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Abstract:

The results of three and a half centuries of persistent wear and tear of their environment has become
sorrowfully obvious to Americans only recently. Destruction of natural beauty, loss of human
individuality, pollution of air, soil and water, and intensification of an inhospitable urban way of life
have combined to create a compelling desire within the American population to "return to the land."
Montana's bounty of open space, spectacular natural features, outdoor recreation opportunities and
complacent way of life is and will attract a massive invasion of tourists, outdoor afficionados and
recreation home and property seekers. That there is an urgency to possess knowledge facilitating
efficient resource allocation and land use planning decisions is undeniable.

Interpretations of soil and associated natural resources for land use planning and development should
have valuable application in locations where natural beauty is recognized to be an outstanding attribute.
Gallatin County, Montana is experiencing extensive land use change which threatens to eventually
desecrate the natural heritage which attracts so many inmigrants. Formulation of research objectives
therefore embodied collection, analysis and interpretation of soil and associated natural resource
information pertinent to decision making in the regional planning process.

Soil and associated natural resource factors such as texture, slope and landscape position have been
used to rate 39 per cent of the county as having slight, moderate or severe limitations for uses such as
roads, septic tank drain fields, foundations and recreation areas. Individual, transparent, colour-coded
soil limitation maps were prepared. These maps can be overlain to demonstrate a variety of locations
with a wide range of soil and natural resource suitabilities or hazards for particular developments. The
interpretations are useful for general planning purposes but do not provide sufficient information for
on-site design and construction.

In order to achieve more meaningful predictions and interpretations, detailed soil and on-site
investigations were performed for the purpose of facilitating enlarged appreciation for the hazards and
costs of contradicting nature. Local development situations, both private and public, which incurred
increased cost or reduced utility because of soil and associated resource constraints were examined and
analyzed. A demonstration of real-life expenses resulting from poorly informed decision making lends
credibility to the importance of using soil and associated resource interpretations as decision
parameters in a planned growth undertaking. Such an approach has greater impact in efforts directed
towards formulating a public philosophy that a “design with nature" is a rational basis for decision
making in the regional planning process.
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ABSTRACT

The results of three and a half centuries of persistent wear and
tear of their environment has become sorrowfully obvious to Americans
only recently. Destruction of natural beauty, loss of human individ-
uality, pollution of air, soil and water, and intensification of an
inhospitable urban way of 1ife have combined to create a compelling
desire within the American population to "return to the land.” Mon-
tana's bounty of open space, spectacular natural features, outdoor
recreation opportunities and complacent way of 1ife is and wili attract
- a massive invasion of tourists, outdoor afficionados and recréation home
and property seekers. That there is an urgency to possess knowledge
fac111tat1ng efficient resource allocation and land use p]ann1ng deci-
sions is undeniabie.

Interpretations of soil and associated natural resources for land
use planning and development should have vaiuable application in loca-
tions where natural beauty is recognized to be an outstanding attribute.
Gallatin County, Montana is experiencing extensive land usa change
which threatens to eventually desecrate the natural heritage which at-
tracts so many inmigrants. Formulation of research objectives therefore
embodied collection, analysis and interpretation of soil and associated
natural resource information pertinent to decision making in the region-
al planning process.

Soil and associated natural resource factors such as texture, slope
and landscape position have been used to rate 39 per cent of the county
as having slight, moderate or severe limitations for uses such as roads,
septic tank drain fields, foundations and recreation areas. Individual,
transparent, colour-coded soil Timitation maps were prepared. These
maps can be overlain to demonstrate a variety of locations with a wide
range of soil and natural resource suitabilities or hazards for partic-
ular deveiopments. The interpretations are useful for general planning
purposes but do net provide sufficient information for on-site design-
and construction.

In order to achieve more mean1ngfu1 predictions and interpreta-
tions, detailed seil and on-site investigations were performed for the
purpose of facilitating enlarged appreciation for the hazards and costs
of contradicting nature. Local development situations, both private and
public, which incurred increased cost or reduced utility because of soil
and associated resource constraints were examined and analyzed. A
demonstration of real-life expenses resulting from poorly- informed de-
cision making lends credibility to the importance of using soil and-
associated resource interpretations as decision parameters in a planned
growth undertaking. Such an approach has greater impact in efforts
directed towards formuTating a public philosophy that a “de:ign with
nature” is a rational basis for decision making in the reg1ona; plan-
ning process.




1. INTRODUCTION

Throughout thg lgngth and the breadth of the North American conti-
nent participants in the_fgood Tife" of_the Western World are becoming
increasingly disturbed by the pressing paradoxes of ouf modern age:

——thaﬁ as ;ocieties grow richer, their-environmeﬁt% érow poorer;

--that ‘as the array of obtainable objects expand;, fhe quality of

life declines; ‘
--that as we acquire more 1e1§ure to enjoy our surroundings, we
find less around us toe enjoy. -

Man and nature are iwim conspirators in the perennial revo]ﬁtion
which shapes and reshapes the face of the earth. Land use and re-
~ source allocation problems hawe;become acute and dramatic since tech-
no]ogy and death control havé facilitated an exp]ogive growth of
population which is amazingly adept at manipulating many of the
natural processes of the p]ane{.' Man has always competed with other
férms of-1ife fo% space and has a]ﬁays been victorious by ingenius
application of his superior intelligence. This same mental efficiency
which sadly lacks the instincts of those creatures which we have
dominated has bred man's gréatest competitorf—himse]f., Residences,
business, industry;‘transport, waste disposal, water sugb?y, agricu]—
ture, forestry, military and a host of intangibles are {6§reésingly
intensifying the legitimacy of tﬁe{r claim for space and réstrées.

The outcome in many urban-suburban-industrial areas has been outright




-2
disaster and it is the fear of a similar pattern of»unpfanned and.
destructive deve?dpment in unspoiled places which has inspired the
recent phenomenon of emotional concern for the environment and how
we use it. Because "homo sapiens" are organisms and as such require
specialized environments, it is reasonable to think that man‘cannot
continue to indefinitely survive.on_this planet without'dti1izing its
nétura1 resources prudentiy. We are greatly impressed by duf capa~
bility to change our environment, but we should be no less impressed
by sbecies vulnerability inherent in-our inability to organically
adapt to-the many hostile environments which we create at a rate-far
“in ekcess of evo]utiongry'pGSSibilities, e.g.. radioactive contamina- -
tion or biological warfare.

We cénﬁot expect to restore the entife past nor to preserve all
the'present for future genérationé., The American pioneer, always
sﬁort on capital but long on ingenuity and relentless ambition ap-
p}oached-the utilization of the assumed Timitless resources of the
continent with reckless abandon. To be economically and physically
secure, he altered nature and ﬁis relationship. to nature with steadfast
determination gnd undiminished perseverance. The American sociefy is
- one which has grown very quickly and with uhequé]]ed prosperit&. .Ne
becamé prdgressive]y movre preduction conscious and aware of the profit
margin thén’we were of the effects we were creating,fn our -environment.

The reciprocal of the Gross Hational Product has beceme a measures of
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the state of health of our natural environmental heritagé. Never
before has a nafion of people enjoyed greater luxury, mobility, ex-
pendible income and leisure tfme'than do Americans at present. But
paradoxically, never before have population centra]izatioﬁ, hostile
surroundings, degraded envﬁronment and threatened depletion of essen-
tial resources been so effective in diminishing the potential enjoymént
_ 'of our gff]uence. As fast as horizons.have been opened to our con-
sciousness they have receded from oﬁr_grasp. fhe ideas of desire and
forces of ability when frustfated by ‘the realities of nonattainment
and disillusion in search of a "better way of Tife" have acted in con- .
cert to bring }egionaT and resourcés planning intc the forefront of
Americaﬁ iife. |

The region may range from a sha]] sleepy crossroads to a huge
sprawling megalopolis such as “Bos—wash." The resource may be as
small as a single tree or as large as the total water supply of a
continent. Transcending fhe whole spectrum of the nation's concern
however, is a sense of urgency which inspirés action to engage in |
regibna] resources planning. President Nixon in transferring the
“First Annual Report of the Council on Envirormental Quality to Congress

(11) emphasiéed this point by stat{ﬁg: |

| | "Throughout the nation there is a critical need for
more effective land use planning, for better controis over
the use of the land and the 1iving systems that depend on

it. Throughout our history, our greatest resource has been
the land--forests and plains, mountains and marshlands,
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rivers and lakes. Our Tand has sustained us. It has
given us a love of freedom, a sense of security, and
courage to test the unknown.
"We have treated our land as if it were a limit-
Tess resource. Traditionally. Americans have felt
that what they do with their own land. is their own
business.. This attitude has been a natural outgrowth
of the pioneer spirit. Today we are coming to realiz
that our land is finite, while our. popuiation is grow-
ing. The uses to which our generation puts the Tand
can either expand or severely limit the choices our
children will have. The time has come when we must
accept the idea that none of us has a right to abuse
the Tand, and that on the contrary society as a whcle
has a Tegitimate interest in proper land use. There .
is a national interest in effective land use planning
“all across the nation.
. "I believe that the problems of urbanization

- which T have described, of resource management, and
of land and water use generally can only be met by
comprehensive approaches which take into account the
evident range of social, economic and ecological con-
cerns. I believe we must work toward development of
a National Land Use Policy to be carried out by an
effective partnership of federal, state and local
governments together, and, where appropriate, with
new instituticnal arrangements (11?.

H. Nayne'Pritchard; Director of the Soil Conservation Society of
Aﬁerica; When addressing the September- 1971 Annual Meeting of the
Westefn States Soil Conservatioh Committees, Commissions and Boards
referred to P(esident Nixoﬁ's statements when he (Pritchard) proposed,

" "that we have now reached the point in our devel-
opment as a nation where we may be ready to adopt a
land use policy for federal, state and lccal govern~
ments that will be recognized as poiicy...... .

“To adopt such a policy it will mean we arn ready
t0 accept the concept that legal ownership of land does
not necessarily carry with it the right for the owner
to use the land as he may desire--use determination
will in some manner, become a responsibility of puL ic
policy. - :
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“To adopt such a policy it means that well defined
characteristics of land types which will aid public de-
-cision as to use must be established--and this is where
discipiines related to Tand use will need to consider
their recommendations.

“Thus I await with interest the developments that
will take place in your respective states in the next
few years...... ..If you do not provide the leadership
in this matter of land use policy for your state and
community--there will be others less qualified who will

do so (57)
Montanans', although they pay for the h1gh quality of the1r en-

vironmental fortune with Tow per capita income, relative lack of cul-
tural opportnnity and high unemployment are very cognizanf of their
outdoor heritage. In fact.it seems 1ike]y that mbst people Tiving in
Montana are well aware of the‘trade-offs fnvo]ved and are here because
of the ready availability of truly unique outdoor opportunities. This
is substantiated in part fn reasons given by persons who make financial
sacrifices to move to Montana (72).. Montana, relative to many other
states is the'onviab1e possessor of natural beauty, cleanliness and
space and const1tuzes in the eyes of many peop1e a virtual unscratched
gem within the 48 cont1guous states. It is this very feature which
makes Montana so attractive to "out-of-staters” who are disillusioned
with city life e]sewhere.

. About. 73 per cent of the nafion's 203 2 m11lion'peop1e live in
urban areas (19) (). This consti tutes a very small part of “the Tand
surface of the United States--about 1 per cent ontara represents a

temporary'escane or permanent retreat opportunity for many of these
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149 million people whb by anxiously searching for a better way of life
. may constituté a rural migration of modern day land boom proportions.
In contrast to the urban migration, this rural influx will not be one
for economic reasons but rather will be for rejuvenation of peace of
mind. Nevertheless, the demand for and hotential change in use of
Montana lands Q111 be dramatic. | ‘

Day to day indications of the grow{ng interest in land purchase
and development activities are relatively subtle in Montana and are
analogous to the tip of the real estate iceberg. High visibility is
accorded to ‘the Big Sky Recreational Complex in Gallatin Canyon, but
while emotions run high on the deéirabi]ity of this activity, other
industrious and.simi1ar1y imaginative individuals are quietly engagad
in land aéquisition with deveiophent intentions varying from a few"
acres to thousands of acres. whether'Montana is or is not technically
prepared to accommodate this_growth'and théAinevitab1e land use changes
wi]l be evident in the cost and Qua1ity of the developments. There is
merit.therefore in a research_project with philosophical objectives of
facilitating better informed decisién making in resodrce development
and regional planning. Conseqﬁent]y; the sbeciffc objectives of the
efforts reported in this thesis have beén? i. to obtain resource infor-
mation pertinent to decision making in the regional planning process,
"§i. to interpret this information and present:thesé;ﬁrediptions in an

easily understood chtext;.and i1i. to support the predictive Tand use
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ratings with_detai]gd technical and économic investigations. ITf anyone
is unconvincgd that preparation is neceséary it woﬁ]d be appropriate
for him to become informed of the nature and magnitude of ﬁationa]
trends because herein lies a major part of the reason for Montana's

future grdwth potential.

National Trends Pertinent to Resource Use

There .is 1ittle doubt that presently prevailing demographic,
economic and technical trends in the United States will haVé a pro-
found effect on natural resource uéé.

| The 1970 censﬁs shows 203.2_m111ioh people in the United States

and although crude birth rate ﬁa;idec1ined_by one-fourth gince 1960,
there undoubtedly will be mdre Americans in the future than there are
today. Present predictions that there will be somewhat fewer than 306
mi11ion persons in fhe Unfted States in 2000 A.D. are lower than
Pickard's 1967 prediction of 314 million by 2000 A.D. The previcusly
mentiqned'decline'in the birth rétetduring the 60's has prompted this
re-evaluation (Hj; Nevertheless, a population increase of ébout 30
ﬁer cent combined with an assumed steady, or more likely accelerated
rate of increase in standard'of.iiviqg intimates a tremendous demand
for land,-resoﬁrces and space. |

. Urbanization is more Tikely to”contfnue increased expansion trate

rather than decrease. While the 1970 national pepulation increased by
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13.3 per cent, or 23,888,751 péop]e since 1960, the ufban population
increased by 24,056,180 people br 19.2 per cent (79). This obviously
indicates that a greater number of people took ub perimanent urban
residence during the 1960-1970 decade than what was added to the whoie
country. While thousands of words and statements have been expounded
upon the negative effects of crowded and unhealthful urban environ-
ments, the fact remains that more and more people are being attracted
to the city. As afffuence, mobility and leisure time increase however,
an “escape syndreme" becomes estabiished and subsequently much efiort,
thoughit and.expense is devoted by restless, disillusioned peopie to
getting away to a place in the country (53). The escape route fre-
'quéntly takes the form of a'vécation; an 6ytdoor recreational activity
and/of the purchase of céuntry property and a second home. An increas-
ing popu]afiqn with more spére cash and more spare time .to spend it has
set off a recreational exp]osion‘of astounding proportions.

Americans spent 58.3 biiiion doilars in pursﬁit of leisure.activi-
ties .in 1965, 71 billion dotlars in 1967 and 82.6 billion dollars in
'1969. It is estimated that 105 billion do]]arsfaill'be spent for
leisure purposes in 1972. This exceeds the outlay for construction
of new homes, surpasses the iota] of corporate profits and is far
larger than the aggfegate income of U.S. farmers (15). A breakdown of

the expected 1972 expenditure is shown in Table 1.
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Recreation--sports equipmgnt and activitieS....covvunrnnn $50 Dbillion
- Vacations and recreation trips in U.S. ............ R $40 bi]]iﬁn
Travel abroad. ... .eeeeeeerenneennns. e e $ 7.5 billicn
Vacation lands and 10tS....... P L.$ 5.5 billion
Second homes......ocvvoneveann. heeraeaas e eeiea e $ 2 billion

Table 1 Expected Expenditure For Leisure Activities by Americans

in 1972.

' Dollar total in sales of leisure equipment have increased about
52 per cent for the past five yeaﬁs. One reason for the Gpsurge in
equipment buying is the increasing desire to “"get back to nature."
Riéht now there ére four million camping vehicles in the Ynited States.
The recreational-vehicle industry esfimates that sales this yea? will
excéed 1.8 billion dollars and prédicts that there will be 7.5 million
. camping vehicles in the United States by 1978. The National Parks
Servicedéxpecfs a record 212 million visits to its areas this yearf
A survey by the Department of the Interior shows that 75 per cent of
the United States popuiation from age nire upward is involved in some
forﬁ of outdoor recreation. |

Although picnicking and éwimming ére_still two of the most popular

activities, the Teisure boom is characteri zed by iwo modern-day trends
which are cpening up vast new areas of space:requif{ng activities~-use

'

of recreation vehicles and winter sports. Trail bikes, minibikes,
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4 WD“s,_ATV‘é and dung buggies have come into common usage throughout
the nation.and their sheer numbers and potential Tand damage have
necessitated use fggu]ation action (48) (68). Snowmobiles however are
probably of greater significance in regard to space requirements and
the change in attitude towards winter recreation in.that areas pre-
'vious1y inaccessible due to deep snow have become winter.playgrounds.
Ironically however, these machines have inspired tﬁe @fath'énd opposii
tion df "anti-vehicle" spdrtsmen. The interest and engagement in
~hiking, backpacking, crosscountry skiing and snowshoeing has experienced
unprecedented popularity.  Increased participation in and.expenditures
for bicycling, downhill skiing, golf and camping all add up to an
overwhelming demand for recognition of a legitimate claim for space
.and resources of appropriate quality for the proposed activity.

In theru1timate attempt to enjoy "the best of all possible worlds,"
many urbaﬁ dwellers are purchasing vacation properties and constructing
§écbnd homes which serve as a recreational retreat. There are approxi-
mately two million American families Who own a secdnd home and it is
projected that by 1980 a tbta] of six mi1lion vacation, or second
homes wiil be owned by American fami]iesA(66)~ The comp}gmentafy but
much larger companion of the second home movement is the vaéation land
and rural Tot market. According to the American Land Development
Association, a trade group, there afe now 9,560 Qéﬁéﬁioﬁ;1and;deve1éﬁ;

ment firms in the United-States;(lS).‘The American Land Development
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. Association esfimates that the industry sold 650,000 lots valued at 5.5
billion dollars in 1971. The average lot sold for nine thousand dollars
and was onae-quarter acre in size.

As surely as increased affluence and spare time have permitted
indu]gencé in outdoor recreational pursuits, fnéreased moebility has
facilitated it. The American Autémobi]e Association estimates that
vacationing motorists will drive 300 billion miles and spend 40 billion
dollars getting to aqd from vacation areas in 1972 (15). The speed and
efficiency of air fravel has cut distance and travel time considerations
drastica]]y as can be demonstrated by Figure 1, pg. 12. The ready
évai]abi]ity of rénta] cars, rental campers, package vacations and
guided vacation tours makes virtually any part of the American out-
doors accessible to anyone able to afford it. Many major resorts ad-
vertise the fai]aqy of their remofeness by the short-time air flights
required to travel from almost anywhere.in the nation to their door-
sfeps, e.g., 300 minutes from anywhevre in the United States to Big
Sky (6).

That these national trend; characterized by a "return te the Tand"
will have a profound effect on the Western United States is a near
. certainty. This is particulariy evident in the Rocky Mcuntains and is
reflected in the dramatic increase in recreational visitor use and in
land dealing activities. Problems of vecreational overkil? and en-

vironmental destruction are frequently demonstrated at prominent out-
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door attractions such as Yosemite National .Park in California. Resi-
dential development has severely infringed upon the quality of an
outdoor experiencé in places such a§ the Wasatch Frbnt in Utah, the
Front Range in Colorado and the Lake Tahoe Basin in California and
Nevada. Throughout the iength~and'the bregdth of the Rocky Mountains,
property for recreational and residentia] purposes is forlsa1e. Simi—
tar forces, a]though less obvious but potent{ally no less effective

are present in Montana. .

The Rush tolStake Claims oﬁ Western Land

In the vast tracts of comparatjve]y empty territory stretching
from thé Mexican bordér north tc Montana andvIdaho; speculators,
developers and individuals are buying scenic mounta{n areas, river
bank property, farmland, old minihg claims and desolate desert waste-
land with eager abandon. .Sbme are fast;buck_operators,.dthers are
ﬁajgr developers and holding éompanies making long term invesiments,
and the vast majority of thoée—Who'end.up owning the land are retire-
ment and recreation land seekers. The land acquisitioﬁ prbcedure
varies from the high-powered, s]%ck épproach of companies SUCE as de-
sﬁribed by Pew in his értfc]e "Pedd1ling the Great West," (54) to who?e
families hegding for the hills with all their possessions, not unlike
the pioneers, who not'knoWing where they weré'go{ng'of what they would

do when they got there but knowing only that they were grateful to get
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away from that which they left behind.

A Lovel, Wyoming real estate agent describing inquiries from all
over .the country says, “They ali have one thing in common--desire for
-some Tand where they can get away.from traffic jams, pollution, crime
and suburban prob]ems......;.what they see may be alkali and sagebrush
to us, but if it has a stream and a view of the mountains, it is para-
dise to them and we have a buyer" (46). In Montana, a Missoula real
estate agent says that most buyers "think the ideal place is about ten
-acres with a stream'that runs the year around. They want'ééme trees
and encugh meadows for'a couple of horses™ (46). Desolate, dry, rocky
1and in Texas sells as fast as ranches can be subdivided into tracts
of six, forty.or mofe.acre barce1s; “The bgyers want something with
size, remoteness and wi]defness.- They are city pecple who don't want
to go from a highly developed urbaﬁ atmosphgre to the same sort of
thing in the country" (46); As ready and as‘capab1e as people are to
bﬁy western property there are others who'are more anxious and more
willing to sell it to them.

A perusal of enticing real estate advertisements which appear in
many popular monthly magazineé reveals the nature of the western land
market.
| "Oun a piece of the famous Coeur d'Alene country.....

Top recreation and investment opportunities in the choice

location of the beautiful Pacific Northwest. A1l acreages

on or near lakes or streams. Secluded, yet near towns and
commercial transportation..... Low down payment and excellent
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terms." Mattawa Land and Cattle Company, Incorporated (50).

"Own your own piece of land in the great Pacific North-

west..... Start buying your own recreation land now in the
pr1m1t1ve areas of Montana, Idaho, Washlngton ..... Irreplace-
able natural land for enjoyment now, for retirement or in-
vestment." Reforestation Incorporated (51).

“Lewis and Clark Found It--Now You Can Own It. Ne're
in the best position te offer you prime land in the heart
of Lewis and Clark country. Much of it still looks the

-way it did in 1805 and we know where it is. Many five to
forty acre tracts for recreation, retirement, investment
in Idaho, Montana and Washington.....Low down payment.
Easy terms." Western Highlands, Inc. (37).

“For investment, retirement, vacation or recreation--
or for full time southern Colorado ¥iving four seasons of
the year, the Sangre de Cristo Ranches are your chance of
a lifetime to acouire a sizeable piece-of choice property
on exceptionally easy terms." Sangre de Cristo Ranches

. Incorporated (64).

These are typical excerpts from four of 33 separate real estate
advertisements which appear in the April, 1972 issue of Sports Afield
magazine (70). Eleven of the advertisements described available prop-
erty in or closely adjacent to the Rocky Mountains and all extolled
the virtues of the high quatity outdoor opportunities. While the
abpeal of all western land agents is ‘to the ready availability of
unmatched outdoor recreational experiences--hunting, fishing, riding,
hiking——thé investment aspect of acquiring western land is carefully
emphasized. It is Very aptiy paraphrased by one advertiser:

“The high profit potential of-}and investment in

America's dgreat Southwest makes this a wonderful oppor-

tunity to obtain desirable, low cost property in this

high growth area. Because real estate tends to increase

in'value during pericds of rising prices, your ranch may -

be considered an Dxc_lienc safeguwrd aga1nst 1nf1a+10ﬂ“
(64).
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Maﬁy of the original invgstors in western lands were attempting
to take advantgge of thg agricu1tﬁra] tax shelter by'purchas{ng farm-
lands., fnvesting heavily in improvements, operating at an apparent
Toss and subtracting such investments and losses from their .income
taxes. Since the passage of the Tax Reform:Act of 1269, this practice
has dwindled but the purchase of large blocks of land by corporations
~ has probably increased. Although the return on investment in é ranch
operation is only two or three per cenf, the four to six per cent
annual appreciation in value added to the initial return on the invest-
“ment (profit) makes ranching a reasonable investment (63). When the
efficiency of economy of scale, opportunfty for vertical integration,
| and benefits from lower rates of capital gains taxation combine to in-
crease the potehtia1 profit margin, the trend toward corporate ownership
and operation of huge ranches is easily comprehended.

Investors, individua1s and corporations alike, when seeking a
secure, long term- growth investment in the face of inflation, uncertain
sﬁockqmarkets; Tabour and union pkob]éms; and sky—rocketinﬁ manufac-
turing.costs, are turning to iand purchases. It is not sdfprising then
for many of the "big names“.in the corporate world to move into thé
land business as a diversified sideline to their operation. :A sampling
of such companies are General Motors, Forq; Chrysler, -Standard Cil
'Company of California. Aluminum Company of América,‘U.S. Steel, Beth-

lehem Steel, American Broadcasting (#7). Companies which are actively
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engaged in land development enterprises are Forbes Magazine, Northwest
Orient Airlines, Chrysier Realty Corp., Northern Pacific Railway, Mon-
tarra Power Company, Continental 011 Company, Meridian Investiné and
Deve]opmént Company and the Genéral E}ectric Pension Fund (64) ( 5)
(26). In'addition, paper and timber companies such as Boise Cascade,
Weyerhauser, St. Regis, Scott, International Paper and others who an
large tracts of land to assure their suppliies of raw materials are
frequently mentionéd in aétivities capitalizing on the recreation pop-
-ulation boom in natural resource developments (35) ( 8). Major rail-
roads such as Union Pacific and Burlington Northern are big holders cf
land and real estate, much of it in the West. Burlington Northern
chairman, Louis Y. Menk,,recentﬁy'announced the results of a éix—month
land use study of their property--2.3 million acres wholly owned and
another 6.2 million acres under partial control. Initial plans are
being formu]éted for rural, urban and recreational land developments
tb meet the demands of the expanding leisure market which they predict
Qi]l be about 250 bil?ioﬁ dollars by 1975 {41).

The rising demand for outdoor recreation and the increasing com-
petition between outdoor recreation and the other uses of land and
water resources have focused aftention'on the value of such resources
when used for outdoor recreafién,- Totél recreation in the national
park system and the natibna] forests has incfeased‘sfead11y over the

years, at an almost constant rate of eighi to ten per cent annually.
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The fact that the percentage increase femains constant whi]e-tota1
usage is increasing means that the actual numbers of visits is rising
..rapidTy as their total number increaseé. In essence, the more outdoor
recreaticen the popu1ation has,.the more it wants. In the early 1950's
the increasé in recreation visits on national forests from one year to
the next was three to five mi11ioh visits; by the early 1960's the same
percentage increéses ﬁroduced an actual increase of 103t0 15 million
visits (10). An upward trend at a constant percentage rate is in effect,
-an exponential growth situation Which obvionusly- cannot continue on a
Fixed quantity of resources. The total acreage of National Forest land
has remaiﬁed a]m&st constant for 35 years. There is no clear evidence
of a slackening off and the'steady and rapid_usé in numbers of visitors
to many outdoor recreation areas is raising serious problems for the
maintenance of the quality of the areas concerned. In Tight of such
national frends in the use of outdoor re&reation facilities it is easy
to understand the sharp increase in concern for visitor use damage to
such unique. areas as Montana's Spanish Primitive Area (55). As com-
petition for recreation use confronts noncompatible uses, overcrowding
and unrewarding outdcor experiences on ﬁublic land, many people con-
sider their ownership of a piece_of private western land as the only
way by which thgy can assure themselves of an outdoor recreation oppor-
-tunity of acceptable quality. Montana is a,ﬁrimé attraction for recre-

ation land seekers, as is well testified by the magnitude and the
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nature of real estate activity and recreation use.

The Discovery of The Big Sky Country

Montané is for sale in the classified sections of national maga-
.zineé. There ére plenty of buyers and the Tand rush is on to one of
the Tlast of the wide open spaces in the Rocky Mountain states;' Dr.
Layton Thompsbn's Tand use'research indicates almost "feverish“ activ-
ity in real estate transactions in Gallatin, Ravalli, Miééou]a, Lake,
Flathead, Lewis and Clark and Yellowstone ccunties (77). A 1970
survey by the State Department of Planning and Econcmic Development
shows land development corporations, many from out of state are buying
huge tracts for subdividing, mostly in Granite, Madison, Mineral,
Powell, Lincoln and Lake counties (35). Deve]obment had also moved
into Carbon, Meagher, Gaffie]d, G]écigr, Jefferson, McCone, Phillips,
Teton, Valley and Yellowstone counties. A surprising amount of activ-
ify was «occurring in the central counties of Stillwater, Musselshell
and Qg]den Valley. The 1976 State survey indicated iiteral]y dozens
of land development schemes reported by county assessors. "

The Granite County Assessor reported extensive Tand develecpment
projects including four on Rock Creek, a blue ribbon fishery south of
. Missou1é. Powell County's assessor told the planning department of a
seven section subdivision development at Helmville by a Spokane firm.

