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PREFACE

INSTAAR has been conducting research in mountain geoecology in the San
Juar Mountains since 1969. The northern San Juans have received special
attention because Silverton became the headquarters of the San Juan Avalanche
Project funded under contract INSTAAR-14-06-D-7155 from the Bureau of
Reclamation, United States Department of the Interior, giving us particular
responsibilities for studying avalanche phenomena in Ouray and San Juan
counties. There has been a rapid growth in our knowledge, not only of snow
characteristics and avalanche phenomena, but also of many aspects of the
vegetation cover, climatic change, surficial geology and geomorphic processes
operating today upon a dramatic and unstable mountain landscape.

Thus, as the INSTAAR NASA-PY project, involving application of remote
sensing techniques to the solution of land-use problems in mountain Colorado,
developed, it became apparent that the northern San Juan Mountains should pro-
vide the platform upon which the two areas of INSTAAR research should be merged.
This possibility materialized through the passage of House Bill 1041 by the-
Colorado State Legislature in 1974 requiring that the counties make provision
for mapping areas under county jurisdiction that were subject to a variety
of geological (natural) hazards. This report to the San Miguel County Commig-~
sioners, therefore, is the product of extensive collaboration bhetween State,
County and University agencies and individuals. It has been financed pre-~
dominantly by the NASA Grant NGL-06~003-200 to INSTAAR, but with a significant
contribution by the State of Colorado through Sam Miguel County. Furthermore,
it is one of a series; similar natural hazard reporte and maps have been pro-
duced for San Juan and Ouray Counties. Also, during the 1976 summer field
season, mapping will be extended to Hinsdale County and our subsequent plans
call for publication of a scientific monograph dealing with the natural
hazards, vegetation, climate, and geomorphic processes of the northern San
Juan Mountains.

Many individuals have contributed to the research and writing of this
report. However, Dr. Michael J. Bovis carried the primary responsibility of
developing the map legends, testing them in terms of their applicability to
both remote sensing analysis and field mapping, and of organizing and coor-
dinating the field and laboratory team. Patrick §. 0'Boyle and Rebecca M.
Summer acted as research geologists and principal assistants; and extensive
contributions were made by Margaret Squier throughout the project. Richard
Armstrong and members of the INSTAAR San Juan Avalanche Project provided ex-
teasive advice on avalanche and snow phenomena. A provisional draft of the
map legends and a preliminary map of Howardsville Quadrangle, San Juan County,
was presented for review and criticism during a special workshop held in
Silverton in June/July 1975. Amongst others we are indebted to Messers. John
Rold and Pat Rogers, Colorado Geological Survey, and Dr. Charles Robingon, of
Charles Robinson and Associates, for the advice and comstructive criticism in
the review process. The modified legends then became the basis for mapping all
three counties, Dr. Daniel H. Knepper provided extensive editorial assistance.
Mr. Joseph Vitale, NASA monitor of Grant NGL-06-003-200 has provided encourage-
ment, advice and support to which we are especially indebted. Finally the
San ttiguel County Commissioners and, in particular, Mark Frauhiger and Judy
McGowan, are acknowledged for expressing encouragement for our proposal from
initiation to completion.




The main thrust of the INSTAAR applied mountain geoecology program is an
attempt to analyze the interrelations between man and his mountain environment
and to pose suggestions toward mitigation of major land-use planning problems.
It is therefore appropriate to designate this report as a contribution to the
United States Unesco Man and the Biosphere (MAB) Program Project 6A: study of
the impact of human activities on mountain ecosystems. It is hoped that the
three series of maps hereby presented to San Miguel County, together with this
written explanation, will assist the County Commissioners in their task of
making wise land-use planning decisions. If this is the case we will have at

least partially fulfilled our obllgatlons to them, to NASA- and to the spirit

of Unesco MAB.

Jadk D. Ives' 2
Director, INSTAAR :
Chairman, U.S8. MAB Directorate 6A

20ch May 1976




SECTION ONE

 INTRODUCTION

1.1: Purpose of the Study and Use of the Report

The work covered in this report is part of a wider study of natural
hazards within the San Juan Hountains conducted by INSTAAR to investigate
the applications of remote sen51ng technology to natural hazards research.
0f equal importance is the application of the data collected on geologic
and snow avalanche hazards to land-use planning decisions in San Miguel County.
The study area comprises the southern two-thirds of the county and includes
areas that are beset by combinations of hazards resulting from actual or
potential instability in rock, soil and snow materials. The following
1:24,000 topographic maps are covered in'the-report: OGray Head, Horsefly |
Peak, Ironton, Mount Sneffels, Mount Wilson, Ophir) Sams and Telluride. :

i

For practical reasons, geologic and snow avalanche hazards are depicted
on two separate series of maps and are discussed under separate headings in
Sections 3 and 4 of this report; geologic hazards are restricted to phenom~
ena produced by rock and soil instability (Appendix 1). Separate treatment
of avalanche hazards emphasizes the seasonal character of slope instability
within the county, but does not preclude a joint treatment of both types of
hazard on a third, Overall Hazard series of maps discussed in Section 5.
This serles is based on a five-fold scale of hazard that should meet the
immediate needs of the county with regard to zoning. Also included in Section
5 are a set of general recommendations for land-use. The separate geologic
and avalanche map series are designed to be used in conjunction with the
Overall Hazard series, so that the various types of hazards present can be
specified, 7Tt is anticipated that this will prove valuable in the context
of hazard mitigation. .

Due to the scale of mapping, all boundaries drawn on the three map series
involve a certain degree of generalization, with small features omitted for
the sake of clarity. Wherever possible, the specific limitations of each
series are stated in the relevant sections. Therefore, the maps should be
regarded as reconnaigsance documents, which although ensuring a timely
recognition of situations which may impose constraints on certain land-use
alternatives, may not yield the desired level of information necessary for
solving 'site' problems, idnvolving areas of five acres or less. This scale
of problem usually requires a detailed, site investigation of hazards as these
relate to specified land-use alternatives.

1.2: Methods of Study

The term 'hazard' implies that some judgement has been made of the poten-
tial interaction between natural geophysical events, and the works of man.
Indeed, Colorado House Bill 1041 defines a geologic hazard as "...a geologic
phenomenon which is so adverse to past, current or foreseeable construction or

*
All such indicated terms are defined in the Glossary.




land-use as to constitute a significant hazard to public safety, or to

property'. (Rogevrs et al., 1974, p.2).  Accordingly, most of the material
reported here relates to the mapping and interpretation of features iIndicative

of actual, or potential instability; hazards per se can only be evaluated in terms
of a proposed devlopment. o - -

For reasous of cartopraphic clarity, two sepalate legenda were drawn up for a
mapping geologlc and SROW’ avalanche features. ' : — ' - :

(1) Features associated with rock and aoil instabillty, ‘and flood inundation,
including: rockfall and talus areas; rock glaciers: landslides: debris flows:
and debris fans; physiographic floodplains and swamps: and areas of acceleratedl
colluvial activity, including potentially~unstable slopes (Appendlx l)

(2) T'eat:ures assoc1ated with snow avalanches. For mapping purposes, starting
zone, track and runout zones are not differentiated; instead, avalaache path
outlines are given. Also included are potentlal avalanche areas, defined as
timbered slopes, steeper than 60 percent (21 ), above 7,000 feet elevatlon,
that currentlv do not show 31gns of avalanchln? (Appendlx 2).

The initial mappﬁng of geologic and'éValanche features involved photo- . ..
1nterpretatlon of high altitude color and color infrared transparencies from
NASA Misslons 123, Roll 59; 247, Rolls 1 and 2; and 248, Rolls 14, 16 and 20.
This afforded good stereoscopic”™ coveragze of most of the study area. Additicnal
coverage for a part-of the Mount Wilson quadrangle was obtained from U.S. Forest
Service black and white prints.. This photographic material enabled most of -
the features in both legends to be identified and mdpped to a‘first approx-
lmation. ' - ‘ -

A compilation of data from previous geologic studies provided valuable
guidance in the mapping of certain features, particularly old landslide
deposits and areas of expansive soil and rock. Previous geologic work in the
San Miguel County study area is discussed in Section 2.3.1. TFor most of the .

-study area, there was a lack of published information on snow avalanches. o
However, the study of Ives et al.(l976) provided valuable information on the . .
distribution, magnitude and probable recurrence interval of avalanches near
to Ophir, in the valley of Howard Fork (Figure 1) and covered this valley as
far as Ophir Loop. - Background information on avalanche phenomena in the . = i
northern San Juan Mountains was . provided from field experience of ‘the INSTAAR ©
San Juan Avalanche Project,’ ‘based in Sllverton. (Ives et al., 1972, Armstrong'
et al., 1974 1976; Miller et al.,1976) T ' SR §

For the most- part features in legend (1) are produced by the Eree»fall 5
fracture , sliding and flow of soil and rock masses. In certain cases, the
predominant process can be deduced from photographs, for example, the ridges and.
lobes associated with slow, 'viscous'” deformation of rock glaciers in alpine
basins. Light colored swaths across talus slopes were interpreted as recent -
talus slides, and were differentiated from stable talus areas, where lichen
growth produced a more subdued tone. Arcuate scarps produced by recent land-
slides were readily didentified in most cases, as were hummocky ground areas
associated with some of the more recent failed masses. As noted above, mapping of
older landslide areas was not achleved from photo-interpretation alone.

Lines associated with debris flows (=mudflow) were clearly visible as lighter

swathg which in some casee, could be traced to source areas in hydrothermally-

altered” zones., Fresh levées on large, recent debris flows, stood out clearly R
under highupower, stereoscopic v1ewing of aerial photographs, and wvere used to SRR




.

obtain preliminary estimates of the extent of active debris flow depogition. -
In legend (2), numerous avalanche paths were fdentified from color infra-
red photography by the conspicuous absence of mature coniferous or decilduous
forest cover across broad swaths. Zones of infrequent, or episodic, avalanch-. . .
ing were identifiable from the presence of secondary regrowth of aspen or -
willow within predominantly coniferous stands. This enabled a rapid identifi-
cation of many avalanche starting zones and tracks. The extent of runout -

areas could be mapped to a first approximation from the photographs, although L

this was not. always possible due to the edaphically-controlled* absence of .
woody species. . Concomitant with the photointerpretation of avalanche paths,
potential avalanche zones were 1dentif1ed from topographic map analysis,
using a 60 percent slope gauge. ,

Field checklng during summer and fall of ]975 ylelded valuable ground
truth data to corroborate and supplement the air photograph analysis. Empha-
sis was placed on features which had defied resolution on the photographs,
such as flow-aligned timber debris in avalanche runout areas, and more
subtle evidence of avalanchlng, including blanch trimming and impact scars
on trees,

A subdivision of colluvial slopes within legend (1) was made possible by -  ‘_¥;;

‘a field investigation of overburden* thickness on slopes, using roadeuts -

and natural exposures. . Slopes with unconsolidated overburdens thicker than”,@f _ L

two meters were designated potentially-unstable. Also investigated were in-
stances of inciplent landsllding, which had been obscured by forest on the

photographs.
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SECTION TWO '

GEOGRAPHIC SETTING AND GEOLOGIC'BACKGROUND

2.1: Regionai topography

Two wmajor physiographic provinces are recognized within the‘stﬁdy area . ..
depicted in Figure 1, The first, dﬁnoted by 'V', is underlain. principally
by Tertiary” volcanic and intrusive  rocks and forms the most rugged and
upstanding area. in eastern San Miguel County. Large tracts of this type
of country form the areas of Silver Mountain, Yellow Mountain and many peaks
which demarcate the northern border with Ouray County; for example, Mears .
Peak, Hayden Peak and North Pole Peak. A combination of steepness of terrain’
and rapidity of weathering of the volcanic and intrusive material renders the o i
volcanic province highly unstable over large areas. Additional. hazards .. H,ﬁ;-‘g
derive from snow avalanches, since large areas of the province extend above ;ﬂ‘if}‘“’r
~ timberline and are subJect to con31derab1e snow accumulatlon in w1nter (Plate l)

The second maJor physiographic province is denoted by 'S‘ in Flgure 1, S
- since 1t is underlain by sedimentary formations of Paleozoic® and Mesozoic*‘- L
" age. These give rise to a flat to undulating plateau type of country, Ce
deeply dissected by the principal streams draining the area, and contrasting:
markedly in its overall geologic stability when compared with the Volcanic
province. . Examples of topographic features within this province are Sunshine
Mesa, Wilson Mesa, Deep Creek Mesa and, In the northwest part of the study
area, Hastings Mesa. Since the regional direction of dip in the gedimentary
rocks is to the west, Paleozolc rocks, represented by the Permian Cutler ,
Formatlon,are regtricted to the easternm part of the study area, with successively
_younger Mesozoic rocks occurring to the west. " The more resistant formations -
‘are exposed in rocky cliffs along the San Miguel River, principally, the - n
Cutler, Dolores, Morrison and Dakota formations.  However, the Mancos Formation - :
underlies most of the Sedimentary province since. it fgrms most of the dissected
mesa country described above. Also, the Mancos qhale has a large outcrop in
the vicinlty of Trout Lake (Plate 2) 2 ; i :

The physiographic form and geologlc stabillty of the Sedimentary'province
can only be understood by considering the properties of this thick shale
formation, together w1th its relationship with the overlying Tertlary volcanic,;v
formatlons Figure 2). ' A considerable amount of landsliding has occurred at . -
the contact” between these two rock units, the most spectacular examples being
the Silver Mountain Landslide, southwest of Telluride, and the Yellow Mountain -
Landslide, just to the northeast of Trout Lake. The combination of an upper,
permeable unit and a lower, impermeable shale has caused extensive landsliding.
Landslide deposits in these situations usually consist of a mixture of tuff
material, glacial drift and shale. This suggests that the most widespread
period of landsliding occurred soon after the gldCLal epoch, although several
phases have probably taken place in post-glacial”™ time and the chronology of
events is not known in detail.




2.2: Iffects of the Pleistocene™ glaciation

P

A classlc description of the sequence of glaciations which affected
the study area and the adjacent areas in Ouray and San Juan counties is glven
by Atwood and Mather (1932). Glacial overdeepening of pre-glacial valleys
by valley glaciers during the Pleistocene Period produced steep slopas,
which in many cases were mantled by a thick layer of glacial material. TIn
post glacial times, this combination of circumstances has probably produced
the largest landslide features in the County (e.g., Silver Mountain and
Yellow Mountain). Within the Volcanic province, glacial erosion carved out . °.
large cirque* basing, surrounded by sharp peaks produced by intense frost -
weathering during the glacial epoch. . .These constitute some of - the most R
spectacular, and hazardous, features in San Miguel County, for example,. R
Agax Mountaln, Silver Mountain and Hayden Peak - .

) Although the macro~rellef of the Volcanic province owes its fdrm to the”
direct eroslonal effects of moving ice during several phases of glaciation,
subsequent modification of the glacial topography has occurred in post-glacial
time. Large quantities of rock debris, weathered from volcanic outcrops in -
particular, are contained in talus deposits, rock glaciers, debris fans; . T

-physiographic floodplains and colluvial slopes. Many of these features ara stlll .
evolving today and are, therefore, =zones of high geologic 1nstabillty from ‘;‘ .
rockfall, talus sliding, debris flow activity and floodplain development. .These :

" comments also apply to .the landslide areas, since although their initiation B

was due primarily to.conditions which prevailed immediately following the last
glaciation, many pockets of 1nsLab111t3 remain Loday, related to subtle PEEN

oomblnations of - groundwater, 11thoiopy and geologlc structure .{‘ B

oo

2.3: &tratlgraphic and Structural background

2.3.1: Previous studies 6f the local and regional geology..

