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ABSTRACT 

Tivo storms, t1l1:., first associated wj th Hurricane 

CaQille on 19-20 August, the second on 5-6 September 

1969, whic:!:. struck the Sprint; Creek Dr'ainage Basin of 

Greenbrj.-?r County , West Vj rginj_a resulted in 1, 53Lf obsc:r·vecl 

debris slides, the lo,1s of two lives , 2.nd exte:r..sive property 

d.s.rr:ago . 

The d1::bri.s slide movement is thought to have been 

illi tiated by sJ.iding at the h2ad of the scar , with the 

mess of rno~ing rock, soil, forest debris and water 

develop j.!'1G :into a debris flow a.s it progressed d.ov,'11.slope . 

The major volume of mater ial was carried entirely out of 

the area e.s t~1e debr:Ls empt:Led into the stream chs.n:nels . 

Slide dimensiohs vary from tens of square feet (1 sq . ~) 

of rnfltP.:rj_al rer,1ov2d nt th0 sJ. :Lde scar h0ad tb approximately 

65,000 square feet (19 , 820 3q . m) . Volume of r.~aterj_e_l 

rem:::rved by an individual sl i.d~ rar.ges from J.ess than 10 

cubic f~e ·t (0 . 3 cu . m) to approxi mately 860 , 500 cubic 

feet (24 , 366 cu . m). 

Slide scar heads range i n elevation from 2,150 feet 

(655 , 3 m) to 3,960 feet (1,207 m) . They lie at elevations 

where the amount of precipit2tion i s greatly infJ.uenced by 

orographic l.lfting. The mean slo1)e on which sli des occurred 

is 34 . 97 degrees, v.ri th a min.i::nu."'.1 s l ope of 18 . 89 degrees on 

clear land and 16 . 67 degrees in timberland . The influence 

of land use is ap}Jai'ent in the f r equency cf slide 
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occurrence and also in the thickness of soil re~ovcd 

by individual slides . 

Intense s1..H'.' ... ";1er rainstorms are the major cause of 

debris slides in the Appalachian Highlands south of _the 

glacial bo:·c:9r. Complex cultural and physical factors 

interact tn &ffect an i ndividual slide location. 

Pr ecipitation is a c~itical localizinfi factor , as 

well as the rate of water infiltration which may iY1c1~ease 

soil pore pressure very rapidly during intense storms ,. 

such ~1at soil and regolith fail by sudden reduction in 

their shearing strength . 
., 

Careful field investigation \·ms the method of 

obtaining detailed data on each slide . All slides were 

plotted on a large map of the entire area . Two 

tributary valleys were surveyed and mapped in detail . 

Evalua·tion of several types of i magery indicated the Ekta­

chrome Infrared Aero film to be t he most useful . The 

timing of the photographic mission with respect to the 

fecency of slope failure, vegetational foliage, and the 

altitude at wh:i.ch it is flovm are impcr tant . 

V 

Accumulation of meteorological data for longer time 

intervals will be of s ignifica·nt value to improve recur­

re·nce i ntervals projections . It is doubtful v1hether 

meaningful improvement as t o the cause of individual slides 

can be expected until continuous monitoring of possible 

debris slides sites and model studies are better e stablished . 
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IN'l'RODUC'J'J ON 

I. S'rATE:-t.tENT OF THE PROBLEJv! 

Th0 rs::mo.nts of Hu::.~ricane Carr.:i..lle moved a.cross extrer.1e 

southern 1fo.st Virginia late on the evening of 19 August 

1969 . In the general area of the southern counties of that 

sta".:0 (Nj_chcJ.as, Greenbrier, and Sumr::ers) i-t produced three 

·to five inches . (7 . 6 to 12.7 cm) of rain. The areas hardest 

hit had flas11 flooding along the Greenbrier, Gauley, Meadm-1, 

and Cherry Rivers 2nd t~eir tributari~s. The Greenbrier 

River c:.t Alderson. w. Va., crested at 17.1 feot (5.2 m) 

early on the 20th; 3.1 feet (0.9 m) above flood stage . 
. 

High ·water from Spring Creek, a small tributa:;:'y entering the 

Greenbrier near Renick, W. Va.~ resulted in.the deaths of 

t\irn elderly v;omen , and extensive flood and debris slide 

damage to the area . The National Oceanic and Atmospheric 

Admini-str2.tion (NOAA) precipitation record1ng sta·tion at 

Renick , W. Va . recorded 3 .95 inches (10 cm) of rain in the 

period 19 August 1aoo hours to 20 August at 0800 hours 

(DeAngelis and Nelson, 1969) . Local unofficiaJ. rainfall 

mea,s1..,~rements in tr..a most heavily damaged part of the Spring 

Creek dra.i.nat;e basin i.ndicate gre2.ter amount of rain fell 

in the study area which is 1 , 500 to 2 , 000 feet (457.2 to 

609 . 6 m) higher in elevation, and approximately six air miles 

(9.7 km) north of Renick . 
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precipitation data colJ.e:cting locations within the re.search 

area , g_ood accounts and some un.official precipitation data . 

would be .available f:roi:T. the resident.s of the area. 

