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Abstract:

Bozeman's attraction as an outdoor recreation area and community with a high quality of life has
resulted in significant development of former agricultural land. Most of the area studied is privately
owned and within the boundary of the Bozeman City-County Planning area.

This corner of the Gallatin Valley is part of a downdropped block bounded on the south by the Gallatin
Range and on the northeast by the Story Hills and the south end of the Bridger- range. Tertiary
(Bozeman Group)' rocks comprise the major portion of rocks in the area. Various thicknesses of
Quaternary colluvial material and fan deposits veneer the Tertiary near the mountain fronts.' More
recent Quaternary alluvium dominates the alluvial valleys. Two major faults border the study area; the
northwest trending Bridger Creek-Bear Canyon fault along the eastern edge, and1 the Gallatin Range
front fault along the southern edge.

Frequently encountered hazards are rockfall, rock-slides , small local landslides, seismic hazards of
ground shaking and potential fault displacement and flooding along all major streams. Geologic
constraints include unstable and potentially unstable slopes, creep, solifluction, very steep slopes over
30%, north aspect slopes greater than 15%, problematic soils and high ground water.

Overturned and thrust-faulted Paleozoic and. Mesozoic rocks in Bridger Canyon are very susceptible to
rock-fall and rockslides. Active landslides have developed on overturned Cretaceous rocks east of the
Bridger Creek-Bear Canyon fault in the Story Hills. These rocks are characterized by bentonite clays,
low permeability, low shear strength and a dip slope attitude. Flooding along the major streams is a
frequent problem, especially in the East Gallatin drainage north of Interstate 90 and along Bozeman
(Sourdough) Creek where existing conduits cannot handle peak flood flows.
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ABSTRACT

Bozeman's attraction as an outdoor recreation area
and community with a high quality of 1life has resulted in
significant development of former agricultural land. Most.
of the area studied is privately owned and within the bound-
ary of the Bozeman City-County Planning area.

This corner of the Gallatin Valley is part of a
downdropped block bounded on the south by the Gallatin Range
and on the northeast by the Story Hills and the south end
of the Bridger range. Tertiary (Bozeman Group)' rocks com-
prise the major portion of rocks in the area. Various
thicknesses of Quaternary colluvial material and. fan de-
posits veneer the Tertiary near the mountain fronts. ' More
recent Quaternary alluvium dominates the alluvial valleys.
Two maJor faults border the study area; the northwest trend-
ing Bridger Creek-Bear Canyon fault along the eastern edge,
and the Gallatin Range front fault along the southern edge.

Frequently encountered hazards are rockfall, rock-
slides, small local landslides, seismic hazards of ground
shaking and potential fault displacement and flooding along
all major streams. Geologic constraints include unstable
‘and potentially unstable slopes, creep, solifluction, very
steep slopes over 30%, north aspect slopes greater than 15%,
problematic soils and high ground water.

Overturned and thrust-faulted Paleozoic and Meso-
zolc rocks in Bridger Canyon are very susceptible to rock-
fall and rockslides. Active landslides have developed on
overturned Cretaceous rocks east of the Bridger Creek-Bear
Canyon fault in the Story Hills. These rocks are charac-
terized by bentonite clays, low permeability, low shear
strength and a dip slope attitude. Flooding along the major
streams is a freguent problem, especially in the East Galla-
tin drainage north of Interstate 90 and along Bozeman (Sour-—
dough) Creek where existing conduits cannot handle peak
flood flows.




CHAPTER I
INTRODUCTION
Purpose

Land uée planning withih Bozeman's City-county.plan—
. ning area requires a physical constraint assessment to make
rational land use decisions. This thesis, witﬁ the accom-
panying maps, should be the first in a series of efforts to
describe to planners, land developers, contréctors; and
prospective-home buyers the geologic constraints in the
planning area. The need for this kind of information is
underscored by the present effort to update the Bozeman .
Aréa Master Plan.

Legiélated guidelines fegarding land use planning in :
Colorado (Shelton, 1979), and legal trends toward emphasiz;
ing comprehensive plans as a tool in land planning in Oregon
(Bela, 1979), are two examples where states now are mandat—.

ing a physical data base prior to land development.
Document Use

General
The map and thesis information is a compilation of
existing data and field reconnaissance, subject to change

as additional information becomes available. The maps
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represent average conditions as they existed at the.time of
investigation, and in no way preclude the need for more
specific on-site investigations. The information base and 
resulfing recommendations are intended as an aid to the
decision-making process. |

The thesis text is structured around the maps where
possible. Major.thesis headings usually correlate with
specific maps to help the reader find data. A glossary and
appéndixeé are provided to clarify technical language and

supply additional information to the reader.

Site Evaluation

The maps and text provide constraint information
which can be compared with a project's site requirements to
assess compatibility and viability. A map scale of 1:24,000
or approximately 1 inch to 2000 feet is used on all the
accompanying plates. Major projects may require hore spe-—

cific on-site surveys at a scale of 1 inch to 200 feet.

Land Capability

Land capability maps can be derived from the six
available maps and thesis information using the overlay
method if desired. This has been partially addressed on

the Construction Constraints map. All the maps, thesis
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data, and recommendations are based on the premise that
future development will be primarily residential or light
industrial/commercial, in keeping with past growth patterns

and projected future development.

Policy Determination

Comprehensive planning requires at the outset a
physical data inventory to augment éound decision-making.
Not only does sound planning provide a direction to decision
makers, it makes tﬁe prospgctive land_buyer/developer aware
of the constraints present on a given site and protedts‘the

well-being and safety of the -general public (Bela, 1979).
Map Scale and Detail

Numerous geologic, hydrologic and soil maps have
been prepared for portions of the study area, but not at a
common scalé. I have attempted to include all pertinent
map data whenever possible. Soﬁe of the map data required
a scale change to accommodate the 1:24,000 base scale.

The only area where more detailed maps were used was
in the Story Hills. Mayfield and Associlates provided the
maps for the site-specific study of Subdivisién 3 in June

1980 and Survco, Inc. furnished the maps for a preliminary




4~
site assessment of Story Hills Subdivisions 2 and 3 in:June

1979.




CHAPTER II
GEOGRAPHY

Location and Extent

Rapid residential development has taken place and

is expected to continue in the 36 square mile study area.

" Boundaries were established by natural topographical bar-

i

riers and within simple political borders which included -

those areas of rapid development. (Figure 1 -- Location

Map).' The six base maps'were generated from four 1:24,000 -

scale Upper Missquri River Basin Survey Maps numbered 87,

88, 97, and 98.

Topography

Figure '1 shows the physiographic regions of the

study area. Land divisions are based on present form, modi-

fying processes and materials. The four major land forms

discussed include alluvial stream valleys, alluvial fans,

remnant surfaces and mountainous uplands.

The alluvial stream valleys of Bridger Creek, the

East Gallatin River and Bozeman Creek overlie thick deposits

of Tertiary sedimentary rocks (Hackett, 1960).

Flood plain

_‘Slopes range from 0-2% except on the upper reaches‘of Boze-

man Creek.
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The Bozeman and Mount Ellis alluvial'fans dominate
the southrdentrél bortion of the study area. Quaternary
slope~wash and allgvial sediments 'thin' rapidly away from
the Galyétin éaﬁge front to an east-west line Jjust south of
Kagy Boulevard on the Mount Ellis fan. Fan materials of a
later depositional ﬁeriod comprise the dissected Bozeman
fan in the study area (ﬁackett, 1960). The westerﬁ edge of
the Mount Ellis fan is established by Sourdough Ridge.
Thick deposits of silt loaﬁ soils overlie the entire Mount
Ellis fan area from Sourdough Ridge to the edge of the study
area and from the mountainous uplands to the East Gallatin
River alluvial:valley. Slopés genérally range ffom 0-10% -
except along Sourdough Ridge and in established drainage-
ways Qhere slopes range from 15—30%1

Between the East Gallatin River and- Bridger Creek ‘an
erosion remnant of Tertiary sedimentary rocks, down-faulted
against overturned Devonian through Cretaceous units, com-
priées th§ bulk of the Story Hills. Slopes range from 5%
to well over 30% in fhe drainageways and on slopes adjacent
to major streams. Aspect ranges from south to north, with
much of the developable land facing west—southwésterly.

The steep mountainous areas of - the south end of the




—-8-
Bridger Range and the north flank of the Gallatin Range are
generally under public stewardshib» Very steep slopes |
dominate both areas and the Gallatin Range front has the

additional problem of a north aspect.

Population and Land Use

Regional recreatioﬁal amenities and efforts to
attract light industry are expected to maintain th¢ present
rapid population gfowth through the 80's. Increasing energy
aﬁd transportation costs will encourage development closer
to Bozeman. The flood blains of Bozeman Creek, the East
Gallatin River, and Bridger Creek, the western portion of
the Story Hills, Sourdough Ridge'énd the Mount Ellis allu-
vial fan areas will receive moderate development pressures.

Problems associated with this'expecfed change in
land use are greatest on the surface drainage systems; For
instance, urban growth reduces available infiltration areas
and speeds up surface runoff to existing channels (Dunne
and Leopold, 1978). Downstream flooding will iﬁcrease,
soil erosion will increase, and the iOO—year flood plain

will expand over time.




CHAPTER ITI
GEOLOGY
Structural Setting

The Gallatin Valley is part of the Three Forks struc-
tural basin, a high intermontane basin, characferistic of
the northern Rocky Mountain Physiographic‘Province (Hackett,.
11960).

Formation of the Three Forks Sfructural basin in pre-
Oligocene (Eocene?) time was-probably due to a léte phase
of Laramide compression which obstructed the eastward dréin;
age system and promoted aggradation in the closed basin
(Robinson,\l96l). The advent of tensional faulting (post-
Oligocene?) caused recurrent eastward tilting of thelbasih
and shifted the aepositional center, accounting for the
Miocene and Pliocene sediments in the basin's eastern half
(Glancy, 1964). Sﬁbsequent uplift to the south caused thé
Tertiary beds to develop a northwesterly slope, consequently
the master drainage changed from an east flowing system to
a west and north flowing ore (Robinson, 1961).

Major Tectonic elements in the area include the over- -
turned and thrust-faulted Paleozoic and Mesozoic rocks at
the south -end of fhe Bridgers; the northwest-trending Brid-

ger Creek-Bear Canyon normal fault (McMannis, 1955; Over-
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turf, 1974); and the east-northeast-trending normal fault
along the Gallatin Range front as indicated by aeromagnetic
data (Davis, and others, 1965). East;trehding normal faults
in Tertiary deposits are found along South Church Avenue
(Hackett, 1960) and are suspected in both the Story Hills
and Bridger Canyon from gravity, structural, and geomorpho-

logical data (Plate 1).
Geomorphic Setting

Alteration of the master drainage from an east. to a
west and north flowing system set the stage for all deposi-
tional and erosional activity since the late Pliocene or
early Pleistocene. Erosion dominated this period but some
erosition took place adjacent to the Bridger and Gallatin
Ranges (Hackett, 1960). The net result of all these pro-
cesses is clearly indicated by fhe valley landforms. Quat-—
ernary deposits become thinner away from the mountain front
on Sourdough Ridge, the Mount Ellis and Bozeman fans, and
the small fans on the west side of the Bridgers; Remnants
of Tertiary (Miocene-Pliocene) sedimentary rocks are present
in the Story Hills and the northern portion of the Mount
Ellis Fan (Plate 1). '

The youngest natural geologic materials are the
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Quaternary clay, silt, sand, and gravel in the flood plains
of.all the creeks of the study area. ‘Erosion in both the
Bozeman Creek anq‘Limestone Creek drainages has obliterated
any of the allﬁvial fan form most writers believe was pres-
ent ﬁrior to a chapge in water'and/or material balance. '

Loess from both the Madison and Gallatin River flood
plains deposited during interglacial periods of the Quater-
nary is fhe final overprint to the area's land forms (Bourne,
1960). The resulting Bozeman and Bridger silt loam soils
are dominant on the relatively'flat surfaces of the Mount
Ellis Fan. The soils are discussed further in the section
entitled Geologic Hazargs and Constraints. Flood-plain

soils are delineated and explained on Platei4;
Surficial Geologic Units

‘The complex history of Tertiary and Quaternary ero-’
sion and sedimentation has resuited ih an abundance of sur—
ficial geologic units consisting of unconsolidated and semi-
consolidated deposits of gravel, sand,.silt, and clay of
- varying extent and thickness. Man‘s contribution to surfi-
ciallgéology is noted along the flood plain and channel
reaches of the East Gallatin River and Bozeman Creek and at

various other locations. These units are described in the
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text below.

Holocene-Manmade Deposits (Hm). These unconsolidated and

uncompacted deposits consist of excavation ﬁaterial, con-
struction waste, and demolition rubble; and in older (pré
19407?) sites, variable thickhesses of so0lid waste. The de-
posits are located along the channels and flood plains of
the East Gallatin River_and Bozeman Creek in low-lying
areas zoned commercial/industrial and at other sifes as
noted on Plate 4. Thickness varies from 2 feet to well over

25 feet.

Holocene-Landslides (Hls). These geomorphic features have

- resulted from slopé failure Within thé last 15 years. The
small landslides are located in thé eastern portion of‘the
Story Hills and consist of unconsolidated surficial soil
materials, Tertiary sedimentary rocks and the underlying
fractured‘Cretaéeoﬁs bedrock (Plates 4 and 5). A prominent
headééarp, dip-slope attitgde, large amount of available
groundwater, hﬁmmocky topégfaphy and a lobate terminus_
characterize these small slides (Figures 3 and 4). Thick-

ness is probably less than 25 feet.

Holocene Rockslide (Hrs). The Bridger Canyon rockslide con-

sists of various sized blocks derived from Big Snowy-Amsden
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siltstone, dblomite apd limestohe and possibly some over-
lying Madison Limestone to the west. The slope angle ex-
ceeds 50% and fhe entire north slope area is unstabie and

undergoing continuous downslope movement (Plates 4 and 5).

Quaternary Young Alluvium (Qya). According to Roberts

(1964), the material consists of unconsolidated, interbedded
clay, silt, sand, and gravel aloﬂg stream channels and on
flood plains (Plate 1). The alluvium varies in thickness
and generally overlies older Quaternary and Tertiary_de—
posits. Relief is from.O to 2% along the major drainages
and may increase to 10%(+) along streams near the mountains.
The materials are characterized by a high.groundWatef table
and are regdlarly subject to flooding and bank‘erqsion

(Plates 3 and 6).

Quaternary Fan Deposits (Qf). Fan deposits consist of a
heterégeneoﬁs mixture of coarse- and fine~grained sediments
deposited by Pleiétocenexstreams,which cut higher older
(Qac) debosits (Hackett, 1560). The unit is found in the
Bozeman Creek drainage near the mountain front and along
the eastern margin of the studytarea as a remnant of the

A

Bozeman alluvial fan.

‘Quaternary Alluvium—-Colluvium (Qac). Unconsolidated slope




14—
wash and alluvial fan deposits of mixed silt, sand, pebbles,
cobbles and boulders characteriZe the Qac (Roberts, 1964).,

The unit is located adjacent to and thins rapidly away from

the Gallatin and Bridger ranges.

Quaternapy Landslidg (lez. A’manr feature on the north
slope of the Story Hills is a large (1.5 miles E-W by 0.6
miles N-S) ancient landslide (Plate 1). It is an unconsoli-
dated, unstratified, heterogeneous mixture of soil and Ter-
tiary (Bozeman Group) materials,'which slid off the high-
lands -of the Story Hills to the north énd wesf during the
Pleistocene. Hummocky terrain, north slope, steep variable
slope angle, soil'creep,.and springs on the north slope dis-
tinguish this feature (Plate 5). The combination of con-

straints supports classifying the approximate slide area as

an unstable slope (See Chapter IIT, Mass]Wovément—Constraints).

Tertiary-Bozeman Group (Tb). The Bozeman Group is comprised

of poorly stratified, vafiously consolidated tuffaceous
siltstone, sandstone, claystong, and conglomerate (Roberts,
1964).. lMost of.the Story Hills presently‘cohsidered for
developmeﬁt and the northern portion of .the Mognt Ellis Fan

consist of these materials (Plate 1).
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Bedrock Geologic Units

Bedrock exposures are limited to the Bridger Canyon
area and the Géllatfn Range front portion of the study area.
The rocks in the Bridger Canypn area haVe been severely
thrusted and the moré resistant rocks show complex joihtiﬁgt
The more resistant rocks ﬁaintain steep slopes whéreas the
shale and silty units become covered topographic swales.
Gneiss, schist and granite dominate bedrock exposufes along
the Gallatin Range front excebt in sections 3 and-10, T.3
S., R.6 E., where Paleozoic and Mesozoic limestone, éand—'
étone, and shale'rest on the Precambrian rocks.

Because geologic constraints are closely felated to
rock unit competency and érodibility; the bfief discussion
which follows is in two parts: resistant_and non—resisfant
units. A more detailed description of.all rock units is

listed on Plate 1.