Cascade County's assessor described a California operator who was
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selling inacéessib]g, submargina] 1andvto unsuépecting.peopie from Utah
and:California.who had no easgmgﬁts to get to their worthless purchases.
Ten'of forty acre tracts of hills, rocks and trees in Musselshell
County are being sold all over the‘countfy; Regardless of the atti-
tudes of many Montanans that some of these operations amouﬂf to a
swindle of -unsuspecting purchasers, the fact remains that mény of these
people aré'getting exactly what they wanted and there are ﬁany more .
anxious buyers.' What worries Montanans most about all this development
s the impending collapse of the western way of 1ife and severe altera-
tion of historic recréaf?on patterns. |

The small. farms (1000 acres or less) are being forced cut of busi-

ness by é number - of market factors and gavernmentai programs which in
effect bestow favours on big corporate farms ( 3). Small farmers are
unable to become big farmers when good farm land sells for subdivisions -
and other developments at a price much higher thian could possibly be
jﬁstified-for farming purposes. .Ffrequently, only the very large cor-
pbratipns.capab]e of.mérsha]]ing huge financial resources céh‘compete

in the purchase of land for férming purposes. Such developments, fre-
quently by out—of—state'corpbrétions, worry local people because they -

limit.access to the public Tands around them. A typical Montana example

of such a situation is the lock-out of a northern route tc the Gallatin
. National Forest by a large corporate ranch {18) (20). Such occurrences

have become so widespread throughout the Tntermountain West that of the
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110 million.acres of wi]d1ifg habitat on the public domain .scattered
from thg Roc&y Mountains to the Pacific, more than 16 million.acres
are considered inaccessible, with at least 5.4 million acres blocked
off by operation of private land§'('2®. Increasingly, outdoorsmen
are béing pitted against powerful tand speculators, developers, invest-
- ment cong]omerates'and corporations trading as sportsmeh‘s “clubs“
who are buying up and leasing key tracts of private Tand Which blocks
access to the public property. Subsequénfly, the locals f%nﬁftheir
Jand and waters being closed after many years of uncha]lenééﬂ public
use. Destruction of priVate property by incongiderate USergahas in-
creased trespass violations and.access denial pfobfems.'

It was inevitable that sooner or later people from "outside big
industry" and crowded populationicentres would recognize the advantages
of investing in Mdntana ranching enterprises. Ranching can satisfy
many emotional désires and being a Targe landowner and'rancher adds to
ones prestige and has become a status symbol amongst many professionai
people such as attorneys, doctors, company executives and stock brokers.
Besides the investment and prestige attributes there are other benefits
to be derived from the purchase of large tracts of.western.property.

Owning a ranch with privaté hunting, fishing and other recréation
amenities is not only of great value to the owﬁer and his family but it
. constitutes a unique private ctub for enterta%nihg guests and business

associates. Frequéntly this phase of the ranch operatibn can be written
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off as a legal tax_dgduction for business operation purposes. Operating
at an appargnt loss and pqrticiﬁatiné in Qovernment égriéu1tura1 sub- -
sidies and agriEuTtura1 tax benefits bffers even greatetr opportunities
' for income enlargement. Because of such monetary benefits and associ-
ated recreétiona] values, entrepreneursAafe willing and able to pay
exorbitant prices for ranch property. This increases all land values.
Inability to compete with inflated land prices and high cost'of ranch
operatioh is efféctive]y eliminating the small ranch enférprise. In
the process of selling out however, .many of these disp]aced ranchers
are likely to make more money by the sale 6f their property to developers
than they could ever realize from years of ranch operation. Such trans-
actions frequentiy result in the disrupfion of historic recreational
use by. lTocal peoﬁie who previously were seldom denied trespass rights.

Granite County's assessor says that one of the reasons for some of
the develcpments -along Rock Creesk is “to get exclusive control of trout
streams" .(35). Carbon County’s Appraiser says, "We have seen a boom in
creekqfkonﬁage, cabin.and cabin site sales unbelievable for this area."
Madison County is a prime example of what is happening in Montana. Ten
. or fifteen years age there wers sixty ranch families in the Madison
Valley near Eﬁnis. Now 80 per cent.of the land is controlled by six
owners from I1linois, Indiana, California énd‘wisconsin (62). A com-
pany called Montana's Treasured LandICofporatfon boéght 1,281 unserviced

tots for 16 dollars each .in historic Virginia City and by January, 1971
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had sold 94 of them for 350 dollars each. Several large subdivision
deve1opm¢nts arg.occurring in the Madison Valley and one‘California
developer in aﬁnounc?ng his plans stated, "I have trave]]ed all over
the United States and this is the prettiest country I have evér seen"
(60). This CaTlifornia financed development inciudes 9000 acres which
surrounds the Ennis fish hatéhery and extends into the Graveily_Moun-
tains wiil be d{vided'up into 600 ten or more acre parcels to be sold
for summer residences and home sites (60). Another similar residential~
ranchette development offers its subdivision Tot puréhasers exclusive
access to part of the nationally famous blue ribbon Madison River. In
. recent months groups from Ennis have complained to Mentana's Fish and
Game Commission about denial of access to the Madison River, due to
new land developments (35). . The activity in land use change in
Montana's Tandscape is mirrored in an examination of the past and
predicted increase in recreétion and tourism. |

Montaﬁa Governor Forresf H. Anderﬁon{to]d the Family Camping Fed-
eraticn in Chicago on May 10, 1972 that tourism appeafs headed for
number two spot in Montana's economic picture beh{nd the agriculture-
livestock industry (2 }. fourism and recreation, now the state's third
]argest industry is predicted to grow from its present 3,777,600
visitors in excess of 65 pér cent in the next fifteen years (38).

Lieutenant .Governor Thomas L. Judge informed Washington and California
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travel agénts_visiting Bozgman-that tourism in Montana which was in-
creasing af about six per cent per year resulted in a 165 million dollar
input to Montana's economy in 1969 (23).

Yellowstore and Giacier National Parks act as the main attracting
agents in'initiglly enticing recreationists to Montana. Although only
a relatively small part of Yellowstone National Park actually lies
within Montana - borders, three of the five entrances to Yellowstone
are accessible only by travelling through part of Montana. Annual
'vigitation to Yellowstone surpassed two million vis{tors'since 1965
and is generally 1ncreasing; although there was a slight drop 5n 1971
(45); A record number of visitdrs journeyed to the park in 1970 with
2,307,280 cﬁecking into the entrances (61). Auto travel is now over
600,000 vehic]es:per seasen and a survey in Ju]j, 1970 showed cars from
every state in the union with California, Utah and I1linois respectively
being the most prevalent (45) (61). Winter visitation has been increas-
1ﬁg at a rafé.of 20 per cent per year since 1963, a trend which is |
expected to continue (45). A ﬁew visitor total record is expected in.
197i as well as the 50 milfionth visitor (61), Glacier National Park
. passed the oné million annual visitor mark in 1969 and received
1,303,000 visitors in 1971 (21).

It is iﬁteresting to note however that the Montana Economic Study
" completed by the Bureau of Business and Econo&ic Ré;éarch at the Uni-

veréity of Montana in 1970 suggested that too much emphasis was being‘
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placed on potgntial recrgati@n~grow£h as a source of revenue (81).
Thgy point out that in the foreseeable future, most Americans will con-
tinue to work five days a week and vacations will not lengthen for very
many peop]e._ Montana has a ot of well-established competition and
vtourism and recreation commerce encourages the addition of more rela-
tively unskilled, 10W"payin95 seasonal jobs--all of which combine to
nold Montana's average per capita earnings well below the nétional
average (82). 1In general, they concfude that recreation and tourism
-Will not rise appreciably more.rapid1y than cther activities which
affect the trade and service industries (81). _However, at least one
large investment alliance and obvipusly many others do not agree with
these predictions.

Gus Raaum, President of 8ig §ky of Montana, said the interest
generated nationwide by news of‘Big Sky seemed to refute the university
prognostication (59). Raaum said people were almost desperate for a
breath cf_frgsh air, and have"contécted.him by the thousands with a
view to using the tourist complex. In additioh, he said 1200 to 1500
peop]é want jobs-at Big Sky. “These are men who make from $100,000 a
year on down. Thgy want to get away from the cities andldévelop a
business out here. And they will make money." It seems very unlikely
that the ponsortium ot big name businesses with the market analysis
which they undoubtedly would have utilized wo@]d'haﬁé invested in a

recreation/real estate venture as large as Big Sky if there was much
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doubt about its financial success. The University of Montana study
itself provides information, which, if analyzed in the retrospection
of national trends creates some doubt about their recreation growth
rate pessimism. . | |

The study points out that the western sector of the United States
has 72.3 per cént,of the nation's recreation.acreage, with only 15.3
per cent of the population (83). The Nortﬁeast by contrast haé 25
per cent of the natiqné] populatfon packed into an area thaf contains
-only 4 per.cent of the national recreat?on.acreage; Nor is the recrea-
tion acreage in the western sectpk evenfy.dﬁviﬂed-—the mounfainous
region has 48 per cent of the national recreation area for only 4
per cent of the national population, th]e the Pacific region has 25
per cent of the national acreage for 11 per cent of -the population;
If, as all analyses indicates, the tremendous national demand for
recreation resources materializes, it‘éeehs only reasonable that the
”}eturn-to nat@re" will occur largely in the western sector and most
Tikely in the mountainous region where the least competition and
greatest opportunity for outdoor recreation expansion occurs.

The distribution of recreation acreages and population in Montana
also is very enlightening in.regard to predicting where the greatest
-impact from growth might occur in the state. Table 2, pg. 27 indicates
the Distribution of Outdoor Recreation Acreage and ?bpu]ation By Fish

and Game P]anning Regions, Montana (82--pg. 8w18). Figure 2 shows
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Table 2. Distribution of Outdoor Recreation and Population By Fish

" and Game Planning Regions in Montana.

Total Qutdoor Percentage 1970 Percentage

Region ~ Recreation of Population of
Acreage. (1969) State Total h ‘State Total
1 5,711,022 29 79,132 11
2 3,783,754 20 100,935 15
3 4,448,749 23 106,604 15
4 3,030,112 15 - i 171,316 25
5 894,573 5 - 119,227 17
5 . 605,666 - 3 73,000 11
7 910,947 - 5 44,015 6

Total 19,385,723 100 694,409 100
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thg Tocation of the Fish and Game Planning Regions referred to in
Table 2. It can readily be seen that regions 1, 2 and 3, which con-
tain the bulk of.Montana's mountainous Tandscape encompasses 72 per
~ cent of the state's recreation acreage but only 41 per cent of the
totél population. A reasonab]é conclusion therefore would be that

the greatest impact in recreation or tourism increases will occur in

the mountainous western settioniof Montana. This predicfion is further-

supported by recreationists preference for mountainous landscapes and
~the impending strip mining of thousands of acres of Eastérn Montana
with the possible negatiVe effect it is liable to have on recreational
attractiveness. |

If the reader is wiilling to assume thét the foregoing informaticn
does. in fact porfend the impending demand for use of Montana's land
and natural resources, then it shoula be relatively simple to justifi-
ably conc]ude_that some type of orderly growth should be accommodated
' iﬁ a least wastefu] fashion. ManyAsociaT, econemic, pelitical and
tedhnq?cgical forces have combined to create extravagant uses bf
natural resources in the past. While this author does not profess to
possess more than a layman's amounf of insight into the social and
political mores of Montana, an observance of the social resistance to
planned growth appears to have resulted in a disappointing lack of
political decisiveness. It is a wmute question as to whether economits

shapes or is shaped by such an environment becduse strong examples of
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both can be argugdn-sufficg it to say that economics is an opportunist}
phenomenonj—it shapes where it can and conforms where it must. Use of
the 1and and its resources involves both private and public interests
and it appears that fear of'encroachment upon private interests may
severely compromise both private and public values in the future. If
this past failure has resulted from a faulty social organization for
equilibrating properly constrained private interests with legitimate
public welfare, then at:?east part of the responsibility for this
failure should be attributed toAimproper decision-making resulting
from inadequate know]edgé and.inappropriate appiication and presenta-
tion of physical-techniques used in resource analysis. Herein lies
the basic deficiency which lends legitimacy and credence to the

subsequently reported research.

Soils and Associated Natural Resources as Decision
. " Parameters in the Planned Growth Concept

-The planned growth concept is oﬁe~Tn which need and demand is
efficiently accommodated by supply and allocation of nafural resources
by an enlightened decision-making body. This body most Tikely would
be composed of a number of elected or appointed individuals, and in
the United States it theoretically carrfes out its function in a
state of informed participatory democracy. ﬁoweVe?, it is nearly

impossible for. these decision makers to be totally informed about the

H
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intricacigs and dynamics of the ]fthosphere'and the biosphere and so
decisions, out of practical necessity, are commonly made in.a partial
know]edgg vaéuum, As unfortunate as this may be it is even more de-
p]orab]e'that existing knowledge %s unused because of a lack of appro-
priate interpretation frdm'a"professionaT Jjargon into an app]icab?e
and readily understood form. Soil, long recognized as ohe‘of'the
nation's basic natural resources is attaining a new perspectﬁve as
those who invest large amounts of capital in physical facilities 1in
or on the soil aré finding newly inteﬁprefed soils informéf{on to be
as valuable to their diverse purposes as it always has been to plant
and animal husbandnen.

Initially, soil maps and reports were used main]yifor farming,
ranching and forestry purposes and the information was éssemb]ea with
those uses in mind. In a rapidly urbanizing and expanding industrial
economy , however, soil maps ére being widely used to predict site
shitabihﬁty to support houses and struqiures, to absorb septic tank
éff]ugnt;_to brovide_stab]e road foundations, to carry pipelines; to
develop Tawns and p]aygrounds and to perﬁit lasting installaticns of
many bther kinds. Aé savings were demonstrated and potential disasters
averted, a groWing demand for soi}’interpretation-and use capacity
predictions have increased dramatically. The cost-benefit ratio of
one of the neWest:deveiopméhts"in’resourcé planning technology--soi1

interpretations for nonfarm use is startling. Most soil surveys for




- =32~
such.purposes pay for thgmse!ves in one yeér and many promise a return
benefit of 100, 200 or more Limes the cost in the 25-or-so years of
their usefulness.

A. K]ingeb{ei, Director of the Soil Survey Interpretation Division
of the'SoiT Conservatioﬁ Service, United States Department of Agricﬁ1~
ture has reported on many situations where.use of nonfarm soil inter-
pretations have or could have saved nuch expense and grief in land
development projects (32). Some of hishéxamp1es are:

Sewage System, Massachusetts: The town of Cohasset
~ saved more than $250,00810ﬁ its sewage system by using a

Soi1_Conservation Service soil survéy which showed that

less than one per cent of the town area was suitable for

onsite sewage disposal. |

Scheol Grounds, Viwrginia: Fairfax County lost
$250,000_1n.av0idab1e cost.by selecting a poor school

site when the uncomsulted soil surQey-showed favourable

.land 500 feet away.

| Water Main, Mithigap: A town nea} Detrdit is\odt'

$200,000'because its neW'Wafer_main,was constructed

across a 600 foot wide area of deep peat which was

shown on the unused soil mapé.

Residences, Virginia: More than'lbo homes 1in tﬁe

suburbs of Richmond were flooded resulting in several
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hundred thousand dollars worth of damage. This hap-.
pened two years in a row. A soil survey would have
spotlighted this hazard.

““The merit of using soil interpretations for planning guides has
been so well dehonstrated that many states and counties are requiring
mandatory soils 1nvestfgations before‘1and use change and development
proceedg. The Southeast Wisconsin Regional Planning Comnission esti-
mates ‘that soil information alone will save Wisconsinites $300 miilion
in the cost of residential development in a seven county area over the
next 20 years ( 4). It'is expected that nonfarm soil interpretations
will save $10 million annually in private bu{lding costs in a six
county Chicago development area (32). Several states such as Maine
and Ca]ifornia.have been Teaders in using soil survey interpretations
to guide quality nonfarm develbpment (69) (13) (88). Many individual
. counties in I1linois, Ohio, Michigan, Virginia, New York and other
sfateé-have béen able to realize substaﬁtia1 savings in averting large
public egpense by using soil interpretations to steer development
away from problem soils. Soil surveys can have great value to highwéy
engineers by-providing thém with accurate, relatively inexpensive
1nfokmation on the soil ovef which their road will pass (17). -Soil
survey 1nfofmation has been shown-to be a good basis for interim guid-

ance 'in flood plain planning if detailed studies -are unavailable (52).
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Thgse interpretations of soil maps are statements or predictions
' based'on.research and experiénée of the nature and severity of problems
or iimitations of the k{nds oT soil suitable for various alternative
uses. These interpretations which are made by relying.-on a large
amount of:1oca1 experience and/or observation, and Timited physical
and chemical data, are for & wide spectrum of potentiai uses in the
area covered.” However, a 1971 qoint Task Force of The Western Associ-
ation of Agricu]ﬁure Experiment Station Directors and the United States
Department of Agriculiure recognized that to a considerable degree,
the public, planning, zoning and similar actinties were moving ahead
.without adequate research and education in this area (19). The Task
Force, amohg other things, recommended a strengthening of educational
services in the area of alternative land uses and the use of soil
resource information at this-particular time when so much attention
and activity is focused on land use and environmgntal and ecological
piannihg* Moreover, there is much information and'many useful concepts
avaiiab]e that are not known or readily available to the people who can
or will use.them. The Task Force emphasizes thé importance of recog-
nizing that because oﬁr'1and is a nonrenewable,.iimited resource, land
use'and planning are of paramountzéoncern to our total society and
therefore there ié a great urgency in soil appraisal research directed
towards efficient education of decisioﬁ makers. One of the specific

tesearch recommendations is for quantification of interpretive data
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‘now in use in order to effect a better understanding and practical com-

prehension by potential users (19).

II. OBJECTIVE OF RESEARCH (to Demonstrate the Use of
Soi]é and Associated Natural Reso&rces as becision
Earametérs in the Regional Planning Process)

Although the objectives of the research reported in this thesjs
were established approximately two years prior to.the 1971 report of
the Task Force, it is signifitdnt that the research purposes defined
in 1969 are in very close ha%mony with those identified by the Task
Force és having high priority in 1971. 'Specifica11y, the objéctives
of this research preject are:

| 1. to obtain basic natural resource information

_pertinent td the reéionaﬁ planning process in ah area

wherg rapid growth and i1and use change is ocqurring.

This natural resource information is to be analyzed and

. Jdnterpreted for the pﬁrpose of making land use decisions.
é. to present this information in a suitable -

fashion so that uninformed persons can understand it.

This task invo]ves making the presentation adequately

interesting and sufficiently informative in order that

persons responsible for making land use decisions can

and desire to use the information.
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3. to inyestigate some economic aspects of a land
use plan which is based on a fdesign with nature" con-
- cept. It seems rational that long-run.economic factors
would support'rationai decisions dictated by physical
cbnstraints. An affirmative illustration of such an .
hypothesis would 1end stréngth.to the importance of |
predictive resource'interpretations in the regional

planning process.

This research was carried out in Gallatin County, Mbnfana, United
States of America. The hatura]_resburces investigated were soil and
associated resources such as slope, depth to water table, flood plains
and geomorphoipgica] characteristics. Prior to examining the resear@h'
procedUrés however, it is important that the reader be familiar with
the.bast and present trends 1ntéa11atin County which ‘qualify it as
being an apprépriate site for this reseafch undertaking.

ITI. ‘GROWTH TRENDS AFFECTING LAND USE CHANGE
' IN GALLATIN COUNTY; MONTANA ‘

Gallatin County is located in southéastern‘Montana within the
ocky Mountain Physiographic Proviﬁcé."The county totals 2,517 square
miles and is 50 mile§ wide in its extreme east to west dimension and
116 miles long in the extreme north to south aistaﬁce. Fig.- 2 , pg.28

shows the location of Gallatin County in Montana. OF the 1,610,800
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total écrgs of'Ga11atin County, about 65 per cent is mountainous,
largely within the confines of the Gallatin National Forest. Bozeman,
the county seat, 1is Tocaté& about 90 miles north of Ye11oﬁstoné Nation-
al Park at an e]evation'of 4,771 Teet in the east end of an intermor~
tane_basin; thg Gallatin Valley. Historically, the economic baékbone ‘
of the county has been the agriculture-livestock industry. Bozeman is
the home of Montana State University which has largely contributed ﬁo
education being the second'mest important commerce activity in the
county.

Gallatin County takes its name from the sparkling river which rises
in Yellowstone Natioﬁal Park and which was First sighted by Lewis and
C]ark in duly, 1805 when they arrived at the Three Forks of the
Missouri ﬁivér. The river which drains-Gallatin County was named for
Albert Gallatin, then Secretary of the Treasury under Thomas Jefferson.

The discovery of gold a]ong_A]der Creek Gulch gave rise to a
sfampede<of prospectors who ere;ted Bannock and.Vfrginia Cities in thg

eér1y21860's. Unsuccessful miners were attractéd to the.fefti1e Gal-
latin Valley and established the firsf settlement known as Gallatin City
in 1862 near the preéent town site of Three Forks. In 1864 John M.
-‘Bozeman lad the first wagon train through the now famous éozeman Pa;s
and with tﬁe help of Daniel E. Rouse and Wm. J. Beall, 1ayea out a
townsite. -‘Although John Bozeman was kiiled by Blackfeet Indians near

Livingston in April of 1867, his legend lives on in the many local
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places which bear his namesake. Fort E11is was established to control
hostile Indians in 1867 and the Northern Pacific Raiiroad reached
Bozeman in 1883. The towns of Three Forks, Belgrade and Manhattan
were established in 1882, ‘1883 and 1884 respectively. West Yellowstone
which 1is néar the southern tip of Gallatin Canyon was settled in 1907
_and became the official western entrance to Ye]?owstoné Park in that
year. |

Topography is largely responsible for the changeable climate in
Gallatin County, and the mountainous section characterized by the
Gallatin Canyon in the south half is generally wetter and cooler than
the broad floor of the Ga]]atin‘Vailey in the north half. West Yellow-
stone has a normal annual temperatuwé of 359 F. and 23 inches of annua1.
precipitation while Bozeman has an average annual temperature of 42° F.
énd 18 inches of annda] precipitation.

The Three Forks structural basin which includes the Gallatin Val-
Iéy, the Madison Valley and the Tower Jefferson River Valley was formed
as the result of crustal movements in early Tertiary time and is one of
the largest intermontane basins in Montana. Duriﬁg and éubsequent to
the formation of tﬁe basin, centinued downfaulting and/or downwarping
interrupted through drainage. At,about‘the same tiﬁe the basin became
fillad to a depth of 4000 feef with volicanic ash and with sénd, silt
and clay eroded from the surrounding highlands and deposi%ed'under both

lacustrine and terrestrial conditions. Resumption of through drainage
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in Tate Tertiary time rgﬁu]ﬁed in extensive erosion of these beds. A
subsequent manﬁ]e of alluvium wés deposited in much of the basin in
early Quaternary times. The diverse nature of'geologic parent materials
ranging from fine grained Tacustrine deposits to cobbly alluvium has
given rise tn widely divergent kinds of soils.

Dark coloured soiis océupy foothills and mountain é]opes in the
southeastern part of the valley floor in an area bordering the Gallatin
and Bridger Ranges. The topsoil is dominantly silty. 'SuBSoils of the
:.Bridger.gerieé which occupy higher mountain slopes and outwash fans
contain many rock fragments while those of 1owgr,e1evat{on series such
as Bozeman are siity materials re]afively stone free down to six feet.
Further west in the valley extending from Gallatin Gateway through
Belgrade and up the east éide 6f Camb and Dry Creeks, two soil textures
predominate, the silty soils §uch as Amsterdam and gravelly soils such
as Beaverton. Soils extending from Camp and Dry Creeks to the western
side of the vé]]ey range Trom fine sand to si]tlhdam in texfure. ATl
the imperfect]y drained soils are of alluvial origin and bofder main
streams. Poorly drained soils such.as Gallatin siit Toam swampy phase
occur in.f106d plains adjacent to both large aﬁd small drainagaways.
The development of irrigated agricuiture south and west of Bbzeman has
resulted in the well-drained soils of this area having unexpectedly
high water taBles during the irrigation months of June, July, August

and September. Underground water supplies are very extensive in the
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Gallatin Valley due to the substanfia] recharge which occurs in late
spring and early s ummer aﬁd & subterranean dam near the head of the
Missouri River which holds back underground flow (7). |
Soils of the Gallatin Canyon area are generally characterized as
being high in rock fragmenté_and 6ccurring on steep slopes. Soils on
or in close proximity to the west.Ga11atin River flood plain in the
Canyon are a11qvia1 materials. Those soils above the flood plain haQe
generally deve}obed aftef previous glaciation or colluvial deposit proc-
esses and consequeﬁt1y are high in fragment content. Isolated pockets
of s16w1y pefmeab]e clayey soils exist as we11_as'the silty soils of the
Taylor ?ork area. Canyon soils are particularly susceptible to erosion
and instability if denuded and thﬁs factor combined with steepness of
slepe and short growing seasonvha§ restricted any agricultural enter-
prise to wild range usage--both Fér domestic stock and big game wild-
life. The ;oils'of Gallatin Valley in contrast are,vefy fertile and
‘are 1argely requnsib1e‘fok the viability of the aériculture industry.
Ihe Gallatin Valley is one of the oldest and ﬁost productive agri-
culture regions in the state. 'in'1969.$4,254,100 of cropé were pro-
duced on 70,300 .harvested acres of irrigated land and 97,400 harvested
acres of dfy]and produced crops wqrth $4,174,700'(42), Cash receipts
for livestock accounted for $12,916,900'of a total agriculture value
- of $21,345,7CD; Winter wheat has- always been‘the largest dry land crop

with 52,000 harvested -acres averaging 43.0 bushels per acre, the second
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largest average yield per acre in the stafe in 1969.. Most of the
irrigated Tand is used fof forage which avebééed 2.59 tons per acre in
1969, again the second highest average‘yié1d per acre"in'the state. It
is generally considered that a relatively favourable combination of
fertile soils and less rigorous climate have permi tted Gé]Tatin County
.to consistently out-produce almost all other Montana countiés on an
'average per acre bésis. This reliable and steady agriéﬁ1tura1 bounty
has been inétrumenta1<1n facilitating the strong growth'o% Bozeman.

The population of Ga]fatin County by'ihcreasing at'a-24.8 pér cent rate
from 26,045 in 1960 to 32,505 in 1970 was one of the largest percentage
increases of Montana’s 56 counties  { 80). This in itself has had sub-
stant%a1,affects on county activities bﬁt it is‘in and arcund the city
of Bozeman where fhe'mbst'obvious changes are occurring.

The 39.7 per cent population growth which boested Bozeman's 1960
pepulation of 13,361 to 18,670 10'1970 ranked Bozeman as one of the.
nation's.fastest growing cities (80) (89). The econqmy of Bozeman has
demon$trated considerable strength in the past and there are a number
of very significant factoré whichlhave been and will be important in

 the cohtinuiﬁg development of Bozeman as a state growth centre.
Montana, like the rest of .the United States, is experiencing a

steady movement from rural to urban- centres. This has contributed to.

Bozeman's fapid growth'as anlimportant sevviée ceritre, and there is

little doubt that Bozeman 1is deve]oping as a major retail-wholesale
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trade c¢ntre. Consequgntly much of the'present and'future commerce
' ‘abtivity in the Bozeman area is associated with the expanding trade
and service indﬁstry. The Upper Midwest Economic Study predicts that
the increased activity within ?he Bo;emén district will centre pri-
‘marily in the areas of manufacturing, construction, retaiT‘trade and
' services, and government with some éctdal decline in terms of égricu]—
fura]iemploymént (25). .Predictions {n the Moﬁtana Economic Study
support this.hypothésis by anticipatihg a continuéd dec1ihé in agri-
cultural employment but a substanfia] increase in federéiaébvernment
jobs and @ smaller increase in trade and service industries in Region
IV which'includes Gallatin Counfy (83). In studying_the'economic
feasibility of a proposed conventibn centre complex for Bﬁzeman,
T.A.P. Incorporated conc]uded_that part of the large increase expected
in the servicé and government areas resulted frem the strong growth
surrounding Montana State University -and the deve]opment.of both
winter and summer recreational activities within the area (24).

