed in the eastern portion of the Site tend to be coarser grained in 

nature compared to the sediment in the western portion of the Site. 

In contrast, the lower graben-fill deposits include layers of loosely consolidated shale, mudstone, 

siltstone, and silty sandstone. Chert-filled veins of hydrothermal origin have also been observed in 

numerous borings at various depths. Erosion by surface water flow in Sheep Gulch has exposed the 

chert veins at several locations along the gulch south and west of the tailing basin. 
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3.1.4 Geophysical Surveys 

Three geophysical surveys were conducted in the Site area and provide information on bedrock in the 

area.  In 1998, a Field Methods class from Montana Tech completed a gravity and magnetics survey 

along a transect that crossed the southern portion of the Site and concluded that faulting may exist in 

the central region of the valley floor (Borduin, 1999).  The location of the 1998 survey line is shown 

on Figure 3.1-15.   

Montana Tech students performed seismic, gravity and magnetic geophysical surveys in 2008. The 

report is provide in Appendix 3.1-B.  The report identified a bedrock ridge trending 

northeast/southwest across the Site area and the estimated depth to the bedrock ridge ranged from 

200 meters to 600 meters.  The 2008 transect line ran from southwest to northeast across the Site 

(Figure 3.1-15) between two outcrops of Butte Quartz Monzonite (Appendix 3.1-B). 

A third gravity survey was performed by Montana Tech students in 2009 and the report is provided in 

Appendix 3.1-C.   The gravity survey consisted of five east-west transect lines (see Figure 3.1-15) 

that covered the majority of the Site area.  The gravity data were used to develop a model of bedrock 

topography (see Appendix 3.1-C).   

In general, the geophysical surveys have resulted in a similar conclusion – that there is an apparent 

bedrock ridge located in the west-central portion of the Site that trends from southwest to northeast.  

The reports do not provide specific information on the depth of the bedrock ridge below the ground 

surface.  Interpretation of Figure 13 from the report in Appendix 3.1-C suggests that the bedrock 

ridge may be located approximately 100 meters beneath the surface.  Figure 3.1-15 shows the 

locations of deep borings that have been completed on or near the Site.  Igneous rocks have been 

encountered in four borings at depths ranging from 80 to 225 feet.  The minimum depth to igneous 

bedrock in borings completed at the Site is 197 feet at boring BSB-4.  Igneous rocks were 

encountered during the drilling of production well RP-W-1A at a depth of 225 feet, but not in any of 

the other deep borings advanced for the facility production wells, which extended to depths of up to 

400 feet.  Production well RP-W-1 is adjacent to RP-W-1A; the log for RP-W-1 shows a well depth 

of 225 feet, but does not list any geological information so it is unknown if igneous rocks were 

encountered when drilling this well.     

3.1.5 Summary of Site Geology 

Area geology consists predominantly of heterogeneous graben-fill deposits, which make up the 

uppermost geologic unit over most of the Site. Based on regional information, the graben-fill 
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deposits are underlain by igneous bedrock of the Lowland Creek Volcanics and Boulder Batholith. 

Geophysical surveys completed at the Site suggest that a bedrock ridge may be located in the west-

central portion of the Site and trend northeast/southwest. The depth and extent of the bedrock ridge 

site investigations have identified alluvial deposits associated with Sheep Gulch and Silver Bow 

Creek overlying the graben-fill deposits. The topography has been altered by construction of the 

tailing basin and the placement of the slag piles, as indicated on the cross sections.  
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SCHEMATIC CROSS SECTIONS SHOWING
DEVELOPMENT OF THE REGIONAL GEOLOGY
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Figure 3.1-2

REGIONAL BEDROCK GEOLOGY
Rhodia Silver Bow Plant, Montana
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Figure 3.1-3

MONTANA SEISMIC HAZARD MAP

Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION A-A'
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION B-B’
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION C-C’
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION D-D’
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION E-E’
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION F-F’
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION G-G’
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION H-H'
Rhodia Silver Bow Plant, Montana
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GEOLOGIC CROSS SECTION I-I’
Rhodia Silver Bow Plant, Montana
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from deepest screened interval shown 
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GEOPHYSICAL
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2,000 0 2,000
Feet

!( Deep Borings -  No Igneous Rocks (Boring Depth)
!( Deep Borings - Igneous Rocks (Depth of Igneous Rocks)

Approximate Transect Locations
Montana Tech 1998
Montana Tech 2008
Montana Tech 2009

Ba
rr

 F
oo

te
r: 

Ar
cG

IS
 1

0.
0,

 2
01

2-
06

-0
7 

14
:5

2 
Fi

le
: I

:\P
ro

je
ct

s\
26

\4
6\

00
6\

G
is

\M
ap

s\
R

FI
_W

or
kp

la
n_

20
11

\R
es

po
ns

e_
to

_E
PA

_C
om

m
en

ts
_N

ov
em

be
r_

20
11

\3
_1

_G
eo

lo
gy

\F
ig

ur
e 

3_
1-

15
 G

eo
ph

ys
ic

al
 S

ur
ve

ys
.m

xd
 U

se
r: 

sa
l2

Aerial Photography:  2009 USDA-FSA



 

 

Appendices 



 

 

Appendix 3.1-A 

Well and Boring Logs 

  



 

 

1997 Boring Logs 
 





























 

 

1997 Well Logs 
 





































































 

 

1999 Well and Boring Logs  
 































































 

 

2001 Well and Boring Logs 
 





















 

 

2002 Well and Boring Logs 
 





















 

 

2006 Well and Boring Logs 
 













































































































































































































 

 

2008 Well and Boring Logs 
 





















2012 Well Logs 

 



ML

SM

ML

SM

SP-SM

CL

ML

0-0.5': SILTY TOPSOIL with GRAVEL, very dark
gray, organic rich, angular to subangular fine to
coarse gravel, abundant roots.
0.5-6': SILTY SAND, generally brown, fine to
coarse-grained sand with 10% fine gravel,
approximately 20% silty fines, angular
grains/clasts (primarily granite), abundant mica.

6-6.6': SILT with SAND and GRAVEL, dark
grayish brown, fine to coarse-grained sand,
angular, abundant mica, some clay present,
moist.
6.6-16': SILTY SAND, brown, fine to
medium-grained with approximately 20%
coarse-grained sand and 10% fine gravel,
approximately 20% fines, angular grains/clasts,
abundant mica.
Few sandy clay lenses present between 10-15'
bgs.

16-16.8': POORLY GRADED SAND with SILT,
yellowish brown, fine to coarse-grained with
approximately 10% fine gravel, sub-angular to
angular grains/clasts.
16.8-17.8': LEAN CLAY with SAND, generally
grayish brown, approximately 20% fine to
medium-grained sand, medium plasticity and
toughness, no dilatancy.
17.8-25': CLAYEY SILT with SAND and
GRAVEL, generally brown, fine to
coarse-grained sand (approximately 15%) and
fine sub-angular to sub-rounded gravel
(approximately 20%)(siltstone/mudstone), slightly
cohesive, homogenous except for sand lens
(SM) from 20-20.2' bgs.

1

2

3

Dry

Dry

Moist

Moist

Moist

Moist

Wet

None
None
None

None
None
None

None
None
None

10YR 3/1

10YR 5/3

10YR 4/2

10YR 5/3

10YR 5/4

10YR 5/2

10YR 4/3

DESCRIPTION

SHEET 1 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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LOG OF BORING MW-12-1
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S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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G

Y

Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"
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Location Silver Bow, Montana

Surface Elevation 5327.6 ft
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Interval:
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PVC
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ML

SM

ML

25-46': CLAYEY SILT with GRAVEL, brown,
approximately 10-15% fine to coarse-grained
sand particles, fine sub-angular to angular
siltstone/mudstone gravel, slightly cohesive, low
plasticity and toughness, homogeneous,
abundant mica.

35': Clay content appears to increase with depth.

46-48': SILTY SAND with GRAVEL, generally
brown, fine-grained sand with approximately
20% fine sub-angular to sub-round gravel,
approximately 30% silty fines.
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5

Wet

Wet

None
None
None

None
None
None

None

10YR 4/3

10YR 5/4

DESCRIPTION

SHEET 2 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"
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Location Silver Bow, Montana
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Total Depth 205.0 ft
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ML
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48-61': CLAYEY SILT with GRAVEL, brown,
approximately 10-15% fine to coarse-grained
sand particles, fine sub-angular to angular
siltstone/mudstone gravel, slightly cohesive, low
plasticity and toughness, homogeneous,
abundant mica.(continued)

55': Clay content appears to increase with depth,
brown.

61-64.5': SANDY LEAN CLAY with SILT, brown,
approximately 30-40% fine to coarse-grained
sand and 10% silt, low to medium plasticity and
toughness, no dilatancy, sand particles are
sub-angular to angular, firm to hard, abundant
mica.

64.5-65': SILTY SAND, light yellowish brown,
fine to coarse-grained with approximately 30%
silty fines, trace fine sub-angular to angular
gravel, abundant mica.
65-71': CLAYEY SILT with GRAVEL, brown,
approximately 20-30% fine sub-angular to
angular mudstone/siltstone gravel, approximately
10% fine to coarse-grained sand size particles,
cohesive, low plasticity, low to no toughness,
homogeneous, abundant mica.

71-75': SANDY SILT, generally yellowish brown,
approximately 40% fine to coarse-grained sand,
sub-angular to sub-round grains, approximately
60% silty fines, no plasticity or toughness, firm,
abundant mica.
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Wet

Wet

None
None
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None

10YR 5/4

10YR 4/3

10YR 5/3

2.5Y 6/3

10YR 4/3

10YR 5/4

DESCRIPTION

SHEET 3 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5327.6 ft

Total Depth 205.0 ft
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Concrete, Neat
Cement Grout

0-5' bgs, 5-188'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

195-205' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

188-191' bgs
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CL

ML

SM

ML

CL

75-86': LEAN CLAY with GRAVEL/SILT/SAND,
generally brown, approximately 30% sub-angular
to angular siltstone/mudstone fine gravel, soft to
firm, low to medium plasticity and toughness,
some mica (less than units located above).

86-89.5': CLAYEY SILT with SAND and
GRAVEL, generally yellowish brown,
approximately 25% fine to coarse-grained sand,
20% fine gravel, sub-angular to angular
grains/clasts, cohesive, low to no plasticity and
toughness, firm, abundant mica.
Silty sand lens (SM) observed from
approximately 87.5-87.8' bgs.
89.5-95': SILTY SAND, brown, fine to
coarse-grained sand with approximately 5% fine
gravel, sub-angular to angular grains/clasts, firm
but very easily broken in core, approximately
40% silty fines, abundant mica.

Silt (SM) lens from approximately 93-94' bgs,
mottled yellowish brown, brown, and pale brown.

95-96.5': SILT, mottled yellowish brown, brown,
and pale brown, abundant mica.

96.5-101': LEAN CLAY with
GRAVEL/SILT/SAND, generally brown,
approximately 20% fine gravel, sub-round to
angular grains/clasts, soft to firm, low to medium
plasticity and toughness, some mica, moist to
wet.
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Wet

Wet

Wet

Moist
to Wet

10YR 4/3

10YR 5/4

10YR 5/3

10YR 5/4

10YR 5/3

10YR 6/3

10YR 5/4
10YR 5/3
10YR 6/3

10YR 4/3

DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"
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CL

ML

SP-SM

ML

SP-SM

101-107': CLAYEY SILT with SAND and
GRAVEL, generally brown, approximately 25%
fine to coarse-grained sand, 15-20% fine gravel,
sub-angular to angular grains/clasts, low to no
plasticity and toughness, firm.

107-112': POORLY GRADED SAND with SILT,
light olive brown, fine to coarse-grained sand
with approximately 10% silty fines, trace fine
gravel, sub-angular to sub-round grains/clasts,
loose, abundant mica.

112-124': CLAYEY SILT with GRAVEL, brown,
5-10% fine to coarse-grained sand,
approximately 40% fine gravel, cohesive, low
plasticity, low to no toughness, sub-round to
angular grains/clasts, abundant mica.

