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Abstract:

Water samples were taken from the Gallatin River and its tributaries. Dissolved and suspended material
contents, mineralogy of the silts and clays were analyzed. The result shows that most streams in the
Gallatin drainage were muddiest in the May-June period when rapid snowmelt occurred in the
mountains and highlands. The minerals of silts and clays were used as indicators to trace the sources of
the silt and clay carried in the Gallatin River. The results confirm the silt and clay content and turbidity
measurements in showing that Taylor Fork was the main source of the silt and clay carried in the
Gallatin River above the National Forest boundary in the May-June period.

The source of the silt and clay carried in Taylor Fork was traced to the upper Taylor Fork above Wapiti
Creek. East Gallatin River contributed significant amounts of silt and clay to the Gallatin River in the
broad valley floor during the sampling seasons, i.e., March-June, 1970 and 1971. Other tributaries of
the Gallatin River were not found to be a dominant source of the suspended silt and clay in the Gallatin
River, although some of them were very muddy on some sampling dates.

The clay minerals in most streams were smectite dominant. Beaver and Sage Creeks are two of the
exceptions, they had smectite and kaolinite minerals. Minerals of silts in the sedimentary rock region
were quartz dominant, while silts of the streams in the Tertiary volcanic rock region were quartz,
feldspar, and vermiculite minerals. Minerals both in the clay and silt throughout the Gallatin River
were similar to those of the streams in the sedimentary rock region.
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ABSTRACT

- Water samples were taken from the Gallatin River and its tribu-
taries. Dissolved and suspended material contents, mineralogy of the
silts and clays were analyzed. The result shows that most streams in
the Gallatin drainage were muddiest in the May-June period when rapid
snowmelt occurred in the mountains and highlands. The minerals of
silts and clays were used as indicators to trace the sources of the
silt and clay carried in the Gallatin River. The results confirm the
silt and clay content and turbidity measurements in showing that Taylor
Fork was the main source of the silt and clay carrxied in the Gallatin
River above thée National Forest boundary in the May-June period.

The source of the silt and clay carried in Taylor Fork was
traced to the upper Taylor Fork above Wapiti Creek. East Gallatin River
contributed significant amounts of silt and clay to the Gallatin River
in the broad valley floor during the sampling seasons, i.e., March-June,
1970 and 1971. Other tributaries of the Gallatin River were not found
to be a dominant source of the suspended silt and clay in the Gallatin
River, although some of them were very muddy on some sampling dates.

The clay minerals in most streams were smectite dominant. Beaver and
Sage Creeks are two of the exceptions, they had smectite and kaolinite
minerals. Minerals of silts in the sedimentary rock region were quartz
dominant, while silts of the streams in the Tertiary volcanic rock region
were quartz, feldspar, and vermiculite minerals. Minerals both in the
clay and silt throughout the Gallatin River were similar to those of the
streams in the sedimentary rock region.
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INTRODUCTION

Sediment, the product of the earth surface erosion, is a major
pollutant of our flowing sfreams, lakes, and réservoirs'(Glymphﬂ&storey
1967). Williams (1969) has'pointed ouf that sediment transported by
runoff water greatly exceeds in volume the combined total of ather sub-
stances which pollute surface water. Although the problem of sediment
has puzzled humans for thousands of fears throughout history, our know-
ledge of the problem is still limited. One reason for this is there
‘are many factors which affect sedimentation. Many of the factors asso-
ciated with sedimentation, such as soil erodibility, character of storm,
etc., are difficult to measure and to evaluate. Moreover, sedimentation
is a characteristic of the individual watershed. In many cases, the
knowledge obtained from a successful sedimentation study of one water-
shed is of little use to another watershed (Ackerménn 1957).

. The fine material of the stream sediment, i.e., silt and clay,
is tpe most important and active entity that impairs water quality. Not
only because it can be transported almos£ as faét and as far as the
water, but it also acts as a carrier of many'chemical wastes in water
{Glymph & Store& 1967). It is necessary to know £he source of this
material before we can effect contrél over the erosién and sedimentation

problems.
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Predicting the source of:sediment that is carried by streams in
a watershed is one of the'méét difficult problems in a sediﬁenta£ion
study. A common method that has been used in several studies was ana-
lyzing the Sedimentation.éata of.many watersheds, and finding out the
relation betwéen sediment yield and‘its ;ffecting‘factors, then using
the relationships to estimate the source of sediment kAnderson 1957,
Anderson & Wallis 1963) .- Although the method was successful in some
studies, it is a labofious and expensive procedure. Ackermann (1957)
has suggested using radioactive or tagged material to trace the source
of sediment.- Th}s is prébably a good idéa, but we don'f know how prac- ‘
tical it is in a larger watershed. |

Clay mineralogy‘of soil particles is a reflection of the geology,
wéathering condition, and other socil formation factqrs of the location
where the soil particles were formed. If those factors are distinct
among different parts of a wateréhed, we might expect that the clay min-
éralogy’of the sediment f;om different parts of the watershed could
reflect theﬂsqurce of the éediméntvdistinctively.

The purpose of this study is to find out if the mineralogical
measurement of the suspended soii@s in a stream can be used as an indi~
cator in £racing the source of sediment. If so, it will greatly reduce
the'cos£ of determing the sou?ceé of sediment polluting the streams.

The river chosén,-the_Géllatin, is important locally, and élso

because of its contribution to the Missouri and the Mississippi River.
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A limited number of studies on soil clay mineralogy in the area have
shown differences within the area. The clay mineralogy of a chernozem
soil developed on loess in the lower~part of the Gallatin drainage was

shown quite different from that of the subalpine soil developed on shale

'in the upper part of the drainage (Bourne & Whiteside 1962, and Klages

& McConnell 1969). A geologic map of the area also showed several dis-

tinct geological units lying within the area (Ross et al 1955).

Literature Review

There are three fundamehtal processeé of sedimenta£ion before
the sedimént‘deposits on a river.bed of a soil surface, i.e., weather-
ing, erosion, apd transportafion (Trask 1950). It is recognized that
not all of the material weatheréd and eroded contributes immediately to
the downstream éediment problem. The sediment content of a st;eam is
dependent on the iimiting step among the'three pfocesses. The process
with the siowest rate will detérmine the rate of sediment coﬁtributing
to a stéeam.' In general, erosién is the limiting process that deter-
mines the sediment content of a stream.

The gross erqsion of a watershed includes gully ercsion, channel

erosion, and sheet erosion. Coarse particles larger than sand, i.e.,

gravel; mostly come from gully erosion and channel erosion, whereas,

silt and clay were believed to come mostly from sheet erosion (Woodburum

- 1955). .Sheet erosion also has been found as a most important source of
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sediﬁent found in streams.. According to Glymph's study (1957), if
accounts for 75% or more of the sediment in the 73 out of 113 water-
sheds in various parts of the Uﬁited.states;‘ 8ilt and clay content in
a stream more or less depends on how available it is from the watershed,
and it has little relatipnéhip to the stream flo& characteristics,.be—
cause the stream flow would farély'be'loaded to capacity with a suspend-
ed load (Woodburum 1955).

According to Musgrave (1947), there are at least four primary
factors which influence the sediment load in a stream. They ére:
1) 'Rainfali—-particularlyiby intensity and amount in their determina-
tion of energy of impact. 2) Fiow characteristics of the watershed
surface--particularly affécted 5y percent and length of the élope.
3) Soil characteristics-—particglarly those physical properties which
affect erodibility of soil. 4)--Vegetation cover and management.

" Rainfall has a close'relation to ;uhoff if othe¥ factors remain
éonstant..‘The.faindrop provi@es‘tﬁe kinetic energy for the detachment
of soil particles‘from the surface. The rainﬁall factor has a much
greatef effeqt on contribgting si;t and clay to the sfream'than it does
the sand (Renard 1969).

Sﬁeet erosion was-found to be more important in more humid
regions than drier regions of the_Uni£ed States (Glymph 1957).
Smith and Wischmeier (l§57) found that the sheet grosion raté is

proportional to the percent and length of the slope exponentially.
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Percent slope haé more effect than leﬁgth of slope on' the. rate of soil
losé. Their study also showed the significant.difference on erodibil-
ities of seven soils, the relative soil loss rateé owing to the soil
types only rangihg from 1. to 1.5.

'Andefson (1954) in his study of 29 watérsheds in western Oregon
: éhowed théf different geélogic materials have different rates of ero-
sion. Recent volcanic materiai haé 8 times more relative erodibility
than that of Jurassic and Triassic sediments. |

Anmong the factors whichlinfluence-the silt and clay content in
streams, vegetation cover and soil management_condition probably is
the most important one. The effecfs'of vegetation and management con-
dition on the sediment load in the stream always overwhelm other factors
sﬁch as soil character, rainfall éharacter, etc.

Thé undi.sturbed forgst and pasture cause few problems of sedi-
ment poilution of waters. ©Packer (1966) éhowed that the proper planned
férest cutting only produces a limited aﬁount of sedimenf to streams.
Loéging'and skidding of logs from the forest without proper mapagement
will produce‘considerable sediment to stream water. . Above all, roads
that are inadequatéiy drained or are loc;ted too close to streams are
the main cause of sediment pollution in forest streams.

. Smith and Wischmeier (1957), and Musgrave (1947) found that a
row Crop:fiéld'has about one hundred times the soil loss rate of pasture

or grassland by erosion.
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Quantitative interﬁretation of the relationship between water-
shed variables and sediment yield was begun with Musgrave (1947). The
érinciple of the method is assuming that the relationship between sedi-
ment and several independent variables is a multiple xegreésion equation
invoiving the product of those variables with different exponents. The
basic equation is:

Y = a tv4. ... ..