A pood regional account of the geologic history and stratigraphy of the-

entire San Juan region is given by Larsen and Cross (1956), At the same
map scale of 1:250,000, part of the study area is covered by the later work
of Steven et al (1974) in thelr geolo°1c map of the Durango 2 quadrangle. N

Coverage aL the scale of 1 62 500 is provided by the much earlier sLudies
~ of the Telluride and Ouray Folios. by Cross et -al.: (1899, 1907). - Although the
regional stratigraphy has been: revised considerably since these studies vere i
completed, the Folios are,.nevertheless, eminently readable from- the standpoi £
of the modern geologist.’ Much’ of the area covered by the Folios has since™
been mapped at the much-larger ‘scale of 1:24,000 as. part ‘of the U.8.G6.8, ~ %
Geological Quadrangle Map (GQ) .series: ‘the Telluride quadrangle map of Burbank
and Luedke(1966); Gray Head in‘'preliminary form, by Bush et al. (1961),- the
Ironton quadrangle map of Burbank et al.(1964); and the Mount Wilson quadrangle
study of Bromfield (1967). . In addition, most of the Ophir quadrangle that lies
within San Miguel County is covered by the study of Vhay(1962).. Peripheral to-
the main study area, additional studies at a scale of 1:24,000 are the Deenh
Placerville quadrangle study of Bush et al.(1959), the Little Cone quadrangle '
work of Bush et al. (1960) and the Dolores Peak quadrangle study of Bush and

Bromfield (19658).

More detailed studies of specific problems or small areas are provided by
the landslide study of Varnes(1949) and the commissioned studies of Chen and
Associates (1974) and Western Engineers Inc, {1972, 1973). TFrom previous
INSTAAR involvement in San Miguel County, an innhouse publlcation on the debr1s )

X LT



flow hazard along Cornet Creek is notable (Mears et al.,1974). Also, the
concluslons of the studies by Sharpe(l974) and Clark(1974) concerning debris
flow genesis and recurrence interval ave broadly applicable to the County area.

The recent landslide maps prepared by Colton et al.(1975) for the Durango and -
Montrose 2° gheets (scale, 1:250,000) provide useful information on the o
approximate location of major.landslide features for areas of the County not

covered by more detailed geologic studies (e.g., the areas on the Sams and- w
Horsefly Peak quadrangles). The maps provide faifly broad guldelines in this .
respect, since rock glaciers and talus deposits are included in the general =~ = °
category 'landslide', yet these are treated as separate features in the legend ..~ .
used in this study (See Appendix 1). o ' S LT

2.3.2: Stratigraphy and litholoéy o

Due to the considerable thickness of Paleozoic and Mesozoic sedimentary
formations in the study area, coupled with the pattern of subsequent erosion o
of this rockpile, Precambrian”rocks are not exposed in the eastern County area, ‘..
although they appear further to the east in San Juan and Ouray counties. The LR
oldest rocks in the~area belong to the upper Paleczoic Cutler Formation, which
is well exposed along Bear Creek and the San Miguel River valley. and gilves rise -
to the distinct, ledged cliffs of red shale, sandstone and conglomerate®.. The R
shale members within' the Cutler are probably moderately expansive and the e
interbedded sandstone and conclomerate layers are, locally, active to moderate
sources of rockfall. ' N o Lo e

I

The overlying Dolores Formation, of Triassic® age, is of similar color = .-
and composition to the Cutler Formation, consisting of interbedded shale,
siltstone, sandstone and conglomerate, with a limestone unit at the base of <
the Formation. As might be expected, thé Dolores Formation is beset by the same
types of instability.that. occur in outcrops” of the Cutler Formatiom. - . .- . <.~

The Jurassic period began with the deposition of the Entrada Sandstone,. a
distinctive light-colored sandstone formation that forms cliffs along the /
San Miguel Valley from the Pandora Mill to the hamlet of San Miguel, west of .
Telluride. Like the underlying Dolores Formation, the Entrada is® an active -
rockfall area (Figure 2). The Entrada is succeeded by the Wanakah Formation
divisible into a lower Pony:Express Limestone Member, a middle Bilk Creek -
" Sandstone Memberjénd'an'tpper,member consisting of shale, siltstone and thin
sandstone units. : Solution of the basal limestone member causes.structural 7~
undermining of the sandstone member, which in turn, leads to rockfall activity.
not only along the San Miguel Valley, but alsoc along the margins. of Sunshine -
- Mesa and Wilson Mesa.  Jurassic deposition.came to a close with the thick S
Morrison Formation, exposed in steep slopes which lie above the rockfall cliffs
of the Dolores, Entrada and Wanakah formations in the San Miguel Valley. The = ;
lower Salt Wash Sandstone Member of the Morrison is locally an active rockfall " L
source. The overlying Brushy Basin Shale Member is composed of red to greem = -
mudstones, interbedded with fine-grained sandstones. Lenses of highly expansive
clay occur within the mudstone units, making expansive soil a possible hazard
on these slopes. Due to a lack of stratigraphic information at rthis scale, the
precise location of these highly expansive lenses and horizons is not known
precisely; therefore, they are not identified as separate units on the geologic -

hazard maps.




- -10- |

. The Cretaceous* Pariod opened with the Dakoté Sandstone, recoénized by its
light-colored cliff-forming units, that often give rise to rockfall activity -
on steep slopes. The Cretaceous closed with the accumulation of the thick - R
Mancos Shale Formation, which attaiuns a thickness of about 2,500 feet in the - ' %
study area. Its considerable thickness and low westerly dip angle explains - ‘
the large areas underlain by this formation, as noted above in the discussion . -
of the Sedimentary physiographic province. It is remarkably homogeneacus .
both vertically and laterally, although a few sandstone and limestone bands
occur. It usually does not form rocky outcrops, due to its. low mechanical R
strength and rapid rate'of.weathering. The highly fissile character of the . - - =
Mancos Shale 1s shown in Plate 5. - Usually, it weathers teo a cohesive sgil .. . .. 7.
that. often displays polygonal shrinkage cracks, indicative of moderate '
expansive act1v1Ly(P1ate 6). T

The Tertiary Period opened w1th the dep051t10n of the Tellurlde Conglomerate
comprising siltstone, sandstone and conglomerate units. The Conglomerate
attains nearly 1,000 feet in thickness on the steep slopesg, high above the
San Miguel Valley, and gives rise to rockfall hazard above the Pandora Mill
and along Bear Creek.. Locally, landsliding has occurred across the underlylng
Mancos Shale.-~As with the underlying sedimentary. formations, the outcrop of -

‘ the Tellurlde .Formation is completely masked by landslide deposits 1n the ._f:5'
- Silver Mountain Landsllde area-southwest of Tellurlde.q;_:-— Y L

‘The bulk of Tertiary deposition OCQurred:as voleanic tuffs, breccias and '
flows, the principal formations-being (in stratigraphic sequence, from oldest
to youngest):! ‘the: San Juan-Formation, which has the largest outcrop of all . e
the vélcanic formations: the Picajune'Formation, Fureka Tuff, Burns Formation —~ = °
and Henson Formation, most of which are named by type areas in San Juan and-
~ Hinsdale counties, where most of the volcanic formations attain maximum thick-

ness.. As Figure 2 indicates, the formations younger than the San Juan Tuff _"."Qr
. comprise the Silverton Volcanic Group (Varnes, 1963}, although from the e
standpoint of geoclogic hazards and stability, the entire sequence of volcanic
" formations can be.treated as a fairly homogeneous unit. It should be noted, |
- however, that-vertical and lateral variation has been mapped in some detail QV
~*(Varnes, 1963; Burbank and Luedke, 1966, 1969).  The highest: peaks in the -

eastern and northern County areas are underlain by the Gilpin Peak Tuff,
for example, Sti- Sophla Ridge and Silver Mountain. ° Compared with:the underlying
- volcanlce formations, the Gilpin Peak Tuff gives rise to a large number of el
resistant, rocky ledges, which are very active sources of rockfall, and in some-
cases, debris flow activity (Plates 1, 7 and 8). However, rockfall and debrls
 flow activity is- falrly typical of most of the Tertiary volcanlc outcrops :

“(Plates 7 and 8)

Quaternary surficial.deposits*,.1nclud1ng glac1al material ,debriq fans,
floodplain alluvium and colluvial accumulations are inextrlcably involved o
“with many geologic hazards in the County area, and a discussion 6f these .
formations is postponed until Section 3. ' The listing in Figure 2 1s not ***
in stratigraphic sequence of deposition for Quaternary material.




. _Tertiary formations, to slide over the underlying Mancos Shale, creating the

© * Sunshineg’ Mountaln and ;Wilson Peak, ‘and, on a smaller scale, intrusi ions which lle '

;;j{splace and led to mineralization of fissures. Discussion ofithe” economic -4 -
© " significance of this’ serles of events is ‘beyond the scope of this. -report, yet
" the alteration of volcanic ‘rocks has implications for geologic hazards also .7

S P
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2.3.3: Structural history

Tte major structure in the study area is the San Juan Monocllne, which
dates from. the Laramide Orogeny*, during which the entire San Juan region
- was formed into.a dome. The orientation of the monoclinal, or single~linbed
- fold is such as to impart a steep westerly to northwesterly dip to Cretaceous R
and Jurassic rocks (principally) and it is thought that this situation may have = = °
. caused the San Juan Tuff and Telluride Conglomerate, together with later L

extensive landslide deposits of Silver Mountain in particular. This observation’
- demonstrates that this type of landslide cannot be understood without reference . .
. to the structural and stratlgraphlc h15t01y of the area, as._ well as, the climatlc.ﬁf
. fluctuations of the Glacial Epoch. ' Sl Cen i o

The geomerry of the monocllnal flexure and other minor folds and faults R
of Laramide age is displayed in the Paleoz01o and Me30401c ouLcrops along the osand
San Migual Valley . : . e

The Tertlary Period also witnessed 1arge~scale 1gneous 1ntru51ve activity, _
in addition to the. extru81ve volcanic formations already described. 1In some - =t
cases, .these masses,’ intruded 1nto Mesozolc sediments and Tertiary volcanic - _
rocks, are-partly exhumed as small-laccoliths™ and 51llsk, particularly within
the area of Hastings Mesa. Elsewhere, very large intrusive bodies form high .
mountain areas, for example, the San Miguel Range, which includes Black Face,.

-just north of Campbell-Peak, on the northern County border. -From the standpolnt
of geologic hazards,  these large intrusions are similar in character to the
Tertiary volcanic outerops, in that they are active rockfall areas. . The degree
of mudflow activity, however, appears to be somewhat lower on the intrusive
outcrops, due probably to-the slower rate of weathering of coarse, orystalllne'
- rocks, compared to-friable tuffs. and ash deposits.. Small laccoliths 1ntruded
“iato the Mancos Shale often have a disruptive effect in that they are seepage
- lines within an otherwise impermeable shale formation. For this reas son, small .
. landslides have occurred in these locations, for example, on Hastings Mega, -~
- The same pattern of-slope failure perlpheral to small 1ntrusive bodles 13.3'
,also noted in southern Ouray County - : . -

3 During the mlddle agd 1ater part of the Tertlary Period, extensive '
,:hydrothermal alteration. of (principaily) Tertiary voleanic formations took

' Chemical "alteration of ‘the voleanic rock has given rise to veaker .zones, which :
- weather very rapldly ‘compared to, say, unaltered intrusive areas.. ' This creates o
-~ large areas of unstable or potentially-unstable rock and weathered debris in oo
. high, alpine basins (e.g., along St. Sophia Ridge, above Telluride, and along

much of Silver Mountain, above the valley.of Howard Fork). OFten, these are
notable starting zones for debris flows and talus slides (q.v.) (Plates 7 and 8).
It is likely , therefore, that the incidence of hydrothermal alteration may be .
a more important determinant of geologic instability than original differences in ~
the structure and lithology” of the Tertiary volcanic formations. Altered areas
are usually recognizable as reddish or yellowish zones, produced by hematite” and
limonite™ coloration.




SECTION THREE |

GEOLOGIC HAZARDS

3.1: Introduction

The purpose. of this section is to describe the legend used in the mapping

of features associated with rock and soil instability and flood inundation.
As noted earlier, the categories in this legend are not strictly speaking,
hazard categories, since this concept cannot be divorced from considerations- &
of the potential for interaction with the features of human occupance. Houever, -
the categories do specify various levels of geologic instability and from a .°
geologic standpoint, are genetic, in that the origin of features and the pre- .
dominaut processes involved are implied; for example, rockfall, debris flow,
physiographic floodplain. It should also be realized that most of the cate-
gories in the legend refer to readily identifiable features in the landscape, . .
such as rock glaciers, talus slopes, landslides and debris fans. .This property -
of the legend reflects not only mapping considerations but also emphasizes
processes, a:factonqof COnSLderable lmportance in the mthgatlon of hazards .. e

. S . A : e
" Twyo other features of the geoloOic 1egend should be stressed ;Flrst,. T
only the most limiting hazard is designated in a particular avea. For example,*’
it is likely that many active landslide areas are also zones of colluvial - -
activity, yet the.mass-fallure property is obviously the most limiting condit lon, .
similarly, areas-of. moderate colluvial activity on shale formations are mapped R
as expansive-soil. Secondly, hazard areas should not: be interpreted without . . 0 7
reference to their local context; a sudden transition from rockfall, to moder— " . o -
ate colluvial activity, for example, should be viewed with caution, particu-
larly close to the boundary between the two categories. On the other hand, a
change from expansive soil to woderate colluvial activity involves a much less-
abrupt transition.  Nevertheless, any boundary should be interpreted as a zone
of transitlion, rather than as a line across which conditions change abruptly.

3.2: Geologic hazard legend -
The maﬁﬁihg-cétegéries are’ discussed below in the same order as in the iegéhd;

(Appendix 1)... All abbreviations refer to those used in the appendix (e.g., rf.

for rockfall) and are the same as those used on the geologic hazard maps.. -

3.2.1: Rockfall (£) 7

Rockfall is the free—fall rolllng and sljding of rock fragments after
physical and chemical weathering have reduced the cohesion™ and frictional -
contact between large blocks exposed in a cliff face. Isolated blocks fall,
therefore, when gravitational stress exceeds the resisting forces of cohesion-'
and the external friction between the block and its parent formation. Repeated .
freezing and thawing of water in rocky fissures may cause large blocks to become . = |
loosened, and water moving along joints in bedrock serves to decrease the friction |
between individuyal blocks. Also, chemical solution or stream undercutting of a
non-resistant eliff forming rock unit may lead to structural failure and
consequently, rockfall activity.

Rockfall sites may be identified in the field by the presence.of a steep,
jagged rock face, usually fractured or jointed, below which a talus deposit
may exist. The freshness and extent of the talus material will be related to

AT . : e, EE- e
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the rate of mechanical and chemical weathering oﬂ the rock debris and the 1atex
at which rockfall activity takes place. . Lo

The steep slope north of Telluride, ‘underlaln by the Cutler, Dolores EnLrada '
and Wanakah formations is an active rockfall area, and this succession of rock . -
units gives rise to similar activlty between Keystone and Placerville in the
San Miguel Valley (Plates 3 and 4). The Tertiary intrusive body of the Ophir'
Needles is also an active rockfall area, and has given rise to large talus
deposits Iin Howard Fork valley. As noted previously in the sections on
stratigraphy and structure (Section 2), most of the high Tertiary voleanic and
igneous rock areas are active rockfall zounes that have produced conSLderable‘a
talus accumulations and rock glaciers. (PlaLes 1, 7 and 9).. -

3.2.2: Rock glacier (rg)

Rock glaclers consist of thlck accumulatlons of unstable to potentially- SEeT
unstable talus material within alpine basins that either cover am old, stagnant o
ice core, or possess large amount of interstitial ice. The are probably "
.unconsolidated, and,. therefore, susceptible to mass failure’ »- particularly 1f_
the 1ce core melts due to excavation or rapid erosion of overlylno ‘talus. ;- ¢

. prentel "J'.‘nj,'i ',':i“-\"“E anem !

DlStlnCt lobate tongues of rock glacler materlal show up well on the
aerial photographs (Plate 1) and most features display a hummocky surface,
traversed by pressure ridges (Plate 9). " The surface material of- some rock .
Olacier° _may be falrly stable,. as 1nd1cated by a heavy lxchen cover.