124-125': POORLY GRADED SAND with SILT,
generally light olive brown, fine to

12

13

14

Moist
to Wet

Moist
to Wet

Moist

Moist

None
None
None

None
None
None

10YR 5/3

2.5Y 5/3

10YR 5/3

2.5Y 5/3

DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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Protop-Sch. 40
Steel

188-191' bgs
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SCREEN

SANDPACK
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Bentonite Chips

NSF Certified
Silica Sand

191-205' bgs
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ML

SP-SM

ML

SM

ML

ML

medium-grained with approximately 20%
coarse-grained sand, trace fine gravel,
approximately 10% silty fines, loose in core,
sub-angular to sub-round grains/clasts,
abundant mica.
125-127': SILT, mottled yellowish brown and
brown, trace fine-grained sand, abundant mica.
127-127.5': Lens of POORLY GRADED SAND
with SILT, generally light olive brown, fine to
medium-grained with approximately 20%
coarse-grained sand, trace fine gravel,
approximately 10% silty fines, loose in core,
sub-angular to sub-round grains/clasts,
abundant mica.
127.5-129': CLAYEY SILT with GRAVEL,
brown, 5-10% fine to coarse-grained sand,
approximately 40% fine gravel, cohesive, low
plasticity, low to no toughness, sub-round to
angular grains/clasts, abundant mica.
129-137': SILTY SAND, generally pale brown
with some mottles of brown and yellowish brown,
fine to coarse-grained sand with trace fine
gravel, approximately 40-45% silty fines with
some clay, slightly cohesive when wetted,
angular to sub-round grains/clasts, firm to hard
in core.
135': Fines increase with depth.

137-141': CLAYEY SILT with GRAVEL and
SAND, yellowish brown, approximately 20% fine
gravel, 10% fine to coarse-grained sand,
cohesive, low plasticity, low to no toughness,
firm in core, sub-angular to angular grains/clasts,
abundant mica.

141-150': SILT with CLAY and SAND, generally
yellowish brown, mottled with yellowish brown
and pale brown, approximately 10% fine to
coarse-grained sand, 5-10% fine gravel
(mudstone/siltstone), firm to hard in core but
easily broken, abundant mica grains are
generally smaller than above.

145': Becomes more clayey with depth, grades to
clayey silt with gravel (same as 137-141' bgs).

15

16

Moist
to Wet

Moist

Appears
Wet

Moist
to Wet

Appears
Wet

Appears
Wet

None
None
None

None
None
None

None

10YR 5/4
10YR 5/3

2.5Y 5/3

10YR 5/3

10YR 6/3
10YR 5/3
10YR 5/4

10YR 5/4

10YR 5/4
10YR 5/6
10YR 6/3
2.5Y 5/2

DESCRIPTION

SHEET 6 OF 9

(continued)

130

135

140

145

Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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LOG OF BORING MW-12-1
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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O
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Y

Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5327.6 ft

Total Depth 205.0 ft
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2.5' ags-195' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-188'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

195-205' bgs
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Type:
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Type:
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Protop-Sch. 40
Steel

188-191' bgs

2 inch

SCREEN

SANDPACK
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Bentonite Chips

NSF Certified
Silica Sand
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SC-SM

CL

SC-SM

CL

SM

ML

150-163': CLAYEY to SILTY SAND, generally
olive brown, approximately 30% clayey to silty
fines, 70% fine to coarse-grained sand,
sub-angular to sub-round grains/clasts, trace
fine gravel, slightly cohesive when wetted, very
compact/hard in the core, abundant mica - more
than observed above - large flakes.

Lens of silt (ML) with clay laminations observed
from 156.5-157' bgs, generally pale brown and
brown.

163-164.5': LEAN CLAY with SAND and
GRAVEL, generally light yellowish brown,
approximately 15% fine to coarse-grained sand,
15% fine gravel, sub-angular to angular
grains/clasts, few sub-rounded, medium
plasticity and toughness, firm in core, abundant
mica - large flakes.
164.5-167': CLAYEY to SILTY SAND, generally
olive brown, approximately 30% clayey to silty
fines, 70% fine to coarse-grained sand, trace
fine gravel, sub-angular to sub-round
grains/clasts, slightly cohesive when wetted, very
compacted/hard in the core, abundant mica -
more than observed above.
167-172': LEAN CLAY with SAND, generally
pale brown to brown, approximately 20% fine to
coarse-grained sand, 5% fine gravel,
sub-angular to sub-round grains/clasts, firm in
core, abundant mica - large flakes.

172-174': SILTY SAND with CLAY, light
yellowish brown, fine to coarse-grained sand,
trace fine gravel, approximately 30% silty fines,
sub-angular to sub-round grains/clasts, firm,
abundant mica.
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18

19
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Moist

Moist

Moist

None
None

None
None
None

None
None
None

None
None
None

10YR 5/3

2.5Y 6/3

10YR 5/3

10YR 5.5/3

2.5Y 6/3

DESCRIPTION

SHEET 7 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5327.6 ft

Total Depth 205.0 ft
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Type:
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6"

2.5' ags-195' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-188'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

195-205' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

188-191' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

191-205' bgs
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ML

CL

SC

CL-SC

SM

ML

SP

CL

SP/SP-SM

174-177': CLAYEY SILT with GRAVEL, brown,
approximately 10% fine to coarse-grained sand,
approximately 30% fine gravel, firm in
core.(continued)

177-182': LEAN CLAY with SAND, generally
brown, approximately 20% fine to coarse-grained
sand, trace fine gravel, sub-angular to sub-round
grains/clasts, firm in core, abundant mica.

182-185': CLAYEY SAND, generally brown to
pale brown, fine to coarse-grained sand with
trace to 5% fine gravel, approximately 30-40%
clayey fines (material is cohesive when wetted),
sub-round to angular grains/clasts, hard in core,
fines increase with depth, abundant mica.

185-189': SANDY LEAN CLAY to CLAYEY
SAND, generally brown, approximately 50% fine
to coarse-grained sand with trace fine gravel,
approximately 50% clayey to silty fines, fines
decrease with depth, some mica. Grades to
clayey sand (SC) below approximately 187' bgs.

189-190': SILTY SAND, generally grayish brown,
fine to coarse-grained with trace fine gravel,
approximately 20% silty fines likely with some
clay (cohesive when wetted), abundant small
mica flakes.
190-195': SILT with CLAY and SAND, generally
brown to pale brown, laminated silt with
abundant mica, firm to hard in core, very bottom
of core appears as very hard claystone.

195-195.8': POORLY GRADED SAND, light
olive brown, fine to medium-grained with
approximately 20% coarse-grained sand, no
gravel, approximately trace to 5% fines,
sub-angular to sub-round grains, abundant large
flakes of mica.
195.8-196.5': LEAN CLAY with SAND to
SANDY LEAN CLAY, generally light yellowish
brown, approximately 20-30% fine to
coarse-grained sand, trace fine gravel,
sub-angular grains/clasts, firm, low to medium
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22

Moist

Moist

Moist

Moist

Moist

Moist

Moist
to Wet

Moist
to Wet

Appears
Wet

None
None
None

None
None
None

None

10YR 5/3

10YR 5/3

10YR 5.5/3

10YR 5/3

10YR 5/2

10YR 5/3
10YR 6/3

2.5Y 5/3

2.5Y 6/3

2.5Y 5/2

DESCRIPTION

SHEET 8 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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LOG OF BORING MW-12-1
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5327.6 ft

Total Depth 205.0 ft
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2.5' ags-195' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-188'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

195-205' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

188-191' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand
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SP/SP-SM

ML

SM

SP/SP-SM

plasticity and toughness,abundant mica.
Approximate 3" silt (ML) lens from approximately
199.5-199.6' bgs.
196.5-201': POORLY GRADED SAND to
POORLY GRADED SAND with SILT, generally
grayish brown, fine to medium-grained sand with
coarse-grained sand ranging from 10-20% in
zone of unit, trace fine gravel, approximately
5-10% fines, abundant mica.(continued)
201-201.5': SILT with laminations of clay with
claystone gravel, generally light grayish brown,
hard, some mica.
201.5-202.5': SILTY SAND, generally light olive
brown, very fine to fine-grained sand,
approximately 20% silty fines, abundant mica -
small flakes.
202.5-205': POORLY GRADED SAND to
POORLY GRADED SAND with SILT, generally
grayish brown, fine to medium-grained with
approximately 20% coarse-grained,
approximately 5-10% fines, trace to 5% fine
gravel, sub-angular to sub-round grains/clasts,
abundant mica.
End of Boring - 205 feet

23

Moist

Moist
to Wet

Wet

None
None

2.5Y 6/2

2.5Y 5/3

2.5Y 5/2

DESCRIPTION
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220

Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/15/12

Logged By KAM
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 FEET

LOG OF BORING MW-12-1
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks:Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/17/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5327.6 ft
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bgs
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Sch. 40, .010 Slot,
PVC
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Steel

188-191' bgs

2 inch
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OL/ML

CL

CL

SP-SM

CL

SM

SC

CL

0-1': SILTY TOPSOIL with roots (~1'), mica-rich
subsoil chunks, crumble with moderate finger
pressure.
1-5': SANDY LEAN CLAY, brown, approximately
30% fine to medium-grained sand.

5-12': LEAN CLAY, mottled light brownish gray
to olive yellow, approximately 10% sand, hard,
decreasing sand and mica with depth.

12-15': POORLY GRADED SAND with SILT,
brown, approximately 10% sand, mica,
sub-angular, sub-rounded.

15-16': SANDY LEAN CLAY, brown,
approximately 30% fine to medium-grained sand.

16-20': SILTY SAND, olive gray to olive yellow,
approximately 40% sand and 60% fines.

20-22': CLAYEY SAND, light yellowish brown,
approximately 30% fines.

22-35': SANDY LEAN CLAY, light yellowish
brown, approximately 20% sand, saturated.
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Dry

Moist

Moist

Moist

Moist

Moist

Moist

10YR 5/3

2.5YR 6/2
2.5YR 6/8

10YR 5/3

10YR 5/3

5Y 6/2
2.5Y 6/8

10YR 6/4

DESCRIPTION

SHEET 1 OF 2

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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LOG OF BORING MW-12-2
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/1/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5321.3 ft

Total Depth 35.0 ft
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Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-11'
bgs
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Sch. 40, .010 Slot,
PVC
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Steel
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CL

22-35': SANDY LEAN CLAY, light yellowish
brown, approximately 20% sand,
saturated.(continued)
Few silt lenses from 25-35' bgs.

Generally light yellowish brown but with lenses of
very pale brown with brownish yellow mottling.

End of Boring - 35 feet

5 Wet 10YR 6/4
10YR 7/3
10YR 6/8

DESCRIPTION

SHEET 2 OF 2
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/1/12

BGS = "below ground surface"
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Location Silver Bow, Montana

Surface Elevation 5321.3 ft
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OL/ML

SP-SM

SM

SP-SM

0-1': ORGANIC TOPSOIL with roots,
approximately 30% sand and 70% fines.

1-15': POORLY GRADED SAND with SILT,
brown, medium to fine-grained, approximately
10% fines, sub-rounded, sub-angular.

15-20': SILTY SAND, powdery very pale brown,
fine-grained, approximately 50% fines.

20-25': POORLY GRADED SAND with SILT,
brown, medium to fine-grained, approximately
10% fines, sub-rounded, sub-angular.

1

2

3

Dry

Moist

Moist

Moist

10YR 5/4

10YR 7/3

10YR 5/4

DESCRIPTION

SHEET 1 OF 8

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
S

A
M

P
. N

U
M

B
E

R

E
N

V
IR

O
 L

O
G

 5
 (

5/
27

/0
4)

  2
64

60
00

6.
24

_
R

H
O

D
IA

.G
P

J 
 B

A
R

R
 L

IB
R

 J
A

N
06

.G
LB

   
 1

2/
20

/1
2

Diameter:

Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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SC

SC

CL

CL

25-27': CLAYEY SAND, pale brown to brownish
yellow, fine-grained, approximately 40% fines,
mottled, clumps broken with moderate pressure,
mica.

27-38.5': CLAYEY SAND, gray/pale brown,
fine-grained, approximately 30% fines, smaller
clumps than 25-27' bgs.

Larger flat, sub-angular clumps, mica from
33.5-34.5' bgs, approximately 50% fines.

Color grades to very pale brown from 34.5-38.5'
bgs, approximately 40% fines.

38.5-45': SANDY LEAN CLAY, light yellowish
brown, approximately 30% sand, small mica
flakes.

45-50': SANDY LEAN CLAY, light brownish
gray, approximately 10% sand.
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Moist

Moist

Moist

Moist

Moist

10YR 6/3
10YR 6/8

10YR 6/3

10YR 7/3

10YR 6/4

10YR 6/3
10YR 8/2

DESCRIPTION

SHEET 2 OF 8

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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LOG OF BORING MW-12-3

A
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
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Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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SM

CL

CL

SC

CL

SM

CL

SM

CL

SC

CL

50-52': SILTY SAND, pale red, approximately
30% fines, low plasticity.

52-55': SANDY LEAN CLAY, pale brown,
approximately 30% sand, micaceous.

55-57': SANDY LEAN CLAY with GRAVEL, light
yellowish brown, fine gravel, approximately 25%
sand and 5% fine, sub-angular, elongated,
gravel.