Resistant Units

Resisfant units are. generally the limestone, doloj
mite, cemented sandstone, and gneiss, schist, and'granitic'
rocks whicﬁ‘maintain steep slopes and are relatiﬁely_re-
sistant to erosion. Geologic constraints in resistant rocks

usually involve the steep slopes. The'qvefturned and frabb




Faults

as approximaté. Any reader wishing a mqre detailed discus-

16—~
tured rocks in the Bridger Canyon érea"ére inherently un-
stable and the hazards from rockslides and rockfall are very

severe (See Chapter 4 -- Mass Movement-Hazards and Plate 5).

Non-Resistant Units

Neariy all the non-resistant rocks are mixtures of
interbedded shale, siltstone, sandstone, and limestone.
These easily erodible units are almost always concealed.
Serioué mass ﬁovemenf_constraints are encountered on:thése
units in the Story Hills east of the Bridger Creek-Bear
Canyon Fault (Plates 1 and“4). Here, thé dip slope étti4
tude and impermeable shale layers of.fhé Colorédo Group

rocks are the controlling elements of slope failure.

Structural Elements ‘

The geologic maps accompanying this tekt show the
major known or suspected faults in the study area (Plate 1).
Location is as precise as field evidence or gravity data

allow, and any fault location on the maps should be viewed

sion of the valley structure is referred to McMannis (1955),' RN

Robinson (1961, 1963), Glancy (1964), and Tysdal (1966).
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Bridger Creek-Bear Canyon Fault

The Bridger Creek-Bear Canyon fault is fhe majbr and

‘most critical faultlin the study area. Tertiary rocks on
the west side of §he fault have been dropped relative to the
Paleoéoic—Mesozoic rocks on the east side. Displacement of
the fault eést of Belgrade is ébout 2,500 feet, but is un-
known in the study area (Davis and others,y1965).

The fault is identified and located by: (1) two deep
coulees along the'fault trace; (2) well data which indicates
a definite change in rock types at,dep#h; (3) recent road-
cut exposures of Cretaceous bedrock; and (4) the existence
of springs along the faulﬁ trace. |

A Tault trace is normally a weak:mxmaand'eroéion will
exploit this weakness. The existence of tHé deep coulees
infers the presence of thé faults. A number gf wells were
drilled in 1974 in the Story Hills in an attempt to locate
an adequate water supply. Well logs from two of these wells
indicate the presencé of a major fault in tHe area. - One
well, locéted lSOOlfeet southwest of the centér of éection
3,"T.2AS.; R.6 E., penetrated 318 feet fhroqgh'fertiar&
rocks. From 318 to 406 feet, clay and "blue" shale were.
encountered. This thickness of clay and shale.is very un-—

likely in the Tertiary fluvial rocks and probably marks the
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fault plane of the Bridger Creek—BeérCanyonfault (Overturf,.
1974)._ The second well, located % mile south of the north-
west corner of section 3 penetfated 440 féet of'gravel and
conglomerafe. A cqmpérison of the well log data iﬁdicates
a west dipping fault plane with a surface expression very
likely at or near the deep couléeé.' Rﬁad-éxcavations at
Fhe topographic saddle between the two coulees‘exposed a
sandstone unit. Slightly east qf this locatioﬁ; aﬁother'
road cut exposes a lignite unit and a beﬁtbﬂitglélay'layerQ
Tertiary rocks are present on the surface east of the deep
coulees and rest on the sandétone, lignite.and clay unifs.
The sandstone, lignite and clay units:ére not‘fouﬁd'in shai—
low exXcavations or well holes-wesf of the Q¢ep coﬁleés.
This evidénce suppo6orts post—Plioceneffanting;glong the
Bridger Creék;Bear Canyon fault. 'Finall&, faultsjoften-aét
“as ground-water barriers by disrupfing ground-water flow
along the fault plane. Springs at the surface are indica-
tors Qf!SUCh a féult_barrier. Both coulees have springs
originating in their upper reaches which méy indicafe a

fault contact.

Gallatin Range Front Fault

Field evidence for the Gallatin Range front fault is

locally rather generél} The linear éontact between the
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mountain front and Valley £i11 1mplles faultlng of some'

sort.

duct

The best ev1dence is based on a grav1ty study con—"
ed by Dav1s and others (1965 p.u3).

An analysls of the gradients and of a gravity pro—
file crossing the center of the. southernmost negative
anomaly indicates that a bedrock trough occurs beneath
the southeastern margin of the basin,” Near South Cot-

- tonwood Creek .thé bottem of the trough is computed to

be about 2 mlles wide and approximately 6,000 feet be-

. neath the .surface. Northeastward the trough broadens

. 79)
ence
and
dline
of 1

pre

slightly, then narrows, and becomes shallower south-
east of Bozeman. The subsidiary low in the eastern
part of the anomaly coincides with a large alluvial.
fan and may be caused in part by the. low density- of
the fan material. The .high southeastern gradient of
the main anomaly probably is the expression .of a con-
cealed ‘'steep fault zone that. lies along. the base of
the Callatln Range. The fault’ zone 'is 1nferred to
extend.northeastward from the. mouth of Gallatln River.
canyon ‘to Bear Creek and to have at least 4 000 . feet
of throw beneath South Cottonwood Creek

In addition to thlS grav1ty data, Tysdali(l966 P.
llsted numerous llnes of ev1dence for the fault S ex1st—-
in the Hyallte (Mlddle) Creek South Cottonwood Creek |
Big Bear Creek dralnages. The data 1nolude _(l) the
ar. expresslon of the mountain front (2) oonoentration
andsllde debris at the mountaln front (3), _absence of

Tertiary outcrops 1n the bas1n proper, (4) a steep con—

tact plane locally where Tertlary strata abut the mountaln'

front; (5) pre—Tertlary strata dlp toward the. proposed

fault near the range front (sectlons 32 35, and 36 T 3 S.,c

'R.4

E.); (6) horlzontal offset of the Squaw Creek Cherry
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Creek fault'alongjthe‘range front_trends-(McMannis and Chad-
wick, 1964); and (7)_shearing.of metamorphic rocks in sec—

tions 14, 15, and 22, T.B 5., R.5 E. ,The‘estimated'minimum

length of the fault s 23 miles (Tysdal, 1966, p. 80). Ter— -

tiary rocks ih the SEV, sec 21, T.3 S., R.5 E. "are dis;
'turbed where they abut the Precambrlan metamorphlc rocks,
K‘but a Quaternary alluvial fan has not been dlsturbed 'Thls
ev1dence .dates the latest’ fault act1v1ty as post Mlocene—_

Pliocene (Tysdal 1966, ‘p. 81).

Bridger Creek -- Story Hills E-W Linear Faults

Structural control along eastFWest:linear axes in )
Bridger Canyon and the Story HlllS is 1nferred from geomor—-
phic, stratigraphic and grav1ty data.l Offset of the two
Story Hills erosion‘surfaces,(Plate.l,‘contour map) suggests
a post-Pliocene aojustment along'an east;trendinngauit co;
incident with the main coulee through-the-hills‘(Overturf
‘1974) The south surface appears structurally 1ower than_.:
the north and topographlcally hlgher surface Vertlcal
displacement is estlmated at 150 to 2OO feet, assuming
equlvalent erosion rates for -both surfaces Addtional evi-

dence for faultlng is 1mp11ed by the deep 11near coulee

separatlng the erosion surfaces.  The llnear character sug—u

gests exploitation of an underlylng weakness by a trlbutary
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stream in the Story Hills. Finally, gravity data shqw a
trough trénding east-northeasterly through the Story Hillé
at this point, possibiy indicating a fault at dépth (Davis
and others, 1965).

The Bridger Creek east—wes%,fault is a more complex
aﬁd difficult problem. A preliminary structural assessmeht
of the area at a scale of 1:8,000 conducted by the éuthpr
and Adrienne_Bonﬁet in 1976 disclosed sufficient strati-
graphic offset and structﬁral'discrepancies from one side
to the other to imply offset along a fault -plane (Plate 1).

The following inferences suggest a fault Qith an
east-west trend through Bridger Canyén in Section 34, T.1
S., R.6 E.: (1) strata north of Bridger Créek are over-
turned, have a general northeast strike and dip northwest-
ward, while strata south of Bridger‘Creek are also over-
turned but strike northwest and dip soﬁtﬁwesfwérd{ and (2).
a lack of stfatigraphic continuity acrosé the narrow canyon
implies some kind of structurél control which offsets the
units along an east-west fault plane.

More pronounced.thrusting on the south side.of Brid-
ger Canyon (Plate 1) supports McMannis' (1955) suggestion
that a secondfphése df Paleocene compréssion occurred. in

the canyon area. This evidence and fhe structural and
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stratigraphic inferences noted above support the existence
.of a tear-fault ¢oincident with Bridger Creek resulting from

the secorid phase of Paleocene thrust féulting'




CHAPTER 1V
GEQLOGIC HAZARDS AND CONSTRAINTS
General

The limits which natural processes and conditions
impose on any givén land use are qalled geologic constraints
(e.g. creep, steep slopes). When these cénditions and proc-—
esses éonflict with human activity, they become known as
éeologic hazards‘(Hansen and.others, 1975). Human interac-
tion with geologic constraints dates from'the earliest civi—
lization (Hansen and othérs,11975). The césts to society
of this confrontation have increased mérkedly with the ad-
vent of technology. Not.all costs aré measured in dollars
however, as the qﬁality of-living'is reduced as a result of
the conflict (Hansen and others, 19755; .The special piace
accorded Geoiogy in the planning pfbcéss éomés from the
unique guidelines and insights_it.prévides %he scientist
to better evaluate énd predict the conseduences of the in-
teraction of human land use and natural procésées (Hansgn
and others, 1975). |

Constraints addressed in'thisifgpqrt include mass
movement‘phenomené and the assoéiatéd,fécf&fﬁ-of"slépe

steepness and aspect, creep, solifluction and unstable and

potentialiy unst s (Plate 5). Hydrologic con=__
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straints include high gfouhdwater~limitétions, water supply,

groundwater pollution potential, and the Eéﬁiiél_ﬁéfifgie

source area (Plates 3 and 6). A general review of soil con-— -

straints 1s given in the text ard a detailed delineation

and explahation'of flood plain soil is'proVided,on Plate 4.

Eérthquake hazards, especially those associated with
seismic:éhéking are examined in detail in the text. Thé
effects of séismiCHShaking on.ekisfing-nétufal coﬁditiqhs
ahd processes ié critical ih steep slope zones, alongcfaulés,
in areas of acti&e ﬁaés moveménf and in areas wheré soil-

strength may be adversely dffected, such as flood plains.

B

s ~ .

" Flood hazard is a recurring and potentially destruc-
tive problem as the statewide floods of May 1981 so graphi;

cally illustrated. The 100-year flood plain. and areas where

ﬁ}ood’gggzggl~nasfb§enfa$$empied.éié#kﬂﬂiﬁﬁﬁﬁﬁiéﬁd explained

B

on Plate 3.

The.folloﬁiné two themes ére essential tp'a.discus—
sion of constraints: (1) proper resﬁeqﬁ_for géologic cbn—_
straints will réduce‘the pbssibili?y_gf creating a. geologic

hazard; and (2) the severity of a hazard 'is directly related

to ‘the intensity of human aCtiVity.

o
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Earthquakes

- General

‘ Eneréy release and-the telated'earth shakiné which'
'aceompanies slippage along‘an'aotive-fault'is called an
:_earthquake (Bela;ﬂl979)i Earthquake activity in Southwest‘
Montana is such that the U.S. doaSt-and Geodetlc Survey has
given thls area a Zone 3 probability - ratlng, the worst |
rating p0551ble. Selsmlc events of 1925, 1947 and the Heb-
gen earthquake'of August 17, 1959 had epicenters ranging.
from 58 to 120 miles from Bozeman. 1In l95é, minor'damage
was incurred by Bozeman's two old Main Street hotels; the
Baxter and the Bozeman, and oonsiderahle shaking. was felt
throughout the valley : Thus,-the possibilityvof a moderate‘
seismic event in the reglon demands adherence to strict
building codes and application of special engineering for.

any major structure.

Fault Hazard

Actual fault displacement”ls not the primary damag-

ing mechanism in a seismic event; ground shaking does most:

of the damage (Seed, 1981) In this:paper,faults are:class— o

ified as active or 1nact1ve rather than young or old to bet-.

ter define their hazaro potentlal;‘_An actlve‘fault is one_h
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that has moved in recent geologic time. Bela (1979) used
10,000 years as the time frame while Witkind (1980) said
ppst Miocene movement is factiveﬂ in the Rocky Mountains.
I prefer to follow Witkind's lead for these reésons: (1)
fhe Bridger Creek—Beér Canyon fault and Gallatin Range Front'
fault have incufréd post-Pliocene movement in keeping with
other Rocky Mountain "active" faults;.(2)'Pardee (1927)
noted recent fault activity-north of Sixteen Mile Creek in
the Bridger Range fault zoﬁe; and (3) the étudy area 1is part
of a very active_seismic region.

Faults that are covered by alluvial or colluvial
material présent special probiems for planners because fault
displacement is masked by the overlying maferial (Nichols,
1974). Because of this problem, iand use regUlations_re—
garding known or suspected faults.sﬂéuld-includetv

1. A minimum 100' setback from the fault line;

2..when feasible, prescribe an aiterative use

such as open space or parks;‘énd

'3. if avoidance is not feasibie,lenfqrce engingered

design and earthuake4resistént constructiop to
mitigate the hazard and iﬁcfeése personal safety;
Development aiéng-the covered_portions of'the'Bridggr Creek-

Bear Canyon fault, the Gallatin Range Front fault and the -
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Story Hills linear fault should:adhere to the above guide-

lines to avoid potential damage from fault displécement.

Mercalli Scale -- Intensity

Inténsity is the measure of the sizeléf an earthquake
at a particular place by its.effect'on persons, structures
and earth materials (Bela, 1979).  With limited observa- .
tions, the scale is imprecisé,‘but it enjoys widespread
acceptance and has universal application because it requires
no equipment. Effects of the Mercalli Scale are described
in Table I, a general'comparison between the Mercalli in-

tensity and Richter magnitude scales.

Richter Scale —-- Magnitude

The Richter Séale‘is a measure of earthquake energy
based on records from seismometers (Bela, 1979). The system
utilizes a logarithmic scale to indicate magnitude. Each
unit increase denotes a ten-fold inéreasé in the amplitﬁde
of the seismic wave and about a 30-fold increase in the
amount of energy released (Bela, 1979). For example, an
earthquake of magnitude 6 releases about thirty times more
energy than a magnitude 5 quaké. A.magnitude 7 quake, th—-
ever, releases épproximately 900 times mdre energy than a

magnitude 5 evenf, or 30 x 30 = 900. An earthquake event
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Table I. Scale of.Earthquake Intensities and Magnitudes
Mercalli Description of Effects Equiv.
Intensity Richter
Magnitude
I Not felt except by a very few under
especially favorable circumstances.

IT Felt only'by a few persons at rest, 3.5
especially on upper floors of build- )
ings. Delicately suspended objects to
may swing. .

ITT1 Felt quite noticeably indoors, espe- - 4,2
cially on upper floors of buildings,
but many people do not recognize as an
earthquake. Standing motor cars may’
rock slightly. Vibration like passing
of truck. Duration estimated.

v During the day felt indoors by many, . 4.3
outdoors by few. At night some awakened.
Dishes, windows, doors disturbed; walls
make cracking sound. Sensation like to
heavy truck striking building; standing
motor cars rock noticeably.

Vv Felt by nearly everyone; -many awakened. ' 4.8
Some dishes, windows broken. A few
instances of cracked plaster; unstable
objects overturned. . Some disturbance
of trees, poles, and other tall objects
noticed. Pendulum clocks may stop.

VI Felt by all; many frightened and run out- 4.9
doors. Some heavy furniture moved; a to
few instances of fallen plaster or dam- 5.4
aged chimneys. Damage slight. ‘

VIT Everyone runs outdoors. Damage negli- 5.5
gible in buildings of good design and to

construction, slight to moderate in well- 6.1
built ordinary structures, considerable
in poorly built or badly designed struc-=
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Scale of* Earthquake Intensities and Magnitudes

(Con't)

VIII

IX

XI

XII

tures; some chimneys broken. Noticed
by persons driving motor cars.

' Damage slight in specially designed 6.2

structures; considerable in ordinary
substantial buildings with partial col-
lapse; great in poorly built structures.
Panel walls thrown out of frame struc-

tures. . Fall of chimneys, factory stacks, to

columns, monuments, walls. Heavy furni-
ture overturned. Sand and mud ejected in
small amounts. - Changes in well water.
Persons driving motor cars disturbed.
Damage considerable in specially designed 6.9
structures; well-designed frame structures
thrown out of plumb; great in substantial
buildings, with partial collapse. Build-
ings shifted off foundations. Ground
cracked consplcuously.- Underground pipes
broken.

Some well-built wooden structures des- 7.0
troyed; most masonry and frame structures to

destroyed with foundations; ground badly 7.3

cracked. Rails bent. Landslides consid-
erable .from river banks and steep slopes.
Shifted sand and mud. Water splashed
(slopped) over banks.

Few if any (masonry) structures remain 7.4
standing. Bridges destroyed. - Broad fis- to
sures in ground. Underground pipelines 8.1
completely out of service. Earth slumps

and land slips in soft ground. ' Rails bent
greatly.