The field data were collected using ASCS &erial photos 

to aid in locating debris slides. The location of each 

slide was plott ed on a mylar overlay ·used with the stereo­

photo pa:Lrs . The L!ea.surernents and observatj_ons for each 

s lide were recorded in a field note book . In addition to 

the data coll ected for the entire study area , two 

tributaries of Spring Creek were selected to be used for 

producing detailed maps at a scale of ope inch to 50 feet 

(2 . 54 c m to 15 . 3 m) . These two valleys are repres~ntative 

of r.iany tributaries that suffered extensive debris slide 

damage and cha;·meh•.ray modification. Th e two valleys were 

su_rveyed \·ri th a Wild RDS self- reducing tacheometer and 

Philadelphia rod , and sketched planimetrically (Plate III) . 

Longitudina] profiles (Plate IV) were computed from the 

surveying notes and dra,·m to a scale of one inch to 50 

feet (2 . 54 c~ to 15. 3 m) . Pr6fil es were cons tructed with 

no vertical exaggeration to portr ay true slope conditi ons . 

Geologic~l mapping involv~d primaril y the Bluefiel d 

Formation , of Mississippian age, in these two valleys . 

Ar eas where bedrock -was n ewly exposed are shown on the map 

along with other formational contacts and strike and dip 

information . Areas of alluvial and colluvial deposi ts arc 

also shmvn . 



The study site is located in an area that is grazed 

by livestock and has been cut over for timber· . F'o:::- this 

reason land use is a parameter that was studied to see 

how it was related to slope flood damage. Vegetational 

associations at the site of each slide were noted, along 

with land use 1n the area around the slide . The boundaries 

of clear and timber areas are shown on Plates II and III . 

5 

Trees and logs w.i th diam~ter , greater than six inches 

(15 .2 cm) and length: greater than six feet six inches (2n1), 

which had been dislodged by the debris slides were plottGd 

individually on the planimetric maps . Revegetation in 
., 

slide anc. stream flood channels was just starting in the 

summer of 1971 . Observations were recorded on the types of 

plants initiating the revegetation . 

Soil profiles were observed and a rec ord was made of 

the thickness of each horizon and its subdivisions. Soil 

dr a inage, percent of slope , and slope aspect were also 

recorded . Soil samples £or x- rau analysis ':vere collected 

fr·orn five of the debris slide sites . The samples ·vrere 

analyzed to d8terrn.ine the most commo:::1 clay minerals prese!lt . 

The re~earch area contains some active farms but few of them 

grow cultivated row crops. The major part of the farm ~and 

is used to produce hay and for grazing cattle and sheep. 

Hovlever the greatest part of the study area is in timber' , 

which is also grazed by livestock, and was cut over 30 t o 40 

years ago and is now being selec-ti vely cut . 
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The major purpose of obtaining airborne imagery of 

this ar0a was to compare its effectiveness to that based on 

observations made on the ground. 

The University of Tennessee DC- 3 reseir ch aircraft 

and the Hasselblad 500 EL quadricamera syster.i were used to 

obtain simultaneous coverage utilizing four different 

emulsion/filter cocibinations . In addition to photographic 

imagery, thermal imagery was obtained on the saffie flight. 

In the final evaluation, field ~esearch data collected 

by visiting the site of each debris slide oa· t~e ground 
~ 

were compared to Jche results obtained with the airborne 

Historical Records 

'The present slope damage could not be compared directly 

with prior damage in the same area because no records of 

such damage exist. Conversations with long term residents 

of the study area indicate that only localized flooding had 

occurred prier to 1969 . Fi eld evidence confirms these 

observations e.s only 13 recognizable debris slide scars 

were found which pre- date the 1969 occurrence. It is 

difficult to determine when these older slides occurred. 

Earlier ASCS photo c overage taken in 1940 an~ 1957 is 

available, but shows no slides. Obse~vations of vegetation 

growing on t he old slide materials or in the slide scar is 

the most readily available method by wh:ich to determi.!1e the 



approximate .,_ . 
1.,lffie of occurrenc e , however·, based on field 

observations of the 1969 slides the author cons iders 

this met hod unreliable for the follm·ring reason . Many 

of the larger slides have shrubs and t r ees up to six 

inches ( 15. 3 cm) i n di_amet er that have survived for two 

years after be ing displaced by slide movement. A smaller 

nu,rnber of large slides could possibly sustain even larg~r 

trees With l i t t le apparent damage. It would be necessary 

7 

to use s ome al t ernate method in order to attempt to estab­

lish when t hese older slides oc curred . Climatologi cal records 

for this area are not detailed enough to be of any val ue . 
., 



CHAPTER II 

THE STUDY AREA 

I . LOCATION 

The study area lies n~ar the j1:U1c :i-; on of two physio­

graphic province__g . According to Price and Heck ( 1939) the 

southern po.rt of the Spring Creek drainage basin is in the 

Valley and Bi d€,:e Pr ovince and the northern and wes·cern 

portions ar e ·i n the Aupalachian Pl atr-au Provi nee . Tl1is -
arra::igement results from the boundary shift (P:cice and 

Heck, 1939) betv,een these two province~ to 10 miles (16 km) 

further west than originally outlined by Fenneman (1930) . 