Where Y is the sediment yield or‘load, u, v, W, etc., aré independent
variables which affect Y. a, b, ¢, 4, are constants which define the
characteristics of sedimentation.on a watershed. Many sedimentation
studies based on the principle succeeded in estimating the individual
effect of those‘variables on the sediment yield in a watershed
(Woodburum 1955, Anderson 1957, Anderson and Wallis 1963, Dragoun and
Miller 1966,‘Renard 1969, and Spraberry and Bowie 1969). Results of
Fhose studies told us that the relativé importance of those variables
varies breatly from one watershed to another. This means watersheds
have their own characteristic sedimentation problems.

People who are involved in sedimentation studies had largely
devised ;heir own equipment for sampling and measu;ing the sediment load
in the stream according to-tﬁeir‘0wn ideas. This led to both inaccuracy
and non—unifbrmity'of'results:and with little basis for comparison or
dependable utilization (Fry 1950). In order to remedy this situation,

a set of standard sediment samplers.and sampling technique has been
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devgloped at the Iowa Institute of Hydrolic Research (1940-1948) for
all U.s. Government_agenéies who are involved in sedimentation studies.

Othér problems of sampling ané measuring suspended sediment in
a stream are the non-uniform vertical distributions ofhbqth suspended
load .and stream velocity (Benedict 1957). |

Measurement by present sampling equipment dqes not accurately
measure the total suspended sediment load, but difficulties aléo arise
in mgasuring the sediment cbncen£ration close to the river bed. Esti-
mation of the average Suspendeé sediment load can be oﬁtained by the
flow duration sediment-rating curve method (Sheppard 1963) or by theo-
retical calculation usiﬁg the hydrological relationships (Brook & Keck
1963). | |

Clay mineralogy of sediment has been well studied. Weaver
(1958a) studied clay mineralogy of thousands of sediment samples by
using,x—;ay analyseé. He indicated that the great majority of clay
ﬁinerals in sedimentary rocks weré detrital in origin, strongly reflected
the character of their source materials, and were only slightly modified
in their depositional environments of sea water. A few other studies
also confirmed Weaver's conclusion {Milne & Earley 1958, Griffin 1962,
Mackintosh & Gardner 1966). bn the other hand, clay mineral facies of
sediments coincide with environméﬁtal facies of their formation place,
although the élay mineral cri£efia for distinguishing any given type

environment are extremely variable {Weaver 1959).
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Kellgr’(l956) reviewed many published refgrences on the origin
of clgy minerals and concluded that clay minerals could be used as in-
dicators of the environment of their formation. Griffin (1962) studied
clay mineral facies of sediment in northeaste;n Gulf of Mexico and
found that aistinctive clay minerél facies were from different rivers
which drain into tﬁe gulf. The Mississippi River contributes sediment
with montmorillonite suite, the Apalochiola River contributes sediment
with Kaolinite sﬁ;te, and the Mobile River, Which lies bet&een the Mis-
sissippi and Apalochiola Rivers,; contributes sediment with intermediate
clay mineral suites to the Gulf of Mexico. Milne and Earley (1958)
found that the clay mineralogy of sediment in the later stages of geo-
logical histor&‘appears to v;ry between two exfremes in which either
montmorillonite or Kaoiinite predominents, and the c}imate of.the source
area may be the most important factof in determing the resultant clay
mineral assemblage. Weaver (1958b) studied shalés of upper Mississippian-
lower Pénnslyvanian age, and found.different clay mineral assemblage for
différent shéles. Jackson (1965) suggested Quaternary clays have, in’

part, been inherited as minerals from rocks of the entire geologic col-

-umn and, in part, formed pedogenically. Jinks and Perkins (1968) corre-

lated the soil minerals to the source of that soil by knowing the source.
Mackintosh and Gardner (1966) noticed quantitative variations in the
amounts’ of different clay minerals within and among the soils developed

on the floodpiain and deltaic deposits at the mouth of the Frazer River
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in Canadaf Skvortsov (1959) determined the source of sediment by know-
ing the geology of the watershed. Luna, et al (1970), used particle
dist%ibution curve.of sediment in a reservoir to distinguish the recent
mineral sediment from underlying material. They found clay nmineralogy
of the sediment‘was similar to the type of clay minerals idéntified in
the corresponding watershed soils. |

Ail th¢ evidences showed that>clay mineralogy could be a uéeful

indicator for locating sediment sources.

' DESCRIPTION:OF THE STUDY AREA

Drainage and Topography

The Gallatin River is located in Gallatin County in southwestern
~ Montana, where i£ is a part of a geologic structural entity, termed the
Madison—Géilatin_uplift (Hall 1961)7 Thg Gallatin River originates in
the northwest part of Yellowstone National Park and flows through inter-
mbntainJ valleys‘between the Gallatin and Madison Ranges for about 80
miles before it enters the bréad Gallatin Valley floor.near the town of
Gallatin Gateway.  Then it flows northwa;d and northwestward gently
through the valley floor for a distanqe of about 28 miles, passes
thrqugh'é small gorge at Logan, énd.leaves the valley. Three milés
. downstrean, it joins the Madison and Jefferson Rivers to form the Mis~-
souri River (Hackett et al 1960). Thé altitude of the whole Gallatin

River basin ranges from about 6800 feet to about 4100 feet. The surface

~
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~gradient of‘the Gallatiﬁ'drainage ranges from more than 100 feet per
mile at the southern.epd of the valléy to less than 40 feét per mile at
the northern end of the.valley (Hackett e; al 1960). The area of the
whole Gallatin draiﬁage is about 1800 square miles (Stermitz et'ail963L
The upper éért of the Galiatin Valley is the principal inlet of
the surface water to the valley. Quite a few tributaries of the Galla-
tin River, most of them less than 15 miles in length, drain into the
Gallatin River from high land on Eoth sides of the river. Below Galla-
tin Gateway,ﬂorthward,.the Gallatin River enters a broad valley floor
and meets thé East Gallatin River, which is the main tributary of the
Gallatin Riwver, north of Manbhattan. -The Gallatin Valley floor is shaped
like a potato about 20 miles wide‘and.25 miles long. The west boundary 
of the valley floor is the'Camp Hills. Tﬁe south ana east sides of the
valley floox ére bordered by coalescing alluvial fans that slope rather
steeply from the Gallatin and Bridger Ranges. The Gallatin Range aver-
éges about 10,000 feet in crest altitude. The Bridger Range is located
at the east side of the valley floor with an average crest altitude of
9,000 fee;.' On thé north side of the valley floor is a sharp cliff of
the Horseshoe Hills, cut by the Eést Gallatin River. Between the Horse-
shoe Hilis and the Bridger Range there is tﬁe Dry Creek subarea. Dry
Creek drains southward to the valley. The East Gallatin River enters
the Gallatin Valley about 5 ﬁiies east of Bozeman near Bézeman Pass, and

\ .
arcs northwestward to north. of Manhattan and meets the Gallatin River.
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The ;treams which come from the high land of the Gallatin and Bridger
Rangés to the-valley all contribute to the East Gallatin River. Those
streaﬁs are Hyalite Creek, Bozeman Creek, Rock§1Creek, Bridger Creek,

and others (Data of -Gallatin Valley floor after Hackett et al 1960).

Climate

) The climate of the Gallatin River drainage is characterized by
a long cold winter and a short ccol summer. Daily and seasonal.fluctu~
ation in temperature is large. According to the dété of the Weather
Bureau from 1931 fo 1952 (reviewed by Hall 1961), the highest recorded
temperature in the aréa-was 112° F; the lowest recorded temperature was
-66° F. The mean annual tembgratpre ét the upper valley was.35° F, and
42° F at the lower part of the valley near Bozeman. ' The mean annual
precipitation at the upper Gallatin Valley was 21.1 inches, and the mean
annual snowfall was 155.2 inches.' The free;e—free season at the upper
part of the valley was 40 to 60 days, and at the lower part of the val-
ley nea£ Gateway was 90 to 100 days. In 1970-1971 the mean annual
tempékatﬁre at Gallatin Gateway was 36.1° F, and at Bozeman was 43.7° F.

-The mean annual precipitatibn at Gallatin Gateway was 25.1 inches, and

. 1
at Bozeman was 17.8 inches.

lNational Oceanic and Atmospheric Administration Environmental
Data Service, U.S. Department of Commerce (1970-1971), Climatological
Data, Montana, 73:13 and 74:13.
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Prebipitation is unevenly distributed throughout the area. The
southeast part of the valley receives more precipitation.than that of

the north and northwest part of the area (Stermitz et al 1963). The

. mean annual runoff is also greater in the southwest part than that of

the north or northéast part of the area. A great.deal of snowfall
accumulates in thg mountaiﬁ area of the Gallatin drainage during the
long cold winter. Rapid snowmelt occurs around April-May-June when the
temperature is high, and causes runoff.

The mean_annual discharge is much larger in the downstream area
of the Gallatin River than‘that of the upperstream. The mean annual
discharge ranges from 100 cubiq feet per second in the upper part of
the Gallatin Valley to 945 cubic feet per.second at Logan, which is the
only outlet of the Gallatin Valley. The mean annual disqhérge at Galla-
tin Gateway was 755 cubic feet per secéna (Déta after Stermitz et al

1963).

