-~

GEOLOGICAL SURVEY

UTAH

UTAH GEOLOGICAL SURVEY

a division of

Utah Department of Natural Resources
in cooporation with the

United States Forest Service

Plate 1
Utah Geological Survey Special Study 153
Landslide Inventory Map of the 2012 Seeley Fire Area, Carbon and Emery Counties, Utah

111°12|'30"W R6E R7E 111°|10'W 111°7|'30"W 111°|5'W R7E RSE 111°2|'30"W
Y | { \ } if 5 7 T
e -\ 7 g { | I,
\ ‘{\ i i f 7 — — \\I ! - = O L 4 S TS
\\—%\\\ ‘ I 7 i 7 = “
39°40N \\T‘_{ | | 27 5 4 e@p //” it i If
= [ ! i e == S\" / i / i 78 e\ If
N &\ \ (& 27E / 4 5 =7 \ * 4|
[ 2 3 i 9650 & 7 27 9220
4 \ g/ / i (\\)O 4 | i b 8850 sa5d \
W c%/ 7GR /BM/ 8090 | ¥ 8o A \
\U\ / ,,?,’L::;/,:,—_:Q_\\_k 7 ‘a& ! 8970 ! 9602
< 9593 o ~,:.\ / //,// \\»\\::::\Gas e i < i SR
AN AL W= e |
%x&\ \ 7 S,allghter oL | N .
N3 ‘}\\ / 2 5 y d \;\ ; o
) / e L3 af 53 S i\ = = i T~y e
N / o Bor\e‘/ R \ ! S~ _ 77236
| N\ ! \PEL\N, = =2 =S |
i o pitE= e s =) 3 4 =2
\i I / g = = N \: 7860 / - 2= 060
A T L = S | % i
7 | hCommunigation = Sl 2
’ /o She == = . ol _ i |
SRl “ [ s '//\;’ﬂ ==\ { = B —= gl = \ PIPELINE T e A '
ot ) Vs - J A { > ~ 2N \ I = W = i GordpmBreek ay
d 5 4 S ¥ o= n AR \ 2 ~ e : 729\
?)(\\] j/ e 4/ /// —Sel=—d = i X o 7720 N N e\ o
G BM / V4 j/l W =\ i J E‘Y RS ) Ny W e m ==t L ) /
A =4 AT TR = Y / 1 S
9982 / (»,'3-" ”[ S e~ h | S S 5 S , = PIPECINE S
260 = oS s | [ 2ye0azine N B e T omeN s ——— —— 7 -
vl e {}R ) 1= = = = ,,j/'/ /| . Pufnping-Sta Uop, i
= 4 e ==———\ | gLl B N
= h Z 00 Conner —_—— ! Z20 0 U\ o
7 y - . = === \
; pa o Mine < 850 Vv % 4 3 S
= s ,»1 \ N\ :‘ 2 D
) e V.4 \
/ iy \ ) KN
4 1 % i 640 i
e Y \ 5290022 Water Tank - o \ i >
7 1 _ PIPELINE | ¥ 7240
| = Gas N T T :
-~ =yl A\ N
- e 2 " s N\ A s 7 W .
7 B = o o g -l : A&, "f: / \
7ol L  pa1g / = o= = ! %, AN \
7 *O g Gas Einn o A S N W0 5 @&
i @Q - Old Well o \, N \; = _9:71"'1 S 006
A —== Bfack Diamond Mine {I R \\ Q
T13s [El/ / ) A > -
L i\ 1 uﬁb See
T14S / L Y ﬂ, l} - e =y \ \
1) & 5908 /28 e \ .
Vi@ ///// ‘\\\\ e N
! <§ o/Gas Well O\ \ Vs I Y ==
/@ . 9260 \ N / : = TS pm=saa )
| N ///// [ x. "‘.‘1 ) 7 L T y Corral ™~ - 2 e
< z N S W 74 ) = 9 N NN i