57-60': CLAYEY SAND, light yellowish brown,
fine-grained, approximately 35% fines,
micaceous.

60-64': SANDY LEAN CLAY with GRAVEL, light
yellowish brown, approximately 25% sand and
5% fine, sub-angular, elongated, gravel.

64-65': SILTY SAND, pale brown, fine to
medium-grained, approximately 20% fines,
loose.
65-69': SANDY LEAN CLAY with GRAVEL, light
yellowish brown, fine gravel, approximately 25%
sand and 5% fine, sub-angular, elongated gravel,
stiff.

69-70': SILTY SAND, gray, fine to
medium-grained, approximately 20% fines,
loose.
70-73': SANDY LEAN CLAY, pale brown,
approximately 10% sand, micaceous, stiff.

73-74': CLAYEY SAND, light brownish gray, fine
to medium-grained sand, approximately 40%
fines, medium dense.
74-75': SANDY LEAN CLAY with GRAVEL, light
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Moist

Moist

Moist

Moist

Moist

Moist

Moist

Dry to
Moist

Moist

Moist

Moist

2.5YR 6/2

10YR 6/3

10YR 6/4

10YR 6/4
10YR 8/1

10YR 6/4

10YR 6/3

10YR 6/4

10YR 8/1

10YR 6/3

10YR 6/2

10YR 6/4

DESCRIPTION

SHEET 3 OF 8

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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LOG OF BORING MW-12-3
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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CL

CL

SC

SP-SC

CL

CL

SP

CL

GP

yellowish brown, sub-angular, elongated fine
gravel, approximately 25% sand and 5% fine
gravel.
75-85': SANDY LEAN CLAY, light brownish
gray, approximately 30% fine-grained sand,
medium dense, trace gravel and sand lenses
present.

85-91': SANDY LEAN CLAY, light yellowish
brown, approximately 30% fine to coarse-grained
sand, approximately 10% fine gravel.

91-93': CLAYEY SAND, light olive brown,
approximately 30% fines, medium dense.

93-94': POORLY GRADED SAND with CLAY,
grayish brown, medium-grained sand,
approximately 10% fines, medium dense.
94-95': LEAN CLAY with GRAVEL, light
yellowish brown, approximately 5% sand and
10% gravel.
95-97': SANDY LEAN CLAY, grayish brown,
approximately 25% sand, micaceous, stiff.

97-98': POORLY GRADED SAND, gray,
medium to fine-grained, approximately 5% fines,
trace clay.
98-99': SANDY LEAN CLAY, grayish brown,
approximately 25% sand, micaceous, stiff.
99-100': POORLY GRADED GRAVEL with
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Moist
to Wet

Moist
to Wet

Moist
to Wet

Wet

Moist

Wet

Wet

Wet

Moist

2.5Y 6/2

2.5Y 6/3

2.5Y 5/3

10YR 5/2

2.5Y 6/3

2.5Y 5/2

2.5Y 8/2
5Y 6/3

2.5Y 5/2

2.5Y 5/2
5Y 6/3

DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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LOG OF BORING MW-12-3
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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CL

CL

CL

CL

CL

SAND, gray gravel, yellowish brown sand, fine to
medium angular, elongated gravel, approximately
35% sand and 5% fines.
100-105': LEAN CLAY, gray, approximately 5%
sand, micaceous, very stiff, cleaves on horizontal
plane.

105-112': LEAN CLAY, dark gray, approximately
5% sand, massive, stiff to very stiff.

112-115': SANDY LEAN CLAY, grayish brown,
fine-grained sand, approximately 30%
fine-grained sand, fine mica.
Chert vein at 113' bgs.

115-118': SANDY LEAN CLAY, grayish brown,
fine-grained sand, approximately 30%
fine-grained sand, fine mica.

118-125': SANDY LEAN CLAY, grayish brown,
trace gravel, approximately 40% sand. Difficult to
determine contact at 125' bgs.
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Moist
to Wet

Moist
to Wet

Moist
to Wet

Wet

Wet

5YR 5/1

5YR 4/1

10YR 5/2

2.5Y 5/2

2.5Y 5/2

DESCRIPTION

SHEET 5 OF 8

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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 FEET

LOG OF BORING MW-12-3
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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CL

CL

CL

CL

CL

CL

CL

125-126': SANDY LEAN CLAY, gray,
approximately 20% sand, much more plastic
than above (118-125' bgs).
126-130': SANDY LEAN CLAY, grayish brown,
approximately 40% sand.

130-131': SANDY LEAN CLAY, gray,
approximately 20% sand.

131-132': MUDSTONE/CLAYSTONE, light gray,
approximately 5% sand, blocky, hard to very
hard.
132-134': CLAY, mostly light gray, loose gravel
size pieces (possibly broken claystone).
Lens of dark gray silt at approximately 133' bgs.

134-149': LEAN CLAY, gray, approximately 5%
sand, massive, very stiff.
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Wet

Wet

Wet

Dry to
Moist

Dry to
Moist

Moist
to Wet

Moist/Wet

2.5Y 5/1

2.5Y 5/2

2.5Y 5/1

5Y 7/1

5Y 7/2
5Y 4/1

2.5Y 5/1

DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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LOG OF BORING MW-12-3
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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CL

CL

CL

CL

CL

149-151': LEAN CLAY, gray with gray mottling,
medium stiffness, medium dense, medium to
high plasticity.(continued)
151-155': CLAY, light olive gray, yellow/olive
mottling in places, very hard, almost claystone,
cemented into blocks or plates, acid negative, dry
in some places.

155-163': LEAN CLAY, olive gray, massive, stiff,
micaceous.

163-167': LEAN CLAY, olive gray, yellow
mottling, very hard, blocky, cleaves into sheets.

167-180': LEAN CLAY, olive gray, massive, stiff,
micaceous.
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Moist
to Wet

Dry to
Moist

Moist

Dry to
Moist

Moist

5Y 5/1
5Y 6/1

5Y 6/2

5Y 5/2

5Y 5/2
5Y 7/8

5Y 5/2

DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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CL

CL

CL

167-180': LEAN CLAY, olive gray, massive, stiff,
micaceous.(continued)

180-182': CLAY, pale olive and greenish, strong
brown mottling, approximately 10% sand, very
hard, some darker sand mixed in.

182-185': CLAY, gray to black, color darkens
with depth, very hard, broken into angular
fragments, pieces of shale similar to 132-134'
bgs, chert pieces present.
Silt lens at 183' bgs.

185-190': CLAY, dark gray, hard, shale pieces at
bottom, may be all pulverized shale.

End of Boring - 190 feet
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Moist/Wet

Moist

Dry to
Moist

Dry to
Moist

5Y 6/4
7.5YR 5/8

5Y 6/1
5Y 2.5/1

5B 4/1

DESCRIPTION
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/1/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-3

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/2/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5370.1 ft

Total Depth 190.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-170' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-166.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

171-181' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

166.5-168.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

168.5-182' bgs

Screen fell slightly due to
vibration packing of sand.
Bentonite backfill from
182.5-190' bgs.
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5175



SP

CL

SM

SC

CL

SP-SM

CL

0-2': POORLY GRADED SAND, brown, fine to
medium-grained, approximately 5% fines,
sub-angular. Blueish gray cement debris near
surface.

2-5': SANDY LEAN CLAY, grayish brown, fine to
medium-grained sand, approximately 30% sand,
sub-angular to sub-round, some mica, clay is
laminated.

5-6': SILTY SAND, brown, fine-grained,
approximately 20% fines, sub-angular to
sub-round.
6-9': CLAYEY SAND, pale brown to light brown,
approximately 30% fines and 10% gravel, some
gravel, a few large cobbles.

9-15': LEAN CLAY, pale brown, approximately
10% sand, some mica.

15-18': SILTY SAND, light yellowish brown, silt
near top is brown, fine to medium-grained,
approximately 10% fines.

18-25': LEAN CLAY, light gray, grayish brown
near the top, approximately 5% sand, stiff, more
plastic towards bottom.

1

2

3

Dry

Dry

Dry

Dry to
Moist

Moist

Dry to
Moist

Moist

10YR 5/3

10YR 5/2

10YR 5/3

10YR 6/3
10YR 7/2

10YR 6/3

2.5Y 6/3
10YR 5/3

5Y 7/2
2.5Y 5/2

DESCRIPTION

SHEET 1 OF 2

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/6/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-4

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: *Geologic information obtained from MW-12-6 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/7/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.1 ft

Total Depth 40.5 ft
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Diameter:

Type:

Interval:

6"

3' ags-19.5' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-14.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

19.5-39.5' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

14.5-16.8' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

16.8-40.5' bgs
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5305

5300
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CL

SM

Sand lens at 25' bgs.
25-32': LEAN CLAY, olive gray, spots of strong
brown,  approximately 5% sand, hard, massive.

32-40.5': SILTY SAND with CLAY, gray, low to
medium plasticity, approximately 40% fines.
Some very hard laminated disks from 32-35' bgs.

End of Boring - 40.5 feet

4

5

6

Moist

Moist

5Y 5/2
7.5YR 5/8

5Y 6/1

DESCRIPTION

SHEET 2 OF 2
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/6/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-4

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: *Geologic information obtained from MW-12-6 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/7/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.1 ft

Total Depth 40.5 ft
S

A
M

P
. N

U
M

B
E

R

E
N

V
IR

O
 L

O
G

 5
 (

5/
27

/0
4)

  2
64

60
00

6.
24

_
R

H
O

D
IA

.G
P

J 
 B

A
R

R
 L

IB
R

 J
A

N
06

.G
LB

   
 1

2/
20

/1
2

Diameter:

Type:

Interval:

6"

3' ags-19.5' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-14.5'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

19.5-39.5' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

14.5-16.8' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

16.8-40.5' bgs
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SP

CL

SM

SC

CL

SP-SM

CL

0-2': POORLY GRADED SAND, brown, fine to
medium-grained, approximately 5% fines,
sub-angular. Blueish gray cement debris near
surface.

2-5': SANDY LEAN CLAY, grayish brown, fine to
medium-grained sand, approximately 30% sand,
sub-angular to sub-round, some mica, clay is
laminated.

5-6': SILTY SAND, brown, fine-grained,
approximately 20% fines, sub-angular to
sub-round.
6-9': CLAYEY SAND, pale brown to light brown,
approximately 30% fines and 10% gravel, some
gravel, a few large cobbles.

9-15': LEAN CLAY, pale brown, approximately
10% sand, some mica.

15-18': SILTY SAND, light yellowish brown, silt
near top is brown, fine to medium-grained,
approximately 10% fines.

18-25': LEAN CLAY, light gray, grayish brown
near the top, approximately 5% sand, stiff, more
plastic towards bottom.

1

2

3

Dry

Dry

Dry

Dry to
Moist

Moist

Dry to
Moist

Moist

10YR 5/3

10YR 5/2

10YR 5/3

10YR 6/3
10YR 7/2

10YR 6/3

2.5Y 6/3
10YR 5/3

5Y 7/2
2.5Y 5/2

DESCRIPTION

SHEET 1 OF 4

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/6/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-5

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: *Geologic information obtained from MW-12-6 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/6/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.1 ft

Total Depth 95.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-83.5' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-79.8'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

83.5-93.5' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

79.8-81.8' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

81.8-95' bgs
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5310

5305

5300

5295



CL

SM

CL

CL

Sand lens at 25' bgs.
25-32': LEAN CLAY, olive gray, spots of strong
brown,  approximately 5% sand, hard, massive.

32-45': SILTY SAND with CLAY, gray, low to
medium plasticity, approximately 40% fines.
Some very hard laminated disks from 32-35' bgs.

45-48': LEAN CLAY, light gray with yellow
mottling, gray from 46-47' bgs.

48-50': LEAN CLAY, gray, approximately 10%
sand, medium plasticity, breaks apart easily,
some mica.
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Moist

Moist

Dry to
Moist

Dry to
Moist

5Y 5/2
7.5YR 5/8

5Y 6/1

2.5Y 7/1
5Y 7/8
5Y 5/1

5Y 5/1

DESCRIPTION

SHEET 2 OF 4

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/6/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-5

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: *Geologic information obtained from MW-12-6 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/6/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.1 ft

Total Depth 95.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-83.5' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-79.8'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

83.5-93.5' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

79.8-81.8' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

81.8-95' bgs
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5275

5270



CL

CL

CL

CL

GC

CL

CHERT

50-58': LEAN CLAY, light gray with yellow
mottling.

58-65': SANDY LEAN CLAY, yellow mottling
decreases and color grades to light olive gray,
approximately 35% sand.