Geolégy

. The geology of the Gallatin dfainage has been studied (Hackett
et al 1960, Hall 1961, Mifflin 1963, Stermitz et al 1563, Glapcy 1964,
énd McMannis &-Chadwick 1964).' From the geologic map of Montana (Ross

et al 1955}, the whole Gallatin drainage can be divided into four dis-

tinct geologic units as shownlin Fig. 1 (after Ross et al 1955).
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The.fifst unit is from Yellowstone Park to the mouth of West
Fork. It has been desc;ibed in detail by Hall (1961). In this region,
the Gallatin'River flows transverse to an intermontane area with basi-
‘cally sedimentary rocks of C?gtaceous age (65 million to 135 million
years ago). The upper part of this unit which is south of Buck Creek
was mainly of late Cretécepué #ndifferential rocks. These rocks consist
of siliceous shales, sandstone, and mudstones which are soft and highly
erodible, and probablf are the major sources of the sediment carried in
the streams during the period of heavy rainfall or the rapid snowmelt.
. This soft material is unstable wﬁen it is wet. and subject to earthflow
and landslide. Hall founa a very large landslide two miles north of
Tayior Fork, and many other landslides at upper reaches of the streams
in this area.. Few older sedimentary rocks of limestone (Mississippian,
300 million'to 330 million yearé ago), and sandstonés of late Paleozoic
or early Meéoéoic ége (200.million to 350 million years ago) were found
élong the courses of.Sage Creek, Taylor Creek, and Buck Creek. The
énciept Pfecambriaﬁ metamorphic rocks formed the higher mountain area
near the Madison Range. These rocks are highly resistant and not likely
to contribute much sediment or dissolved material to the.sgreams.

Fiom Buck Creek to the mouth of West Fork in this same unit is
‘dominantly of Kpotenai $ormation sedimentary rocks (early Cretaceous age).
qutenai’rocks in this area consist of three parts: upper and lowerparté

of this formation are resistant quartzitic sandstone, whereas the middle
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part of the formation is non-resistant shales, silt- and clay-stones.
The dark-gray Colorado shale and sandstone are also common in the
drainage.of West Fork.

Téylor Fork and West Fork are the two biggest tributaries of
the Gallatin Rivér in this unit. The upper course of Taylor Fork flows
through a region'of>Precambriaﬁ metamorphic rocks, and ﬁhrough a lérge
area of Quaternary glacial deposit or landslide material which consists
of poorly sorted silt, sandstone, and gravel. The middle and lower
parts of Taylor Fork are rocks of Cretaceous age to Mississippian age
which are cémmon in the whole'unit.

The upper part of the West Fork drainage is Quaternary glacial
deposit or landslide material. Then West Fork passes through a large
area of Kootenai Formation rocks df conglomerates, claystoﬁés, sand-
stones, limestone, and Colorado shale. At its mouth, Tertiary sedimen-
tary rocks were found. |

+ Other important tributaries of the Gallatin River in the unit
are Sgge Creek, Buck Creek, Beaver Creek, which are locéted entirely in
this unit, and Tepee Creek and Porcﬁpine Creek in which only the down-
stream parts ‘are in the unit.

‘Sége Crgek aﬁd Buck Creek flow through similar sedimentary rocks
which consist of conglomeraées, ;andstones, shales, and impure Llime-
stones of late Paleozoic to early Mesozoic ages (350 ﬁillioh to 63 mil~

lion years ago), except Sage Creek passes through a region of Tertiary
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volcanic material. The geology of the basin of Beaver Creek is siﬁilar
to that of West Fork, except there is not. much glacial material found
at the upperstream. |

Porcupine Creek and Tepee Creek drain'inﬁo the Gallatin River
from‘thé eastern'side, and only their downstreams are ;ocated in the
unit.

The second geologic unit is from West Fork to the drainage basin
- of Spanish Creek (Detailed geology of the unit has been described by
Mifflin 1963). A promipent Spanish peak fault is.located in this unit.
The material which had covered in this.£egion.has been removed by ero-
sion. The old Precambrian metamorphié rocks of gneiés, schist, amphi-
bolite, and metaquartzite outcrop throughout the unit. Thesé;exposed
Precambxian rocks are‘deeply'weathered, and become'rock.debris. Other
rock outcrops in this unit are sedimenta?y.rocks,of Cambriaﬂ and Devo-
nian ages (370 to 600 million years ago).

,Spanish Creek énd Portal Creek are entirely located in the unit.
The upperstream and mouth of Spanish Creek cut through the Precambrian
rocks, whe;eas a minor part of the middle stream of Spanish Creek flows
through younger sedimentary roéks of Cambrian and Devonian ages. Portal
Creek joins the Gallatin River -from the eastern side. Squaw Creek and

swan Creeks flow through this unit before they enter the Gallatin River.

The mouth of Squaw Creek is through complicated sedimentary rocks of
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Cambrian, Mis;issippian, and Tertiary ages. The mouth Sf Swan Creek is
through the Precambrian metamorphic rocks.

The third geologic unit is a vast area located to the eaét of
the Gallatin Rivei. This unit is basically of Tertiary volcanic rocks,
which are, in general, younger tﬁan.most of the sedimentary rocks in
the area. K -

According to the study of ﬁcMannis and Chadwick (1964), the
volcanic rocks in this'unit uncopformably overlie the Precambrian meta-
morphic rocks and the Paleoéoic—Mesozoic sequence and cap most of the
higher ridgées including the backbone of the Gallatin Range.

Two lithologic types are dominant in these volcanic rocks. The
first type is the crystallized lava flows of basic andesite cémposition.
The second type is é‘stratified volcanic breccia of basic andensite to
more acidic composition.

Some Tertiary intrusi§es also are found in this unit. The ba-
salt intrusives located at the head of Porcupine Creek are very hard
black basalt. Most of the intrusive bodies are porphyritic. Ingeneral,
plagioclase is distinctivé in the rocks of this unit. |

The upper drainage basins of Tepee Creek, Greek Creek, Porcupine
Creek, Swan Creek, and Sduaw Creek are all in this unit. The headwaters
of the st?eams which head fromAthelGallatin and Bridger Ranges are in-
_this.unit too. They are Hyalifé Creek, éozeman éréek, Rocky Creek, and

Bridger Creek.
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From Gallatin Gateway north to the Horseshoe Hills, which is
the northern boundary of the Gallatin Valley, is the fourth geologic
unit (Detail study of the geology has beéq made by ﬁackett et al 1960).
foﬁnger alluvium and fans cover most of the surface of this area;
Tertiary straté only crop out at Camp Hills and Dzxy Creeﬁ subarea, but
underlie Quaternary alluvium and fans thrbughout the valley.

Most of the Tertiary strata are poorlf consolidated, moderately
well cemented conglomerate, consisting of pocrly sorted locally derived
rock fragments in a matrix of clay or calcareous silt and sand.

Except for‘the Camp. Hill area and Dry Creek subarea, most other
places in the valley are covered by younger alluvium or fans of Quater"
nary age with thickness from 10 feet to 400 feet.

The stream—~channel deposit alluvium lies between the Gallatin
and‘Eas£ Gallatin Rivers and éonsists of cobbles and gravel intermixed
with sand, silt, and clay which is believed derived from Gallatin and
ﬁridger’Ranges. The north part of this stream~channel deposit contains
a higher proportion of silt and clay.

The alluvium along the st?eams which head from the Bridger Range
is different from éhe alluvium along the streams which head fromlthe
Gallatin.Range. The former cénsists'of fragments of Precambrian gneiss,

schist,. and Paleozoic limestone and quartzite, whereas the latter is

similar in composition to the alluvium undexlying the plain between the
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Gallatin and East Gallatin Rivers. 1In general, the fatio of fine~ to
coarse-grained material in all alluvium increases in a dgwnstremndireé-
tion.

Many hills and‘siopes in the Gallatin Valley are méntled with
buff calcareous‘silt, probably of aeolian origin. The possible origin
of this loess material ié the Tertiary strata‘material.

Important streams in this unit are the Gallatin River, Rast
Gallatin River, Bozeman Creek, Hyalite Creek, Rocky Creek, Bridger

Creek, and Dry Creek.

The soil of the Gallatin River drainage can be roughly divided
into fwo groups; those of the upper drainage which are in the canyon and
mountainéus areas, and those of the lower drainage, which are on the
broad valley floor (Southarxd 1969).

The predominant- soil series in the upper Gallatin River drainage

are Loberg; Garlet, and Teton (Olsen et al_l97l);
' The Loberg soils are classified in the clayey-skeletal mixed
mineralogy family of Cryoboralfs. They developed on clayey non-
calcareous materials. .Tﬁey are Well‘drained with slow permeability,
and medium ﬁo rapid runoff. ILoberg soils are extensive in‘many tribu~

tary drainéges of the Gallatin Cahyon area, especially in the West Fork,

Beaver, Porcupine, Portal, and Squaw Creek drainages (Olsen et al 1971).
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Garlet soils are classified in the loamy skeletal mixed miner-
alogy faﬁily of Cryochrepts. The soils are well drained, highly
permeable, and with a low runoff rate.

The Teton soils are classified in the fine-loamy mixed mineral-
ogy family of Typic Cryoborolls.. The§ developed on sandstone bedrock
uplands. They aré well-drained with medium runoff and moderate
permeability. -

Representative soil series of the lower Gallatin drailnage are
the Bozeman, Bridger, Avalanche, and Burnt Fork series (SSuthard 1969) .

Bozeman soils are classified in the fine-silty mixed mineralogy
family of a Argic Pachic Cryoborolls. The parent materials are loess
derivgd from mixed alluvial sources. The soil is well drained and
moderately pérmeable. .Runoff is slow to medium.