Damage total. Waves seen on ground sur- Max. re-
faces. Lines of sight and level distorted. corded
Objects thrown upward into the air. ‘8.9
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has only one magnifude but may have variqus intensities
depending on distance, geology, duration and building con—.

struction (Bela, 1979).

EFEarthquake Hazards -

The most damaging hazard”of.any seismic event is
ground shaking. Secondary hazards include landslides, séil
liquifaction, differential ground'movement, rockfalls,
floods froﬁ aam and levee failures, and fire (Bela, 1979).
The seismic history and the geologic constraints combine to
impose a high seismic hazard classification for Bozeman and

the surrounding area.

Other Seismic Factors

Duration. Soil strength studies show that the dura-
tion of the seismic event is'very important in soil response
(éela, 1979). The longer the shaking, the greater the dam;
age (Seed, 1981). With time, the shaking buiids cyclic
stresses in soii and increases pore water pressure, which
can ultimﬁtely lead to soil féilure.

Fault length.: Studies show that the longer the

fault, the greater the earthquake magnitude (Seed, 1981).
Short faults release much less stored energy than longer

ones because crustal deformation is much less.. Thus, the
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San Andreas fault stores a tremendous amount of elastic_
strain energy from crustai deformation with time compared
to the much shorter "Red Canyon" or Hebgen faults, the
faults involved in Montana's 1959 Hebgen earthquake. Ideal-
ized values of magnitude versus length are given in Table

IT (Housner, 1970). For.compariéon, displacement of the.

Table II

Idealized earthquake length versus magnitude

Length (miles) Magnitudé

©1600 8.8
530 8.5
190 8.0
70 | 7.5
25 7.0

9 6.5

5 6.0

3.4 5.5

2.1 5.0

1.3 4.5
0.83 4.0
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23 mile long Gailatin Range Front fault could result in a
magnitude 6;8 earthquake, while the'Bridger Creek—-Bear Can-
yon fault (estimated'lengfh 6+ mileé) could generate quake
'ﬁagnifudes of 6.0_or better.

Effect of distance. Seismic wave energy.dissipatés

"as it moves through the earth's crust because of dispersion,
bedrock étructure, friction, depth and othér factors (Bela,
1979). If a fault moves during a seismic event, the most
important distance to measure is that from the fault or 1ine
of slippage rather than from the épicenter (Seed,.1981)t
See Figufe 2. | |
Geology. The local geology of the Gallat;n,valley
'is.especially sensitive to seismic events for two reasons:
(1) the valley is filled with-unconsoliéated_to semi-con-.
solidated alluvial material ('"soil" in an engineering sense)x'
and (2).the valley is bordered and.bisecfed by major fauits.'
In addition, a major secondary hazard from landsliding in
susceptible areas (Story Hills) is possible from ground

shaking.

Soil response. Historic data has shown that maxi-
mum earthquake intensities are generally limited .to areas
of firm or unstable ground rather thanlsolid bedrock (Evern—

den and othérs, 1973). Incrgaséd duration of the seismic
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Figure 2. Map diagram showing distance from source of

energy release along fault line versus distance
from epicenter. House A is closer to the epi-
center than House B, but House B would be more
severely damaged because it is closer to the
fault.
event weakens the bonds between soil grains, greatly in-
creasing the possibility of soil shear. Pore pressure in-
creases as shear stresses build, inducing the phenomenon of
sodll “ldiguitaction, wSoil factors influencingisoil 'liquifac=
tion include soil structure, soil density or relative den-
slty, degree ofi saturation, and the length ofi“time.  the 80l
has had to settle. Thus, man-made fills of mixed, end-

dumped, and often unsuitable materials will undergo differ-

ential compaction and possibly fail in a seismic event
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(Leggef, 1973).

Nétural problematic materiais in the valley ihélude
deep profiles of tﬁe Bridgér and Bozeman silty clay loam
soils, some sandy soils; and the saturated silty clay soils
of the flood plains. As a general rule, the more water é
s0il contains, the greaterAits potential for failure when
subjectéd to quake indﬁced stresses.

Foundation diffiéulties‘inherent witﬁ placement of
large structures on'problematic:soils'can be addressed by:
(1) driving foundation piles into a soil layer (gravel, for
example), which will not contract or-undergo liquifaction
if disturbéd by seismic shaking (Zaruba, 1976); and (2) us-
ing spread footings or a mat foundation to be&tér distribﬁte
the building load over the'soilimateriéls (Pooi, 157?):

Potential building damage{ Serious building damage

can occur from a soil—stfucﬁufe response called the '"double
resonance phenomenon" (Seed, 1981). This occurs when the -
building .and the underlying rock or soil have similar nat-
ural periods of vibration. The resonance or oscillation of
maximum amplitude ‘induced in fhe building by seismic shaking
can.double and the ﬁotential for buiiding damage can in-
crease 100% (Seéd, 1981). Because ground motion intensities

are gréater on alluvial materials, tall.buildings suffer
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more serious damage than one- and two-story wooden fréme‘
structures. For example, tall structureé built on deep
valley fill suffered major damage during an earthquake in

Caracas, Venezula (Seed, 1981). A rule of thumb for the -

Bozeman area would be to build one- and two—story residen;

e SO
5 SR s g - et TS —

tial structures on deep soils and restrict very tall build-

e B e e i bl oS e = e e e

1ngs (hotels and dormltorles) to bedrock or shallow 30115
(Seed, 1981). 1If tall structures cannot be located on shal-

/---
low soils, they should be designed for the maximum predict-

able event (Seed, 1981). Specific questions concerned with
seismic engineering problems should be addressed to the
appropriate engineer or team of scientists. Average resi-
dential buildings which meet.the Zone 3 earthquake codes and
engineering guidelines can usually withstand a moderate

event with minimal damage because of inherent flexibility.
Mass Movement

General

Mass Movement is the downslope movement of'rock and
soil materials in response to the force of gravity and
effects of water (Bela, 1979). Several types of méés mové—
ment are present in the area including landslides, solifluu—-

tion, creep, and rockfall and rockslide hazards.
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Large areas of potential méss movement have been
identified in the study area. These unstablé and poten-
tialiy ﬁnstable slopes are affected.by factors including

Steep slopes, natural soil materials which have failed near-

by, dip slope bedrock control;"horth aspect, and the possi-

S

bility of seismic shakingf

Causes

Slope movement-occurs when the downslope gravity
force exceeds the shear resistance of the slope métepiai
(Bela, 1979).‘ Factors which control downslope forces and
shear strength of the soil or rock material are described
in detail in Table III (Dunne and Leopold, 1978). |

An important point which the control parameters in
Table III make clear is the influence man exerts on hill;
slope stability. On one hand, man can destroy slope sta-
bility by slope uﬁdercutting or loading and by reducing
shear resistance through improper water management. In
other insﬁances, man may not have any control over an ﬁn—
stable situation influenced by the nature of the bedrock.
geology, slope aspect, fault displacement or séismic shak-

ing.
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Table III*

Controls of Hillslope Stability

Controls of the Downslope Force

Hillslope -gradient
Steepening of the slope by'teotonio tilting

Undercutting of the slope by géomorphio processes or
human interference

Loading of the upper end of the slope -

Short-term downslope stresses generated by earthquakes

Control of the Shear Strength

Nature of the geologic materials: rock t&pé and struc-
ture (Jjoints, faults, angle of. dlp), nature<xfweather-
ing products, .

Water-pressure changes due to fluctuations in rainfall
and snowmelt; diversion of storm water; submergence;
fluctuation of reservoir levels; leakage from canals,
irrigated fields, septic tanks, sewerage lines, and .
water pipes; reduction of evapotranspiration follow-
ing change of vegetation. Concentration of ground-.
water flow by geologic structures, such as joints, or
by the sequence of geologic materials; )

EFEarthquake vibrations, which can reduce the strength of
weakly cemented sands or silts;

Trée roots, which can increase the cohesion of soils;
this cohesion is lost when the roots decay after- 1og—
ging or burnlng :

*From Dunne and Leopold, 1978, p. 561.
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Hazards
Any geologic‘condition or process which directly
conflicts with human activity is considered.a.hazard‘ Mass;
Anovement hazards in the study area are generally conflned
to the Brldger Canyon area and that portlon of the Story
Hills east of the_Brldger Creek-Bear Canyon»Fault (Platesl'

4 and 5).

Story Hills landslides.’ -Two small landslide'features f
in the Story Hills appear to be controlled in part-by'dip?
slope failure in overturned Cretaceous bedrock; Both

: occurred w1th1n the last 10 years, as verified from air: = =~

A small two;acre slide'approximately SOO-feetieast

of the intersection of Big Gulch Dr1ve and Carney Road in
sec. 3, T.l 5., R.6 E. is a shallow 5011 fallure on an.over;
‘turned Cretaceous'dip 'slope. + Directly ndrth of and adJacent
to the slide, water. is discharging from a small soring.
This slope failure occurred in spite of the fact'it‘has a
southwest'(climatically'dry) aspect and an 18% slope (Figure \ -
3). | | )

The small landslide located from 4OO feet to 900

féeet south of the N/ corner, sec. S, T.1 Si s R.6 E. 1s char-

acterlzed by’ a northwest aspect poss1ble dip‘lepe controly
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Figure 3. ©Small landslide on the dip slope
of overturned Cretaceous bedrock
in the Story Hillss.
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moderate to steep (23%)-topographic slope, moderate to high
available soil water and Cretaceous bedrock. All the char-
acteristic indicatprs,of slope failure are present inclﬁd—
ing a wellqdefined north trending head scarp (4 feet-to-6
‘feet in height), very irreguiaf hummocky ground surface and
a bulging toe at the downslope terminus. The slide showed
evidence of slight downslope movement in June; 1981 wheré'the
_head-scarp bisects the road (Figure 4). The movement was
probably due to saturaﬁed ground‘éohditionS‘resulting from
the rains in late May,; 1981.

These two small landslide features éhould serve as
indiéators ofvpotential hazards. in this pért of the study
area and in other aréas of similar lithology and topographic
character.. |

Bridger Canyon rockslide. Many geoldgic-éontrols

contribute to the Bridger Canyon rookslide. The rock mass
has been overturned and severely thfustéd (McMannis, 1955),
is proximal to tbe Bridger Creek-Bear Canyon normal fault;
had its slope oversteepened by the natural downcutﬁing of
Bridger Creek;.aqd appearé to.have'Médison~Limestone thrust
over weaker Big SﬁowyfAmsden'silty and'shafy limestone‘

and ‘dolomites. The severe thrusting fractured the over-

turned beds along E-W trending, north dipping shear planes.
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I'i gure 4.

Headscarp displacement across exist-
ing roadway on reactivated landslide

in the Story Hills. Rock hammer for
scale.
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In 1962, a large reverse rotation slide block moved dowh-
slope, presumably on one of‘the many shear planes (Montagne,
J., 1981, personal communication). Successive slope fail-
ures were called retrogressive slumps, a situation in which
siOpe failure will~march upslope in large blocks as the down-
slope blocks lose support at the toe. These shear planeé
may be a blessing in disguise, however, for they allow small
portions of the hillslope to calve off periodically, and thus
prevent the development of large landslides. Prior to the
road realignment in the 1960's, the slide area had.been a
limestone quarry. Once the delicate and unstable geologic
balance was upset, the rockslide was inevitable.

' The seriousness of thé rockslide hazard should not
be underestimated. Recurrent élides capable of moving large
boulders (3 feet - 5 feet on a side) will probably continue
until the natural'angle of the repose is’established or the
toe is artificially stabilized by deep fill in the canyon.
Downslope movements increase during the spring runoff sea-
son. A slide of major proportions, possibly covering both
roads and damming the creek is not unlikely‘in this seismi-
cally active area. Because of these inherent hazards, fhe
need to observe recommendations developed by Montagne still

apply (Montagne, J., 1981 personal communication).
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1. _Carefully survey and monitor the slide, noting
rates of movement and periods of increased down-

slope failure activity.

2. Increase observations as the rate of movement
increases.
3. Install signs in the area warning the public of

“the hazard, and prohibit parking on the south
roadway. | | |
4, Cérefully consider ?oad closure during beriods
of increased seismic activity.
A plan for an alternate route was presented by the
State Highway Department in 1977 (Armstrong, 1977). The
project involved étabilizing the toe of the slide by filling
the narrow canyon area and putting a ’'straighter road ségment
on the north side of the canyon.

Bridger Canyon rockfall area. Directly a6r0$s from

fhe Bridger Canyon rockslide are cliffs of Madison Limestone
(Plate 5). ‘These jointed and .fractured rocks present a very
localized rockfall hazard. The competency of the limeéténes
and their shallow dip away from the road preclude a large
scale slide onto thg‘roadway. However, the stresées of
mechanical wéathering_and cqntinued“ldés of support material

in combination with the very steep slope allows rocks of
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varying sizes to roll downslope onto thé highway.

The haéard involved.came to the public's attenfion
in late 1976 by ﬁhe threat an overhanging block of Jjointed
limestone presented to drivers. After some weeks of peri-
odic road closures and discussions of removal procedures,
the rock mass (called Maiden Rock) was finally blasted down
on September 16, '19‘76 (Wills, 1976). |

This situation was special because the fockslide
across the creek had closed that. portion of the highway
while the rockfall threatened the detour. The public should
be aware of rockfall hazard in areas of steep often unvege-
tated slopes. or bére bedrock cliffs. Rockfalls occur with-
out warning and are very rapid events, and thus present a

special hazard to human safety.

' Constraints

| Constraints of mass movement are geologic conditioﬁs
or processes which contribute to, or are indications of,
mass movement, and which do not conflictyﬁjﬂlhuﬁane@tivity.
They tend to be less well defined topographically and geo-
Llogically than hazards,.and have an uncertainihistor& of
failure or potential for failure. Dévelopmeﬁt in areas
‘with mass movement'éonstraints should'not proceed without

an asseéssment of these contraints, and an evaluation of
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the risk of slope failure. O0Often, avoidance is the most
cost effective remedy, but in other less cdnstrained areas,
mitigation procedures may contribute to slope stability
over time.

Slope aspects. The orientation of a slope face rela-

tive to compass béaring is called its aspect. For example,
in this paper, south aspect slopes are synonymous with south.
slopes. ©Slope aspect for critical areas is indicated on
Plate é. Slope aspect influences the microclimate of an
area to such a'degree that some north slopes in the Story
Hills are potentially unstable and exhibit surficial creep
while geologically equivalent but steeper south slopes are
stable. Predominantly north facing slopes retain snow
longer,than'south 51opes, have more available soill moisture
and thus have a different vegetative assemblage (dense coni-
fers, aspens, shrubs and forbes) than south slopes (range
grasses and'éagebrush). North slopes also maintain a lower
average temperature and retain more water than'south slopes.
Difficulty of access and concurrent road maintenance costs
due to snow accgmulation are probably greater on north
slopes than south slopes.

Slope angle.  81opes greater than 15% (Plate 2) are

limiting to utility line construction and house siting be-
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cause: (1) earth moving costs are greater than on lesser
slopes, (2) Qore extensive preliminary'surveys'and cut and
fill plans are needed, (3) more care énd'time must be taken
to insure equipmeﬁt.and personnél safety, and (4) the prob-
ability of initiating slope failure increases with increas-
ing'slope'angle. Septic drainfields on slopes greater than
15% run the risk of initiating slope failure by slope load-
ing aﬁd reducing shear strength in.the soil materials.' In-
creasing slope angle increases the magnitude of the down-
slope gra&ity force relative to the resisting shear .forces.
Many north aspect‘slopes exceeding 15% exhibit'aétive soil
creep. The véry steep slopes of Bridger Canyon are condu-_
cive to rockfall hazard, while tﬁe less steep slopes of the..
Gallatin Range tend to be more stable.

_%, Soil creep. Soil creep is the slow downhill movement

of soil debris from wetting or drying or slow deformation
under the soils' own.weight (Dunne and Leopoid, 1978).
Nearly all hillslopes undergo creep to some degree. In
erested regions, creep contributes_considerable material

to stream channels, though movement 1is very slow (Dunné and
Leobold, 1978). Creep may diépupt'fehces or bend tree
trunks But is not nofmally'a‘sérious natural problém‘uﬁiess

construction takes place on slopes exhibiting active'creep.
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North slopes in the study afea exhibit much more
creép'tﬂan south slbpes (Plate 4). Creep occurs on the -
felatively steep north slopes and drainageways of the Story.
Hills, ahd oﬁ the steep north slopes of the Gallatin Range.
Development potential on the Gallatin Range Front is limited
for a number of §ther reasons including siope angle, aspect,
and access. Figure 5 shows a ”piStol buttedJ_fir tree in

the Story Hills, caused by -active creep:

5% Soiifluction. Solifluction is a form of slope move-
ment caused by thawing, saturation, and flow of surficial
soil materials on a frozen subsurface. Meltwater, prevented
from draining through the frozen soll, saturateé the thawed
soil and flow results. Areas of solifluction in the study
area are characterized by terraces on steeper (greater than
15%) hillélopes. The process appearS»restricted to the
south, west ahd east slopes of the Story Hills (Plate 4).
Lbng—term overgrazing'(Ryefson, D., 1979) by cattle seems
to have accentuatéd the terraces by compaction from use as
grazing trails. Solifluction is not evident on the heavily
grassed but ungrézgd drainageway sideslopes of -the Sourdough
Ridge—Mount.Ellis fan area or on the ﬁorth aspect slopes

where other processes dominate.

