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Table 5-1.  Summary of Previous Surficial Geology Maps for the Central Appalachians.

I.D. 
No.

Reference Year Map Scale Location Map Units

1 Denny ** 1956 1:24,000
Genessee 7.5-minute quadrangle, PA 
(south of glacial limit)

alluvium, alluvial fans, block fields, thin mantles, periglacial deposits

2 Hack and Goodlett 1960 1:33,300 Little River, Augusta County, VA
chutes and channels created by the cloudburst flood of June 1949; vegetation-landform 
associations (northern hardwood/hollows, oak/side slopes, yellow pine, noses-ridges)

3 Hack and Goodlett 1960 1:1,690
debris fan at locality 770, Little River, 
Augusta County, VA (Fig. 30, p. 54)

channel (no trees), 1949 high-water channel, gravel levee, slide surface (1949), debris 
fan (1949), woody debris piles, alluvial fan (1949), alluvial fan (older than 1949), flood 
plain, bedrock slopes mantled with block rubble and soil.

4 Hadley and Goldsmith ** 1963 1:24,000 Dellwood 7.5-minute quadrangle, NC alluvium, alluvium and colluvium, alluvial-colluvial fan deposits, terrace deposits

5 Pierce ** 1966 1:24,000
McConnellsburg 7.5-minute quadrangle, 
PA

sandstone rubble, shale-chip rubble, gravelly alluvium, fine-grain alluvium, roundstone 
diamicton

6 Fiedler ** 1967 Mountain Lake, Giles County, VA scree, colluvium, roundstone diamicton

7 Godfrey ** 1975 Catoctin-South Mountain, MD
boulder-covered slopes, side-slope stone streams, valley bottom stone streams, 
mountain wash

8 Lessing and others 1976 1:24,000 Appalachian Plateau, WV landslide deposits and landslide-prone areas

9 Tewalt 1977 South Branch of Potomac, WV alluvial terraces

10 Houser ** 1980 Giles County, VA colluvium, alluvium, boulder streams

11 Mills 1986 1:24,000 New River, southwest VA
low terrace and flood plain, intermediated terrace, high terraces (all relative to mean river 
level)

12 Mills 1988 1:24,370 Mountain Lake, Giles County, VA
residuum or bedrock (sandstone, shale, limestone), young colluvium, old colluvium, fine-
medium-coarse young alluvium, older-weathered alluvium, bedrock terraces, boulder 
streams

13 Schultz and others 1990 1:100,000 Radford, VA 30 x 60 minute quadrangle
flood plain alluvium, terrace deposits, terraces, colluvium (boulder streams, boulder 
fields, talus, diamicton), "debris", large bedrock landslides, karst (sinkholes, cave 
openings, solution pinnacles), tufa deposits, residuum

14 Whittecar and Ryter 1992 1:39,400 western Blue Ridge, central VA
alluvial plain, lower debris fan, upper debris fan, colluvial slope, residual knob, talus 
slope, bedrock outcrop, boulder stream

15 Froelich and others 1992
Winchester, VA 20 x 60 minute 
quadrangle

colluvium and alluvium

16 Jacobson 1993 1:100,000 Wills Mountain anticline region, WV
residuum (includes thin colluvium, bedrock), colluvium, debris-flow deposits, alluvium / 
alluvial terrace
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Table 5-1 (Cont.).

I.D. 
No.

Reference  Year Map Scale  Location  Map Units

17 Kite and others 1995 1:24,000
Davis 7.5-minute quadrangle, Canaan 
Valley, WV

colluvium, residuum, alluvium, terrace, floodplain, fan, boulder field, boulder stream, 
karst (sinkhole, cave opening)

18 Mills and Allison 1995b
1:49,200 
1:109,000

Hazelwood and Dellwood 7.5-minute 
quadrangles, NC

flood plain, terrace (young, old), fan (young, intermediate, old), saprolite, saprolite with 
gravel

19 Mills and Allison 1995c 1:39,400
Rich and Snake mountains, Zionville and 
Sherwood 7.5-minute quadrangles, NC

flood plain, saprolite, saprolite with gravel, fan surface (classified according to thickness 
of clast weathering rinds in mm)