S 57z =) 3 | & v = - N
’§ s \'\\\ %) R
O Ny 0 Little . e 7 e
o770 / Sty
Y yon \ o — )é/@ ~7232
By e ——— N\ i TR Y — — \ / ’O/ﬁo 3 = <7160
; o770 - j Stielar N R \ = 3 / % ==
<= I 3 \ = . === - / S
F ge | - == ; 7720 i [ vzg;o 7480 S N - ==
MENTI: LASAES A === - = = N
N \ = ) A, S ; Sl
NAT;W ~FOREST T re . o/ el [ L
% 9315 B \ / ]/ = I ¥ \ \
Z’\ 0 lscom oae 1 r \ § e
m L { \
— \ 0 \\\\% "J L ‘\\\
39°37'30"N— \ \ 78 / E S i e
- \'W 8 T
ERRERARY ' A7 j==
NN Te/ephOne \ \ S Sh==soo |
96 —— —— BIVi- 6848 % Behch 3 P
7610 Wright ~ S\ —
i i\ N
e e < 7545 i S // 3 a
19980 5 = L = S 3 i
i —em e = = S > o o
' ’ - ———_] “‘- N S \\\ =3y == ///
3 / 4 i i - = O.Poly F z =
Gas Well o P \ ! e S i
Ragman &= Cal’\\jon g ~ RN E 3 : 4
. R
\ (73 = \S
7298 i 7344 i 7354 : e (\o
el ——== F s ®0 7146
/ ~{ o
N0 NN e, T \‘\’ y
. NS Horse Bench b
| e ‘:::::' oL
0 i; \ 4 T \ ;
8850 AV \ -
L L Lzl
8660 M : (\\;0(\ < \ e
\\&0363 2 . \ | <7254
Y, e \ > ;
\ 7656 \: /7 o ) é\){\ e
PR e \o QP
\ o 2 Q ;
i Caf\\f \N N
Bishop
{ gob
: 41 >
iy N
48586 / - 7 @
8575 Riser | / ‘ 7 = ’ | .
| ! < 7566 I e | ; ol g L e
1 | 9720 | e 7378 i
’ /1 ‘Q? ',',’///‘ 3 \\
VNN § Drill Hole 8 3
@ = 7 Sl
#7290 y
\ /
= L=y i ; S
‘ = S Drill / ' \ &
L )} - = N < /t:‘ﬂ}#g A
y ' \ I /4 | Bae = \\\‘\ ‘Z R
4 \ 9, s=-)_= \ v X
{ \ i \ _f’{g&\smg : ¥ o°
Y I 1), N Y
\\X | / } Y &\\Q \ s ‘ N . ) pZ § ,; 0
9 \ \ \\\\«\ i\\l\ ; \ P e |
’, e #10122\ \ u =S ) =
| ] 4 / N V52 Mine <7320 ic 22N
f l = } S 27 :
J— l . \ ! & 3 ===
y 4 / \ | | - &) o
/ \ | DS- = ( S =i 7
Ll aya L ‘ L7 ) Sy
; | =7 ~
/N L e 7 7274 g
~ \ = = ‘ E E =
i N = 7438 i o= )
s ) 9700 - Lz / ‘e\'a\
I "/ . e 2 " /
39°35'N—] A\ | o Canyon=====. 5 W ) B N
I\ | ; \
77 ( 4 % 4 V.
/ qh/o\‘]\ ? Pf 77 on (i e =
| ! / I
8880 1 \ Gaﬂ‘]’ 7 3
\\\\ \ \\‘\ ‘~ >~ . z
\\\ I = 7~
r';’b b 7604 A W e s i
i [ 4 Il o
| (@) . o , :
A ) 2= /
ny \\9775 y
<o Pl = 8
| i 4 7710 g — Lt
2 7 = 5 " i o
il h ( g = TR ==
1 O L [ B
} \ e \ 4
SD I ‘matl — 5 1
T > 2
fi B -5, 7560 7184 {1 B NO
2, | " ) S B
! " / % [ i
5 LB '\. ~/ s’ J :“\L\
o « 8307 J T <
/i ‘ 1 gy
/(\ \ ' T ‘ 3 1
N | & - .~ ~
i \ I
it W t |
] \ z ~.
| i)
If !
Il ! 10367