The importance of the university witﬁ its expanding éducation and
research responsibilities within the past ten years_is well demonstrated
by -the surgé of activfty which grips Bozéman at registration time each
September and the relative calm which descends upon the city over
summer break. waever, the university growth may be siower than an-
ticipated and future development may be cufﬁaj]ed?by funding cuts which

.occurred during Montana's 1571 1egis]ative session and drop-off in
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student enrollments. Consquent1y,_there is considerable reéson to
anticipate that'of the three big factors in Bozeman's-growth, agricul- _"
ture, education and recreation and tourism, that recreaticn and tourism
is 1likely to be the 1argesf contributor to future growtﬁ and proéperity
~in Bozeman. '

' As was. previously indicafed the recreation industry in Montana is
expected to be a véry sign{ficant economic activity, and a major part
of the growth 1is taking place within the Bozeman area, both in terms
of winter and summer sports. The summer activity centres around the
bouﬁtifu]'outdoor recreation opbortunities of the natural resources of
. the area, including tremendous mountain scenery, rivers, streams,
forestry and wildlife which annually entice tourists, recreationists
and new home seekers by the thousands.. Bozeman's geograbhic location
in proximity to Yellowstone National Park, the Gallatin National
Forest, the Spanish Peaks Primitive Area and the blue ribbon fishery
ih the Madison, Gallatin and Yellowstone R{vers is of great 1mportanc¢
.in attracting people to Ga]]afin County. The Gallatin Canyon area js
renowned for its beauty and récreationa] attributes._ Over one-half
million people annually enter the west entrance of Ye1lowst6ne Park
through the West Yellowstone gateway (74). One can logically assume
that approximately the same number leave by this gate which indicates
that the tourist activity Qithin the Ga11atiﬁ‘Canybn is very signifi-

" cant. With the development of Big Sky of Montana, a recreational/real
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estate complex offering nature lovers the Qrandeuf of unspoiled natural
wonders withou£ the sécrifice of-all the modern comforts and conveni-
ences (6) in the West Fork—Loﬁé Mountaﬁn area of the upper Gallatin
‘River, it is certain that many more people will visit and eventually
reéide 16 Gallatin County. Even without Big Sky the trends in use of
Gallatin County recreational resources indicates substantial increase.
Table 3, pg.44 - shows the éhanges in visitbr'day use in the Gallatin

National Forest since 1967. A visitor day is defined as one pefson

Table 3. Visitor Days and Per Cent Increase in Visitor Days on

" the Gallatin National Forest:

Visitor Days | Per Cent Increase Over
. C : Previous Year
1971 1,676,500 | 9
1970 1,526,500 _ 6.5
1959 4 1,428,300 _ 6.8
168 1,331,100 | 6.4
1967 . . 1,251,300 | R

spending a full twelve hours in the Gallatin National Forest (24). The
Gallatin Forest has historically experienced more recreation visits
than the other Region One forests. One of the Targest increases in

vecreational activity in the Gallatin National Forest has occurred in
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winter use. Tab]g 4, pg. 45 dgtai]s the increase in skier visits to .
Bridger Bowl, located 18 miles northeast of Bozeman on the east-facing
slope of the Bridger Range. The tremendous rate of increase of skier
days at Bridger Bowliwas interrupted by a poor '71-'72 season caused

by a late 6pen1ng, an early closing and unusually high winds. Skiing

Table 4. . Skigr Visits and Per Cent Increase in Skier Visits at
Bridger Bowl. '

Season’ ) Skier Visits Per Cent Increase Qver
: ' s Previous Years

71-72 | 140,128 - -0.62

70-71 | 141,000 3 +24
69-70 o 114,000 - - = +58
68-69 . 72,265 | | | +38
67-68 | 52,405 -

“

has been growing natiohal]y at approximately 25 per cent per year.
Bridgér Bowl, with the exception of the '71-'72 season has- consistently
been above that annual growth, funnfﬁg_in the 30 to 35 per cent increase
rénge. This high rate of increase can be expected to continue in view |
" of the Big Sky ski development, imprbved air transportation, enlarged -
Bozeman' accommodations and increased ﬁationa] advertising. Favourable

snow conditions and terrain combine to make the Gallatin Ferest a
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destination of national renown for snowmobile users as well as-skiefs
8).

iwo of the largest raliies on the'internationa1 snowmobile tours
are held at.west Yeliowstone. An early season December rally usually
draws more than 4,000 people and a late season March rally attraéts
about 6,000 people. The 120 mile “Big Sky Snowmobile Tféi]" between
West Yellowstone and Bozeman attracts both in-state and out-of-state
visitors. Growing recreation use in the Gallatin National Forest has

resulted in increasing conflict with historic uses such as érazing,

. mining and Tumbering. The Forest Service is presently engaged in.a

concerted effort to fulfill local, state, regional and national gcals,
both economic énd social, by‘multiple-usg planning which includes
public participation in determining priorities or "key-values" in
resource management {86) (87 ). As strongly as the recreation impact
of temporary and permanent migration to Gallatin County is, the effect
1§ less dramatic than the changes:wh?ch occur in real estate trans-
actions, county government activity; transportation and nonfarm land
development. |

In the fall of 1970 the Gallatin County Clerk and Recorder's
Office reported that they had filed as many plat changés in the three

past years as were handled in all the previous years since 1864 (73).

‘The single item that increased the work 1oad:in the office was the

recording of subdivisions and the platting of land. This comes about
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with more and larger areas of land 5eing divided into.acreages. 1In
1970 the county assessment office reported a 23 per cent increase in
listings over 1966 and an incréase of 80 per cent in office paper work.

Thgre is a trend toward larger Blbcks of land beiné officially
committed to subdivisfon deve1opment outside of the city limits. In
1971, 1077 acres were registered for subdiVision deve]opmeht with the
city-county planning office, much more than the 539 acres in 1970. A
similar trend for subdivision plats is being established in 1972 with
about 450 acres presented for subdivision approval at one meeting (56)
(40). The assessed va]ue'of‘suadivision tracts increased from
$933,685 in 1967 to $1,284,910 in 1971 (58). Assessed improvements
on subdivision land increased from $5,448,045 in 1967 to $6,974,481
in 1971. :Mobi1e homes asséssed for the years 1967, '68, '69, '70 and
1971 have increased from 640 to 739, 956, 1028 and 1584 respe’ct&vew.

Development outside of Bozeman's city limits has résulted in an
annual rise in the number of septic tank permits issued, and records
show a 1970~'71 increase of 31 per cent in sept{c tank installations
(75). Treasurer's office records show 22,998 vehicle registrations
for 1971, a 36 per cent increase over the 16,917 registrations in 1967.
More cars, more peopie and more oﬁt}ying deve]opments have created
increased work.proﬁlems for ;ounty road maintenance. Gail Thompson,
Head of the Gallatin County Roads Department stated that a large part

of their work Toad increase resulted from scattered residential
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~development which was quickly followed by requests for road and access
improvements. to areas which had adequately served in a re]ative]y un-
changed condition for many years (76). k

Montana Power customer .accounts oﬁt of the Bozeman office increased
" from 6505 in 1967 to 7264 in 1971 (43). Telephone hookups of 14,393
in February, 1971 show a definite increase over 13,493 Th February of
1970 (83). 1In conducting a study for.the Montana Aeronautics Commis-~
“sion, T.A.P. Incorporated pointed out the eight fold growth in passen-
gers at Gallatin Field over the 1960'§'and predicted another eight
fold increase during the'1§70fs. One of the most intefesting results
of growth in Gallatin County has expressed itself in real estate
activity. .

Dr. Layton Thompson has anaiyzed 665 iand sale tvanéactions, part
of an investigation of 1200 sales which occurred in Gallatin County
between 1965 and 1970 (78). Of these 665 éa]es, 96 were of 40 or more
.acres which were defined as farms, 210 were located in officially plat-
" ted subdivisions andl359 occurred in an unorgan%zed pattern throughout
the county. All of the nonfarm sales were less than 40'acrés and most
were less than 20-écres iﬁ size. Gallatin Canyon river-front property
in 1972 is selling for about $5000 per aére and Ga]]at{ﬁ Va}iey non-
farm property is avéraging about $2000 per acre. -Farmland in contrast
brings $300-$500 per frrigated acfe and $17Si$225 per acre for dryland

farming operations.
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Interviews with sevgrai local real estate agencies indicate most
inquiries for purchase of land come from out of state, pafticu]ar]y
Caiifornia { 9)‘(22) {14). Hostkpvogpective purchasers are interested
;in investment, recreation and speculative ventures. Prominent Bozeman
realtor P. K. Dudley stated that, "good farmland sells for less than a
pile 6f rocks if they're pretty" because the greatest interest is in
“reéreation property.” The present and anticipated market in land
development is so gréat in Gallatin County that four new real estéte
agenicies are being establishied to shafe in the activity which is al-
ready supporting 15 real estate offices. ) |

The foregoing, although it is only a cursary  description of the
resources and the nature of frends and activities which characterize
the growth in Gallatin County, it is sufficient to demonstrate the
propriety of the area as a site for reseérch which attempts to provide

information useful for decision making in the regional planning

- process.-




IV. METHODS AND RESULTS
Soil Interpretations For Land Use Planning and
DeveTopmgnt in the Gallatin Va1iey Area, Montana
A so0il survey of the Gallatin Valley Area was cohductéd and pub-
Tished by DeYoung and Smith in 1931 (12). The aréa they‘sﬁ}veyed-coveré
802 square miles, or approximately 30 per cent of the tbtaizland area- of
the county, and includes mo§t of the irrigated land, together with much
of the nonirrigated farming and gféziﬁg land of the higher valley slopes
or benches and the adjacent foofhi]]s that border the mountains. A1l
" assessment of soil capabi]ity'was for farm.or agriculture purposes and
no mention was made of soil suitabilities for nonfarm use. Although
almost all the basic information necessary to accomplish nontarm soil
interpretations.is contained in the report, this was not done, sup-
posedly because there was no demand. In the fall of 1969 a project
was undertaken.tb provide such jnterpretationé under the guidance of
6. A. Nielsen, F. A. Boeticher and R. L. Moshierl,
Information used in making the'soil,interertations came pri-
marily from the 1931 survey, but it was augmented with knowledge gaiﬁed

from local ekperience and observétion. A description of the Gallatin

1 See Appendix, page 125.
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Valley soils is containgd in the Appendi%, page 139 to page 154. An
unpublished Soil Conservation Service memorandum for Interpreting En-
, gineering'wses of So{Ts, which hés~since been revised, was used to
evaluate soil and soil associétéd conditiohs which would constitute
various degrees of hazard for specific uses. Each of the 32 soils
occurring in the Gaf]atin Valley Qas given a suitabiTify ratjng for
each of 16 different uses;, Some of these uses are building foundations,
septic tank filter fields, roads and streets, recreation areaé and
sanitary iand_fi]]s. A complete 1§st bf’a1i uses considered appears
on page 129 in the Appendfx., Fifteen separaté soil and Tandscape prop-
erties or‘hazard§ such as_f]ooding, é]ope, frést heave potential and
Toad beariné capacity were considered when rating each soil as having
a slight, moderate or severe limitation for each partfcu]ar use. A
complete Tist of all fifteen s0il or soil associated_properties and
hazards considered appears in the Appendix on page 334 Soils rated as
siight are relatively free of 1imitétionsuor have limitations that are
easily overcohe. Soils rated as moderéte have Timitations that need
to be recognized but can be overcome with good management and careful
design. A severe rating indicates Timitations thaf are difficuit or

. costly to overcome. A severe rating does not mean the ;oi] cannot be
‘used for a specific use, but it méans tﬁét careful planning and deﬁign
and very good management are important. Thege inferpretations are

designed for general planning. On-site investigation is needed for
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spgcific dg§ign and construction beéause all soil differgnces which
.occur in'thg fig]dhcannof be shown on a general soil hap. The 16
selected uses of soil and the properties considered important in eval-
uating soils for each use are given in the Appendix, page .129. The
gstimated Ga]]atiﬂ VaT]ey soil Timitations or suitability for selected

uses are displayed in Appendix Table, pages 136, 137 and 138.°

Colour-Coded Soil L{mitation Maps--Gallatin Valley

Transparent maps on which soil ]imjtatidnsF—s1ight, moderate and
severe were colour-coded as green, yei]bw'and red respectively, were
prepared at the same éca1e as the original soil map for each use con-
sidered. ' The map material used was .003 inch transparent, matte
finish mylar and the green, yellow and.red colour material was trans-
parént, matfe finish, adhesive-backed film. The soil map placed
underneath the transparent mylar provided the base Tines for applying
énd cutting out the appropriate coloured adhesive film with sewing
needles.  In this way individual soil suitdbility maps showing colour-
coded slight, moderate and severe soil limitations were created for
septic tanks, foundations for low bui]dings with basements, roads and
streets and cropping. A basg map showing the sﬁrvey outiine’boundariés,
- cities. rivefs'and major transportation rodtes was prepared to overlay
the Timitation maps in 6rder to facilitate geograﬁhic orientation.

These maps at a scale of 1 inch = 1 mile have overall dimensions of 51
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inches Tong and 40 inches wide. These maps are on file at the Depart-
ment -of Plant and Soil Science, Monfana State University, Bozeman,
Montana.

An example of soil limitation maps for cropping and roads and
streets appear on pages 54 and .55 respectively. The single use maps
showing soil limitations for septic tank drain fields, }6ads_and )
streets and foundations can be overlain to produce a coméosite map
showing a variety of colour combjnations from solid redifé solid
green. Figure 5, page 56 shows the effect of laying thé septic tank
drain field soi]llimitatibn map over thé building foundations soil
Timitation mab; Figure ©, page.57ishows the result of laying the
roads and streets soil Timitation .map over both the septic tank drain
fie]d and building foundations soil ]imitafion maps. The fange of
cb]ours produced is an overall indication of the geographic variability
of soil Timitations for nonserviced deveiopments and represents various
dégrees of subdivision development difficulty. |

Prior to the construction of the large mapsAgsing coiéured ad-
hesive film as described above,'similar maps of the Bozeman-grea were
made on mylar gsing fe]t-tip marking pens. These maps were sprayed
with a protective plastic material. When affixed to a firm backing,
these maps are easily transported and are usgd-for prasentations when
the large size of the valley maps precludes their ﬁse. Thé smatler

maps measure 40 inches long and 21 inchas wide.
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Figure 3. Soil Limitations For Cropping.
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Figure 4. Soil Limitations For Roads and Streets.
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Figure 5. Soil Limitations For Septic Tank Drain Fields
and Foundations For Low Buildings.
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Figure 6. Soil Limitations For Roads and Streets, Septic Tank
Drain Fields and Foundations For Low Buildings.
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A11 of these maps are used in public presentations to audiences
concerned wftﬁ tand usevblanning, Although most presentations have
peen in Gallatin County,- the maps and information have been presented
to audiences és far away as Edmonton, Alberta and St. Louis, Missouri.
A documentation of the preseqtations appears in Appendix tabfe'Lz,
pagé 155. | o -

Shortly after’ the announcement of the proposed Big Sky Montana
~development in thé Gallatin Canyon (5); Montana State UniVersfty re-
ceived a National Science Foundation Grant to study.the-EnvironmentaT
Impact of -a.lLarge Recreational Development on a'Semi—PrimitiVe Environ~
ment. COnSQquent1y the soil and assoeiafed,hafural resource inter-
pretationS'project was expanded from the-Vé11ey up the Gallatin Canyon

to the northern boundary of Yellowstone National Park.

Soi]‘Survey of the'Ga]lat{n Canyén Area, Montana

A soil survey under the direction of'A. Olsen, Soil Scientist with
the Helena office of the Soil Conservation Service vas carried out for
the Gallatin Canyon area.in the summer of 1970. The area surveyed en-
compaﬁsed 117,500 acres, beginnihg at the mouth of the Gallatin Canyon
approxihate]y 15 miles southwest of Bozeman, and extends to the Yellow-
stone Park boundary, about 30 miles north of West Yellowstone. The
survey arei includes the flood plain 6f the Gallatin River and its

main tributaries as weli as the adjacent hills and steep bedrock
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mountains on either sidg of the valley. The survey boundary shown on
. the General Soils Map in the Appendix pocket extends approximately
four miles into Madison County to a point on the west side of Lone
Mountain, and four and ogedhé1f miles to the east of the Gallatin
River in the vicinity of Elkhorn Creek.

The field survey was carried out.at a reconhaissancé 1evef of
detai]iand delineations were made on thé pasis of 18 different soil
or soil cbmp]ex mapping units. The mapping units were estab]ished_
after a two week initiation period dqring which time soils and land-
scapes were examined throughout thé proposed syrvey area prior to
actual mapﬁing. Field mapping was done on aerial photos at a scale
of 4 inches =‘1 mile or 1:15,840. ‘bdd numbered aerial photos within
. flight 1ines were used as-f1e1d sheets and even numbered aerial photos
were uéed to provide stereo coverage for air photo interpretation pur-
poses. Standard soil survey procedures of air photo interpretation,
1éndscape, vegetation, elevation and aspect considerations were used
to augment actual soil fnvestigations in determining placement of soil
delineations. The original air photos on which ffe]d lines were drawn
are at thé Bozéﬁan office of the Soil Conservation Service. Copies of
these photos are also on file.at fhe Department of Plant and Soil
.. Science, Montana State University, Bozeman, Montana.
Thirteen individual soil series were identified and correlated

with the-Nationaerooperafive Soil Survey Program. Each of these soil
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series has begn dgscribed in detail and sampled according to horizon-
Qtion. This was done to¢ depths.of approximately 60 inches at bench-
mark sites representing a modal member of each particular soil series
or variant. Characteristics sucH as colour, structure, consistence,
_ fragment content and estimated permeability were recorded. These de-
scriptioné, site locations and soil samples are on file at the Depart-
ment of Plant and Soil Sciénce, Montana State University, Bozeman,
Montana. A_generalized descriptidn of all established soil series and
other soil mépping units 1is cohtaineq in the General Soils Map located
“in the Appendix pocket.

The General Soils Map of the Ga11atin Canyon shows 10 main groups
of.soi1s called soil associations. Each association consists of
~ several different kinds of 55i15'teﬁmed soil series. Soil series are
distinguished on the basis of natural drainage, texture,'depth and
certain chemical and physical properties, some of which were veferred
to aboves Thus the General Scil Map does not show the specific kind
of sojl at any particular place, but associations of several differént
soils that octur together in characteristic pattefns. Soil associations
are named for the major soil series in thém. Soil series of one as-
sociation may be present in éthef associati0ns. fhe acres of each soil
association‘énd per cent'comp@sition by series is shown in the Legend
and in Tab]eil of the Generai‘Soiﬁs Map report. . Each soil association

is described in.terms of i slope range, ii topography, iii
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precipitation range, iv elevation variation, and - v major vegetative
species présent, in addition to specific soil patterns.
Information on Gallatin Canyon climate, recreation, timber and

geology appearshin the General Soils Map report.

Soil Interpretations for Land Use Planning and
Development in the Gallatin Canyon Area, Montana
A1l soi]s Qere-eva]uatedvfor each of 16 different uses. Some of

these uses are building foundations, septic tank filter fields, recrea-
tion sites and suitability as a source of construction materials. A
complete 1ist of the uses and significance or importance of soil prop-
erties and other factors affecting the use appears in the General Soiis
Map report under the heading Befinition of Selected Uses. Twenty-twp
separate soil properties or hazards such as flooding, texture, slope
and compacfion characteristics were considered wHen rating each soil
as havfng a's1ight,'moderate or severe limitation for each particular
use. Ratings used for "suitability as a source of construction mate-
rialg” wére good; poor or fair. A complete list of factors considered
.apbéarﬁ 1ﬁ the General Soils Map report under the heading, Limiting
Soil Propert{es'and Hazards Indicated by Number in Tablie 1. These
soil.interpretations for selected uses of land which appear in Table 1
of the Genéral Soils Mép report may be used to guide the development

of general plans but they do net eliminate the need for on-site soil
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investigations for design and construction. A revised draft of the
Guide For Interpreting Engineering Uses of Soils was used in making

the interpretations of Gallatin Canyon soils for nonfarm purposes (33).

Coded Soil Limitations.Maps--Ga11atin Canyén

Colour-coded scil limitations maps using green, ye]]ow and red
colours to indicate slight, moderate and severe hazards for particular
uses.were prepared for the Gzllatin Canyon area. Maps for all the
following QSés were constructed: fogndgtions for Tow budeings, septic
tank fiTter Tields, roads and parking, Tawns and landséaping; camping
areas , picnic areas, playgrounds, and trails and paths. These maps
at a scale of ‘1 inch = 1 mite or 1:63,360, can be used as overlays in
a variety of combinations and are sihi]ar in appearance and use as the
maps previously deséribed for the Gallatin Valley. These Gallatin
Cahyon Soil. Limitation Maps are on file at the Department of Plant
and Soil Science, Montana State University, Bozeman, Montana.

In addition to the colour-coded maps , smé]]er scale, 1 inch = 4.36
miles, soil limitation maps were prepared. These maps afg constructed
using a reduced copy of the General Soils Map over1ain by boundary
outline maps.on a light taﬁle. The underlying so0il boundaries were
thus adéquate]y discernib1e to serve as guidelines in cuttihg cut the
film material. Grey tone, dot screen film wa% used in this case,

instead of coloured film, buft the process of application and cutting
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out with sewing need]gs wasiidenticaT. The major difference between
the colour-coded maps and thg grey tone maps is that the slope factor
was removed from the soil rating considerations in the latter. Slope
is the most prominent naturally occurring factor which limits soil
use and conventional tand d&ve]opmént in the Gallatin Canyon and in
the cd]our"coded maps was primarfly'fesponsible for a near totally
red map." Consequently,-slope considerations were omitted in preparing
"~ the grey tone mapé in order to allow expression of other naturally
occurring 1imitations to use. Grey tone maps for foundations for
low buildings with basements, foundatiohs'for_]ow buildings without
baéemeﬁts, septié tank filter fﬁe1ds, roads and parking, lawns and

Tandscaping, camp areas, picnic areas, playgrounds, and trails and

paths appear on pages 65, 66, 67,-68, 69, 70, 71, 72, and 73respectively.

The grey tone slight, moderate and sevefe soil limitations Tegend ap-
pear§ on page 64. A composite recfeation map in which soil Timitations
for'camping areas, picnic areas, playgrounds, and trails and paths were
analyzed, again omitting slope, and presented as s]ight, moderate and
severe ratings for overall recréatiqn suitability for the activities

included appears on page 74.

Computerized Slope Map
Because slope is such an importént factor affecting réééurce

development in the Galiatin Canyon area, a separateis]ope classification
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Figure 9.
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Figure 10.
SOIL LIMITATIONS FOR SEPTIC TANKS
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Figure 12.
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Figure 16.
SOIL LIMITATIONS FOR TRAILS AND PATHS
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map was creatgd. A computer‘prinfed map in which all sections of the
area ?urveyed were subdivided into 1/16 of a sectiqn or 40 acre blocks
at a scale of 1-inch = 1 mile was made. This computer map subsequently
served as a base map for recording siope classifications of each 40
acre block.according to the steepness of the majority of tﬁe slopes
within the block. Seven slope classification categories'&ére used:

a. -0-2% slope, ‘ |

b. 2-5% slope,

c. 5-9% slope,

d. -9-15% slops,

e. 15-30% slope,

f. 30-60% slope,

a. 60% slope.

The subdivided computer-pr%nted map was lain over 15 minute
U;S.G.S; quadrangle sheets for the appropriate areas. Measuring rules
Qere used to determine the distance between topogréphic Tines which
in turn was mathematically converted to one of the seven slope clas-
sification categories, a. to g.;xby consideration of the map scale
and contour interval distance. For example: 40 foot contour intervals
measuring 1/50 of an inch apart on a 1:63,500 scale map are ( 1/50 x
63,500 ) < 12105 feet apart. Therefore the s1§pe.is ( 40/105 ) ( 100 )

=38 per cent, which would .place it in the . classification.
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"Thg appropriaté]y coded lgtters, a. to g., were placed in each
b]ock as the prgdominant slope in fhat block was determined. Subse-
quently, computgr ptogrammed manipulations converted the coded letters
to a density symbol which then appeared in the block in place of the
letter on the computer printed map. Steep slopes were given the
greatest density and the 1éast sloping area the least density. The
original computer printed slope hap is on file at the Department of
- Plant and Soil Science, Montana Staté University, Bozeman, Montana.

- Computer programming services were cgrried out by employees of the
Systems Group of the National Science Foundatipn supported Gallatin
Canyon study. team under the direction of Dr. R. Emerson.

A réduced copy of the original slope classification map which
measures 34 inches ltong and 16 inches wide appears on page 76. A
transparent copy of the small scale map shown on page 76 was aiso
constructed to be used as an overlay for the maps shown on pages 65

t074. . .

Present Land Use Survey
A present land- use survey'was conducted for the same area covered
by the soil survey in the Canyon. Land use was classified and mapped.

at a scale of 1 inch = 1 mile using the following units:
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Figure 19.
PRESENT LAND USE
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Fl——standing.forest,

F,--Togged forest (ex.--slash or dozer-piled),

F3-»immature forest (young growth),

R --rangeland,

Rm--range (alpine meadows),

P -~pasture (managed),

" Ac--residential area (concentrated--Beckman Flats),

‘An--residential area (not concentrated--Buck's T4 area),

W --park-woodland areas.

A reduced copy of this map appears on page 78. It is important
to bear in mind that some of the units such as Fl’ Fé and An are subject
to rapid change and this map represents the land use conditions in the
sprinngf 1971. The original map indicated the presence of rock slides,
talus s]opés and c]iff areas by apbropriate spot symbols. The small
scale, 1linch = 4:36 miles, 6f the present land use map shown on page
78 preciudes the inclusion of this information.

As parf of the preseht tand use survey 113 recreation sites were
examined and plotted on a mylar overlay of the basic land use mapl
These areas are accessible by vehicle and as a generai rule are used
enough during the year to show some.physical evidence of use. Each
site was described as to type of .activity, size, general conditions,
facilities and whether the area was officially planned by some respon-

sible agency or if it appeared to have beceme established by impromptu
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action. This information, site tocations and the original present land
use map showing rock outcrops.are available at the Department of Plant

and Soil Science, Montana State University, Bozeman, Montana.

Detailed Soit Investigations

Four sites were chosen on wh{ch to carry buttmore defaiied soil
1nvest1gatioﬁs for the purbose of checking the accuracy of the inter-
pretations which were based so]e]y on experience and field observation.
According]y, sites were chosen whfchvwou]d represent slighf;'hoderate
and severe limitations for residentia1 development. Use facfors of
signifécance to residential development are foundation, septic tank
filter fields, roads and streets and lawns and landscaping. Seoil and
site factors pertinent to these uses afe stope, permeability, flooding
hazard, depth.to bedrock, depth to seasonal high water table, suscepthi-
pility to frost Heave, shrink-swell potential, compaction character-
iétics, bearing_strength and'stoniness. |

Mjchélson Toam interpretation§ indicate it to be a soii‘consti~

tuting relatively slight limitations for residential development.

Loberg series represents moderate 1imitations and Kissick series poses

severe hazards .to residential déve]opment. Figure 20 , page 81" shows
the Tandscapes which are typical of those on which these three soils
are located. Kissick soils.cccur in the flat, ievel foreground,

Michelson soils are present on the sage covered benches in the middie
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Figuré 20. Typical Landscape Positions For Kissick-
foreground, Michelson-terraces, and Loberg
Soils-forested uplands, in the Gallatin

Canyen.
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Figure 21.

Michelson Series Exposure Revealing Cobbly

Texture of a Soil Well-Suited for Residential

Development.
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ground and Loberg soils are typically -found in the steeper, forested
slopes of the background. Figure 21, page 82, shows a cut in the

'bench referred to 1in Eigure 20. The cobbly nature of the exposed
Miche]son'soil is evident. .In addition tb Michelson, Loberg and
‘Kissick soils, one oﬁher.soil which is unnamed aﬁd not:described
because of its inextensive occurrence was examined because of the
hazard which its obéerved properties appeared to present to land
“development. It wiill be referred to as Michener, although the reader
is cautioned that this is a local geographic name and has no official
soil'reiated status .outside of its use in this. thesis.