20 Morgan and others 1997 1:24,000
Rapadan River basin, Madison County, 
VA

1995 flood erosion and deposition, flood plain not affected by 1995 storm, 1995 debris 
flow erosion and deposition, debris flow fans older than 1995, potential future debris-
flow paths, slope gradients in degrees (<14, 14-26, 26-34, 34-45, >45)

21 Cenderelli and Kite 1998

1:2,800 
1:3,000 
1:3,500 
1:3,800

North Fork Mountain, eastern WV
alluvium, stream channel, isolated boulders, boulder levee, tree levee, lobate boulder 
deposit, boulder terrace, boulder sheet deposits, diamicton, debris fan (classifed by 
age: pre-1949, 1949, post-1949, pre-1985, 1985, post-1985)

22 Jacobson unpublished 1:24,000 Circleville 7.5-minute quadrangle, WV
slope colluvium (fine, medium, coarse), debris flow deposits (fine, medium, coarse), 
alluvium

** As cited by Mills, 1988
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A. Type I Criteria: Age, Origin, Landform, Material.

1. Age of Surficial Material
          H = Holocene (< 10,000 years old)
          W = Wisconsin (ca. 89 to 10 ka)
          I = Illinoian
          P = Pleistocene Undifferentiated
          EP = Early Pleistocene
          MPl= Middle Pleistocene
          LP = Late Pleistocene
          Q = Quaternary Undifferentiated
          CZ = Cenozoic Undifferentiated

3. Landform Units (Cont.)
     B. Valley Bottom
          ch = channel 
          fp = floodplain (RI </= 2-3 yr)
          t = terrace (t1, t2 …tn; height AMRL)
          f = fan 
          f-t = fan terrace (f1, f2 …fn; height AMRL)
          a = apron (footslope deposit)
          lo = lobe
          lv = levee
          ox = oxbow, abandoned channel
     C. Other
          ft = flow track (debris flows)
          hm = hummocky topography
          rb = rock-block slide deposits
          x = excavated, fill, disturbed ground
          d = delta
          du = dune

4. Material (Composition and Texture)
          b = boulders (>256 mm; clast supported)
          c = cobbles (64-256 mm; clast supported)
          p = pebbles (4-64 mm; clast supported)
          g = gravel (>2 mm; clast supported)
          sg = mixed sand and gravel
          s = sand (0.05-2.0 mm)
          st = silt (0.002-0.05 mm)
          cy = clay (<0.002 mm)
          l = loam (mix of sand, silt, clay)
         d = diamicton undifferentiated
         bbd = very bouldery diamicton
         bd = bouldery diamicton
         cd = cobbly diamicton
         pd = pebbly diamicton
         ds = sandy matrix diamicton
         dt = silty matrix diamicton
         dy = clayey-matrix diamicton
         rk = bedrock (modify with lithology)
         rs = rotten stone, saprolite
         tr = travertine
         tu = tufa
         ma = marl
         og = organic-rich sediment 
         w = water
         u = unkown

2. Origin / Surficial Process  
     A. Hillslope
          r = residuum (in situ  regolith)
          c = colluvium  (mass wasting)
          ds = debris slide
          rf = rock fall or topple
     B. Valley Bottom
          a = stream alluvium (normal flow)
          hcf = hyperconcentrated flow
          df = debris flow
          sw = slackwater deposition
     C. Lacustrine
          l = lacustrine deposit, undiff.
          lb = lake-bottom deposit
          ld = lacustrine deltaic
     D. Other
          g = glaciofluvial, undifferentiated
          go = glacial outwash
          e = eolian
          co = collapse (solution)
          cr = cryoturbation
          x = anthropogenic disturbance
          f = artificial fill
          rk = bedrock (process n/a)

B. Type II Criteria: 2-D Surface Features

     1.  Karst
          bv = blind valley
          ca = cave (human entry)
          Active cave passage
          Abandoned cave passage
          dv = dry valley
          kw = karst window
          sk = sinkhole (doline)
          skst = sinking stream
          ks = karst spring
     2. Hillslope
          hs = headscar
          ds = debris-slide scar
          ls = landslide scar undifferentiated
          rs = rotational slide (slump) scar
          ts = translational slide scar
          rb = rock-block slide scar
          tc = terracettes
     3. Other
          wf = water fall
          w = water, lake, reservoir
          Spring
          wt = wetland, undifferentiated
          wh = wetland, heath
          wm = wetland, marsh
          ws = swamp
          quarry (with highwall)
          gravel pit
          deep mine opening
          strip mine (with highwall)
          mine subsidence zone
          rc = rock city
          Scarp
          Meander scroll on floodplain
          Lacustrine strandline

