. 'PLATE 4 GEOLOGIC CONSTRAINTS - .,
M - Southeast Margin of the Gallatin Valley _
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, (Boundaries are approximate; statements- are general; specific
‘evaluations require on-site investigation.)
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The geologic limitations indicated here.are either specific
. hazards such as rcck mwwwm,msa_mmnn:@:me,vrm:oammm or limitations

l of natural conditions or processes which control the extent of

mmbvﬁxoz OR EA vwmsu use. ‘In xmmwwh@ with @ﬂmdwmcm usage, a hazard is defined as ..
ALY ~ ) a constraint which conflicts with human activity. o o
7 L + Constraints reviewed on this map.do ndt include previously
‘ iz 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
hydrologic limitations is reviewed on Plates’5 and 6.
4MWWW - EARTHQUAKE HAZARDS MASS MOVEMENT CONSTRAINTS
‘ : - The ‘hazards from earthquake phenomena, especially ground : k S Geologic conditions which contribute to, or are indications
N shaking, exist throughout the sutdy area. Ground shaking is related of mass movement, and areé not in conflict with human activity are
4765 MW_ no.mwﬁnrmcmxm magnitude, distance from the mwwnmnnmn~ area mmoHom%. mass movement constraints. no:mnnwvsnm reviewed here include
RR STATION - and "soil  structure, density and degree of saturation. (Soil in this . ] : ‘creep, solifluction and the inherently unstable Colorado Group

..ooaﬁmxn means the unconsolidated earth materials over bedrock). . rocks. The natural attitude and lithologic character of the
In-general, unconsolidated to semiconsolidated materials display . Colorado Group rocks contribute to hazard conditions and thus

. greater vibration amplitudes than bedrock. :0£m<mn~.m0mn soil L ‘deserve special attention.
materials show maximum response to seismic shaking at frequencies : _ :

‘different from.the induced vibration frequencies in bedrock or o COLORADO GROUP ROCKS: These units, located east of
stiff soil. The duration of an event is important in its effect . . " the Bridger Creek-Bear Canyon fault, contribute to existing hazard
on soil response. For example, an increase in pore water  pressure . . conditions because of a dip slope attitude and varied sand-shale-
mnoa earthquake induced stresses may Hsnmﬁmmnm4£wwb intergranular Kcg bentonite lithology. Whereas human activity is presently limited
contact ‘and the soil may undergo liquifaction. Some soils.in the on this rangeland area, the existing small landslides pose a
area are subject to liquifaction when wet. . relatively minor hazard problem. Future use of this area must care-

o A v ’ : o , A fully~weigh the risks of possible hazard generation against the
‘The following guidelines apply to construction procedures - , ) o :mnmmmwn% of human encroachment for development purposes.
in seismically active areas: 4 o i _ o " . . .
. .- 1. In general, build tall buildings on bedrock or shallow . o | + CREEP: The slow downhill movement of soil debris from
soils. If this is not practical, then design the structure for , _ (- wetting or drying or deformation under the soil's own tmwmrn
the maximum predictable event. . : . . O .is called creep. Creep dominates ‘all north slopes in the study
2. -In general, build short buildings on deeper soils. , area, and can crack foundation walls and cause tilting of utility

Wood frame buildings tend to withstand seismic shaking rather well y . '~ .poles. The slopes upon which it occurs, however, are often