Thirteen percolation tests were-performed according to the Montana
State Department of Health recomménded.procedures (71). Soil samples
were screened thfoUgh 1.5 inch mesh standard sieves at the site and
subsequently screened through 2 m.m. mesh sieves prior to laboratory
mechaniéal analysis (7). The site location, conditions, percolation
résu]ts and textural éﬁa1y51§ are shown below. The field photo number

on which each site appears is also indicated.
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Table 5 . Textural Ana]jsis, Percolation Test Results and Site

Conditions for Michelson Series.

Site: 1320 feet west, 4300 feet north of the S.E. corner of section
8, R4E, T7S, Gallatin County, Montana.' The vegetation-consisted of
unidentifiéd graéses and sagebrush on a three per cent slope in an
exposed location. The area was well drained, not subject to flooding
" and was being used as raﬁge for domestic cattle. The 'site appears on
photo E10-10-271. | '

Percolation Test Results

Test Hole " Rate of Waterfall
A - 4.5 inches/30 minutes
‘B _— 6.0 inches/30 minutes

C ' ' 1.6 inches/30 minutes
Textural Analysis*

Per Cent - Per Cent Per Cent U.S.D.A.

Sample 5;pth, Sand Silt . Clay Texture
9-13 inches 3% 44 s ioam

25 1inches 32 46 22 loam

52  inches - 84 12 4 loamy sand

*A11 texturés shown are based oh the materia]'smalTer than 2 m.m, in
diameter and all the textural classifications for Michelson series

would be preceded by gfavelly and cobbly. Below the 10 inch depth,
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30 to 80 per cent by volume of the ‘typical Michelson profile is

" gravel and cobb]es, see the Michelson Series description in the Appen-

dix, page 158.

Table 6 . Textural Analysis, Percolation Test Results and Site

Conditions for Loberg Series.

~Site: 660 feet west, 990.feet north of the S.E. corner of section 6,
RAE, T73; Gallatin County, Montana. IThé vegetation consisted of Lodge-
pole p%ne with an understory of unidentified grasses and shrubs, on an
8 per cent slope with a northeast aspect. The area was well drained,
did not éppear subject to floods .and was being used for timber produc-
tion and gfazing-for domestic livestock. This site appears on phote |
E10-12-63. |
Perco]at1on Tect Results
"« Test Hole . Rate of Waterfall
A © 1.37 inches/30 minutes
B . 0.75 inches/30 minutes
c - 0.50- inches/30 minutes
. Textural Ana]ysisv

. Per Cent ~ Per Cent Per Cent: U.S.D.A.
Sample Depth - "Sand Silt Clay Texture

16 inches 44 o 8 _ 18 . loam
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A description of a representative Loberg profile is contained in

the Appendix, page 162l

Table 7. Textural Analysis, Percolation Test Results and Site

Conditions for Kissick Series.

Site: 1072 feet north, 10 feet west of the S.E. corner of section 8,

R4, T7S, Gallatin County, Montana. This site is on a level streém

terrace but is well drained and does not appear to be subject to fre-

quent flooding. The area is used as pasture and the vegetation is

domestié grass.- This site appears on photo E10-10-271.

Percolation Results

Test Hole
A
B

Rate of Waterfall
3.0 inches/30 minutes
2.0 dnches/30 minutes

i.6 1nches/30 minutes

~ 2.5 inches/30 minutes

Textural Analysis

Per Cent Per Cent Per Cent

Sample Depth - Sand - Silt Clay-
16-20 inches a 2 . 28

inches 52 32 16

U.S.D.A.
Texture

. c1ay loam

“lToam
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Soil samples were also collected from the Kissick benchmark site

whjch is described in the Appendix, page 165: Mechanical analysis per-

formed on samples from the 22 and 35 inch depths producaed U.S.D.A. tex-

tures of clay loam and loam respectively. The clay content in this
profile at 36 per.cant and 22 per cent respectively was higher than at

the percolation test site.

Table 8. Textural Analysis, Percolation Test Results and Site

Conditions for Michener.*

Site: 2970 feet west, 2310 feet north of the S.E. corner of saction 7,
RAE, T7S Gallatin County Montana 1h1g s1te, located 1n an area of
previous 1ogg1ng was vegetaied by un1dent1f1ed grasses, shrubs and
incipient vo]unteer growth of conifercus species. The site was well
drained, not subject to flooding and on a 4 per cent slope with novth-
.eést aspect. This site appears on photo Eld-id—63.

Perco]ation,ResuTts

Test Hole _ Rate of Waterfall
A _ .37 inches/30 minutes
B ' .45 inches/30 minutes

C R . .40 inches/30 minutes




el

-88-

Textural Analysis

© Per Cent Per Cent Per Cent U.S.D.A.

Sample Depth Sand o Silt - Clay Texture
_24 inches 36 42 22 Toam
48 inches ' 34 44 22 " Toam

*Michener is not an established soil series and has no meaniné outside

of the context of this thesis.

An Economic Investigation of DeVe1opment in Locations

Characterized by Soil and Associated Natural Resource Hazards

An investigation of costs incurred when Tand use change occurred
in areas where serious soil énd/or associated natural Timitations for
the development were present was carried out in the Bozeman vicinity.
Private, public and commercial situations were examined to obtain those
increased costs which are attributable to the site hazard. These are
césts which, either expected or unanticipated, did and/or continue to
'ocbur as a result of the site condition aﬁd are separable from normal
. costsWWhich would exist without.the presence of the limitation. In
the fo]lowing_description of fhe situations investigated, the site con-

ditions and the required design are described in addition to the in-

creased costs of overcoming the particular hazard.
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Case 1. Public street--residential use.

Straets dgsighed for and built on Bozeman silt Toam require_greatér
depth of road bed preparation than‘do streets for identical purposes on
Beaverton gravé]]y loam. The difference in texture of the soils is
demonstrated by comparing the classification of Bozeman silt Toam shown
in Table 9, page89 , with the textural classification of Beaverton

gravelly Toam shown in Table 10, page 90.

Table 9. Bozeman Silt Loam--Textural Classification

Hori zon Depth u.s.0A. AASH.O ) ynisiea(®

e (inches) ' o .

Ayp 0-4 sit At DR

Asp 4-8 st AT o

By . 8-13 sick . AT cL

821+ ) .'13720 | SiCi Af7 CL

By 20-28 SiC1 AT cL

Clca 28-48 5?1 : A-4 ) | ML

C2 45-64 Sil ’ A-4 ML
(1) A.A.S.H.0. soil classification system is used by the American

Association of State Highway Officials.
(2) Unified soil classification system is used by the United States

Corps of Engineers and the United States Bureau of Reclamation.




Table 10.

Horizon

Beaverton Gravelly Loam——Textura] C]assifﬁcation.

Dapth
(inches)

0-6

-90-

U.S.D.A:

Gl

G1 (very)

G&S

A.A.S.H.0.

A-1
A-1
A-1

Unified

' GW-GP

GW-GP
WGP

Typical sections for a residential street on Bozeman silt loam and

Beaverton'gravei]y Toam ars shown'in'Figure 22, page-91. The cost of

building one mile of 38.5 foot wide street as bictured in Figure 22 1s

shown in Table 11, page 91;

The difference in capital investment in the streets which are de-

signed to provide the same service, require simjlar maintenance and

both wear out in approximately 30 years is $36,137 more for the street

on Bozeman silt loam as opposed to the Beaverton gravelly loam. When

anortized for 20 years at a'Special Improvement District bond interest

rate of 5.5 per cent ( 31), the total increased cost of the street on

Bozeman silt loam is $60,600 {1 ).
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Total
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52,697
23,033
27,104

116,391

Beaverton Gl

(doliars)
7,526

22,586
23,033
27,104
80,254
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Case 2. Commercial dgve]opment-—septic‘tank drain field and campgroﬁnd
road system. |

Development of a suitable abéorption field for a 2600 gallon camp-
ground septic system and road network on Gallatin silt loam swampy
phase with high water table necessitates expensive design and upkeep.
The water table at this site is commonly within 12 inches‘ﬁf the soil
surfaca for thehsprjng and summer months. An above-ground septic tank
absorption field of sophiéticated design is reduired (75);. Gallatin
silt loam swampy phase has low trafficability because 6f ité low Toad
bearing éapacity and consequently poses problems for'uﬁimprbved road-
ways. | . _

The above-ground absorption f1e1d:required $2600 for materials
and $1000 in Tabour. This does not repfesent,a realistic cost because
it Was constructed by the owner whose labour charge is not inciuded.
The cost of a éimilar set up by commercial contract would undoubtedly
bé much-higher.- Attempts to estabiish a grassed ground cover over the
absorption f{e]d have failed %or unknown reasons for two seasons.

The road system 1nitia11y cost $2000 for~materials and $500 for
1ab6ur and equipment charges. Annual rep]acement of subsided gravel
costs $450. ‘

" An initial capital investment of $5500 to overcome soil and high
water table Timitations, when,aﬁortized at 8 per cent for twenty years

amounts to $11,220 {1 ). At 6 per cent the total would be $9,647 (1 ).
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A seven year annually reoccurring payment of $450 amounts to $4015 (34).

Case 3. Commgrcia} development--basement waterproofing,.sump pump and
subbasement dréihage system. -
anstruction of a bank building of approximately 875.square foot
floor space in an area of high water table necessitated'éubterranean
waterproofing, drainage systems, a sump pump installation and difficult
: exéavation and foundatjoﬁ construction. The soil texture and §tructure
did not present a problem but a basement axtending 10 feet below the

soil surface in an area where irrigation ditch flows raise the water

table to within 35 inches Qf the soil surface for the months of mid~May .

to. mid-September required unexpected expenditures.

During initial conétruction, revelation of the extent of the prob-
. lem necessitated design changes in the building which added $1850 to
“the cost. These additions included extensive foundation sealer, in-
terior water plug, subterranean drainage systems and a sump pump tec
discharge water which is drained from beiow the floor'at times of nigh
water table.  As construction proceeded ﬁowever, unexpected costs arose
from the high water table problem. Pumping, equipmeﬁt and enlarged
excavation to prevent dangerous s]oughihg increased construction costs
.$1650. Thus.the tété] increased capital investment became $3500. When

amortized at 8 per cent for 20 years the'cost‘becomes $7140 (1).
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~ Continuous operation of a % h.p., 115 volt sump pump motor for one
month QP'Z?O hours costs $9.04 (44)}. Annual costs of pumping at this
bank for four months would be approximately $36. Over a period of 20

years at 8 per cent, this amounts to $1648 (34).

Case 4. Private home--septic tank drain field in an area of stegp
slope and close proximify to a creek.

Construction of a home on a slope of about 25 per cent which éx—
tends to a creek bank created unique problems in locating a éuitab]e
* septic tank drain field.’ |

The septic tank is buried adjacent to the home in fill material
which was also required fof support of the dwelling. Effiuent from
the tank travels via a buried bipé down the slope, across the creek
and continues on to the site of a drain field thch is approximately
300 feet from the septic tank.. Flow to the drain field is dependent
uﬁon gravitational forces and hjdrostatic pressure from the elevated
tank whicﬁ is approximately 50 féet higher in e]evation.than the drain
field. Approximately 30 feet of -the pipe i1s exposed at the point of
creek crossing. . Here it will be wrappéd with electric heat tape and
" insulated to prevent freezing in the winter.

Toté]-cost of the installation was $1416. - A 1000 gallon capacity
typical sebtic.tank instal]ation,fpr a residence of this size wouid

cost $600 if no problems or hazards were encountered (16) (22) (29).

(1]
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Therefore the total increased capital cost is $816, which if amortized

at 8 per cent for 25 years is equal to $1907 ( 1).

" Case 5. Semi-private development--church constructed in an area of
'high water table on soils of poor load bearing capacity.

A Bozeman area church constructed on Gallatin silt Toam swampy
phase soils-required-extensive foundation support. The construction
of a basement.was prec]uded by the high water table. Drainage and
maintenance of a.usable parking Tot on soils of low trafficability
has been preblematic. '

Seventy creosoted piles, pile caps, concrete grade and span beams
and éssociated 1abour-increased'the construction cost by $11,700.
Drainage and original deve1opmént of the parking lot cost $2013 and
subsequent édditions of gravel to maintain the lot have cost $407.

The building loan is amortized on two repayment schedules, each
sﬁaring*50 per cent of the cost over a éS year planning period. At
an interest rate of 5 per cent, $5850 results in a $10,369 payment.
and the other $5§50 at 8 per cent amounts to $13,545. Therefore the
total cost of oVercoming the 5051 Timitation for the building is
$23,914. In thé first three years, $2420 has been spent on the
grdvelled parking lot and there is evidence at this time that contlnued

expense will be requlred to maintain its present cond1t1on




=96 -
Case 6. Private residence——septic tank: drain fie]d in area of high
water table. -

Reconstruction of a septié tank drain field in an area of high
water\tab]e where the previous system had fai1éd necessitated the ex-
cavation of origina1-soilnméteria1s which were considered to be unsuit-
able for propér absorption-fier operation. In addition, a semi~
elevated drain field was reguired in order to comply with state sani-= -
tation laws in this area Whére'the water table is commonly three feet
below the-soil surface {71). This in turn necessitated an effiuent
holding tank and a submersible sump pump in order to transfer the
septic tank effluent to the elevated distribution Tines.

Materials cost $699 and labour and equipment operation added
$1681 to resuit in a total cost of $2380. When amortized at 8 per
cent for 25 years this represents a cost of $5563 (1 ). A typical
installation where:no site problems are encounteved, with a $600
iﬁit1a1<cost would have totaled to $1627 under the same amortization

conditions (1 ).

Casé 7. Private residence-~reconstruction of é drain field in order
to comply with Montana State Department of Health streambank
setback regulations.

Pollution of a stream by an {mproper1y bperatﬁng septic syétem

. necessitated the construction of an excavated and semi-elevated




97-

absorption field. The présence of a periodically high water table and
the close proximity of the dwe]]{ng to the stream--approximately 5 feet,
necessitated. a holding tank and submersible sump pump in order to force
the septic tank effluent to the elevated distribution field Jocated 100
feet from the stream.

Total cost of materials amouhtgd to $238 and labour and equipment
operation another $213 Théreforé a total cost of $451 was incurred
.to replace a drain field whlch because a septic system was originally
estab11°hed too close to a public waterway in an area of hiqh water

table had become a public health hazard

Case 8. Private residence--septic system backup into home because.
of rising water table.

The location of an absorptionlfie]d in a flood plain which experi-
ences high water table in the spring has resulted-in ground water - ‘
eﬁtering*the perforated drain field lines, flooding the septic tank
and sybsequently overflowing a basement stool which is located at an
e]evat on below the spring-time 1éve] of the 10Pa1-water table.

"Installation of a sealed holding tank and a pump which forces
effluent through the perforated distribution pipe during times of
high water haé stopped tﬁe basement stool from overf1owing; The total
_cost of installing this set up in 1968 was $420. At 1972 prices it

would cost $600. . In 1971 the pump burned out and was replaced at a
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cost of $97,

V. DISCUSSION

Use of Soil and Associated Natural Resource Interpretatiéns

Land use information is of interest to all planners and, dependihg
on its quality, can great1y influence decisions affecting the future of
large areas of Tand. Land use is no less important to individuals be-
- causé its misuse can drast%ca11y alter the present and future quality
of 1ife. To be effective however, the information must be used; but
to be of mgximum use it must be accu;‘ate= easily.understood, meaningful,
economically produced and readily available. The inevitable changes
in land use which are predicted.fpr Gallatin County in foregoing sec-
tions were already occurring and it was imperative to assess the ap-
~plicability of this research objective to provide information facili-
. tating enlightened Tand use planning decisions.
Public interaction for the purposes of exposition, explanation,
' discq;sion, criticism and feedback have been'acti?e]y pursued throughout
the whole of the research undertaking. County commissioners, p]ahning
boards, private citizens, students, architects, professional planners,
farmers, realters and educators representing a broad spectrum of
political, social, educational and economic characteristics have been

consulted to provide direction for this endeavour; More than 45
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presgntations havg begn madg to such people with over 1500 total con-
tacts being madg._ Assessment of such.scrutiny and reaction by the
public hés brovided philosophic guidance for effort emphasis in pres-
entations and future undertakings.

While fhe’co]qur-coded soil limitaticn maps appear to be readily
understood and most peopfé have relatively few problems in recognizing
the results of lack of attention to resource hazards, there is a con-
siderable Tack of knowledge about what actually causes such situations
--for example, why septic tanks won't work properly on'expandible clay
soils. Nearly all discussants were anxious to have access to informa-
tion which would enable them to récognize the existence of hazgrdous
situations, help thém avoid expense and assist them in knowledgeably
participating in the planned growth of their community. The implication
is that in addition to resource interpretations which facilitate
general planning and stimulate an. appreciation for rescurce use analy-
s{s, there is a need to provide'more detailed information which is use-
fu]'fqr on-site pre11m1nary investigations by individuals engaging in
resource development and management. This observation forcefully
supports one of the basic research assumptibns that nonprofessional
decision makers would usé_easi]y understood resource planning interpre-
tations if the pertinent information‘was proberly presented.

While there was always a general agreement at the "overlay presen-

tations" that soils in fact do affect design and engineering
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requiremgnts of development and nomwasteful land use change, there were
always the qugstions of "how much?f,‘ "What is the préética] or real
differgnce between slight, moderate or severe land use limitations?
Perhaps. the distinction is so subtle that it is inconsequential.” It
waslin response to this type of public reaction to the interpretations
that a need to be more explicit br relevant was recognized. In order
to have a significant impact in terms of quantitative description, the
information had to be presented in a context embodying universally
appreciated parameters. There are few things more broadly understood
and comparable than monefany-uniis, and so this was the approach
chosen to achieve a forceful demonstration of the degree of difficulty
in overcoming soil and associated natural resource development hazérds.

By Having carried out pertinent examinations of selected soils
within the étudy area in readily cbservable sites it is now possible
to present along with the general éoil'interpretations, an exposition
af some'major‘on-site resource character considerations. An economic
analysis of real-life situations occurring in the Gallatin Valley pro-
vides poignant examples of the effects of resource hazards on design
and cost of-overcdming Timitations. Prior to discussing the incorpora-
tion of this information,in’ah effective presentation, it is important
to be qognizant of the technical or tangiblelsignificance of these
factors before pertinent and meaningful stat;mehts'can be made in the

more -generalized context of a pubtic presentation.
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While the soil and associated resource factors which affect Tand
use planning and dgvg]opment are 1ist¢d_in both the Explanation of
Tab]g 1 on page 129 of the Appgndiiland the Definition of Selected Uses
in the Gengra]»Soi]s Map Report for thé Gallatin Canyon, there is no -
explicitly detailed explanation of just wh%ch site charactgristics are
responsible for these.properties.. There is no intentionbto engage in
aﬁ exhaustive dissertation on all possible site and soil properties
"~ or the degree of 1imitat16n which the‘preSence or intensity of expres-

. sion each may constitute. .This is adequately explained in the Soil
Conservation Service Guide For Interpreting Engineering Uses of Soils
(33). vHowever, of a1) the factors therein describad, several are con-~
spicuously prevalent in their influence on nonfarm development hazards
in Gallatin CPuhty.. These are-textufe, slope and landscape position
characteristics. These three factors were the foremost considerations
in choosing sites on which to.carry out detailed soil and economic
aha]ysi& research fbr the purpose of strengthening the concept of apply-

ing resource interpretations to land use planning.

Important Land Use Imp]%cationé Revealed
by Detailed Soil Investigations
Texture, slope and landscape position are the most importént soil
and site factors which in variable combinaticns cféate different suit-

abilities for different uses. Texture, for example, has a direct

LUl L3 ]
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relationship on lcad bearing capacity; susceptibility to frost heave,
shrink—swg]] potentjal and permeability. These properties have greét
importance for deéign; cost, maintenance and pérformance of foundations,
roads, streets, absorption fields and trafficability. Lanascape posi-
tion commonly reveals susceptibility to seepage, springs, flooding and
high water tabie. Slope in combination with texture and landscape
position has extenﬁive influence upon erosion, stability, access 1imita-
tion and ease of activity performance.

The Michelson soil, because of its location on the high stream
terraces is not subject fo flooding or h%gh water table hazard. The
very rapid percolation rate indicates that septic tank absorption fields
would perform.-very well. There could be concern that the gravelly
nature of most of the Michelson soils would not provide adequate filter-
ing action to purify the septic effiuents. This may be a censideration
bpt there are probably enough fines in the profile, the upward movgment
of -1iquid mateérial in this dry.region would be substantial, and the '
water -table being more than 10 feet below the soil surface would prob-
ably not be contaminated. Résearch carried out in the vicinity'by
Keppner suppqrts such a éontention (30). On the steeply sfoping'terrace
faces however,_prob]ems could be encountered with septic absorption
field installations. Therefore such developments shouid be restricted

to the terrace top areas.




-103-

Thg gravg]]y and cobbly naturg of thelMiche]son profile makes it
an ideal sitg for foundation construction. Hdwevér, areas.of relatively
stone-free materials could be encountered. Here the loam textured ma- _
terial would classify as an-A;A.S.H,O. A-4 to A-6,.depend1ﬁg on the silt
vs. clay content, and as such would constitute modefate to severe prob-
lems for flexible pavement, roads and parking areas. Where such condi-
"tions are encountered, in order to avoid the problems of low load
bearing capacity and the'potential for frost damage, excavation and
extensive road bed preparation such as that described for Bozeman silt
loam would be fequired."More commonly however, the -gravelly and cobbly
material will prevail and a construction situation similer to that for
Beaverton gravelly loam will exist.

The Kissick se?ies in contrast has very serious development 1imita-
tions because of the hazards inherent in the high clay content. These

soils, although they are Tevel, well drained and not subject to frequent

?1ooding‘are characterized by a Qery high shrink-swell potential. When

dry, .cracks of up to one inch wfde develop at the surface and evidence
of such cracking can be detecfed to depths of at least three feet in
the soil. This is primarily respcnsible for the unexpectedly high per-
colation rates reported. The percolation tests were perqumed in late
August when these s0ils were very.dry and extensively cracked. -Teét
hole C was soaked much .longer than the others in an attempt to approxi~

mate spring conditions, with the result being that the rate of
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percolation decreased as the soil began to swell. Test hole C was also
located in a profile more_typica] of the clay content represented by
the benchmark site than were test holes A, B and D where the 34 inch
depth texture wés notably 15wer in clay content.

Under spring moisture conditions the Kissick soils swell and show
no evidence éf cracking. Percolation tests performed at this time
would more likely resemble those results whiéh are ghown for Michelsbn.
~ An additional consideration in the use of Kissick soiil for'septic sys-
'tems 1s that the introduction of sodium into the profile would cause

particle dispersion, negligible hydraulic conductivity and eventual
.fai1ure of tﬁe system. The use of‘a'water softener would definitely
be precluded and there is some chance that normal househo1d;eff]hents
would eventually lead to blockage.

The Kissick soils, which have an A.A.S.H.O. ratihg of A-7, have
poor trafficability when wet because of their very sticky and very
piastic nature. Shrinking qnd swelling which occurs under varying
moisture contents and is apparent in the slikensides in the profile
would cause cracking of conven;ional sidewalks, patios, garage floors
and driveways. Exténsive and costly excavation and road bed preparation
would be reqdired in order to have stable roads, streets and parking
areas. |

Devé]opmeht on Loberg soils would not be%as.difficu1t or as costly

as on Kissick soils but it would undoubtedly be more probiematic than
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on Miche]soh soils. S]opg is a factor which is a significant limitation
on almost all Loberg soils in that few occur on slopes of less than 10
per cent. Percotation résults on a Loberg soil which is typically loam
to sandy Toam in texture with 35 fo 70 per cent coarse fragment§ show
very low permeability at the site.tested. The soils at this site were
moist but not saturated at the time of the test.

Because of the high silt content, Loberg soils are susceptible to
" frost héave and consequently would require extensive foundation prep-
arétion for any instailations which would be damaged by such movements.
Loberg soils also appearéd te be prone to slumping and instability.
‘This probably occurs when unfavourable hydrofbgic conditions combine
with slope and physical disturbances. such as road building to precipi-
tate mass movement.

Michener soil was investigated because of the readily observable
hazards which it presented to development and man{pu1ation. At a point
' where a “logging road crossed this soil, the physical evidence of the
great difficulty with which vehicles traversed the area was apparent.
The road was deeply rutted and eroded, and under wet conditions viftua1~
ly impassable because of the highly plastic and sticky nature of the
ﬁoistened soil. The high silt and clay content would rate this soil
an A-7 ALALS.H.O. c]assification'and the vefy Tow rate of permeability

would preclude its use for septic absorption fields.

/4
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- Thgse aré typical tgchnica] and physical features which require
expensivg dgsign and construction to overcome in development. A smail
amount of on-site inspecfion would enable a nonprofessional person who
knew what‘to look for to make at least a preliminary estimation of the
problems which might be encountered with certain propssed developments.
By exposing a soil profile td-ébbﬁt fbur feet in depth; the soil de-
scriptions and maps in the interpretation pub]icatiohs Eould be used
to identify thg sojl at the site. Then by considering the faciors de-
scribed above and consulting‘the timiting soil properties and hazards
and re]ating thém to intérpretations for selected uses cohtaﬁned in
the Soil Interpretations for.eithéf thé Gallatin Valley or the -Gailatin
Cénycn, the investigator would be better informed as tc the nature of
problems which may exist. Any doubtful or questionable features should
be discussed with capable peaple or firms offering so%l<coﬁsu1tation
and deve]opment4services. |

| Too‘freqﬁent]y howevef, espeéiaT]y with private indiyiduals, 1ittle
or no-investigation is performed with the unfortunate result being un-
expected damagg and costly repairs. Larger organizations such ‘as con-
struction firms make uselof such information when designing and bidding
dn proposgd developments. Aithough these people are usually aware of
site problems and can design to minimize detrimental effects, it is
unfortunate that a poorly informed society isvuhab{e to constructively

question the propriety of lecating high-cost, taxation-funded
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developments in locations poorly suited for them. If the public was
able to know]edggab]y scrutinize such undertakings, suBsequent debate
on alternatives and trade-offs would ét least provide taxpayers with
some influence over resource allocation aﬁd deve]obmenf undertaken at
public .expense. This point was revealed in the economic anélysis of

some situations investigated in the Bozeman area.

Soi1 and Associated Naturai Resource Limitations
as Cost‘Increasjng Factors

The investigation of eight cases where site limitations created
development com#lications is ev?dencé of the fact that 1t is expensive
to ignore or to contradict nature. Texture, s]ope'and Tandscape posi-
tion have all exerted their influence in increasing costs. Locating
on steep slopes, too close to ;feeks and in areas of high water table
require unique and expensive septic tank absorptién fie]ds. Locating
' Qtructures and.roads on unstable or silty soils necessitates_very
expensive construbtion and frequent compromise in utility. In almest
all cases, the costs, worry ang'maintenance attention continue after
the initial effort theoretically nullified the hazard. Whether these
costs are large-or small is completely dependent upon the individual's
point of view--what is bBurdening to one is inconsequential to another.

.......

after considering the alternatives decided that the trade-offs were in
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favour of the development. Such occurrences are less common thanlthe
situations where unsuspecting‘deveTDpers are faced with unanticipated
problems which ffequent]y resu]t‘in spiralling costs or inadequate
short term solutions which cont1nue t0 erode the qua]1ty of 1ife for
those who have to live in the presence of the condition. It is not
unusual for situations to develop, such as ‘that described in Case 8,
where the solution may constitute a hazard for other peop1ei—examp1e:
. forcing septic effluent directly into the ground water.

Many discuesants are unaware of‘all the costs which‘they directly
~and indireetly incur for both themselves and the populace by violating
natural resource constraints. 'The cestﬁef a sophisticated'e?evated
'absorptiqn field does not cease with its construction. If financed
undef a typieai.home improvemenfiioan, the total cost increases dra-
matically. If the development is paid fot in cash, a loss of oppor-
tunity investment is a rightfu] charge to the,erra]] cest. Residents
of.flood,p1ains are’ frequently in'the news regarding the plight of
theirqwatery«condifions. A small Flood 6n the West'Ga11atin River 1in
the spring of 1970 destroyed land worth $34.000, structures worth
$78,330 and crops worth $32,000. This represents approximately 1/3 to
1/2 of the people involved (65). These actual losses are only part of
the cost because fhey lead to much greater expenditures which attempt
to protect people from their se]f—impese& disasters. The Gallatin

County Commissioners nave spent $IC,DOO:on dikes and apticipate

L
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spending $100,000 for rip—fap. The man-hours spent by the city of
erzeman in flood control of Sourdough Creek has. risen from 1207 in 1964
to 2031 in 1970 (36). Thousands of‘dol1ars were spent to repair a dike
which burst along ‘the Madison River in late winter of 1972 and imperiled
Tives and propérty_neér Three Forks.. Most of the people involved, while
announcing their 1nt¢ntion to remain in the area demanded public ex-
penditures to alleviate their condition. In this way many of the costs
“created by lack of attention to resolirce situations on the part of in-
dividuals become general costs which the public bears.