C. Type III Criteria: - Data Reference Points

          Sandwhich symbols showing stratigraphy
          Depth to bedrock (drilling or seismic data)
          Minimum depth to bedrock (log data)
          Test hole / boring
          Well
          RE = refusal (in test boring)
          Hand-auger hole, shovel hole,
          Fossil locality
          Paleocurrent direction
          Observation Point

3. Landform Units
     A. Hillslope
          n = nose
          sl = side slope
          h = hollow
          veneer = < 2m of regolith 
          blanket = > 2 m of regolith
          bf = boulder field
          bs = boulder stream
          pg = patterned ground
          tls = talus deposits

Table 5-2.  Surficial Map Criteria for the
Central Appalachians (after Kite, 1994).
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Figure 5-1.  Hillslope landform elements after Hack and Goodlett (1960).  Net transport flow paths
are divergent on nose, covergent in hollows, and parallel on side slopes (Reneau and others, 1989).
Noses represent drainage divides between zero- to first-order tributaries.  Ridge crests serve as
drainage divides between higher-order watersheds.
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Figure 5-2.  Principal landform elements recognized in the unglaciated, humid-
mountainous landscape of the central Appalachians.  Label identification is as follows:
R = ridge, N = nose, S = side slope, H = hollow, CH = channel, FP = floodplain, T1 =
low terrace, T2 = intermediate terrace, F-t = Fan terrace.  Photograph is from the North
Fork basin, Pocahontas County, West Virginia.  See text for discussion.
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Surfic ial M ap Un its

Q c1 - Q ua te rn ary co lluv ium  (side-s lope  veneer, co bb le - to  b ou lder-d iam ic ton )

H ch  - H olocen e ch anne l deposits  (a lluv ium ; cobb les  and  bou lders )

Q t1 - Q uate rnary  te rrace  deposits  (2-4  m  above  channe l g rade; a lluv iu m ; gravelly  loam ) 

H f - H o locen e (h istor ic) fan deposits  (debris  flow , cobble- to  boulde r-d iam icton )

Q f1 - Q uate rnary  fan -te rrace depo sits  ( fa n su rface 2 -4  m  above  active  cha nne l g rade; 
         d eb ris  flow ? -a lluv iu m ; cobble- to  boulde r-d iam icton )

Q f4 - Q uate rnary  fan -te rrace depo sits  ( fa n su rface 8 -10 m  above active ch ann el grade ; 
         d eb ris-flow ? -a lluv ium , co bble - to  boulder-d iam icton )

H fp 1 - H olocene  floodp la in  a lluv ium  (1-2  m  above  chann el g rade, loam y  g ravel)

Qc1 Qc1

Qf1
Qf4

Hf
Qf1

Qt1

Hfp1

HchFlo w  D irec t io n

Bedrock

Alluvium

Colluvial
Diamicton

Hch

V ertica l S ca le = E leva tion  in  fee t abo ve  m ea n sea  leve l
H orizon ta l S cale =  R ela tive  eas ting s and  n orth ings in  fee t

V ertica l E xaggera tion  =  x1

N

Figure 5-3.  Generalized block diagram illustrating examples of valley-bottom landforms in the central Appalachians.
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Figure 5-4.  Photo showing example of complex internal stratigraphy from a 5 to 6
m fan terrace in the central Appalachians.  Note abundance of cobble- to boulder-
diamicton and crude stratification.  Yellow bar is 2 m.
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Figure 5-5.  Physiographic map of the central Appalachians.  Site identification codes are
as follows: "Fernow" = Fernow Experimental Forest, Tucker County, West Virginia; "North
Fork" = North Fork basin, Pocahontas County, West Virginia; "Little River" = Little River
basin, Augusta County, Virginia.  Physiographic base map is from Kulander and Dean (1986).