65-66': GRAVELLY LEAN CLAY, pale olive,
approximately 20% gravel and 10% sand,
relatively soft.
66-69': LEAN CLAY, pale yellow, piece of
blue/gray shale at contact with 69-71' bgs,
approximately 5% sand and 5% gravel, gravel
may be chert.

69-71': CLAYEY GRAVEL, gray clay, dark gray
gravel, approximately 35% fines and 5% sand,
hard, angular, sub-round to elongated, gravel
may be chert.

71-73': LEAN CLAY with SAND, light olive gray,
approximately 15% sand, very hard, some strong
brown mottling.

73-76': PULVERIZED CHERT, pale yellow with
strong brown mottling, looks like sand and gravel
but macroscopic pieces are all same material,
conchoidal fracturing.
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9

10

Dry to
Moist

Moist

Moist
to Wet

Dry to
Moist

Moist

Dry to
Moist

Moist

2.5Y 7/1
5Y 7/8

5Y 7/8
5Y 6/2

5Y 6/3

5Y 7/3

5Y 5/1
5Y 4/1

5Y 4/1
7.5YR 5/8

5Y 8/2
7.5YR 7/8

DESCRIPTION

SHEET 3 OF 4

(continued)
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60
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70

Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/6/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-5

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O
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G

Y

Remarks: *Geologic information obtained from MW-12-6 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/6/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.1 ft

Total Depth 95.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-83.5' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-79.8'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

83.5-93.5' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

79.8-81.8' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

81.8-95' bgs
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CHERT

CL/CHERT
CHERT

CL

SM

SM

76-78': LEAN CLAY with CHERT, yellow clay,
brownish yellow and white chert.

78-83': LEAN CLAY, light olive gray with strong
brown mottling, approximately 10% sand,
noticeable thin layers.

Chert lens at 81' bgs. Color grades to light
brownish gray and material becomes medium
stiff to stiff from 81-83' bgs.

83-85': SILTY SAND. grayish brown,
fine-grained, approximately 40% fines, low to
medium plasticity.

85-95': SILTY SAND, grayish brown,
approximately 40% fines. More plastic than
83-85' bgs.

End of Boring - 95 feet

11

Moist

Moist

Moist

Moist

2.5Y 7/6
10YR 6/8
2.5Y 8/1

5Y 5/2
7.5YR 5/8
2.5Y 6/2

2.5Y 5/2

2.5Y 5/2

DESCRIPTION

SHEET 4 OF 4
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/6/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-5

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O
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G

Y

Remarks: *Geologic information obtained from MW-12-6 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/6/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.1 ft

Total Depth 95.0 ft
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Diameter:

Type:

Interval:

6"

3' ags-83.5' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-79.8'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

83.5-93.5' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

79.8-81.8' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

81.8-95' bgs
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SP

CL

SM

SC

CL

SP-SM

CL

0-2': POORLY GRADED SAND, brown, fine to
medium-grained, approximately 5% fines,
sub-angular. Blueish gray cement debris near
surface.

2-5': SANDY LEAN CLAY, grayish brown, fine to
medium-grained sand, approximately 30% sand,
sub-angular to sub-round, some mica, clay is
laminated.

5-6': SILTY SAND, brown, fine-grained,
approximately 20% fines, sub-angular to
sub-round.
6-9': CLAYEY SAND, pale brown to light brown,
approximately 30% fines and 10% gravel, a few
cobbles.

9-15': LEAN CLAY, pale brown, approximately
10% sand, some mica.

15-18': SILTY SAND, light yellowish brown, silt
near top is brown, fine to medium-grained,
approximately 10% fines.

18-25': LEAN CLAY, light gray, grayish brown
near the top, approximately 5% sand, stiff, more
plastic towards bottom.

1
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3

Dry

Dry

Dry

Dry to
Moist

Moist

Dry to
Moist

Moist

10YR 5/3

10YR 5/2

10YR 5/3

10YR 6/3
10YR 7/2

10YR 6/3

2.5Y 6/3
10YR 5/3

5Y 7/2
2.5Y 5/2

DESCRIPTION

SHEET 1 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.

S
A

M
P

. L
E

N
G

T
H

&
 R

E
C

O
V

E
R

Y

Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/3/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-6

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:
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CL

SM

CL

CL

Sand lens at 25' bgs.
25-32': LEAN CLAY, olive gray, spots of strong
brown,  approximately 5% sand, hard, massive.

32-45': SILTY SAND with CLAY, gray, low to
medium plasticity, approximately 40% fines.
Some very hard laminated disks from 32-35' bgs.

45-48': LEAN CLAY, light gray with yellow
mottling, gray from 46-47' bgs.

48-50': LEAN CLAY, gray, approximately 10%
sand, medium plasticity, breaks apart easily,
some mica.
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DESCRIPTION

SHEET 2 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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CL

CL

CL

CL

GC

CL

CHERT

50-58': LEAN CLAY, light gray with yellow
mottling.

58-65': SANDY LEAN CLAY, yellow mottling
decreases and color grades to light olive gray,
approximately 35% sand.

65-66': GRAVELLY LEAN CLAY, pale olive,
approximately 20% gravel and 10% sand,
relatively soft.
66-69': LEAN CLAY, pale yellow, piece of
blue/gray shale at contact with 69-71' bgs,
approximately 5% sand and 5% gravel, gravel
may be chert.

69-71': CLAYEY GRAVEL, gray clay, dark gray
gravel, approximately 35% fines and 5% sand,
hard, angular, sub-round to elongated, gravel
may be chert.

71-73': LEAN CLAY with SAND, light olive gray,
approximately 15% sand, very hard, some strong
brown mottling.

73-76': PULVERIZED CHERT, pale yellow with
strong brown mottling, looks like sand and gravel
but macroscopic pieces are all same material,
conchoidal fracturing.
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Dry to
Moist
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to Wet

Dry to
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5Y 6/2
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5Y 5/1
5Y 4/1

5Y 4/1
7.5YR 5/8
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DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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CHERT

CL
CHERT

CL

SM

SM

CL

CL

76-78': LEAN CLAY with CHERT, yellow clay,
brownish yellow and white chert.

78-83': LEAN CLAY, light olive gray with strong
brown mottling, approximately 10% sand,
noticeable thin layers.

Chert lens at 81' bgs. Color grades to light
brownish gray and material becomes medium
stiff to stiff from 81-83' bgs.

83-85': SILTY SAND. grayish brown,
fine-grained, approximately 40% fines, low to
medium plasticity.

85-95': SILTY SAND, grayish brown,
approximately 40% fines. More plastic than
83-85' bgs.

95-98': SANDY LEAN CLAY, grayish brown,
approximately 30% sand. Similar to 85-95' bgs
but with more clay.

98-104': LEAN CLAY, light brownish gray,
approximately 10% fine-grained sand.
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DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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CL

SM

CL

SM

CL

SM

CL

SM

98-104': LEAN CLAY, light brownish gray,
approximately 10% fine-grained sand.(continued)

104-106': SILTY SAND. grayish brown,
fine-grained, approximately 30% fines, low to
medium plasticity.

106-111': LEAN CLAY, light brownish gray,
approximately 10% fine-grained sand.

Manganese flecks at 108' bgs.

111-113': SILTY SAND. grayish brown,
fine-grained, approximately 30% fines, low to
medium plasticity.

113-115': LEAN CLAY, light brownish gray,
approximately 10% fine-grained sand.

115-120': SILTY SAND. grayish brown,
fine-grained, approximately 30% fines, low to
medium plasticity.

Medium to coarse-grained sand from 118-120'
bgs.

120-123': LEAN CLAY, light gray, hard.

123-125': SILTY SAND. grayish brown,
fine-grained, approximately 30% fines, low to
medium plasticity.
Medium to coarse-grained sand from 124-125'
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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CL

CL

CL

CL

bgs.
125-135': LEAN CLAY with SAND, brown,
approximately 20% fine to medium-grained sand.

Color grades to pale brown at 130' bgs.

135-145': LEAN CLAY, brown with some strong
brown mottling, approximately 10% sand, clay
cemented into angular blocky pieces about the
size of small gravel, similar to 125-135' bgs but
less sand.

145-149': SANDY LEAN CLAY, brown sand and
gravel, light brownish gray clay, approximately
30% sand and 5% gravel, medium soft.
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DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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CL

CL

149-152': LEAN CLAY, light gray, approximately
10% medium to fine-grained sand, medium to
low plasticity, could be silty clay
(CL-ML).(continued)

152-185': LEAN CLAY with SAND, brown,
approximately 10% sand, medium to low
plasticity.
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DESCRIPTION

SHEET 7 OF 9

(continued)
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Additional data may have been collected in the field which is not included on this log.
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CL

SC

152-185': LEAN CLAY with SAND, brown,
approximately 10% sand, medium to low
plasticity.(continued)

185-200': CLAYEY SAND, brown, medium to
coarse-grained sand, sand content increases
with depth, approximately 30% fines and 10%
gravel, some granite gravel.

Some light red coloring near 200' bgs.

21

22

23

Moist

Moist
to Wet

Moist/Wet

7.5YR 5/4

DESCRIPTION
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(continued)
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Additional data may have been collected in the field which is not included on this log.
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CL

200-205': LEAN CLAY, yellowish brown,
approximately 5% sand.

End of Boring - 205 feet

24 Moist

10R 6/8

10YR 5/4

DESCRIPTION

SHEET 9 OF 9

205

210

215

220

Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/3/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-6

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/4/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5315.0 ft

Total Depth 205.0 ft
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Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-184.2'
bgs

Diameter:

Type:
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PRO. CASING
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Interval:

RISER CASING
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Sch. 40, .010 Slot,
PVC
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Interval:
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Silica Sand
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ML/OL

CL

SP

CL

SC

0-1': SILTY TOPSOIL, brown, approximately
40% sand and 60% fines, roots.

1-8': SANDY LEAN CLAY, brown, approximately
35% sand, medium plasticity, some mica.

8-12': POORLY GRADED SAND with GRAVEL,
yellowish brown, fine to medium-grained sand,
approximately 30% gravel and 5% fines, fines
are silt, some cobbles.

12-15': LEAN CLAY, grayish brown with
brownish yellow mottling, approximately 5%
sand, hard claystone pieces, abundant mica.

15-25': CLAYEY SAND, brown, fine gravel near
top, approximately 30% fines and 10% gravel, a
few very hard clumps.

Lens of light gray with yellowish brown mottling
from 21-22' bgs.
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2

3

Dry

Dry to
Moist

Moist

Moist

Moist

10YR 5/3

10YR 5/3

10YR 5/4

2.5Y 5/2
10YR 6/8

10YR 5/3

2.5Y 7/2
10YR 5/6

DESCRIPTION

SHEET 1 OF 3

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/8/12

Logged By AKJ

ELEV.
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LOG OF BORING MW-12-7

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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T
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G

Y

Remarks: *Geologic information obtained from MW-12-8 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/8/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5344.4 ft

Total Depth 69.0 ft
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3' ags-49' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-44.4'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

49-69' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

44.4-46.5' bgs

2 inch

SCREEN

SANDPACK
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Bentonite Chips

NSF Certified
Silica Sand

46.5-69' bgs
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CL

ML
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ML

25-26': LEAN CLAY, brown, approximately 5%
sand, a few cobbles, high dry strength.

26-27': SILT, light brownish gray, approximately
5% sand.

27-31': SANDY SILT, yellowish brown,
approximately 20% sand and 5% gravel, gravel is
granite.

31-55': SILT, yellowish brown, approximately
10% sand, low plasticity.

Clay content increases from 38-45' bgs.

Approximately 30% sand at 45' bgs.
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5

6

Moist

Moist

Moist

Moist

10YR 5/3

10YR 6/2

10YR 5/4

10YR 5/4

DESCRIPTION

SHEET 2 OF 3

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/8/12

Logged By AKJ
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LOG OF BORING MW-12-7
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Y

Remarks: *Geologic information obtained from MW-12-8 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/8/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5344.4 ft

Total Depth 69.0 ft
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Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-44.4'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:
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RISER CASING
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Sch. 40, .010 Slot,
PVC

49-69' bgs
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Protop-Sch. 40
Steel

44.4-46.5' bgs
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SANDPACK

GROUT

Bentonite Chips
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ML

ML

ML
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31-55': SILT, yellowish brown, approximately
10% sand, low plasticity.(continued)
Sand content increases from 45-55' bgs, sand is
granitic, grain size increases with depth.

55-61': SANDY SILT, brown, approximately 35%
very fine-grained sand, low plasticity, appears to
be water bearing.

61-65': SANDY SILT with CLAY, reddish gray,
approximately 15% medium to coarse-grained
sand, sub-angular. Appears to be layered with
light olive gray with strong brown mottling.
Color grades to gray from 62-65' bgs. Hard,
difficult to break up.