Because of the 1esser rate of meltlng,of 1nterstitialﬂice and.a.buried'ice_
core on north-facing slopes, the most spectacular rock glaciers are found on -0
slopes of this orientation, examples occuring én the north face of Silver
Mounfain, above Alta Takes, and the north face of Campbell Peak. - However, to.
counter this assertion, some do occur on south~facing slopes also, for examp]e
the feature depicted in Plate 1, on the west flank of Dallas Peak in the : 3
" headstreams of Mill Creek P : o R

3.2.3: Landslidc (1s)

A 1and311de re5u1ts from a downward and outward movement of relatively
dry mixtured of rock and soll debris, in response to external’forces acting:
tangential to a’'slope. . Failure occurs when a change in equilibrium takes place’
between gravitational: stress and the slope properties of shear*streugth cohesio
and internal friction.® Man-induced disturbances may lead: toAlandslidlng, and
~include: (1) Addition of earth material to a potentially~unstable slope,’
" thereby dincreasing the total load imposed on the slope material; :’erection.of’a

structure may have the same effect. (2) Removal of material. from the toe area of
a slope by excavation or accelerated stream erosion, which creates an imbalance 3¢~
between the forces driving the soil layer downhill and those opposing this motion.
(3) Trrigation or septic tank operation, which reduce the cohesion of the poteﬁtially
potentially~unstable mass, in addition to 1ncreasing the total load imposed on S
the slope material. . v

Failure usually takes place along a recognizable surface of rupture, with. = E
the bagsal part failing iu shear, and the upper headwall materlal Failing in ‘
tension (Plates 10 and 11). 'ranslational” and rotatiomal” ‘types are recognized
the latter having curved failure surfaces, concave upward, and involving : -
downward motion as well as backward rotation of the slide mass, the translatlonal”'

type involving lateral movement, with little rotation.: In the case of recent
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falled masses, it may be possible to deduce the éype of fai]ure,‘yet for S
older deposits (e.g., the Silver Mountain Landslide) this may be much more -
difficult to demonstrate. ' It is likely that both types of failure have
cccurred at. various 1ntervals to produce 1andslld1ng on this scale. '

: . Both the rotatlonal and translational types can 1nvolve deformation of S
the mass as a rigid body, revealed by the presence of several large, intact -
. blocks of debris. comprising the failed mass. Flow ‘usually- occurs. to some R
. . degree however, partlcularly in cohesive solil areas (i.e., derived from the .
- Mancos Shale and similar argillaceous™formations). Tlow involves an internal
~ deformation of all elements, ‘usually accompanied by a certain amount of shearing :
along discrete failure planes. Both types of motion produce hummocky terrain” "Q;j“'3
within'the failed area, which may be poorly drained as a result.  Although e
weathering and erosion may subsequently reduce the prominence of these classic ~ 7
features of landslide terrain, a subdued, Jhummocky surface usually persists
for a considerable period of tlme follow1ng fallure (Plato 2) .

In eastern San Mlguel County, glaCldl dep051tq may be subject to 1andslid1ng
- partlcularly where they overlie impervious formations such as the Morrison and
© . Mancos,.. Thick.accumulatlons of glacial material are not differentiated e
‘ texturally from. thick .colluvial accumulations (See Section 3.2, 7. 1), and in
fact both behave in roughly~the same way, especially when water-saturated -
above impervious. shale. .Small-scale rotational slumping of glacial material
... overlying shale has occurred on the north-facing slope, directly south of
' . Society: Turn-and lon Hastings Mesa, near to the Last Dollar Read (Plate 10).
Rumerous pockets- of instability exist within the area mapped as landslide z
on the Tellurido_geologicalbquadrangle map of Burbank and Luedke(1966), with
the most active scarps being mapped with a toothed symbol on the geologic e
hazard maps. :Iniphe case.of the Silver Mountain Landslide, . repeated failure’
has led to the-accumulation of a considerable thickness of material,. probably
in excess of 500:ifeet ‘in places. Rapid revegetation of the landslide area o
with aspen (Plate:2) means that details of the stratigraphy of the deposit are
- obscured, sections being rarely encountefed. . The roadcut along Highway 145 °
“ - (Plate 12) gives “some idea of the type of material involved in the: landslide.
. "The - slope fs decidedly unstable on its slip face, and deeper-— seated movement
" appears to be. taking place,  evidenced by frequent disruption ‘of the asphalt
. surface of the:road overlooking Ames. "The Ames Landslide, located on the
~ _opposite. side of the South Fork of - the San Miguel from the Silver Mountain
- feature,-is shown in,the upper ‘left area of. Plate 2. - Here,. slope failure
=, 1s.probably related to- groundwater hydrologic. disturbances:- induced by a large
;ilaccollthlc intrusion into.-the: Mancos Shale (Varnos :1949) .7

3.2.4: Eioanoive soil and rock (es)
Exoansive soil aﬁd rock contain a highxpercentoge of'clay ﬁinéfélé.thaﬁ
undergo marked volume changes during cycles of wettiug and drying. ' The most
. . : * cavar K
expansive clay minerals are montmorillonite” and illite”  (Buckman and Brady,
1969}, the former being by far the most expansive. Clay minerals have a
sheeted structure and unique electrical properties that determine their:

behavior when in contact with water (Terzaghi and Peck, 1967). he flat
surface of each clay particle carries a negative charge, which causes adsorption




.~ .the friction between rock fragments, and textural variations may occur as a .

“15-
. o
of water and consequent swelling of clay-rich soils.

Expansive soil in San Miguel County is almost exclusively derived from
- the Mancos Shale and the Morrison Formation.  The much older shale iun the
Cutler Formation is only slightly to moderately expansive. Local conce'.trations
of montmerillonite within the Mancos Shale may be as high as 30 percent of
total volume (Bush et al., 1959) and, therefore, would be classed as highly
expansive, since a sample of pure montmorlllonlte (also called bentonlte) can
expand up to 15 times its air~dry volume when wetted. - Expansive soils are
most 'readily recognlzed by polygonal shrinkage cracks (Plate 6) in addition
. to a puffy texture in the upper soil layers. The report of Western Enginsers -
©Inc.(1972) noted the presence of expansive layers within the Morrison Pormation
(Brushy BdSln Shale Member) on the north 51de of the San Mlguel Valley. '

3.2.5: Talus slbpes (ts)

© A talus slopé is an unstable or potentially-unstable acéﬁﬁﬁlétlon of
rock debris derived from repeated rockfall activity (Plates 1, 4, 7 and 9).
Each talus slope maintains a characteristic Jongitudinal gradlent related to’

" response to sorting during the motion of particles across the talus sloph.«~»
Coarse particles possess greater. momentum, and since they are larger than. the- L

- mean roughness elements on the talus slope, roll the greatest distances downslope, )
" a process known as 'fall sorting'. Long, unbroken c11ff faces produce planar .°

- talus slopes, although locally,. talus cones may develop where rock debris is
funneled down a gully. in the cliff face(Plate 4). As noted previously, the
‘igneous 1ntrusion which forms the Ophir Needles is flanked by large . talus
accunulations, and an extensive apron of talus occurs east of Telluride,
below Ingram Falls.. Elsewhere, ‘along the San Miguel Valley, less intense

- cases. of rockfall activity give 'rise to slight talus development, consisting - .
of a few scattered blocks on a Slope However, due to theéir proximity to
existing dwellings, and, possibly proposed developments, these arcas may pose .-

" a wuch greater threat‘than the much more unstable talus accumulations within =
“high,- alpine basins.  This reiterates the point made in Section 1.1 and again. ~
in Section 3.1 that hazards can only be evaluated. in terms of an . 1nteract10n s
‘between hazardous 1nstab111ty and the works of mazn. - Lo U e

: ‘thany talus slopes are also'ZOnes of deposition for debris flows; from a
~'textural standpoint, therefore, talus slopes. are composite: features.“ A gradation .
“.idn form occurs between talus slopes, through talus cones, to-'debris fans,- although
f“for reasons of cartographic.elarlty, the intermediate talus conerform is not
f'mapped as a separate category on the geologlc hazard maps. S S

3.2.5.1: Talus slide (tss) .

Most alpine basins in the study area are unstable from rockfall and debris -
flow acriV1ty, although locally, a higher level of hazard may exist from mass-
failure® of talus material as a talus slide, This probably occurs as an '
aLJustment of the talus towavrd its natural angle of repose’ perhaps in response
to a locally accelerated rate of rockfall. Slides are usually identifiahle as
tongue~shaped projections of fresh debris beyond the toe of a talus slope, and
disturbed debris within the zone of sliding often has a lighter tone, if it
occurs within an otherwise stable, lichen-covered talus formation. Some talus o
slides have transverse pressure rvidges, similar to those found on rock glaciers,,,','
although generally of much lesser relief than the latter. As noted with talus o
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slopes, talus cones and debris fans, a gradation in forms is recognizable
between talus slopes, talus slides and rock glaciers from the standpoint of
pressure ridges. It is likely that ridges on talus slides are a result of a
local, discrete shear failure of talus material, whereas on rock glaclers they

~ may be due to shearlng and melt sub31dence, produced by wastage of an ice core.--‘

A good example of a talus sllde oceurs on Lhe South slope of Iron Mountain,'

Just below peak 12,747. Also, some of the talus material deplcted in the hlgh
basins in Plate 1 has undergone talus slldlng, above the area, of. the rock -
glaciers.k;: : - B : : : L - ‘

3.2.6: Debris fan (df)

Debris fans accumulate in a concentrated zone at the intersection of a
tributary with a major sktream or valley from repeated deposition by debris s
flows and intermittent streams (Plates 13 and 14). Once loose debris starts to
accumulate, infiltration of water from subsequent events promotes deposition
in the. same zone. Most flows carrying debris follow the local fall-line,.-.
thereby producing a fan-shaped deposit with a slightly’ convex cross—proflle.
It should be reocgnlzed that .debris-flows: can be deflected to any. pett of 'a: j¥_
fan, often taking a’course which deviates appréeciably from the llne of maximumﬂ
gradient. Nearly all debris fans in the San Juan Mountains. have recent debris™
flow deposits on.their -surfaces (See section 3. 2 6.1) ~ a. testlmony to. the N
preuentuday 1mp01tance of debris flow activity as opposed to stream flood[ :
deposltion. This is thought to be due to the effects of sudden thunderuhOJerS"u
within alpine basins which coutaln 1arge quantltles of unstable Lalus and
other regollth material. : : s

Debrls fans are of partlcular interest to the planner since often they B
" provide the only suitable construction sites in otherwise steep, uqatable
" terrain. Unless they bear receat signs of debris flow activ1ty, or flood:
scars, the intrinsically hazardous nature of these features may nof “be appre~
ciated. The frequency of debris: flow events obviously varies. among fans, and .
must be related in some way to the amount of metastable material in the catch-
'ment basin above. Caine (1976) and Sharpe (1974) glve estlmates of the return
perlod for extreme alplne events o ‘ :

It Should not be assumed that fans bearlng no signs of recént debris flow
deposltzon are 'sdfe' THA tlmely ‘reminder that seemingly" inactlve ‘debris fans’
-can be affected by. events ‘of catastrophic magnitude is provided: by the Ewo
inundations of the Telluride:fan by Cornet. Creek in.1914 and . 1969..: The 1914
event was by far the worst of the two and. resulted in extensive structural damage -
.to the town of Telluride (Plate:15). The natural channel of CorneL Creek across
the fan has been artificially diverted from its former position on: the east .
side of.the debrils fan to a location close to its present position” ‘on the- westi
side of the fan., The debris flow of 1914; which occurred during a very heavy
summer downpour, started in the upper part of Cornet Creek, close to the old -
Liberty Rell Mine, and descended over 2,000 vertical feet to the debris fan
apex. The first slugs of the flow plugged the artificial channel, after
which the flow breached the diversion dam and flowed unpredictably across a
segment of the fan, which previously, had borne no recent signs of deposition.
Extensive damage was sustained by buildings in this sector (Plate 15).

Cornet Creek heads into an extremely unstable alpine basin, filled with
talus materlial., That it has been an active zone of debris flow activity over . .
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a prolonged period can be deduced from the size of the debris fan on which

the town of Telluride is constructed- By contrast, many other fans developed

along the San Miguel Valley are much flatter, and bear little or no sigus of

recent debris flow activity. Generally, the plateau areas above these fans

are not sufficiently unstable to generate .large flows on a regular basis

(e.g., Owl Creek).  The bulk of present deposition on these features is

probably from sheetwash, which could mean that the fans are relict features

from a more geologically active past. Alternatively, they are still 'active', )
but large events have a very long return period (Plates 3 and 13).. - . .. . S

3.2.6.1: Debris flows

A debris flow is a rapid, downslope movement of a 'viscous'® mass of flne—
to coarse-grained debris which has become fluidized by the entrainment of
water. Most flows are thought to origlnate as small landsliides in unstable
catchment basins during intense summer thunderstorms, and usually are counfined :
to a pre-existing channel (Sharp, 1974; Clark, 1974) although, as noted in the - -
previous section, their trajectories may be-somewhat erratic. across a debris - °
fan. Unlike floods in river channels, debris flows are extremely short-1ived,
though nonetheless hazardous for that -reason. Unfortunately,.there are’ very

few recorded cases. of flows in motion, so that the characteristics of flow
must be deduced 1nd1rectly Erom deposltlonal ‘evidence on fans (PlaLLs 3 and 13)

L

The lowest veloc1tles of flow seem to occur at thefedges of the flowlng
mass, since frictional retardation will be greatest there. -This leads to the .
deposition of material as levées, or linear ridge-like features which usually
cccur as the series of overlapping, interlaced-deposits produced by superim-
position of successive debris flow events., The moving mass comes to a halt
due to seepage of entrained water and to the shearing of debris across the fan.
The abrupt slope at the terminus of most debris flows suggests a finite yield
strength* for the material; therefore, the central part of the flow, at 1east,'
can then be treated as a rigid plastic body , with "viscous' deformation
'occurring on the underside and marglns of the flow (Johnson, 1970)

3.2.7: Colluv1al slopns (cst csa, csmz c51)

The weatherlng of bedrock marerial over prolonged periods of time 1eads to
the production of a soll mantle,” Due to the influence of raindrop impact, -
frost hzave, runoff, animal burrowing, and gravity, amongst others, ‘the soil
mantle moves downslope.‘ These processes are-complemented’ by “the "less obvious -
deformation of the "entire thickness of the soil mantle by the process of creep*
at a rate which usually increases with water content.~ Slopes. wvhich are domin-
ated by this type of activity are termed colluvial. Strictly speaklng,‘nearly
all slopes could be classed as colluvial, but in terms of this study of hazards;:
only those which lack more limiting ha?ards, such as 1andsliding, talus -~ ° ;_--’
development, etc., are classed as colluvial. The net effect of the agencies™
listed above is downslope motion of the soil mantle, although on any given:
slope, the relative importance of surficial processes (sheetwash,” raindrop im-

pact) versus bulk processes (frost heave, creep), will vary.. In many instances,
colluvial processes lead to a thickening of the soil mantle downslope, pro-
ducing a vedge-shaped deposit. Sub-categories are recognized here on the basis
of overall thickness of material, that is, greater than or less than about six
feet, in addition to relative degree of colluvial activity (Appendix 1).