Figure 5-6.  Bouldery debris-flow deposit from the June, 1949 event at the Little River basin,
Augusta County, VA.  Note buried basal rootflare of large-diameter hemlock and disturbed
appearance of small-diameter birch on fan surface.  Yellow bar is 2 m.
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Figure 5-7.  Portion of the surficial geology map for the Little River area, Augusta County, Virginia.
Features were originally mapped at a scale of 1:9,600 (Taylor and Kite, 1998).  Refer to Table 5-3 for
an expanded explanation of map units.  Contour interval = 40 ft.
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Table 5-3.  Example Application of Surficial Map Criteria at the Little River Basin, Augusta County, VA.

Map Unit Map Unit Description Age Origin Landform Material Four-Fold Comments
Label (Process) (Texture) Identifier

Qr Quaternary Residuum Quaternary (Undiff.) Residuum Ridge-Veneer
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix

 (Q,r,r-v,c-bdt-l)
Predominantly associated with ridge crests supported 
by the Pocono Formation.

Qc1
Quaternary Colluvium (Side 
Slopes)

Quaternary (Undiff.) Colluvium
Nose-Side Slope 

Veneer
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix

 (Q,c1,n/s-v,c-bdtl)

Predominantly associated with side slopes underlain by 
the Hampshire Formation.  Includes the Hazleton and 
Hazleton-Lehew soils series (Hockman and others, 
1979).

Qc2
Quaternary Colluvium 
(Hollows)

Quaternary (Undiff.) Colluvium Hollow Veneer
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix

 (Q,c2,h-v,c-bdt-l)
Predominantly associated with zero- to first-order 
hollows underlain by the Hampshire Formation.

Qbf Quaternary Boulder Field Quaternary (Undiff.)
Colluvium 
(periglacial?)

Boulder Field Cobbles and Boulders  (Q,c,bf,c-b)

Equant to irregularly shaped side slopes covered by 
greater than 80% cobbles and boulders.  Commonly 
interpreted as the product of Pleistocene periglacial 
slope processes.

Qbs Quaternary Boulder Stream Quaternary (Undiff.)
Colluvium 
(periglacial?)

Boulder Stream Cobbles and Boulders  (Q,c,bs,c-b)
Elongate valley-bottom areas covered by greater than 
80% cobbles and boulders.  Commonly interpreted as 
the product of Pleistocene periglacial slope processes.

Hch Holocene Channel Alluvium Holocene Alluvium
Channel and Narrow 

Floodplain
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

(H,a,ch,c-b-pl)

Fluvial channel deposits associated with first- to sixth-
order streams.  Unit includes channel alluvium and 
portions of adjacent floodplain too small to map at the 
given scale.  

Hfp1
Holocene Floodplain Alluvium 
(0.5 to 1.0 m surface)

Holocene Alluvium Floodplain
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

 (H,a,fp1,c-b-pl)

Floodplain alluvium associated with second- to sixth-
order streams.  Unit includes low-lying surfaces 0.5 to 
1.0 m above present channel grade with a flood 
recurrence interval of approximately 3 to 5 years. 

Hfp2
Holocene Floodplain Alluvium 
(1.0 to 2.0 m surface)

Holocene Alluvium Floodplain
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

(H,a,fp2,c-b-pl)

Floodplain alluvium associated with second- to sixth-
order streams.  Unit includes low-lying surfaces 1.0 to 
2.0 m above present channel grade with a flood 
recurrence interval of approximately 3 to 5 years. 

Hfp2A
Holocene Floodplain Alluvium 
(1.0 to 2.0 m surface)

Holocene Alluvium Floodplain Sandy Loam (H,a,fp2A,s-l)

Sandy slack-water deposits upstream from 
Hearthstone Lake.  Unit includes low-lying surfaces 1.0-
2.0 m above present channel grade with a flood 
recurrence interval of approximately 3 to 5 years.  
Buried root flares common.
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Table 5-3 (Cont.).

Map Uni t Map Unit Description  Age Origin  Landform  Material  Four-Fold  Comments
Label  (Process)  (Texture)  Identifier

Hfp2B
Holocene Floodplain Alluvium 
(1.0 to 2.0 m surface)

Holocene Alluvium Floodplain Clayey Loam (H,a,fp2B,cy-l)

Clayey slack-water deposits immediately upstream 
from Hearthstone Lake.  Unit includes low-lying 
surfaces 1.0-2.0 m above present channel grade with a 
flood recurrence interval of approximately 3 to 5 years.  
Mud cracks and buried root flares common.