65-69': SANDY SILT, color varies from grayish
brown with strong brown streaks to brown,
approximately 20% fine-grained sand, some clay,
becomes drier with depth, low plasticity, rapid
dilatancy.

End of Boring - 69 feet
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8

Wet

Moist

10YR 4/3

2.5YR 5/1
5Y 6/2

7.5YR 4/6
2.5Y 6/1

DESCRIPTION

SHEET 3 OF 3
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/8/12

Logged By AKJ
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LOG OF BORING MW-12-7
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M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Y

Remarks: *Geologic information obtained from MW-12-8 boring log*Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/8/12

BGS = "below ground surface"

DEPTH
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Location Silver Bow, Montana

Surface Elevation 5344.4 ft

Total Depth 69.0 ft
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3' ags-49' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-44.4'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING
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RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

49-69' bgs
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Type:

Interval:
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Protop-Sch. 40
Steel

44.4-46.5' bgs

2 inch

SCREEN
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Bentonite Chips
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Silica Sand
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ML/OL

CL

SP

CL

SC

0-1': SILTY TOPSOIL, brown, approximately
40% sand and 60% fines, roots.

1-8': SANDY LEAN CLAY, brown, approximately
35% sand, medium plasticity, some mica.

8-12': POORLY GRADED SAND with GRAVEL,
yellowish brown, fine to medium-grained sand,
approximately 30% gravel and 5% fines, fines
are silt, some cobbles.

12-15': LEAN CLAY, grayish brown with
brownish yellow mottling, approximately 5%
sand, hard claystone pieces, abundant mica.

15-25': CLAYEY SAND, brown, fine gravel near
top, approximately 30% fines and 10% gravel, a
few very hard clumps.

Lens of light gray with yellowish brown mottling
from 21-22' bgs.
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2

3

Dry

Dry to
Moist

Moist

Moist

Moist

10YR 5/3

10YR 5/3

10YR 5/4

2.5Y 5/2
10YR 6/8

10YR 5/3

2.5Y 7/2
10YR 5/6

DESCRIPTION

SHEET 1 OF 4

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/7/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-8

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O
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G

Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/7/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5344.2 ft

Total Depth 100.0 ft
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Interval:
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3' ags-85' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-80'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

85-95' bgs

Diameter:

Type:

Interval:

Type:

Interval:

Protop-Sch. 40
Steel

80-82.5' bgs

2 inch

SCREEN

SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

82.5-96' bgs

Bentonite backfill from
96-100' bgs.
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CL
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25-26': LEAN CLAY, brown, approximately 5%
sand, a few cobbles, high dry strength.

26-27': SILT, light brownish gray, approximately
5% sand.

27-31': SANDY SILT, yellowish brown,
approximately 20% sand and 5% gravel, gravel is
granite.

31-55': SILT, yellowish brown, approximately
10% sand, low plasticity.

Clay content increases from 38-45' bgs.

Approximately 30% sand at 45' bgs.
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Moist

Moist

Moist

Moist

10YR 5/3

10YR 6/2

10YR 5/4

10YR 5/4

DESCRIPTION

SHEET 2 OF 4

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/7/12

Logged By AKJ

ELEV.

 FEET

LOG OF BORING MW-12-8

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012

LI
T

H
O

LO
G

Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/7/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5344.2 ft

Total Depth 100.0 ft
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3' ags-85' bgs

Sch. 40 PVC

Concrete, Neat
Cement Grout

0-5' bgs, 5-80'
bgs

Diameter:

Type:

Interval:

SEAL

PRO. CASING

Type:

Interval:

Type:

Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC

85-95' bgs

Diameter:

Type:

Interval:
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Interval:

Protop-Sch. 40
Steel

80-82.5' bgs

2 inch
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SANDPACK

GROUT

Bentonite Chips

NSF Certified
Silica Sand

82.5-96' bgs

Bentonite backfill from
96-100' bgs.
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31-55': SILT, yellowish brown, approximately
10% sand, low plasticity.(continued)
Sand content increases from 45-55' bgs, sand is
granitic, grain size increases with depth.

55-61': SANDY SILT, brown, approximately 35%
very fine-grained sand, low plasticity, appears to
be water bearing.

61-65': SANDY SILT with CLAY, reddish gray,
approximately 15% medium to coarse-grained
sand, sub-angular. Appears to be layered with
light olive gray with strong brown mottling.
Color grades to gray from 62-65' bgs. Hard,
difficult to break up.

65-85': SANDY SILT, color varies from grayish
brown with strong brown streaks to brown,
approximately 20% fine-grained sand, some clay,
becomes drier with depth, low plasticity, rapid
dilatancy.
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Wet

Moist

Moist
to Wet

10YR 4/3

2.5YR 5/1
5Y 6/2

7.5YR 4/6
2.5Y 6/1

2.5Y 5/2

DESCRIPTION

SHEET 3 OF 4

(continued)
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/7/12

Logged By AKJ
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LOG OF BORING MW-12-8

A
S

T
M

Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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G

Y

Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/7/12

BGS = "below ground surface"

DEPTH

FEET

Location Silver Bow, Montana

Surface Elevation 5344.2 ft

Total Depth 100.0 ft
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Concrete, Neat
Cement Grout

0-5' bgs, 5-80'
bgs
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Interval:

RISER CASING
2 inch

Sch. 40, .010 Slot,
PVC
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Protop-Sch. 40
Steel

80-82.5' bgs
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Bentonite backfill from
96-100' bgs.
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65-85': SANDY SILT, color varies from grayish
brown with strong brown streaks to brown,
approximately 20% fine-grained sand, some clay,
becomes drier with depth, low plasticity, rapid
dilatancy.(continued)
Less sand from 75-80' bgs.

85-92': SILT, gray with reddish yellow
mottling/streaks, approximately 10% fine-grained
sand and 5% gravel, low plasticity.
Dark gray at 86' bgs.

Wet from 90-91' bgs, gravel seam.

92-95': MUDSTONE, light yellowish brown with
brownish yellow mottling, pieces of mudstone
weakly cemented, resembles clayey gravel in
core.

95-98': LEAN CLAY with some SAND, light
brownish gray, approximately 15% fine-grained
sand.

98-100': SILT, gray, low plasticity.

End of Boring - 100 feet
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Wet

Wet

Wet

Moist

Moist

7.5YR 4/6
10YR 5/3

5Y 4/1

5Y 5/1
7.5YR 6/8

10YR 6/4
10YR 6/6

2.5Y 6/2

2.5Y 5/1

DESCRIPTION

SHEET 4 OF 4
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Additional data may have been collected in the field which is not included on this log.
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Drill Contractor Major Drilling

Drill Method Rotasonic

Drilling Started 10/7/12

Logged By AKJ
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Number 26460006.24

Client Rhodia

Project Name Rhodia RFI 2012
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Remarks: No discoloration, odor, or sheen noted.Barr Engineering Co.
4700 West 77th Street
Minneapolis, MN 55435-4803
Telephone:  952-832-2600
Fax:

Ended 10/7/12

BGS = "below ground surface"
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Location Silver Bow, Montana

Surface Elevation 5344.2 ft
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302 N. Last Chance Gulch STE 311 
PO Box 1226 

Helena, MT 59624 
406.449.8432 

 
 
 

Draft Report of Seismic, Gravity, and Magnetic Geophysical Surveys at 
the Rhodia Inc. plant area near Rocker, Montana 

 
 

Abstract 
  Three geophysical surveys (seismic reflection, magnetic, and gravity) were 

conducted to establish the effectiveness of mapping the subsurface topography at the 

decommissioned Rhodia, Inc. phosphorous plant near Rocker, Montana.  The seismic 

reflection survey proved ineffective due to the lack of a sufficient seismic source able to 

reflect back from deep basement bedrock.  Both the magnetic and gravity survey 

provided usable data; however, the gravity survey was more appropriate considering that 

magnetic properties of geology at depth can be distorted greatly by near-surface geology 

and anomalies. Results from the gravity and magnetic survey were similar to the results 

of a magnetic survey conducted in 1998 by the Montana Tech geophysical field camp.  

The 1998 survey found a horst-graben formation in the region trending southwest to 

northeast through the Rhodia plant.  A density contrast model produced from the gravity 

survey confirmed a subsurface bedrock ridge located near the west-central area of the 

Rhodia plant close to the surface.  This bedrock ridge can also be associated with the 

ridge found during the 1998 survey and can be assumed to follow the volcanic lineation 

trending southwest to northeast along the horst-graben formation. 
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 Introduction 

The Rhodia plant is located eight miles west of Butte and within the Sand Creek 

drainage basin at Rocker, Montana (Figure 1).  The basin is located at the southern part of 

the Boulder Batholith, and is comprised of  Butte-Quartz Monzonite (BQM), Quaternary 

Alluvium, Tertiary, and Lowland Creek Volcanics (LCV).   

 
Figure 1. Rhodia phosphorous plant eight miles west of Butte, Montana. 

 

Bedrock under the basin is primarily Butte Quartz Monzonite (BQM) with some 

aplite intrusions. The area of study has LCV overlying the BQM and a sedimentary basin 

filled with Tertiary sediments and Quaternary alluvium. The USGS geologic map of the 

area modified by M.W. Borduin in 1999 illustrates the distribution of BQM, LCV, 

Tertiary and Quaternary sediments (Figure 2).  
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Figure 2. Geologic Map of Lower Sand Creek Drainage Basin and Silver Bow Creek area near Rocker.   

 

A geophysical survey was performed by the 1998 Montana Tech geophysical 

field camp and indicated that additional faulting may exist in the central region of the 

valley floor (Borduin, 1999).  A magnetic survey located the depth to the granite bedrock 

on a transect line running east-west just south of the Rhodia plant, shown in Figure 2.  
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From the 1998 data, the field camp produced a graben model with a downthrown 

BQM block that has been displaced more than 2000 feet.  The idealized extent of the 

Quaternary, Tertiary, and LCV have been added to the bedrock profile using well logs 

and field observations.  An idealized east-west cross-section of the Quaternary, Tertiary, 

and bedrock faulting in the valley floor is shown in Figure 3 (location of transect shown 

in Figure 2).  

 

 
Figure 3. East-west cross-section of valley in vicinity of Rhodia plant (1998 Geophysics camp).  Kbqm – 
Butte Quartz Monzonite, Ts – Tertiary Sediments, Qal – Quaternary Alluvium, Tlc – Tertiary Lowland 
Creek Volcanics.  
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Seismic Survey  
In the spring of 2008, Montana Tech geophysical engineering students attempted 

to run a seismic line to further delineate bedrock surface characteristics.  The seismic line 

consisted of 96 gimbaled geophones spaced 1 meter apart.  The first geophone was 

placed 3 meters from the seismic source. At each shot location, a field stack of 8 was 

performed.  The four seismic soundings were taken along 1.5 km of county road west of 

the plant (Figure 4).  The soundings were spaced evenly along the line. 

 
Figure 4. The Rhodia plant (purple line along road indicates seismic line location). 

 

Survey geometry was assigned and data were filtered in a flowchart with a time 

variant bandpass filter designed to remove 60 Hz noise.  Seismic data were imported to 

the SPW processing program for interpretation. 

  Several seismic soundings were done along German Gulch road near the Rhodia 

plant to determine if depth to bedrock could be found.  These soundings tested the 
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effectiveness a sledge-hammer as opposed to a weight drop in producing a seismic 

source.  Neither source was strong enough to reach the depth of the bedrock.   

 There are two reflections in the data, one at 120 milliseconds (ms) and the other 

occurring at 160 ms; both of these reflections are quickly terminated by surface waves 

(Figure 5).  Reflection events have an estimated velocity around 1000 meters per second. 

This velocity is too slow to be the reflection of bedrock and is closer to a velocity 

expected from the overlying alluvium (Appendix A).  Depth to the reflection was 

calculated at about 7.5 meters.  According to the well logs in the area, this depth is too 

shallow to be the bedrock of interest.  

 

 
Figure 5.  A filtered shot record taken along German Gulch Road.  The red circle indicates reflections 
likely from an alluvium layer.  The blue circle indicates 120Hz noise from power lines nearby. 
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Magnetic Survey  
 The Tech students also conducted a magnetic survey along a 5.6 km line 

extending southwest to northeast across the Rhodia plant and connecting two Butte 

Quartz-Monzonite outcrops (Figure 6).  There are 51 observation stations at an interval of 

100 meters along the line.  No observation stations were placed over a 400 meter section 

on the northeastern side of the line due to the presence of a residential area.  Stations 

along the survey line were located using a handheld GPS unit. 

  

 Figure 6.  Gravity and magnetic survey line location. 
 