3.2.7.1: Slopes with thlck colluv1al or glacial overburdens (cst)

Although not associated with a partlcular landform, as was. the case for B el
debris fans and rock- glaciers, this is an extremely important category in the i
mapping legend, since large areas of the county have’ colluvial or. glacial over- -
burdens which exceed six feet in thickness.  -For textural reasons,’ colluvium is
not differentiated from glacial dep081ts,,51nce it is likely that-.all-ice- - .’
contact deposits have suffered ot only colluvial actlon, but also: some unSpec1m
fied level of mass— fallure in posL—glac1al Jtime.™™ .o ? A

Many (cst) sreas are. found on sedlmentary or volcanlc formatlons that weather“
very rapidly; for- example, the Cutler, Mancos and San Juan formations.  All of ~
these areas are potentially-unstable; indeed, small slumps along roadcuts which
traverse (cst) areas provide a valuable guide -to the state of local stability I
(Plate 12). In many instances, slumps have occurred along lines of mnatural
groundwater seepage — a timely warning of the potential impact of uncontaolled
irrmgatioq, drainaoe dlversion and septlc tank operatlon. '

Most comnonly,,(cst) materlal exists where glac1a1 drlft and other*uﬁcon
solidated deposits derived . from glacial de pisition ‘occurs. as. unstratltied i
masses, . comprising’all size grades from clay through to bouldersi®.These. deposlts
are particularly unstable where they overlie impervious clays or: shale members
of the Cutler, Morrison and Mancos formations. In these 31tuati0ns, the -
surface of the dep031t may appear hummoeky and’ irregular,mlndicatlng pos51ble
mass movement in the past.” Therefoie " there exists a gradation in’ ‘form betweenu
(cst) areas that do not possess enouOh landslide features to be classed as - swch
and classic landslide areas, containing obvious signs of recent failure. In
any event, the potentially-unstable situation of thick glacial or coliuvial’
mantles means that. (cst) material usually does not mantle very steep slopes
- (i.e., erosion or’ mass failure has already taken place therebyrremovingm the
-ha?ard) : KR B : o : n R T S ity

_ Finally, (cst) deposits may contribute to rockfall hazard, when large -
. boulders embedded in a finer matrix roll .down a slope. .Rocks derivedrfrom-’”
“this type of material have repeatedly struck the San: Miguel County. Museum aud -
ather bulelngs on the north side of Telluride.e '

3.2,.7.2: Accelerated colluvial-slopes (csa) ifg

“Even though they’ may not be subject to mass fallure 4acce1éreted'oolluv1alﬂ
slopes are probably:some of. "the most %ontinuously active of ‘the" colluvial slopes.
The soll. experiences: continuous creep or episodic surface erosion from ™« e
gullying and sheetwash* during summer thunderstorms and- remains thln (i e.,;
than about six feet in thickness) over all. but the base area of the slope.usaq
Accelerated colluvial slopes are noted for their poor vegetal development due to’
a constant disturbance of the root zone. This occurs in certain areas on Wilson - - - [
Mesa, where grazing has reduced the vegetal cover, exposing clay-rich, impermeable
solils to raindrop impact. Due to the low potential for mass failure on (csa) '
slopes compared with (cst) areas, the former generally present a much lesser
hazard to development. Headward erosion of gullies could pose a threat Yo
structures by undermining on the downslope side. Also, rapid surficial soll -
movement in (csa) areas way lead to the accumulation of thick soil deposits on
the upslope side of structures. ‘
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3.7.2.3: Moderate colluvial slopes (csm) i

These slopes are characterized by a less intense operation of processes
which act on (csa) slopes, and involve the creep and water transvort of a soil
mantle that is less than about six feet thick.  The moderate level of colluvial
activity on these slopes allows a more dense vegetal cover to develop than
on {(csa) slopes.‘ ‘ : . S

MosL (csm) slopes in San Miguel County show little evidence of eurf1cia1
erosion or mass movement. :They are usually, but not always, less steep than
(esa) slapes,.and are found. typically in the area of Coonak1n Mountain, near, -
to the Telluride Ski. Area.h”_‘ : : S :

e .( _‘

3.7.2.4: ‘Inactiﬁe"colluvial-elopes- (cei)

- These are areas where colluvial soils are thln (i. e., less than s51ix feet
~ thick) and 'slopes are less than 15 percent (8. 5° ). It should be stressed.

that the term:'inactive' colluvial is relative to other colluvial sub~categor1es,
in that a certain level of soil movement will always be present. However,
these slopes show no obvious signs of surficial movement or mass movement of - _
" soll. - The western edge of Wilson.Mesa, west. of Blg Bear Creek, is classlfled as
{csi) since.it is. underlain by generally non-expansive soils, and exhibits .« .
" only slight-colluvial activity. .~ Many other areas within.the plateau province, -
that are less than 15 percent slope, are underlain by Mancos Shale or the o
Morrison Formation therefore they are classed as expan31ve soil (es) g

[

e

. ..‘ .n)_

3.2.8: Physiograghic floodglalu (pf)

The phy31ograph1c floodplain is the portion. of a river valley which uader~
goes frequent erosion and deposition changes, and where the threat of flood -

inundation supercedes all gther hazards. . The area mapped may not include all -
of the 100-year floodplain -gince interpretatlon in thls study has not been -.
based on- stream dlscharge records. S STl celoa

The prlncipal area of phy31ographlc floodplaln recognized in the study
area is the stretch of the San Miguel River valley, between Telluride and
Society Turn. . Although the extent of the physiographic f£loodplain can be’
inferred to a. first approximation from the general absence of vegetation -
near to tue stream channel, recent stream deposits are sometimes - found in
‘vegetated areas where tree species are able to tolerate: periodlc inundation
" - Presence of vegetation including mature riparian etands of" trees, therefore
is no dnsurance agalnst future Inundation.” :Thereiis mno- eubstltute for a .
detailed hydraulic analysis of a floodplain area to determine’ the 100-~year
floodplain limits; this is usual]y expensive to. carry out 51nce detalled B
topooraphic surveys are necessary o - : R

3.2.9: Swamp (sw) ‘ _ R S
A swamp is an area of seasonally- to perpetually-saturated ground, caused
by a high water-table. In high alpine basins, swamps have developed in '
depressions created by ice erosion and deposition during the glaciations.
Flsewhere, they occur in flat valley bottom arcas that are poorly dralned,
for example Swamp Canyon, about two miles southeast of the 01d Ophir
townsite. Usually, swamps can be clearly differentiated by the presence of
standing water and marsh-type vegetation, for thlS reason, they should be
easily recognlzed and avoided. g




3.2.10: Subsidence (éb)

Ground subsidence involves the downward failure of a rock or earth
material either under its owm weight, or due to external loads, such as
imposed by a structure. It is not an important feature on any'df the. S
geologic formations in eastern San Miguel County, although areas of extensive e
mine workings involving horizontal shafts should be invesrlgated for s
1nc1p1ent or potential Fallure arcas 1f structures are proposed.

3.2:115 ialllnge (tall )

Talllngs consist of flne gralned felspar and quartz deLritus from a rock
milling operation. The most limiting hazard relates to the sudden, unehpected
failure of the tailings deposit, due to stability miscalculations:or negligence.
Small inactive deposits on steep slopes should:also be viewed with caution, in i
addition to the large ponds, since mine shafts are lines of -accelerated gtound—- '
water. drainage. -‘Under high flow rates, accelerated erosion of tailings may -
take place and through drainage may create high seepage forces and promote
local mass failure of the deposit.. The incidents at the Standard Metals pond. . .. .
at Silverton in 1975 indicate that large~scale. fallure of an actlve talllnos.ﬂ TN
pond can occur, desplte rngular malntenance. ‘ : P

AERE

3.3: M1L1?at10n of geologic hazards

Because the purpose of this study is to present ‘a prellmlnary 1dent1f1cat10n
‘and interpretation of areas subject to certain types of geologic:hazards within'o
the County, it is not within the present scope to discuss hazard mitigation in -
any detail. . Instead, certain broad categories of hazard are considered and |
broad suegestions are made. . Following the discussidn of mitigatldh of shov,;?
avalanche hazards in Section 4.6, an overall assessment of some of the aspacts: .
of mlti?atlon is given in Sectlon 5 under the headlng oﬂ oeneral recommavdatlons.

o

The hazards llsted in 1eoend (l), Appendlx l caq_be b:oken downfinto threer
broad categorles.,z ‘ Ear '1“f~, SRt

(1) Those 1nvoiving a-hlgh level of geologlc act1v1ty on slopes-;includlng'
slope failure. and rockfall.; The categories included are: rockfall, .rock glac1ers,
actlve, or potentiallyﬂactive landsllde areas,'talus_slopes and'. talus sllde‘areas.

"(2) hobe involving.a ‘threat. of inundation, either from stream_floods or debrls
tlows. : The careoories included are debris flows, physiographic: floodplalns, and
debris. fans, 1rrespect1ve of. whether they bear recent evidence of- debris flow
depositlou. Swamps are a- somewhat less hazardous component of thls category

EA f '/,:\"' ‘.—a

(3)-'Areas involvin? SLgniflcanLly lesser slope 1nstabllity ha7ards than those ©
listed in (1) above, comprising colluvial slopes areas of expansive soil,
subsidence and taillnps :

The three~fold classification above is the basis for a brief treatment of
hazard wmitigation. The categories included in (1) above usually involve a local-
ized failure of soil or talus material, either in the dry state or in the
presence of variable amounts of ground water. In view of the high level of
geologic dustability ‘on a year-round basis in many high basins beset. by these
types of hazards, avoidance would be the hest means of 'mitigation’. As will
be secen in Sections 4 and 5, many of these»areas:are also snow avalanche zones,
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so that cousideration of geologic hazards alone may not be sufficient. Certain
areas within the county have a lesser rate of rockfall and talus development .
than others, for example, but these have not been identified by sub-categories.
1t is possible that deflecting structures or structural re-inforcement of
upslope walls would constitute sufficient defense against rockfall in less
active areas, for example, below the cliffs formed by the Cutler, Dolores,
Entrada and Wanakah formations aleng the San Miguel Valley. . Within the - .
Tertiary volecanic and intrusive area, however, the rate of rockfall i3 such’ as .-
to make any type-of mitigation procedure non-feasible from a benefit-cost C
standpoint, for most types of structure. . However, mining operatlons have tof{
be evaluated on a different scale from private dwelllngs. L R

Whereas the hazards in (1) tend to affect large, contiguous arecas, partlcularly
above timberline, areas subject to flood and debrls flow hazards in (2) tend to
be much more linear in plan form, for example, recent debris flow levées
traversing an otherwise stable debris fan. As noted for category (1) areas above,
avoidance is the best means of defense in the case of active debris flow tracks:
...and. all areas designated as phySLographzc floodplaln., Apart from the fact. that ;a,;;

many debris fams within the mountain prov1nce are also snow avalanche: ruuout!{f
. areas, certain fans would be Li&S“ed as less active than others in terms of e
frequency of debris.flow events. It is possible that debris: flow ot flood

‘hazards could be mltlgated on gome of the fans that are not also _avalanche runouts,f

" for example, those that are constructed along the Sar. Miguel ValTey, west. of
Society. Turn. . In these areas, a study of the stability of the catchmeuts would

be advisahle, before any spec1f1c engineering designs are considered. Sinca debris
flows are known to take courses across debris fans that depart markedly from ERT R

'expected' trajectories (i.e., the line of maximum gradient), it might be "ood o
policy to install .a deflecting structure at the apex of the debris fan, to lessen
the amount of uncertainty as to the future course of deposition on the surface .3
of the fan. An artiflcially enlarﬁed stream channel at one side ‘of the fan could
then be used in conjunction with the deflecting structure, to ensure that mask .
debris would not’ reach the surface of the fan. However, repeated deposition in.
the channel would. nectssitate clearing from time to time, otherwise the chanuel
area would aggrade to. the same general level as the fan,-and 1t would o lon?ar
serve 1ts 1ntended functlon as a safe condult for debrls.[

The cateyoriea outllnedéin;(B) above for the most part covey the broad term
- 'potentially-unstable' SlOpeS.f{Thls is. particularly true of - (cst) areas,., vhere:

- the thickness of the- overburden. (whether of glacial or. colluvial origin, or. both)

~ is generally greater than six feet. - This means that these slopes are qub,ect to
periodic: mass failure. Particular care ‘should be exercised in.the excavation Gf
soils .in (cst) areas developed’ on sedimentary formations that contain cohe31ve
shale units { e.g., the CTutler, Morrison and Mancos formations. Although most._
roadcuts may be stable when the soil 1s drained, failure may occur when the 'soil
is wetted, either from natural percolation of ground water, or from irrigation or
septic tank operation. TFor this reason, all stability analyses for cuts in (cst)

material, particularly where it overlies shale formations, Should take account Of—
the most limiting, water-saturated condition.

Provided that snow avalanche hazards do not also exist, the mitigation of
purely geologic problems within the remainiang categories in (3) above can
probably be accomplished at reasonable cost, using well-established engincering

techniques. The appropriate action can only be decided upon after a detailed site.

investigation, including standard solls tests. A more detailed treatment of
these methods is, therefore, beyond the scope of this study.

.

e —



SECTION FOUR

SNOW'AVALQ§CHE'HAZARDS_'

4.1:”'Intr0ductiéﬁ"

The purpose of thiq sectlon is to prov1de background 1nformat10n on e
snow avalanche - phenomena. that is adjunct to the delineation of ‘avalanche areas .0 .
within the County according to the legend in Appendix 2. In contrast to .
the large number of geologic investigations in the study area, there is
an almost complete lack of published sources on snow avalanching in S
eastern San Miguel County. ..In this regard, the study reported here is the ... 00
first systematic attempt to map avalanches and potential avalanche areas on’
a county-wide basis.. Previous work has been focused in the valley of
Howard YVork, between O0ld Ophir and Ophir Loop (Ives at al.,” 1976). This
study provides a detailed treatment of the avalauche problem relating to
Spring Gulch and evaluates the return period of large avalanches. Large - |
avalanches which ¢ross the’ county road between Old Ophlr and 0phll Loopﬁn '
are also mapped and dis tussed b i

e oy

Since the fa]l of 1971 the INSTAAR San Juan Avalancﬁe Pro;ect baééd_lnr
Silverton, has provided regular observations along Highway 550 in San Juan °
- and Ouray counties, noting avalanche occurrences, and has supplied. a continuous
record of meteorological observations to-support. the avalanche Wurk derived
from a network of stations based on Red Mountain Pass. .~ The purpose of the-
. study has been to evaluate conventional and statistical methods of. avalanche
forecasting and develop a framework for short-term prediction of avalanches,
on an‘operationél basis{' The project has examined the causes of dry and. wat
.. snow avalasnches in the San Juan Mountains, and the conclusions of the study_
‘should be applicable to avalanche problems in San Miguel County (Ives et 'al.
1972, 1973: Armstrong et al., 1974, 1976). Although the projeci has provided:
. some clues-as to- the relative frequency of avalanche activity on certain paths.
- outside of. the San Miguel County area, many paths monitored have not been -
. observed to avalanche to their probable maximum extent over the five year
i_period. Therefore; other data sources, discussed below, have been consulted. -
to.define the probable long-term-extent of avalanchlng w1thin the County area, .
_ commensurate with land—use requlrements.u : : .

A qtudy by Frutiger (1970) poinLed out the limitations of relying on
'81ngle data source in mapping avalanche areas, ‘and- suggested that a comblnatlon 0
of topographic and vegetation factors be used, supplemented where possible;: oL
by eyewitness accounts from local residents and any chronicled: 1nformation,;
such as newspaper reports. rovious INSTAAR experience in San Juan County
suggests that close agreement can be obtained sometimes: between known L
historical occurrences (See B. Armstrong, 1976) aud the boundaries- obtalned
by photo~interpretation and field checking. The study of Ives et al. (1976)
indicates some of the problems of reconciling historical and tree-ring evidence
for occurrences emanating from Spring Gulch.




.