The reasons d.ted. (Price and Heck , 1939) for tl:e change are: 

the presence of the· ·i'!illiams::)Urg anticline, the erdsio!l 

scarp, the ch~nge from trellis to d~ndritic drainage pattern 1 

and the change from mountains having a general northeast 

trend to those with no regional trend . Gorman and others, 

(1972) considered the area east of the Greenbrier River to 

be in the Ridge and Valley Province and the part west of 

the r iver in the Eastern Allegh2.ny Plateau and Motmtains . 

As shown on Plate I, the province boundaries are those o:f 

Fenneman (1930) . Insert map , Plate II , indicates the 

part of the Lobelia Quadrangle on the outline map of' 

West Virginia. 

8 



II. RELIEF AND DRAINAGE 

The Valley 2.nd Ridge Province (Price and Heck, 1939) 

part of the Spring Creek drainege basin generally consists 

of a series of parallel valleys de~eloped en non-resistant 

strata. In Greenbrier County the folds 2re not as well 

developed as in the Ridge and VRJ.ley Province in other 

areas. The Greenbrier River Valley is the largest valley 

in the area . In general it parallels the str:i. ke of the 

rocks, but has entrenched itself, with many tortuous 

meanders, t~rough and over rocks that can be called 

resistant to erosion. The drainage pattern in this area 

is a well do·,,eloped trellis or rectangular type . 

The heac:v:ater.s portion of the drainage basj_n lies jn 

the eastern edge df the Allegheny Plateau and presents a 

different drainage pattern as well as different landforms . 

The streaDs have been only slightly controlled by the 

structure of the rocks as evidenced by the development of 

a den:dri tic clr-aina~e pattern . Here the moun.tains attain 

their highest eleva·tion (over 4,000 feet, 1,219 . 2 m) bnd 

their forms are the result of dissection by streams that 

have cut deep V- shapsd gorges .into the elevated plateau. 

Slopes in this type of topography gene::.""'ally ha.·,re extre::;:e 

steepness , commonly me?-suring 45 percent ( 2l1 . 32 Degrees) 

arid more . The general slope of the ridge tops and !!!Ot!._YJ.tain 

summits is to the northwest with the regional dj_p in the 

same direction . 
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The highest elevations are at the edges of the research 

area , at the drainage divides , On. the western edge o:f the 

area is Cold Knob at an ~levation of 4 , 345 feet (1 , 324 . 4 m) , 

and Grassy Knob at an elevation of 4,372 feet (1,332.6 m) , 

Briery Knob on the north at an elevation of 4,518 feet 

(1,377 . 1 m), Jacox Knob en the east at an elevation of 

4,046 feet (1,233 . 2 m), with elevations to the south 

approximately 2 , 000 feet (609 . 6 m) lower. At the village 

of Spring Creek where Spring Creek empties into the Greem­

crier River the elevation is approximately 1 , 855 feet 

( 548. 6 m) . ., 
While working within the constraints of the limited 

materials available to illustrate the topography and 

drainage of a smal~_area , the author has chosen to use a 

description and the general map (Figure 1) , taken from 

Hammond (1964) . According to his Classes of Land- Surface 

F2£@, the western portion o;f Greenbrier County h2.s 20 to 

50 percent of the area gently sloping , and is classed as 

open hills and mountains . This is somewhat less stre2,m 

dissected than the eastern two- thirds of the c oun.ty which 

l ies near the edge of the Eastern Allegheny Plateau . Local 

relief is 1 , 000 to 3 , 000 feet (304 .8 m to 914 . 4 m) and more 

than 75 .percent of the gentl e slope is on upland . The 

easter n two- thirds of Greeribrier· Cour'!ty and the southeastern 

portion of Pocahontas County have less than 20 percent of · 

the area gently sloping , local relief is 1 , 000 to 3 , 000 feet 

( 30L~ .8 m to 9lh . 4 m) , and i s much more intensely dissected 



20- 50% of area gently sloping 

PJLocal relief 1 , 000- 2,000 
· ·feet (304 .8- 609.6 m). 75% 

of gentle slope in lowland . 

r ~(jLocal relief 1 , 000- 2,000 
· feGt (304 . 8- 608 . 6 m) . 75% 

of gentle slope in upland . 
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LOBELL/\ QUAI'WRANGLE 

2;5 5p 100· miles ,...__-.t... _ __:_L, ____ __J 

9 ..... ___ 5.._P __ 10-1p kilometers 

io% of area gently slopi ng 

[22 Local relief 300- 500 
feet (91 . 4-152 . 4 m) . 

~ Local relief 500- 1, 000 
feet (152 . 4- 304 . 8 m) . 

-~ Local relief 1 , 000-
~ 3,000 feet (304 . 8-

914. 4 m) . 

Figure 1 . Land- Surface Form of West Virginia . 