Magnetic data were collected with a Geometrics G-856 proton precession 

magnetometer.  The device records the strength of the total magnetic field and is accurate 

to 0.5 nano-Tesla (nT). The data were downloaded from the magnetometer with 

Geometrics’ MagMap2000 program.  This program allows the operator to set up the 



8 
 

survey line geometry and place the magnetic readings to the corresponding stations.  Data 

were then imported into a spread sheet, plotted and inspected for outliers in magnetic 

susceptibility due to nearby metallic objects, such as buildings and fences.  Data from 

stations at 2400, 2500, and 3700 meters were removed due to metallic objects.  The 

magnetic data presented are not drift-corrected for diurnal variations in the magnetic field 

(Figure 7). 

 
Figure 7.  Magnetic data across survey line (gaps in chart due to residential areas not surveyed). 

 

Assuming the findings from the 1998 field camp and subsequent magnetic survey 

were accurate, the supplementary magnetic survey proved somewhat helpful in validating 

general geology types below the Rhodia plant.  Although magnetic susceptibility is 

greatly affected by what is present near the surface, a useful correlation between geology 

and the observed data can be made.  Areas with shallow depth-to-bedrock (assumed to be 

BQM or LCV) will have high magnetic susceptibility because the bedrock has high 

magnetic susceptibility.  Areas with large depth-to-bedrock will have low susceptibility 

because the overlying sediments have low magnetic susceptibility.  As can be seen in 
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Figure 7, there are two areas that can be associated with deep bedrock and an area around 

the 1500 meter mark that can be associated with shallow bedrock. 

 

Gravity Survey  
The Tech students also performed a gravity survey along the same line used for 

the magnetic survey (the 5.6 km line connecting the two Butte Quartz-Monzonite 

outcrops, Figure 6).  In addition, the same 51 observation stations at an interval of 100 

meters were used for the gravity survey.  No observation stations were placed over a 400 

meter section on the northeastern side of the line due to the residential area.  A D-66 

gravimeter was used to measure variations in acceleration due to gravity, which are 

caused by density variations in the subsurface (Figure 8).     

 
Figure 8.  A picture of the L&R D-66 gravimeter.   

 

A number of corrections needed to be applied to the observed gravity data before 

further processing and interpretation could be performed.  The initial corrections removed 

instrument drift and tidal gravity variations.  An instrument drift of 0.04 mGal/hr was 

estimated by occupying a local base station every 60-75 minutes.  To remove the effect of 

the gravity variation due to latitude, the gravity data were reduced using the 1984 

International Gravity Formula.  Free-air and Bouguer gravity corrections were made 
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using sea level as a datum and 2.67 g/cc as the Bouguer reduction density.   After 

reviewing the net effect of terrain corrections on the gravity measurements it was 

determined that they were too small to affect the results and thus were not applied.  

An inversion program was written in MATLAB to derive a model to describe the 

subsurface from the observed data.  A Conjugate Gradient (CG) iterative method (with 

adaptive regularization and model weights) was used to minimize misfit that the observed 

data had with the theoretical data produced by the model.  Conjugate direction, step 

length, and model parameters were updated after each iteration to minimize data misfit.  

A background model was also added to the gravity anomaly to hold the sediment layer in 

place over the bedrock.  After 63 iterations, calculated data from the model had a 

relatively low data misfit compared to the observed data and the model was determined to 

be geologically sound (Appendix B). 

Results of the inversion present an image of a 2D density contrast model (Figure 

9) that was consistent with what was expected for the density values of geology in the 

area (Table 1).   

 
Figure 9.  Inverted 2-D density contrast model. 

 
Table 1.  Density values of the bedrock, sediments and volcanic rocks. 

Rock type Average density, kg/m^3 Density contrast with BQM 

Butte Quartz Monzonite 2670 0 

Aplite dikes (LCV) 2520 -0.15 

Tertiary sediments 2120 - 2200 -0.55 to -0.47 

 

The density contrast model indicates a bedrock ridge starting at ~1200 meters, 

and extending to ~2200 meters from the southwest outcrop.  This bedrock ridge is near 

the surface and is flanked on both sides by sediment/alluvial basins.  Because the aplite 

kg/m^3 
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dikes (LCV) have similar density to the BQM, it is not possible to distinguish the two 

types of bedrock from each other.  

 

Data Comparisons and Conclusion 
Although a magnetic survey alone is not ideal due to near-surface effects, when 

combined with a gravity survey, each one can help validate the other and indicate 

possible problem areas.  Gravity and magnetic data collected along the survey line both 

showed the same general trends and validate each other well (Figure 10).   
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Figure 10.  Magnetic and gravity survey comparison. 

  
Figure 11 shows location of the 1998 field camp survey line and proposed 

volcanic rock trend that was determined from two bore holes that intersected the LCV, 

SW NE 
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the two volcanic outcrops, and the 1998 magnetic survey (Borduin, 1999).  The ridge 

found in the recent magnetic survey (Figure 7) and gravity survey (Figure 9) occurred 

near the proposed volcanic lineation confirming the continuation of the ridge found 

during the 1998 magnetic survey.  This is also consistent with the horst-graben model of 

the downthrown BQM block associated with the trend of volcanic rocks. 

Figure 11.  Location of the 1998 and 2008 survey lines. Black circles are well/borehole locations. 
 

 There are indications of additional bedrock topography characteristics within the 

ridge.  Both the density contrast model (Figure 9) and the raw gravity and magnetic plots 

(Figure 10) suggest the ridge has two crests or peaks.  Bedrock is likely to be near the 

surface at station 16 (Lat 45.988, Long. 112.687) and slightly deeper at station 19 (Lat. 

45.989, Long 112.684) with a small basin in between those points.  To provide more 

detail of the subsurface in future surveys, tighter station spacing for the gravity survey 

and a grid pattern rather than a line pattern would be necessary.  Given the speed at which 

a magnetic survey can be executed it would be beneficial to compliment the gravity 

survey with magnetic data for comparison and troubleshooting purposes.

1998 line 

2008 line 

0 1 

Ridge location 

Volcanic rocks trend (1998) 
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Appendix A. Rock Velocities 
 
 
 
 

 
(Burger, Robert H., 2006, Table 2.2) 
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Appendix B. Gravity Data and Corrections 
 
 

Station 
Dial 

Number mGals ∆t  Lat Long Elevation drift  
free 
air bouger 

gn(GRS 
84) 

Corrected 
(base) (m) 

Master 116.563 143.780 …                 ……. 

base 1 116.288 143.441 0 45.984 
-

112.698 1646.449 …     980708.98   ……. 

L(1) 1 114.12 140.767 24 45.981 
-

112.705 1676.623 0.010 
-

9.312 3.376 -0.24 3.495 0 

L(1) 2 115.415 142.364 33 45.982 
-

112.703 1666.26 0.014 
-

6.114 2.217 -0.22 3.023 100 

L(1) 3 116.273 143.423 40 45.982 
-

112.702 1659.25 0.017 
-

3.950 1.432 -0.17 2.654 200 

L(1) 4 116.939 144.244 49 45.983 112.701 1654.069 0.021 
-

2.352 0.853 -0.13 2.407 300 

L(1) 5 116.662 143.903 55 45.983 
-

112.700 1652.545 0.024 
-

1.881 0.682 -0.13 1.763 400 

L(1) 6 116.305 143.462 63 45.984 
-

112.699 1647.364 0.027 
-

0.282 0.102 -0.05 0.219 500 

base 1 116.312 143.471 68 45.984 
-

112.698 1646.449 ……. 0.000 0.000 0.00 0.000 600 

L(1) 7 116.421 143.605 73 45.985 
-

112.697 1644.621 0.027 0.564 -0.205 0.05 -0.268 700 

L(1) 8 116.459 143.652 78 45.985 
-

112.696 1639.134 0.025 2.257 -0.819 0.07 -1.325 800 

L(1) 9 116.52 143.727 84 45.985 
-

112.694 1637.61 0.022 2.728 -0.989 0.11 -1.583 900 

L(1) 10 117.354 144.756 91 45.986 
-

112.693 1633.039 0.019 4.138 -1.501 0.15 -1.495 1000 

L(1) 11 118.251 145.863 96 45.986 
-

112.692 1632.734 0.016 4.232 -1.535 0.19 -0.483 1100 

L(1) 12 118.174 145.768 103 45.987 
-

112.691 1633.953 0.013 3.856 -1.398 0.24 -0.380 1200 

base 1 116.291 143.445 122 45.984 
-

112.698 1646.449 … 0.000 0.000 0.00 …   
Master 116.589 143.813 …       0.032 … … … … …… 

base2 116.81 144.085 0 46.001 
-

112.647 1636.391 … 0.000 0.000 980710.51   …… 

L(2) 1 116.905 144.202 12 46.003 
-

112.642 1642.182 0.036 
-

1.787 0.648 0.22 1.004 5400 

L(2) 2 119.081 146.886 30 46.003 
-

112.643 1630.296 0.041 1.881 -0.682 0.16 1.399 5300 

L(2) 3 119.559 147.476 44 46.002 
-

112.644 1627.248 0.045 2.822 -1.023 0.12 1.430 5200 

L(2) 4 119.32 147.181 51 46.002 
-

112.645 1630.905 0.047 1.693 -0.614 0.10 1.871 5100 

L(2) 5 118.577 146.265 63 46.002 
-

112.646 1631.82 0.050 1.411 -0.511 0.05 1.185 5000 

base2 116.826 144.105 68 46.001 
-

112.647 1636.391 … 0.000 0.000 0.00 … 4900 

L(2) 6 115.704 142.721 75 46.001 
-

112.649 1642.792 0.055 
-

1.975 0.716 -0.04 -0.124 4800 

L(2) 7 116.541 143.753 80 46.000 
-

112.650 1641.573 0.057 
-

1.599 0.580 -0.07 0.703 4700 

L(2) 8 117.2 144.566 85 46.000 
-

112.651 1636.391 0.059 0.000 0.000 -0.12 0.540 4600 

L(2) 9 117.155 144.511 88 45.999 
-

112.652 1635.782 0.060 0.188 -0.068 -0.15 0.399 4500 

L(2) 10 116.909 144.207 93 45.999 
-

112.653 1632.429 0.062 1.223 -0.443 -0.19 -0.530 4400 

L(2) 11 116.575 143.795 101 45.999 
-

112.654 1634.867 0.066 0.470 -0.171 -0.23 -0.429 4300 

L(2) 12 115.128 142.010 108 45.998 
-

112.656 1640.963 0.069 
-

1.411 0.512 -0.26 -0.982 4200 
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L(2) 13 115.066 141.934 113 45.998 
-

112.657 1640.354 0.071 
-

1.223 0.443 -0.31 -1.135 4100 

base2 116.846 144.130 126 46.001 
-

112.647 1636.391 … 0.000 0.000 0.00     

Master 116.555 143.771 …       
-

0.010 … … … … ……. 

base3 115.33 142.260 0 45.990 
-

112.679 1639.744 … 0.000 0.000 980709.53   ……. 