4.7+ Snow avalanche terrain !

|
'

Snow avalanches occur naturally from the acceleration of a failed mass of
snow that has become fluidized to some degree by air entrainment. Often,
avalanches are confined to distinct paths, in which three components are S
recognized: starting zone; track; and runout (Figure 3). 1In this study, only . .
avalanche path outlines are depicted, for reasons of cartographic simplicity, = -
together with potential avalanche areas (Appendix’2).  However, since any
discussion of avalanche frequency and hazard mitigation must take account of )
the components of avalanche terrdin, a brief treatment of each component is oo
glven be}ow.“' R : : R R T T

(1) Starting zone. This is the zone of origin for either loose or slab
avalanches. Nearly all vegetation damage is due to the latter type, since
slab avalanches produce the larger volume of fluidized snow. - As 5alm(19753)
points out, size of starting zone is related to size of avalanche aud velocity
of flow: large starting zones produce the largest avalanches, and due to the
preat depth of flow of these events, attain the highest velocities (See Track,
below). This principle was used by Bovis and Mears(1976) in a prediction of
the runout distance of large avalanches based'on starting zone area. .

Nany avalanche starting zones cxtend above tlmberllne in San Mlpuel County,iu
for example, Spring Gulch and many other named . paths alon0 Howard fork vallcy,,if
and most of the paths along Bear Creek. However, not all aieaq above timber- >
line are avalanche starting zones, due malnly to a comblnatlon.ofaslope (too -
steep), snowpack thickness (too thin) and terrzin roughness (too rough). TheT
scale of this study has permitted only the, slope*an01e factor to-b=, cvaluated
based on topographic map measurements. It 1S generally accepted. that most
avalanches start on slopes of between 30 and 45 degrees (60 to 100 percent)
(Mellor, 1968; Martinelli, 1975). Imn this study, all slopes steeper than
30 degrees above timberline; are considered to be active avalanche areas and 7
are depicted by fine stipple on the maps (Appendix 2). Slopes steeper than -,
45 degrees are also included in the mapped staxting ?ones, 51nce they are
probably areas of frequent loose-snow avalanchlng * . - s

F

(2) Track.” In the case of a conflned avalanche path (Flgure Ba), “the polnt of“
 transition between the starting zone and the track occurs where flowing snow

‘becomes confined laterally.. For;moat open slope, or'unconfined:avalanchea o
(Figure 3b), this distinction cannot be made, since at no point is: flowing .
snow -truly confined; the width of the 'track' in the latter-case, then, is’
closely related ‘to- the width of.the failed slab in the starting zone.. Since:
most of the avalanche paths 1n eastern San M1?uel County are’ confined to some
deoree, the comments 1n thlS section apply malnly to confxned avalanches.””

“The track serves as z condiit for flowing snow and is the zone in which .~
depth of flow and velocity of flow are maximum. - This means that the track of
an avalanche path is often clearly demarcated on a slope by the conspicuous
absence of timber, bounded by distinct trimlines (Plates 13 and 16). In the absence
of vegetal evidence, the path followed by avalanching snow can be evaluated '
" from topography, along lines that are contlguous with known, or probable,
starting zones,
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Figure 3(a): Confined path Y
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Certain avalanche tracks are too narrow to be depicted accurately at the.
map scale of 1 inch to 2,000 feet, and are shown by arrows (Appendix 2).
Although involving a lesser volume of snow than the large paths, small tracks’.
generate the same kinds of hazards and, for this reason, should not be dis- :'f;fl
migsed as areas of lower hazard. (The arrow symbols are retained on the T
third, comblned hazard map ser1es discussed in Section 5). ]

In view of the acceleration of avalanching SNOW to velocities of over
100 mph along the avalanche track, (See Types of Avalanches, Section 4.3) it
hardlys seems necessary to emphasize the potential threat to fixed structures f' :
in their path. The level of hazard may be unaccéptably high also to skiers. R
and other winter recreationalists, who .simply pass.through the.track area. . . . . 5.
Siunce many tracks approach 30 degrees in longitudinal slope; avalanches can - R
also start in the steeper portions of the track, as well as within the start-—
ing zone as defined above, under conditions of avtificial, impulsive loading.

(3) Runout zone. Of the three zones defined in Figure 3(a), the runout zene

is the most 1mportant from the standpoint of land-use zoning, in that other . .
factors such as slope stability and drainage may not impose notable constralnts
on the de31gn or location of structures. Therefore, runout areas which = . .
appear ‘safe' during the. summer may bhe subject to unacceptable hazards durlng R
the winter season._wme_ax S _ _ e T L s

T g T -

. The transition between the track and runout zome occcurs where snow is no
longer laterally confined, so that appreciable spreading of the flowing mass.’
oceurs. This, ‘combined with the lesser longitudinal slope of the runcut. ;.
~area compared with the track, causes the avalanche to decelerate and dis- . =
sipate its flow energy over a broad front. In some cases, large avalanches
possess sufficient energy.to flow up the opposing (adverse) valley slope for
a considerable vertical distance; in these instances, the. runout zone strad- .=
dles the lower part of the valley. " Notable examples are Spring Gulch, at Ophlr,;,
" and the larger paths alono Howard ‘Fork (Magnolia, Badger and. St.‘LOUlS) and wany -

paths along Bear Creek.” . Damage to standing timber in this type of situation, "
often for a considerable ‘distance above the valley ax1s, is a strlking tesrimony
to the kinetic energy of highly flu1dized sNOW. S :

Athough not depicted by a separate symbol on the avalanche hazard maps,
the runout zone has received the greatest.attention during the photointer—- "
pretation and field checking phases of the study. - -Starting zones and tracks
are often clearly. idenLifiable.:particularly on timbELEd slopes;- conversely,
the deLermination ‘of .the probable maximum Tunout ‘distance of avalanches in.a.
given area is usually more difficult to achieve,. ‘and 1deally,,shou1d be;
based on several methods, ‘some ofjwhich are dlscussed below. : i

As a 1arge avalanche decelerates and comes to a halt deposition of en-
trained debris takes. place, leaving behind & vestige of avalanche motioun in
the form of flow-aligned timber-(Plate 18). This type of evidence fixes the
general location of a runout area, but usually does not fix the boundaries of .7
a maximum potential runout area for a track, since it is likely that the
airborne component of a large avalanche will travel beyond the debris limits.

(Sce Types of Avalanches, Section 4.3). A more accurate estimate of the
maximum probable runout area is provided by damage to mature timber stands:
lLines of evidence include broken trees due to causes other than windfall, and
trimming of branches from trees exposed to powder avalanche or ground avalanche
impact (Plate 17).




The limits of the runout area can also be fixed mathematically for ava-
lanches of specified dimensions, using runout equations derived by Voellmy
(1964), although predictions based on these equations are accurate only when
the relevant flow parameters are accurately measured or estimated, and this o
has proved difficult to do w1thout observations of avalanches 1n motion . coan
(Schaerer, 1974). : ‘ SRR : R
Ideally, there shiould be. convergenct between the results obtalncd from the
two independent methods of estimating runtout distance, namely, the m1thenatical
and the empirical approaches. Acceptable convergence was obtained by Ives . L
et al.. (1976) in a study of the Spring Gulch slidepath at Ophir in-San Migual- LM;';Qf
* County. Generally, field evidence is to be preferred over calculatiouns based = . -
on theory, partlcu;arly when the coefficients in the. runout’ equations are o
subject to varlation according to the type of snow involved in the avalanche,.
- and the roughness of the terrain over which.the avalanche runs. . When field -
evidence is totally lacking, as on bare glopes, the possible pitfalls of
using unverified, theoretical estimates of runout distance should be fully
recognlzed : - E ’ S o ‘ L o

R

A statlstlcal approach to estimatlng runout dlstances for 1arge avalanohes
has been proposed by Bovis and Mears (1976), based on starting zone area
alone.. This method probably has no more than about sixty percent, efficiency,

" and ‘at the- time of writing, is.untested, and will require reflnement before -if T
" producing predlctlons accurate. enough for 1and—use applications. . - .

Some of the preceding dlscussion has implled that the type of avalanche -P
is related to the:attainment of the maximum runout limit on a given path. A .- -
_ basic division is recognized between dry and wet snow avalanches and this
‘represents a - con51derable contrast in materlal propeltles, and hence in flow ...

reg;me. ST ok : e

) “A massive"failure"in unconsolidated dry*snew may . lead to an avalanche of’
‘considerable depth. .  This is.the so-called 'powder’ ~avalanche, whlch can ex-
- ceed 200 feet in: depth and :attain speedsrof well over 100 miles per hour.
~ Although the-density of the airborne avalanche is only a few times greater '
than that of air, the high flow velocity of the mass accounts for its des-
“tructive potential. - Also, this type of avalanche tends to flow over topographlc
_‘:barrlers rather: than being deflected or“dammed; therefore, 'a “considerable.
" area”may experience:impact pressuves which exceed structural design. llmits.
TAlthough substantiated by few actual observatlons of. avalanches ‘dn motion in:
the study area, it is likely that the maximum’ runout 11m1ts on- most paths are
deflned by this type of avalanche.li.» ot RO - e

It is only rarely that a dry snow avalanche wxll become totally airborne",“_
usually, most of the mass is concentrated as a much more dense, 'dry flowing
avalanche, above which a wvariable amount of airborne snow may develop, de-
pending on snow and terrain conditions. Dry flowing avalanches can attain
speeds near to 100 miles per hour, yet are susceptible to deflection by topo-
graphis obsracles. Due to the lesser velocity of flow and lesser degree of
spreadiuns of this type of avalanche compared with airborne avalanches, the
runout area of a dry flowing avalanche will almost certainly be smaller than
a large powder avalanche on the same path, This is borne out in the Ophir
study of Ives et al. (1976). o




.within this period.:.The Ophir townsite study . of Ives et al..(l976) pointed .

‘ i -

Vet flowlng avalanches have a density up to about half that of water, com—
pared with dry flowing and powder avalanches, which have densities of about
one tenth and one hundredth that of water, respectively. Because of the higher
snow density, the speed of wet flowing avalanches rarely exceeds 70 miles per
hour, with typical values arvound 30 to 40 wiles per hour. MNevertheless, -
wvet avalanche impact pressures may be higher than those produced by elther
dry flowing or powder avalanches although this is offset by ‘the much smaller
areas affected by wet avalanches on most slide paths. \ -

- WEt flowing avalancbes are very sensitive to terrain irregularities, and :
like debris flows may produce a deposit consisting of several 'fingers', such = "
as occurred in the large wet avalanche at Ophir in spring 1973. Because wet
avalanches occur in spring, they often traverse bare ground in the. runout )
area, causing conslderable retardation of the flow and piling-up of snow in
the runout zone, a tendency enhanced by the cohesiveness of wet snow. Deposits
thicker than 30 feet can occur in this way and have produced static loadws
sufficient to cause structural failure and even capsizing of rallroad loco-
motives. (Voellmy, 1964) ' : :

Clearly all types of avalanches are potentially very destructive, irres-
pective of flow density-and:velocity. In the case of powder avalanches,
aerodynamic factors need to be taken into account, including liftffofces on’
structures . (Sommerhalder, 1967). “Dry flowing and wet flowing avalanches are
not free to flow around an obstacle like a powder avalanche, and instead, dam
up and behave as . compressible solids (Mellor, 1968). Apart from the type of.
loading associated with the impact of each type of avalanche, the different
proportion of the runout area-affected by single events of each.type.is per~ .
haps the most important distinguishing factor from a land-use zoning point of
view. This should be evaluated for each path from detalled’ studleg (e .
Ivfs et al., 1976)

“4.4: Avalanche magnitude and recurrence interval

"From the standpoint of" the land-use planner, estimates of the frequency 7
with vhich the maximum runout limits are attained by avalanches on a given -.: '
path are obviously.of crucial importance. . If it can be demounstrated, for - - -
example, that large -avalanches engulf the entire runout area with a mean re-
. currence interval of' twenty- years, then it is likely that structures with an

- expected lifespaun-of, ~say, forty years,.will be damaged or perhaps destroyed

to a return period of about. twenty years for large avalanches emanating. from
- Spring Gulch, ‘based on vegetation (tree~r1ng) analysis at the. frlnges of the |
runout zone. In this type of. situation, development on the runout- fan would' -
be ill-advised, unless defense structures were erected or buildings suitably '
reinforced to withstand the expected impact. pressure from avalanches (See L
Mitigation, Section 4.6). If the cost of such structures could not be justi-""
fied, theo.development of the site would be declared economically nonwfe331ble,;ﬂ
factors of human safety aside. oL

One point emerging from the Ophir study and earlier INSTAAR work on snow
avalanche vecurrence interval at Vail (Krebs (eil.), 1973), is that the problem
of recurrence can only be approached satisfactorily by a detalled site inves-—
tigation of the vegetal evidence. Under favorable conditions, tree-ring
analysis can provide about a hundred-year record of events, and enable the

B U
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mean return period of large avalanches to be estimated. The only other SR
reliable method is-historical documentation, though due to the sparse popula—- -0 .0
tion over much of the San Juan region, there is a general lack of inferma-- ..~ .
tion for most slidepaths. The Swiss are more fortunate in this regard due to f_;.l
long cadastral records, but despite this log of information, avalanche ‘
disasters have occurred within this century, that could probably have been

avoided had the- historlcal record been consulted in detall

‘No division of the runout zome into zones of grea ter or lesser hazarn- o
has been attempted here and, in view of the number of avalanche paths mapped,
. a consdderable amount of fieldwork and laboratory analysis would be necessary.,
to make evgn rough estimates of the mean recurrence interval for events of a .
specific magonitude on particular slidepaths.. This will remain-a matter for -
detailed investigation as and when the need arises in-San Miguel. County. Again, ..
the objective here 'is to delineate paths and map the approwlmate llmlts of '
the probable maximum runout area. : -

Once an estimate has heen obtained for the recurrence interval of ava-
lanches of a specific magnitude, it is possible to make an estimate of the -
distribution of impact pressures within the runout zone corresponding to thls
magnitude of an event:! It is relatively straightforward to solve fo:: ‘impact-
pressure at a given point’ in the runout, once estimates of flow velocity. P.«jr
and density have-been made, and the manner in which flow velocity. decays . .. "
across the runout has been specified mathematically (e.g., Sommerhalder, 1967).
However, in the absence of an accurate recurrence interval estimate, div1si0n=<
of a runou! area into zones of variable ‘impact pressure is not meaningful,
even if basad on some assumed maximum event “for a particular slidepath.

At present, two ends of thﬂ spectrum of avalanche recurrence are- esrabllshed
for large events within the San Juan region. On the one hand, certain paths
are knouq to avalanche to the maximum of -their respective runout limits every -
year; this ray occur.in many areas above timberline, and on some paths ‘along Bearfa
Creek and Waterfall Creek./  Elsewhere, for example, the Spring Gulch avalanche at '
Ophir, the recurreace interval of events which sweep over the entire runout .-
area is cstimated to be on the order of- twenty years. Presumably, there are
many paths on which the largest e»ent has a recurrence 1nterval between
these limlts. - : : T

: It can be argued that the recurrence 1nterva1 for the Spring Gulch path
.may be longer than many in the San Juan area, in that it faces south,
Southerly exposure,: especially on steep slopes, means high solar. energy
'receiptq and, consequently, an accelerated-rate of néw snow settlement, which
in turn, can lead to a- strengthening of .the snow pack. " Also, it is: llkely tha!
‘the rate of 'depth-hoar'. formation is lowesL on south~ fac1ng slopes, since. «7
the mean temperature difference between the base and the top of the snowpack -
is smaller than on north-facing slopes where radiation receipts are much ’
lower in winter. One of the important facts verified by the INSTAAR San Juan"
Avalanche Project is the importance of weak depth hoar layers in snow slab
failure and detachment on avalanche slopes (Avmstrong et al., 1974, 1976).