Sotlrce : Edwin H. Hammond , 1964 . 



by .streams. HJ.n:mo~d ( 19.6L,. ) classed this portion a.s hills 

and mountains . 
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The SprL1g Creek di'a i n a.ge bRsin is well dissected by 

stre2ms with a patt8rn t hat is predominantly dendritic. The 

strear,1 densi t y is n;ode rately high, due in part t .o the 

amount c,f prec jpitation (50 to 60 ::.nchcs, 127 cm to ·152 . I+ cm , 

a:r.1.nu~,17.y), c:1.:::d . t be underl ying geologic formations of the 

Mauch Ch~..lrfr.:. Group v.rhicll ha ve very low permeability. The 

gen(:!r8J. flow c~j rec t i::m is southeast, dov,rn the slope of the 

Easter n Alleg~eny Plateau. Spring Creek is a fifth order 

str·s am w:r-.eri' cor.sidered by the metb,od.,of HQrton (1945) 

in -,..,l:ich larger streams are given consequently higher 

numbers ba sed on the nature of their tr·ibutaries . Th e 

gradient oi' the :first order (or headwater) trih'...l.taries, 

along 'i'.'hich the greatest nwnbers of slides occurred is 

slightly greater than 1,000 feet (304 . 8 rn) per mile. In the 

downs t reem p ort5.on, Spring Creek has eroded through the 

J.ower most unit of the Mauch Chunk Group, the Bluefield 

Formation 1 into the Greenbrier Group of predomina:::itly 

limestone s . At times of low wa ter flows, the draina ge is 

subterranean in this segment of · the stream . 

III . GEOLOGY 

Early geological studies started in Greenbrier County 

in the very early 1900 ' s . Several economic geology reports 

were pub~ished from 1903 to 1~09, with additional work 

. , .. ,._ "'d .&•-t ... h' (p~ · d P k 79~0 1?8 729) pl.ll).,.::i.s • . , c: a.L er " a,:; . r J.CE' an . . , ec ., _ ✓.,, , pp . ,_ -- . 
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The strati5raphic units that crop out in Greenbri.er 

and Pocahontas Counties (Table I) range in age from Late 

Ordovician to Early Pennsylvanian (West Virginia ·Geological 

and Economic Survey, Geologic McU?. of. West Virgini~, .1968). 

The following formations listed in ascending order with 

lithologic des6riptions including rock physical property 

termc , from Price and Heck (1939) and Cardwell and others 

(1968) are given below. 

The Upper Union Limestone consists of approximately 

100 feet (30 . 5 m) of gray colored, limestone which is .. 
usually oolitic . It is somewhat shaly at the top and 

we2.thers to a white color . It forms steep bluffs alo:r.g 

the downstream P?rtion of Spring Creek and· therefore 

c omprises a very small area of the exposed bedrock in the 

drainage basj_n, Two slides were found on -this unit. 

The Greenville Shale is approximately 100 feet (30 .5 m) 

thick , consists of brown to dark green , fissile, calcareous 

shal~ with marine fossils and is poorly exposed with only 

one slide found to occur on it. 

The Alderson Limestone is 100 feet (30 . 5 m) thick and 

is dark- gray colored ar.d includes an abundance of marine 

fossils . Thirty-two slides occurred. on this formation. 
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TABLE I 

STRATIGRAPHIC UNITS OF GREENBRIER AND POCAHONTAS COUNTY 

z 
<i: 
H 
p., 
p.. 
H 
tf.l 
tf.l 
H 
tf.l 
tf.l 
H 
~ 

Kanawha Formation 
POTTSVILLE GROUP Hew River Formation 

Pocahontas Formation 

Bluestone Formatior­
Princeton Formation 

JV.LA.UCB CHUNK GROUP Avis Limes.tone 
Hinton Format:i.on 
Bluefield· Formation 

GREENBRIER GaOUP 

UPPER 

MIDDLE 

LOWER 

Alderson Limestone 
Greenville Shale 
Upper Union L:Lmestone 
Lower Union Limestone 
Pickaway Limestone 
Taggard Formation 
Patton Limestone ) ' · 
Sinks Grove Limestone Denmar 
Hillsdale Limestone 

Maccrady Formation 
Price- Pocono Formation 

Chemung Formation 
Brallier Formation 
Harrell Shale 

Mahantango Formation 
Marcellus Formation 

Huntersville Chert 
Rocky Gap Sandstone 

Formation 



~ 
H 
u 
H 
> 
0 
Q 
c:: 
0 . 
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TABLE I (Cont inued) 

Helderberg Group 
UPPER Tono1owc1y and 1d.ills Creek Formations 

Williamsport Sandstone 

McKenzie FormatJon 
MIDDLE Keefer Sandstone 

Rose Hill Formation 

LOWER Tuscarora- Clinch Sandstone 

UPPER Juniata Formation 

., 

Source: 1968 Geologi-c Map of West Virginia, West 
Virginia Geological and EconomicSurvey. 
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The Bluefield Formation is approximately 1,400 feet 

(426 . 7 m) thick, consisting of red and green shales and 

s8.ndstone with a fev! thin limestone lenses such as the 

Reynolds . It underlies the major area of steep slopes 

throughout the entire drainage basin . Large nwnbers of 

slides originate near the top of the exposed Bluefiel d, 

apparently due in pa.rt to excess runoff from land surfaces 

above . This concentration of slides is reduced where Hinton 

blocks armor this part of the slope . · A total of 1 ,283 slides 

were found associated with the Bluefield Formation . 

The Hinton Formation is approximately 900 feet .. 
(274.3 ·m) thick. It consists of red , green , and medium­

gray shale and sands·tone, with a few thin limestones uni ts . 

The total number of slides on this unit is 106 . ... 

The Avis Limestone is poorly exposed . It is gray in 

color, produces a ·yellowish weathering stain, and contains 

fossils. Forty slides were found on this unit, which is 

approximately 50 feet (15.2 m) thick . 