.Individua1s insisting on developing in poor sites incur direct
costs for themselves and indirect.costs for the tax-paying public by
demanding public facilities which are correspondingly more expensive
to install. Bezeman residents complain about the poor condition of
| Eighth Avenue.50uth but apparently are unaware that they are -continuing-
te demand and support new roads and streets in areas of equally hazard-
oﬁs conditions which will requife very costly design if they insist on
a road of higher quality than Eighth Avenué. This 1is apparent in that
much of Gallatin County‘s real estate activity is occurring in the area
south and west of Bozeman on soils Qf.low load bearing capacity and
seasonally high water"tables. .Reference to-the.soil 1imitation‘map for
residential development on page'57,indicates'that this area is poorly
suited-to such de?e]cpments.wheréas the Béavé;ton g}aVe11y loam soils

of the Belgrade area have few limitations. The cropping map in centrast
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indicatés the.Bozeman area to be highly suitable for cropping but the
Belgrade area soils to have severe limitations for agriculture.

Development proceeds soutﬁ and west of Bozeman however,‘because
in the absence of any land use'contro1s? beop]e will automatically be
attracted to flat, fertile farmland closer to the mountains and- farther
away from the airport. By extracting from production some of the best
jrriggted agricultural soils which were brought into use at high cost,
"~ other poorer éreas may be substituted at higher operating costs., lower
return and overall decline in efficieht use of energy expenditures.
.Loss-of irrigated soils jeopardizes the perennial economic stability
of the very important agricuitural industry in Gallatin County. On
thé other hand it is difficult to argue for the protection of dryland
agricultural properties when Gallatin County farmers were paid
$1,477,457 in 1971 to not grow crops on 21,326 acres of farmland (84).
It is even more difficu]t to convince a landowner that he should forego
a'potentﬁa1'financia1 windfall by yoluntarj1y withholding the sale of
his property fof4nonfarm uses because it is poorly suited for the pro-
poséd development. Studies have shown however that small towns rarely
benefit by nonfarm deve?opmeﬁt and that only agricu!turé1 enterprises
have a net positive economic result (23).

An.économic analysis of resource‘use is a vastly complex subject
and it has nof been the purpdse of this research endeavour to expose

more than some of the situationé which Gallatin County residents
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frequentiy'ignpre, much to their sorrow. The sole purpose has been to
show that.éome.cénsideration will reveal alternatives and if the pres-
ence of avoidaﬁ]e costs can be demonstrated, then both private and
pub]ic'p]anning agencies will be in a better position to execute more
efficient decisions than they would be in the absence of the informa-

tion.

Future'Emphasis in Using Resource Interpretations

The constitution of the United States guarantees every American
the right to Tife, Tiberty and the pursuit ef happiness. In a society
where individual deportment and p%ivate rights are highly cherished
and vigorous]y-profected, increasing popu]étion in éqnjunction~with
almost unlimited individual capabilities has resulted in many abuses
of the nétion's‘natural heritaée. In the pursuit of life, liberty
and happiness, many individuals have encroached upon the health,
freedom and p1e§sure of others. These situations have given rise
to én,ynprecedented concern for the -individual's right to a quality
environment and-how public and prjvate actions jeopardize that realiza-
tion.

Our soc{ety, founded on free enterpri;e and participatory democra-
cy, has always supported the philosophy that few things should be denied
individuals 1f by legal manipulation of society's systems, these peaple

could afford that which they sought after. In essence, if you can pay
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for it, you can have it, and after you own it you can do what you want
with it. Excess{vg abuse of this latter freedom has created serious
infringement upon both public -and private values and consequently,
regulations concerning use were {nstituted——for exampie: air pollution
regulations, zoning laws and speed limits. However, coﬁtinued depletion
of resdurces,-increasing population and growing concerﬁ for.the natural
environment have given rise to widespread questioning of the moral right
and long-term consequences. of individuals luxuriously consuming and
possessing resources simply because they can afford it. 'Perhaps many
others or the well béing of the nation's environment cannot afferd it.
In the process of evaluation of social mores, attitudes toward private
and public use of uniimited resources are being formuiated. The recent
activity regarding county-wide planning for Gallatin County is an
example.

The forces which fear encroéchmeht upon private permissiveness are
véry sthohg in Galtatin County and have been successful in stymieing
regioﬁél planning establishment. However, change of attitudes resulting
from population replacement, education and increased évidence of unde-
sireable developments will eveﬁtual]y supporﬁ efforts for planned
growth. Unen this occurs, the need for decision-making information
will be even greater than itlig at present.

The soils interpretation'information, as: it exists, lends itself

very well to reveiation of area suitability for residential construction,

1)
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preservation of open.Spacgs,-agricultural land protection priorities
and interim flood plain identification. Further investigatioﬁ and
prediction vefinements could faci]itéte knowledge for the protection
and managément of aquifers, important watersheds, recreation resources,
Qame ranges and traasportation routes. Research presently in progress
to computerize soils and related data could be used to mAKe.predictive
statements when inserted into éppropriate regional models. This
assumes however that equally important information on the other critical
resources such as air, water;.geology_and vegetation will be évai]ab]e
and that appropriate weighting, Qalues and comparable parameters can
be identified. This in itseif is én intricately complex and relatively
massive undertaking. Computer ana]ysié and map-printing systems com-
parable to but much more sophisticated.than the computerized slope map
previously described could be used to interpret, predict and dispiay
with instructed objectivity that which we now éttempt to-do by manual
]ébour. +Simple manipulation of values and weighting éystems could
demonstrate the changes in predictive outcome resulting from different
approaches to development. In this way priorities can be appiied to
alternatives, externalities can be experimentally internalized and
rational decisiqnslin harmony with identified soéia] objeétives could-
be facilitated. |
In the finél analysis however, human desﬁféé, Qa]ues and néeds

will probabﬁy-continue to determine the balance of trade-offs and
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courses of action. By utilization of a systematic approach to resource
deve]opmgnt howgvgr, society will at 1east'be capable of more knowledge-
ably infiuencing control of its destihy. While it is undoubtedly
possible to phy;ica]]y achieve the foregoing which undeniably would be
an ambitious and meritorious project, an edua]?y importént task must
" be successfully .accomplished if the former is to be of any practical
value. Efforts towards social motivation must.necessari]y establish
a sense of need. and desire to accomplish efficient resource use amongst
the populace or the capability to execute it will be of 1ittle conse-
guence.

In subsequent presentations of the soil and-associated,ﬁéturai
resource interpretations and development considerations, at least two
major objéctives should be pursued.. These are to contact both those
individuals who afe convinced and those who are unconvinped'that’thgre
is an wurgent need to engage in moré éfficient resource allocation and
régionalﬁp1anﬁing.

Y,Many convinced peob]e need fo becomé better equipped to engage'in
meaningful participation in the regional planning process. Enthusiasm
and concern dd.not automatically guarantee understanding and accomplish-
ment. In order to be effective in forming justified opinions and
making objective decisions, barticipants in planned growth policy
formulation must have pertinent facts. Theseafact§ must be presented

in an appropriate language and context in order to assure their proper
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assessment and.inclusion in the decision-making proceSé. Whether these
planning participants are engaged iﬁ resource ménagement'activities as
individuals on privately owned prﬁperty or as public officials with a
larger responsibility, they:can utilize the soils and résoﬁrce informa-
tion both at a detai1ed scale or at the more geneva]ized scale to plan
development or management programs. |

Unconvinced people need to be exposed to the merits and benefits
of using resource interpretations fo effect move efficient growth, both
for individuals and society. Too frequently however, many people have
no éppreciqtion or concern for public vaiues or 10ng~term'cohcepts of
societal welfare. In such instances a successful appeal to individual
benefits in the short-term may be achieved with the demonstration of
cost en]argemeht resulting from'contradiction of nature and physical
constraints. This falls far §hort of the larger and more philosophic
objective of regional approaches tc land use policy but it cannot be
réjectedqas being inconsequential; for all things start somewhere. 1I%
is also not impossible that such iﬁdjvidua]s, if they are favoufab]y
impregsed by a sincere, simple and meaningful approach to tand use will
be motivated to consider themselves as leaders of changa. They cpu%ﬁ
become staunch supporters of innovative ﬁractices which preserve and
enhance the Montana way of iife. |

It is important'however fo be .acutely aw;re o%%the fact that soil

and associated natural resources as-discussed in this thesis are only a
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small part of all the considerat{ons'necessary to .achieving a compre-
hensive assessment of resource development priorities. Other physical
and biological factors such as hydrology, climate, geology, v:egetationD
distance and elevation are no less important and in many cases undoubt-
edly of greaterICOncern %n decision making. Social and economic values
are important Tﬁputs to resource allocation commitments and society's
established support systems of: transportation, services and communica-
- tion are obviously another of the vital considerations iﬁ considering
alternatives, identifying trade-offs and deciding priorities.

Future efforts should be exerted in contacting the public for
further gufdance in formuiating reg1bn§T planning research projects
of ;o;ieta] relevance. If failure by default is to be averted, then
one of the continuing objectives of this kind of research must be to

get the results to the decision makers. At least one way to do this

is through State Extension Service involvement in community development

bkograms. Other appropriate outlets for distribuiion of such informa-
tiqn*gre chambers of commerce, real estate agencies, contractors and
builders associations, county éommissfoners aﬁd any other agencies
which havé some contact with the public. Researchers must be cognizant
,thét‘info%mation which is not reédi]y available or appropriately ad-
vertised Qi!] Ee of little consequehce in achieving a beneficfa] soci-

etal impact. .~
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SUMMARY AND CONCLESIONS
Trends in use of natural resources in United States and the State

of Montana prognosticates the high values. both real and intangible

which will be placed on western Montana's spectacular natural attributes.

The increasing demand for quality outdoor recreafiﬁn opportdnities and
development of coftages, second homes and recreation resorts has exposed
the intensifying conflict between historic activities and the new pri-
orities. Inadequate management, incompatible resource use practices,
the threat of depletion or degradation of unique natural features and
the growing concern for the state of environmental quaTity have all
combined to reVéaT a desperate need for information which wili facili-
tate effective land use pTamazing decisioné, .

This need poses a‘direcf challenge to the resource scientist to be
innovative, accurate and pertinent in his research, analysis and re-
porting. To be useful, resource management information must be easily
uﬁderstood so it can and will be incorporated into the decision-making
process by those, examiners who are unable or unwilling to decipher and
interpret uninferesting or complicated scientific-data.

The unique bounty of high quality natural resources suitable for
a large variety of cutdoor recreation.actiyities.and,a peaceful and
attractive way of western life are attracting population growth and
development to Galiatin Codnty in proportigns’unequa1}ed in Monfaﬁa4

Attempts to engage in regional planning have been sporadic and
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uncoordinatgd, p%rt]y because of the lack of appreciation for the
ne;essity,of such actions on the part of Toca].decision makers and the
absence of pertinent information which could help facilitate a socially
acceptable p1ann{ng philosophy. It is well known that environmental
quality and historic local customs are inevitably destroyed'by over
participation.and disorganized development. Unfortunately however,4
unimaginative and traditional approgéhes to instituting planned ‘growth
policies have been pursued in this area where private rights, independ-
ence and‘rugged individualism are high]y esteemed, and not surprisingly,
have been rejected. An approach which appeals. to a respect for the
land, its resources and their combined productivity, both tangibie and
intangible, is more Tikely to be favourably received by individuals
who Qa]ue‘their natural heritage and self-directed destiny more than
unjustified sacrifices for holistic philosophies.

The importance of soil and natural resources is readily reqognized_
éﬁd appreciated in an agriculturally dominated community. Therefore
an approach which emphasizes a "design with nature" in which careful
attention is accorded soil and natural resource development hazards
shoutd have deéireab]e.acceptancé. o

Surveys for the purpecse of,inVentorying basic resource factors
preparatory to making land use suitability predictions were carried out
for most 9f the county. Residential deve1op;ents; agricultural land,
recreétion areas and wilderness components were q11 represented within
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| the survey-boundarigs. Soil interpretations for land use planning and
development were determingd by analyzing the resource information ac-

. cording to established guidelines. Up to twenty-two individual resource
properties such as slope, seasonally high water table or poor lcad
bearing capacity were used in rating'individual soils as having slighf,
moderate or severe limitations for sixteen uses such as septic tank
.drain fields, recreation sités and roads and streets.

Individual colour-coded Tand use soil Timitation maps were prepared
on transparent mylar where slight, moderate and severe Timitations for
the particular use were geogfaphica]]y depicted in green, yellow and
red colours. These maps have been used at presentations to over 1500
. persons where various combinations of overlays are used to demonstrate
a wide range of Tocational suifabi11ties for different kinds of de?e]op—
ment or land use. These maps are easily understood and were favourably
f.rece{ved;'even by se]f-proc]aiméd'opponents to anything associated with
npianning. ‘

The expression of a desire to know more about what constitutes a
soil or site limitation and.what that implies in terms of increased
costs required‘to overcome the hazard was the basis for carrying out
detailed site ihvestigationsf ?hése detailed facts, when appropriately
presehted in conjunction wifh the concomitanf.economic infdrmation
increases the credibility of .the soil 1nterp%efatibns and iends support

to the overall philosophy of the desirability of a land use’policy

-k
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which "designs with nature."

A ]argé part of the merit'and potential "success of a low-keyed,
nonpartisan apprqach which emphaéizes respecf for and proper treatment
of the Tland is that most'individua1s, 1rresp¢ctivg of their attitudes
regarding private values and public welfare, can_identify potential
benefits which they could experience by using this Tnfofﬁétion. Any
action towards more efficient fesource utilization resulting from the
use of-this information, whéther‘if be by an individual or a public
body, justifies future engégement ﬁn,éimilér activities pursuant to

the identificatfon of socially relevant problem-solving efforts to
which the resource scientist caﬁ apply hisvexpertise.

In conclusion, it can be succinctly stated that;

1. The increasing use of‘and concern for the natural heritage and out-
_door environment of the nation has created a demand for information on
" which to Basé action programs desighed to restore and maintain the
qﬁa]ity*and quantity of attributgs and benefits derived Trom naturai
resources. |
2. There is an urgency to convince disbelievers that it is imperat{ve
to engage in more efficient resource use and allocation in order to
ensure the future well being of the nation and its people; |
3. Soils and associated natural resource interprekations resulting
from the vesearch heréfﬁ repcrted, Whén ﬁresented~in an appropriateiy

technical, adequately simple and economically meaningful language is
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sufficiently comprehendib]g to effect a favourable reception and sig-
nificant impact on 1. and 2. above. Such success is evidence of the
proof of the hypothesis that soils and associated natural resources

are important decision parameters in the regional planning process.
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FOREWORD

These so%] interpretations for land use planning and development
were prepared at t&e request of the Gallatin County Commissioners and
the Gallatin Valley Soil and Water Conservation District. The 1931
soil survey report and map attached to the back cover describe and
dé]iniate tﬁe wide variety of soiis in the vai]ey. Usiﬁg'this map as
a base, local soil scientists and agther specialists have combined their
firsthand knowledge derived from years of field experience in the area
and have takenlinto consideration the available laboratory data, engi-
neering guides and currént Montana Department of Health standards.
Using this information, they have developed tables which indicate local
soil Tlimitations or suitabilities for cropping, road locations, urban
déve]opment, waste disp65a1, recreation sités and other uses. These
interpretations will not eliminate the need for on-site soil investi-
gations_for specific design and construction.
o Soii survéy information is basic to sound planning and development
of our ruré] and urban land resources. Even though severe soil Timita-
ti&ns can often be overcome thrbugh engineering and technology, it is
our'purpose tb encourage careful consideration of all costs to deveil-
opers, buyers and taxpayers before soils are put to uses which are not
suited to their natural properties. Theoretically, any soil can be

used for any purpose--practically, the costs may be too great.
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EXPLANATION OF TABLE 1 - “Estimated Soil Limitations or Suitability

for -Selected Uses.™

The map symbols and ﬁames.of §oils given at the top of Table 1 are
keyed tb the attached soil survey feport and map published in 1931.
Soils are rated for each of 16 selected uses shown at the left of the
table. |

Soils rated as éligﬁg.are relatively free of limitations or have
Timitations that are easily overcome. Soils rated as.moderate have
limitations that need to be recognized but can be overcome with good
'management and careful design. A severe rating indicates Timitations
that are difficult or costly to overcome. A‘severe rating does not
mean the sof1 cannot be used for a specific use, but it means that
careful planning‘and-design and very good management are needed. In
some cases, severé 1imitations are not économica]ly feasible to correct.

Numbers-f011owing ratings of moderate and severe are keyed to 15
iimiting propérties 1istedron pageé facing Table 1. These numbers
~,1dentify'the major‘propertfeé which determine the limitations of a .
~particular soil.

A1l interpretations are based on the upper 5 feet of soil materiai
in its natural state unless otherwise noted. Geclogic reports can be
of behefit’for'eva1uatihg material below five feet.

These interpretations are for general p]anning. A1l soil




_ -130-
differences which.occur in the field cannot be shown Qn a general s0i1
map. Therefore, on-site investigation is needed for specific design
and construction.

Unlike modern soil surveys, the 1931 survey does not separate soit
areas that aré neafly level from those witﬁ éteeper slopes. Thus,
slope percentage must be measured in the field or obtained from topo-
graphic maps. - Table 1 shows that Amsterdam silt loam, for example,
has s]ighf limitations for cropping; moderate limitations if slopes
~are 5 to 9% and severe Timitations if stopes exceed 9%. Other soils
such as Bridger stony‘1oam; a]tho&gh they also occur on-a variety of
slopes, have otherhlimitations such as exireme stoniness which over-
ride the prqb]ems of éiope. Still, other-soils such as the Beaverton
series occur only on ﬁear1y~1eve1 areas and therefore are not Jimitgd
by the slope factor.

The 16 selected uses of soil and the properiies considered im—
pbftant in evaluating soils for each use are given below:

'Qrogging is based on the capability of the soils, when properly'
:mahaged, to sustain cropping without risks of serious soil damage. It
is affected by factofs suchas soil texture, depth, permeability,
-available water holding capacity, flooding or ponding hazards, salinity

and alkalinity, slopes and erosion hazard.

Road and Street Location is affected by depth to seasonal high

water table, flooding hazard, load-bearing capacity, frost action
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potential, stoniness, depth to bedrock and topography.

Foundations for Low Buildings with Basements are affected by soi?l

propertfes and oﬁher related factors such as soil texture and density
of the subsoil an& substratum, flooding or ponding hazards, seasonal
highiwater'taple, slopes as related to cuts and.fi11s, depth to bed-
rock and differential settling of moved material. This soil interpre-
tation doés not take into consideratfon'the'use of on-site sewage

disposé]‘systems.

'Lawns and lLandscaping are influenced by soil properties such as
texture, depth to seasonal high water table, flooding hazard, depth to
“-bedrock, stoniness, salinity or alkalinity of the surface 12 inches.

‘Pafking Areas ére affected by properties such as depth to seasonal

high water table, f]ooding_hazard, load-bearing capacity, frost action
potential,_stoninesé, depth to bedrock and topography.

Camp‘Areas for‘recfeation are subje&t to heavy foot and some
vehicular traffic during the camping season. Soil properties and re-
lated, factors of importancé are depth to seasonal high water table,

" flooding or ponding hazards, permeability, slope, soil texture, stoni-
ness, and degree of rockiness.

Picnic Areas for recreation.are subject to heavy foot traffic. It

is assumed that most vehicular traffic will be confined to access roads.
Soil properties and other related factors of importance are depth to

seasonal high water table, flooding hazard, slope, soil texture,
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stoniness and degree of rockiness.

.Playgrounds for recreation are subject to heavy foot traffic.
Soil properties and other'he1ated factors bf importance are soil tex-
ture, depth to seasonal high water table, flooding or péndingAhazards,
depth to bedrock, stoninéss and topography.

Septic Tank Filter Fields are influenced by the ease of movement

of effluent through the soil. Related factors are seasonal high water

. table, f]ooding‘hazard, slope, depth to bedrock, hydraulic cbnductiviﬁy

and ground water contamination hazard.

Sewage Lagoons are rated on the adequacy of the 'soil material to
preuént water seepage from the lagoon. Soil characteristics affecting
-éewage'1agoons are hydrau11c conductivity, slope, depth to bedrock,
coarse fragments; stoniness, soil texture and organic matter.

Sanitary Land Fills are designed to operate without contaminating

-'water supplies or caﬁsing health hazards. Important soil related
factors are texture, seasonal high wéter table, depth to bedrock and
topography - |

Cemeteries are affected by soil properties‘and other related
factors such as seasonal high water table, fiooding hazard, depth to

hard rock, sTope, stoniness and soil texture.

Pond Reservoir Area is rated on the adequacy of the soil material
to prevent water seepage from the reservoir. Soil properties most im-

portant are hydrauiic conductivity and seepage rate, depth %o water
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table, and organic matter content.

Fill Material Other than Embankment is rated on the basis that the

material is removed and transporﬁed to another Tocation to be used as
fill material. Important féctors are texture, stonines;, soil depth,
seasonal high wafer table, frost action potential, salinity and alka-
linity.

Pond Embankment Materials are those features of disturbed soils

that affect their suitability for constructing earth fills. These
include compaction characteristics, compacted permeability, suscepti-
bility to piping, salinity and alkalinity and organic matter content.
Topsoil is rated on-soil properties such as texture, thickness of
the surface layer, presence of coarse fragments, organic matter con-

tent, wetness of the surface Tayer, salinity and alkalinity.
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Limiting Soil Properties and Hazards

Indicated by Number in Table 1

Frequency of flooding or surface ponding

Seasonal ground water table within 3 feet

Slepe percentage:

- f.

Load bearing capaéity

a.
b.:
c.
. Susceptibility to piping:
a.
b.

. High organic matter content

a. Less than 2
b. 2tob
€. 5to9

~d. Less than 9

. More than 9
9 to i5

g. More fhan 15
Relief

0.20 t0 0.63

0.63 to 2.00

More than 2.00

Modefate

High

.- Hydraulic conductivity (1nch¢s-per hour):




10.
11.
12.
13.
- 14.
15,
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. Frost.action potential:

a. Moderate

~b. Hidgh

Sa]fnify and alkalinity

Ground water po]]ution
Coarse.fragments“(gra9e1, cobble or stones)
Dépth'to 1065e sand or sand and grave]l

Soil texture |

Depth to bedrock (less than 40 inches)

NOTE: These interpretations are for general planning. On-site

investigation is needed for specific design and construction.
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Table 1. Estimated Soil Limitations or Suitability for Selected Uses.
(As) Amsterdam (Ag) Ashuelot (Bg) Beaverton (Bo) Bozeman (Bc) Bridger (Bs) Bridger
Map Symbols silt loam; (Av) gravelly loam gravelly loam; silt loam; (Bo) silty clay stony loam
and Amsterdam very (B1) Beaverton Bozeman silt loam; (Bm)
Soil Names* {fine sandy loam loam; (B1) loam, brown Bridger loam;
Beaverton loam, phase (Br) Bridger
dark colored gravelly loam
phase
ations for:
Cropping light Severe 13 Severe 13 Slight Slight Severe 12
Moderate 3c Moderate 3c Moderate 3c
Severe 3e Severe 3e Severe e
Road & street Severe 5,% Slight Slight Severe 5,% Moderate 5,8,%9a | Moderate 3f
location Severe 33,5,% Severe 3g,5,9% Severe 3g Severe 3g
Urban development
-foundations for Slighr Slight Slight Slight Slight Severe 12
low bldgs. with Moderate 3f 8 Moderate 3f Moderate 3f
basements Severe 3g Severe 3g Severe 3g
-lawns and Slight Moderate 12,13 Moderate 12,13+ Slight Slight Severe 12
landscaping Moderate 3f Moderate 3f Moderate 3f
Severe 3g Severe 3g Severe 3g
-parking areas Severe 5,% Slight Slight Severe 5,% Moderate 3b&c, Moderate 3b&c
Severe 3e,5,% Moderate 3b Severe 3e,5,9% 5,8,% Severe e
Severe 3e
Recreatrion
-camp areas Slight Slight Slight Slight Slight Severe 12
< Moderate 3c&f Moderate 3c Moderate 3c&f Moderate 3c&f
Severe 3g Severe 3g Severe 3g
-picnic areas Slight Slight Slight Slight Slignt Moderate 12
Moderate 3e - Moderate 3e Moderate 3e Moderate 3f,12
Severe 3g 3
-playgrounds Slight Slight Slight Slight Slight Severe 12
Moderate 3b Moderate 3b Moderate 3b Moderate 3b
Severe 3c Severe 3¢ Severe 3c Severe 3c
Waste disposal 3
-septic tank Slight Slight Slight” Slight Severe 3e,12
filter fields Moderate 3c Moderate 3¢ Moderate 6b
Severe 3e Severe e Severe 3le
-sewage lagcone Moderate 6b Severe 6c’ Severe Gcﬂ Moderate 6b Moderate 6b Severe 12
Moderate 3bé&c,6b Moderate 3bé&c,6b Moderate 3b&c,60
Severe 3e Severe 3e Severe 3e
-sanitary land Moderate 14 Sllght’I Slightﬂ Moderate 14 Slight Severe 12
fills Moderate 3f,14 Moderate 3f,14 Moderate 3f
Severe 3g Severe 3g Severe 3g
Other uses
-cemeteries Slight Slight Slight Slight Slight Severe 12
Moderate 3f Moderate 3f Moderate 3f
Severe 3g Severe 3g Severe 3g
-pond reservoir Severe 7b Severe 6¢ Severe 6¢ Severe 7b Moderate 6b
area
Suitability as
...Source of:
Fill material other Poor 5,9b Good Good Poor 5,9 Fair to good Poor 12
than embankment
Pond embankment Poor 7b Poor 6¢,12 Poor 6¢,12 Poor 7b Good Poor 12
material
Topsoil Good Poor 12 Poor 12 Good Good Poor 12

* Names of soils are tentative and subject to change.

# The possibility of groundwater pollution should be investigated where polluted water will drain through coarse, clean gravels and
cobbles which have little filtering capacity.

These interpretations will not eliminate the need for on-site soil investigations for design and construction.
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Table 1. (Cont'd)
(Ge) Gallatin (Gs) Gallatin| (Hf) Havre fine (Hr) Huffine (Hs) Huffine (Hg) Hyrum (Ma) Manhattan
Map Symbols silty clay loam;| silt loam, sandy loawx; gravelly loam;| silt loam, gravelly loamy sand;
and (Gs) Gallatin swampy phase (Hf) Havre fine (Hs) Huffine poorly drained| loam (Mf) Manhattan
Soil Names* silt loam sandy loam, dark| silt loam phase fine sandy loam;
colored pinase (Mf) Manhattan
fine sandy loam,
smooth phase;
(Mf) Manhattan
fine sandy loam,
gravelly subsoil
phase
Soil Limitations for:
Cropping Moderate 1,2 Severe 2 Moderate oo Slight Severe 2 Severe 13 Moderate 14
Severe 1,L%
Road & street Severe 1,2,% Severe 2 Slight to Moderate 2 Severe 2 Slight Slight
location Moderate I Moderate 3f
Urban development
-foundations for | Severe 1,2 Severe 2 Moderate ©o Severe 2 Severe 2 Slight Slight
low bldgs. with 4 Severe 1,2 Moderate 3f
basements
-lawns and Severe 1,2 Severe 2 Slight to Slight Severe 2 Moderate Slight
landscaping Moderate I 12,13 Moderate 3f
-parking areas Severe 1,2,% Severe 2 3light to Moderate 2 Severe 2 Slight Slight
Moderate I Moderate 2,3b Moderate Moderate 3bé&c
3bé&c Severe 3e
Recreation
-camp areas Severe 1,2 Severe 2 Slight tao Slight Severe 2 Slight to Slight
Severe L Moderate 3c| Moderate 3c&f
Moderate 3c
-picnic areas Moderate 1 Severe 2 Slight to Slight Severe 2 Slight Slight
Moderate L Moderate 3f
-playgrourds Severe 1 Severe 2 Slight te Slight Severe 2 Slight Slight
Moderate I Moderate 3b Mcderate 3b| Moderate 3b
Severe 3c Severe 3c
Waste disposal ”
-septic tank Severe 1,2,11 Severe 2,11 Moderate o Severe 2,11 Severe 2,11 Sllg'nc' Slight
Severe 1,2,11 Moderate 3c| Moderate 3c
Severe 3e
-sewage lagoons Severe 6¢,8,11 Severe 2,11 Severe 6c, i1 Moderate 6b,11] Severe 2,11 Severe 6¢c, Severe 6c

Severe 6c¢,l1

11

Severe 3e,b6c

-sanitary land Severe 1,2,11 Severe 2,11 Moderate to Severe 2,11 Severe 2,11 Sligh:" Slight
fills Severe 1,7 Moderate 3f
Other uses
-cemeteries Severe 1,2 Severe 2 Moderate To Severe 2 Severe 2 Slight Slight
Severe 1.2 Moderate 3f
-pond reservoir Severe 6¢ Severe 6¢c Severe 6c Severe 6¢ Severe 6¢ Severe 6¢c Severe 6¢
area
Suitability as
Fill material ot'her Poor 8,9b Poor 2 Good Poor 8,% Poor 2 Good Good
than embanlment
Pond embankment Poor 1,7b,8 Poor 2 Poor 6bc Poor 7b,8,% Poor 2 Poor 6¢,12 Poor 6¢
material
&
Topsoil Good Poor 2 Good l Good Poor 2 Poor 12 Good

* Names of soils are tentative and subject to change.