The preceding discussion is not meant to imply that depth hoar cannot
form on south~facing slopes; rather, it duggests that the potential for the
development of large avalanches should be reduced on south-facing slopes.
This lower potential should, in turn, be reflected in a longer return period
for large avalanches on scuth-facing slopes. If this is the case, then the
Spring Gulch return period of twenty years may be longer than for events of
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corresponding magnitude on many other large avalanche paths in the San Juan
region. From this it can be tentatively concluded that a significantly large
proportion of avalanche paths in the county area wmay have a teturn period for
events which encompass the entire rumout area that isg less than the lifaspan
of most structures, assumed here to be about forty years. A good workiug
principle in land-use decision-making is to discourage any further construc-—
tion within known avalanche runout areas, and to prohibit such construction

in instances where detailed site studies reveal a return period for large
avalanches that is undcceptably short in terms of the ant1c1pated lite of

the structure. : : -

[l

Finally, some comment is in order as to the meanlng of tefmsrsuchkas the
'twenty~year avalanche'. Let us suppose that a return period of twenty
years is established for large avalanches which engulf the entire runout _
area on a particular path. This means that, on the average, the probability
of occurrence in any one year is flve percent If the reasonable assumption
is made that such an extreme event cannot occur twice in one avalanche
season, for reasons of snowpack regeneration in the starting zone, then
occurrences from year to year can be treated as statistically indepeundent
events. This means that the conditional probability of an extreme event _
occulrlng in.a particular year,-given that such an event has oécurred in the
preceding year, is the same as if the event in the pre»edlqg#year had not o
occurred. In other-words, the mean recurrence-interval of twenty years does ..
not exclude the possibility of an extreme event occurring in consecutive o
years. Tlis contingency 1s 93311y overloo&ed in a dlSCUSSlon of recquenca_ L
intervals., . Lo R ‘ : -

4.5: Potential avalanche areas -

These areas are represented by a coarse stipple on the avalanche hazard
maps and, as such, are Leadlly distinguished from active avalanche paths.
All tlmbered slopes steeper than 60 percent (31°) and above about 7,000 feet
elevation are included in the potential category. Avalanches do not appear
to be occurring on these- slopes at present, principally because of the
arresting influence of trees on the snowpack. Although trees may provide
poor protection from moving snow, they may serve a function similar to man-
made supporting structures. by relieving downslope shear stresses. It is :
likely that a back-pressure zone (McClung, 1973) develops upslope of each ST
tree, with width proporticaal’ to the projected area of its trunk along the-
“local fall-line.. Densification of snow within the back~preseure zZone means.
that the rate of ‘shear. strain at’a given -level in the snowpacky w111 decredse'
as a function of time...By contrast; absence of trees in avalanche starting
zones can lead to an,accelerating rate of shear strain from creep deformatlon,.3"
and this has been cited as a possible cause of avalanche initiation (Mellor, . .
1968). Other modes of failure have been proposed and these are discussed ;-
in Brown et al. (1972). - - S S R S

It is clear that removal of large swaths of timber from potential
avalanche slopes is unwise. 1In fact there are well-documented cases where
this has led to the development of new avalanche areas where formerly few,
or none cxisted (LaChapelle, 1966). The Austrian example discussed by .
LaChapelle points to the enormous cost of reforestation in mountain areas;
the cost of completing the program in the Tirol region alone was estimated




at $20 million, about one percent of the entire annual natlonal budget' Also
rates of regeneration of native speciles close to tinberline in Colorado are ,
not known in any detail; therefore, estimates of the probable cost of refor--
est.oolon per acre would be difficult to make, other than assumﬁng.that the
cost would greatly exceed the market value of the timber removed. A further

consideration is that flat, developable land. located. downslope: from a potential d‘

avalanche area may be rendered decidedly" unsafe by man-induced ‘avalanches
produced by a. logging operation or fire. " In the most extreme case, a re-
zoning of the developed land as open space night be necessary, with all its
attendant leoal.problems of compensaLion .

Two qualifications shouid b made concernlpg the 1dent1£ication of poten— P

tial avalanche areas.. First,- avalanches can start on slopes of -less than 31
although this is relatively -uncommon- and,calmost certainly, restricted to
untimbered slopes.. Also, gliding of the entire snowpack across the graund
surface can occur on slopes as low as 10° to 15° {Mellox, 1968), particularly
when the snowpack is water-saturated and in 2 slush-like condition. For-
tunately, due to climatic and snow conditions, snow gliding does not appear’™
to be a problem in the San Juan Mountains. ‘A second counsideration is that
some potential. avalanche areas may in fact experience periodic avalanching.

If this occurs as a- slow~mov1ng ground avalanche, confined -to the zone

beneath. the forest foliage,.lt may leave only subLle evidence of 1ts notion

in the form of slight. impact. damage -to bark-an. the; upslope 51de of-traes.

The Blackburn slide, north of Silverton, runs to Highway 550 apparently o
about once in four or five years. ' Were it not for the readilyuldentiflable“”ﬁ
SNow dep051t by the roadside thls actlve path would escape detectlon.

,.-j.-.- LR ‘:-

The evaluatlon of these 'situations on a county—w1de be81s 1s'beset b}
the same problem that faces the estimation of recurrence interval on known
-avalanche paths, namely, a general- lack of direct observation- of avalanche
occurrences, thb the: exception of those 1ntersectlng major hlghways.; o

ff;f4.6 Mitigatiou of ‘Snow avalanche hazards

There are three prlncipal ways’ of protecting strucLures “from the des~
tructive 1mpact of,eval chlno snow that are treated with varying empha51s

e The filst possibility Anvolves: the:erection. of snowpack supporting .
Zstructures in avalanche starting zonee to’ prevenL avalanche initiation, or
. at worst, to- limit: releases to small sluffs.; The engineering technology of
o these: installations ‘is fairly well~establlshed and - ‘various desxgns are prO"
- posed in the references clted- above.} Cost estimates for this type of work’
. are based mainly’ on. Swiss work,.since for-a: variety of reasons; American inu
* volvement has been: slight so- far. - Labor costs are likely to be high in - =
this country, ‘since unlike Switzerland, the use of cheap, imported labor =~ 0%
is discouraged for social reasons. - Costs per acre are, therefore, estimated E
to be $250,000 or possibly higher, depending on the ruggedness of the ter-
rain, the number and types of structures required, and proximity of the site
to a major pighway. Unless the protection of an entire town is at stake, as

is the case in many Sw iss areas, the low benefit-~cost ratio in most

Colorado mountain situations means that starting zone structures are not
financlally feasible. '

R




A:-uiis ‘considered high.:gThis would- ‘require a: well—executed operatlon and could :

'fa situation which. turned out ‘to be'a falsevalarm. - This unfortunate-circum—
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Thz second possibility concerns the construction of avalanche delLCtldg
~or.arresting structures in the runout zone. Since this cannot be divorced
from the structural re-inforcement of buildings, these two aspects .are con=-
sidered jointly. here. Deflecting and arresting structures must contend with
large avalanches, travelling at high velocities, therefore, most designs in-~
volve a considerable amount of earth moving to produce the required configur-
ation of deflecting walls, dams and ditches. Clearly, this involves an
appreciable disfiguration of a landscape, and may in fact defeat the entire
purpose of a proposed development in that the scenic quality of.the site is
. marred irreparably.  Disguising structures with forest plantations may
actually lead to an increased-.hazard level, since trees snapped off by a
large-avalanche will very- likely be.used as- battering rams within. the run-
out. zone (Frutiger, 1970).: - Many designs have been proposed for the structural
re~inforcement of bulldlngs, and for cost reasons, most of these iunvolve
wedge-shaped appendages to split the flow of a ground avalanche, since this
is cheaper than building a wall that will withstand frontal impact and subse-
quent damming pressures. Although this type of. structural modification may
enable a building to withstand avalanche iwxpact, the danger exists of diverting
flow onto adjacent buildings, which may not be structurally re-inforced, or
shifting the avalanche into areas which were considered safe before the
structural changes tock.place. -For this.reason, building re-inforcement
must be part of a'wider program of 'avalanche deflection or containment using ...
earthworks, otherwise. catastrophe may visit undefended areas. formerly con- T
sidered to lie out3lde of the runout zone. As with starting-zone-modifi- . ~
cation, the amount of engineering work needed to adequately protect a runout
- area - -seems unwarranted unless the defense of a pre-existing settlement is at .
stake. . Following the avalanche dlsasters in Switzerland in’ ‘the - early 1950' s,_i
certain alpine settlements were protected by starting zone ‘and runout zone
defenceq, at enormous cost and with 1mmeasurable loss in scenic quality.

A e LT T e e s
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~ The thlrd method requires the perlodlc conLrol of avalanches in tha 5
.starting zone,. using explosives or other. energy sources Lo produce a timely'
release of the snowpack as a. series ‘of small avalanches; most of. which will
not: - (hopefully) .reach the runout zone. . There are several complications in
~ this ‘scheme, notithe least of which 1s controlling: the size of the avalanche :~
produced by external stimulus;’an unexpectedly 1arge release could. engulf rhe-”
. -buildings below..,Avalanche ‘control by artillery along highways: does not -
- face:this problem, since traffic. can usually be kept.well beyond the runout
“area’ until all. reasonable ~danger is past. " The second problem relates to
“the’ evacuation ofa’ community 1€ the danger of a large artificial.release

U“‘involve legal: complicatione, particularly when citlzens are inconvenienced in

stance might exert a- criticalrinfluence on future evacuation decisions and o
thereby, expose tne community‘to an unreasonable ‘level of hazard eroow

From the above, 1t is seen’ that the prospecto for avalanche control are:*
ot ‘good; Swiss authorities have been forced to make decisions in this area
for the saks of existing communities, a situation which can largely be
avoided in Coulorado, given a timely recognition of actual and potential
avalanche areas. - ' :
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" Category I, as far as frequency and magnitude of events. Also, the differ-, ;f”
‘ence between adjacent categories-is not-constaunt; for example, the dlfference

~most limiting hazard (Section 3.1), TFor example, many avalanche tracks in-
_Category 1 exhibit only a moderate- level of geologic instability (1 e., soil

" Conversely, recently active landslide features in the plateau country under-—
‘_reflection of active or potentlal slope failure

. '{can only be completely understood when studied- in combination with- the = .:
. geparate geologic.and avalanche hazard series of maps,. partlcularly when the
‘mitigation of hazards is underqcon31deration. .The first example, involving
‘avalanche hazard, wouldginvolve-mitigation'of the effects of high impulsive-

P

SECTION FIVE

Ceeg o

An estimate of the overall degree of hazard from both”géglogié"and SNOwW -
avalanche phenomena, is desirable for regional land-use planning. . The five--

- fold ordinal (rank) scale discussed here forms the basis for the Overall

Hazard series of maps which are designed to meet that need. “ As noted in
Section 1.1, these maps are adjunct to the separate ge01001c ‘and avalanche
series.. : . el L e

It should be noted that rank of a hazard category is a gualitative,“
rather than a quantitative, measure of the hazard. TFor example, an area oL
mapped as Category 11 is not necessarily.half. as hazardous as an area in .. ., .

between Categories I and II is high, and- involves an abrupt change from
active avalanche to potential avalanche, notwithstanding appreciable contrast

“"in the level of geologic .instability. The transition from Category IV to .. ‘..
" Category V, however, involves ‘a much smaller difference in the level of
‘geologic activity. N A e D R .

The assigument of areas to ordinal categories is made according to the

and rock instability), so that  the high hazard rating derives from avalanches

lain by Mancos Shale are mainly free from snow avalanche hazard, .for reasonS'
of elevation and- slope}- therefore, a Category I ratlng for these areas is a.

 These two 1llustrat1ve examples demonstrate that- the Overall Hazard maps.

and static loads to the superstructure of buildings located in an avalanche
runout area. The second example would require a suitable combination of - .
foundation design and slope mgdification to alleviate a mass failure hazard,
a fundamentally different en01neering situation from the avalanche problem._

From the standpoint of land—use zoning, the Overall Ha4ard maps are a . .
basic set of documents in that all hazards are considered. A possible frame-
work for subsequent decisions is illustrated in Figure 4, which emphasizes
vertical integration of the map series and the scale limitations of this
study.

An important consideration in assigning areas to one of the five categories

7
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-in areas of high-hazard, ) Depending -on the. recurrence interval of highly
.ldestructlve events; a temporary occupance of “an area may involve as Dbigh a. :ifw
. risk as.a longer~term develdpment, since the statistics of extreme events

R

N usually 11ttle basis for predlctlng tlme of occurrence of an extreme event.

5.2+ General recommehdations

. -cussed (Sections 3.3 and 4.6). ~ Since the' combined hazard legend described
» above 1nvolves both geologic and snow avalanche effects, general recommenda-

... “and purpose of a proposed development is known. For this. reason,’ only the -

*: broad implications. of .combined hazards for certain types of land use can be

.. mentioned in the: sections which.follow. .The examples used are illustratlve
‘" and by no means exhaust the: possibllities.'~~ SR

—
i

YR

is that the status of an area may not remain constant if an appreciable level.
of terrain modification takes place, such as when a potentially unstable slope
undergoes mass failure due to excavation, water absorption from septic systenms
or irrigation,.or a combination of both causes. :; Such an event would neces-
sitate the re-classification of the affected area and may necessitate a re-~ o
evaluation of the safety of inhabited areas downslope. - This problem was dis—-
cussed in the section on Potential Avalanche Areas (Section 4.5) yet applies

to purely geologic events also. For example, a slump may subsequently become
mobilized as an earthflow or a debris flow.. Also, categories which involve .
potentially-unstable:slopes may change their status in response to natural
events, such as forest fires, and severe storms or floods.' The county e
authorities should note any such changes, and ensure that the hazald maps
are upudated for future users. L : Ak R

Comments on 1and~use c0nst1a1nts in thls section are confined malnly to
fixed structures, such as dwellings and roads, that have expected lifespans
of decades rather than years; therefore, it 1s important to consider en— .. -
counter with hazardous events the magnltude of which might be near to the
maximum potential level of activity for a particulax category. However, the.
expected life of a structure should not be used as a hard-and-fast criterion

can only be used to assign an average probability for the occurrence of an .
event within any given year. Unless all the physical factors that contribute
to the occurrence of ‘an extreme event are monitored through time, there is .

:f Some of rhe p0551ble methods of mltlgatlng hazards have already been dis-

tions on land-use must congider the possibilities for mltlgating ‘both types.
of ha?ard Hazards should be” evaluated on a site basis; when the configuration

5.3 Category I ;R L;’.A::;  F%i; f*

: This is the category having the hlghest overall hazard from geologic and
snow avalanche phenomena. Two types of situation qualify for a Category I
rating: o R .

(1)} All areas subject to rockfall, such as rockfall source areas (rf), talue
slopes (ts), including talus slides (tss) in addition to active or recently
active landsllde activity (ls¢< ™) and active or recently active debris flow
areas (df "), whether overlapped by snow avalanche tracks or not. (Abbrevi-
ations refer to the geologic legend in Appendix 1.) :




': overpressures from avalanche impact will ‘be approximately .the same as in

“'E_Category I areas involve some:degree of avalanche hazard during the: winter -
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(2) All active avalanche areas, whether or net othel geologic factors are
present, Small avalanche paths, mapped as (\ncﬁk ) in. Appendlx 2 are Ao~
cluded.