The Bridger series soils are classified in the fine mixed miner-
alogy family of Argic Cryoborolls. 'Tﬁe underlying material is very
éravelly. They developed in very thick loam or clay loam textured
unconsolidate@ deposits from a variety of rocks. They are well drained
and modérately permeable., Runoff is medium té slow~

The Avalanche and the Burnt Fork soils are on recent alluvium
and oldexr bench édges. ‘Thesé soils occur'iﬁ the northwe;t edge of the
Gallatih Valley floor. Avalanche and Burnt Fork soils have been classi-

~

fied as Calciorthid and Argiboroll soils respéctively.




METHODS

Five-gallon water samples of the Gallatin River were taken at
three lécations, the National Forest boundary just beléw Spanish Creek,
near Manhattan, and near Loéan. The water was collected just beneath
the surface using a sampler with a five foot handle. Care was taken
not to distufb the soil of the stréam bank or bed when sampling. The
suspended solids‘measured represented the content near the surface
instead of the whole vertical section of the sampling site: Two—gallon'
samples werevtaken on each of the.creeks marked by names in Fig. 1, and
on the Gallatin River at the Yellowstone National Park boundary. Sam-
ples were taken from Bridger, Rocky, Bozeman, and Hyalite Creeks where
they leave the moun£ains and from £hé other creeks at or near their
mouths: The East Gallatin ﬁiver was sampled near Belgrade (below Dry
Creek), and near Bozeman (below Bridgér,Creek).

=In March and April of 1970 and 1971, the three locations of £he
Gallatin River below thg National forest‘boundéry were sampled just
after a shower or temperature was raising enough to cause snowmelt in
low land of the valley. In May gnd June, the Gallatin River and its
tributaries were sampled periodically. The period of May and June
marked the time when runoff and efosion was most importaﬁﬁ in the moun-

tains rather than the low lands.
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Samples of the East Gallatin River were taken at Belgrade when-
ever the éallatin River was sampled. . The samples from‘tributaries of
the East Gallatin River were sampled régu;arly from March to April in
1970, and less often in 1971.

Detailed studies of two of the major tributaries of the Galla-
tin River, i.e., Taylor and West Forks, were made on selected dates of
1971. ‘Wapiti.and Little Wapiti Creeks were sampled before ;heir junc-
tion, and before joining Taylor Fgrk on June 17. Taylor Fork sbove
Wapiti:Creek was also sampled on ;he same date. Branches of the West
Fork, i.e., North, Middle, and South Forks of West Fork, were sampled
twiee in May and once in June 1971.

Sediment was separated from these samples for further analysis.
The sand was screened out using a 325 mesh sieve and discarded. The
silt and élay were flocculated using calcium chlo?ide. They were then
concentrated by siphoning off the clear supernatant liquid. They were
étored in small bottles'using me£hanol as a preservative until the
analysis,

At the same time when these samples were taken, a second sample

of one liter was taken at each location for guantitative analysis. The

. sand was screened out, oven dried, and weighed. Dissolved salts (ppm)

were estimated by multiplying electrical conductivity (micromhos) by

0.64 (U.S. Salinity Lab. Staff 1954). The entire liter of water was

evaporated to dryness in a 250 ml beaker, and the gain in weight
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measured.. Dissolved salts then were subtracted from the. total solids
to estimate suspended silt and clay.

In the 1971 samplés, turbidity was measured using a nephelé—
meter at 650 mﬁ, and a Jackson turbidity meter.

Silt and clay were measured by the pipette methodiafter'des—
truction of organic matter Qith hydrogen péroxide, and dispersion with
% calgon (Né3PO3). |

After tﬁe mechanical analysis, the sample was separated into
silt and clay fractions by the centrifuge method described by Jackson .
(1956) . | |

Silts and clays were both saved for t@e x-ray mineralogical
analysis. The silts were saturated with magnesium and excess salts
washed out by centrifuging. Magﬁesium saturated silts were mounted on a
glass slide, ailr dried, then x—rayed‘using a General Electric XRD-5
diffractometer. Coppexr Ko radiation (A = l.5405£) was used. In some
éases, the slides were heated at_350°C'for two hours and x-~rayed égain
in order to distinguish chlorite from vermiculité.' X-ray diffraétion
patterns were run on the clays after each of the following treatments:
magnesium saturated and air dried, magnesium saturated and glycerol
. solvated, and.potassium saturated ana heated 350°C for two hours.
Smectite was fecpgnized from the 18 i peak on the magnesium saturated
_ glycerol solvated diffraction patﬁern, while on the same pattérn vermic—:

o
ulite and chlorite remain at 14 A. Highly interstratified smectite was
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recognized by the magnesium saturated air dried gamples'giving a-l4 2
peak thch became a band of diffuse scattering at wider spacings when
glycerol solvated. Chlorite was distinguished from vermiculite by the
14 R peak remaining on the potassium saturated patteih after heating at
350°C. The preparation of glass-slide procedurés followed that des-

cribed by Kittrick (1961).




RESULTS AND DISCUSSION

A. Suspended Silt and Clay Content

In the.March—April period, some streams in the Gallatin Valley
floor were mudd;er owing to the rainfall and snowmelt. However, the
Gallatin River above the National Forest boundary and its tributaries
in the mountains were still too clean to study. In the May-June period,.
r;pid snowmelt and rainfal} caused runoff in the mountains, and most of
the streams of the whole Gallatin drainage were muddy enough for study.

The suspended silt and clay contents of the loﬁer Gallatin
River and fhe streams in the lower Gallatin drainage, in the March-
April sampling détes of 1970 and 1971, are given in Tables 1 and 2.

The Gallatin River at the National Forest boundary, where the river
leaves the mountains, and at Manhattan, before it meets the East Galla-
tin River, were both clean and had little difference in silt and clay
eontenﬁi However, the Galiatin RivérAat Logan, near to the outlet of
the Gallatin drainage, was much muddier on two of the sampling dates,
i.e., April 11, 1970 and April 16, 1971. .On these dates, the East
Gallatin River was very muday.toé. Examining the data in Tables 1 and
2, we can conclude that the increaée in silt and clay of the Gallétin
Rive;'between Manhattan and Logan 6n those two dates, as well as all
other dates in March and April, was owing to the contribution of the

East Gallatih Ri&er. Raker Creek, another tributarxy of the Gallatin
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TABLE 1. The silt and clay content (ppm) of the Gallatin River and its
tributaries in March and April, 1970

Mar. 11 Mar. 19 Apr. 1 Apr. 11 Apr. 27 Ave.

Gallatin-Forest bdry. 9 14 17 21 16 15
Gallatin-Manhattan | 11 11 21 51 15 22
Baker Creek : 66 7 99, 43 54
E. Gallatin-Belgrade 105 . 44 35 268 45 . 100
Gallatin-Logan 34‘ | 39. 347 50 118

TABLE 2. The silt and clay content (ppm) of the Gallatin River and its
tributaries in March and April, 1971

Mar. 18 Apr. 1 . Apr. 16 Ave.
Gallatin-Forest bdry- 2 33 23 ' 19
Gallatin-Manhattan 6 14 21 C 14
E. Gallatin-Belgrade .18 57 239 105

Gallatin~Logan 17 36 170 74
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River, was smaller and clearer than the East Gallatin River during this
sampling period.

The suspended silt and clay contents of the Gallatin River and
its tributaries, iﬁ May—Jﬁne of 1570 and 1971, are given in Tables 3
and 4. Most of the streams were much muddier in this period than in
the March-April period. This is because the rapid snowmelt occurred in
the mountains and caused runoff .and erosion. The silt and clay content
of the upper Gallatin River at the Yellowstone National Park boundary
was lower than those of the lower sampling sites on the river. The
average silt and clay content at the Park béundary in the May~June
period was 62 ppm for 1970 and 31 ppm for 1%71. Wwhile at the Forest
boundary, the content iﬁcreased to 125 ppm for 1970 and 103 ppm for
1971. The increase was owing to the contributions of many tributaries
in the mountains as well as the stream bank efosion of the river itself.
Tﬁere are at least twelve main tributaries of the Gallatin River between
éhe Park and Forest boundaries—-Taylior Fork and Wes£ Fork are the laxg-
eést.. Others are quite émallvexcept Squaw Creek which is mediun size.
In 1970, most of the tributaries had thei? highest measured.éilt and
clay on June 8. Tw0‘exceptions_were Tepee and Beaver Creeks; they were
muddiest in early May,; and suddenly the Tepee Cresk became extremely
clean in the rest of the sampling dates. 1In 1971, the peaks éppeared

in late May and early June.
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TABLE 3. The silt and clay content (ppm) of the.Gallatin River and its
tributaries in May and June, 1970 )

May 4 May 18 May 27 June 8 June 19 Ave.