;e Unstable slopes. Unstablé slopes display all the
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Figure 5. "Pistol butted! fir trees at the
head of a coulee on a north slope
in the Story Hills.
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physiographic.chgracteristics of landslides, but signs of
recent movement are nonexjstént Qr uncertain (Soule, 1976).
The large>anqient 1éndslide located in the SY%, Sk sec. 32
and SW% sec. 33 T.1 S., R.6 E., and the N4 sec. 4 and the
N%, NwWY% sec. 3, T.2 S., R.6 E. of the Story Hills is con-
sidered the only:unstable slope in the study area (Plate 5).
Movement occurred fbllowing the Pliocene ahd many have been
triggered by slope undercutting action of Bridger Creek.
Steep slopes, hummocky topography, creep, a north aspect,
high water use vegetation, ahd.springs charaéterize the
slide.

.Some flat areas of the slide are suitable for low or
medium density housing, but available sites are limited by
steep slopes and drainageways. Access road oonstruction to
suitable building sites on the north slope could initiate
slope failure. Any potential hazard associated with this
siope is less certain than on an active landslide. A pre-
cise determination of the degree of possible failuré is

directly related to the particular land use proposed.

9% Potentially unstable slopes. "Potentially unstable
slopes are ones with all the attributes of unstable slopes,
but where evidence of past or present slope failure is not

apparent" (Soule, 1976, p. 16). Attributes apprbpriate in
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the etudy aree inelude proximity to areas of presentlor
past'failure,-sfeep slope gradient, nerth aspect, histori-
.cally weak bedrock units and active creep. These slopes
offer ne obvious evidence of failure and are less predict-—-
able than active or unstable slopes. For this reason, hgman
activity can pose a greater hazard on these areas than on
active or unstabie slopes. |
All of the area east of the Bridger Creek-Bear Canyon
fault not considered as active landslides is considered
potentially unstable (Plate 5). This includes the areas
controlled_by dip slopes in overturned Cretaceous units and
the very steep side slopes of the Bridger Canyon exclusive
of the rockslide areas. The high'mountainous slopes of the
Gallatin Range have thin soiil profiles and exhibit active
creep throughout, The additional effects of incfeased pre-
cipitation and north aspect further supports a classifica-
tion as potentially unstable. |
Other areas SO clagssified include the steep west

slope along Sourdough.Ridge, steep drainagewéy sideslopes
throughout the study area and the steeb east and west slopes

of the Story Hiils. Potential development activity in these
areas combined with the physical charaéteristice are the-

reasons'for the potentially unetable classification.
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Impacts and Recommendations

Mass movement constraints can impose serious limita-
tions on development, even to the ektent of becoming hazards.
The key to addreséiﬁg constraints is fecognition and an
understandinglof limiting elements. Oftén, constraints are
not a limiting factor singularly, but become problematic
tﬁrough interaction.(Hansen, 1975). Questions about con-
straints which can be applied to decision making include
.(Hansen, 1975):

| 1. How does the land use affect the hydrogeologic
system?

2. What impact will land uses hévé_oh ﬁatural pro-

cesses?. |

3. What hazards migﬂt ensue?

4. What se&uential land usés afe most compatible
with the ﬁeeds of the community and the pro-
cesses of nature? |

5. 'How can open space help mitigate geologic con-

straints? |

In addressing these que§tidns, the following
approaches to evéluating,mass movément probiems are recom-—
mended. |

1. Evaluate the degree of hazard by comparing the
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iﬁtended use to the élope constraiﬁt for a
) given aréa.

2. Assemble é complete list of impacts expected
from the planneduland use and the effect each
has on the.natural environment.

3. Delineate areas with the most serious con-
straints and hazards and consider these for use

as open space when possible.

4. Encourage access road design and structure sit--

ing which optimizes available building sites,
but which .does not interfere with the natural
‘surface drainage system or conflict with known
hazards or constraints.

5. Always avoid, when possible, areas of known

active slope failure and “unstable or potentially

unstable slopes to avoid costly remedial measures

which may become necessary in the future.
Problems of -communication and information avail-
ability héve allowed some lots in Story Hills Subdivision,

number 3 to be put on the markét and sold despite .the fact

these lots have serious constraints to development. A pro-

cedure needs to be esﬁablishéd to ensure that the seller

provides the buyer with a list of site limitations even if

-
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it requires a site-specific geologic and engineering assesé—
ment prior to the-sale; Active landslides .on former $400/
aére graziﬁg land should 5ot be éllowed on the market as
exélusive Qouhtry homesites for $2000/acre dnless_the buyér'
is informed of the constraints and is prepared to pay the
'pfice to satisfacforily mitigate them. Developefé, plan-
ners, and the buying public mUSt.understand and adequately
address constraints aﬁd use flexibiiity in zoning proce-
dures, buildiﬁg requirements and engineering design methods
to meet this end. In some instances, addressing constraints
tﬁrough engineered design may be imposSible or too'costly

and tﬁe besf solution to the problem is total avoidance.
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Soils

Purpose

The sfudy of soils and the applicatipn of soils
data are not directly the concern of this-investigétion.
However, because soils are related to bedrbck geology, sur-
ficial geologic processes and geologic constraints, tﬁéir
felation'to general geologic and tbpography baramefers is
described. For more detailed information-about the valley
soils the reader ié referred to the "Soil Survey of‘the
Gallatin Valley Area, Montana' (1931) by William DeYoung.
Flood plain soils are delineaﬁed and diséussed on Plate

4.

General

The term, solls, as used in thi; chapfer and on
Plate 4, fefers to the biochemically altered part of the
regolith approximatély equivalent to- the root zone. This
zone is generally from 3 to 6 feet in depth and‘distin—
guished ffom underlying layers by: (1) higher organic mat-
ter, (25 abundance of plénts and organisms, (3) characteris-
tic horizontal léyers (horizons), and (4) more intense
weathering.

Weathering processes which physically disintegrate
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minerals, leach constituents and control chemical breakdown
reactions and recombination processes are influenced by

1 .

topography (Bela, 1979). North slopes generally have more

available water and thus more organic'mafter in the upper

horizons than do south slopes (Birkeland, 1974). Soils on

steep‘slopeé are shallower and less well developed than
soils on flétter surfaces (Birkeland, 1974). Lower slopes
and valley-bottpms will have thicker sails and a greater
accumulation of clay sized particles (Birkeland, 1974).

The high clay content of these soils is restrictivé to. sep-
tic drainfields and foundation siting, while the topo-
graphic expression very often contributes to high ground
water and thus shrink-swell, frost heaving and, the poten-
tial for liquifaction if saturated and vibrated.

Parent matérial of soils in the study area plays aﬁ
importént_role in soil genesis. The Bo;eman Silt Loaﬁ, for
example, is derived from wind'bIOWh'éilt (iqess) carried
into the .area from the flood plains of the Gallatin and
Madison Rivers during interglacial periods (Bourne, 1960),

These silty soils cover the Mount Ellis Fan area south of

the East Gallatin River and east of.Sourdough Ridge. These.

silty and silty clay loam sgoils are easily erddible, have a

high water’holding capacity, and will undergo shrunk-swell
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and frbst heaving under appropriate soil moisture condi—-
.tions. Flood—plgin soiis Qary in basic constituents and
almost all are limited by a high ground-water table.- Septic
systems andfbuildings.with basements are a serious problem

on all flood-plain soils.

Soil Distribution

Flood-plain soils. These soils as described in the

East Gailatin River Flood Hazérd‘Analysis report (1972) have
a fluctuating Qater table between 30 and 60 inches beldw_the
ground Sufface.._Most'of these soils are used for tame hay
and pasture with some éﬁall grain cropping (SCS, 1972). The
soils tend to be somewhat poorly drain@d, range in thickness
from 20 to 40 inches and oveérlie sands and gravels (SCS,
1972). Limitations to development are severe where the
water table reaches to within éO inches of the surface.
These soils.are'subject td occasional.flooding, have.a low
bearing capacity and a high potential for frost action. If
the wéter table is below 30 inches, the limitations are less
severe. In all flood-plain soiis, septic 1iﬁitationé are
severe. A

| ‘Soils.adjacént to the iOO~year flood plain are frqm
20 to 40 inches thick, are well drainéd, overiie sands and

gravels, and are mainly loams'and'silt loams. They are used
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for pasture or smali grain production énd are steadily be-
ing developed. Eiooding is rare aﬁd limitations to de&elobf
mént.inclqde'low béaring capacity and high frost potential.
Where permeabi;ity is slow, or very rapid, septic drain-
fieids may be restricted.

Story Hills. Soils west of.the Bridger Creek-Bear

Canyon fault'are.underléin by Tertiary alluvium and limita-
tions'are minimal exéept for steep slopes and apeas_with a
north aspect. Pérmeabiiity tests by‘Suryqo indicate ade-~
quate percolation for septic systems in sec. 3 and 4, T.2
S:, R.6 E. of the Story Hills. Field observations-during
the late stages of a moderate three-day rain in May, 1980
and again in.May, 1981_did not show an& significant amount
of surface runoff in the area, even in the large east-west
master drainage.

Soils east of the fault vary, depending on the extent
of Tertiary material overlap and the nature of underlying
Cretaceous bedrock. Scattered clgy lenses in fhé grévels
were noted in the north slope pits about 100 yards.east Qf
the fault, an indication that Tertiary material overlapped
the fault. and covered areas of Cretaceous bedrock. A pit
on lot 24 of the subdivision number 3 about 200 feet-southQ

east of the intersection of Alder Gulch Way and Big Gulch




Drive neér the center of sec. 3, T.2 5., R.6 E. revealed a
parent material of fine sandstone (Colorado Group rocks ?)
overlain by 18 inches of clay loém soil. Just 100 feet west
éf this pit in the shallow swéie adjacent to Alder Gulch Way
another pit révealed a saturated soil with 40% clay énd
traces of gypsum. This.pit'was located in order to verify
suspicions that high clay soils unsuitable for éonstruotion
and severely limiting to septic systems would be found and

to compare this data to the soils .data in the original re-

port by Overturf, Strand and Associates (1974). Soils data

in the-original.l974 Story Hills report were severely l%m—
ited by'a lack of exposure. and soiljpits. The report's'
classification 5 (soils'ﬁnderlain by Colorado shales), for
example, should not extend west of the Briager Creek-Bear
Canyon fault. Use of these déta should be tempered'by more
recent information from percolation test holes, deep's011=
excavations, water line trenches, and road exoavationé.'

Sourdough Ridge—Mount Ellis Fan. BSoils in this area

are dominated by the relatively well drained silt loams.and
silty clay loams of the Bozeman and Bridger Series. These

loess-derived soils vary in thickness and tend to thicken

eastward as though Sourdough Ridge actéd as a barrier; céus—A

ing the silt to fall out of.suspension. An exposure at Kagy
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and Highland Boulevards shows a thin (less than 2') soil-
over Tertiary gravels, whereaé a road cut exposure on Kagy
three-quarters of a ﬁile east of Higﬁlana showed no less
tﬁan 10 feet of loess and soil. Good drainage and resist-
ance to drought make these loess—deriQed soils excéllent
agricultural soils. These samé.éharacteristics make the
s0ils suitable for development (Nlelsen, G., 1981, persoﬁal
communidation). As long as the soils are well drained, the
problem of frost heaving is a&oided.

" Mountain soils. The mouhtainous soils of publicly

owned land in the Gallatin and Bridger Ranges are generally
thin, well drained, énd'overlie bedrock ranging %rom Precam;
brian gneiss to Madison Limestone and Cretaceous marine
sediments. Logging in the National Forest lands of the
Gallatin‘Range portion of the afea has created some erosion
problems on the steeper slopes and road cuts and will likely

:continue until stabilized by understory vegetation.

Mah—made soils. Man-made fill soils composed of

excavated soils;_construction rubble and occasionally trash.
are prevalent on the East.Géllatin'flood plain from Bdhart
L.ane to G?iffin Drive, the Bozéman Creek flood plain from
Lamme to Griffin and at former gfavel pit sites in the in- "

dustrial/commerdial areas north of Durston (Plates 1 and 4).
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The materiais may contribute to particulate and chemical

- pollution, and reduce channel cross section when used in or -
near streams, hqt to mention-reducing the -aesthetics of the
channel reach; Off-stream dump sites and fills of exhausted
gravel pits very oftén pollute shallow groundwater, ‘and can
cause problems for future construction projects. End dump-
ing of mixed rubble_and excavated material confributes to
differential settlement over time (Legget, 1973). Few prob;
lems would be encountered if fill matérials were properly
placed in horizontal layers and compacted. '

It is doubtful that construction débris and excavated
s0il placement in fills will change significantly in the
future. The potential problems these areags present in
fufurevland use can be addressed by: (1) mapping all known
"historic dump sites and ﬁreéent fill areas as précisely as
possible, (2j deséribing the nature of the fill materials,
and (3) maintaining strict controls on the fill material to

prohibit indiscriminate dumping.

Soil Erosion.

Farming practices, change in land use from agricul—
ture to urban residential and inadequate erosion control at
construction sites are major factors contributing to soil

erosion. Rapid spring runoff from small grain fields south
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of Kagy Bbule?ard frqquently produces'large sediment loads
and onAoccésion has washéd oﬁt tHeréadway. Housing devel—’
opments reduce groﬁnd areé‘aQailablevtb sgofe precipitation“
and runoff. This increases'runoff from a giveh area, and
as aAconSequencéﬁerosion increases (Dunne and Leobold,1978).'-'
Construction site soil.erqsion is the nemesis of'buiidiné |
contractérslwho'start constfucfion éarly.in thelSpfing. Téo:
| pften the site'is completely cleared-of Vegetéfién, exca-
vated soil'is'lef£ bare; and access roads are nét_designed

and built to minimize soil erosion.

Impacts arid Recommendations
Soil erosion throughout most of the study .area is

riot a serious problemn, éxcept along'the East Gallatin Rivep
(Shouse, 1978). . Increased development will increase erosion
potentiél, éonsequently-sedimeht'polldtion.gan be éxpécted
to increase ﬁnleés’measures are taken to control or réduée
it. Principles for minimizihg efoSion and éediment ﬁo&emgnf
J from urban.construction éitéé requife: "(1) a'minimumuéizé
of_cdnétructioh.areaj (2) .quick re-establishment of perma-
nent vegetati@n, (35 use of temporary vegetatioﬁ and mulches
on exposed'sgii, (4) use of as short'a length of Steep. .
.slopés as poséible, (5) reductién of vblhme and;Velocity df

: water that crosses disturbed areas by means of planhed en-—.
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gineering works, and-(6) better use of hardened or éStab—
lished channels for transporting increased runoff, whetﬁér'
sediment-loaded or not'" (Coates, 1976, b. 23). These
methods will not stop—erosion, but rather reduce sediment
movement. Care'ﬁust be taken to use an appropriate method
or bulld an adequate structure to fit the needs.of the area
and the project.. Whenever possible, natural Qegetative
cbnfrols should be used to minimize sediment production

(Coates, 1976).




CHAPTER V
HYDROLOGY
”'Purppse

" A complete Hydrplogical asséssMent of "the stud&.area
_isybeyond the scope.of this paper. This-Seétion stresses
.the:hydrolégié;limitafions to develébmeht; pfesent and

future prbblehs, and'suggestioﬁs fop éddressing them. For'
'a more compiete aésessmen£ of flood plain/flooding pfbblems,
groundwater supply and flood cbntrolimeaéﬁrgs,-the reader
is directed to the following publications: '
1. Dunn, D. E;,-1é78,'éfouné'Watér'Levels and Ground Water
' Chemistry:- Prepared for the Blue'Ribbons of the Big
Sky Coﬁntry 208 ﬁeport. |
2: Shouse, J. E., Projeét Director,.l§78, Blue_Ribboﬁs qf
the Big Sky,Country; Areawide Plénhing 6rgani2ation:
Finél.Repaft 158p.
3.-Soil éonser&atién Ser?icé, 1972; Eést-Gallatin Rivér énd
Upper'Tribﬁtgries; Flood Haéard_Analysesi Gallafin-'
‘.County,.Moh£éna; Unitea States Departﬁeﬁf of Agficul—
turé, Soil,ConservatiQn'Servibé@*lin;_
4. Soil Cohservation Sefviée,_i980, Preliminéry'lﬁV@stiga;,l
tion Report;‘Bbzeman'Creék'Watebshea;'Géliatin Cdﬁnfy;

Montané: United Staﬁes”Departhht‘of’AgricultUre,:.'
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Soil oonservation‘Serydce, 31p.