Recommendation 1A (RIA) - B R I o ‘;,ljf-;iﬂf

In view of the precedlng dlSCUSSiOH in Sections 3.3 and 4. 6 it is eV1dent
that the cost of mitigating hazards in most Category I areas w0uld he ex~
tremely expensive, and probably would not be financially worthwhile when added
construction and site engineering costs are weighed against expected benefits.
Fixed structures erected in this zone run a high risk of sustaining appréci-
able damage to both superstructure and foundations. Instances of overlap be~
tween snow avalanche tracks and active geologic hazards involve unstable '
conditions on_a year-round basis. These areas should be avoided at all cost
when plaomning the location of any fixed Jnstdllatlon. i :

Recommendation 1B (RZB)

. The remainder of Category I, not included under RIA, 1nvolves overlap
between snow avalanches and less hazavdous geologic instability. .However,
the fact that part of -the year may be- largely-free from hazards (i.e., ava--
lanche free), may not constitute a reduced. hazard overall, since the peak

areas listed under RIA, and will be largely independent of geologic conditions.
Since Category I areas included here undar R1B involve mitigation of avalanche - LI
hazards alone, the.guidelines-in Section 4.6 should be consulted before plqns S

relating to flxed structures, 1n partlcular are formulated e

Although the fringes of many avalanche runout areas may 1nvolve reduced-
hazard, this can only be evaluated accurately from a detailed site investi-
gation of avalanche frequancy and magnitude. These data must be 1nLerpreted
in terms of the expected life of the structure and its purpose.-: For
reasons of cost.and safety, it is likely that many of the remaining areas
in Category I not included in RIA should be avoided if possible and considcred
as sites for development only when all other local alternatlves have been
exhausted. - o

' Recommendation 1C (RlC)

The content of RIA and RIB relates to flxed structures.“ However, all

‘lseason.h ‘It is recognized that the level of hazard is highest in. the start—
. ding zone and track-segments- of an avalanche. path and generally- dlmlnishes
toward ‘the fringe of the runout area. Nevertheless, all persons entering .
Category I areas in winter should be aware of the potential avalanche danger -
and should consult regional hazard warnings. -This applies particularly to '
winter recreationalists who may desire to enter areas for which little infor-
mation on avalanche frequency exists. : - - :

It should be stressed that the avalanche hazard maps are not intended to
be used as a havd-and-fast guide to avalanche hazard by skiers, snowshoers
and the like. Many small atreas where over~snow travellers could initiate
an_avyalanche release have not been depicted because of the scale of the maps.
Therefore, certain areas designated as avalanche~free may contain small
pockets of instability which, although posing no appreciable threat to
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buildings or communications, are sufficient to cause iqlpry or death from
snow_avalanching. ‘ -

Experlence has shown that the small avalanche release takes the greatest
toll of life (Uilllams, 1975). ‘

5.4 Category iT

Thls category comprlses debris fan areas- that are nelther avalanche run-
out zones not zones of active debris flow deposition (dE). Also included
are physiographic floodplain areas, areas of overlap between potential
avalanche zones and slopes with thick colluvial overburdens (cst) or active
colluvial slopes (csa), and all 1andsllde (ls) areas not 1ncluded in Categoly
I. - :

Recommendations 2A (R2A)

-are considered to be a delicate state of balance, which could be easily. -

Areas defined in Category II constitute a significantly reduced level of
hazard compared with Category I in that slopes-are potentlally-unstable,sﬁjfh”
with regard to both geologic and avalanche phenomena. Many of these areas . :

upset by improper management or use. Therefore, it is recommended that all
development in Category Il areas pay particular attention to factors of

design and location of structures, excavation, and defores._atlonJ 50 as to C

minimize physical impact.

Particular care is needed in the management of slopes‘where'(cst) and
potential avalanche hazards overlap since there exists a potential for snow

to assume that the oldest features are the most stable. Also, attention

instability and slope failure to a level that could: endanger dwelllngs and
access roads formerly regarded as hazard free S

Landslide (ls) areas not 1ncluded in Category I.are potentlaliyuunstable

' The state of stability varies locally according to factors of slope and . .
" drainage and 1ls impossible to evaluate without site studies, since more- thanfrﬂ

one episode of landsliding appears.to have occurred.: It is probably erroneogus

*'-to (1) drainage and irrigation; addition of large volumes of water. through .-
'dralnage division, irrigation and septic tank operation, may result in a - -’

should be paid to areas that have the same general characteristics as known -
landslide areas, but which do. not appear to have undergone mass.. faxlure yet.

Any development of_oldulandslide.areas should pay partlcular attention

localized mass failure of these deposits, even on relatively: gentle slopes.
(2) reduction of slope stability by excavation or construction; this may
lead to a re-activation of landslide deposits of any age. Excavation of

-material near to the toe of a landslide deposit dis ill-advised, since this

reduces the magnitude of the force resisting motion on a slope. Yor the
same reason, addition of material to the upslope part of a landslide deposit
should not be carried out, since this increases the magnitude of the force
driving the material downslope. (learly, any combination of activities in
(1) and (2) above may create a serious slope failure problem, whicli in_the
face of high mitigatrion costs, may necessitate abandonment of a site.




-—3?-: .

Recommendation 2B (R2B) T .

The debris fan areas in Category IL involve a much reduced hazard over
those in Category.I, in that debris flow deposition does not appear to be o
a threat at present, and the areas so designated lle beyond avalanche runout R
limits. ' The Telluride incidents of -1914 and 1969 indicate that large, .. ..
destructive debris: flow events .can occur on apparently finactive?'debris‘,
.fans. -In fact the county seats of San Juan, San Miguel and Ouray are .-
located on debris’ fans which-have been active to a greater or lesser degree
over the past. 100 years. The events in this century on the- ‘Telluride fan
justify the classificatlon of ‘the fan as Catgory I, although this  probably -
reflects no more than-the potential hazard level. - However, the problem o
has not been evaluated from an hydraullc standpolnt in this study. :

e T

Flsewhere along the San Mlguel Valley, certaln debrls fan areas have been-, i
classed as Category II. It is recommended that the potential for both flood
and debris flow inundation be investigated in these locations, since the, 70
Telluride events point ko a high level of instability on the south~faciag
flank of the San Miguel Valley that may extent beyond the limits of the

. CorneL Creek catchment basin.... .- s

5.5 Category III

: Included are all;(cst) and (csa) slopes that do not overlap with potentlal
‘ avalanche areas, mine tailings (tail) and swamps (s w) aund, also, areas of -
-moderate colluvial activity (csm), expansive soil (es) and subsidence (sb)

that are overlapged by potential avalanche areas. s S

Recommendatlon 3 (R3)

5 The precautlons-noted under RZA above concornlng the management of
- timber on potential avalanche slopes, apply here also in the case of over-

" lap of this avalanche - category w1th (csm), (es), and (sb) geologlc hazard .
categories. o : :

The bulk of Category III consists of (cst) and (csa) slopes that do- not
: overlap with potential’ avalanche ‘slopes. -Management of (cst): slopes should
‘- take account of" their—potential instability with respect to mass failure. .
. Slopes classed as' (csa) constitute a somewhat. different problem in that
" current. instability affects only” surficial soil for the most: part” ;
rate of surficial’ érosion varies greatly across the (csa) category B
. . most extreme case, headward erosion along gullies may undermine- OLructuzes'
~also, surficial’ movement from sheetwash may cause thick soil deposits to ...
accumulate on the upslope margins of buildings. Compaction of soils on (csa)”
slopes should be avoided, as,this will reduce permeability and lead. to }‘
greater runoff and surflclal erosxon than would otherwise have occurred

The 1dentif1cation and avoidance of swamp hazard (sw) is considered to be
sufficiently obvious not to warrant detailed treatment here. However, the L
possible adverse ecological effects of draining peat swamps should be noted..
Compaction and wastage of peat occurs under these conditions, resulting in
an overall lowering of the surface back to the newly-established water table.

Large mine tailings deposits are also readily identifiable. The case - |




i ‘ f
~38~ '
’ .
described in Section 3.2.11 should be borne in mlnd when consttuctlon is
planned immediately downblope of such deposits. - -

5.6: Category IV

Included are all (csm), (es) and (sb) areas that do not overlap with ‘
potential avalanche areas; therefore, these areas are classed as avalanche-
free, at the scale of mapping.. Certa;a (es) areas may involve a high, local
expansive potential from bentonite layers. These areas would belong to o
Category IIT, though have not been identified due to an absence of rEquisite
stratigraphic 1nformat10n w1thin San Mlgue] County e P ‘

Recommendation 4 (R&)

Apart from the local'incidence of highly expansive bentonite layers within =
.shale formations, there are probably few constraints omn construction within =
this category. Nevertheless, it would be good engineering practice to test _
soil samples from proposed foundation levels, for their expansive propertles o

in these areas.'_gwn e i ,,(g _i>\f--,;_ o _f_fﬂ; o :~ ﬂa S

' ._,.\

.actlve colluvial ox 90381b1y potentlal nass fallure zones, whlch could not be'“
depicted due to the scale of mapplng : S -

5.7: tegory V

Thls category 1ncludps all inactive colluvial slopes (csi) that are S
free from snow avalanche effects at the scale of mapping. Subsurface factors,.j;
such as periodic high water table and corrosive solls (aasoc1ated with acid
mine drainage), should be studied in these areas. Close to the margins of
expansive 3011 areas, (CSl) 50113 should be tested for expansive propertles.

Recommendatlon 5 (R))

Slnce there appear to be few constraints on construction and . tran3901—,”;':
tation in this category, normal procedures of site preparation and, constructlon
should suffice. = However, the safety of access routes should-be considered :
carefully before authorizing any development, since the County may incur un- -
-reasonable responsibilities regarding road clearance and maintenance.: For .~
this reason, certain Category:V areas may not be suitable for\develOPMent.:Z'
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GLOSSARY OF TERMS

Aigle of repogse - the maximum gradient at which unconsalidated material R

will remain in place without sliding, governed by the 1nternal frlctlon
and cohesion between particles o R, ;

'Arglllaceous - 1ike or containiug clay S :? f_ :‘ . ,‘__j“~{;%

. .;._ Y

Bentonite ~ a clay formed from the decomp031t10n of volcanic ash, 1argely
composed of montmorillonite and hav1n2_a very high swell potential.a |

‘ﬁenozoic.; the geologic'ere from eporoximetelyrosrmillion yeafs‘avo'to o L
the present, which includes the Tertlary System,ithe last maJor Ice Age ;
and the Postuglac1al : - o ; , e _ :

Cirque - alpine 1andform of arouate plan form at the head of a trlbutary
valley developed by glacxal overdeepenlng LR

Cohesion - mutual attractive force between small rock partlcles (e g -clay :
_ mlnerals) in, the presence of water .

o
P - Dk s - &
R ..w», st v 0.

. Colluv1al actlow - 'the- developm ent’ of 1oose, poorlyusorted soil and rock
' waste from surficial processes- such as- rocanweatherln creep, and SuL= -
face erosion, among others B T

'Golol~1nfrared fllm - reversal f11m~wh1ch is senSLtlve to green, red and in
frared radiation (>5-1.0 mm. } ‘='algo referred to as “false—color" ba-
cause objects do not appear in their natural coloxs e./g. healthy veg~
etation eopedrs red R L RS _ e e ez

o Conglomerate - a sedimentary rook'containing maﬁy rounded fragments
larger than 2 o derived from fluVLal marlne or glac1al deposmtlon;

Contact ~ a junction Plane between two rock-stratlgraphic uﬂlts T" PR

Creep ~ an 1mpercept1ble, slow, contlnuous dOanard dnd outward movement of L
s011 or rock on a slope ,1 K S e SR C

'U:Cretaceous - the geologlc period from approx1mately 72 to 135 mllllon years 3
befare present 3 :

'QlDischarge - the volume rate of flow of water and sedlment in_an open
' chdnnel S S T

' Eﬁaghic - perteining'to 'or controlled by local 5011 COHdlLlOnS

Faulp -~ dlfferentldl movemant along a surface of rupture 1n a rock body

Felspars ~ commonly~ occurrlng sillcates of (principally) calcium and
potassium

rold -~ buckling of a rock unit from lateral compression :

.




- Iggeous - formed by volcanlc actlon or 1nten31ve heat - rocks formed by the

‘Hemathe — an iroun mlneral often emplaced by hydrothermal alteratlon.ff

InLrus1ve - rock 1n3ected Lnto surroundlng rocks whlle 1n a molten state ‘

‘L,Laccollth - Small to medium~sized 1gneous-intrusive body that is. concordant with

oyl

‘ . U Y S I .
Formation - a rock-stratigraphic unit of distinctive composition (e.g.
sandstone) or a distinct assemblage of members, that is mappable over a
large area from its type section L : .

Eractura - a line of rupture in a materlal, whlch may coxncxde with
1utu1nal structural weaknessas e.g cleavage. :

Free~fall - the unimpeded fall of rock fragments under gravity alone

Glacial ‘drift - materxal left by Lhe retreat of a glac1er, deposited by
melting ice or glac1a1 meltwater » : Cn

O

Cranodiorite ~ a coarsewgrained igneous intrusive rock

Gy E um - a hydrated sulphate OE calclum

Hundred—year floodplaln - the area subgect to inundation from a- river
flood with a statlstlca11y~averaged recurrence interval of 100 years

ERR - as s . A e
- 4 ~ . J

Hydrocompactlon,— a 1ocalized sub81dence in materlals of high 511t content
caused by water saturation (e.g. llrrlgatlon) 1“ . “.*f~".-3; RN

Hydrothermgl alteratlon - processes usually assoc1ated w1th the wanlng
phases of igneous activity involving heated oy superheated water,: and

* capable of chemical alteration of rock through weathering and/or S
depositlon of materials . B . L

= S .'1.'.'", W !

coollng and the solldlficatlon of magma

IlllLe - a commonly—occurrlng clay mlneral subject to moderate exnansion
. from water absorptlon : ‘ : '

‘.
*

strata into whlch 1t is intruded usually' appreciable domlng offstrata results'

R

dge R B PR P .i-”,j Lo ERR

chee - a ralsed llnear dep051t of unconsolldated material on elther 51de _
of a debris flow channel ' ‘

Limonite — a brown, hydrous iron oxide consisting mainly of the iron
mineral goethite

Lithology - the mineral content and structural characteristics of a rock
formation
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: i
i - the downslope ‘movement of a 1arga ‘volume of rock qnd
_material generally over a short period of time (e.g. landsllda,

eariliflow) . _ ﬂ*‘~ ' "

t

7 the guologic era from about 230 to 65 million yeara bEfore present
nucialng the Tr1a531c, Jur3551c, and Cretaceoua Period° "

cyphism - change in. mineraloolcal, structural or textural compo
ition of rocks under haaL, pressure or chamlcal actlon

rocone - Lhe geologic lelSlon in the mlddle of the Tertlary Perlod from , 'fif;-' 5
about 25 to 36 mllllon years before preaent S . S B R

Outc;on -~ the area over whlch a particular rock unit 1s exposed at the_

Oxidution —~ a process whereby oxygen fxom tha air is combined with a
mineral, leading to chemlcal breakdown to moxe stable mlnerals, e. g.,

ljhonlte from 1ron {J;- S ,wh; U . o

.~ Palacozoic - tho geologlc era from about 600 to 230 malllon years ago

- b

-fPermi;g_w the geologlc perlod from about 220 to 280 yaars before preaent

._” P

g Postjgiacial ~ the perlod oi tlme from the end of the Plelstocane torthe present'

et

:— Lhe perlod of "aologlc tlme baginnlng w1th the oonsolldatlon ,
~'nd:Lng w1th the start of the Cambrian period 1.e.

comprlslng both the

'Quagv;nary -~ the younge1 of the two - Cenozoic periods,
PlaaqLocenb and the Recent epocha. ‘ :

 Remot: sensing - the ‘use of electromagnetic radiation to obtaln informa*ion
akcun a target at a distance. : =




Shear waapplled stress which acts as a mechanleal couple to produce angular ‘L'fj:o-

§heetwas§ - water which flowsrover a slope as an unchannelled layer,’
Sill - an igneous intrusive body whose upper and lower bouundaries are

Stereoscoglc ~ ' a three-dimensional- effect obtained by viewing two overlapping ‘.ll:;i‘l

~46-~ . i
Rotation - the movement of a mass of material along a curved plane a
Series - a time-stratigraphic unit below.the rank of a system

Shale - a sedimentary raock formed by the dep031t10n of clay- texLured' -
matexial in water, subsequently metamorphosed to a 1esser degree than‘
slate ‘ : R .

deformation of a body

Slate - a .hard, flne graxned metamorphlc rock w1th well developed cleavage ‘_dfp
" formed by metamorphlsm of clay—rlch parent rocks ' ~ : e

usually during a‘heavy rainstorm
concordant with bedding in rocks into which it is intruded

photogrdphs us1ng a stereoscope (a blnocular optlcal 1natrument)

e e

Strangraphle ~‘arrangement of rocks in 1ayers due to dep051tlon L;?f

Structure - the solld~geometr1c relatlons between rock-stratlgraphlc units o
_determined by foldlng, faulting, eEC. ot Ln e i 3{;;‘,-

SurflClal dep0slts‘—-unconsolidated materials of vallable thlckness e 8.
glac1al 1andslide and rlver deposlts ‘ : . L

Tertiary - the system of geologlc tlme betwee1 the Cretaceous Perlod and
the beginning of the last major Ice Age, dpproximately 2 to 65 mllllon
years ago S L . _ Lo RS

Translation = - the movement of a mass of materlal relative to a flxed refw-u"
erence poxnt, generally across a: flat plane o - :

Trlas51e --the period of geologic,tlme extending from about 225 to;195
nillion years before present between the Permlan and Jurass1c Periods

Vlscosigx_— the property of a”fluid that determlnes 1ts rate of flow
under externally-applied stress (shear) : o

Yield strength ~ or elastic limit - ma\imum stress a specimen can w1thstand
without undergoing permanent deformation by either solid flow or rupture
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' o APPENDIX 1 j

GEOLOGIC HAZARD LEGEND -

Category and map = - = B :
abbreviation o R Descriptlon of Category

1. Rockfall (rf) 7';f{;Source areas Eor falling rock.ﬁ
. SRR ‘f.@girockfall areas... ' e

2. ‘Rock.glaéier (rg)H; ;.'Area affected by the slow downslope creep of talus,
' : generally due to the presence of an ice core. R

3. Landslide (13) - A large—scale failure of slope material;inuolving
‘surficial and/or rock. TFailure may involve rotational
slumping, shallow faulting, flow, and- translation of
material along inclides shear planes. DA .