Gallatin~Park bdry. . 19 115 74 84 16 62
Tepee Creek © 495 - - 15 - 102
Sage Creek ‘ 215 114 616 24 242.
Taylor Fork | .- 87 174 154 6;9 39 219
Buck Creek 63 93 312 2 118
Porcupine C?eek 155 250 238 413 42 - 219
Beaver éreek - 64 487 124 223 .- 179
West Fork 22 96 109 140 25 78
Portal Creek | 15 13 43 59 29 31
Swan Creek . 126 1z6
Greek Creek ‘ 437 437
Sguaw Creek lSl 121 364 626 21 229
Spanish Creek 29 23 24 32 15 . 25
Gallatin~Forest bdry. 29 103 184 277 30 125
Gallatin-Nanhattan 20 264 212 448 39 198
E. Gallatin-Belgrade 269 363 394 ‘127 87 248
Gallatin~Logan 171 798 390 267 72 320
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TABLE 4. The silt and clay content (ppm) of the Gallatin River and its
tributaries in May .and June, 1971

May May May June June Ave.
7-8 17-18 27-28-29 8~-9  17-18

Gallatin~-Park bdry 25 11 69 34 14 31
Tepee Creek 52 26 - - - - 16
sage Creek | 52 341 123 86 150
Tayloxr Fork 107 67 263 . ' 123 390 190
Buck Creek - 37 42 130 70 43 ‘ 64
Porcupine Creek 66 48 151 74 221 112
Beaver Creek 191, 45 74 30 ’ 44 77
West Fork 80 37 123 57 51 70
Portal Creek 30 36 33 24 31
Greek Creek 1019 203 139 71 25 292
Sguaw Creek 15 61 168 67 18 66
Spanish Creek 12 30 23 12 19
éallatin-forest bdry 89 54 153 126 96 103
Gallatin-Manhattan 146 23 16l 203 139 134
Baker Creek 49 42 : 46
E. Gallatin-Belgrade 154 85 194 104 41 117

N

»]
o
-
m
0

2 173

Gallatin-Logan 183 99 203
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Taylor Fork was always muddier than the Gallatin River at the
Forest boundary. Thé silt and cla& content averaged 212 and 190 ppm
in 1970 and 1971 respectively, compared with 125 and 104 ppm at the
Forest bouﬁdary. It is large and muddy, and likely plays a significant
role in.contributing sediment to.the Gallatin River. Other muddier
tributaries in the mountains were'Sage, Porcupine, Squaw, Greek, Beaver,
and Tepeé Creeks. They were on several sampling datés,_but not all,
muddier than. the Gallatiﬁ River at the Forest boundary. éreek and
Tepee Creeks,‘nevertheless, were the two muddieé&streams of all on some
dates. But since these two streams are very small, it is doubtful that
they influenced the sediment content of the Gallatin River significantly.
A;l of these, along with the West Fork, are located in the sedimentary
rocks region and the Tertiary volcanic material region. The West Fork
was not as muddy as the Gallatin éiverlat the Forest beundary. The
average silt and clay content of West Fork was 78 and 70 ppm in 1970
and 1971.

- The Wapiti and Little Wapiti Creeks, of the Taylor Fork, were
sampled on June 17, 1971. Both of these two brénches were relatively
clean. Little Wapiti Cresk had 26 ppm in silt and clay; Wapiti Cresk
had 40 ppm before joining Little Wapiti and 30 ppm at Taylor Fork. The
content was much higher in Taylor Fork above Wapiti (SGB,ppm). The

mouth of Taylor Fork had 390 ppm silt and clay on the date. This showed
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that the source of the silt and clay of Taylor Fork wés-ﬁrom the upper
stream itself insﬁead of from the Little Wapiti or Wapiti.Creeks.

Samples on May 28 and June 8, 19?1 from the North Fork of West
Fork were clean, averaging 11 ppm silt and clay. Middle Fork was
higher, averaging 57 ppm, while South Fork of West Fork was highest
having 105 ppm. The combined North and Middle Forks had an- average
content of 20 ppm just after they joined, and 43 ppm just before Jjoin~
iﬁg.the South Fork. The silt and clay content of West Fork at the
mouth befo;e joining Gallatin Rivér was a&eraged 90 ppm bn those two
dates. Thus, the contribution of silt and clgy to the West Fork was
more jmportant ffom éouth Fork than from North or Middle ¥oxrks.

-Thé two cleanest streams in the mountains are Spanish and Portal
Creeks. They both lie in the Precambrian metamorphic rock region. The
silt and clay content of Spanisﬁ Creek averaged 25 and 19 ppm in 1970
and 1971 respectively. Portai Creek was 31 ppm, both in 1970 and 1971.

.The Gallatin éiver carried more silt and clay downstream at
Manhgﬁtan than upstream at the Forest boundarj, during the May-June
éeriod. It averaged 198 and 134 ppﬁ in 1970.and 1971 respectively. The
increase in suspended silt and élay content in this section of the Gallia-
tin River may be attributed mostiy to the étreambank erosion.

?he last sampling site; i.e., bel;w Logan, was always the mud-
diest among the four locations’cn the river. The silt and clay con£ant

averaged 320 and 173 ppm in 1970 and 1971 respectively, for the May-June
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period. 1In this period, the East Gallatin River was ﬁot as muddy as
the Gallatin River at Logan. Its contribution thus was not as impor-
tant as in the March-April period. However, its contribution was not
negligible, because it was always muddier than the Gallatin River at
Manhattan. Evidence of the local erosion of the Gallatin River between
Manhattan and Logan was significant on some dates. For example, on
May 8, 1970, the silt and clay content of the Gallatin Riyer at Logan
was 79§ ppm. That was much higher than at Manhattan (264 ppm) or the
East Gallatin River (363 ppm). |

Bridger, Rocky,.Bozéman, Hyalite, and-Dry Creeks are branches
of the East Gallatin River. Their'suspended silt and clay contents are
given in Tables 5 and 6. In the March-April period, Dry Creek was mud-
dier than other branches in the mountains, because Dry‘Créek is not
from the mountains and has snowmelt early in the seasoﬁ. In the Mafy
period, snow in the mountains was melting and Bridger and Rocky Creeks
£ecamé muddier, while Dry Creek was clean. Bozeman and Hyalite Creeks
were-relatively clearer during both 1970 and 1971.

The upper East Gallatin River at Bozeman, below the junctions
of the Bridger, Rocky, and Bozeman Creeks, was much iower in silt and
c¢lay content (averaging 36 aﬁd 44 ppm in the March-April of 1970 and
1971) than that further downstream below Belgrade (ave#aging 100 and

105 ppm in March-April of 1970 and 1971).
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TABLE 5. S8ilt and clay content (ppm) of the'Eaét Gallatin River and
its tributaries, 1970
Mar. 11 Mar. 19 Apr. 1 Apr...11 Apr. 27 May 18

Bridger - - - 59 267
Rocky Cr. - - 1 87 12 268
Bozeman Cr. - 5 4 6 94
E. Gallatin- 37 6 9l 12

Bozeman
Hyalite Cr. 7 14 15 | 27 73
Dry Cr. 140 75 226 3
E. Gallatin- 103 44 35 ., 268 49 363

Belgrade
TABLE 6. Silt and clay content (ppm) of the East Gallatin River and

its tributaries of 1971

Mar. 18

Belgrade

Apr. 1 Apr. 16 May 8 May 17
Bridger Cr. 195
Rocky Cr. 137
Bozeman Cr. 43
E. G;llatin* - 25 10¢
Bozeman
'Hyalitg Cr.- 44
Dry Cr. 102 62 2 60 30
E. Gallatiﬁ— i8 57 239 154 95




B. The Dissolved Salt Content

Dissolved salt contents of the water are given iﬁ Appendix
Tables 1 and 2. The fluctuatioﬁ of the dissolved salt content was much
smaller than the fluétuation of the suspended solid content in the
same stfeam.f Also, the dissolved salt content was gquite close for the
corresponding sampling dates iﬁ the two years.

Fig. 2 shows the dissolved salt content of the Gallatin Rive?
on .selected dates of 1970. It was higher in the early season when the
discharge was lower, and it was lower in the later season when the dig-
charge was higher. The statistical analysis of the data éhowed an
inverég correlation between dissolved salt content (DSC), and total
suspended solid content (TSS) of the Gallatin River. The fegression

equations and the correlaticn coefficients of the Gallatin River at the

different sampling sites are given as follows:

Sampling site ' Regression Equation r

The National Forest

. boundary log Tss (ppm)= ~2.9 log DSC (ppm)+7.88 -0.93
Manhattan log 7SS {(ppm)= ~4.3 log DSC (ppm)+11l.3 ~0.85

Logan : log TSS- (ppm)= —-2.8 log DSC {ppm)+8.53 -0.73

The inverse relationship between the dissolved salt content and
the total suspended solid is explained as follows: the suspended solid
content of the river increased when the surface runoff and erosion in-

creased owing to the rapid snowmelt and rainfall, vhile the dissolved
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salt content of the river was diluted by this extra surface water. In
the drier season, water that entefed the river was mostly groundwater
and had a better chance to make céntact with the salts in the soil and
therefore had a higher dissolved salt content. The regiession correla-
tion coefficient between the dissolved salt content and the total
suspended solid content was good in the Gallatin River a£ the Forest
boundary. The dissolved salt content of the Gallatin Rivér may be a
good indicator of the turbidity of the river at that site. '
The dissolved sait content of the streams from the sedimentary
rocks reéion was, in general, higher than that of the streams from the

volcanic or metamorphic rocks regions.