The Princeton Formation is the upper most unit on 

which slides occurred . The l ithology is predominantly 

a sandstone , vri th some c oarser pebbles , cemented and · 

colored by limonite and some plant fossil material . 

Twenty- tvrn slides occurred on this ·40 foot (12 . 2 m) 

thick formation . 

The Bluestone Formation is 500 feet (152.4 m) thick. 

The lithology is mostly red, green , and medium- gray shal~ 
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and sandstone . This formation represents the upper limit 

of the Mississippian Mauch Chunk Group , with gentle slopes 

appearing as benches in many parts of the valley . Ne s l ides 

occurred 9n these gentle slopes but they appear to have 

contributed heavy runoff to the steeper slopes below during 

the intense rainstorms in 1969. 

The Pottsville_ Group of Pen.Y1syl vanian age caps the 

highest elevations in the area . Only the Pocahontas and 

New River Formations remain in Greenbrier County . The 

Kanawha formation is present as the upper most unit in 

Pocahontas Coux1ty. There were no slides on these form~tions, .. 
probably because they underlie ridge crests in the area , 

and have very gentle slopes. They are predominantly sand­

stones w:L th interbeds of coal and shale . Thei r invol'."ement 

appears to be that of a surface on which rainstorm runoff 

col lected to add to the heavy slope flow . Most of the 

flow from these elevations was concentrated i n natural 

depressio~1s when it reached the ste.ep slopes of the Blue­

field FormBtion , where most of the s l ides occurred . 

SurficiRl GBology 

The mantle of surficial material on the sloping topo­

graphy ranges from a fraction of an inc (a few cm) on the 

shale barrens to app~oxi mately three feet (91 . 4 cm) on some­

what more gentle slopes . The gener al thi ckriess of soil is 

from one and a half feet to two and a half feet (45 , 7 cm ·to 

76 . 2 cm) . ·1,'{here the mantle of material is c olluvium the 
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thickness increases . The thickest observable surficial 

materials are found in alluvial fans that have been dis­

sected by the present stream systems. They commonly occur 

at the junction of smaller tributary streams and the 

streams that occupy the major valleys . The thickness of 

individual fans varies up to 30 feet (9.1 m) . The valley 

floors of these larger streams also have a cover of allu~ial 

material which ranges from ze1~0 to 20 feet thick (6.1 m) . 

From the many field observations of soil profiles it 

is evident that soils on the steeper slope pastures are 

being lost as fast as they are generated . Only the 11 A11 

., 
and ''C" horizons are present . In forested are2.s that · have 

not been disturbed the ·profiles are generally thicker , the 

upper horizons are thi cker and better developed, and they 

contain much more organic matter. 

The colluvial deposits contain a great variety of 

particle sizes along with the soil . Boulders range to five 

feet (1 . 5 m) in diameter while the blocks which are most 

common in the colluvium were found as large · ( a a.-xis) as 20 

feet (6 . 1 m) long with a width and thickness of ten fE:et 

(2 . 0 m). Large boulders are common in both the colluviu..111 

and alluvial deposits . In some of these colluvial deposits , 

large boulders are lodged against large trees growing on 

the deposits . The presence of boulders and blocks in the 

topographic sites where channelized flow cannot occur 

indicates the role other processes play in moving materials 

down these slopes . 



IV. CLIMATE 

TI1e diversity of climatic conditions in West Virginia 

can be 1.:mderstood best with some background knowledge of 
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the topography (Figure 1, p. 11) . -"\H th the exclusion of the . 

northeastern panhandle, the state can be considered to lie 

in the Allegheny Plateau . It is appropriate to treat this 

main part of the state in two parts because the Appalachian· 

Mountains are the. most pronounced feature of the eastern 

third of the plateau and contain the highest land in the 

state . Elevation of the higher peaks in this area range 
,, 

from approximately 2 , 500 to 4 , 820 feet (762 m to 1 , 481 . 9 ~j 

at Spruce Knob, the highest point in West Virginia . These 

topographic :features and -chc deep narrm·1 valleys of .the 

stream- dissected plateau , considerably modify the effects 

of the major climatic controls . For c1imatic purposes 

the state can be divided into six parts (Horn and McGtiire , 

1960) . Greenbrier County is in one of these six areas 

called· the Central division . The ye9:rly amounts of precip­

itation are the greatest in the Central division , ranging 

from 50 to 60 inches (127 cm to 152 ;4 cm) . Rain and snow 

producing atmospheric currP-nts generally_ move acrcss the 

area on an eastward course . As they approach the mounta..i.ns, 

these air .currents are·sub.ject to orographic lifting, whi ch 

acts to 11 trigger 11 potential precjp.:i.tation or intensify the 

rain or snow that may already be falling . 
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The state has a moderately severe winter climate, 

accentuated and prolonged in the mountains , with frequent 

alternatio::is of fair and stormy weather . Summer is marked 

by hot and ·showery weather! however the heat is less 

pronounced in the mountains . The mountains are also more 

subject to thunderstor'ms and have fewer clear days the 

year-round. Marked variations occur in temperatures, 

precipitations, and the other weather elements, due to the 

rugged topography, not only between the mountains and plates.u 

but even between different parts of the same county . For 

example, appreciable _differences exist, between the bottoms 

and upper slopes of the numerous valleys that entrench the 

Allegheny Plateau . 