L(3) 1 118.471 146.134 24 45.987 
-

112.690 1636.391 
-

0.027 1.035 -0.375 -0.29 3.531 1300 

L(3) 2 118.829 146.576 35 45.987 
-

112.689 1637.001 
-

0.034 0.846 -0.307 -0.26 4.073 1400 

L(3) 3 117.308 144.699 46 45.988 
-

112.687 1645.84 
-

0.042 
-

1.881 0.682 -0.24 3.925 1500 

base3 115.299 142.221 55 45.990 
-

112.679 1639.744 … … … 0.00 …   

L(3) 4 119.03 146.824 77 45.988 
-

112.686 1627.857 
-

0.050 3.668 -1.330 -0.21 2.484 1600 

L(3) 5 118.955 146.731 83 45.988 
-

112.685 1629.077 
-

0.050 3.292 -1.194 -0.17 2.595 1700 

L(3) 6 118.474 146.138 94 45.989 
-

112.684 1636.087 
-

0.051 1.129 -0.409 -0.14 3.354 1800 

L(3) 7 117.821 145.332 103 45.989 
-

112.683 1637.001 
-

0.052 0.846 -0.307 -0.09 2.675 1900 

L(3) 8 117.429 144.849 110 45.989 
-

112.681 1636.087 
-

0.052 1.129 -0.409 -0.07 1.994 2000 

L(3) 9 116.531 143.741 115 45.990 
-

112.680 1640.658 
-

0.052 
-

0.282 0.102 -0.03 1.741 2100 

base 3 115.295 142.216 124 45.990 
-

112.679 1639.744 … … … 0.00 0.000 2200 

L(3) 10 114.751 141.545 131 45.991 
-

112.678 1642.487 
-

0.045 
-

0.846 0.307 0.05 -0.175 2300 

L(3) 11 114.182 140.843 139 45.991 
-

112.677 1638.22 
-

0.036 0.470 -0.171 0.08 -1.761 2400 

L(3) 12 113.873 140.462 147 45.991 
-

112.676 1633.039 
-

0.028 2.069 -0.750 0.11 -3.197 2500 

L(3) 13 113.867 140.455 153 45.992 
-

112.674 1633.039 
-

0.021 2.069 -0.750 0.14 -3.247 2600 

base 3 115.339 142.271 173 45.990 
-

112.679 1639.744 … … … 0.00 …   

Master 116.523 143.731 …       
-

0.049 … … … … …… 

base 4 116.204 143.338 0 45.995 
-

112.665 1638.22 … 0.000 0.000 980709.95   …… 

L(4)1 115.692 142.706 11 45.995 
-

112.666 1638.22 
-

0.051 0.000 0.000 -0.03 -0.554 3300 

L(4)2 115.146 142.033 18 45.994 
-

112.667 1639.439 
-

0.052 
-

0.376 0.136 -0.05 -0.959 3200 

L(4)3 115.024 141.882 24 45.994 
-

112.669 1642.487 
-

0.053 
-

1.317 0.477 -0.10 -0.464 3100 

L(4)4 114.914 141.746 31 45.993 
-

112.670 1630.905 
-

0.053 2.257 -0.819 -0.14 -2.841 3000 

L(4)5 114.429 141.148 37 45.993 
-

112.671 1633.039 
-

0.054 1.599 -0.580 -0.16 -2.991 2900 

L(4)6 114 140.619 62 45.993 
-

112.672 1633.343 
-

0.058 1.505 -0.546 -0.20 -3.421 2800 

L(4)7 113.694 140.242 72 45.992 
-

112.673 1634.867 
-

0.059 1.035 -0.375 -0.24 -3.452 2700 

base4 116.194 143.325 93 45.995 
-

112.665 1638.22 … 0.000 0.000 0.00 … 3400 

L(4)8 116.983 144.299 105 45.995 
-

112.664 1638.525 
-

0.067 
-

0.094 0.034 0.05 1.042 3500 

L(4)9 117.879 145.404 110 45.996 
-

112.663 1639.134 
-

0.069 
-

0.282 0.102 0.08 2.233 3600 

base5 116.186 143.315 116 45.995 
-

112.665 1638.22 … 0.000 0.000 0.00     
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Appendix C. MATLAB Inversion Code 
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( MATLAB Code) 
 
 
function [F]=Fd(x,z) 
F=z.*atan(x./z)+(x./2).*log(z.^2+x.^2); 
 
function a=run_ave(input,width) 
%width=21 
win=gausswin(width); 
fil=win./sum(win); 
%input=hout1; 
a=conv(fil,input); 
%below takes care of edge effects 
for ind=1:width-1 
    mod=sum(fil(1:ind)); 
a(ind)=a(ind)./mod; 
a(end+1-ind)=a(end+1-ind)./mod; 
end 
a=a((ceil(width/2)):(end-ceil(width/2))+1); 
 
%[mi err p]=conj_grad_stab(G,d) 
%or 
%[mi err p]=conj_grad_stab(G,d,errlev,Wm,Wd,ni,ascale,q) 
%inputs: 
%just G and d--> no weighting, defaults: ni=100, ascale=1, q=.7 
%or input all variables 
%if Wd=0, no data weighting, else, input Wd as an array length(d) 
%if Wm=0, no model weighting, else, input Wm as an array length(m) 
%if Wm=1, default modeling weighting (Wm=diag(S)^(1/4)) 
%set 0<q<=1 
function [mi err p]=conj_grad_stab(varargin) 
G=varargin{1}; 
do=varargin{2}; 
if length(varargin)==2; 
    errlev=1e-3; 
    Wm=eye(size(G,2),size(G,2)); 
    Wd=eye(size(G,1),size(G,1)); 
    ascale=1; 
    q=.7; 
    ni=100; 
else 
    errlev=varargin{3}; 
    Wm=varargin{4}; 
    Wd=varargin{5}; 
    ni=varargin{6}; 
    ascale=varargin{7}; 
    q=varargin{8}; 
    if Wm==0; 
        Wm=eye(size(G,2),size(G,2)); 
    elseif Wm==1; 
     %   S=diag(diag(G'*G).^.5); 
     S=(sum(G.*G).^.5)'; 
        Wm=(S.^.5); 
         
    else 
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        Wm=diag(Wm); 
    end 
    if Wd==0; 
        Wd=eye(size(G,1),size(G,1)); 
    else 
        Wd=diag(Wd); 
    end 
    x=varargin{9}; 
    z=varargin{10}; 
end 
mi=zeros(size(G,2),1); 
mt=varargin{11}; 
ma=varargin{12}; 
%Wm2=diag(diag(Wm).^2); 
Wm2=S; 
%Wd2=diag(diag(Wd).^2); 
Wd2=diag(Wd).^2; 
alpha=0; 
Wd=diag(Wd); 
Wm=(Wm); 
mi=ma; 
ma=mi.*0; 
Nd=length(do); 
for indi=1:ni 
    r=(G*mi-do); 
    err(indi)=norm(Wd.*r)./norm(Wd.*do)*100; %percent 
    
%    err(indi)=sum((r./errlev).^2)/length(do); 
    disp(['%misfit=' num2str(err(indi))]) 
     
    %percent misfit cutoff 
    if err(indi)<errlev 
        break 
    end 
     
   %chi^2 cutoff 
%     chi2=sum((r./errlev).^2)./Nd; 
%     if chi2<1 
%         break 
%     end 
  
    if indi==2; 
  
        alpha=(norm(Wd.*r)./norm(Wm.*(mi-ma)))^2*ascale; 
       % mi=mi*0; 
       %lt=0; 
       % lto=0; 
    else 
        alpha=alpha*q; 
    end 
    l=G'*(Wd2.*r)+alpha*(Wm2.*(mi-ma)); 
    if indi>1 
        beta=(l'*l)/(lo'*lo); 
        lt=l+beta*lto; 
    else 
        lt=l; 
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    end 
    lt=l; 
    g=norm(Wd.*(G*lt))^2+alpha.*norm(Wm.*lt)^2; 
    k=(lt'*l)./g; 
    mi=mi-k*lt; 
    lto=lt; 
    lo=l; 
% a=find(mi<-200); 
% mi(a)=-200; 
% a=find(mi>1500); 
% mi(a)=1500; 
  
dp=G*mi; 
if 0 
figure(2) 
subplot(2,1,2) 
imagesc(x,z,reshape(mi+mt,length(x),length(z))'); 
set(gca,'clim',[2000 2700]) 
axis equal 
axis tight 
colorbar 
subplot(2,1,1) 
xp=1:length(do); 
plot(xp,dp,xp,do); 
%imagesc(x,z,reshape(mt,length(x),length(z))'); 
%colorbar 
  
pause(.1) 
end 
end 
 
 
close all 
clear all 
format short g 
  
%inv3_dat 
lamda=6.67e-11 
%load Gozsvd.dat; 
%load xssvd.dat; 
%do=Gozsvd*1e-5; 
%xp=xssvd'; 
%load hw5.mat 
%xp=-500:25:1500; 
%xp=xp+rand(size(xp))*20; 
  
x=linspace(0,5400,500); 
z=linspace(2,1000,50); 
  
[Z X]=meshgrid(z,x); 
zm=Z(:); 
xm=X(:); 
dx=x(2)-x(1); 
dz=z(2)-z(1); 
load rhodia 
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F=ones(length(xp),length(zm)); 
  
if 1 %intergral 
    for i=1:length(xp) 
            F(i,:)=Fd((xm-dx/2)-xp(i),zm)-... 
                Fd((xm-dx/2)-xp(i),zm+dz)+... 
                Fd((xm+dx/2)-xp(i),zm+dz)-... 
                Fd((xm+dx/2)-xp(i),zm); 
    end 
end 
  
if 0 %midpoint rule 
    dz=z(2)-z(1); 
    dx=x(2)-x(1); 
    for i=1:length(xp) 
        for k=1:a*b 
            l=ceil(k./a); 
            F(i,k)=Z(k)./((X(k)-xp(i)).^2+Z(k).^2).*dx.*dz; 
            %    Fa(i,k)=Z(k)./((X(k)+dx/2-xp(i)).^2+Z(k).^2).*dx.*dz; 
        end 
    end 
end 
  
%model building 
mt=zeros(length(xm),1); 
k=2*pi/300; 
zdb=20*sin(k*x)+100; 
zdb=repmat(zdb,length(z),1); 
zdb=zdb'; 
if 1 
for indc=1:length(xm); 
if Z(indc)>0 
    mt(indc)=2200; 
end 
if  Z(indc)>0 
     mt(indc)=(Z(indc))*(470)/(500)+2200; 
 end 
if Z(indc)>500 
    %mt(indc)=2670; 
end 
if X(indc)<-50 
    %mt(indc)=2670; 
end 
end 
end 
ma=mt.*0; 
for indc=1:length(xm); 
  
if X(indc)<0&&Z(indc)<800 
    ma(indc)=2400-mt(indc); 
end 
if X(indc)>5400&&Z(indc)<800 
    ma(indc)=2400-mt(indc); 
end 
end 
ma=ma.*0; 
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G=F*2*lamda; 
do=dlin; 
do=do-max(do)+1; 
do=do/1e5 
%do=run_ave(do,5); 
[mi err]=conj_grad_stab(G,do,15,1,0,1000,100,.9,x,z,mt,ma); 
  
% tic 
% alpha=2e-8; 
%  S=diag(diag(G'*G).^.5); 
%       Wm=(S.^.5); 
%        Wm2=diag(diag(Wm).^2); 
% mii=inv(G'*G+alpha*Wm2)*(G'*do); 
% toc 
dp=G*mi; 
figure 
subplot(2,1,2) 
imagesc(x,z,reshape(mi+mt,length(x),length(z))'); 
set(gca,'clim',[2000 2700]) 
colorbar 
subplot(2,1,1) 
%imagesc(x,z,reshape(mt,length(x),length(z))'); 
plot(xp,do*1e5,'o-',xp,dp*1e5,'+-'); 
set(gca,'xlim',[min(x) max(x)]) 
colorbar 
%subplot(2,1,3) 
figure 
 imagesc(x,z,reshape(mt,length(x),length(z))'); 
 colorbar 
%figure 
%imagesc(x,z,reshape(mii,length(x),length(z))'); 
%colorbar 
%figure 
  
%plot(xp,do*1e5,'o-',xp,dp*1e5,'+-'); 
er_d=norm(dp-do)./norm(do)*100 
figure 
semilogy(err) 
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Executive Summary 

For a senior design class project, a geophysical survey was conducted at the 

Rhodia Phosphorous plant near Butte, Montana using the gravity method.  The 

investigation was intended to help address concerns that a plume of contaminated ground 

water might be flowing into residential wells in the surrounding area.  The goal of the 

gravity investigation was to gain more information about the topography of the bedrock 

that might be affecting possible contaminant flow along the bedrock-alluvium interface.   

Gravity data was collected on a 1.6 km x 2.0 km grid at 200 m station spacings.  

Modeling results showed evidence for two sets of faults and a general trend of higher 

elevation bedrock topography to the west of the Rhodia site.  The east portion of the 

Rhodia site is located over a sediment trough that extends to a depth of about 500 m.  A 

volcanic ridge that cuts through the middle of the site, trending northeast/southwest, rises 

to depth of about 50 m from the surface.  If a contaminant plume travels along the 

bedrock/tertiary sedimentary boundary, it could be confined by the trough known as the 

Buried Sheep Gulch Channel and run north, exiting into Silver Bow Creek.  If the 

contamination plume travels in the water table at shallower depths, the high ridge or west 

slope of the Buried Sheep Gulch Channel would not allow ground water flow to the west.  

Based on the current analysis and past study results, it is reasonable to conclude that the 

residential wells to the west of the Rhodia phosphorous plant would not likely be affected 

by a contaminant plume.   
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Introduction 

The Rhodia Inc. plant is located near Ramsey, MT, eight miles west of Butte, MT 

(Figure 1).  The Rhodia plant produced elemental phosphorous beginning operation in 

1986 and continued production through 1996.  The elemental phosphorous produced at 

the site was used for the production of fertilizer, pesticides, and phosphoric acid.   

The plant ceased production in 1996 after the phosphorous waste was classified 

hazardous by the Resource Conservation and Recovery Act (United States Department of 

Justice, 2004).  Rhodia was fined for storage of a hazardous waste without a permit.  

Ignitable crude phosphorous was found in the clarifier, and ignitable precipitator dust 

contaminated with elemental phosphorus, and ignitable carbon brick contaminated with 

elemental phosphorus, were also found (United States Environmental Protection Agency, 

2004).   
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Figure 1.  Location of Rhodia Plant site near Butte, MT (Google Earth, 2009).   