5. Soil ConserVationtService; 1980¥ Floodwa&—Flood Boundary
and FloodWay Map;'ditysof'Bozeman, Montana, Gailattn
County, Montana: Preliminary-Report, United States‘
Department of Agrlculture, Soil_Conseryation,ServiEe.i

hThe following_is an overview of_surfaee water and the assow

ciated problems in the study area.
Surfaoe Water

General

| Three major streams floW“throughAthe study area
(Plate 3); ‘Bozeman (Sourdough) Creek flows aimost duerndrth
and presents the-most serious- problems. - The Creek has dis-
sected the east border of the so—called'BOZeman fan complex
. and flows‘in a.narrow.ribbonlike floodway without natural
diking, a situation common to‘geomorphically‘young'stream
valleys (Wells;,l977); fhe Easthallatin River flows west-
ward along the- south flank of“the Story.Hills and,joins
.Bozeman Creek Just north of Grlffln Drlve east of Rouse
Avenue The East Gallatln meanders through a flood plaln
restrlcted on the south by the Burllngton Northern Rallroad

embankment and Interstate 90. Brldger Creek flows westward

through the steep—walled Brldger Canyon and joins the East
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Gallatin River in sec. 31, T.l S., R.6. E. The Creek is
contained within a well-defined channel in’én area devoted

primarily to hay'créppimg.

Flood Plain Delineation

Allﬁthrée tributary flood plains have been evaluétéd
twice since 1970. fhe peak IOQ—yeér fréquency flows were
determined for an'unoﬁstructed‘floodway; history indicates
no bldckages by trees or debris have been recorded (Hamil—
ton, S., 1981, pérsohal cémmﬁnioation). %his is ndt fd éay
thaf such én occurrenéé Won't happen,in the:future, however.
Map bduﬂdariés for the 100—yeaf flood ﬁlain aré based on
1972 data. The inténse 1980 study differs only slightly
frém thé first report in 1972, because of a channel imprbve—
ment in the Eaét Overflow (Mill Ditch:Divefsion),chanhel.
Downtown flooding .should now be‘réétriéﬁed to the streets
and not’seriouslﬁ'affect baseménts (P;aﬁe S)iA Both Stﬁdigs-
scru£inize the'Bozéman drainage mofe carefully bedausé:&f |

its higher flood risk and potential for property. loss.

Present Flooding Problems

Major flooding'occurs in May and Juhe when snowmelt
and rains combine to.producé peak flgws (SCS,-1972). Con-

‘tinued urbanization on areas adjacent to the flood pléinsy




~66- . L
will 'increase downstream flooding to éome exteht. Numerous
stﬁdiES'have shown that urbanization increases péak flow
and reduceé the lag time of the flood wave in an urbanized
.watefshed (Dunne and Leopold, 1978). Figgfe 6 shows the
effects of urbanization on a one-square mile drainage basin.
As development increases, iﬁpervious areas increase, result-
ing in higher average péak flows occurring more often. Fig-
ure 7 shows the effect of ufbanizatioﬁ on the lag time be-
tween the rainfall event and flood oécurrence,.énd the
effect on peak flow. Urbaﬁization reduces the lag time and
increases the peak flood flow.

The response 6f the three tributary streams to de-
velopment ma& not be clear .cut. All three originate in
mountainous terrain and have a high percentage of watersheqr
area in this upland portion. Water from urbanized areas,
would be shunted out of the system prior to peak flooding.
from the mountains (Hamilton, S., 1981,.personal communica-
tion). A worst possiblé case would involvé a deep snow
pack, relatively warm rain and high relative humidity (Yaw,
R., 1981, persdnal communication). This would contribute

maximum runoff in the'shortest time.
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Channel,Constrainfs

Bozéman Creék'has been éteadily channelizeq since
before.1900. Severe restrictions from bridges, culverts;
conduits under structures, and:channel cross—-section reduc- .
tion by riprap is continuous from south of Story Street to
" the culverts at_InterState 90. ©Some flooding pressure was
relieved by improvements of the East Overflow (Miil Ditch
Diversion) Channel (Hamilton, S., 1981, personal communicé—
-tion). North of Interstate 90, a more natﬁral channel
exists. Despite séme use as a fill‘afea, theé channel is
relatively well vegetated, shows few plapes Where erdsion
is serious and experiences little overbank fiooding. "En-
croacﬁment by industrial/commercial development on the vege-
tated.channel area could increase downstream flooding prob-
lems.

A major chaﬁnel alteration to accommodate Interstéte
90 steepened the gradient of the East Gallatin for nearly
1000 feet along Bohart Lane (Plaﬁe 3). Accelerated erosion
of meander bends dowﬁstream is creating some problems for
present landownefs. lDynamic adjustment to the increased
upstream gradient as well as easil& erodible banké due to
overgrazing appeaf to be the major,prpblems affecting this

reach of the channel as evidenéed by the May 1981 flood.
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Upstreém‘frbm this area the river is entrenched in a well
yegetated cHannel; Downstreamlfrom "L" Street, a short -
northwest flowing reach is rélatively entrenéhed along Story
Mill Road 'as a result of pfevioﬁs channel excavation and.
rip-rap work. The last.west;flowing reach from the stock-
' yardé td the Bozeman Creek cénfluence has beeﬁ seriously
altered. Overgrazing has removed vegetation oh-both bénks;
debris, including éar bodies anq miséellanepus trash.line
the banks;.riprap‘is improperly pléced; and an easily erod-
ible berm of gravel has ostensibly Beén installed along the
north bank to limit floodihg. Flooding is a common occur-
rence.along this portion‘of the East Gallatin channgl‘and'
affects the loﬁ;lying industrial and commercial buéinesses
in the area. The results of such pfactices are increased
bank erosion and more frequént flooding.

Bridger Creek is confined to a well vegetated, r¢1é4
tiﬁely well eﬁtrehched nétu?ai channel from Bridger Cahyon
to Story Mill Road. Some backwater flooding ffom the bridge
across Story Mill Road and minor dbwnstream flooding is not
unusual. The 100~year flood utilizes not only the flooa
plain but.also the area along the old Milwaukee right—off
way near the confluence in”sec. 31, T.1 S., R.6 E; Démage

is minimal_bécause the adjacent land is in pasture or small
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grains (SCS, 1972).

Urbanization

In addition to increasing peak flows and reducing
the lag time of the flood peak, urbanization:causes severe
channel cﬁangés over time., Elimination of small subtie
swales and ephemeral channelé either by design or ignorance
reduces the numbef of évailable surface channels for a given
area. Runoff is thﬁé confined to fewer channels incapable
of héndling the increased flows and erosion is initiated.
The ultimate result is an enlarged éhannel.

The steps leading up to the enlarged channel warrant
some attenfion. First,; the channel cfoss—section decreases
by deposiﬁion within the channgl. As ekpected, thé fre-~
quency of discharges which exceed bankful increase markedly.
These changes, however, lag urbanizatioﬁ by 10 to 15 years
(Dunne and'Leopdld,.i978). Secondly, the initiation of
higher peak flows due to decrease in surface channels and.
infiltration arealétarts a progressive enlargement of the
channel. Stability is ultimately achilieved in the form of
an .enlarged channel (Dunne and‘Leopold, 1978). The result
of‘upstream development along Bozeman Creek, for example,
could very well be increased erosion and higher peak flows

from Kagy Boulevard downstream.
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The paftial—variabie ééurce area phenomenon of sur—
.face flow generétion 1s extremely impoftanf to developers,
especially in areas of shallow slopes near flowing streams
(Gregory, 1973).1 Runoff comes from hany places in a drain-
age basin. qu example, in areas of low permeability dr |
zones of saturated soil, rainwater cannot infiltrate and
the water ponds on fhe ground surface. If enough water col;
lects, downslope flow is initiated. In areas near the
drainageway the water table is commonly close to the ground
surface.. As a result, saturation is easily achieved and
fpnéff is very common from this part of the drainage basin
(Dunne and.Leopoid, 1978). The size of the saturated area
Qill Xéil depending on ground water.flow,'soil characteris~
tics, and the intensity and dufation of the storm event.-

Partial-variable soufoe areas are an'integral part
of drainage basin's hydrologic syétem and can affect con-
‘struction practices in a Qariety of ways. Excavation re-
moves vegetation and the soil binding influenée of roots
resulting in accelérated soil erosion from highef runoff.
The areas have a ﬁaturaily high'water table which precludes
septic drainfield siting and houses Qith basements, and in-

fluences fhe foundation bearing capacity-of the soil.

Localized flooding potential is high in the partial—variable:
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soﬁrce éfgas from sheet flow and occasional overbank flood-
ing. Finally, plants in these areas act as filters which.
protect streams from sediment aﬂd.chemical pollution. The
areés'may be_identified by noting the existence of a swale
or smali drainégeway, saturated soil in the sprihg, water-
loving grasses and shrubs and the presence of green grasses
late in the summer.. | |

Because many low gradient swales along major floWing
streams are potential partial—variable source areas, they
are not specifically identified on Plates 3 or 6 in'the

interest of map simplicity.

Future Problems and Recommendations

Bridger Creek. Development aloﬁg’Bridgen Creek seems

unlikely, giveh its past history of 1imited developmenti
Factors which ma&llimit the area-to development are the
needs of theﬁbordering landowners, its inherent natural
character, present agficultural use, the high.ground water
table, aﬁd designation as a flood plain. If development is
proposed, every effort should be made tq preserve the nat-
ural state of the.stream.and flood ﬁlain to minimizé fiood—
ing and erosion probléms.

East Gallatin River. Potential problemS'éeem most

prdbable>from the'East.Overflow Channel inlet culvert on
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the East Gallatin to the Confluencé with Bozeman Creek. A
mixture of'residential, industrial and commercial develop-
ments are planned along the stream, or near the iOO—year
flood plain. ‘All of these.developmehts will.contribute to
runoff and reduce offstréam flood storage. .Large roof areas
 gnd large expanses of imbervious parking and storage sur- )
faces may genérate some localized flooding. Pollution from
sediment and chemical wastes from parking'lots may increase
unless control ﬁeasures are impleméented.

Chanhel degradation from Bohart Lane northwest to
"I, Street will continue under the present use-conditions.
Overgrazing should be Stoppéd and, if necesséry, banks re-
vegetated to slow bank erosion. Future uses should allow
the meaﬁder'curve migration to continue as part of the nat-
ural system. .The same recommendationg_apply to the segment
from the stockyafds to the conflueﬁce of the East Géllatin
River with Bozeman Creek. An effort to remove debris’ (car
bodies, etc.).Would‘incréase channel cross-—-section, enCouf—‘
age natural vegetation to stabilize banks and'improve chan-
nel appearance.

Bozeman Creek. In addition to tﬁe extensive recom-

mendations outlined in the 1980 Bozeman Creek Watershed Pre-

liminary Report the foliowing basic suggestions are offered:
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Dwellings should be sited on minimally altered
lots in a manner'which best preserves and main-
tains the natural drainage'system to 1imit local
flooding.
Cdnstruction activities should be staged so that
grbund disturbance is ﬁinimal.or non-existent dur-
ing periods of high surface runoff fo reduce ero—t

sion.

. Provide sediment control at the site through

catch basins, minimal vegetétion removal, and
immediate re?egetatioﬁ of disturbed areas to fur-
ther fédhce erosion.

Build detention basins in natural drainageways

to attentuate runoff and collect sediment from
high density developments. These basins are not
infiltration ponds, but rather sforége structures
with a kﬁowh outflow designed to fit é.given storm.
hydrograph for the affected watershed, aﬁd woﬁld
be water filled only during periods of peak run-
off.

Designate and use stream-flood.pléins as linear
parks, open space, golf courses,ietc. wherevér

possible. This allows the areas to be used by
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the public with minimal risk to life and property
during floods. Imaginative and flexible funding
or lan& trade arrangementé with deQelopers and
. present landowners should be pursued to this end.
6. Uﬁe bridges of adequate épan to minimizezcﬁannel
constriction.

. The local streams, especially Bozeman Creek, have to
yaryihg degreeé been altered by.human activity, and struc-
tural controls may become a necessary part of the management
program. Sound planning procédures and good communication
between commuhity officdials and developers in the future
will heip to avoid escalgting the existing flood hazard

situation. .
Ground Water

qeneral

Ground water quality and quantity has apparently not
changed a great deal since the.time of the Hackett (1960)
study. (Dunn, D., 1981, personal commﬁnicaﬁion). Wells
throughout the valley showed varied 'depths in 1978 both
higher and lower than well depths recorded in the early
1950's. Some old shallow'wells proximai to the Gallatin

Range have been deepened in recent years; the cause of the
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apparent loss of aquifér yield is not yét clearﬁ Study .
area well data ére found-in Appendix B and on Plate 3. |

Ground water gupply from the stream valleys and allu-
vial fans ncar the mountains appears sufficient for residen-
tial development. Some areas such as the east portion of
the Story Hills or mountainous areas with shallow soils and
undériying bedrock will probably have.limited available,
groundwater because of poor water 5earing strata and/or

questionable quality.

Distribution

Story Hills. The Tertiary alluvium of the Story

Hills has not proven to be a high yielding aquifer (Plate
3). This may. be due to the limited recharge area, its iso-
lation from the valley alluvium,_or 1imited_transmissibility )
of the Tertiary élluvium{' Appendix A gives a complete
ground water history of the area. ‘

The vertical and horizontai discontinuity of the
alluvium makes well drilling success rather uncertain. The
alluvium Qips east-northeasterly at a low angle, making the
north slopeé of the Story Hills the most attractive for
potential ground water.’

Wells drilled near the. bottom of the large east-west

oriented coulee yield ample water for single family dwell-
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ings (Plate 3).‘ The proximity ef the wells to the deep
coulee is prqbébly the major controlling hydrologic factor
on yields. | |

Stream valleys. The stream valleys effer-the best

potentiel fer‘greund water because of recharge by surface
streams and high‘inherent transmissivity (Hackett, 19605.
Advantages ef_a ground water source and limited available
surface rights may force developers and the city to seri-
ously consider moderately high yield wells for domestlc
water. Exce351ve‘drawdown from such systems is not expected

because of the high transm1331v1ty (Hackett 1960).

Sourdough Rldge—Mount Ellis Fan. Recharge of this

area is from surface stream seepdge into the fans and Ter-~
tiary elluvium (Hackett, 1960). The Tertiagry rocks in this
area have yielded more than 76 gpm over a short pumping
period (Appendix B, well 2-6-20C and Plate 3). Present.
housing density has not affected the ground water; and it
is unlikely that higher density projects with a central
water system.Would affect present -water supply levels pro-

vided wells are adequately spaced and drilled deep enough.

Mountain areas. Well yields are'generally much lower
and wells much more shallow in mountainous areas unless a

fault -zone or joint system is encountered. in the underlying
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limestone, sandstone or granitic bedfock. For example, thé
city water soufce from Lyﬁan Creek is a spring located at
tﬁe intersection of two faults in the Madison Limestone

(McMannis, 1955).

Constraints

Ground-water table. People who live on or plah to

build on the flood plain should be prepared for problems
associated with high ground.' To meet sanitary requirements,
the measured minimum depth to ground water for a septic
drainfield is six (6) feet, with the test conducted during
the period of highest ground water in May or June. The most
common causé of wét,basements is high ground water result-
ing from iﬁadequate 1andsqaping close to dweliings and the
uncompacted nature of backfill materials near the foundation
(Wells,.1977). Additional probleﬁs from a high water table
includé reduced'runoff storage and foundétion;bearing capa-
city limitations and frost heaving in soils with a high clay
or silt content.

Poliution. Research conducted for fhe Blue Ribbons
of the Big Sky Country 208 Water Study (1978), showed no
obvious areas of ground water poilution'within the vélley.

A possible increase in dissolved solids was detected, - and

if valid, is primarily attributed to a change in land use
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from natural prairie fo farming (Dunﬁ, D., 1978, bqrsénal
communication). No significant éhahges in water qualit&
are~expec£éd éiven'thé hisﬁorical.daté.(Dunn;.D.,‘1978; per-
sonal communication). ‘
Supply. . Reéent (1978) weli‘data'indicateslthat,no..

'dOanafd trend in fhe'ground water level is OCCﬁrr;ng.in

the valley area (Dﬁnn, D., 1981,;personal coﬁmuﬁiéétion)L
‘ There:is'no indicatioh that the ground—water éupply for the
'immediate study area'is_declining,or.wiil decline with -
fﬁfure‘demahd. Only.oﬁe areg,gthé_high élevatiOn, east pdr—
tion of ﬁhe Story-Hilis has notable supply probleﬁs fbr the
projected population (Pléte 3 ahd‘AppendiX'A). _Numerous'j'
.alternatives_are avéilable-to address the supply problem,-
if .and Wheh,'dévelopment levels demand it. (See Apﬁendix

A).




CHAPTER VI
CONSTRUCTION CONSTRAINTS
General

For the purpose of this study, Construction Con-
straints are defined as any existing natural or. man-caused
condition or proée;s wHich imposes limitationé on construc-
tion in the area. These constraints include: (1) geologic
limitations‘from unstable slopes,'incompetent and'failure—
prone geologic-strata and fault areaé;t(Q).hydrologic param-
eters of high ground water, flooaing, erosion and the par-
tial-variable source area problem; (3)'soil conditions such
as man-madé soils in dumps énd fills, saturated and frost-
_proﬁé soils in flood-plain areas, and eaéily erodible soils;
(4) topographic limitations of élope angle and aspect; (5)
seismic shaking hazards; and'(6) mass mo&ement hazards .