'4/ !
i | 8452
1l [ R T T v
"
i \ — 7302
NATION KAV
/ N L\
I - “ ;
- | ] Wi
N r oS
it
V2
S
« /,f 8232
\ b /,
T14S | oo )
I : b
T15S
i 7328
. Mo,
AL BN s 7
G,
\ !
Prospect) x| \ L
l} \
39°32'30"N— |
{ E oS o=
) e i il =
/ | /= Serviceberry /'/7'5/
= P \ 't -
// 77 o . \ y ;/ / / =S
: ] LS / i —
{ )
/' 8o
/ 7366
t i\ 4
i Vil
Y / \
\\ e e e
\ 2 e =
) ; TN e —n ]
\ i 9/ - e
\ { ) = =
0 \ N - ‘. |
| | = ) . 2 Wattis 7355
\ ’; ) ;ﬁ' ) G g
\\ / ’ /43 S
| 1/ Star Point
) 10100 NS 85
Y T / \ !
/,, I |4 N \
/ i |8 \
\
/ /
/ 8076
/ / o Drill Holg/
Spripg™™ 4 8
e
/ 4 Z N X
/ r'/ ﬁ@?& == =
[ ZE ===
I e
o — : O
7 \\\-\5‘\\/ {
\ 7
\ \
N \
7402
\ 77 #
N
\ \
) \ N
\ \ Al
RN
\
i) -
\ 3 =
\ \\ =
N\ .
NN \
S
S 8345
‘ 7 BHR. | = PRI NG e L
Seele * BOUNDARYS:
Mountain el = -
( ‘
NN
{8 N\ ‘\ 7890
el TN
()
e
/ 8816
39°30'N—
9784
S A= -»\‘l ‘\\\ 4
{ = e i
9775
3
\ \
\‘ \ Caﬂyon
{ e |
! X 1\ |
, x' ~ 2
| o =
( /', =1 =
) W f Qg ! IS
| R 29 O\ e
\ [ s
. % 9013 / g
g 0% ' %9140 \ <
/ i 1y £
\\\\\ { i 2
| “u s -
\ | | \ /
{ A \ === | '1 33 ] \ i
| Y ‘ 3 < 9937 | s | | 9662
D L8 = 9260 o€ )
VOt | e |
\ ﬁﬁ}- R % ge |
i/ o \ n @
\\.\\X = G2 HIES
5 S = o e = =5 Ray—— [1® =
\ n f
I caﬂyo ” | © /
/ [ | i Y
[
\ 1 (] - i
! ‘ { <2 4
| [ g =
| | e RS 7
\-(\d \ 9390 i § / e({@ /
A\ g 7 ViS5 S S T T O L e T e TR 77 717 )R] - T ) S ST S R a7 S o | Ty s
W 2 \\ 8940 e © | // >
10743 A'East : N N A = ’ ¢ me
,
| {, ; \ Z 4‘ /<>
\ N / 7
) | A
| — J | ¢
\ : ~ \ i
\ | - |
\\ \ = 1 \
/10047 \ 775 = r \ . , <8274
\ | 1 M. A N T \ I = L A Se, A L /
; 0028 ; / S ; O ; oA I CARBON/ of
111°12'30"W RGERTE 1M1°10W 11°7'30"W 11°5'W R7ERGE 111°2'30"W
SCALE 1 24 000 Base from USFS Hiawatha, Rilda Canyon, Wattis, Candland Mountain,
- 4 Jump Creek, and Scofield 7.5' Quadrangles 2012
Projection: UTM Zone 12
2 0 2 Miles Datum: NAD 1983
y I I I I I Spheroid: Clarke 1866
SCOFIELD | JUMP CREEK b " SteveD. B
. rogram Manager: Steve.D. Bowman
‘T 2 1 (|) 2| Kilometers Project Manager: Richard E. Giraud
 — P [ ] GIS and Cartography: Corey D. Unger and Jay C. Hill
. 1000 0 1000 2000 3000 4000 5000 6000 7000 FEET .
e —————— —————— — CANDLAND - Utah Geological Survey