Contaminants associated with phosphorous waste were found to have leached into 

the ground and produced high levels of phosphorous, arsenic, and cadmium at monitoring 

wells near the site.  The hazardous phosphorous waste was discharged into Silver Bow 

Creek through a buried pipe.  The discharge pipe had been plugged, but contaminants 

continued to leach into the ground.  In 1999, wells that were monitored to the west were 

found to have no contaminants (Tillman, 1999).  However, ten years after the last 

monitoring took place; new channels diverting the flow to new directions with increased 

flow rates may have formed.   

In 1998, the Montana Tech Geophysical Engineering Field Methods class 

performed an east-west gravity and magnetics survey and concluded that faults cut 

through the bedrock starting at a depth under the site of less than 100 m and increasing to 

a depth of 2000 m ending in tertiary sediment troughs produced by the faulted bedrock.  

Additionally, Montana Tech’s 2008 Geophysical Engineering Senior Design class 

designed and performed a gravity and magnetic survey near the Rhodia plant site.  Their 

results showed bedrock depths varying from 200 m to 600 m below the surface, and their 

interpretation also identified a subsurface ridge trending northeast/southwest.   

In order to better understand possible preferred ground water movement paths, a 

new gravity survey was conducted during the spring semester 2009.  The gravity data 

was collected on 2-D grid, and three-dimensional (3-D) modeling was used to produce a 

map of the bedrock topography to better define possible flow paths along the 

bedrock/sediment boundary.  Gravity readings were taken on a grid that encompasses the 

entire Rhodia site and extends west to the first home with a well.  Surface material on the 



7 
 

survey site is Quaternary alluvium and Tertiary sediments.  Underlying the alluvium and 

sediments is Butte Quartz Monzonite that outcrops further west (Borduin, 1999).   

 

Gravity Survey Instruments 

2009 geophysical survey was conducted using two different gravimeters:  the 

LaCoste & Romberg model D-66 and LaCoste & Romberg model G-198 (Figure 2).  

Both models of gravimeters used in the survey operate in a similar fashion, varying only 

by conversion of the division readout on the gravimeter to mGal.  Readings are taken by 

leveling the instrument and turning the nulling dial until the cross hair approaches the 

reading line (Zhou, 2006).  The reading line is found by looking through an eye piece.  

Both of these gravimeters record relative gravity and not absolute gravity.   

 

Figure 2.  Photograph of LaCoste & Romberg model G-198 gravimeter.   

The locations of each station were marked and recorded using a Leica ATX 1230 

GG base/rover GPS system (Figure 3).  The Leica ATX 1230 GG GPS uses a base station 

and a rover to acquire differential positions of the rover with respect to the base.  Once 
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the base station data is sent to OPUS for corrections, the absolute location of the points 

taken with the rover can be determined to centimeter accuracy.   

 

Figure 3.  Photograph showing Leica ATX 1230 GG dual frequency GPS system.   

 

Data Acquisition 

Gravity data were collected on a 2-D grid over the Rhodia site (Figure 4 yellow 

lines).  The boundaries of the grid lay outside of the plant site to the north and to the 

west.  The grid is approximately 1.6 km x 2.0 km with survey lines inside the grid 

running parallel with the survey taken in 1998.  The 1998 survey line (Figure 4 red line) 

defines the southern boundary of the grid while Silver Bow Creek defines the northern 

boundary.  Gravity readings were taken at a station spacing of 200 m in the east-west 

direction; the survey line spacing is 400 m.  The east-west station spacing is smaller than 

the survey line spacing to help resolve bedrock topography and to track the location of 

the volcanic ridge trending north-east.  The total number of survey points was 50, 
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comprising 10 stations on each survey line.  Before collecting any gravity readings, a 

base station was established first and readings were taken every two hours to correct for 

instrument drift.  After data at all stations were collected, a single base station was used 

to tie all the stations to a single reference point.   

 

Figure 4. Location of 1998 field camp survey line in red and 2009 gravity survey lines in 
yellow (Google Earth, 2008).   
 

To determine densities for gravity modeling, measurements were made on hand 

samples.  Bedrock density was estimated by measuring the mass and displacement of a 

sample of Butte Quartz Monzonite resulting in a density of 2.64 g/cc.  Density of the 

Tertiary sediment was estimated by collecting a soil sample at the Rhodia site.  A hole 

was dug to an approximate depth of 24 inches to minimize the effect of vegetation in the 

sample.  The sample was then saturated with water to approximate the soil underneath the 

water table and then weighed.  The saturated sample was found to have a mass of 58.9 

grams.  The soil sample was then emptied into a beaker of water.  The water level was 

2.0 km

Line 1

Line 2

Line 3

Line 4

Line 5
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recorded before and after with a total displacement of 33.5 ml.  The resulting mass 

density estimate for the tertiary sediment is 1.76 g/cc.   

 

Data Analysis 

After the gravity measurements were made, corrections to account for variations 

in gravity not caused by subsurface density variations were performed.  Three corrections 

were performed:  drift, free-air, and Bouguer.   

Two other possible corrections were investigated and found to have negligible 

effects on the data.  The GSR 1984 correction that accounts for variations in latitude was 

performed on some of the readings and was determined to have negligible difference.  

Terrain correction calculations were also negligible for the area.   

Figure 5 shows the corrected gravity profiles for all lines.  Line orientation is west 

on the left to east on the right.  Comparing the plots for each line, the bedrock seems to 

have a definite trend.  Lines 3 and 4 show profile characteristics of a reverse fault.  Line 5 

shows the same characteristic, but with another ridge farther west.  Lines 1 and 2 show 

similar trends with deeper bedrock to the east (Figure 5).   
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(a) 

 

(b) 
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(c) 

 

(d) 
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(e) 

Figure 5.  Gravity profiles for lines 1 to 5 (a to e).  Line orientation is west (left) to east 
(right).  All plots are at same scale.   
 

Figure 6 is a plot showing an overlay of the five gravity profiles.  Of significant note are 

the consistent lows at approximately 500 m and the highs at approximately 1200 m on all 

lines except line 5.  The gravity lows correlate with greater depth to bedrock and the 

gravity highs to shallower bedrock.   
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Figure 6.  Overlay of all gravity profiles.  Line orientation is west (left) to east (right).   

 

Results 

Two-dimensional results 

Using the forward modeling program GravMag, subsurface models were 

produced for each of the survey lines.  For each survey line, two reverse faults were 

found to model the observed data well with line 4 showing the best fit with an RMS 

misfit of 0.099917 (Figure 7).  These models agree with the model that was produced by 

the 1998 field camp (Figure 8).  Because all survey lines were taken from east to west, 

they all produced similar forward model results indicating the faults all trend north to 

east.   
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(a) 

 

(b) 

Figure 7.  (a) Plot showing line 4 observed vs. predicted gravity data for subsurface 
model shown in (b).  Horizontal axis for plot shown in (a) is -1000 m on left to 3000 m 
on right.  Vertical axis for plot shown in (a) is 2 mGal to -2 mGal.  Vertical axis for depth 
model in (b) is 0 m to -1500 m.   
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Figure 8.  Subsurface model produced by 1998 field camp class (red line in Figure 4).  
Note that distance units (horizontal) and elevation units (vertical) are in feet.   
 
Three-dimensional results 

The corrected gravity data were also plotted after interpolation using Grav3D 

(Figure 9a) and in perspective view using Surfer (Figure 9b).  A 3-D subsurface model 

(Figure 10a) was created using a contrast of 0.88 g/cc between the sediment and the 

bedrock.  This model creates predicted data close to the observed data reasonably well 

(Figure 10b).   
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(a) 

 

Figure 9.  (a) Interpolated, corrected gravity data using Grav3D.  (b) Interpolated, 
corrected gravity data using Surfer.   
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(a) 

 

 

(b) 

Figure 10.  (a) 3-D forward model using density contrast of 0.88 g/cc and (b) predicted 
data produced by model in (a).   
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Grav3D was also used to run a 3-D inversion.  Slicing the inverted model at 

different locations shows a strong correlation to the forward models that were produced 

herein as well as the 1998 field camp (Figure 11).  The middle ridge can also be seen to 

increase in height and apparently outcrop as it is projected north. The high ridges are 

easily seen and are the result of the dip/slip faulting through the Butte Quartz Monzonite 

(Figure 12).   

 

(a) 

 

(b) 

Figure 11.  (a) and (b) are 3-D inversion results at different slice locations.   
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Figure 12.  Slice through 3-D inversion result showing interpreted faults in red.   

 

Conclusions 

After collecting gravity data in the field and reviewing past examinations of the 

area, it appears that residential wells to the west of Rhodia facility are not likely to be 

affected by the contaminant plume.  The plume can have two modes of transport within 

the ground water:  contaminated ground water can either travel along the 

bedrock/sediment interface, or it can flow in the shallower water table at a depth of about 

80 m.  If the contaminant plume flows within the water table, it will be confined by the 

bedrock ridge and travel north, exiting into Silver Bow Creek (Figure 13).  If the ground 

water takes the path along the bedrock/sediment boundary, the contaminant plume will be 

Density 
Contrast 
(g/cc) 
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confined into the trough defined by the bedrock ridge and will also flow north, eventually 

exiting into Silver Bow Creek (Figure 13).  In either case, contamination transport should 

be blocked by the bedrock ridge on the west side of the study area unless transport occurs 

within shallower sediments above the bedrock ridge.  However, this gravity study does 

not address contaminant transport within these shallow sediments.   

 

 

Figure 13.  Model derived from gravity data analysis showing plant location and expected 
flow of ground water.   
 
 

Ground water flow 

Rhodia Plant site
Residential Wells 
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Figure 14.  Conceptual model of location and direction of ground water flow (Tilman, 
1999).   
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Appendix A 

Corrected gravity data for Lines 1 to 5 

Line 1         
Station   Elev (m)  Distance 

(m) 
Anomaly (mGal)‐
Base

          
1  1640.0696  200 1.460312832
2  1632.0008  400 0.150665709
3  1631.9101  600 ‐0.294202171
4  1630.0656  800 ‐0.964081651
5  1628.6974  1000 ‐0.041428715
6  1628.6991  1200 ‐1.176975225
7  1620.1883  1400 ‐3.526956075
8  1636.5894  1600 ‐6.095299822
9  1638.8763  1800 ‐7.15974723

10  1638.0919  2000 ‐8.042560987
 
Line 2         
Station   Elev (m)  Distance 

(m) 
Anomaly (mGal)‐
Base

          
1  1632.6803  200 1.738493365
2  1628.2865  400 0.387447322
3  1619.287  600 0.528703865
4  1621.096  800 1.088022769
5  1623.1264  1000 2.411866064
6  1621.8042  1200 1.349702449
7  1616.9293  1400 0.299139632
8  1640.0381  1600 ‐0.039815901
9  1651.6785  1800 ‐2.736723645

10  1631.3456  2000 ‐3.985428838
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Line 3         
Station   Elev (m)  Distance 

(m) 
Anomaly (mGal)‐
Base

          
1  1628.4072  200 ‐0.171222914
2  1620.0201  400 ‐1.496009295
3  1620.9687  600 ‐1.350671483
4  1617.7149  800 ‐0.014899104
5  1619.2233  1000 4.391249797
6  1618.9572  1200 4.655639412
7  1624.4405  1400 3.898616841
8  1623.3305  1600 2.418684686
9  1628.3995  1800 0.199309695

10  1626.495  2000 ‐0.341746933
 
Line 4         
Station   Elev (m)  Distance 

(m) 
Anomaly (mGal)‐
Base

          
1  1614.605  200 ‐0.685116465
2  1630.8911  400 ‐2.247758199
3  1626.859  600 ‐2.542760377
4  1621.7249  800 ‐2.054613514
5  1610.6782  1000 ‐0.009978387
6  1621.0739  1200 2.676640432
7  1624.8781  1400 1.826483619
8  1627.0711  1600 0.367066477
9  1621.4075  1800 ‐0.52372445

10  1621.0682  2000 ‐1.033681631
 
Line 5         
Station   Elev (m)  Distance 

(m) 
Anomaly (mGal)‐
Base

          
1  1611.6702  200 ‐3.497212967
2  1607.2675  400 ‐1.12541494
3  1613.5165  600 1.174593975
4  1612.5374  800 ‐3.795556262
5  1611.9303  1000 ‐3.253409158
6  1614.7524  1200 ‐3.023421698
7  1617.165  1400 ‐3.187178326
8  1610.8801  1600 ‐3.9453008
9  1624.8327  1800 ‐4.103353602

10  1619.4294  2000 ‐1.404861514
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