Hd
Holocene (Historic) Delta 
Deposits

Holocene (Historic) Lacustrine Delta Delta Sandy Loam (H,ld,d,s-l)
Historic lacustrine delta deposits associated with the 
flood-control reservoir at Hearthstone Lake.

Qt1
Quaternary Low-Terrace 
Alluvium (2.0 m surface)

Quaternary (Undiff.) Alluvium
Terrace 

(Floodplain?)
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

(Q,a,t1,c-b-pl)

Low-terrace deposits associated with second- to sixth-
order streams.  Unit includes low terrace surfaces 1.0 
to 2.0 m above present channel grade with a flood 
recurrence interval greater than 5 years. 

Qt2
Quaternary Terrace Alluvium 
(2.0 to 4.0 m surface)

Quaternary (Undiff.) Alluvium Terrace
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

 (Q,a,t2,c-b-pl)
Terrace deposits associated with third- to sixth-order 
streams.  Unit includes terrace surfaces 2.0 to 4.0 m 
above present channel grade.  

Qt3
Quaternary Terrace Alluvium 
(4.0 to 6.0 m surface)

Quaternary (Undiff.) Alluvium Terrace
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

 (Q,a,t3,c-b-pl)
Terrace deposits associated with third- to sixth-order 
streams.  Unit includes terrace surfaces 4.0 to 6.0 m 
above present channel grade.

Qt4
Quaternary Terrace Alluvium 
(6.0 to 8.0 m surface)

Quaternary (Undiff.) Alluvium Terrace
Cobbles-Boulders and Pebbly 
Loam (rounded to subrounded)

 (Q,a,t4,c-b-pl)
Terrace deposits associated with third- to sixth-order 
streams.  Unit includes terrace surfaces 4.0 to 6.0 m 
above present channel grade.

Hf
Holocene (Historic) Fan 
Deposits (undissected)

Holocene
Alluvium - 
Debris Flow(?)

Fan
Cobbles and Boulders, Gravel 
Diamicton

(H,a-df?,f,c-bdt-l)

Historic fan deposits commonly associated with first- to 
second-order hollows at stream-tributary junctions.  
Identified by fresh deposits, disturbed and buried 
vegetation.  Primarily the result of June 1949 flood 
event.

Qf
Quaternary Fan Deposits 
(undissected)

Quaternary (Undiff.)
Alluvium - 
Debris Flow(?)

Fan
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix 
(subangular to rounded)

 (Q,a-df?,f,c-bdt-l)
Fan deposits commonly associated with first-order 
hollows at stream-tributary junctions.  Identified by 
older tree stands and lack of fresh appearance.

Qf1
Quaternary Fan-Terrace 
Deposits (2.0 to 4.0 m 
surface)

Quaternary (Undiff.)
Alluvium - 
Debris Flow(?)

Fan
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix 
(subangular to rounded)

 (Q,a-df?,f1,c-bdt-l)
Entrenched fan surfaces commonly located at stream 
tributary junctions. Diamicton may be crudely stratified 
with imbricated gravely-loam facies.
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Table 5-3 (Cont.).

Map Uni t Map Unit Description  Age Origin  Landform  Material  Four-Fold  Comments
Label  (Process)  (Texture)  Identifier

Qf2
Quaternary Fan-Terrace 
Deposits (4.0 to 6.0 m 
surface)

Quaternary (Undiff.)
Alluvium - 
Debris Flow(?)

Fan
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix 
(subangular to rounded)

 (Q,a-df?,f2,c-bdt-l)
Entrenched fan surfaces commonly located at stream 
tributary junctions. Diamicton may be crudely stratified 
with imbricated gravely-loam facies.

Qf3
Quaternary Fan-Terrace 
Deposits (6.0 to 8.0 m 
surface)

Quaternary (Undiff.)
Alluvium - 
Debris Flow(?)

Fan
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix 
(subangular to rounded)

 (Q,a-df?,f3,c-bdt-l)
Entrenched fan surfaces commonly located at stream 
tributary junctions. Diamicton may be crudely stratified 
with imbricated gravely-loam facies.