\'/arm- season thunderstor:-ns , mostly those of June and 

July, often yield intense local rainfall and cause flash 

flooding in the narrow valleys that cut through the 

plateau and mountain distri cts . Greatest precipitation 

amow-1ts recorde~ in 24 hours or less at officially recog­

nized precipitation measuring stations have exceeded five 

inches (12 .7 cm) in all six climatological divisions. 

Precipitation records up to 1960 illustrate some local ized 

severe rainfall rec~rds that have been accepted by the 

criteria of Horn and McGuire, 1960). /LYJ.. outstanding 

example of intense local rainfall due to thunderstorm 

activity was 19 inthes (48.3 cm) in 2 hours and 10 minutes 

at Rockport in Wood County on 18 July 1889 . Thirty- one 

fatalities and damage exceeding 10 million dollars resulted 



from flash flooding caused by heavy thunderstorm ra.infall 

(amou..'1.ts up to 14 inche s, 35.6 cm) on the night of 
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24-25 June 1950, in parts of Doddridge, Gilmer , Harrison , 

Lew.i..s, Pleasants, Ritchie, 'Tyler , and Upshur Counties. The 

Pcte~sb~rg-Moorefield area was hit by flash floods on the · 

::-~ig}y~ of 17-18 June J.949, when up to 12 inches (30.5 cm) 

0 .,. • ~ . · ·"'ell ·· ~ 24 -h • ,..,~ .J_ .t·c;.:tD. l L , _ _ 10U~ cc, • No such records appea~ for 

G:r e en~r j.er County prior to J..960 . Climatological records 

f.or· the p8.s t 25 y0;3_1~s - show that this k .ind of severe local 

fl.O0ding 8s.used by thunderstorms occurs · in some part of 

the state every yea1·. .. 
'The $tU.::l? area in Greenbr1er · County lies on the 

e2.ste:cn edge oi'· t.h2 Allegheny PJ ateau. The climate is 

consids:-cd hur:1id-continental, and is characterized by 

strong season~l temp~rature changes. In the southern and 

Gas tern J;.,'-o.r t 2. of' the count:.~, the average annual air 

t.eIJ1~)(',r&tu :re i::, 50°F . (10°C), the 8.nnual precipitation is 

about 39 inches (99 . 1 cm), and the rainfall during the 

grO\·.r:Lng seaso:c1 is about 18 j_nches ( 45 . 7 cm) . Long ter:n 

tempe_ra.tw.~e extremes at Lewisburg in Gree:::1brier County , 

range from near or over 100°F to - 37°F (37.8°C to - 38.3°C) . 

In the hig~ 2nd mountainous pF.J.rts of the colmty, the precipi­

tation ranges from 50 to 60 inches (127 cm to 152.4 cm) and · 

the rainfall during the growing season is nearly 25 inch8s 

(63.3 er;-:) (Gorman , and ::>the:?rs, 1972) . The northwestern part 

of Greenbrier Couniy has some of the highest elevations in 

the state. These high elevations surround the Spring Creek 
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drainage bnsin on the west, north, and east, as described 

earlier in the section on relief and drainage (Figure 1, p. 11) 

and Plate II). These high elevations have considerable 

effect on the climate and especj_ally local summer rainstorm 

activity. These marked variations in mesoclimate betv,een 

v&lJ.,~y bottoms and ridgetop.s must be considered when applying 

st[IY1da:t•r1. '\'! 'Jathe:c datn to the clir:1a.te of the area. 

Thunderstor~s occur on 40 to 50 days in an average year, 

~01·e :f.rE,quEmtly at higher elevations, especially i.n '-Tune and 

July. ~he renmants of hurricanes over land areas sometimes 

cause extensive damege when large mo~sture laden air masses 

a:,:-,e i::::volvec:.. More frequently t.he?e are flash floods cnused 

by wide spread heevy rain or severe thunderstorms . Light 

winds prevail in tne lulls betwee~ storms , i'thich are most 

frequent j_n late surrrn1er a.nd fo.:tl , especially in the v1,=, lleys 

(vfor,d.:t\;.J.J.,., 1972) . 

V. SOILS 

The So.:.J. Sur:ev of Gr'?c:r.br:i_er County , West Vi rginia 

( 
,, 

. l ,or:nan~ and others , 1972) was :..ssued in April 1972 . 'The 

major fiel d work for this report was c o~pleted by soil 

scientists in 1965 . As classified by the report the major 

part cf the soils in -:the central part of the research 

area ere placed in the Teas Series . Soils in t he headwaters 

area of Spring Creek, near the western boundary of the area 

belong to the Dekalb Series . Soils in the northeastern 

portion of the drainage basin, in Pocahontas County are 



listed as : Upshur silt loa_m , rough st.ony land, Upshur 

stony silt lown, and Leetonia stony loam (\'lilliams and 

Fridley, 1938 ) . 

The Teas Series is described as : 

. •. moderately deep, well- drained , gently sloping 
to very steep, reddish-brovm so.i.ls . These soils· 
occur extensively on the dissected :uplands in the 
western part of the county. They formed in residuum 
weathered from reddisli shale a:1.d silts tone, some 
of which is weakly calcareous . In most places 
slope is more than 15 percent, but it ranges from 
3 to 65 percent . 