TRUE NORTH

APPROXIMATE MEAN

MAP LOCATION

EXPLANATION

This map presents a landslide inventory for the 2012 Seeley fire area, Carbon and Emery
Counties, Utah, at a scale of 1:24,000. The purpose of the map and accompanying geodata-
base is to show and characterize prehistorical and historical landslides that are within and
near the Seeley fire boundary that are larger than about 40 feet across their shortest dimen-
sion, and to provide information useful for managing landslide-related issues within the burn
area. The map and accompanying geodatabase were prepared by the Utah Geological
Survey (UGS) as a cooperative project with the Manti-La Sal National Forest. The 2012
Seeley fire, initiated on June 26 and contained on July 18, covered approximately 75 square
miles on the Wasatch Plateau. The map covers areas within and near the burn area and
includes parts of the following Hydrologic Unit Names and Codes: Mud Creek
(1406000070203), Left Fork Huntington Creek (1406000090101), Right Fork Huntington
Creek (1406000090102), South Fork Gordon Creek (1406000070403), Mud Water Canyon
(1406000070401), Pinnacle Wash (1406000070801), Miller Fork Canyon-Huntington
Creek (1406000090103), Clawson Spring-Miller Creek (1406000070602), and Serviceberry
Creek (1406000070601) (Utah Automated Geographic Reference Center, 2012). We used
geographic information system (GIS) software to capture, store, and display data for each
mapped landslide.

We prepared the landslide inventory by analyzing and interpreting 12 sets of stereo and
orthophoto aerial photography acquired periodically from 1938 through 2011, which
provide a 73-year history of landsliding in the burn area. In addition, we performed limited
field reconnaissance of the area following damaging debris flows and flooding during the
summer of 2012. We cite photography dates and scales in our aerial photographs reference
list. The 1981 and 1984 photo sets have limited coverage in the map area. We recorded
spatial and tabular data for each mapped landslide. Spatial data pertain to landslide deposit
and landslide geomorphic source type; source types include slide and flow main scarps and
rock-fall cliff bands. Tabular data describe landslide characteristics in text or numeric form.
The spatial and tabular data are stored in the geodatabase and linked to the inventory map.
Landslide information stored in the database includes area, material type, movement type,
landslide deposit name, landslide source name, movement activity, thickness, movement
direction, approximate movement dates, bedrock unit(s) associated with the landslide, confi-
dence in mapped boundaries, mapper name, peer reviewer name, and comments.

Seeley Fire Boundary (provided by the Manti-La Sal National Forest)

Area not mapped

Landslide Classification

The characteristics used to classify landslides were observed on aerial photography of vari-
ous dates, on topographic quadrangle maps, in Manti-La Sal National Forest reports, and in
the field. Our landslide classification methodology is similar to that used by the California
Geological Survey (Irvine and others, 2007) and the Oregon Department of Geology and
Mineral Industries (Burns and Madin, 2009). Landslide classification is based primarily on
terminology and mapping criteria of Varnes (1978), Wieczorek (1984), Cruden and Varnes
(1996), Keaton and DeGraff (1996), and Haskins and others (1998). Landslide deposits are
classified based on type of geologic material and type of movement. Where a landslide
source could be identified and mapped, the source was classified based on the geomorphic
source type. Both the landslide deposit and source are further classified based on landslide
movement activity and boundary-mapping confidence. The geodatabase includes addi-
tional landslide information not shown on the map.

Landslide Deposit Materials and Movement

Each landslide deposit is assigned a two-part name based on dominant material and move-
ment types after Cruden and Varnes (1996). The material is classified as rock or soil, and
soil is further subdivided as debris (mostly coarser than sand-sized particles) or earth
(mostly sand-sized or finer particles). The observed movement types in the Seeley fire area
consist of falls, flows, and translational slides. We used the following landslide names in
our mapping:

RF rock fall

RS-R rock slide, rotational
RS-T rock slide, translational
DS-R debris slide, rotational
DS-T debris slide, translational
DFL debris flow

ES-R earth slide, rotational
ES-T earth slide, translational
EFL earth flow

DECLINATION, 2014

Landslide Source Type

Landslide source areas are classified based on geomorphic source type.
Cliff bands and outcrops are typically the source areas for rock-fall

deposits. Main scarps are typically the source area for slide and flow
deposits. We identified the following landslide source types in our
mapping:

CB clift band

MS main scarp

Landslide Movement Activity

We classified landslide deposit and source activity based on landslide features observed on
aerial photographs and/or in the field. Because 2012 debris flows occurred during and after
the fire, we include 2012 fire-related debris flows to show the most recent post-fire activity.

2012 fire-related debris flow: Debris flows triggered in 2012 during and
following the Seeley fire. Most 2012 deposits only covered part of the
mapped alluvial fan.