# The possibility of ground water pollution should be investigated wimsre polluted water will drain through coarse, clean gravels and
cobbles which have little filtering capacity.

NOTE:

These interpretations will not eliminate the need for on-site swuil investigations for design and construction.
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Table 1. - (Cont'd)
(Mv) Manhattan (Mg) Manhattan (Mv) Manhattan | (Ms) Millville | (M1) Minatare | (M1) Minatare (Rb) Rough
Map Symbol very fine sandy gravelly loam very fine silt loam silt loam silt loam, broken and
and loam; (Mv) sandy loam, brown phase mountainous
Soil Names* Manhattan very shallow phase land; (Rw)
fine sandy loam, Riverwash
colluvial phase
Soil Limitations for:
Cropping Slight Moderate 12,14 Severe 15 Slight Severe 2,10 Moderate 2,10
Moderate 3c
Severe e
Road & street Severe 5,%b Slight Moderate to Severe 5,% Moderate to Moderate 2,%a
location Moderate 3f Severe 15 Severe 2,9
Urban development
-foundations for Slight Slight Severe 15 Slight Severe 2 Severe 2
low bldgs. with | Moderate 3f Moderate 3f
basements
-lawns and Slight Slight Moderate to Slight Severe 10 Mcderate 10
landscaping Moderate 3f Moderate 3f Severe 15
-pari:ing areas "Severe 5,9 Slight Moderate to Severe 5,% Moderate to Moderate 2,9%a Too
Severe 3d,5,% Moderate 3b&c Severe 3e,l5 Severe 2,%
Severe 3e Variable
Recreation ge
~camp areas Slight Slight Slighe Slight Moderate to €light to 0
Moderate 3c&f Moderate 3c Moderate 3¢ Moderate 3c Severe 2 Moderate 2
Evaluate
-picnic areas Slight Slight Slighe Slight Slight Slight
Moderate 3f Moderate 3f Moderate 3f
~playgrounds Slight Slight Moderate to Slight Moderate to Slight to
Moderate 3b Moderate 3b Severe 3c,l15 Moderate 3b Severe 2 Moderate 2
Severe 3c Severe 3¢ Severe 3c
Waste disposal A A
-septic tank Slight Slight Severe 3e,l15 slight” A Severe 2,11 Severe 2,11
Moderate 3¢ Moderate 3c Moderate 3¢’
Severe e Severe le
-sevage lagoons Moderate 5b Severe 5S¢ Severe 15 Severe 6c¢,11 Moderate &b, Moderate 60,11
Moderate 3bé&c,6b Severe Je,bc Slight 11
Severe e
-sanitary land Moderate 14 Slight Severe 15 Severe 2,11 Severe 2,11
fills Moderate 3f,14 Moderate 3Je
Other uses
~cemeteries Slight Slight Severe 15 Slight Severe 2 Severe 2
Moderate 3f Moderate 3f
-pond reservoir Severe 7b Severe 6¢ Severe 15 Severe 6¢ Moderate 6b Moderate Ab
area
Suitability as g
Fill material other Poor 5,% Good Poor 5,9 Poor 8,9 Poor 9% Pocr 9b
than embankment
Pond embankment Poor 7b Poor 6c¢ Severe 6c Poor 7b Severe 2,7b Severe 2,7b
material
Topsoil Good Fair 12,14 Good Good Poor 10 Moderate 10

* Names of soils are tentative

and subject to change.

# The possibility of ground water pollution should be investigated where polluted water will drain through coarse, clean gravels and
cobbles which have little filtering capacity.

NOTE:

These interpretations will not eliminate the need for on-site soil investigations for design and cornstruction.
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DESCRIPTION OF GALLATIN VALLEY SOILS

Amsterdam Series’

‘The Amsferdam soils. are most extensive south of the community of
Amsterdam, extgnding from Camp Creek to the Gallatin Rivar and on the
Bridger Range sTopes east of Dry Creek. These soils comprise about
11 per cent of the surﬁéy area. They developed in calcareous silty
materials on upland fans and'terraces.' Elevation ranges from 4000 to
5000 feef. Mean annual precipitation is 14 to 17 inches. These are |
we]]—draﬁnedé dark colored soils. They have a thin silt loam surface
layer and a'thick silt 10aﬁ or silty clay loam subsoil. The subsoil
is underlain by calcareous silt loam to depths of at least 60 inches.

(As) Amsterdam silt loam.. This soil is on upland fans and ter-

races with slopes of 0 to 15 per.cent. The dark colored silt loam
surface layer is about 6 inches thick. The silt Toam or silty clay
loam subsoil is 6 to 14 inches thick. Depth to calcareous material
varies fronﬁ 12 to 20 inches.

Tﬁis soil is used mainly for small grain and hay.

(Av) Amsterdam very fine sandy loam. This soil is on upland fans

and terraces with s]qpes'of 0 to 10 per cent. The dark colored very

" fine sandy Toam surface layer is about 4 inches thick. The very fine

sandy lcam subsoil is 5 to 10 inches thick. Depth to calcareous mate-

rial varies from 9 to 14 inches.
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This soil is used mainly for small grain and hay.

Ashueiot Series

The Ashuelot soils are most extensive south of Three Forks and
weét of the Madison River and comprise about 2 per cent of the area
mapped. They developed in calcareous loamy material on upland benches.
Elevation ranges from 4000 to 5000 feet. Mean annual precipitation is
11 to 14 inches. These afe well-drained, dark co]qred soils. They
have a thin gravelly Toam surface layer and a thick calcareous gravelly
and cobb]y_]oam subsoil. The subsoil is under}ain by discontirnuous
layers of cemented fine sand and gravel and extremely thick lime
encurstations on coarse frégments at depths between 15 and 20 inches.

(Ag) Ashuelot gravelly loam. This soil is on upland benches with

slopes of 2 to 15 per'cent. The dark colored gravelly ]oam‘surface
layer-is about 6 inches thick. The gravelly and cobbly fine sandy
loam ;ubsoi] is 9 to 14 inches thick. Depth to the discontinuous
cemenjed sand'and'gravél is 15 to 20 inches.

This soil is used mainly for grazing and wildlife.

Beaverton Series

The Beaverton soils are most extensive in an area surrounding
the town of Belgrade and in areas bordering Middle Creek, Gallatin

River and Cottonwood Creek -east of Gallatin Gateway. These soils
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comprise ahout Z per ceﬁt of the area. Ihey‘deve]oped-in calcareous
loamy materials on low terraces. Elevation ranées from 4000 to 5000
feet. Mean annual ﬁrecipitatioﬁ'is 13 to 17 inches. These are weTll-
drained, dark colered soils. They have a thin to moderately thick
Toam or grave]]y'!bam surface 1axer and a moderately thick clay loam
subsoil. The subsoil is underlain by Toose sand and gravel at depths
~ between 10 gnd 25 inches.

(Bg) Beaverton gravelly loam. This soil 1s on low terraces with

slopes of 0 to 3 per cent.. The davk.co]ored gravelly to very gravelly

loam sﬁrfaqe 1ayér'1s about 6 inches thick. The very gravelly foam

subsoil 1s 4 to 9 dnches thick. Depth to loose sand and:gravel varies
from 10 to 15 fnches. |

| This-soil 1s used mainly for pasture and wildiife.

(B1) Beaverton loam. This soil is on low terraces with slopes of

0. to 3 pér cent. The dark colored loam surface layer is about 8 inches
thick." The clay Toam subsoil is 7 to 12 inches thick. Depth to cal-
careous material varies from 15 to 20 inches. Scattered gravels

" oceur in thié unit énd_grave]]y types less thian 2 acres in size are
included.

| This soil is used mainly for small grain, hay, pasture and wiid-
Tife. |

(BY) Beaverton loam, dark colored phase. This soi} is on Jow

terraces with stopes of 0 to 3 per cent. 1t is similar to the typical
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Beaverton Joam except the surface layer and subsoil are 1 to 2 inches
thicker and are darker in color. The calcareous sand and gravel are
at depths between 20 ahd 24 inches.
This soil is used mainly for small grain, hay, pasture and wild-

Tife.

Bozeman Series

- " The Bozeman soils are most extensive in the vicinity of Bozeman
and the southeastern part of the Qa]}ey. Thése soils comprise about

5 per cent of the area. They: developed in calcareous silt Toam mate-
riaislen upland fans and terraces. Elevation vanges from 4500 to 6000
. feet: Mean annual precipitation is 16 to 24 inches. These are well-
drained, dark colored soils. 'They have a moderately thick silt Teoam
surface 1éyer and a thi;k silty clay loam subsoil. The subsoil is
underlain by calcareous si]f loam to a depth of 60 inches.

(Bo) Bozeman silt loam. This soil is on upland fans and terraces

with slopes of 2 to 15 per cent. The dark colored silt Toam surface
Tayer is about 8 jnches_thick: The silty clay loam subsoil is 10 to

22 inches thickg Depth to calcareous material ranges from 18 to 30
inches.. Inc]udgd with this soil are small areas less than 2 acres in
size of’Bridger'soils. They .occur where the Bozeman and-Briﬂger sofis

. have a common bcunéary. " They make up from 5 to'lolper cent of the unit.

This soil is used mainly for small grain, hay and wildlife.
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(Bo) Bozeman silt Toam, brown phase. This soil is on upiand fans

and terraces with slopes of 2 to 15 per cent. It is similar to the
typical Bozeman silt loam execept the subsoii is silt Toam and the sub-
stratum is Very fine sandy Toam. This soil is Tighter in coler than
the typical Rozeman silt Toam. 'Included with this soil are small areas
less than 2 acres in size of Amsterdam soils. They occur where the
Bozeman and Amsterdam soils have a comﬁon boundary. They make up from
-5 to 10 per cent of the unit. |

This soil is used main]y'fof small grain, hay and wildlife.

Bridger Series

The Bridger soils are most extensive on the foothills and alluvial
fans of the Bridéer, Ga?]atfn and Madison ranges. These soils comprise
about 10 per cent of the area. They developed in Tcam or clay loam
materials on upland fans and terraces, Elevation ranges from 4500 to
6000 feet. Mean annual precipitation is 18 to 24 inches. These are
well-drained, dark colored sbi]s. They have a moderately thick Toam
surface and a-thick clayey subsoil. The subseil is underlain by cal-
éareous, stony and gravelly loam to a depth of 60 inches. Gravel,
cobble énd stone comprise 5 to 30 per cent of the volume throughout

the soil profile. | |

(Bm) Bridger loam. The soil is on alluvial fans and foot slopes

with slopes of 2 to 30 per cent. The dark colered Toam surface layer
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is about 8 inches thicg. Thg c]qyey subsoil is 16 to 24 inches thick.
Depth to_ca]careous'materia1 varies from 24 to 32 inches. The subsoil
is underlain by stony and gravelly Toam.
This soi1 is used.mainly for small grain, hay, grazing and wild-
life.

(Bc) Bridger silty clay 1oam. This soil is on alluvial fans and

foot slopes Withus1opes of 2 to 30 per cent.. The dark coiored silty
- clay loam surface layer is about 8 inches thick. The silty clay sub~
soil is. 16 to 24 inches thick. ﬁepth to calcareous material varies
from .24 to 32 inches. The subsoil is underlain by stony énd‘grave1]y
loam, |

Thfsvsofl is used mainly for s@a]] grain,_hay, grazing and wild-
life.

{Br) Bridger grave11y'10am. This soil is on alluvial fans and

foot slopes with s]obes of 2 to 30 per cert. It is similar to the
B%idger sJoam except for the increased gravel content in the soil. The
nitrogen, phbsphorué and calcium content is generally less than that

- of the Bridger loam.

This soil is used mainly for small grain, grazing and wildiive.

{Bs) Bridger stony loam.. This soil is on alluvial fans and foot
slopes wifh slopes of Q0 to 20 per cent., The dark colored stony loam
shrface }aye? is about 8 inches thick. The stony, gravelly and cobbly

sandy clay loam subsoil is 16 to 24_inéhes thick. Depth to calcareous
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material ranges from 24 to 32 inches.

This soil is used mainly for grazing and wildlife.

Gallatin Series

The Gallatin soi?s.are most extensive in areas bordefing the Gal-
latin and East Gallatin rivers and Reese, Bridger and Bozeman creeks.
‘These soils comprise about 7 per cent of the area. They developed in
- calcareous silt loam matéréals on low stream terraces. Elevation ranges
. from 4500 to 6000 feet..:Mean annuaT.precipitation is 14 to 20 inches.

_ These are somewhat poofiyito pbor]y drained, dark co]ofed soils. They
have a moderately thick silt loam surface layer and a thick silt loam
or clayey subsoil. The subsgil s underlain by loose sand and gravel

at depths between 30 and 60.inches.

{Ge) Gallatin silty. clay loam. This soil is on low stream ter-
races with slopes of 0 to 2 pér cent. It is similar to the typical
Gé]]atin4si1t loam except the surface layer has a siity clay loam
texture and the subsoil has a silty clay texture. |

This soil 1is used main1y for small grain, hay, pasture and wild-
lite. | | |

(Gs) Gallatin silt loam. This soil is on low stream terraces with

slopes of 0 to 2 pér cent. The dark colored silt loam surface layer
is about 8 inches thick. The silty clay loam subsoil is 22 to 32

inches thick. Depth te joose sand and gravels is 30 fo 40 inches.
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This soil is used mainly for small grain, hay, pasture and wild~
life.

(Gs) Gallatin silt loam, swampy phase. This soil is on Tow stream

terraces with slopes of 0 to 2 per cent. It-is similar to the typical
Gallatin silt loam except this socil has a permanent swampy cendition

because of seepage or a high water table. Some of this soil has been
drained in past years to allow for production of smalil grainé and hay.

This soil is used mainiy for grazing and wildiife.

Havie Series

The Havre soils are most exfensive in better drained areas on low
terraces. These soils comprise about 4 per cent of the area. They
developed in calcareous sandy materials of recent origin. Elevation
ranges from 4000 to 5000 feet._ Mean annuail precipitation is 10 to 18
inches. These are-light to dark colored, moderately well-drained soil.
Tﬁey have a moderately thick fine sandy loam to loam surface layer and
a thick fine sandy loam to silty clay loam subscil. The subsoil is
‘underiain by loose sand and gravel at depths between 30 and 60 inches.

(Hf) Havre fine sandy loam. - This soil is on Tow stream terraces

with sTopes of 0 to 2 per cent. The dark colored fine sandy loam to
loam surface layer is about 8 inches thick. The fine sandy loam sub-
soil is 22 inches or more in thickness. Scattered gravels occur on

" the surface in some areas.
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| This soil 15 used mainly for small grain, hay, pasture and wild-
life. |

(Hf) Havre fine sandytléam, dark colored phase. This soil is on

low stream terraces with stopes of 0 to 2 per cent. It is similar to

the typical Havre fine sandy loam except this soi1.has a darker color,

and_in'some areas the'SUBSOTY consists of a silty clay loam texture.
-Thié soil 1is used mainly,for small grain, hay, pasture and wild-

11 fe.

"Huffine Series

. The Huffiné soils are‘ﬁost extensive west and south of Bozeman

and comprise about AVber cent of the area. They developed in calcareous
silty material on ai}uVia1 fans. .E]evation ranges from 4500 to 6000
feet.” Mean annual precipitation is 16 to 24 inches. These'are somewhat
“poorly to poor]y drained dafk‘co1ored soils. They have a moderately
tﬁick gravelly Toam 6r silt 1oam surface layer and a ciay loam subsoil
which. is ca]carebus.in the Tower portion. The subsoil is underlain by
Toose sand and gravel at depths between 20 and 40 inches. ‘

(H1) Huffine grave11x;1oam. This soil s on alluvial fans with

slobeshof 0'to 5 per cent. The dark colored gravelly loam surface
layer is about 8 inches thick. The gravelly clay loam subsoil is 7
- to 12 iﬁches thick. Depth to calcareous material varies from 15 to 20

inches. .
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. This soil is used mainly for small grain, hay, pasture and wild-

11 fe.

(Hs) Huffine silt loam..  This soil is on'broaq fan terraées with
sTopes of 0 to 5 per cent. - The dark colored silt Toam surface layer
is -about 8.inches‘thick7 The silty clay loam subsoil is 8 to i4 inches
thick. Depth to ca}careous,materia1 varies from 16 to 22 inches.

The main uses for this soil are small grain, hay, pasture and

wildlife.

',‘- (Hs) Hufffné sj]t loam, poorly drained phase. This soil is in
~shallow sloughs, depressidns or drainageways with sTopes of 0 to 2

" per cenf. It'is simf]ar to.the typical Hu%fine silt Toam-exceﬁt the
surface soi]vin most places is darker and in many places it is shal-
Tower and more gravel]y;

The main uses for this soil are grazing and wildlife.

H&rum Series

. 1he Hyrum soils are most exfensive in the vicinity of the Ross
Creek drainage and compfise about 1 per cent of the area. They devel-
oped in calcareous loamy materia]s en-alluvial fans. Elevation ranges
~_ from 4500 to'55001feet. Mean annﬂa] precipitation is 16 to 19 inchgs.
‘These are Qe]l—drained, dark colored soils. They have a moderately
thick gravelly loam surface layer and a modevratély thick gravelly

loam to gravelly ciay loam subsoil. The subsoil is underlain by
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calcareous gravelly loamy sand or sand at depths between 15 and 30
inches. ‘

(Hg) Hyrum gravelly loam. This soil is on upland alluvial fans

with slopes of 0 to 10 per cent. The dark colored gravelly loam sur-
face 1ayer‘§s about 7 inches thick. The weekly célcareous gravelly
loam to gravelly clay loam.subsoil is 10 to 17 inches thick. Depth
to loose sand and gravel varies from 18 to 25 inches.

The main uses for this soil are small grain, hay and wildlife.

. Manhattan Serieé

The Manhattan soils are most extensive in the vicinity of Man-
hattan, west of Dry Creek, west'of Camp Creek and south of the com-
munities 6f Three Forks and Willow Creek. These soils comprise about
16 pér cent of the area. They developed in calcareous sandy alluvium
on upland Tans and terraces. Elevation ranges from 4000 to 5000 feet.
Mean annﬁal precipitation is 10 to 15 inchesr These are well-drained,
iightnto dark colored soils. They have a thin to moderately thick
sandy loam surface layer and a thick fine sandy or loamy fine sand
subsoil. The subsoil is underlain by calcareous, stratified materials
at depths between 15 and 66 inches .

(Ma)- Manhattan loamy sand. This soil is on upland fans and ter-

races wifh slopes of 0 to 15 per cent. The Tight colored ioamy sand

survace Tayer is about 8 inches thick. The calcareous loamy sand and
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and fing sanq subssi1 is lé to 12 inches thick. Stratified layers of
gravel and sand occur at a depth ranging from 20 to 25.1nches.
The main uses for this soil are grézing and wildlife.

(Mf) Manhattan fine sandy loam. This soil is on upland fans and

-térraces with.§1opes of D‘tb 15 péf cent. The 1fght colored fine sandy
lToam surface layer is abodt 8 inches thick. The calcareous fine sand
subsoil ranges in thickness from 30 to 40 inches over a'coarse variable
substrafa; “

The main Qses for this soil are grazing, witdlife and Timited
_croppfng.

1

(Mf) Manhattan fine sandy loam, gravelly subsoil phase. This

soil is on foot stopes with slopes of 2 to 15 per cent. It is similar
to the typical Manhattan fine sandy Toam except.for the increased
gravel content in the subsoil.

The main uses for this‘soi1'are grazing, wildlife and Timited
ckoppiﬁg.

(Mf) Manhattan fine sandy loam, smooth phase. This soil is on

alluvial fans with slopes of 0 to 5 per cent. The Tlight colorved fine
sandy loam surface layer is about 8 inches thick. The fine sandy loam
: subsoi] is 7 to 10.inches_ﬁhick. .Depth to cé]careous very fine sandy
loam is 15 to 18 inches. Stratified layers of fine sand and gravel

occurs at depths between 24 and 36 inches.
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The main uses for this soil are small grain, hay, pasture and
wildlife. |

(Mg) Manhattan grave]Ty'1oam. This soil is on upland fans and

terraces with slopes of 0 to 15 per cent. The Tlight colored gravelly
loam surface layer is about 8 inches thick. The calcareous gravelly
loam surface layer is ébout 8 inches thick. The calcareous gravelly
loam subsoil ranges in thickness from 10 to 18 inches. Depth to
“stratified layers of sand and gfave1 is between 16 to 26 inches.

The main uses'for this soii are.sma11 grain, hay, pasture and
wildlife. |

{Mv) Manhattan very fine sandy toam. This soil is on uypland fans

and terraces with slopes of 0 to 15 per cent. The Tight colored very

fine sandy loam surface Tayer is about 8 inches thick. The ca]careous.

very fine sandy 1oam subsoil ranges in thickness from 10 to 18 inches
over stratified 1ajers of loamy sané‘and sandy lcam to a depth & 60
iﬁches. <A few gravejs.occur fhroughout the soil profiie.

The main uses for this-soil are small .grain, ﬁay, pasture and

wildlife.,

{Mv) Manhattan very fine sandy loam, colluvial phase. This soil
.is on-upland fans and terraces with slopes of 0 to 15 par cent. It is
similar to the typical Manhattan very fine sandy 1o§m except the soil
color is darkef. | |

The main uses for this scoil are smail grain, hay and pasture.
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(Mv) Manhattan very fine sandy loam, shallow phase. This soil is

on upland fans and terraces with slopes of 0 to 15 per cent. It is
similar to the typical Manhattan very fine sandy lcam except the sub-
. 5011 fs underlain by calcareous sandstone at depths.between 15 and 25
inches.

The main uses for this soil are grazing and wildlife. --

Millville Series

“The Millville soils are most extensive in thé vicinity of Spring-
hill and comprise -about 1 per cent of the area. They developed in
" calcareous silty materials on alluvial fans. Elevation ranges from
4000 to 5500 feet. Mean annual precipitation is 16 to 19 inches.
These are well-drained, dark coTpred soils. They have a moderately
thick silt 1oam surface layer and a thick silt loam subsoil which is
ca]careéus in the lower part. The subsoil is underlain by 1oo0se sand
and gravel at depths betwéen-25 and 40 inches.

{Ms) Millville silt loam. This soil is on upland alluvial fans

with slopes of 0 to 10 per cent. The dark colored siit loam surface

‘layer is about 7 inches thick. The siit loam subsoil is 13 to 19

inches thick. Depth to calcareous material varies from 20 to 26 inches.

Well-rounded gravel is scattered throughout the subsoil.

The main uses for this soil are small grain, hay and wildlife.
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Minatare Series

- The Minatare soils are most extensive north of Central Park and
in phe Madison River Va]jey. They comprise about 2 per cent of the
area. They developed in loamy alluvium on bottomlands and low tefraces
along streams. Elevation-ranges from 4000 to 5000 feet. ‘Méan annual
precipitation is 10 to 15 inches. These are somewhat poorly to poorly
drained, 1light colored soils. ~They have a thin silt 1oaﬁ surface
‘laer aﬁd a8 thick silt loam to silty clay subsoil. The subsoil is
underlain by stratified silt loam, Toam and saﬁdy loam at depths
between 30 and 60 1nches...These are strongiy saline soils from the

surface downward.

(M1) Minatare silt loam. This soil is on alluvial bottemlands |
-with slopes of.O to 2 per.cent.' The 1ight colored silt loam surface
layer is about 8 inéhes thick.- The silt loam or silty clay subsoil
is 22.tb 82 inches thick., Depth to the stratified substraﬁum ranges
be tween 30 and 40 inches.

The main uses for this soil are grazing, hay and wildlife.

“(M1) Minatare silt.1dém, brown phase. This soil is on alluvial
bottom]anas with slopes. of 0 to 2 per cent. It is similar to the .
typfcai Minatare silt loam except this soil has less salt accumulat{on
because of better dfaihage and a lower ground.wafer table.

The main uses for this soil are small grain, hay and pasture.
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MISCELLANECQUS LAND TYPES

" (Rb) Rough broken and mountainous land. This miscellaneous land

type is distributed througﬁout the area. It comﬁ}ises about- 25 per
cent of the areab‘:The rqugh.broken land is dominately steep and stony.
It 1is broken by NUMErous intermittent drainage channels. The soils
range from shallow to deep. The mountainous land occurs mainly on the
southern and eastevrn boundaries'of the area. This land is mostly steep,
' focky and timbered. |

The main uses for this iand type is grazing and wi]d]ife;

(Rw) Riverwash. This miscellaneous land type comprises about &

per cent of the areé, It includes a wide variety of recently deposited
sediments that occur in narrow strips or bars on low levels near
streams. It aléé inciudes small isiands in major stream channels as
well as intermittent stréam_beds.subject to periodic overfiow during
high water. These sediments are generally very gravelly and cobbly

aﬁd include mostly sandy textures. However, séme finer textured
gedimgnts are Tnc]uéed.

The main uses for this land.type are limited grazing and wiidlife.




VIS R 5 R N— A

. =1565=

Table 12. Presentations of Soil Interpretations and Overlay Maps.

Month
April
November
December
March
November
May
February
May
May

- June

Aug 70-
Aug 71

Aug 70-
Aug 71

Augus t
June

June

Place
MSU
Msu
Bozeman
MSU
Bozeman
MSU
MSU
Bozeman
Bozeman

MSU

MSU

MSu

Manhattan,
Kansas

Laramie,
Wyeming

San Fran.,
Calif.

Audience

Architecture Class

‘Real Estate Class (Commerce)

County Commissioners

Soil Sqrvey & Classification Class
C{ty County Planning Boafd

Earth Sciences Lecture Series

Economics Class in_Land Use

.Citizens.Advisory Councit

Citizens Advisory Council
Soil Morphology Class

Individual Students
(architecture, engineering, recre-

_ation area management, rang

management) , :
Other Individuals

(most were interested in real
estate development)

American Society of Horticultural
Science

Soil Science Society of America,
Western Division

Western Regional -Committee on

“Alternative Uses ‘of Land and

Appraisal of Soil Resources

Attendance
20
45

3
30
25.
30
14
10
10
-4
22

30
130

12




Month

Summer-
Autumn, '71

February .
March
October

October

October

*->Inciuding

November
Noveméér
November
December

1972~
. January 12

January 26

Place
Red Lodge

Bozeman
Missoula

Lewis town

Billings

Manhattan,
Kansas -
Chicago

Bozeman .

Calgary

' Bozeman
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New Soil Map of Gallatin Canyon

Bozeman

Bozeman

Audience - Attendance

Beartooth RC&D Annual Meeting 200
Soil Conservation Service Training 60
Meetings
Soil Conservation Service Training 40
Meetings -
Soil Conservation Service Training 40
Soi1 Conservation Service Training 35
Meetings -
Citizens Conference on Taxes 80
Interregional Resource Economics 10
Lommi ttee
President, Gailatin Canyon Planning 1
Association
Division of Agr. Inst. cf Canada 35
Hestern Regional Land Judging 30
Participants

Ophir School Gallatin Canyon Planning Assoc. 15
Plant & Soil .Science Seminar 30
MSU Gallatin Canyon Study Group 30

Bozeman

Bozeman

Calgary

Gallatin County Realtors Assoc.