C. ‘The Turbidity Measurement and the Suépended Solid Content
Tﬁrbidity of the 1971 water samples was measured using the

Jackson turbidity meter (Jackson candle uni@s) and the nephelometer

{% Tranémissiop). The results were compared to the suspended solids

measured by the gravimetric method. The results are given in Appendix

Tablg 2. R good correlation was found between the turbidity andlthe

suspended solid content. The regression equations and the correlation

coefficients of those measurements are given as follows:

The Nephelometex

TSS (ppm)= 7.25 % Transmission-6.18 0.88

Si+C. (ppm)= 4.8 % Transmission-1.39 0.92
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The Jackson turbidity meter

r
TSS (ppm)= 1.94 JCU + .15.6 . 0.89
Si+C (ppm)= 1.26 JCU + 10.4 _ 0.95

where, TSS = Total suspended solids
Si+C= Suspended silt and clay

JCU = Jackson candle units

All the correlation coefficients are significant at the 1%
level. Both the nephelometer and the Jackson turbidity meter are reason~
ably good in estimating the ppm suspended solids in the s£reams,
especially in estimating the suspended silt and clay. fhe procedures
of those two methods are simplér and quicker £han the gravimetric method.
The Jackson candle units can not be used to estimate less than 42 ppm
silt and clay, or 63 ppm total solids by the equation, since a reading
of less tﬁan 25 JCU cannot be measured. A nephelometer would be prefer-
able for estimating suspendedvsolids in a relatively clear stream. The
upper limit of the regression equations of this study was 902 ppm total
suspended solids, or 583 ppm suspended gilt and clay.

D. X~-ray Mineralogical Analysis of
the Suspended Silts and Clays

X~-ray mineralogical analysis was made on the silt and clay frac-
tions separately. Silts and clays were separated as larger and smaller
than 21l equivalent spherical diameter. The analysis was basically a

qualitative one; the content of minerals can only be roughly estimated
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from the relétive peak heights of the diffraction patterns. The result
of the analysis was expressed as the percent peak heights of the miner-
als. in the silfs, the percent -peak heights were calculated based on
the x-ray diffraction pattérns of magnesium saturated, air dried sam-
ples. In the clays, the percent peak heights were calculated based on
the x~ray diffraction pattefns of magnesium saturated, glycerol sol-
vated, air dried samples. In the clays of the 1970 sampleg, quartz
content was not included, while in 1971 samples quartz content was
included. A summary of the mineralogical analysis of thé samples will
-be given in the following section. Detail of the mineralogical analy-
sis for every'sample is given in Appendix Tables 3 and 4.

Table 7 shows the summary of the mineralogicai anélysis of the
samples from the Gallatin River and its tributaries in March and April
of 1970 and 1971. Clays of those streams were all high in smectite.
The smectite was highly interstratified in these clays, except the sam-
éles of the Gallatin River at Logan and East Gallatin River below
Belgrade in 1971. Silts of those samples were all high in quartz
content.

In the May and June period, most of the streams'of_the Gallatin
drainage were muddier thah in March end April, because rapid snowmelt
occurred in the mountains. Samples of the Gallatin River at the Yellow-

stone National Park boundary and streams abdve the National Forest




TABLE 7. Summary of x-ray mineralcgical analysis of the Gallatin River and its tributaries in
March and Apxil, 1970 and 1971 (percent peak heights of minerals)

* Interstratified
*% Interstratified vermiculite-chlorite

*  Interstratified vermiculite-mica ]
# Sm=smectite, Ve=vermiculite, Mi=mica, Ka=kaolinite, Q=quartz, Fe=feldspar, Fe/Q=feldspar/
_ ' quartz
clay silt
1970 # Sm Ve Mi Ka 0 Ve Mi Ka 0 Fe Fe/ Q

Gallatin - 45* C 14 19 21 20 13 5 43 19 0.44
Forest bdry. '

Gallatin - 68%. - 20 12 13 6 3 67 12 0.18
Manhattan

‘Baker Cr. 52% 13 16 15 23 7 4 51 15 0.29

E. Gallatin =~ 50%* 17 19 14 27 7 5 50 11 0.22
Belgrade . :

Gallatin - ‘ 59% 19 13 9 22 7 5 57 8 - 0.14
Logan

1971

Gallatin - 61% o%% 14 12 12 13 6 5 61 14 0.23
Forest bdry. .

Gallatin - 51% 3 15 13 16 15 5 4 - 860 14 0.23
Manhattan .

E. Gallatin -~ 25 19 16 13 18 18 6 6 60 10 0.17
Balgrade

Gallatin - 44 15%% 15 11 14 27 7 6 53 7 0.13

Logan

6¢
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boundary were taken in this period. The summary of the mineralogical
analysis of the samples in May and June is given in Tables 8‘and 9.

The Gallatin River at the Forest boundary, Manhattan, and Logan
was still smectite dominant in clays, and quartz dominant in silts, but
the evidence of the interstratified smectite, that appea;ed in the March
and April samples, disappeareq. This may distinguish the sources of the
suspended solids of the Gallatin River from the well—wea£hered surface
soils and the less-weathered subsoils, because the surfaée soils usually
have poorer crystallinity of the minerals than that of tﬁé subsoils in
this area. The Gallatin River at the Park boundary was sméétite domi-
nant in ¢lay and quartz dominant in silt too, but content of smectite
and quér;z was not as high as the above three locations.

Among the tributaries of the Gallatin River in the sedimentary
rock region, Taylor Fork and Buck Creek were smectite dominant in clays.
Sage Creek had less smectite, and more mica and anlinite in clays than
those of Taylor Fork and Buck Creek. Moreover, evidence of interstrati-
fied vermiculite-mica was found in clays of Sage Creek. Clays of West
Fork were similar to those of Sagé Creek in mineralogy, except variation
of mineral composition of West Fork was large during the sampling season
(see Appendix Takles 3 and 4)}. This may imply that the sources of sus-

pended solids in West Fork ware more complicated than that of Sage Creek.

-

Clays from the Beaver Creek were high in kaolinite, and also contained

interstratified smectite. The mineralogy of silts from the streams




‘TABLE 8. Summary of x-ray mineralogical analysis of the Gallatin River and its tributaries in
May and June, 1970 (percent peak heights of minerals)

* Interstratified
k%  Interstratified vermiculite—~chlorite

+ Interstratified vermiculite-mica
# Sm=smectite, Ve=vermiculite, Ka=kaolinite, QO=quartz, Fe=feldspar, Mi=mica, Fe/Q=feldspax/
quartz
clay . silt
# sm Ve Mi Ka Ve Mi Ka Q Fe Fe/Q

Gallatin - 63 4 22 10 22 4 5 56 13 0.23

Park bdry. ) ’
Tepee Cr. N ] 7 14 7 17 4 3 68 8 0.12
Sage Cr. 36 3t 27 34 10 7 - 10 69 4 0.06
Taylor Fork - 68 1** 16 14 15 4 4 70 5 0.07
Buck Cr. 62 - 18 20 18 4 7 67 570 0.07
Porcupine Cr. ' 87 1 8 5 22 3 4 50 20 0.40
Beaver Cr. 24% 3t 21 53 6 5 13 73 3 0.41
West Fork 44 6*%* 24 26 15 5 7 68 5 0.07
Portal Cr. ' 87 9 4 - 33 5 3 31 28 0.90
Swan Cr. 67 7 17 10 44 - - 23 33 1.44
Greek Cr. 93 - 7 - 56 9 2 18 15 - 0.80
Bquaw Cr. 66 10 1i 12 45 5 5 23 23 1.60
Spanish Cz. 67 - 17 17 . = 16 i5 4 55 9 . 0.16
Gallatin - - 64 6 14 17 27 "3 6 55 8 0.14

Forest bdry. .
Gallatin -~ » : 62 10 15 i4 .29 6 7 49 10 0.20

Manhattan T ’ .
"E. Gallatin - 47 18 17 19 30 4 6 52 8 = 0.15

Belgrade

Gallatin - 59 ° 12 15 14 " 31 7 7 46 9 0.20
Logan . .

7.




TABLE 9. Summary of x-ray mineralogical analysis of the Gallatin River and its tributaries in
‘ May and June » 1971 (percent peak heights of minerals)

* Interstratified

- Interstratified vermiculite-mica
"# " Smesmectite, Ve=vermiculite, Mi=Mica,. Ka=kaolinite, Q=quartz, Fe—feldspar, Fe/Q—feldspar/.
quartz
clay ©osilt’
# Sm Ve Mi Ka 0 Ve - Mi Ka 0 Fe " Fe/Q
Gallatin - 48 13 13 11 15 17 3 4 62 13- 0.21
Park bdry. . -
Tepee: Cx. ' 18 25 7 . 1l4- 37 13 4 5 69 8 0.12
Sagé Cr. 28 4t 22 22 26 9 7 9 72 4 0.06
Taylor Fk. 66 - w7 ° 1le - 18 4 4 71 -4 0.06
" Buck Cr. . 52 2 13 12 21 22 4 5 64 - 5 0.08
Poxcupine Cr. 81 2 6 6 . 4 14 3 4 57 21 0.37
Beaver Cr. : 10%* 7 12 - 39 25 10 5 10 71 4 0.06
West Fk... 28 9 22 18 22 22 4 5 65 3 0.05
Portal Cr. 73 20 - - 7 30 2 1 23 45 2.00
Greek Cr. . 89 7 4 - - 40 8 2 29 21 - 0.70
Squaw .Cr. 72 10 5 7 5 40 7 3 23 25 1.10
Spanish Cr. - 46 6 9 40 28 11 7 33 23 0.70
Gallatin - 62 4 10 9 15 23 4 5 61 6 0.10
Forest bdry. ’
Gallatin - 58 8 . 11 10 14 31 5 5 52 11 0.20
Manhattan , . '
Baker Cr. 17 5 5 62 11 54 13 10 10 13 1.30
Gallatin - 49 15 12 11 12 35 6 6 47 6 0.13
Belgrade : )
Gallatin - 55 11 12 9 13 34 4 5 49 7 0.14

Logan

(4%
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ﬁentioned above were similar. Quartz was dominant, and feldspar ap-
- peared only .in a small amount. The x~ray diffraction peak ratio of
feldspar/quartz of those silts was less than 0.1. Vermiculite was the
second important mineral in the silts.