Active or historical: The landslide has documented movement or landslide
“ features observed on aerial photography and/or in the field indicative of
historical movement.
Dormant or very slow moving: Landslide deposit landforms are fresh or
uneroded, but there is no evidence of historical movement. Landslide move-
ment is suspended or at a slow rate, preventing development of sharp recog-
nizable features associated with active movement and allowing erosion to
smooth existing features.

Dormant-eroded: Landslide deposit landforms are smoothed, subdued, and
incised by erosion.

Landslide Mapping Confidence

The confidence of landslide mapping is based on the visual clarity of boundaries around
landslide sources or deposits. Erosion or vegetation may obscure boundaries, making them
difficult to map accurately.

High: The landslide boundary is clearly evident and discernable. The

landslide generally shows features indicative of recent movement.

Moderate: Some, but not all parts of the boundary are clearly evident, other
| parts are approximate or gradational. Diagnostic landforms are generally
present.

Low: The boundary is difficult to determine and is approximately located,
and few diagnostic landforms may be present.
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GEOLOGY AND LANDSLIDES IN THE SEELEY FIRE AREA

The Seeley fire area lies on the northern Wasatch Plateau. The rock units exposed within
and near the burn area consist of, from oldest to youngest, Cretaceous Mancos Shale, Star
Point Sandstone, Blackhawk Formation, Castlegate Sandstone, and Price River Formation;
and Tertiary-Cretaceous North Horn Formation (Witkind and others, 1987; Witkind and
Weiss, 1991). The Mancos Shale consists of the upper Blue Gate Member and contains
shale with minor interbeded sandstone. The Star Point Sandstone contains sandstone,
shale, and shaley siltstone. The Blackhawk Formation contains sandstone, shaley siltstone,
shale, and coal. The Castlegate Sandstone contains massive sandstone with some conglom-
erate. The Price River Formation contains sandstone and shale. The North Horn Formation
is primarily shale with lesser amounts of sandstone. Shale in the North Horn Formation
commonly weathers to clay and typically produces more landslides than other rock units on
the Wasatch Plateau (McDonald and Giraud, 2011). However, in the Seeley fire area, the
North Horn Formation has limited exposure on flatter topography and produces fewer land-
slides. The rock units are generally flat-lying and are cut by north-south-trending, high-
angle, small-displacement normal faults. The Pleasant Valley fault zone trends through the
center of the burn area, and part of the northern Joes Valley fault zone lies at the west edge
of the burn area (Foley and others, 1986; included in Lund and others, 2011).

Thunderstorm rainfall triggered numerous fire-related debris flows and floods in the
summer of 2012, causing widespread damage along Huntington Creek and other streams
that drain the burn area. The intense rainfall and rapid runoff converged into steep drainage
basin channels, eroding sediment and forming debris flows. The debris flows consisted of
boulders, cobbles, gravel, sand, silt, clay, and wood debris. The wood debris ranged from
large burned tree trunks to smaller wood fragments. Some debris flows eroded channels
down to bedrock, and the present lack of channel sediment will limit the volume of future
debris flows until the channels fill back in with sediment. The most active historical land-
slide period, prior to 2012, was 1983, when landsliding and flooding caused widespread
damage (U.S. Forest Service, 1983).

The mapping identifies alluvial fans impacted by 2012 fire-related debris flows and is
useful for understanding where debris flows may deposit sediment in future events and to
prioritize areas where risk-reduction measures are needed. Guidelines for the geologic
evaluation of debris-flow hazards in Utah are available in Giraud (2005). The numerous
2012 debris flows show the sensitivity of the burned landscape to debris flows and floods
triggered by intense thunderstorm rainfall.

The potential for fire-related debris flows will decrease in time as revegetation stabilizes
burned hillslopes, intercepts rainfall, and buffers runoff. Most fire-related debris flows in
Utah (Giraud and McDonald, 2007) and in the intermountain western United States in the
Rocky Mountains (Gartner and others, 2004) occur within two or three years following the
fire. Drought conditions can limit vegetation regrowth and result in a longer recovery. In
burned stands of trees, the decay of tree roots may result in reduced stability of steep
hillslope materials and increase the potential for shallow post-fire landslides.
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188, 13-238 through 251, 13-254 through 269, and 14-103 through 115, black and white,
approximate scale 1:15,480.
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