(%]
(=]

Soils 201 Introductory Soils Students &0

Planning Div.-Canadian Nat'l Parks
Service

20




Month
January 27

January 27
February‘
February 26
_ March 10

March 16
March 20
March 23

Mid-March
April 3

April 4
April 20
May 25
.June 1

ane 1

Place
Calgary
Ca]Qary

Bozeman
Bridger

Canyon

MSU

Big Sky-

Helena

" Bozeman

MSU

Forsyth

Bozeman

MSU .
MSU
MSU
MSU
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Audience’
Private Consulting Co., Calgary

Faculty of Environmental Design,
University of Calgary

Communication with Gal. Canyon
Resident

Earth Sciences Club, M.S.U.

Discussion with Rep. for Land
Development Corp.

Professipha] Planners of Montana

State Resource 0fficials

NSF Planning Consuttants and
Executive Committee

State lLegislator, Extension

Specialist

Rosebud Co. Commissioners and
Planning Board

High School Students
Architecture Class
Plant & Soil Sc{ence Department

State Extension Personnel

Attendance
3
8

25

25

100
40
24
40

:S0i1 Classification and Conservation 65
_ Class
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MICHELSON SERIES
Thg Michg]spn serigs is a member of the fine-loamy, mixed‘fami]y
- of Argic Cryoboro]is. Typically, Michelson soils have a dark grayish
brown, loam Al horizon, a brown, clay loam B2t horizon; and a prominent,.

very pale brown Cca horizon of loam and clay loam.

Rgpresentative Prqu]g; Michg];on loam - native grass. Colors
aré for dry soj] uniess ptherwise étated. _
Al - 0- 6f‘ Dark'grayish brown (10YR 4/2) Toam, very dark brown
| {10YR 2/2} moist; weak medium blocks parting to mod-

“erate fine crumb structure; slightly hard, very
ffiab1e, stightly sticky and slightly plastics non
calcareous; clear smooth boundary.

B2it - 6-11f'- Brown (10YR 4/3) smooth clay loam, very dark brown
- {10YR 3/2)'moist; moderate medium and fine blocky
~-structure; hard, firm, sticky and plastic; continuous
. clay Tilms coating peds; non calcareous; clear smooth
_ | boundary.
B22¢t - i1-20" Brown {10YR 5/3) clay loam, brown (i0OYR 4/3) moist;

" strong medium and fine bTocky structure with continu-
ous clay cbatings on peds; hard, firm, sticky and
very plastic; non calcareous; abrupt smooth boundary.

Clca - 20-32" Very pale brown {I0YR 7/3} ioam,:brown (10YR 5/3)

moist; weak coarse blacky structure; slightly hard,
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.very friable, slightly sticky and slightly plastic;
violently calcareous with common fine threads of

segregated iime, diffuse smoo£h3boyndary.

" C2ca - 32-60" -Liéht yellowish brown (I0YR 6/4) stratified loams

~and clay 1oams,'yeT]owish brown"(iGYR 5/4) moist;
massive strdcture; hard, friable, sticky and plastic;

strongly calcareous with few coarse threads of lime.

Type Location: Gallatin County,'Montana. 1,079' West, 1,155'
South of the NE corner of section 17, T. 7S., R. 4 E., on a 4% east
facing sTope - west of the Ophir school.

_Range in Characteristics: Solum thickness ranges from 18 to 30

inches. Content of coarse fragments range from a few pebbles-in some

~ pedons to 30% in the 10 to 40" inch portion of the profile. Below 40

inches cobbles and gravel rangé up to 80% in some pedons. ‘Miche]sen
soils are usually moist more than half the time when ndt frozen and

aée never dry for 60 consecutive days between 4 and 12 inches when the
soil temperature'is above 41° F.. The mean annual soil temperature is
between 40 and 44° F andtthe mean summer.séil temperature is between

53 and 57° F. The mollic epipedon ranges from 8 to 20 inches thick
and uSua]]y includes the upper part of the B2t ho}izon. Color of the
Al horizon is in hue of 10YR.pr 7.5YR,,va1ue;of‘2 or 3, and 3 or 4 dry,

and chroma of 2 or 3 moist or dry. The B2t horizon has colors in hue

6f 10YR or 7.5 YR, value of 3 or 4 moist and 4 or 5 dry, and chroma
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of 2; 3 or % moist or dry. ‘It is clay loam averaging between 30 and
36 percent clay. Structure is moderate medium prismatic and blocky or
strong medium or fine blocky and is friable of fivm. The Cca horizon

has hﬁe of 2.5Y or 10YR, value of 5 or 6 and-6 or 7 dry, and chroma of

3 or 4. :IE is loam or é1ay Toam.

Competing Series and Their Differentiae: These are the Adel,

. Léavitt, and Teton series. in the same family and the Bridger and

Hoba;ker in differenf families. Adel, Teton and Hobacker soils lack’
argi]Tic horizons; Bridger §oi]s are in the fine family and Leavitt
soils are developed in glacial till. Hobacker_soiis have over 35%
coarse fragments in the family control section.

Setting: Michelson soils are on old nearly level to gently

sloping terraces and side slopes at elevations between 6,200 and 6,700

feet. Mean annual precipitation is 20 to 30 inches, 11 to 20 inches

of this comes:in'the form of snow. The mean annual air temperature
rénges from 35 to 40° F and fhe aQerage éhmmer temperature is from 52
to 56?AF. Frost usually occurs at least once during each of the summer
months. ‘ |

Pfincipa] Associated Soils: These are the Hobacker, Adel, Bigel,

Bearmouth and Leavitt. Bigel and Bearmouth soils have sand and gravel
at depths less than 20 and 40 inches respectively.

Drainage and Permeability: .Ne]].drained with moderate permeability

and slow to moderate runoff.
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Use and Vegetation: Used primarily for range. Native vegetation

is Idaho fescue, bluebunch wheatgrass, Big sage and other shrubs and

forbs.

Distribution and Extent: Inextensive in the survey area. The

largest area of these soils is between the mouth of West Fork and

Beaver Creeks on a high terrace.
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{ OBERG SERIES
. The Loberg serigs is a mémber of the clayey-skeletal mixed family
of Typic Cryoboralfs. Typically, Loberg soils, under a layer of organic
duff, héve a gray loam A2 horizoh, a'mixéd A2 and B2 horizon of sandy
c]ay loam, a thick B2t horizon of heavy clay lcam that has over 35%
cobble and stone.

Representative Profile: Loberg stony loam - forested. Colors

- are for dry soil unless otherwise noted.
01 - 3- 0" Organic duff consisting of pine needles, twigs, and
) other forest 1{tter. )

A2 - 0-24" Gray (iGYR 5/1) loam, dark grayish brown (10YR-3/2)
moist;‘weak medium platy structure breaking to weak
medium blocks; slightly hard, very friable, slightly
sticky and slightly plastic; non calcareous:; abundant
clear quartz grains on faces of peds; clear smooth

) . . boundary.

A&B, - 24-36" (A) light brown (7.5YR 6/3) sandy clay loam, dark

brown (7.5YR 4/3) moist; {B) lamella and bands of
. dark brown {7.5YR 4/3) and (7.5YR 3/3) moist; weak

coarse blocky structure; hard, friable, sticky and

p]astic; non calcareous; clear smooth boundary.

. B2t - 36-72" ° Dark brown {7.5YR 4/4) sandy clay Toam, weak coarse

" blocky structures hard firm, sticky and plastic; non
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' : ca]cargou;; abrupt Wavy boundary.
c - ZZ—SQf Brown (10YR 5/3) sandy loam, dark brown {10YR 3/3)
moisf; massive structure; slightly hard, very friable,
non sticky and slightly plastic, strongly calcareous.

Type Location: Gallatin County, Montana. 1,815' East, 330' South

of the N corner of Section 29, T. 6 S., R. 3 E., on a 30% slope, rorth
aspect.

Range in Characteristics: -Loberg soils are usually moist. They

'have mean annual soil temperatures that range from 35’7 40° F and an
average summer temperature of 43 - 47° F under_an 0 horizon and under
trees. Solum thickness typicaily is 50 to 60 inches and ranges from

40 to 80 inches. They are non calcareous to 60 inches or more. Coarse
fraction ranges from 35 to 70% in the 10 to 40 inch part of the profile.
Pedons on concave 1andscapes-cohmon]y have more fragments throughout.
Fragments aré dominantly subangﬁ]ar, of gravel, cobble and stone size.
The A2 horizon ranges from 10 to 30 inches thick in hue of 10YR or 7.5
YR, value of 5 or 7 dry and chroma of 1 or 2. The B2t horizon has hue
of 7.5YR or 5YR, value of 4 or 5 dry and chroma of 3 or 4. It has from
35 to 45 percenf ctay in the fine fraétioh; The C horizon is sandy .
toam to clay loam. |

Compéting Series and Their Differentiae: These are the Berg?é,

Garlet and Rambler series. The Berglo series differs only by having

lime in the profile between 30 and 60 inches. Garlet and Rambler series
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are members of the loamy-skeletal family. They have thinner sola and

"_ are developed in material weathered from beltrock rather than glacial

till. o
- Settiﬁg:. The Loberg soils are on hilly to steep g]écia1 till,

mountainous landscapes, at éievations-ranging froem 6,000 to 8,000 feet.
The regolith is deep uncensoiidated materials deposited by aipine gla-

ciers. . The mean annual air temperature ranges from 33 to 37° F and

- the mean summer temperature ranges from 50 to 55° F. Mean annual pre-

: cipitatien {s 25 fp 50 inches, 15 to 40 inches of this comes in the

form of snow. It is common to have a frost during each of the summer

months.

Principal Associated Soils: These are.the competing Berglo,
Garlet and Rambler soils.

Drainage and‘Perméabi}ity: Well drained. Moderately slow permea-

bility and moderate runoff.

Use. and Vegetation: Forest products, Qrazing and shelter for

wildlife. VYegetation consists-of Lodgepole pine and Douglas Tir with

. an understory of Elksedge, pine grasses, and shrubs.

- Distribution and Exténtr Approximately 8,000 acres in the survey

area.
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KISSICK SERIES
The Kissick series is a member of the fine mixed family of Vertic
Cryoborolis. Typicaily, Kiss{ck soils have a dark gray Al horizon that
extends into the lower horizone as coatings on structure faces. Below
7 inches the wedge shaped peds intersect. These eo%is heve wide cracks
to the surface When dry. .

' Representative Profile: Kissick clay - pasture grass. Colors are

'for.dry'soil unless otherwise. noted.
All - 0- 4f Dark grav (10YR 4/1) c1ay, very dark brown (I0YR 2/2)
- moist; weak f1ne blocky structure; very hard, very
firm, very sticky and very plastici non calcareous;
clear smeoth:boundary.
Al2 - 4-30%. Dark gray (2.5Y 4/0) clay, black (I0YR 2/1) moist;
' moderate medfum and fine blocky structure; very hard,
very firm,~very‘sticky and very plastic; non calcare-
« : ous;‘c1ear emooth boundary.
Al3Ca. -~ 30—40"-> Gray (10YR 5/1) clay, dark gray. (10YR 4/1) moist;
maseive structure; very hard, very firmn, very sticky
- aﬁd very plastics strongly calcaraous with common,
flne, premlnent nodules and threads of segregated
o 11me abrupt smooth boundahy
Cca - 40-60" Gray (2.5Y 5/1) clay, 011«e gvay (SY 1/2) foist;

. massive structure; very hard, very T1rm, very sticky
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and very plastic; common fine distinct rust and gray
. colared matt]és, strongly calcareous with common,
medium and large, prominent nodules of segrégated
Time.

Type Location: Gallatin County, Montana. 745' Soutfi, 20' West of

the E 1/4 corner of seciion 8, T. 7 S., R. 4 E., about 1 mile South of
Bucks T4 ranch on the west side of highway 191.

Range in Characteristics: Kissick seils are usually moist more

than half the time when not frozen and are never dry for 60 consecutive
days between 4 and 12 inches when the soil temperature is above 41° F.
The mean annual soil tehperature ranges from 40 - 44° F and the average
~ summer soil temperature is 53 - 57° F. They have cracks to the surface
whiéh become intersectjng below 7 to 10 inches. Intersecting sliken-

sides are strongest between 7 or 10 and 17 to 20 inches. Some pedons

lack a B horizon and tongues of fhe A horizon extend into the € hoyrizon.

_ Dépth to. calcareous 5oi1 ranges from 15 to 40 inches. Colors of the A
horizons are in hue of I0YR Qr'Z.BY, value or 4 or 5 dry, 1 or 2 moist
' and chroﬁa of 0, 1 or Z-moist'orﬂdry. B horizons are in>hue of I0YR
| or 2.5Y; value of 4 or 6 dry, 3 or 4 moist in chroma of i, 2 or 3.
Co1ors of C horizons range in hue from 5Y to 10YR, values of 5, 6 or 7
dry- in chroma of 1, 2 or 3.

Setting: Kissick soils occupy nearly level to gently s1op{ﬂg

stream terraces at elevations of about 6.000 feet. Average annual
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precipitationiis 20 to 30 inches, 11 to 20 inches of this comes in_the
form of snow. Meaﬁ annual air temperafure ranges from 35 - 40° F and
tﬁe average summer temperature is 52 - 55° F. It is common to have a

frost in each of the summer months.

Principal Assoéiated Soils: These include the Bigel and Bearmouth.

Drainage and Permeability: Kissick soils are well drained, runoff

is medium, and permeability is slow.

Use and Végetation: Primary use is‘pastufe.

Distribution and Extent: - Inextensive in the Gallatin Canyon Area.
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CLIMATE

Climate of the Gallatin Canyon is influenced to
a large degree by very mountainous terrain to
the east and west. Elevation in the canyon itself
ranges from about 6,800 feet at the northwest
corner of Yellowstone Park to near 5,000 feet
at the town of Gallatin Gateway 40 miles north.
Precipitation has been measured at only a few
sites along the river itself, and these records
show a rather surprising lack of uniformity in
annual amounts from area to area. Annual pre-
cipitation at Squaw Creek Ranger Station aver-
ages close to 21 inches (more the last few years),
while at Gallatin Ranger Station just inside the
park boundary the average for several earlier
years was 18 inches. In the area where the
canyon broadens, from the lower West Fork
basin to Buck Creek, fragmentary records indi-
cate annual averages less than 20 inches—per-
haps even less than 16 inches in drier locations.
Along mountain ridges both east and west it
is estimated that totals may run as high as 60
or 70 inches a year. -

Temperature records of any length in
the canyon proper do not exist, but the area is
known for relatively cool summers and cold,
but not really extreme winters. The freeze-free
season at Gallatin Gateway is estimated at about
95 to 100 days. (It is 108 days on the Montana
State University campus in Bozeman.) At the
south end of the valley the freeze-free season
is less than 50 days and at many locations frost
can be expected at least once during all summer
months.

TIMBER

Logging started in the Gallatin Canyon in the
late 1800’s. The major products of this period
were lumber and railroad ties. Most of the major
drainages and some of the smaller ones were
logged. Drainages that were logged for ties in-

clude Logger Creek, Hell Roaring Creek, Greek
Creek, Taylor Fork and Buck Creek.

. The next major logging activity was
in the early 1950’s when pulpwood was cut in
the West Fork for the Eastern market. The first
major sale on National Forest land was in Portal
Creek in 1953. The timber was sold as pulpwood
but was actually cut into lumber at the mill
in Belgrade. Since that time approximately 7
million board feet a year have been cut from
National Forest land and about the same amount
from private land. In addition, numerous free-
use permits are given each year to people who
want firewood. There are also many small sales
made to ranchers, farmers, and others who cut
posts, corral poles, and other products for them-
selves or for resale.

Timber in the National Forest is man-
aged on a sustained-yield basis. The timber man-
agement plan that regulates the cut was writ-
ten in 1966 and is revised at least every tenth
year. The regulated cut has an average rotation
age of 125 years for all species. This means that
all trees should be cut from a given area by the
time they are 125 years old. In selective logging
the area would be cut several times in the 125-
year rotation. For mature saw timber, the regu-
lated cut in Gallatin Canyon is 930 acres with
approximately 11.4 million board feet harvested
each year. This cut has been considerably re-
duced the last few years so that multiple-use
studies can be made in several areas in the
canyon.

About 75 percent of saw-timber size
trees in the canyon are over-mature lodgepole
pine. These trees are heavily infected with dwarf
mistletoe and comandra rust. These diseases

increase .mortality, reduce growth, and reduce

the quality of lumber produced. The disease
problems leave little choice but to clearcut in-
fected stands. Once a stand is relatively disease
free, other methods of cutting may be used.

In the last year there has been a se-
rious outbreak of mountain pine beetle in the

Gallatin Canyon. This beetle attacks the larger
trees, usually over 7 inches in diameter, and
causes heavy mortality in old stands.

There are heavy accumulations of
natural fuels on the ground under old stands.
These old stands increase logging slash because
some timber cannot be utilized as lumber due
to rot and other defects. This fuel is disposed
of by controlled burning when logging is com-
pleted. This method of slash disposal may not
be needed in the next rotation if good manage-
ment will reduce the natural mortality.

There are numerous old clearcuts in
the canyon that need thinning because of over-
stocking of young lodgepole pine. Approximate-
ly 250 acres of the old clearcuts in Squaw
Creek and 100 acres in Portal Creek will be
thinned each year for the next few years.

Most of the saw logs cut in the canyon
go to the large mills at Belgrade, Maudlow, and
Livingston. Logs also are used by the mill at
Gallatin Gateway and by the pole-treatment
plant in Bozeman. Several post and pole mills
utilize smaller size trees from the canyon.

Of the 339,933 acres of National For-
est land in the Gallatin area, only 149,847
acres are classified as commercial forest land.
Most of this will never be logged because other
uses such as recreation and wildlife have a
higher key value.

GEOLOGY

The Gallatin Canyon Area covered by this re-
port is at the southeastern extremity of the
Northern Rocky Mountain Province and in-
cludes portions of the Madison_and_Gallatin ,
mountain ranges. The area joins the northwest
corner of Yellowstone National Park in south-
western Montana (see attached map). The Gal-
latin River forms the arbitrary boundary be-
tween two mountain ranges: the Madison Range
north of Hebgen Lake and west of the river, and

SOIL ASSOCIATIONS

1. BIGEL-HOBACKER
ASSOCIATION

This soil association is along Highway
191. It is almost continuous from the
mouth of the Gallatin Canyon to the Yel-
lowstone Park boundary. It is on the
stream terraces and fans adjacent to
the Gallatin River and its main tribu-
taries. The soils have formed from allu-
vium. The terraces have smooth to ir-
regular surfaces with 1 to 5 percent
slopes. Fan slopes are from 5 to 35
percent. Vegetation includes bunch
grasses, shrubs and forbes. Elevation is
between 5,200 and 6,700 feet. Mean an-
nual precipitation is 20 to 30 inches,
11 to 20 inches of which comes in the

_form of snow. Frost usually occurs at

least once during all of the summer
months. This association comprises
about 8,800 acres, 7.5 percent of the
survey area.

Gravelly alluvial soils are on the
first and second terraces above the
streams, with those on the first ter-
races subject to annual flooding. Bigel
and Bearmouth soils are closely associa-
ted on the second and third terraces.
Bearmouth soils occur as narrow, low,
very gravelly ridges among the Bigel
soils. Landscapes are smoother and
less channeled than the lower terraces.
Hobacker soils occupy short fans of 5
to 35 percent slopes between the up-
lands and the stream terraces. Michel-
son soils are on the highest valley ter-
races, bordering the uplands. This asso-
ciation, being along the river and the
highway, is used intensively for picnick-
ing, camping, as a fishing access and as
base headquarters for horseback rid-
ing, hiking, hunting, snowmobiling and
other recreational uses. The majority
of residential development in the Gal-
latin Canyon area, dude ranches and
business establishments are built on
this association. Management problems
are created by potential pollution of sur-
face and ground water from sewage and
garbage. Spring flooding of the Galla-
tin River also presents some hazards
and debris problems.

Bigel Soils are well drained. They
have a dark grayish brown gravelly
loam surface layer 8 to 15 inches thick,
a brown very gravelly or cobbly clay
loam subsoil and a sand and gravel sub-
stratum. Depth to sand and gravel ranges
from 24 to 50 inches. They are free of
lime to depths of 20 inches or more.
The clay loam subsoil has from 35 to
55 percent gravel and cobble. These
soils have moderately slow permeahil-
ity in the upper part of the profile and
rapid permeability in the lower part.
Bigel soils are used for native range,
dwelling sites, picnicking and camping
sites. They represent about 25 percent
of the association.

Bearmouth Soils are excessively
drained. They are very dark grayish
brown, gravelly loams with sand -and
gravel at shallow depths. The profile
usually becomes very gravelly (over 35%
gravel) at depths of 5 to 15 inches.
Depth to clean sand and gravel ranges
from 10 to 30 inches. Permeability is
moderate in the surface few inches,
becoming rapid below. Effective root-
ing depth of these soils is usually less
than 20 inches. They are used for native
range. They represent about 10 percent
of the association.

Gravelly Alluvial Soils occur near the
Gallatin River and its tributaries. Some
of them have seasonal high water tables
and others are flooded annually. Land-
scapes vary from nearly level to undu-
lating and irregular. Soils are gravelly
to very gravelly and include cobbly
loams to loamy sands. Depth to clean
sand and gravel ranges from 4 to 40

DEFINITION OF

FOUNDATIONS FOR LOW BUILDINGS:
Interpretations indicate limitations for
construction and maintenance of homes
and small buildings less than three stor-
ies high. They are affected by soil char-
acteristics such as frost heave poten-
tial, shrink-swell, slope, depth to bed-
rock, stoniness, texture, salinity, com-
paction, and flood hazard. (Limitations
for on-site sewage disposal is rated sep-
arately.)

SEPTIC TANK FILTER FIELDS: Success-
ful operation of the system depends on
the ability of the soil to absorb and fil-
ter the liquid or effluent passed through
the tile field. Filter fields are influenced
by the ease of downward movement of
effluent through the soil. Soils with slow
permeability are rated severe. Other
soil properties that effect septic tank fil-

_ter fields are flooding hazard, depth to

bedrock, seasonal high ground water
and slope, Clean sands and gravels with
rapid permeability may constitute a
hazard for gound water contamination.

ROAD AND PARKING LOCATION is
based on those features that affect per-
formance for the location of highways,
streets and parking areas. The main fac-
tors considered are depth to water ta-
ble, flooding hazard, depth to bedrock,
susceptibility to frost heave, shrink-
swell potential, compaction character-
istics, bearing strength, and slope.

LAWNS AND LANDSCAPING: The soil
is rated on the assumption it will be
used for lawn turf, shrubs and trees
without need for adding topsoil for good
establishment and also that irrigation is
provided. Soil characteristics affecting

the Gallatin Range east of the river. The two
ranges are one geologic unit with no structural
demarcation between them. A few peaks exceed
elevations of 11,000 feet with many over 10,000
feet. ,

From Yellowstone Park northward, the
Gallatin flows transverse to the geologic struc-
ture and cuts through four distinct structural
units. It descends from Yellowstone Park first
through basically downwarped rocks of Creta-
ceous age (70 to 130 million years old). These
Cretaceous rocks are composed of black shales
and soft impure sandstone that are highly erod-
ible and are a major source of sediment carried
in streams during periods of heavy rainfall and
rapid snowmelt. When these soft rocks are
wet, they become quite unstable and are sub-
ject to mud flows and landslides. Such slide
areas are in evidence along the Taylor Fork
drainage. A few lesser structures, such as the
Snowflake Springs thrust and the Buck Creek
anticline near Almart Lodge, bring up to the
surface older formations of limestone or sand-
stone of late Paleozoic or early Mesozoic age
(about 250 million years old). Volcanic breccias
form the topmost caps of he Gallatin Moun-
tains. Erosional and depositional processes
contribute sediments from the higher areas to
the soils of the drainageways.

From Buck Creek to the mouth of the
West Fork, the river flows through an area of
downwarped Cretaceous sandstone, limestone,
and shale similar to that of the West Fork
drainage. Purplish and green conglomerate,
sandstone, and shale beds of the Kootenai for-
mation can be observed from the highway. Dark
gray shale and sandstone of the Colorado
group are common in the West Fork.

Below the West Fork, the river plunges
through the Spanish Peaks block in a deep can-
yon for roughly 15 miles. The Spanish Peaks
block is the dominant geologic unit of the area
in terms of uplift and boldness. It is bordered on
the south by the West Fork and on the north

by Spanish and Squaw Creeks. The valleys of
these three streams owe their existence mostly
to weaker, less resistant rocks adjacent to the
uplifted block. The Spanish Peaks uplift occur-
red during the Laramide time (50 to 65 million
years ago). Prior to the mountain uplift, this
area was covered by softer sandstone, lime-
stone, and shale; but these rocks have been
peeled off the top of the uplifted block by ero-
sion. Ancient Pre-Cambrian gneisses and schists
are now exposed throughout the uplift. Narrow
canyon walls, steep ravines, crystalline rock
debris, and clear tributary waters are common
in this terrain. Periodic flood surges fed by
Pleistocene glaciers that discharged from near-
by alpine peaks have sporadically filled the
gorges, but most of the material has been
washed away. Only terrace remnants remain
as evidence of these episodes.

At Squaw Creek and Spanish Creek, Paleo-
zoic and Mesozoic sedimentary rocks once again
descend structurally. These rocks are the same
limestones, sandstones and shales which pre-
dominate south .of the Spanish Peaks block.
Except for a small arch between Squaw Creek
and the mouth of the Gallatin Canyon where
ancient rocks once again cause steep narrow
gorges, the river flows through softer rocks
and out onto the broad Gallatin Valley floor.
This very wide floodplain is the result of this
area being downdropped in the latter half of
Cenozoic time. Soil materials have been deposi-
ted since this time or approximately during the
last 35 million years. Deposition continues to
the present but at a diminished rate.

Within the basins of the West Fork, Bea-
ver, Porcupine, Moose, Portal, Tepee, and
other tributaries to the Gallatin are larea areas
of glacial till and till-like materials from mass-
gravity movement. These materials blanket the
downwarped geologic formations and form the
parent material of Loberg, Leavitt and Hanson
soils which comprise approximately 32,000 acres
or about 27% of the survey area.

RECREATION

The Gallatin River originates high in northwest-
ern Yellowstone National Park and flows north
into Montana between the Gallatin and the
Madison Mountain Ranges. The Gallatin Can-
yon Area contains some of the most rugged and
most beautiful terrain in the United States.

Most of the Gallatin Canyon Area is
public land administered by the U. S. Forest
Service. Because of its accessibility, land own-
ership and high quality recreational opportuni-
ties, the Gallatin enjoys a reputation of being
one of the finest outdoor recreation areas in
the United States.

In the Gallatin, hunters pursue elk,
deer, moose, bighorn sheep and mountain goat.
Elk hunting here is nationally renowned and at-
tracted over 2,300 hunters for the 1970 hunting
season. Elk wintering close to the highway at-
tract numerous visitors to the canyon.

As the popularity of snowmobiling has
increased, favorable snow conditions in the
Gallatin Canyon have attracted participants
of this sport. The Snowmobile Club in Bozeman,
with the assistance of the Montana Fish and
Game Department and Gallatin National For-
est, has developed the Big Sky Snowmobile
Trail which winds south through the mountains
from Bozeman to West Yellowstone.

The Gallatin River which traverses the
entire canyon is a blue-ribbon trout stream pro-
viding angling for brown, rainbow and some
brook trout. In the upper reaches of the river
and in tributary creeks, fishermen take native
cutthroat. In high mountain lakes they may find
golden trout. ‘

Other summer outdoor activities in-
clude camping and picnicking in one of many
campgrounds established by the Forest Ser-
vice, and hiking on mountain trails.

inches. Riverwash in 1 to 5 acre areas
is included with the gravelly alluvial
soils. They are used primarily for na-
tive range: however, some areas pro-
vide camping and picnicking grounds.
They represent about 20 percent of
the association.

Hobacker Soils are well drained. They
have a very dark brown surface layer,
16 to 40 inches thick, and a very gravel-
ly or cobbly subsoil and substratum.
Coarse fragments range throughout the
profile from 35 to 70 percent. There are
accumulations of secondary lime, as
nodules and streaks, beginning at 7
10 inches below the surface. Textures
throughout the profile are loam or clay
loam which are moderately permeable.
Hobacker soils are developed ip allu-
vium on fans at the mouth of side creeks
and intermittent drainageways and
on footslopes below the uplandg. As-
sociated with the Hobacker ggjls on
these positions is another soil that dif-
fers from Hobacker by being lijjpe free
to 36 inches or more. Native rapge and
dwelling sites are the major ygeg. Ho-
backer represents about 25 percent of
the association.