Plate 6, titled Construction Constraints,‘is a com-—
posite of the éonstraint information from other sources.
This does not mean that all areas on the map with con-
straints are précluded from development; it is simply a
means of'showing.the-existing limitatioﬁs which need to be
recognized. The manner in which these limitaﬁions are ad-
dressed is dependent on the exteﬂt of human activity, the,

relative risk(s) inherent in the constraint(s), and in some
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cases the money available to mitigate the problem.
Problems and Recommendations

Geological Problems

Landslide areas, Pockslides,'unstabie and potehtially'
unstable slopeéland fault aréas are geologic conditions
Which are often'besf dealt with throﬁgh'avoidance. The re-~
medial éosts to~corpect the prdblems of man's interference
often exceeds the'valﬁe of the land and propert& involved.
Unstable and potenfially unstable slopés deserve'spécigl
attention because of their inherent risk for failure.' Util-
ities, roéds, and dwelling should be carefully engiheered if
the constraint cannot be avoided. Areas displaying very
recent 1ahdsliding or rockslide acti&ity éhoﬁid be avoided
when possiblé. The instabilify of éuéh areas is dbvious,
often documenfed and sometimes avoidable. If use of such
areas 1s unavoidable, the proposed remedy shouldlbe care-~
fully enginééred,by qualified enginéérs and/or geologistsT

Structures located near identified faults should.
have a minimum setback of one hunared (100) feet. Larger
public buildings require’ greater setgaéks. Where faults
are presumed or covered by alluvium and building is allowed,-

the builder should follow strict building procedures and
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adhere to the Uniform Building Code requirements for Zone 3
earthquake areas. Lendiﬁé institutions would do well to |
monitor loans for constfuction.in such areas to protect

their investment..

Hydrologic Problems

Chapter V discusses inAmbre detail the hydrologié
constraints of the étudy area, so the folloWing is a brief
overview of construction-related problehs.. Floodiﬁg prob—
lems are important to everyone and flood-prone éreas héve
been relatively well defined. Septicllimitations in thé

study area due to high water table problems afe best ad-

dressed by the county sanitarian, the Soil Conservation.Seré.

vice, or other qualified professional.- High clay soiis,and'
a high groundwater table are generaliy associated with
stream channels, flood pléins and'sufface drainageways. - Be-
'céuse partial-variable source areas are part of the sufface
and groﬁndwater-systems their elimination or disruption can
cause many problems for the contractor, homeowner, or de-
veloper. Building to fit the natural topography of a giyven

site would be a major step in dealing with this problem.

Soils

Erosion can be reduced by the basic pfocedufeé out-




;845
iined‘in Chapter 1V, Geo;ogic Constraints - Soils. _Seasoﬁal
timing Qf donsfruction projécts to avoidlligh.runbff—rainfall
peridds (a lonthime.Forest Service préotice regérding log-
ging activities) would help reduce erosion and improve site
conditions for the contractor.

Identifying and mapping man;made soils would help
protect future exéavators and builders from needléss sur-
prises, not unlike those encéuntered by the highway contrac-
tor who unknowingly unearthed a buriéd landfill directlj in.
the path of a connecting link to the Northwest Bypass in
Great Falls. These kinds of soils are not easily compact-
able because of-the mixed materials, and have a tendency for
differential compaction over time. Such éoils may pollute
shallow groundwéter or surfgce water with both sediment and
chemicél constituents. Thesé soils shoﬁld be aVoided in
areaS'where‘heavy‘structures are to be bﬁilt or where high
. volumes of heavy traffic are anticipated. . The.best 301u£ion
is to know the location of such materials sé that site de-
velopers canlayoid them or at least know what éonfronts

them.

Topography

Slope angle not only limits access to a builder, but

restricts septic drainfield alfernétives and increases the
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poténtial for slope failure (Dunne and Leopold, 1978). Most
steep slopes are found in the -public lands of the Gallatin
and Bridger mountain ranges and along the drainégeways of
the Story Hills and Sourdough ﬁidge—Mdunt Ellié fan areas.
Occasionally, a steep slope problem can bé-solved through
careful engineering by a qualified individual; the qosts
and risks of such activities muét be.borne’by the landowner,
who too often is not cognizant of the hazard(s) involved.

Increasing energy costs and a marked upturn of avail-
able solar devices and technology will very likely encourage
mére homebuilders to seek out south slopes. In-féct, two
sqlar—heaéed houses have already been built in the Story

./‘
;

Hills.

Seismic Shaking

Regardless of the building sifé location;zadhégence
to the Uniform Bﬁilding Code.is recommended for all of
Southwest Montana. "From the 1976 Edition of the Uniform
Building Céde, secfiqns of note include 2312 (earthguake
regulafioﬁs), 2130 (wéll anchorage), 3704 (anchorage of
chimneys), and 1807K,(anchorage'of mechanical and eleétffcal
equipmenf in highrise structures)" (Bela,41979).f Present
codes do not address ground response or'resonance amplifica-

tion between bﬁildings-and underlying soils. This informa-
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tion will soon be available in the Applied Technology Coun-

cil (A.T.C. 111) Code (Bela, 1979).
Conclusion

Constructioniconstraints are the compos;te synthesis
of this.paper. Plate‘6 is an attempt to visually integrate
the:natural limitations of a complex geologic‘environmeﬁtf
Areas displeying multiple constraint and/or hazard condi-
tiens warrant carefel scrutiny.and a cautious approach to
planned'deveiopment. Areas displaying few constraint or

hazard conditions are those best suited to development.
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GLOSSARY

Aggradation -- the upbuilding by a stream of bed materials
to establish or maintain uniformity of grade or slope;
or upbuilding due to more bed load than the stream has
energy to transport.

Alluv1al channels -- a channel whose bed is composedentlrely
of alluvial materials.

H

Alluvial fan -- .a low, outspread relatively flat to gently
sloping mass of loose rock material, shaped like an
open fan or cone segment; deposited by a stream at the
place where it issues from a narrow mountain valley
upon a broad plain or valley floor.

Alluvium -- the general term for-clay, silt, sand, gravel or
other unconsolidated detritus deposited during recent

geologic time by a stream or other body of running water.

Aquifer -- the general term for the rock or soil material
containing a good supply of groundwater; with the not-
able chracteristics of large volume, high drainable '
porosity and -ease of water movement to a well.

Basin -- a topographically depressed area with no surface
outlet; or in reference to water, a physiographic fea-
ture that is capable of collecting, storing, and dis-
charging water by reason of its shape and nature of its
confining materials.

Bearing capacitx —— the load per unit of area which the
ground can safely support without excessive. yield.

Bentonite —-- a montorillonite-type clay formed by the de-
composition of volcanic ash. It is greasy to the touch
and can swell to about 8 to 10 times .when wetted and
thus cause foundatlon problems.

Calcareous -- sald of a substance.that contains calcium
carbonate.
Capture —-- the natural diversion of the headwaters of one

stream into the channel of another stream having greater
erosional activity and flow1ng at another level.
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Cement —-- a.chemically precipitated mineral material that
occurs in the spaces among the individual grains of a
consolidated sedimentary rock, binding the grains to-
gether to form a rigid coherent mass.

Clay —-- an earthy, extremely fine grained material (particle
diameter less than 0.005 mm). Clays become plastic-
when wet and hard upon drying. ) - -

Claystone -- A compacted, hardened clay having the texture
and composition, but lacking the fine lamination or fis-
sility of shale. '

Colluvial deposit —-- (gravity deposit) -- deposit formed by
material moving or falling from an unstable position to
a more stable one. Common types of colluvial deposits
include landslides, mudflows, rockfalls, and talus.

Confluence -~ a place of meeting of two or more streams, the

place where the tributary joins the main stem.

Conglomerate -- a coarse-grained clastic sedimentary rock
composed of rounded (to subangular) fragments, larger
than 2 mm in diameter set in a fine-grained matrix of
sand, silt, clay or any of the other common natural
cementing materials (such as iron oxide, calcium car-
bonate, silica, or hardened clay).

Contact -~ a plane or irregular surface between two dif-.
ferent types or ages of rock.

Creep -- the slow, gradual, more or less, continuous, non-
recoverable (permanent) deformation sustained by ice,

soil and rock materials under gravitational body stresses.

Cretaceous —-- the final period of the Mesozoic Era, thought
to have covered the span of time between 136 and 65
million years ago; also the corresponding system of .-
rocks. ’

Depression (geomorph) -- any hollow in or relatively sunken
. part of the Earth's surface; especially a low-lying
area completely surrounded by higher ground and having
no natural outlet for surface drainage.




93—

Detritus —- a collective term for loose rock and mineral
material that is worn off or removed directly by mechani-
cal me'ans, as by abrasion or disintegration; especially
fragmental material, such as sand, silt and clay derived
from older rocks and moved from its place of origin.

Degradation (stream) -- the vertical erosion or downcutting
performed by a stream in order to maintain or establish
uniformity of grade or slope.

Dip -- the angle at which a bedded rock formation is tilted
from the horizontal. '

Dip slope -- a slope on the surface of the land that has
approximately the same angle as the underlying forma-
tion.

Environmental geoclogy —-- the study of geology as it relates

to man's activities and their impact on the environment.

Focene —-- an epoch of the lower Tertiary period after the
Paleocene and.before the Oligocene; also the correspond-
ing series of rocks.

Ephemeral stream -- a stream or reach of a stream that flows
briefly only in direct response to precipitation in the
immediate locality and whose channel is at all times
above the water table.

Epicenter -- the point on 'the Earth's surface which is di-
rectly above the focus of an earthquake.

Erosion surface -- a land surface shaped and subdued by the
action of erosion, especially running water. The term
is generally applied to a level or nearly level surface.

Fault -- a surface or zone of rock fracture along which
there has been displacement, from a few centimeters to
a few kilometers in scale.

Fault line -- the trace of a fault plane with the surface
or with a horizontal plane. ’

Flood plain -- any flat or nearly flat, usually dry 1owiand
that borders a stream and that may be covered by its
waters at flood stages.
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Fluvial dcposit -~ a sedimentary deposit consisting of mate-
rial transported by, 'suspendcd in, or laid down by a
river system. '

Focus -- the point within the earth which is fhe'center of
an earthquake and the origin of its elastic waves.

Formatioh -~ the basic or fundamental rock—strafigraphic
unit in the local classification of rocks, consisting
of a body of rock. generally characterized by some degree
of internal lithologic homogeniety.

Frost potential -- the possible changes in soil volume and
bearing capacity of fine-grained soils resultlng from
the effects of freeze-thaw action.

Geologic constraint -- the limits which natural processes
or conditions impose on any given land use.

Geologic hazard -- a condition of 1and use when geologl
constraints conflict with man's activity.

Ground motion -- a general term for all seismic motion, in-
cluding ground acceleration, displacement, stress and
strain.

Ground watéer -~- that part of the subsurface water that is

the zone of saturation, including underground streams.

Ground-water table -- that surface of a body of unconfined
ground water at which the pressure is equal to that of
the atmosphere.

Group -- a major rock-stratigraphic unit next higher in
rank than formation, consisting wholly of two or more
contiguous or associated formations having significant
lithologic features in common.

Headcut -- a verfical face or drop on the bed of a stream
channel, occurring at a knick point.

Holocene -~ an epoch of the Quaternary period, from.the end
of the Pleistocene to the present tlme, alsc the corres-
ponding rocks and dep051ts
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Igneous -- a rock formed by the cooling and solidification
of a molten mass. This may occur within the earth or

on the surface.

Impermeability -- the condition of a rock, soil, or sediment
that renders it incapable. of transmitting fluids under
pressure.-

Intensity (seismic) =- a measure of the effects of an earth-
.quake at a particular place on humans and/or structures.
The intensity at a point depends on earthquake strength,
distance of the earthquake from the epicenter and local
geology at the point.

Interbedded -- said of beds laid between or alternating with
others of different character.

Joint ~-— a term for a planar fracture in solid roek along
which little or no movement - has taken place.

Landslide -- a general term covering a wide variety of mass .
movement landforms and processes involving the moder-
ately rapid to rapid downslope transport of 5011 and
rock material.

Lignite -- a brownish-black coal that is intermediate in
coalification between peat and subbituminous coal.

Limestone -- a sedimentary rock comprised mainly of ca1c1um
carbonate (CaCO03) formed in water by the gradual settl-
ing of calcium carbonate particles. Limestone is
‘usually a hard, resistant rock especially in the arid
West.

Meander -- one of a series of somewhat regular, sharp, free-
ly developing, and sinuous curves, bends, loops, turns,
or windings in the course of a stream. It is produced
by a mature stream swinging from 51de to s1de as it
flows across its flood plain.

Miocene -- an epoch of the Tertiary period, after the.Oligo—
cene and before the Pliocene; also the corresponding
series of rocks. .
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Normal fault -- a fault in which the hanging wall appears
" to have moved downward relative to the footwall. The
angle of the fault is usually between 45 - 909,

Overturned‘—— said of a-fold, or ‘1limb of a fold, that has
tilted beyond the perpendicular. Sequence 'of .strata
that appears to be reversed. '

‘Paleocene —— an epoch of the lower Tertiary period, after
the .Cretaceous period and before the Eocene epoch; the
corresponding series of rocks.

Partial source area —- the concept of ground-water/surface
water flow in which the ground-water surface .in swales,
coulées and small depressions rises more quickly than
surrounding areas and surface water flow will occur in
these areas first.

Permeability —-- the property or capacity of a porous- rock,
sediment or soil for transmitting a fluid without im-
pairment. )

Pliocene —-- an epoch of the Tertiary period, after the Mio-

cene epoch and before the Pleistocene; also, the cor-
responding series of rocks.

Precambrian -- all geologic time, and its corresponding
rocks, before the beginning of the Paleozoic; it is
equivalent to about 90 percent of geoclogic time.

Quarternary —-- the most recent geologic period extending
from about 2% million years ago to the present.

Rockfall .—-- an area subject to very rapid, intermittent’
and usually unpredictable rolling, sliding, bounding or
free falling of rocks and debris or individual rock
blocks. ' S ‘

Rockslide -- an area of active downslope movement of lafge-
masses of fractured bedrock and debris. ‘

Sandstone —-- a rock comprised mainly of sand—sizedfparticles
that have been compacted or cemented.
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Sedimentary —-- a term describing rocks formed by the accumu-
lation or deposition of particles. These are commonly
laid down by water, but can also be ‘deposited by W1nd

Shale -- a rock comprlsed of clay size particles which have
been compacted or cemented. Shale is usually well
stratified and in some cases, is weak and crumbly.

Slltstone —— a rock comprised mainly of silt size partlcles
which have been compacted or cemented.

Solifluction +- the soil creep of a material saturated with
water and/or ice; initiated by frost action and aug-
y& - mented by meltwater from alternate free21ng and thaw1ng
of snow and ground ice.

Tear fault -- a very steep to vertical fault associated with
a low-angle overthrust fault and occurring in the hang-
ing wall. It strikes perpendicular to the strike of
the overthrust; dlsplacement may be horizontal and there
may be a scissor effect.

Terrace (geomorph) —-— a step like feature located on a slope;
the terrace itself is flat or gently sloping and bounded
above and below by steeper slopes. Terraces are con-
sidered to consist of alluvium and flank each side of a
river valley. ' :

Terflarx -— the first period of the Cen0201c era, thought to
have covered the span between 65 million years ago to
about 2% millioh years ago.

Thrust fault -- a fault with a dip of 45° or less in which
-the hanging wall appears to have moved upward relatively
to the footwall. Horizontal compression rather than
vertical displacement is its characteristic feature.
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APPENDIX A

Story Hills Subdivision #3

Water Supply

History

Three Wells were drilled during the initial develop-
ment period of the Story Hills in 1974. The purpose was
two fold: to establish a geologic framework in the area of
a suspected fault and‘to locate a water supply sufficient to
meet the needs of the development. The foilowing'well data
begins with the non-producing wells (1 and 3) and ends with
a discussion of producing well- #2. Generally all 3 wells
were drilled into Tertiary sediments collectively known as
the Bozeman Group. These materials are laterally and/or
vertically inconsistent sand, silt, clay and gravel with

varying amounts of calcium carbonate cement.

Well #1

Location: /% mile south of the center of sec. 4, a.few
feet from the bottom of the deep E-W trending coulee
which separates two distinct erosion surfaces.

Elevation: 5250 feet at the surface.
Depth: 541 feet. Bottom elevation 4709 feet. SWL
(static water level) 480 feet or elevation 4770 feet.

Perforation extent unknown. Cemented Cgl. at bottom.

Yield: 2 gpm.
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Even though the well penetrates to a depth well below
(100-150 feet) that of the East Gallatin River, insufficient
water for a single family dwellihg was obtained.

Some possible reasons for this limited flow are:

1. Penetration into a highly cemented portion of the
sediments (gravel conglomerate).

2. Insufficient perforétions in less confined (less
cemented) section of the sediment pile.

Well #3

Location: 1300 feet SW of the center of sec. 3 on 4
possible slump in Tertiary sediments.

Elevation: 5285 feet at the surface.
Depth: 400 feet. Bottom elevation 4885 feet.

Material: O to 318 feet. Tertiary sediments.
318 to 400, feet. Cretaceous clays and shales
(Mowry—-Thermpolis ?) o : '

Yield: Dry hole.