because of their inherent flexibility. . . steep and thus limit human activity.
4 3. Avoid construction on silty or sandy soils which may be A ' : : )
saturated periodically. . . o , SOLIFLUCTION: Slope movement caused by seasonal and
. 4. Avoid steep slopes, landslide areas, fault lines, and areas : didrnal freezing and thawing and saturation of surficial soil
- with potentially unstable slopes. : v . KM A naterials over a frozen subsurface. The process appears restricted
5. Insure adequate building set back from known or suspected M . to the steep southwest, south and southeast slopes of the Story
faults. 1If possible, these zones should be cnwwwnmm.mon parks . . Hills where diurnal freeze-thaw takes place during the winter.
.'or open space. o , . , B .“ Steep slopes limit human activity; the generation of solifluction
o T T T e o T _ , terraces is a slow and shallow process and does not seem to be
. a problem to development. '
MASS MOVEMENT HAZARDS : B : ; -
. Mass movement hazards range from rapid unpredictable . MANMADE DEPOSITS
‘rockfall events to predictable, slow aorwla~ but disruptive slope c . : ' .
T2S T2S - mmu..._wcnmm.. Often,. ‘nymmm conditions cannot be addressed S.,n.rn.,cn . Poorly consolidated, uncompacted excavation rubble W,:m
. manmﬂm.wxvmbmm. In moamwnmmmm,.w<owam=om 1S ﬁdm best solution -to solid waste materials, when used to fill old gravel pits or’ other
an mxwwnwsa :mmwnm nozmkﬁwoz" £UPHW,0ﬂ#mN unavoidable hazards may, " low areas, can become a Serious problem to future land users.
.wmowww,ﬁwam~ require expensive remedial measures. . . o memmnm:nwmw settling. is not uncommon in such fills because of
! . . T . L. - . ‘the.materials involved and method of placement. Ground and sur-
_ vy ore gt sl it ol e tater pollation may als rerul especiaily from deposits in
Hrf unpredictable mwwa»mn or mnmmlmmHHM:m.Om,noox.ammmmw rocks and on.waammwmnmww wauwom:n.mo a stream n:m::wv. solid £mmnm.mmmomwnm
N : Qmuwww or wmmwcwmcuw rock blocks; noaioaww adjacent mo unvegetated are unsulted for mO:b@mnwoum due to very vown load nw@wnwﬁw while
S S barien. st and/or fractured ‘m ointed bedrock cliff ot ' o - excavation rubble may require replacement: with material of known
- g o .Hm:~.m,mnm.md..0H wmn ured and jointe edrock cliits. . characteristics to satisfy construction needs. -
a ‘ Ve B e el B s e G Dt T L e i e b e . : o : o o
WV o moro.nm.z.m Ah‘vzcmH.H.H,u,mu Very ﬂmn.m:n (within H.m_ u:.w.un.mv. small , m.oronmzm _ .xm.wzxwom 'DEPOSIT A.Ud%v . cs‘no_.ﬁm.nnmm.r
c scale slope failures from 2 to 6(+) acres in the Story Hills; L \ , . . . .
o L, - . . . . . ! - . poorly consolidated, solid-waste materials at sites generally in
‘ materials include surfacial soil, unconsolidated Tertiary rocks - o . . : : . .
N His - and turned and fractured etacéous bedrock; dip slope attitude: o NAWV : ﬁ&wumwoomwwmvnm of Bozeman Creek and the East mwwwwﬁpm mw<mnn.

-and over ned ‘an ured Cre : rock; p slop i ; .from 2 to 10(+?) feet; may undergo differential
relatively shallow depth < 25 feet(?); ground water apparently nﬁvnxdmmm varies - ! ¥ g0 - .

confined vwfwsvmn<mocm layer; <mw<v:wn=.wnovwvwwwn< of natural mmﬂﬁwv:mw are occasionally flooded mum contribute erosion 3manHWHm

0 S . . : . when adjacent to stream banks; contribute to ground-water pollution.
~..reactivation. : : : A

o HOLOCENE ROCKSLIDE: Area in Bridger Canyon where active “ . : mom‘onmzm - Z.bzzv.cm DEPOSIT AMMH.HL : c:no:mo:amnmn.u. .

. _ o : . ; ) : : . uncompacted deposits in abandoned gravel pits or low areas consisting
downslope movement of large masses-of fractured and overturned ) , . . C L, - .
Madisor, Amsden and Big Sno rocks resulted in road closure; events RAWV om.mxnm<mnFo: smﬁmHPmH. demolition HchHm. wda,noawnwconvo: thnm“

: R o + ©1g Snowy o S © . thickriess from 2 to over 25 feet; possible differential settling

Hrs v mnw am:wﬂwwww,:bmmmuwnnwv*m m:m mmemamH< rnumnmocun mcnﬂ slope from mixed materials and placement by end-dumping; erodible when
failure will continue until the natural angle of repose is reached L . . v

iy - . .. . N . _ placed in stream channel and may contribute to surface and ground

on_n:m slide toe is mﬂﬁwm»nvmvw< w:m.mmmmcmnoww,wmvmznm&,no mnov. water pollution. . R