In a typ.ical profile in a v,ooded area, a thin 
mat of dark- colored organic matter covers the sur­
face. The surface layer, below this mat, .is mainly 
redd.ish-bro·.-,1n, friable light. sil t}Y clay loam. 
The loHer part is reddish- brovm, friable, very 
channery silty clay loam that has a hj_gh proportion 
of siltstone fragments. Reddish siltstone bedrock 
begj_ns at a depth of 22 inches . 

Permeability is moderate, and ·the available 
moisture c2.:,.:aci'ty and natural fertility are low to 
moderate. 

ln many areas these soils are used for pasture 
and gcner,.:l crops . The steeper areas are used for 
pastu;.~e a:o.d ;·;oodland . The erosion haza:::"d is 
moderately severe, and severe erosion is fairly 
wj.despr·e2.d . The use of these soils for cropland 
is _li~ited by slope, shallmfl1ess, and erodibility . 

The Dekalb Sc:ci.cs is described as : 

. ; .rnoderetely deep, gently sloping to very steep, 
well- drained so'ils that contain many small rock 
fragments. These soils a re videly distributed on 
uplands .a:1.d motmta.i.n slopes throughout the county . 
They :formo<? d. in residuum weathen~d from gray, acid 
sandst0ne and some interbedded shale. In most of 
the acre&ge the slop~ is very steep , but it ranges 
from 5 to 65 percent. Stones are on the surface in 
most pla8es. 

In a typical profile in a wooded area , a thin 
mat of black organic ffiatter covers the surface. 
The surface layer, below this mat, consists of 
very dark grayish- bro'.,m loam in the uppermost 
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2 · inches and brmm channery loam in the n8xt 8 
inches . The subsoil extends to a depth of 27 inches . 
It is yello·,vish-brovm, friable channery and ver y 
channery fine sandy loam. Sandstone fragments ar·e 
numerous and increase in number and size wj_th 
increasing depth . Below the subsoil is yellowish­
brc,m very cha:r..nery sandy loam. This layer is 
nea rly 75 percent sandstone fragments . Sandstone 
bedrock begins at a depth of 33 inches . 

Permeability i~ moderately rapid , and the avail­
able moisture capacity and natural fertility are 
low· to moderate . 

The Upshur silt loam- is described a.s : 

~ . . derived from Indian- red shales that contain 
considerable lime . Surface drainage is generally 
not excessive, as the land occupies the smoother 
rounded ridge tops, the benchli}rn m,iddl e slopes , 
and the less steep lower slopes near smill streams . 
Its friable subsoil allows good internal drainage . 

~he surface soil to a depth of 6 or .8 inches 
j_s c·hocolate- brO\•m or dark reddish- brovm fri.able 
silt l oam which- changes ab::::--uptly to Indian- red 
heavy sj_lt loam or silty clay loam that extends 
dovm to about 30 inches or more . Below is loose 
partly weathered Indian red shale which overlies 
bed shale a t a depth ranging from 3 to 5 feet 
below the surface. Some of the included soil& 
have a small amount of sha le chips and small rock 
fragments scattered over the surface . 

The Upshur stony silt loam is descri bed as : 

. · . . Most of the soil is on steep upper and middle. 
mouritain slopes ; · the rest is on somewhat flat 
benchlike areas 100 or more a cres in extent and on 
rounded knobs and ridge tops . A c onsiderable 
portion of it lies at elevations of 4 , 000 to 
4 , 500 feet above sea level, and nearly all of· it 
is at elevations greater than those of Lowell and 
Hagerstovm stony silty clay loam, wi th \·1hic:i it 
is associated. 

In pastures the surface soj.l to a depth of 5 or 
6 inches is dark chocolate- brown or reddish - brovm 
friable silt loam which passes abruptly into 
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Ind.i.an- red heavy friable silt loam . This materi al 
gradually become s heavier \•.1ith depth and at a 
depth r.e.nging from 10 to 15 inches it passes into 
Indian- r ed granular or friable silty clay loam. 
This rests on partly weathered Indian- red shale or 
brownish red and gray limestone at 2. depth ranging 
from 2 to L~ feet . Numerous red s:bale chips , 
fragments, and l a rge blocks of red and brovm sand­
stone are sc~ttered over the surface and embedded 
in the soiJ. . 
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The Leetonia stony loam is included in forest soil and mis­
c ellaneous land types and described as follows : 

• .. Podzol development has advanced further in 
Leetonia stony loam tha~ in Leetonia stony silt 
loam; that is, the topmost inch or two of the 
mineral soil is definitely a leached gray layer 
u...-1derlain by the well- defined c offee-:brovm layer • 
• . . Beneath the topmost 3 or 4 inches of partly 
·weathered duff is a 1- to l}- inch layer of gray 
or bro\"nish- gray lE~ached friabl e or loose loam. 
This is tmderJ.a).n hy light coffee- browr1 friable 
loam to a depth of 5 or 7 inches . Below is 
brO\vnish- yellow friable loam, •11hich at a depth of 
about 15 inches abruptly passes i nto yellow friable 
loam extending dovmward to bedrock lying at a 
depth ranging from 30 to 40 inches belo~ the 
surface .. 