The change from gravels td clay at 318 feet infers the
presence of the NW trending fault between the Tertiary sedi-
ments to the west and the overturned Cretaceous units to the
east. :

Well #2

Location: Approximately % mile south of the NW corner
of sec. 3.. The well is about 250 fe€ét east of the
intersection of the existing road and the recently
built Plutchack Way. '

Elevation: 5425 minus 6 feet dueeto recent landscaping:
Depth: 410 feet. Bottom elevation 5015 feet. Bottom

is cemented conglomerate lying 40 feet lower than that
of Well #1. '
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Material: 0-235 feet. Low permeability mixed silts
and clays with zones of clayey gravels. 235-304. (Clcan
sand and gravel with zones of very fine poorly graded
sand. SWL 304-~410. Mixed sands, gravels, silts and
low permeability clay zones, bottoming on a cemented
gravel conglomerate.
Yield: Originally estimated at 400 gpm, but tested at
a maximum of 50 gpm. ’
Probable Water Source:
Preliminary assessments of the geological—groundwater
relationship need review in light of more recent work. The
original hypothesis inc¢luded the following: '"Location of

the production well site was selected to take advantage of

the major fault in the area which has created increased per-

meabilitx of the materials." In the paragraph which fol-
lows: "From the information available and knowledge of the

geologic profile of the area, the recharge.areé has beeh
determined to be located generally east of We11.#2. (Over~
turf,. Strand, 1974, p. 5)."

The reasons for change are as follows:

1. 2006 feet east of Well #2, overturned lower Cref
taceous (Colorado Group) rocks abut the.Tertiary
sediments along a NW trending fault.

2. The fault'is topographiéally expressed by two
deeply incised water courses. One trends north'in

the EY%, E%, NWY, sec. 3, and the other trends SE -
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in thé;SEZ} sec. 3. Thesé.Water courses wauld
act as a sink for watef 6riginating'from the east.

3. Colotrado Gréup matériéls behava as‘blastic masses
under.strgss; and thus do not generate perﬁeability.
enhaﬁcing-joint éystéms. If'énything,‘permeabilit&‘
is'pfobébly reduced. ‘

4. 'Well #2 is iocatgd at the'north central edge of a
‘large aﬁcient Iandslide. 'Any fearrangement'of
thése.Tertlary sediments due to landslldlng would
serve to close pore‘spaces and reduce permeablllty

.For these reasons, I Suggest that the source of water

fbf the present pfodudttdn well,ls:deftygd from-south_gnd

west in the Tertiary sediments.
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NEW WELLS -- Location and Yield

Given the track record of wells in the Story Hilis,
it was unfoftunate that a fourth major well was attémpted_
in the summer of 1986. This rotary drilled well penefrated
approximately 500 feet into the Tertiary sediments and
was located about_lOOO feet south of the beacon in.the SW4
of sec. 4. The well was dry and subsequently abandoned.

Location may not have been the only reason for the
dry hole; rotary drilling, under pressure in these mixed
sediments could very possibly haQe plugged any water bear-
ing strata as the drilling progressed.

Though city sewer and water is‘planned for the wes~
tern portion of the Story Hills, this doesn't solve the
water supply problems for'theEZ,'sec. 4 and developable
areas of sec. 3. The 50 gpm capacity (esfimated) of Well
#2, even with sﬁorage, simply isn't adequate for the planned
low density hoﬁsing. To address these problems, I suggest
that the alldvial valleys of Bridger Creek or the East Gal-
latin River be developed to provide higher volume wells at
much lower-capital posts."The probiems of site access, land
ownership and/or éasements, and'pibeline-to stofagé facility

easements should be assessed before commitments to develop .

the eastern portion of the Story Hills proceeds.
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The following is a letter addressing bne'posSible

solution.to the water supply problem of the Story Hills.

26 March 1981

Mr. John Schunke
Morrison-Maierle, Inc.
202 East Kagy Blvd.
Bozeman, Montana - 59715

RE: Story Hills Water Supply Problem
Dear John:

Our discussion on March 20, 1981, about the. somewhat
confused data presented in the zoning meeting over water
yields, etc. prompts this letter which I hope will ease the
conflict and benefit all parties concerned.

The water supply difficulty was recognized early in
1974 after Potts Drilling managed -only limited yields from
3 wells. Hillman's dry hole on the south flank of '"Beacon
Hill" in 1980 only served to reinforce conclusions that I,
and others have reached, about water availability in the
Story Hills proper.

I support the approach suggested by Tom Strand in 1974
for developing the western segment of the Hills property
and which we discussed on March 20, 1981l. Thé cost effec-
tiveness of shallow high yield wells in.the alluvial valley
of the East ‘Gallatin with booster pumps, pipeline and stor-
age facilities certainly seems to outweigh any further
"dinvestment in the Hills proper. To meet the needs of the
zoning commission and to adequately address the water supply
question, I suggest the developer(s) do the following:

1. Contract to have a well drilled in tract 1 close.
to available power with pump and pipeline siting
in. mind to minimize future costs.
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Mr. Schunke
Page 2
26 March 1981

2. Conduct a pump test of 24 hours or until the water
level stabilizes to obtain the best possible yield
and drawdown information.

3. Carefully monitor the effect of this pump test on
nearby wells to insure that wells-already in use
will not be adversely affected by the test well
drawdown. '

4, Determine the best well spacing interval suited
to -the needs of the developer which would not in-
terfere with established wells.

Without the benefit of city water for the west sector
development, the most economic and efficient solution to
the problem starts with a test well proximal to the west

side of the Story Hills.
Sincerely
@/&ﬁi

Earl F. Griffith
Geologist-Hydrologist

EFG/cef

cc: Rick ‘Mayfield
Paul Bolton
Ed Juvan
Art Van't Hull
Walt Anderson




APPENDIX B

WELL DATA

The table which follows is a partial listing of

well data for the study area. The list is not complete be-

cause many logs weren't available or were not sufficiently

documented as to yield, specific location, depth ete. to be

.used.

Location and general data symbols and terminology

are as follows:

e.g. Well

joJ—

6 ——

4 —=

-

d. —_—
Additional
Tert --

D --

SWL = —=
SO—T.——

2-6-4Ad
Township 2 South

Range 6 East
~

See? 4

NE)% sec 4 (B=NW), C=SW4, D=SE})

wn

E%, NEY% and so on -

B

symbols and terminology

Geologic source material (Quaternary
or Tertiary)

Domestic Use
Static water level (feef)'

Capacity (GPM) and method of test
(T--Turbine, A--Air)
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TABLE IV
STUDY AREA WELL DATA

Location Geologic Use Depth SWL Capacity Casing Driller Date
Source (in feet) and Test Size and Drilled
GPM Method
1-6-34Bc Fault Zone D 200 4'7"¢ 19 2" Liberty 1960
Cambrian (?) Churn Drill
1-6-33Ca Tert- D - 95 60 . 5 6 Haggerty 1980
Quat (?) Cable Tool
1-6-32Cd Quat (?) D 49 12 12 6 Jones 1960
‘ ’ ) Churn Drill
2-6-3Ca . Tert-Cret D 400 — dry 6 Potts March
Contact (?) Cable Tool 1974
2-6-4Ad Tert D 440 330 50-A 6 Potts March
Cable Tool 1974
Redrill Tert D 410 297 50-A 8 Potts March
2—-6-4Ad Cable Tool 1979
2-6-4Db Tert D 500 -—- dry 6 Hillman
. Rotary 1980
2—-6-4Cd Tert D 541 480 2 6 Potts March
Cable Tool 1974
2-6-5Ac Tert D 138 507 3-3 6 Haggerty 1980
Cable Tool
2-6-5Ca Tert D 133 18 80-T 6 Potts 1978
' Cable Tool
2-6-8Ac Tert D 125 80 25(?) 6 Hillman 1980
Rotary _
2-6-16Dc Tert D 125 85 12 6 - 1962
2-6-18Dc Quat- D 66% 37 15 6 VanDyken 1958
Tert "Cable Tool
2-6-20C? Tert . D 150 132 6 6 Hulbert 1974
Cable Tool
2-6-20C Tert D 262 183 90-T 6 Potts 1977
' . 5 hours @ 90 GPM —- SWL 200! Cable Tool
2-6-22D Tert . = I 18 — _ 407 6 — 1955
2-6-22A Tert CI(?) 25 — 9 6 - 1955
2-6-30C Quat I(?) 45 14 60 6- L— 1955
2-6-30D Quat D* -l21 42 10 6 VanDyken 1967
o Tert ' . . . Cable Tool -
2-6-29C Tert . D 142 107 15 6 VanDykén' 1976
Cable Tool

o
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100 YEAR FLOODPLAIN: That portion of the alluvial
valley of major streams which will flood during a 100 year recur-
rance event. The floodplain area is based on the 1972, USDA-SCS
Flood Hazard Analysis and is only slightly different from the
1980 report.

REVETMENT: Riprap of permanent wooden cribbing or
concrete walls, loose concrete slabs and blocks, large loose
rocks, or gravel berms locally placed to control streambank
erosion; may lead to increased rates of erosion short distances
downstream.

ABANDONED CHANNEL: Length of a major stream abandoned
since 1948 through large scale abrupt changes from flooding or
stream channel regulation and realignment.

GULLY EROSION: Erosion of small swales and coulees
where surface flow occurs during spring runoff or during a major
storm event. Often initiated by lack of erosion control during
construction, indiscriminate vegetation removal or poor farming
practices. The triangular symbol indicates a headcut measured
in feet.

RILL EROSION: Small scale channelized erosion usually
on unvegetated slopes; rills can very often be controlled by con-
tour ploughing or ditching. Such erosion is common on fallow or

) ly seeded grain fields and at sites exposed by construction
- »f/iigfii}xﬁercausedsby rapid spring snowmelt or heavy rainfall.

\

5 | SPRING
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D S
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MONTAN,

EXPLANATION ‘

(Boundaries are approximate; statements are general; specific
evaluations require on-site investigation.)

PARTIAL —VARIABLE SOURCE AREA

-

STATE UN
v
BOZEMay | L

These are areas generally confined to shallow slopes near flowing

streams which ¢enerate surface flow before surrounding areas.
Partial-variable source areas are identified by the presence of water
loving plants, grasses which remain green after nearby grasses have
turned yellow in late summer, and by the topographic expression as

4 subtle swale or drainageway. Excavation in these areas which
removes vegetation will result in increased runoff and erosion.

The naturally high water table is restrictive to septic systems and
houses with basements.
may affect load bearing capacity and shrink-swell potential, and
cause soils to liquify when vibrated. These areas may experience
very localized flooding. Preservation of the partial-variable
source areas is important in reducing flooding, limiting erosion,
and trapping chemical and erosional pollutants which are filtered
out by plants.

Because variable source areas are common to many natural
drainageways in the study area, no specific areas are identified
on the Hydrologic Map. Limitations of scale and the 20 foot contour
interval preclude identification of all but the most obvious source
areas. Structure placement and septic system location are best
handled by site-specific evaluations.

WELL DATA

For additional well information and a brief assessment of

water

availability in the Story Hills, see thesis appendixes.

static water level ——\\ well depth (feet)

297

date drilled — 1978 w 8 — casing size (inches)

50-A _
\____, yield (gallons per minute and
method of pump test.)

T - turbine test (most accurate)

A - air pumped.

In addition, the high degree of soil saturation
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f EARTHQUAKE HAZARDS

The hazards from earthquake phenomena, especially ground

shaking, exist throughout the sutdy area.

Ground shaking is related

to earthquake magnitude, distance from the epicenter, area geology,

and soil structure, density and degree of saturation.

context means the unconsolidated earth materials over bedrock).
In general, unconsolidated to semiconsolidated materials display

. greater vibration amplitudes than bedrock.

However, soft soil

materials show maximum response to seismic shaking at frequencies
different from the induced vibration frequencies in bedrock or
stiff soil. The duration of an event is important in its effect
on soil response. For example, an increase in pore water pressure
from earthquake induced stresses may interfere with intergranular
contact and the soil may undergo liquifaction.
area are subject to liquifaction when wet.

Some soils in the

The following guidelines apply to construction procedures

" in seismically active areas:

1. In general, build tall buildings on bedrock or shallow
solls. If this is not practical, then design the structure for

the maximum predictable event.

2. 1In general, build short buildings on deeper soils.
Wocd frame buildings tend to withstand seismic shaking rather well
because of their inherent flexibility.
3. Avoid construction on silty or sandy soils which may be

saturated periodically.

(Soil in this

EXPLANATION

3 oy
(Boundaries are approximate; statements are general; specific
evaluations require on-site investigation.)

The geclogic limitations indicated here are either specific
hazards such as rcck falls and earthquake phenomena or limitations
of natural conditions or processes which control the extent of
land use. In keeping with Previous usage, a hazard is defined as
a constraint which confliets with human activity.

Constraints reviewed on this map do not include previously
described constraints concerning slope angle and aspect (Plate 2),
or hydrologic limitations (Plate 3) in order to maintain map
simplicity. The culmination of all topographic, geologic and
hvdrologic limitations is reviewed on Plates 5 and 6.

4. Avoid steep slopes, landslide areas, fault lines, and areas

with potentially unstable slopes.
5. Insure adequate building set back from known or suspected

faults. If possible, these zones should be utilized for parks

or open space.

MASS MOVEMENT HAZARDS

Mass movement hazards range from rapid unpredictable
rockfall events to predictable, slow moving, but disruptive slope
failures. Often, these conditions cannot be addressed without
extreme expense. In some cases, avoidance is the best solution to
an existing hazard condition; while other unavoidable hazards may,
over time, require expensive remedial measures.

HOLOCENE ROCKFALL: Area in Bridger Canyon across from
the rockslide (Hrs), subject to rapid, intermittant, generally
unpredictable sliding or free-falling of rock masses, rocks and
debris or individual rock blocks; commonly adjacent to unvegetated,
barren, steep and/or fractured and jointed bedrock cliffs.

HOLOCENE LANDSLIDE: Very recent (within 15 years) small
scale slope failures from 2 to 6(+) acres in the Story Hills;
materials include surfacial soil, unconsolidated Tertiary rocks

and overturned and fractured Cretaceous bedrock; dip slope attitude;

relatively shallow depth < 25 feet(?); ground water apparently
confined by impervious layer; very high probability of natural

reactivation.

HOLOCENE ROCKSLIDE: Area in Bridger Canyon where active
downslope movement of large masses of fractured and overturned

Madison, Amsden and Big Snowy rocks resulted in road closure; events

are generally unpredictable and extremely hazardous; such slope
failure will continue until the natural angle of repose is reached
or the slide toe is artificially and adequately weighted to stop

movement.

Kcg

MASS MOVEMENT CONSTRAINTS

LIBRARY
MONTANA STATE UNIVERSIL:
BOZEM N

Geologic conditions which contribute to, or are indications
of mass movement, and are not in conflict with human activity are
mass movement constraints.
creep, solifluction and the inherently unstable Colorado Group
rocks. The natural attitude and lithologic character of the
Colorado Group rocks contribute to hazard conditions and thus
cdeserve special attention.

Constraints reviewed here include

COLORADO GROUP ROCKS: These units, located east of
the Bridger Creek-Bear Canyon fault, contribute to existing hazard
conditions because of a dip slope attitude and varied sand-shale-

Eentonite lithology.

Whereas human activity is presently limited

on this rangeland area, the existing small landslides pose a

relatively minor hazard problem.

Future use of this area must care-

fully weigh the risks of possible hazard generation against the
recessity of hgmanrencroachment for development purposes.

CREEP:

The slow downhill movement of soil debris from

wetting or drying or deformation under the soil's own weight

is called creep.

Creep dominates all north slopes in the study

area, and can crack foundation walls and cause tilting of utility
poles. The slopes upon which it occurs, however, are often
steep and thus limit human activity.

SOLIFLUCTION:

Slope movement caused by seasonal and

diurnal freezing and thawing and saturation of surficial soil

materials over a frozen subsurface.

The process appears restricted

to the steep southwest, south and southeast slopes of the Story
Hills where diurnal freeze-thaw takes place during the winter.
Steep slopes limit human activity; the generation of solifluction
terraces is a slow and shallow process and does not seem to be

a problem to development.

MANMADE DEPOSITS

Poorly consolidated, uncompacted excavation rubble and
solid waste materials, when used to fill old gravel pits or other

low areas,

can become a serious problem to future land users.

Differential settling. is not uncomaon in such fills because of

the materials involved and method of placement.

Ground and sur-

face water pollution may also result, especially from deposits in

or immediately adjacent to a stream channel.

Solid waste deposits

are unsuited for foundations due to very poor load capacity while
excavation rubble may require replacement with material of known

characteristics to satisfy construction needs.

HOLOCENE - MANMADE DEPOSIT (DUMP):

Uncompacted,

poorly consolidated, solid-waste materials at sites generally in
the floodplains of Bozeman Creek and the East Gallatin River;
thickness varies from 2 to 10(+?) feet; may undergo differential
settling; are occasionally flooded and contribute erosion materials
when adjacent to stream banks; contribute to ground-water pollution.

HOLOCENE - MANMADE DEPOSIT (FILL):

Unconsolidated,

uncompacted deposits in abandoned gravel pits or low areas consisting
cf excavation material, demolition rubble, and construction waste;
thickness from 2 to over 25 feet; possible differential settling

from mixed materials and placement by end-dumping; erodible when
placed in stream channel and may contribute to surface and ground
water pollution.