The result of the mingra;ogical énalysis of the branches of
Tayloxr Férk and West Fork is given in Tables 10 and 11. Clays and
silts of Wapiti and Little Wapiti Creeks haa guite different mineral
patterns from ﬁhat in the upperstream of Taylor Fork. The minerals qf
the two creeks were higher in kaolinite and mica, and lower in smectite
than that of Taylox Fork:in upper;tre;m. The‘branches of West Fork,
i.e., North, Middle, and South Forks, also had different minerals from
those of the 1§we? part of West Fork. Even in different‘sampling da’cea—‘:,~
the minerals of suspended solids‘in the same stream of the'West Fork
basin wére different. On May 28, 1971, smectite content was high in
-clays of North and Middle Forks, while it was low in clays of South
Fork and West Fork at the mouth. On June 8, all the smectite peaks in
x-ray diffracfién patterns were smaller, broader, or even absent in
these clays. It was not raining on May 28, but was raining on June 8.
The-difference of minerél pattern of the same stream between these two
dates was probably due.to the different sources of runoff caused by
raining and snowmelt.

Squaw; Greek, Swan, Porcupine, and Tepee Creeks originate and

flow through the Tertiary volcanic material region. They flow into the




TABLE 10. X-ray mineralogical analysis of Taylor Fork and its branches on June 17, 1971

{percent peak heights of minerals)

# Sm=smectite, Ve=vermiculite, Mi=mica, Ka=kaolinite, Q=quartz, Fe=feldspar

clay - osilt
¥ sm Ve Mi Xa ) Ve  Mi Ka Q  Fe
Wapiti Creek 33 - 21 21 26
at Taylor Fork
Wapiti Creek above 19 5 19 31 28 5 5 o 74 7
L. Wapiti Creek
L. Wapiti Creek - 28 - .21 24 28 7 5 10 75 3
Taylor Fork above . 59 - 9, .5 27 26 5 5 63 2
Wapiti Creek : :
Taylor Fork - ' 64 - 9 9 18 22 4 5 67 3

at the mouth

A%




TABLE 11l.

(percent peak heights of minerals)

¥-ray mineralogical analysis of West Fork and its branches in 1971

# Sm=smectite, Ve=vermiculite, Mi=mica, Kaékaolinite; Q=quartz, Fe=fe1dspaf'

at the mouth

10%*

27

i L.,
.Interstraﬁlfled clay silt

# Sm Ve Mi Ka o] Ve Mi Ka o) Fe

North Fork June 8 g* 42 13 17 21 15 3 4 66 - 12

Middle Fork May 28 68 5 9 9 9 33 2 4 57 3

June 8 - 41 -~ - 59 26 3 4 62- 5

-N & M Fork May 28 67 7 9 o 9 34 2 3 54 7

(upper) = June 8 - 35 15 21 . 29 23 2 5 60 10

"N & M Fork May - 28 50 9 12 15 15 35 3 5 55 4.
{lower)

_South Fork May 28 14%* 10 31 23 23 12 5 6 74 3

June 8 o% 6 9 9 67 7 4 -9 74 6

West Fork May 28 27 13 20 20‘ 20 26 6 6 61 2

June 8 13 25 25 16 4 6 70 4

Sy
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sedimentary rock region just before their junctions to the Gallatin
River. Clays from these streams were very high in smectite, especially
the clays from Porcupine and Gree# Creeks. The mineralogy of the silts -
was quite differen£ from that of the streams in the sedimentary rock
region. The quartz content was not so high, .and the feldspar becéme
important in the silts. The x~ray diffraction peak ratio. of feldspar/
qua?tz in most of these silts was approaching or greater than one. The
vermiculite content of these silts was highexr than the silts of thé
streams in the sedimenta?y rqck region. The silt of Tepee Creek was
guite special. On June 8 and‘June 17, 1971, calcite was the only impor-
tant mineral of the silt (not shown in Table 9).

The twé cleanest streams, i.e., Portal and Spanish Creeks, are
in the Precambrian ﬁetamorphic ?ock region. Clays of Portal Creek were
extremely high in smectite with no evidence of kaolinite. The silts
were similar to those of the streams in the volcanic material region,
ﬁhich are characterized by the feldspar/quartz peak ratio approaching
one. . Spanish Creek was different from Portal Creek in mineralogy of
clays and.silts. fhe'sample of the Spanish Creek on May 4, 1970 showed
smectite was dominant in cléys, and quartz was dominant in silts. The
feldspar)quartz peak ratio of silt was similar to the silts of the
streams in-the sedimentary- rock region. But; the 1971 samples showed

very different mineral patterns. In the clay fraction, the smectite

peak disappeared, while the vermiculite peak was vexy high and sharp.
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In the silt fraction, the feldspar/quartz peak ratio was close to one,
which is the characteristic of the silts of streams in the vélcanic
material ;egion.. The variation in the mineralogy of clays and silts in
the two years implies different .sources of the sﬁspended silt and clay
of Spanish Creek. In 1970, the source might have been the sedimentary
rocks included in the Spanish Creek basin, while in 1971 the source
might be the igneocus materials. For the séme reason, the source of the
silt and clay of Portal Creek might be the Tertiary volcanic materials
that are in the east of thé Portal drainagé.

Baker Creek is in the lower Gallaﬁin Yalley. It flows through
the region of alluvial material. Only one May sampie was taken in 1971.
Kaolinite dominated in clay and vermiculite in silt. Mineralogy of'clay
and silt from the East Gallatin River below Belgrade was similar to
those of the Gallatin at Manhattan and Logan. Smectite dominated in
clay and gquartz dominated in silt, and no evidence of interstratified
smectite was found in these May-June samplés.

The reéult of the mineralogical analysis of the samples from the
upper ﬁaét Gallatin River kbelow Bozeﬁan) and its branches is given in -
Table 12. Mineralogy of the East Gallatin River below Bozeman was simi-
lar to that of the river below Belgrade, that smectite dominated in

"clays and qguartz dominated in silts. Evidences showed that smectite in
the clay was highly interstratified. All the samples of the East Galla-

tin below Bozeman were taken before the snowmelt in the mountains.




TABLE 12. ‘Summary of x-ray mineralogical analysis of the upper East Gallatin River and its
branches, 1970 and 1971 (percent peak heights of minerals)

* Interstratified
** Interstratified vermiculite-~chlorite
. Sm=smectite, Ve=vermiculite, Mi=mica, Ka=kaolinite, Q=quartz, Fe=feldspar, Fe/Q=feldspar/

B8

quartz
clay i silt
¥ Sm Ve M1  Ka. 0O . Ve Mi  Ka O© Fe  Fe/Q
1970

Bridger Cr. April 50 14 22 18 43 3 3 56 7 0.12
May 18 62 13 137 13 45 5 7 38 5 0.12
Rocky Dr. April 59 10 17 14 23 3. 4 60 10 0.17
 May 18 58 8 17 17 31 4 7 52 6 0.11
Bozeman Cr. May 18 36 21 21 21 40 8 8 38 6 0.17
E. Gallatin - Mar.-Apr. 41%* 21 17 22 23 5 4 54 15  0.38

Bozeman _ )
Hyalite Cr. April 11 9 75 6 20 78 5 6 8 4 0.43
: ‘ May 18 ° 54 12 15 20 27 8 7 46 12 0.25
Dry Cr. Mar.—-Apr. 43% 12 T 30 15 _ 17 10 6 56 11 0.20
‘ June 19 27% 18 27 27 11 7 7 69 7 0.10

1971
Bridger Cr. May 8 55 18 12 & 9 42 - 3 48 8 ~0.15
Rocky Cr. May 8 41 10 18~ 18 14 - 28 4 8 55 - 5 0.09
Bozeman Cr. May 8 33 13 7 13 33 35 9 8 37 11 0.29
E. Gallatin - Mar.-Apr. 34% 18** 14 12 22 26 6 6 54 8 0.15
Bozeman . _ , ' :

Hyalite Cr. May 8 38 14 14 19 14 18 6 6 60 11 0.18
Dry Cr. April 1 24% 15%% 24 12 24 16 9 5 62 7 0.12

May 12* 25 23 13 22 18 9 6 60 "8 0.13

87y
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Bridger, Rocky, and BozemanﬂCreeké enter‘the East Gallatin River above
the Bozeman sampling site. Clays of Bridger.and‘Rocky Creeks were high -
in smectite both in March-April and May samples. Silts of these two'
creeks were high in quartz. The feldspar/quartz peak ratio of these
silts lies between ratios of silts frém the sedimentary rock region and
volcanic material region. Only one May sample was taken for Eozeman
Creek in 1970 and 1971. It shows. that the smectite content in clay and
quartz content in silt were not as high as tﬁose of Bridger and Rbcky
Creéks. The vermiculite 5ecame important in the silt. Some_calcite
was also found in the silt of éozemaanregk.

H§élite Creek flows through four distinct geologic units: . the
Tertiary volcanic materials, sedimentary rocks, metamorphic rocks, and
recenﬁ alluvial materials, beforé it joins the East Gallatin River.