Sub-category: = ..

4. Expansive soil . : R T -
and rock (es) - - Areas of clay-rich; cohesive soils)’ derlved malnly from
' S - .clay and shale formatioms. - €1gn1f1cant vclume ‘changes -
» ocecur during cycles of wetting and drying.: Due to the.fﬁfi}
... scale of mapping, areas so defined may include rock o
}"outcrops whlch are not expan31ve (e g.; sandstone)

5. - Talus slope (ts) -f,?fAn area of active dep031t10n of materlal frcm rockfall
o T . and debris flow. Mass failure may ogcursas talus slides”
‘or debris flows. ' s o e

'Sub*categories:;

:33’;T31u5 slide (tss)

Actlve or recently actlve debrls flow tracks

A‘flattened cone shaped dep051L whlch accumulates from .
repeated ‘deposition of stream flood and.debris: flow?
‘material at the exit point: of ‘a trlbutary“atream into.
‘a 1arger valley.; BRIV

6. Debris fan (df)

”:Sub—category

Fmﬁj\;} Active or recently active debris flow tracks.




Category and map
abbreviation
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APPENDIX 1 (continued)

i
’
{

f

7. Colluvial slopesr_'

8. 'Physiographic

floodplain (pf)f

9. . Swamp (sw)

10. Subsidence (sb) 1‘ 

11.. Tailings (tail)'i“é‘;:

o cs;_;;{ _ Areas of fhiék.colluQialIdéxglaciéi i:”

An area experiencing frequent erosion amnd deposition -

-from hlgn water table condltlons. :
. Areas subject to collapee of surflc1a1 material and/or

o removal. of subsurface rock by solutlon or mineral
‘;,eeraction. . AN RS .

.}{Large doposits of rock waste’ from ‘a. milling opﬂratlon
~which occur either as large pond dep051ts or.as. sLeep

Description of Category

Sub-categories:

~accumulations, generally thicker than':'_w
six feet. Potential mass failure areas.

csa S Areas of accelerated colluvial activity on
" slopes where dep031ts are less than smw feet
thick. o o ‘
csm ) ‘ Areas of moderate colluvial activity on

slopes where colluvial dep031ts are less"
than six £eet thick.

esi ' ‘Inactive colluvial slopes, havxng sllght
' colluvial activity on slopes less than~ - -

15 percent, having deposits less than six

feet thick. . - . . ... LT

from streamflow. Areas defined probably'encompass
most of the 100-year floodplain but- mapplng is not
based on stream dlscharge records,_L' .

Areas subgected to seasonal or longer term 1nundat10n

bedrock due to removal of subsurface fluids, or
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APPENDIX 2 /
' i

SNOW AVALANCHE HAZARD LEGEND

Category aad map symbol

 -3. Small. avéiénche'path that”

‘Description of Category

1. Active snow avalanche path.37

Also includes unvegetated
slopes above timberline
steeper than 60 percent.

timbered. and bear'no clear
"signs of‘avalanche’ activ1ty
- at the: present time. .
- only to areas “abover 75000 ft
elevation.

‘cannot’ be. depxcted by (1)
above, due ‘to “the scale of”
mapping ' 'v“f -}ﬁ;:i




Plate 1:

Plate 2:

“Segment of a color 1nfrared frame from MlSSlOH 247 Roll 2
‘depicting the area of the confluence of. the South Fork i

- The mountainous:areas at the right of. the picture ara. ”5* 
“Yellow Mountain, at' the bottom, and the Oph]L Needles,. at"
' the top. = A difference .in texture of weathering and regree :

~52-.

Segment of color infrared frame from Mission 213, Roll 59.
The San Miguel Valley, betweéen Telluride (bottom right)
and Society Turn is depicted.  The layered succession of
rocks in the high peaks is the Gilpin Peak Tuff, below -

“which large amount of talus and rock glaciers have
~accumulated. Timberline co-incides roughly with the-

contact between the San Juan Tuff and the underlying.

" Telluride Conglomerate. The Telluride Formation is. .- - .

exposed in rocky cliffs just below timberline. . Much oE
the forested slope below is underlaln by the Mancos - -0

" Shale or Cretaceous age. .Small landslides have OLCUTIQd

at the contact with the overlylng Tellurlde FormaLlon. g

A change in texture occurs Just above nghway 145 at the R
extreme left of the picture, where the Mancos gives way to
a rocky debris slope formed by rockfall from the Dakota
Sandstone and the Morrisou Formation. The light band above

“the Highway at the right of the picture is formedl by an- upr{;;l

outcrop of the Dolores Formation, the basal part of the.

~ gullied slope beinyg formed by the Cutler Formation.. Large

flattened debris fans occur at the exit points of Hider
Creek and Mill Creek, near to the .settlement of San MLgue] _
Recent flood and debrls flow dep051ts can be ‘seen.’ Llna]ly,_qf

. the physiographic floodplain of the San Migu:l River crossea N
the picture from rlght to 1eft at the bottom. K ‘ .

of the San- Miguel River. and Howard Fork at Ophir Loop. RN
Trout Lake and Lizard Head Pass are at the bottom. left.a_-f~"

of talus accumulation can be seen between the two areas, -
the first underlain by Tertiary volcanics, the second b;
Tertiary intrusives-ﬂ ‘The mountainous area at the left .

of the frame is San Bernardo Mountain, from which several
large avalanche paths descend to-XLake Fork. Distinet
trimlines are also visible within coniferous forest cover
on the south side of Howard Fork.

The area of mottled texture to the right (east) of Trout
Lake is underlain by the Yellow Mountain landslidc, caused
by movement of Tertiary material across the Mancos Shale.

The Mancos is exposed to the southwest of the Lake and forms
much of the terrain between the Lake and Lizard Head Pass.







Plate 3:

Platqﬂ&:
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The small debris fan located between Cornet Creek and Owl-
Gulch, in northeast Telluride. The fan is constructed

below ¢liffs in Mesozoic formations, principally, the Dolores,
Entrada and Wanakah. The rock face is freshly weathered,
indicating that rockfall may present a hazard at the present

‘time. Blocks are scattered across the steep slope above the

debris fan. The debris fan does not bear recent evidence
of debris flow deposition, primarily because the catchment
of this un-named gulch is extremely small and does not extend
into unstable areas above timberiine. Co

Steep, un-named gulch and debris fan on the east side of
Bear Creek, south of Telluride.- This is an instance of

. overlapping geologic and avalanche hazards;  large slabs of

- the upper left corner of the picture attest to the presence of

rock have detached from above and have slid . across a talus slope;f~.f

composed of finer material, including debris flow deposits - o
on the fan. Also, swaths éut through the coniferous timber at "~

avalanche activity in this location.' The. debris fan is also
an avalanche runout zone. S S L
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Plate 5: Exposure of the Mancos Shale, 1ndicaL1ng tha hlghly f13s1le
nature of the shale.  This lithological characteristic U
produces numerous lines of weakness, resulting in a low ;
mechanical strength and a rapid rate of weathering. The -
~impermeable nature of the formation produces instability -

~ in overlying porous formations, since the interface with'

‘*the Shale is usually a. 11ne of groundwater seepage.

Plate 6 Close up of expan81ve 5011»der1ved from the Maacos Shale.
(Quarter gives the scale). Polygonal. tension cracks develop -
~when the soil dries out and shrinks. ' The reverse process ‘of
swelllng and crack cloSure occurs when the soil" is wetted.




»
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Plate 7 Rockfall and talus slopes developed from Tertlary'volcanl
outcrops on the San Miguel County side of Ophir Pass.
The columnar structure is typical of eroded tuffs and .
breccias. . Zones of higher than average activity on Lhe -
talus appear as llghter zones, since the- lichen cover- 19?
interrupted...;These zones .are small’ talus slides, probably
produced by a locally-accelerated rate of rockfa]l

- addition, large open-slope avalanches occur’ 1n;Lh15 area
~din wlnter and run down to Howard Fork below."

Debris flow tracks in_the headstreams of Sprlng.Gulch above
-0ld Ophir. T The:main axis. of the’ ‘Gulch: is filled with talusr
material which' probably" derives from debris flow dep031tion

“and talus slides.” .This picture is typical: of many - >
"high, alpine basins in eastern. San Miguel County that head
into volcanic rocks of the Pot031 Group '
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Plate 9: Large:rock'glacier, descending from steep, unstable, Tertiary
-volcanic terrain which surrounds Silver Basin, above Camp Bird,
Ouray County ‘The ridge is the county line with San Miguel

“ County.. - The gradatlon of the rock glacier into the flanking

. talus deposits is evident. . Lichen cover on many of the .- o
boulders. on.the surface of the rock glacier indicates that this
feature may be‘mov1na only sllghtly at present.

“8lope:fallure about 50:yards across, close to the Last | -
Dollar:Road .on Hastings Mesa. . ¥Failure has occurred in
;glac1al material overlying Mancos Shale. . The@e features.
are’ not: - uncommon. in’ the: uorthern plateau county of San-
'Miguel and Ouray countle ; older features have- less well—
fpreserved scarps .and toe areas.. "“The area- below the
scarps 1s now" being deepened by gully erosion. This example
5 1nd1cates that,;’ - given the right combination of c1rcumstances,.
.~ thick glacial’or colluvial accumulations can fail on only . id
moderately-steep slopes, partlcularly if underlain by the
Mancos Shale.







"Plate 11: Large active landslide on the south side of Cedar Creek,

" Plate 12:

con Highway 145.° Some impression is given of the great .

~62 ?

Montrose County, close to U.S. Highway 50, about nine miles -
east of Montrose. The crowin of the slide indicates repeated
step-faulting of the Mancos Shale, below which failed mass
spreads out by flow and sliding. TFailure of this area is

due to porous river gravels sliding over the Manoos Shale . .
in a zone of groundwater :seepage at the: tratigraphic contact.
between. the two formations. Seepage is still active at the o

‘head of the landslide and is causing active recession of the -+

headwall.by slumping.’

Roédéut ihﬁéiéé}al and landslide ﬁaﬁériéi;'onfthe west side-
of the Silver Mountaln landslide, just north of Ophir Loop

thickness of the glacial/landslide debris in this area.-"
Disruption of the road surface out of the field of view..
indicates that deeper seated movement is occurring, in
addition to slipping of material on the cut face.







Plate 13:

U plate 14:

TDebris fan developed below Tertlary volcanlc cllffs on the
t;south flank of Howard Fork, just east of Ophir ‘Loop. =i
Vegetated debris flow deposits are seen on the surface of

—6lym

Low-level aerial oblique of Sprlng Culch and Staatsburg
Basin, on the north flank of Howard Fork. Trimlines in

both aspen and coniferous cover are clearly visible at

the left part of the picture and demarcate the Badger |

group of slidepaths. The Spring Gulch avalanche runs onto ,
the large debls fan; just above the apex, a double trimline -

in aspen is seen, which roughly differentiates large from .

) small avalanches. Avalanche debris from the previous winter

 follows the axis 6f rhe Gulch. The stream course which.
"skirts the right side of the fan is followed, periodically,
by large, wet avalanches in sprlng, yet also have been
recorded as traversing the center of the fan to Ophir, the -
small settlement at the bottom of the picture. Large )
powder avalanches are thought to impinge on the adverse slope
{(bottom of picture) about five times each century. :

The lighter zones on the debris fan surface are caused by
dry soil condltlons in the crestal areas of large debris
flow levées. From their pattern, it is seen that every
part of the fan has experienced debris flow deposition in
the past. All of the features are vegetated, yet still
presexve the topographic form of levees. The age of the

. levées is unknown. However, no fresh deposits exist on the
fan. : ‘

the fan. Avalanche trimlines are seen in conlferous

‘vegetation on either side of the debris fan. - ~Aspen trlmlines'

are inset within the coniferous limits, indlcaLing partial
colonization of the large avalanche track. The central zone
which lacks trees is the zone of most frequent avalanching.
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Plate 153

Eléte 16:

'species by Lheir brighL red color, The llght red 13 grassland.

—66-

Damage from the 1914 debris flow inundation of Telluride by
Cornet Creek. The peculiar character-of debris flow material
enables it to support the weight of large blocks of rock,
which may inflict considerable damage to structures. The
photograph was taken after the debris had been cleaned up,

so that the pile in the foreground is not the terminal
surface of the original debris flow. IR
(Photograph courtesy of the San Miguel County Museum, Telluride).

Color infrared frame from Mission 247, Rell 2, encompassing .
©the valley of Howard Fork, runmning past the large debris fan -
illustrated in Plate 13, and the valley of Waterfall Creek,
"running from the bottom of the plate to the Ophir townsite. _
Due to color shift on the infrared film, all vegetation appears
. red.: Aspen (in full leaf) are differentiated from coniferous

~The" chanae in lifenform between grasses and dec1duous or
‘coniferous vegetation, enables avalanche paths to be- easily
-detected on this type of film. The double trimlina between - ;%
younger and older aspen is clearly seen at the apex of the Sprlng
Gulch debris fan. A considerable number of large paths descend -
to Waterfall Creek. The narrowest tracks in Howard Fork valley -
are deplcted by arrows on the avalanche hazard maps.
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Plate 17: Avalanche impact damage from dry avalanches on the adverse slope‘l
of the Spring Gulch avalanche path, at Ophir (See Plates 13 -
and 16 for the general setting). Limbs have been trimmed from .
the sides of the trees exposed to impact and many trees have
been felled on the adverse slope. This is clear ev1dence of .
perlodlc avalanche activity on a large scale. '

PO

Plate 18: Flow-aligned.timber debris deposited on the debris fan of
“o Spring Gulch, just above the Ophir townsite . (mlddlearound)
 The debris 1s most. probably derived: from wet flowing and-
‘f(partly) from dry flowing’ avalanches 7 The. debrig ‘extends *
almost as far -as-the townsite,.yet’ “on all’ parts of the fan,
"the debrils limits are within the probable maximum,runout llmlts
deduced -from impact evidence (Plate 17). Also, ‘the debris ig-
_confined to lower areas between the debris flow levees on the
- fan; however, it 1s now fairly-well established that flowing and-
~airborne snow affect large areas of the fan and. are not S
- constrained by minor topographic drregularities. For That
reason, this type of field evidence must be interpretes with
caution and, if possible, supplemented with other types of
information. Where this is not available, debris usually
provides only a first approximation to the maximum runout area,
and invariably underestimates this arvea.
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