FLOODPLAIN SOILS - SCS, 1972

SOIL LIMITATION AND DEGREE FOR:

Soil y Septic System Shallow Dwelling with Dwelling without Streets Picnic Areas
Symbol Cropland Drainfields Excavations Basement Basement and Roads Playgrounds
Slight Slight or moder- Slight: more’ Severe: HFAP Severe: HFAP Severe: Slight to
1ate: permeability. |than 60 inches and LBC. HFAP, HC, moderate:
2 Severe: moderately|to gravel. and LBC slopes 2 to 6%
3 slow permcability. |Moderate: 40 Severe: slopes
to 60 inches more than 6%
to gravel
Slight or Slight Severe: less Slight or Slight or none Slight Slight: slopes
Moderate than 40 inches none less than 2%.
b with moder- to loose sand Moderate:
ate water and gravel; slopes 2 to 6%.
cap unstable side Severe: slopes
walls more than 6%
Moderate: Moderate where Severe: HFAP Severe: HFAP, Severe: HFAP, Severe: HFAP |Slight or none
seasonal depth do WT is LBC LBC, WT at LBC. Some HC. Some
d water table |more than 48 30 to 60 inches. flood hazard flood hazard
at 30-60 inches. : Severe where areas. areas.
inches Severe where subject t@
depth to WT is flooding.
less than 48
inches or where
subject to
flooding.
Severe: Severe: WT Severe: Severe: HFAP, Severe: HFAP, Severe: less |Severe: some
too wet less than Seasonal WT LBC; WT above ILBC; WT above than 20 inches|{flood hazard,
o for crops 30 inches above 30 inches |30 inches; some 30 inches; some to WT; HFAP; [mainly off-
areas subject flood hazard areas HC; LBC; some |season
to flooding. flood hazard
areas.
Moderate: Moderate: Depth Moderate: less Moderate: WT at Slight: where WT Severe: HFAP;|Slight
droughty to WT more than than 40 inches 30-60 inches; beléow 40 inches. HC; seasonal
f late in 48 inches; to loose sand Severe where Moderate: Seasonal WT 30-60
season, wet |Severe: Depth and gravel; subject té WT 30-60 inches inches; some
g in spring, to WT less than unstable side flooding flood hazard.
some flood 48 inches. walls; seasonal =
hazard WT 30 to 60
inches =
Moderate or [Severe: WT Severe: less Severe: 1ess than [Moderate: WT at 20 |Slight or Slight: some
Severe: less than than 30 inches 30 inches to WT; to 30 inches. {Moderate: low |areas have
g droughty 30 inches to seasonal some flooding. Severe: WT above or moderate flood hazard;
soil, flood WT; gravel at 20 inches or FAP; low or |mainly off-
hazard, 10-40 inches; where subject to moderate com- [season.
gravelly unstable walls; flooding pressibility;
soil. some flood Severe: flood
s hazard hazard areas,
high WT.
Symbols:

HFAP

High Compressibility
Water Table

High Frost Actien Potential
FAP Frost Action Potential
LBC - Low Bearing Capacity
HC
WT




TS

F e - PLATE 5 SLOPE STABILITY ' s B e
3 Southeast Margin of the Gallatin Valley

[~ 4760~ ==
N _~FfAIR GROUNDS )

B ‘ //
q‘\ﬁ!}fl\—/—/; ®

-

-l T

i

|
{

Y

‘

\( A0

HONOQUNOS ¢

ﬁ
—

=
/

;
e

_NASH_ ,ROAD
& %

T

V\,tjl\}\' A ~ S

UL

== 1\ .
=o~ L\\:R

Base Map from U.S. Coast and Geodetic Survey
Upper Missouri River Basin Survey, 1947 8 1948 T
Map Numbers 87, 88, 97, & 98

North

Plates Drawn By Earl F Griffith MSU-1982

True

Gallatin

b

S 2 4N W7
W\

S\

T2S

FaAS

—7

reeén

Creek

Dring

BOZemOn

=
U

N

. =

e 3 L o=y //\.  ; 0\ Z
/i A \]
9 ’/\, W7 a7y ] it

7
I per Wk S
P Y = /,4![\\\\.\\//\\
I

N X

A =”\\I
\ N\
\::v’/‘\\‘w// z N0 20N "//“ N
2

i\l
B
N ¢ p "
2 Vv It
/]

et
Tuldy 5 v
g 2.8l SV E ey

y
D . 2NN -
7z il I N % B

] Wy X

Zz WU
o g 2e oy eI A
< = g o | )
S i VIR Vi
S > L AN W
A e R 7 P S//// ”” Wi ; : z\
P (TR U 4

& |
I = V =
/\ -~ /” 11//
Vi
> - .
" g |
/;/ I//\\// \: \\ = s I \ N I//////':'\!" now -2 x>
=~ 0 - y i
iy \\,/\/’//\ i \\/""//\\‘/, =gz “//\' = N2 Ry T Ay
7 e N e z 4 A & \
= =7z . y
&7 L R LS L e o L BT e
i e G g WES e
3 BN N 7 Ny = /
LA AR RN T el e,
////§/1| Vg7 o n = 56
< W =

T e oy e N 4

Nz W, owo _t

"

= = >
N N ™ T

z
= = ARAT G S i
o ~ X Y7 \ pN g B (70
\ C’Cek - Pl e e S | / R

3
S e T
N

|

N PhariL

a2 SN Ny
I N

u | \\'/l.'\=§ vy 7

I /4
A . | ”/ ////\
" N 20 Q a2 = 4
7, R e 7 5 N == Y/
n AN W\ u 7 n G \ SN = z /]
SR “/QI “~|I =% \\’//”// XN = 3 1 g 1\ :
=y S ‘h//
A\

Wz W\

TR\

<N

N\

A\
<>

W 7 ES
N\ 7 \\""‘\ Ny

I A 4
" woa N <
5 =

0o\ it
p ]

<l
,,//\\f/\'l"t\\

= 1l
//\\«\\ S

am %

=
]
=

/,\/14

\
=% 1

= B
A\ \)
! & v

= 3

YIS

=
W 7 2z x\7

=

>
y TS

N
=y

YNy

=

\=
\\\\\,/ X

\\‘/,\\”,/ W on
AN \Y = 7
o 7,y T

"= 3
L}

=N 7 Ny

W

4
DN

2
bssorn Xy
= b

v
v %
#

Y

n#
Vi Y| Y
-y

now7s

I

Iz
[
Iz
4
s\

%
|
//\\

Ny

2

I »

hy s AW

\\éz,ll/

Wi =
Wy 7

A\ W/

4

A

< 7l

"

T2S

T3S

County

; - SCALE

1124000

Bozeman ——~

- |

KILOMETER

= MILE

6000 4000 2000

2000

4000

6000

= j — [ —" P— ) S— —

- |

Study Area

CONTOUR INTERVAL 20 FEET

FEE T

Hrf

Hrs

Hls

EXPLANATION

(Boundaries are approximate; Statements are general; specific
evaluations require on-site investigation.)

HOLOCENE ROCKFALL: An area 'subject to very rapid, inter-
mittent and usually unpredictable rolling, sliding, bounding or
free falling of rocks and debris or individual rock blocks (Soule, 1976).
Rockfall areas are usually associated with steep bedrock cliffs or
barren and unvegetated slopes, such as those in Bridger Canyon.

-HOLOCENE ROCKSLIDE: An area of active downslope movement
of large masses of fractured bedrofk and debris. Slope failure is
generally unpredictable and may be rather rapid. The Bridger Canyon
Rockslide is the dominant hazard in the narrow portion of Bridger
Canyon just east of the Fish Hatchery.

HOLOCENE LANDSLIDE: An area with demonstrably active
natural movement of large masses of soil materials. Active land-
slides are restricted to areas of overturned Cretaceous rocks in
the Story Hills east of the Bridger Creek-Bear Canyocn fault. One
of two dominant slides was reactivated following heavy rains during
May and June, 1981.

POTENTIALLY UNSTABLE SLOPES: Slopes with ccnditions
conducive to instability, but where past failure is not apparent.
Attributes include microclimate, geologic similarity to areas that
have failed in the past or are failing now, steep slope angle, north
aspect (generally), high soil moisture conditions, active creep and
solifluction.

-Specific Areas are: : — S 3

1. Slopes east of the Bridger Creek-Bear Cunyon fault in
Cretaceous bedrock

2. Steep slopes (>15%) of Bridger Canyon

3. Steep Mountainous slcpes >15%

4. Sourdough Ridge (west slope >15%) where active development
is taking place

5. South and west slopes of the Story Hills >30%-

6. North slopes of the Story Hills >15%

Construction and road building in these areas require special
attention to geologic materials, attitude and structure, slope,
vegetative indicators and soil moisture conditions.

Possible changes in the microclimate and earthquake induced
stresses reinforces this slope stability classification, and

further emphasizes the necessity tO maintain strong minimum con-
struc¢tion code standards.

UNSTABLE SLOPE: Slope with landslide physiography, but
where signs of recent movement are non-existant or uncertain. The
area has undergone slope movement in the recent geologic past (post-
Pliocene). Some portions of the slide are presently stable due to
climatic changes or other factors. Other places are metastable or show
evidence of downslope creep in drainageways. Portions of this area
are suitable for low or medium density housing, but access is limited,
especially on the steeper north slopes. The hazard associated with
this area is much less certain than on active landslides, and thus, human
activity should be controlled accordingly. Any type of construction
activity should be carefully monitored on a site specific basis,
especially drainfield siting and roadway drainage measures.
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statements are general; specific

TIs evaluations require on-site investigation.)

Construction constraints are existing natural conditions or processes which impose

restrictions on construction within the study area.

These constraints, when recognized,

can then be assessed for specific on-site mitigation feasibility ranging from simple
structure relocation to a complete engineering study; or in some cases complete avoidance.

Constraint mitigation must consider:

(1) the affect of the proposed land use on the hydro-

geologic system, (2) the impact of the land use on natural processes, (3) the compatibility
of the land use with natural processes and the needs of the community, (4) use of the area
as open space as one mitigation alternative, and (5) what hazard conditions might be generated

by development.

TOPOGRAPHIC

ASPECT: South slopes are dryer, don't retain snow
accumulations as long as do north slopes and provide the proper
aspect for solar engineered dwellings. North slopes are colder,
retain more snow for longer periods, accumulate more ground water
(a factor in slope loading and reduction of shear strength) and

' generally incur higher roaiway maintenance costs during the winter.

>/'

ANGLE: sSlopes greater than 15% are limiting to septic
drainfields (certain geologic and soil conditions may allow installation
: on slopes up to 25% if carefully assessed and engineered). Construction
P costs increase with increz.i.g slope angle, and resistance to
- <15 — f~/—«sl£>p&—umm:bi£dva-mon very steep slopes. Specific
\\_’_) areas affected on very steep slopes include: (1) South slcpes on
T> materials in the Story iills greater than 30%, (2) all north
slopes greater than 15% and all slopes, regardless of aspect,
greater than 15% on Cretaceous rocks.

HYDROLOGIC

WATER SUPPLY: Adequate water for domestic use has been
located throughout the stnxy area except in Tb and Kcg rocks in the
Story Hills. The history of drilling in the resistant units of the
Gallatin and Bridger ranges is inconclusive. The best locations for
water in those areas include the colluvial footslopes and joint and
] fracture zones, and some sand stringers. Cretaceous groundwater may
be affected by iron and sulfide contamination.

100 YEAR FLOODPLAIN: That portion of the alluvial valley
of major streams which will flood during a 100 year recurrance
event. Extensive damage tc¢ buildings and property is a recurring

T2S - procblem (e.g. May, 1931) ard will continue in the future.

HIGH GROUND-WATER TABLE: The area within these
boundaries is subject to occasional water table rise to within at
least 60" (5 feet) of the ground surface. Such ground water

‘—‘5\‘17_—" elevations are extremely restrlctlve to houses with basements and
septic drainfields.
s HGT The data base was taken from the 1972 SCS Flood Hazard
hnalysis report for Gallatin County and differs little from 1980 data.
Soils with the above ground water constraints may also have a low
_—A bearing capacity and a high frost action potential (see Plate 4).
' Those adjacent to major streams may flood occasionally.

Partial-Variable Source Areas

These are areas generally confined to shallow slopes near flowing
streams which generate surface flow before surrounding areas.
Partial-variable source areas are identified by the presence of water
loving plants, grasses which remain green after nearby grasses have

. turned yellow in late summer, and by the topographic expression as
a subtle swale or drainageway. Excavation in these areas which
removes vegetation will result in increased runoff and erosion.

The naturally high water teble is restrictive to septic systems and
houses with basements. 1In addition, the high degree of soil saturation
may affect load bearing capacity and shrink-swell potential, and

cause soils to liquify when vibrated. These areas may experience

very localized flooding. I[reservation of the partial-variable

source areas is important in reducing flooding, limiting erosion,

and trapping chemical and erosional pollutants which are filtered

out by plants. .

STB

Kcg

HAZARDS

GEOLOGIC

UNSTABLE SLOPE: Slope with landslide physiography, but
where signs of recent movement are non-existant or uncertain. The
area has undergone slope movement in the recent geologic past (post-
Pliocene). Some portions of the slide are presently stable due to
climatic changes or other factors. Other places are metastable or show
evidence of downslope creep in drainageways. Portions of this area
are suitable for low or medium density housing, but access is limited,
especially on the steeper north slopes. The hazard associated with
this area is much less certain than on active landslides, and thus, human
activity should be controlled accordingly. Any type of construction
activity should be carefully monitored on a site specific basis,
esg =.1311y drainfield*siting and roadway drainage measures.

POTENTIALLY UNSTABLE SLOPES: Slopes with ccnditions
conducive to instability, but where past failure is not apparent.
Attributes include microclimate, geologic similarity to areas that
have failed in the past or are failing now, steep slope angle, north
aspect (generally), high soxl moisture conditions, active creep and
so-1fluc*1on
Specif1c Areas are: » :

1. Slopes east of the Bridger Creek-Bear Canyon fault in

Cretaceous bedrock

2. Steep slopes (>15%) of Bridger Canyon

3. Steep Mountainous slopes >15%

4. Sourdough Ridge (west slope >15%) where active development

is taking place

5. South and west slopes of the Story Hills >30%

6. North slopes of the Story Hills >15%

Construction and road building in these areas reguire special
attention to geologic materials, attitude and structure, slope,
vegetative indicators and soil moisture conditions.

Possible changes in the microclimate and earthquake induced
stresses reinforces this slope stability classification, and

further emphasizes the necessity to maintain strong minimum con-
struction code standards.

SHALLOW DEPTH TO BEDROCK: Area primarily restricted to
the steep mountainous slopes of the Gallatin Range to the south
where the soil mantle covers resistant rock units. Road construction
for logging or other access may be affected by hard bedrock at
shallow depths.

COLORADO GROUP ROCKS: These units, located east of the,
Bridger Creek-Bear Canyon fault, contribute to existing hazard con-
ditions because of a dip slope attitude and varied sand-shale-bentonite
lithology. Whereas human activity is presently limited on this
rargeland area, the existing small landslides pose a relatively
miror hazard problem. Future use of this area must carefully weigh
the risks of possible hazard generation against the necessity of human
encroachment for development purposes.

HOLOCENE-MANMADE DEPOSITS (DUMPS, FILLS)

Poorly consolidated, uncompacted excavation rubble and solid
waste materials, when used to fill old gravel pits or other low
areas, can become a serious problem to future land users. Differential
settling 1is not uncommon in such fills because of the materials involved
ané method of placement. Ground and surface water pollution may also
result especially from deposits in or immediately adjacent to a
stream channel. Solid waste deposits are unsuited for foundations due
to very pcor load capacity while excavation rubble may require replace-
ment with a material of known characteristics to satisfy construction
neeis.
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HOLOCENE LANDSLIDE: Areas presently undergoing downslope
movement of large masses of soil and soil regolith materials;
generally restricted to the overturned Cretaceous rocks east of
the Bridger Creek-Bear Canyon fault. centrol appears to be a
combination of low shear-strength materials, impermeable clay, and
a dip slope attitude. Existing slides eontinue to migrate downslope
and new slides should be expected as a natural occurrence. Land-
scape alteration for development purposés might serve to accelerate
landslide generation.

HOLOCENRE ROCKFALL: An area subject to very rapid, inter-
mittent and usually unpredictable rolling, sliding, bounding or
free falling of rocks and debris or individual rock blocks (Soule, 1976).
Rockfall areas are usually associated with steep bedrock cliffs or
barren and unvegetated slopes, such as those in Bridger Canyon.

-‘HOLOCENE ROCKSLIDE: An area of active downslope movement
of large masses of fractured bedrock and debris. Slope failure is
generally unpredictable and may be rather rapid. The Bridger Canyon
Rockslicde is the dominant hazard in the harrow portion of Bridger
Canyon just east of the Fish Hatchery.

FAULTS: Seismic shaking is the primary hazard asscciated
with faults in the area. Secondary hazards include initiation of
slope failure, rockfalls, etc. adjacent to the fault and ground
displacement across the fault line. When possible, faults should
simply be avoided; otherwise provide a minimum 100' setback for
residential structures and more as deemed necessary for public
buildings.
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