Both clay and silt of the April sample hadlvermiculite as the dominant
mineral. Mineral patterns of clay and silt of the May sample were quife
different. The clay was smectite dominant, and the silt was quartz dom-
inant. These were similar to the minerals found ip the streams of the
sedimentary rock region. Thus the sources of the clay and silt in Hya-
lite Creek were quite different before and after the snowmelt in the
mountains;

Dry Creek joins the East Gallatin River from the north end of
the Gallatin Valley floor. Almost the whole Dry Creek drainage is in

the alluvial material region. However, the material found in the
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drainage is older (Tertiary) than the material found in the East Galla-
tin River drainage (Quaternary) (Hackett et al 1960). In March-April
samples, smectite and mica were important minerals in clays, while in
May and June samples, sméctite, vermiculite, mica, kaclinite, asAwell
as quartz almost evenly distributed in the clays. The smectite was in
a interstratified form. Quartz was dominant in silts both in March-
April and May ana June samples.

E. Tracing the Sources of the Silt and Clay in
the Main Stream by the Mineral Patterns

The mineral patterns of the main-stream and its tributaries can
be plotted‘on a diagram (% peak heights vs. mineralé), and compared with
one another. Clay particles can be well suspended in water for quite a
long distance, while silt particles may precipitate and be picked up
several times by £urbulence. Thﬁs the mineral pattern of clay is a more
reliable indicator than the mineral pattern of silt. The interéretation
éf the mineral pattern diagfam shéuld be done carefully in order to dis-
tinguish that the similarity of the mineral patterns is aue to the same
source and not merely to coincidence. The possible tributaries that are
likely to influence the silt and clay content of the main stream are‘v
those which had higher silt ahd clay content than that of the main stresm
on the same sampling date. So,‘only the mineral patterns of those trib-

utaries need be compared with that of the main stream.
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1. Sources of suspended silt and clay in'theJGallatin River

above the Forest boundary. From Table 4, we can see the.sampling date
on June 17-18, 1971 was one of the simpler cases. Only two tributaries
were higher in silt and clay than the Gallatin River at the Forest
boundary; Taylor Fork was 390 ppm; Porcupine Creek was 221 bpm, and
the Gallatin Rive¥ at the Forest bound;ry was only 96 épm. The mineral
patterns of these three samples were plotted in Fig. 3. It is obvious
that the mingral pattefns of the main stream are very similar to the
patterns 6f Taylor Fork, and deviate from the patterns of Porcupine
Creek. The silt and claf content data confirm that the silt and clay
in the Gallatin River at the Forest boundary were basically from Taylor
Fork on June 17-18. Porcupine Creek, although much muddier than the
Gallatin River at the Forest boundary, was apparently not an important
source of the silt and clayﬁcérried by the Gallatin River.

On June 8-9; 1971, the silt and cla§ content of the Gallatin
ﬁiver at the Forest béundary was 126 ppm. No tributaries above the
Forest boundary were mudqier than it. However, Taylor Fork and Sage
Creekvwere the two muddiest streams in the area; both were 123 ppm in
silt and clay. The mineral patterns'of these thfee streams on the date
are shown in Fig. 4. We can rule out the importance of Sage Creek im-
mediately, because the patterns are quite different from the main stream.

The patterns of the main stream were still similar to Taylor Fork, but
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they are not as similar as on June 17-18. On June 8~9, the stream .

bank erosion of the Gallatin River above the Forest boundary was more
significant.

On May 28-29, 1971, most tributaries of the Gallatin Rivér were
muddy. Three streams were muddiér than the river at the Forest bound-
ary. Sage Creek was 341 ppm in silt and clay, Taylor Fork was 263 ppm,
and Sguaw Creek was 168 ppm, while the river at the forest boundary was
153 ppm. -The minefal patterns were plotted‘in Fig. 5. The patterns of
the ri§er at the Forest boundary-are likely to be a "mixture" of other
patterns. However, the mineral pattern of clays of the.main stream is
closer to the patterns’of Taylor Fork and Squaw Creek than'Sage-é;eék;
While in the silts, the pattern of the mainAstream is only close to the
pattern- of Taylor Fork. This implies that although Squaw. Creek is
closer to the Forest boundary th;n Taylor Fork is, the contribution of
Taylor Fork in suspended silt and clay still was more important than
équaw Creek in this date. Sage Creek, although still muddy on the date,
again.pro&ed not as important as Taylor Fork or Squaw Creek, because the
mineral patterns of the main stream had not been changed by the formér.
Again, Taylor Fork was still an important source of silt and clay on
that day, but the contributions of other tributaries became evident,
especially the Squaw Creek.-

On May 17-18, 1971; silt and clay content of the Gallatin River

at the Forest boundary was only 54 ppm, while Greek Creek was 203 ppm,
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Taylor Fork was 67 ppm, and Squaw Creek was 61 ppm. Thé. mineral pat~
terns of Greek Creek were very different from those of the.main stream.
Thus, although Greek Creek was very muddy on the date, it was not the
important source of the silt and clay of the Gallatin River, because it
is too small. The mineral patterns of themain stream actually‘ére very
similar to the patterns of Taylor Fprk in clay, but less éimilar in
silt. The silt of the Galiatin River at the Forest boundary was likely
dominated by a mixture of the silt from Taylor Fork and Séuaw Creek on
May 17-18.

| On May 7-8, 1971, again three tributaries were higher in silt
and clay content than the Gallatin River at the Forest boundary. ;Greekv
Creek was 1019 ppm, Beaver Creek was 191 ppm, Taylor was 107 ppm, and
the main stream at the Forest boundary was 89 ppm. The mineral patterns
of the main stream still deviate from the patterns of Greek and Beaver
Creeks, and-close to the patterns Qf Taylor Fork. So, Taylor Fork was
ﬁore importapt than Greek and Beaver Creeks in contributing silt and
clay.to the Gallatin River on that day; Gréek Creek is too small to
contribute significant amounts of silt and clay to the Gallatin River
even though it hgd silt and clay content as high as 1019 ppm.

On May 27, 1970, the Gallatin River at the Forest boundary was

184 ppm in silt and clay. Only two streams were higher in silt and
clay than that, which were Squaw Creek (364 ppm) and‘Porcupine Creek

{238 ppm). Taylor Fork was only 154 ppm in silt and clay. The
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mineral pattern of the main stream is different from those of Porcupine
Creek, and closer to Squaw Creek in clay (Fig. 6). 1In silts, the paﬁ—
tern of the main stream is closer to that of Porcupine Creek. The
similarity of patterns Eetween the ‘main stream and Porcupine Cfeek‘
could be a coincidencé, because Porcupine Creék cannot only contribute
silt portion without clay portion. However, mineral patterns of the
main stream are still close to Taylor Fork both in clay and silt. This
illustrates that even though Taylor Fork was not as muddy as the Galla-
tin River at the Forest boundary, it.sti;l contributes more clay and
siltlto the Gallatin River than équéw oxr Porcupiﬁe Creek on May 27,1970.
Of coufse, Taylor Fork was not as important as on those days when it
was muddier than the Gallatin River at the Forest boundary.

June 8, 1970 was a more complicated case. Six streams were
higher in silt and clay conten£ than that-of the main stream; Saée
Creek was 616 ppm, Taylor Fork was 639 ppm, Buck Creek was 312 ppm,
forcupine Créek was 413 ppm, Squaw Creek was 626 ppm, Greek Creek was
437 ppm, while the Gallatin River at the Forest boundary was 277 ppm.
The mineral patterns of those streams (Fig. 7) shows that the patterns
of the.main stream was similar to those of Taylor Fork and Buck Creek.
However, these three sets of patterns just lie in the midway of other
patterns. We can not tell that the similarity of patterns is due to the
same source of material or merely to the coincidence by one diagram.

But from the size, silt and clay content of Taylor Fork and its
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Fig. 6. Mineral patterns of the Gallatin River--Forest boundary, Taylor Fork, Squaw and
Porcupine Creeks on May 27, 1970.
(Sm=smectite, Ve=vermiculite, Mi=mica, Ka=kaolinite, Q=quartz, Fe=feldspar)
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Fig. 7. Mineral patterns of the Gallatin River--Forest boundary, and its important tributaries
on June 8, 19270.
(Sm=smectite, Ve=vermiculite, Mi=mica, Ka=kaolinite, Q=quartz, Fe=feldspar)
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importance on other days, we can say the similarity of the patterns be-
tween the main stream and Taylor Fork is due to the same source of silt
and clay. While the similarity of the’maih stream and Bﬁck Creek is a

coincidence, because Buck Creek is not only small but was only half as

muddy as Taylor Fork on that day.

May 18, 1970 was a five-sources case. On that day, streams were
not as muddy as on June 8. The Gallatin River at the Park boundary was
115 ppm‘in silt and clay, Sage Cfeek was 215 ppm, Tayloxr Fork was 174
ppm, Porcupine Creek was 250 ppm, and Beaver C;eek was 487 ppm, while
“the Gallatin River at the Forest boundary was 103 ppm. Tﬁe mineral
pattern of‘clay of the éallatin River at the Forest boundary again is
a “mixture“.of the other patterns, and not similar enough to any one
other pattern to prove it was a dominant source of clay (Fig. 8). In
silt portion, thé pattern of the main stream deviaées from other pat-
terns on one side. From Fig. 8, we only can conclude that the clay of
the Gallatin Rivef at the Foreét boundary was a mixture of the five
sources, and Taylor Fork and forcupine Creek seemed contributing more
weights of clay than other sourceé do, and the silt of the Gallatin
River at the Forest boundary seemed not the "mixture" of those sources,
it was picked.up from banks or bed of the river itself.

This mineral pattern tracing techﬁique seeméd to work reasonably
well in most cases of the upper Gallatin River. It indicated Taylor

Fork as the main scurce, even when several smaller streams were also



















































































