Michelson Soils are well drained soils
and are over 40 inches deep. They have
a 6 to 10 inch thick very dark prown
surface, a brown, prismatic and plocky
clay loam subsoil and strongly calcar-
eous, loam substratum. The largegt area
of these soils is on the high stregm ter-
race, west of Highway 191, between the
mouths of West Fork and Beaver Creeks.
Their major use is native range; how-
ever, they are potentially excellent dwel-
ling sites. They make up about-z& per-
cent of the association.

Kissick Soils are deep, moderately well
drained clay soils. They have high
shrink-swell properties and have wide
cracks to the surface when dry. They
are not extensive; the largest area lies
along Highway 191 south of Bucks T-4
Ranch. These soils have severe limita-
tions and hazards for some uses. Asso-
ciated with Kissick are clay soils with
gravel present at depths of 10 to 60
inches. Both soils are in pasture and
native range. Together they represent
about 2 percent of the association.
Tonks Soils are somewhat poorly to
poorly drained, deep, silty clay loams.
The water table is usually within 36
inches of the surface. Saline spots are
common in the largest delineation of
this soil, between Porcupine Creek and
the mouth of West Fork on the east side
of the Gallatin River. This soil has
severe limitations for most uses related
to residential development. They make
up about 2% of the Association.
Other Soils representing about 6 per-
cent of the association are forested soils
on footslopes and fans, wetlands, riv-
erwash and terrace edges.

2. LOBERG ASSOCIATION

This soil association is on forested, un-
dulating to hilly and mountainous, gla-
cial till uplands. Slopes range from 8 to
40 percent. It occurs in large areas in
the basins of West Fork, Beaver, Por-
cupine, Portal, Squaw and Moose Creeks
as well as other major tributaries of the
Gallatin River. It is mostly located mid-
way between the steep bedrock uplands
and the grassland soils developed in

-till of lower elevations or the valley

floor. Much of this association has “ket-
tle and kame" topography characteristic
of till deposits. However, there are some
long, smooth, steep slopes primarily
on the upper portions of the associa-
tion. Rock outcrop occurs in some de-
lineations as narrow ridges or knobs.
There are some very stony areas that
are usually associated with the steeper

SELECTED USES

this use are depth to seasonal high
water table, depth to bedrock or gravel,
stoniness, surface soil texture, salinity
and slope.

CAMP AREAS are considered to be used
intensively for tents, truck campers and
small camp trailers with the accompany-
ing activities of outdoor living. It is as-
sumed that little site preparation will
be done other than shaping and leveling
for tent and parking areas. The soils
should be suitable for heavy foot traf-
fic by humans and for limited vehicular
traffic. Permeability, texture, slope,
depth to water table, flooding hazard
and stoniness affect suitability for this
use. Soil suitability for growing and
maintaining vegetation is not rated but
is an item to consider in final evalu-
ation of the site. (See ratings for lawns
and landscaping.)

PICNIC AREAS are considered to be ex-
tensively used as park-type picnic
grounds. It is assumed that most vehic-
ular traffic will be confined to access
roads and parking areas. Permeability,
slope, flood hazard, surface soil tex-
ture and surface stoniness affect suit-
ability for this use. Soil suitability for
growing vegetation is not rated but is
an item to consider in final evaluation
of the site. ‘

PLAYGROUNDS for recreation applies
to soils that are to be used intensively
for organized games such as football,
baseball, volleyball, horseshoes and
other similar organized games. They are
subject to heavy foot traffic. A level sur-
face, good drainage and a soil texture
and consistence that gives a firm sur-

slopes. Vegetation consists mostly of
lodgepole pine and Douglas fir with
an understory of pine grass, elk sedge
and shrubs. This association is between
6,000 - 8,000 feet elevation. Mean annu-
al precipitation is 25 to 50 inches: 15

to 40 inches of this comes in the form -

of snow. It is common to have a frost
during each of the summer months.
This association consists of about
20,000 acres, or approximately 17 per-
cent of the survey area. Loberg soils
comprise about 80 percent of the asso-
ciation. Soils resting on bedrock at
depths less than 20 inches, rock out-
crop, rock rubble and other miscel-
laneous soils make up about 20 percent.
Logging operations on this association
are severely hampered on slopes that
exceed 30 percent. Very stony and rock
outcrop areas also present some diffi-
culties in the placement and building
of logging roads. Soil losses can be held
to a minimum by proper location and
gradient of these roads.

Loberg Soils are well drained. A typi-
cal profile under a thin layer of forest
litter consists of a light gray or light
grayish brown loam over a thick brown
clayey subsoil that is gravelly, cobbly
and stony. The substratum is a very
gravelly to stony clay loam. They are
noncalcareous to depths of 3 feet or
more. Coarse fragments increase with
depth from about 35% in the upper
part of the profile to over 60% in the
substratum. There are stones on the
surface and throughout the profile.
These soils are slowly permeable. They
are used primarily for timber products.
They represent about 80% of the asso-
ciation.

Garlet Soils are similar to the Garlet
soils described in Association 3. They
represent about 10% of the association.
Other Soils in this association are very
shallow soils over bedrock, rock out-
crop, rock rubble and miscellaneous
soils along creek bottoms, represent-
ing about 10% of this association.

3. GARLET ASSOCIATION

This forested association of soils is on
steep mountainous slopes. The land-
scape consists primarily of a series of
ridges and V-shaped canyons. Slopes
range from 8 - 60 percent but are dom-
inantly between 15 and 50 percent.
The soils are developed in residual ma-
terial from quartzite, argillite and hard
sandstone, either in place or in these
same materials that have moved down
slope by gravitational creep. There is
a large area of these soils between the
North and Middle Fork of the West Fork
drainage and in many of the other
major tributaries of the Gallatin River.
Vegetation is primarily lodgepole pine
and Douglas fir with an understory of
pine grass, elk sedge and shrubs. This
association occurs at elevations be-
tween 7,200 and 8,100 feet. Precipita-
tion is from 30 to 60 inches annually;
20 to 50 inches of this comes in the form
of snow. The association comprises
about 4,800 acres, or approximately
4.1 percent of the survey area. The
association consists of about 65 percent
Garlet soils, 20 percent of a soil that is
only 20 to 40 inches deep over bedrock
but is otherwise similar to Garlet, and
forested soils developed in till. Other
miscellaneous soils make up the bal-
ance. Garlet soils are on the long slopes
between the ridges and the drainage-
ways. The shallow variant of Garlet is

commonly on the upper slopes near the -

ridges. The ridges, points of hills and
down slope knobs are usually occupied
by shallow and very shallow soils over
bedrock. The surface layer of all these
soils is predominantly an angular grav-

elly loam. However, stony loam areas
are not uncommon. In the profiles of
all these soils, content of rock fragments
increases with depth to around 60 to
80 percent, being highest just above the
bedrock. This is a woodland associa-
tion. Its primary uses are for forest prod-
ucts and watershed. Logging operations
are severely hampered on slopes over
30 percent and in rock outcrop or very
stony areas. Soil losses can be held to
a minimum by proper location and grad-
ient of logging roads.

Garlet Soils are well drained. A typical
profile under a thin layer of forest
litter consists of a thick light gray (A2)
layer, grading to a light yellowish brown
and light gray mixed (A & B) horizon
which further grades to a (B & A) hori-
zon with an increase of yellowish brown
spots and a decrease of light gray with
depth. The mixed A and B horizons be-
gin at depths below 12 to 20 inches.
Profile texture ranges from loam to
light clay loam. Angular gravel, cobble
and stone increases throughout the pro-
file from around 20% in the surface to
about 70% in the substratum. These are
noncalcareous, moderately permeable
soils. Fractured bedrock occurs at
depths ranging from 50 to 80 inches.
They are primarily used for timber pro-
duction and watershed. They represent
about 60% of the association.

Garlet Shallow Variant Soeils rest on
fractured bedrock at depths of 20 to 40
inches. Otherwise, they have similar
soil colors, textures and sequence of
horizons as Garlet soils. They usually
have a higher percent of coarse frag-
ments, higher in the profile, than Gar-
let and are shallower to bedrock. Their
primary use is for timber production
and watershed. They represent about
20% of the association.

Loberg Soils in this association are sim-
ilar to those described in Association 2.
They represent about 10% of the asso-
ciation.

Other Soils in this association consist
of very shallow soils, clay areas, sandy
areas, rock outcrop and miscellaneous
soils along creeks. They represent about
10% of the association.

4. TETON - CHEADLE
ASSOCIATION

This grassland association of soils is
primarily on mountain “park” areas.
Landscapes are generally smooth but
may include some ledgerock outcrop
areas downslope from the rounded
ridges. Dominant slopes are between
10 and 40 percent. This association oc-
curs at elevations between 5,600 and
8,400 feet. Annual precipitation ranges
from about 20 inches to near 60 inches
at the higher elevations: 11 to 40 inches
of this is in the form of snow. Frost
usually occurs at least once during
each of the summer months at eleva-
tions above 6,000 feet. Vegetation con-
sists of Idaho and rough fescues, moun-
tain brome, shrubby cinquefoil, blue-
grassesand forbes. This association com-
prises about 4,800 acres, or approxi-
mately 4.1 percent of the survey area.
Teton soils make up about 65%, Cheadle
20% and other miscellaneous soils and
rock outcrop about 15%. Cheadle soils
are on the convex, along ridges and
rounded knobs. Teton soils are on the
long smooth slopes between the ridges
and drainageways. Hobacker and Adel
soils are most common along creeks.
Rock outcrop is usually associated with
the Cheadle soils along ridges and
points of hills in areas of less than an
acre in size. This association is used
for grazing of livestock and wildlife.
Elk are the prime users of this associa-
tion in the Porcupine and Tepee Creek

[

drainages and also in the upper portions
of Portal, Beaver, Taylor Fork and other
drainages. Proper range management
practices and wildlife control measures
will maintain and improve the vigor and
amount of the more desirable species
of grass.

Teton Soils are well drained. A typical
profile has 7 to 12 inches of very dark
brown or black loam surface layer, a
grayish brown or yellowish brown, pris-
matic and blocky structured, light clay
loam subsoil and a calcareous loam sub-
stratum that rests on partially wea-
thered sandstone. Depth to bedrock is
usually between 30 and 40 inches. Grav-
el and cobble content throughout the
profile ranges from 5 to 30%. These are
moderately permeable soils with medi-
um to moderately slow runoff. They
represent about 65% of the association.
Cheadle Soils are excessively drained. A
typical profile has a thin, dark grayish
brown to very dark grayish brown grav-
elly loam surface layer, a weak blocky
structured, grayish brown, gravelly loam
subsoil and a calcareous gravelly to
very gravelly loam substratum. Frac-
tured hard bedrock occurs within 20
inches of the surface but is usually at
10 to 18 inches. Runoff is rapid. They
represent about 20% of the association.
Other Soils in this association consist
of Hobacker and Adel soils (refer to
Association 1 for descriptions), clay
areas, rock outcrop and other miscel-
laneous soils along creeks. Other soils
represent about 15% of the association.

5. MISCELLANEOUS STEEP
MOUNTAINGUS LANDS

This association consists of miscellan-
eous lands, rockland, rock outcrop and
rock rubble on steep and very steep
canyon sidewalls and ridges. The major-
ity of this association is located along
the Gallatin River Canyon. Miscellane-
ous lands consists of soils of variable
textures and variable depths over bed-
rock. Content of rock fragments in these
soils varies from those with only a few
pebbles in them to those that are very
cobbly and stony. Vegetation consists
mostly of lodgepole pine and Douglas
fir; however, there are grassland areas
and some mixed timber and grass areas.
Timber growth is quite variable, rang-
ing from a few scattered trees to some
dense groves. The thicker stands are
on north-facing slopes and along cou-
lees. Logging on this association is
prohibited by the very steep slopes
except on the lower, less sloping fans
and footslopes. Grazing is primarily
by wildlife. This association comprises
about 25,000 acres or approximately 21
percent of the survey area. The shal-
lower soils usually occur on convex
slopes along ridges. The deeper soils
are on fans and footslopes at lower
elevations. About 25 percent of the
association consists of rock outcrop and
rock rubble. They occur at all levels

in the landscape; however, rock outcrop -

is dominant on the upper slopes. Lime-
stone rockland is most common along
the Gallatin River Canyon, however,
rockland at the head of side drainages
at higher elevations consists of older
granitic and andesitic rocks. Much of
the soil on the steep slopes has formed
in material moved down slope by gravi-
tational creep. Soils on the lower slopes
are developed mostly in local colluvial
and alluvial materials.

6. TETON - GARLET
ASSOCIATION

This is a complex association of Teton
soils, under grass, and Garlet soils, un-
der timber. They are on hilly to moun-
tainous landscapes. Slopes range from

—

face but is not slippery and sticky when
wet is generally required. Soils that are
stony, very shallow, sloping, subject to
flooding, or have seasonally high water
tables are rated severe.

TRAILS AND PATHS considerations are
in terms of uses for local and cross-
country footpaths and trails for bridle
paths. It is assumed that these areas
will be used as they occur in nature
and that little or no soil will be moved
(excavated or filled). Soil features that
affect trafficability, dust, design and
maintenance of trafficways should be
given special emphasis. Soils that are

‘poorly drained, flood frequently, are

very stony, have clay surface textures
or steep slopes are rated as having se-
vere limitations or hazards.

SANITARY LAND FILLS are disposal
areas for trash and garbage. A good
sanitary land fill should be usable all
year and should operate without con-
taminating water supplies or causing a
health hazard. Soil factors considered
in rating the limitations for use are
seasonal high water table, permeabil-
ity, slope, stoniness, texture, depth to
bedrock and flood hazard.

POND SITES consist of the RESERVOIR
AREA and EMBANKMENT MATERIAL.
The reservoir area is rated on the ade-
quacy of the soil material to prevent
seepage from the reservoir. Soil prop-
erties most important are permeability,
slope, depth to sand and gravel, depth
to bedrock and seepage rate. Depth to
water table influences the depth of the
water in dugouts, pits, etc. in all kinds

of soil materials so is not rated for this

use. The soil properties considered for
embankment material are those features
of disturbed soils that affect their suit-
ability for constructing earth fills. These
include compaction characteristics,
compacted permeability, differential
settling, shrink-swell, resistance to pip-
ing, salinity, high content of stones and
erosiveness.

SUITABILITY AS A SOURCE OF TOP-
SOIL: Topsoil is considered to be used
for establishing lawns. A rating of
“good” means the soil provides a good
source of topsoil for removal and trans-
fer to another place or it can be used
in place. Soils are rated on the thickness
of the surface layer, texture, accessibil-
ity. salinity, stoniness, and wetness of
the surface layer of undisturbed soils.

SUITABILITY AS A SOURCE OF FILL
MATERIAL is rated on the basis that
the material is removed and transported
to another area to be used as fill mater-
ial for buildings, roads, etc. Texture
of the subsoil and substratum, suscep-
tibility to frost heave, plasticity, ero-
sion hazard, shrink-swell potential, and
compaction characteristics are factors
affecting the use of a soil as fill mater-
ial. Soils that have a high water table
or flooding or ponding hazard that keeps
water in the barrow area are rated fair.

SAND AND GRAVEL: Only the suitabil-
ity as a SOURCE for sand and gravel
is rated in Table 1. No attempt is made
here to rate the QUALITY of the sand
and gravel for specific uses such as
road base, concrete, etc. Quality de-
terminations should be made at the site
of the source since both grain sizes and

shapes of sand and gravel determines
suitability for specific uses.

LOGGING: Some of the major limita-
tions related to this use are extremely
stony areas, rock outcrops. slump or
slide areas, clay surface textures and
steep slopes. Slope is the only limita-
tion rated in Table 1 since most of the
other limitations occur in small areas
among most of the timbered soils. Slopes
of 0 - 30 percent are generally consid-
ered as comprising a slight limitation,
30 - 60 percent is moderate, and 60 per-
cent or steeper is severe.

15 to 50 percent. Grassland vegeta-
tion consists of Idaho and rough fes-
cues, mountain brome, bluegrasses,
forbes and shrubs. Timber consists
mostly of lodgepole pine and Douglas
fir with an understory of pine grass, elk
sedge, wild rose and other shrubs. Most
of this association is between eleva-
tions of 6,500 and 8,000 feet. Annual pre-
cipitation is between 25 and 40 inches;
15 to 20 inches of this comes in the form
of snow. This association comprises
about 12,000 acres, approximately 10
percent of the survey area Teton and
Garlet soils are about equal in percent
of the entire association; however, either
soil may comprise from 25 to 60 percent
of a particular area. Combined they
make up about 80 percent of the asso-
ciation. Rambler, Cheadle and glacial
till soils similar to Leavitt and Loberg
make up about 20 percent. Teton and
Cheadle soils are most common on the
upper south-facing slopes and convex
areas respectively. The forested Garlet,
Rambler and Loberg soils occupy the
long slopes between the ridges and
drainageways. Soil profiles for Teton,
Cheadle and Garlet soils are similar to
those described for these soils in As-
sociations 3 and 4. This association is
used for timber production, watershed
and wildlife. Elk are prime users of the
Teton and Cheadle park” areas.

7. GARLET - LOBERG
ASSOCIATION

This soil association is on steep and
very steep mountain slopes. Sharp ridges
separated by deep cut canyons charac-
teri1ze the landscape. Kock outcrop, rock
rubble and landslide areas are common.
This association is at elevations of
6,000 to 8,500 feet. Annual precipitation
ranges from 25 to 50 inches; 25 to 40
inches of this comes in the form of snow.
Vegetation consists of lodgepole pine
and Douglas fir with an understory of
pine grass, elk sedge, and shrubs. This
association comprises about 27,300
acres, or approximately 23.2 percent of
the survey area. The major soil in this
association is Garlet very gravelly to
stony loam. It comprises about 65 per-
cent: Loberg stony soils, 20 percent; Te-
ton, Cheadle and other soils 15 per-
cent. Garlet occurs on the long steep
mountain slopes between the ridges
and the drainageways unless interrupt-
ed by the occurrence of Loberg soils on
the lower portion of the landscape.
These forested soils which developed
in till also occur at the head of drain-
ageways, immediately below steep
mountain cirques. This association is
primarily used as watershed; however,
some logging is done at lower eleva-
tions on some of the less sloping areas.
Wildl fe also graze the “park” areas and
grass-shrub areas along drainageways.
Garlet Soils in this association consist
of Garlet and Garlet Shallow Variant
soils. These soils are described in Asso-
ciation 3.

Loberg Soils have similar profiles to
those described in Association 2.
Other Soils in this association consist
of rock outcrop and rock rubble, very
shallow soils, landslide areas, miscel-
laneous soils and seep areas along drain-
ageways.

8. LEAVITT - HANSON
ASSOCIATION

This is a grassland association of soils
on undulating to steep glacial till up-
lands. Landscapes are complex and typ-
ically glacial till “kettle and kame” top-
ography. Most of the slopes are between
8 and 35 percent. This association com-
monly occurs midway between the for-
ested till soil areas and the soils of

the valley terraces below. It is at eleva-
tions of 5,400 to 6,700 feet. Annual pre-
cipitation is 20 to 30 inches; 11 to 20
inches of this comes in the form of snow.
Frost can be expected to occur at least
once during each of the summer months
above 6,000 feet. Vegetation consists
mostly of Idaho and rough fescues, blue-
grasses, forbes, big sage and other
shrubs. This association comprises
about 6,300 acres, or approximately 5.4
percent of the survey area. The largest
areas of this association are located on
Porcupine, Tepee, West Fork and Bea-
ver Creek drainages. Leavitt stony loam
is the dominant soil type: however, there
are areas of cobbly loam and some areas
free of coarse fragments in the surface
layer. The latter is most common on
the north-facing slopes of the Porcupine
Creek drainage. In this area the Leavitt
soils have thicker, dark colored surface
layers than is modal for the series. Lea-
vitt soils consistently occupy the slop-
ing lands between the ridges. or knobs,
and the drainageways and concave
areas. Hanson very cobbly and stony
soils are on the knobs and ridges. The
highest concentration of cobbles and
stones is associated with this soil. Adel,
Michelson or Hobacker soils occur
throughout the association. Some seep-
ed soil areas occur along some drain-
ageways. An occasional small intermit-
tent lake is trapped in the undulating
uplands. Leavitt soils make up about
60% of the association, Hanson 309%,
and other miscellaneous soils 10%. This
association is used almost entirely for
grazing. Good range management prac-

liven (¢ oobdouiial W ilie wdinienduie
and improvement of the native range on
this association.

Leavitt Soils are well drained. A typical
profile i5 over 5 feet deep. It has a dark
brown or very dark brown, loam, sur-
face layer, 8 to 15 inches thick, and a
dark grayish brown or brown cobbly
subsoil of heavy clay loam to light clay
texture. The substratum is gravelly to
very gravelly and cobbly clay loam. They
are lime free to depths of 20 to 36 inches
becoming strongly calcareous below.
Coarse fragments in the surface layer
range from O to 30%, increasing to 35
to 60% through the subsoil and substra-
tum. Permeability is moderately slow.
Effective rooting depth is more than 36
inches.

Hanson Soils are well drained. A typi-
cal profile is over 5 feet deep. It has a
10 inch very dark brown or black, non-
calcareous, very cobbly loam surface
layer: a dark grayish brown, calcareous,
very cobbly loam subsurface horizon
and a nearly white, strongly calcareous,
very cobbly to very stony loam sub-
soil and substratum. Throughout the
assocjation the Hanson soils have sur-
face layers of loam, gravelly to very
gravelly loam, cobbly to very cobbly
loam and stony to very stony loam. Very
cobbly and stony loam is dominant.
Thickness of the dark colored surface
layer varies from 7 to 16 inches. Con-
tent of coarse fragments throughout the
profile varies from 35 to 60%. They usu-
ally increase with depth.

Other Soils in this association are Adel,
Hobacker and Michelson soils which
are similar to those described in Asso-
ciation 1. Other soils include miscel-
laneous, seeped and poorly drained soils
along drainageways.

9. RAMBLER ASSOCIATION

This association occupies undulating,
steep and very steep mountainous land-
scapes. It is at elevations of 8,000 to
9,000 feet in the vicinity of Lone Moun-
tain and Andesite Point. Slopes range
from 15% on the lower elevations to 60%

GLOSSARY :

Alluvial Material - Clay, silt, sand, gravel or similar ma-
terial deposited by running water.

Anticline - An arch of stratified rock in which the layers
bend downward in opposite directions from the

crest.

Belt Formation - A natural unit of rock known as the
Beltian system, so named for exposures in Little
Belt and Big Belt Mountains. Age of rock is more

than 500 million years.

Breccia - A rock consisting of sharp fragments embed-
ded in a fine-grained matrix. ‘

Calcareous Soil - Soil containing sufficient calcium car- -
bonate to effervesce visibly when treated with 0.1

normal hydrochloric acid.

Cirque - A deep steep-walled basin on a mountain shaped ‘

like half a bowl.

Clay - a. As a soil separate, the mineral soil particles
less than .002 millimeters in diameter.
b. As a soil textural class, soil material that is
40 percent or more clay, less than 45 percent
sand, and less than 40 percent silt.
Clay Loam - A soil textural class, soil material that has
. 27 to 40 percent clay and 20 to 45 percent sand.
Cobblestone - Rounded or partly rounded fragments of
rock, 3 to 10 inches in diameter. ..
Colluvial Material - A deposit of rock fragments and
soil material accumulated at the base of steep slopes
as a result of gravitational action. ,
Gneiss - A coarse-grained rock with distinct bands or
lenses of different minerals; feldspar especially be-

ing abundant.

Gravel - Rounded or partially rounded rock fragments
two millimeters to three inches in diameter.

Horizon - Any of the layers of soil or its underlying ma-
terial in a vertical section of land differing from ad-
jacent layers in physical, chemical and biological

characteristics.

Loam - A soil textural class having 7 to 27 percent clay,

on the upper slopes, just below the rock
rubble of Lone Mountain and Andesite
Point. Annual precipitation ranges from
40 to 60 inches of which 30 to 50 inches
comes in the form of snow. Vegetation
is primarily lodgepole pine with an un-
derstory of pine grass and shrubs. This
association comprises about 2,600 acres,
or approximately 2.2 percent of the sur-
vey area. Rambler very cobbly loam and
Rambler stony loam types comprise
about 80% of the association. The very
cobbly Rambler soils are on the steepest
slopes. The stony Rambler soils are on
the undulating and less sloping lower
portions of the association. This asso-
ciation is important primarily for its wa-
tershed value. Logging has been limited
to the lower slopes.

Rambler Soils are deep. They are noncal-
careous and well to excessively drained.
Atypical profile under a thin layer of for-
est litter has a brown to very pale brown
surface layer of very cobbly to stony
loam. It has a platy structure with
bleached silt and sand grains concen-
trated on the top of plates. The profile be-
low is similar in color but lacks structure
andisofloam or sandy loam texture. Con-
tent of coarse fragmentsingravel to stone
size in these soils varies from 35 to 70%
by volume in the 10 to 40 inch portion of
the profile, and usually increases with
depth. Rambler very cobbly loam soils
haveahighercontent of coarse fragments
in the upper profile than Rambler stony
loam. The stony loam type has from 20 to
50% sub-angular cobble and stone in the
surfacelayerascompared to 35% or more
in the very cobbly type.

Orher Soiis in this associauon are Gar-
let, Loberg. shallow soils over bedrock.
rock outcrop and miscellaneous soils
along drainageways. Other soils com-
prise about 20 percent of the associa-
tion.

10. LEAVITT - LOBERG
ASSOCIATION

This soil association is a complex of
grassland and forested soils developed
in glacial till on undulating to hilly and
mountainous uplands. The four main
areas of occurrence are between Bea-
ver and the West Fork Creeks, along
Porcupine and Tepee Creek drainages
and also south of the mouth of Cinna-
mon Creek. It occurs at elevations rang-
ing between 6,000 and 6,500 feet. Slopes
range from 8 to 40%. Much of this asso-
ciation has a “kettle and kame"” topog-
raphy. Vegetation on the Leavitt soils
consists of Idaho fescue, rough fes-
cue, mountain brome, shrubby cinque-
foil, bluegrasses and forbes. Lodgepole
pine and Douglas fir are the primary
vegetation on the Loberg soils. Annual
precipitation ranges from about 20 to
40 inches, of which 11 to 25 inches
comes in the form of snow. It is com-
mon to have a frost during each of the
summer months. There are approxim-
ately 5,600 acres in this association com-
prising about 4.8 percent of the survey
area.

Leavitt Seils in this association are sim-
ilar to the Leavitt soils described in
Association 8. They represent about
40 percent of this association.

Loberg Soils in this association are sim-
ilar to the Loberg soils described in As-
sociation 2. They represent about 40
percent of this association.

Garlet Soils are similar to the Garlet
soils described in Association 3. They
represent about 10 percent of this asso-
ciation.

Other Soils include wet soils in pot
holes, and along drainageways, very
shallow soils and rock outcrop. They
represent about 10 percent of this as-
sociation.

Moderate
Rapid

Very rapid

0.63 to 2.00 inches per hour

Moderately rapid 2.00 to 6.30 inches per hour

6.30 to 20.0 inches per hour
More than 20.0 inches per hour

Residual Material - Unconsolidated and partly weather-

ed mineral materials accumulated by disintegration
of consolidated rock in place.
Rockland - Areas containing frequent rock outcrops and

shallow soils.

Sandy Loam - A soil textural class, soil material that has
50 percent sand and less than 20 percent clay.

Serles, Soil - A group of soils developed from a particu-
lar type of parent material and having genetic hori-
zons that, except for texture of the surface soil, are
similar in differentiating characteristics and in ar-

rangement in the profile.

percent.

ed soils.

Silt Loam - A soil material that contains 50% or more
silt and 12 to 27% clay.

Slope - The rise or fall of the land surface measured in
feet per hundred feet distance and expressed in

Subsoil - The layers below the surface soil or plow layer.
In general it refers to the B horizon in well develop-

Substratum - Any layer beneath the surface soil and
subsoil (A and B horizons).

Texture - Refers to the relative proportion of the various
size groups of individual soil grains (sand, silt and
clay) in a mass of soil.

Till - Unstratified glacial drift consisting of clay, sand,

gravel and boulders intermingled.

dry zone.

28 to 50 percent silt, and less than 52 percent sand.
Permeability - The rate at which water will move down-
ward through a saturated soil. Terms used to de-
scribe relative classes of soil permeability in this

report are as follows:
Class
Very slow
Slow

Rate of Measurement Through Soil
Less than 0.06 inches per hour
0.06 to 0.20 inches per hour

Moderately slow 0.20 to 0.63 inches per hour

Water Table - The upper surface of ground water, or
the upper limit of the part of the soil or underlying
material wholly saturated with water. In some places -
an upper or perched water table may be separated
from a lower one by a relatively impervious
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