Qf4
Quaternary Fan-Terrace 
Deposits (8.0 to 10.0 m 
surface)

Quaternary (Undiff.)
Alluvium - 
Debris Flow(?)

Fan
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix 
(subangular to rounded)

 (Q,a-df?,f4,c-bdt-l)
Entrenched fan surfaces commonly located at stream 
tributary junctions. Diamicton may be crudely stratified 
with imbricated gravely-loam facies.

Qf5
Quaternary Fan-Terrace 
Deposits (>10.0 m surface)

Quaternary (Undiff.)
Alluvium - 
Debris Flow(?)

Fan
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix 
(subangular to rounded)

 (Q,a-df?,f5,c-bdt-l)
Entrenched fan surfaces commonly located at stream 
tributary junctions. Diamicton may be crudely stratified 
with imbricated gravely-loam facies.

Qap Quaternary Apron Deposits Quaternary (Undiff.) Colluvium  Apron
Cobble- to Boulder-Diamicton 
with Silty Loam Matrix

 (Q,c,ap,c-bdt-l)
Footslope deposits > 2.0 m in thickness. Commonly 
located at break in gradient between steeper side 
slopes and valley-bottoms.

Hds
Holocene (Historic) Debris 
Slide / Flow Scar

Holocene (Historic)
Debris Slide / 
Debris Flow

Scar Commonly Scoured to Bedrock (H,ds/df,sc,rk)

Slide scars associated with the June 1949 flood event.  
Debris slides transformed into debris flows with 
attendant erosion of surficial materials to bedrock.  
Identified by youthful and disturbed vegetation. Bedrock 
surfaces may be scratched and striated.
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3 0  m  x  3 0  m  ce l ls ; s lo p e  v a lu es a re  p resen ted  in  5 -d eg ree  b in s.  M ean  Q c1  s lo p es a re  as
fo l lo w s: F ern o w  =  1 8 .7   , N o rth  F o rk  =  1 9 .5   , an d  L itt le  R iv e r =  2 1 .6   .ooo
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n  = 30 m  cells from DEM

Fernow (n = 1983)

North Fork (n = 6557)

Little River (n = 4137)

F ig u re  5 -9 .  B ar g raph  sh o w in g  s lo pe  d is tr ib u tio n  fo r  Q c2  su rf ic ia l m ap  p o ly go n s (Q u ate rn a ry
co llu v iu m : h o llow s).  D a ta  d e riv ed  f ro m  3 0 -m  U S G S  D E M 's u s in g  th e  s lo pe  an a ly s is  a lg o ri th m
o f Id r is i fo r  W in d o w s (v e r. 2 .0 ).  F req u en cy  rep resen ts  n u m b ers o f 3 0  m  x  3 0  m  ce l ls ; s lo p e  
v a lu es a re  p resen ted  in  5 -d eg ree  b in s.  M ean  Q c2  s lo p es (d eg rees) a re  as fo l lo w s: F ern o w  =
1 5 .7   , N o rth  F o rk  =  1 7 .2   , L itt le  R iv er =  22 .6   .o o o
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L ittle River Hds Cells

n = 842
mean slope = 23.73
stdev = 5.27

F ig u re  5 -1 0 .  S lo p e  d is tr ib u tio n  (d eg rees) fo r 1 9 4 9  d eb r is -f lo w  "ch u tes"  a t th e  L itt le  R iv er a rea ,
as m app ed  b y  H ack  an d  G o o d le tt (1 9 6 0 ).  T h e  d a ta  se t o n ly  in c lud es sca rs  m ap p ed  o n  s ide  
s lo p es  an d  h o llo w s, it  d o es n o t in c lu d e  " f lo o d  ch an n e ls"  in  the  h ig h e r-o rd er tr ib u ta r ies.  D a ta
d er iv ed  f ro m  3 0 -m  U .S .G .S . D E M 's u s in g  th e  s lo p e  an a ly s is  a lg o r ith m  o f  Id r is i fo r  W in d ow s
(v e r. 2 .0 ) .  F req u en cy  rep resen ts  nu m b er o f  3 0  m  x  3 0  m  ce lls .  N o te  th a t s lid e-scar p o lyg o n s
a re  m ap p ed  on  s teep  h il ls lo pes an d  ex ten d  in to  m o re  g en tly  s lo p in g  v a lley  b o tto m s.
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