movement. g , - - e . _ . o o . 3 . B}
FLOODPLAIN SOILS — SCS, 1972
. SR . o ' SOIL LIMITATION AND DEGREE FOR:
< : . . o . . v . . : , ‘
Y ..Soil M. . - Septic Systemn Shallow Dwelling with  Dwelling without Streets Picnic Areas
"Symbol | Cropland Drainfields = Excavations . Basement = Basement and Roads  Playgrounds
S , - 1 Slight " . . [Slight or moder- - mwwm:nm.sowmt -|severe: HFAP |Severe: . HFAP Severe: Slight to.
- PRSI B 4 o : ‘late: permeability. |than 60 inches {and LBC. o : HFAP, HC, moderate:
e [l _ ; B a | e . |Severe: moderately|to gravel. | . : : - land LBC slopes 2 to 6%
. N 5 " ‘ "|slow permcability.|Moderate: 40 . o . . . | o Severe: slopes
- Y = : . ‘ ) : . to 60 inches T 1. o . . more than 6%
. y s % 1 . to gravel - . - ) . A . -
oy - S = | Slight or . [Slight Severe:. less Slight- or’ . Slight or none Slight Slight: slopes
g SN & _m zommhmnm . than 40 inches - lnone o o ; . less than 2%.
3 e, = ‘b - :|with moder- . . to loose sand , . , , Moderate:
19 ‘.,.aa...,:. ate water . | . . |and gravel; . \ . . _, : - slopes 2 to 6%.
. N cap . unstable side . . , . . , Severe: slopes
: : . walls . o . v . more than 6W\.
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 A |30 to 60 inches. |flood hazard . flood hazard
‘lat 30-60 inches. . Severe where areas. areas.
Hh(uﬁ MA 3! , | inches Severe where : . . subject to :
z>m1¢ﬁymo>o.;a« ; m depth to WT is , -~ |flooding.
S | less than 48 . .
w S inches or where
: subject to -
: flooding.
. .- . ‘|severe: - |severe: WT Severe: " . |severe: HFAP, Severe: HFAP, Severe: less |Severe: some
T3S - - i| too wet less_ than . |seasonal WT |LBC; WT above 1.BC; WT above than 20 inches|{flood hazard,
T3S : : e .| for crops 4130 inches above 30 inches |30 inches; some 30 inches; some to WT; HFAP; |mainly off-
’ R ﬂ 1 - . . St v areas subject flood hazard areas HC; LBC; some |season
. ! o . _ . : to flooding. flood hazard
Zs o : - : : areas.
R , : n .
"I Moderate: |Moderate: Depth Moderate: less |[Moderate: WT at Slight: where WT Severe: HFAP;|Slight
. ‘I droughty to WT more than than 40 inches 30-60 inches; . below 40 inches. HC; seasonal :
- | late in 48 inches; to loose sand - |Severe where -_ - |Moderate: Seasonal . |WT 30-60
. . o " ||'season, wet |severe: Depth and gravel; subject to " |WT 30-60 inches inches; some
‘]in spring, to WT less than  |unstable side flooding N . flood hazard.
| , .ﬁ " || some flood |48 inches. : walls; seasonal |- _ -
w hazard - R WT 30 to 60
inches — SN =
Moderate or |Severe: WT Severe: less Severe: less 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
REE : _ g droughty |30 inches to seasonal = . [some flooding. |Severe: WT above or moderate |flood hazard;
U soil, flood ) WT; gravel at - : 20 inches or FAP; low or mainly off-
: |hazard, . . 10-40 inches; . - where subject to moderate. com- |season.
Base Map from U.S. Coast and Geodetic Survey SCALE 1.24000 gravelly . | . - unstable walls: | . ler00ding loressibility;
Upper Missouri River Basin Survey, 1947 & 1948 , » | 5 0 | : o soil. . -} . = some flood _ o Severe: flood
: . . “ . hazard . : : hazard areas,
Map Numbers 87, 88, 97, & 98 Bozeman —~ e 3 KILOMETER T . . : _ : . high WT.
<| _ .5 o | .
) W [= — — = F - = = g__lm . ) o : ) . - e ) _ B o
Plates Drawn By Earl E Griffith MSU - 1982 6000 4000 2000 0 2000 4000 6000 Symbols: o . L
. 3 . = I ——— — — . — : I = FEET ' O HFAP - High Frost Action MOﬁmsﬂvmw
2 . j . . " FAP - Frost-Action Potentia i
: CONTOUR INTERVAL 20 FEET . S LBC - Low Bearing Capacity
/rr : ) , . . . HC - High Compressibility

| WT - Water Table.
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