'I'he rough stony land is · a l so included in forest soil and 
miscellaneous land types and .described as follows : 

• •• is .an undifferentiated 
largely Leetonia materi al . 
of the high plateau area in 
par t of the county . •• 

classification, 
It o.c cupies nearly all 
the extreme western 

The high plateau sections constitute some of t he 
more gentle relief of the uplands b'-.l.t are the most 
stony~ The surface is literally strewn with 
boulders of sandstone and large blocks of conglorr.erate , 
some of which ·v,:eigh hundreds of tons . The escarp­
ments and steep s l opes along the plateau rim are a 
mass of rockslides and massive blocks of stone 
that have broken from the cap rock that forms the 
plateau le·,el. The widely sca ttered smaller areas 
are la:cgely on the steeper· and higher ridge and 



mountain slopes or on the scarplike slopes adjacent 
to streams. These areas have numerous heavy out­
cropping ledges of underlying reek· ancl 2.n abUilde.nce 
of loose rock and boulders .ecattered over the 
surface. 

VI. VEGETATION 
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West Virginia , before settlement by Europeans , was 

cov2red by a practically unbroken forest, mainly o:f hardwood 

tress except in more elevated areas where conifers were 

locally predo:-nj_nan~c (Price, · Tucker, and Haught, 1938) . 

This ~:ixed '::nrdwood fcrest containing many canopy .spec.les 

v.ra::; a por·tio~ of the belt of temperat~ zone woodland. which 

!l,'.1 -s c1assic:ci':;__ly been called the Appalachian ·Hardwood Forest . 

A:r;ong the miny kinds of flowering shrubs growing in 

this fore~t are the azaleas (wild honeysuckl~), rhododendrons 

(bi.g J.au!~e1), KaJ.mi as ( laure·l) , a.nd the American wisteria . 

About 78 percent of Greer..brier County , or approxi­

mately 513,000 Rcres (207,603 . 3 hectares) , is woodland . 

N~&rly ·20 percent of the -woodland or 99,000 acres (40,064. 8 

hActsres) is in the Mononfahela National Forest . About 

5p400 ~cres (2,185 . 4 hectares) is in Greenbrier State 

Foy,est, near· '\lfn:i. te Sulphur Springs. 

'Tl·,e most coniffion forest types , or natural associaticns 

o:f t: .. ~ecs, 2i.re -the oak-hickory type , which makes up about 

70 percent of the forested area; the beech- birch- maple 

type, W!'!.ich makes u:p c-lbout 20 percent; other hardwoods, 
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vhich moke up about five percent ; and white pine·, pitch 

pine , Virgi~ia piDe 1 Table- mou~tain pine, and other pine~, 

which make up about five percent (Gorman, and others, 1972) . 

YII. SETTLEI'-'IBNT AND ECONONY 

Greenbrie:r County, "the second lc.rgest in the state, 

was established by Act of the Virginia General Assembly , 

passed 12 January 1778, from pa:r.'ts of Montgomery and 

Botetourt Counties. The county takes its name from the 

river wl1ich flows across it (Price and Heck , 1939) , 

The county hns a _total area of li 026 square mj_les 

(2 , 647 .1 sq. km), Livestock r~ising became important in 

the central part of the cou.YJty not long after permanent 

settlements h::-i.d be·en established . Lumbering became 

important with the building of a railroad in 1872 . Coal 

min.i ng w2.s begi.....n at the 11:estE:rn edge o:f th0 county about 

1907 and becar;:ie nn j_mporto.nt industry by 1922 . 

In _1960 the population was 34,4LJ.6 i.n th~ county, 

2 , 257 a.t Lewis"buy-g , and 2,676 at ·w:.1itr; Sulphur Springs . 

At "}:)re~ent there ar-e severfi.l small mining c omrr.u.'!ities in the 

wed terr. part of the cot;.nty. 'E1e cent:r·al part is largely 

rural, ar.d farmsteads are dispersed throughout the area . The 

northern and eas·tern parts ~re mostly wooded and sparsely 

populated. 
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CHAff ER 1II 

MASS MOVEMENT 

I. I NTRODUC~ION 

The study cf slopes is essential not only for under­

standing landscapes und the man~er in which mass 1:1.ove• ents 

contribute to the cenudntion of the landscape, but also as 

a practj.cal JT:eans of reducj_ng erosion, sedj.mentation, 

and rapid mass mo~ement due to gravity induced processes 

which result wl:.~n rna.n m9difJes the landscape through 
., 

agriculture : forestry, and construction of . all types . 

Thsse consids~atj_ons take on increasing im~ortance as 

me.n extc,n(l:..~ his le.1;.d u·til j. Zi:t.l 011 a.c·ti ,,i t.ies to mo1·e remote 

reg~Lons where he ~nco1.mte:r·s increasingly steep slope:s . 

The .study of c1.oi,,rnslope rnoven;ent of ro".)k, regoli th , and 

soil 1.mc.8r t:ie ir'lfl"-lence of gr2.vi ty necessitates extensive 

se.mpli~:.[; o!.· r.~2.terials a.nd obse:t:vo+;.i0n of slope procf:sses 

wl1ich r2,n::>;e .fr·om extre':nely slc·,/ , such a.z cre,3p, or 

infreque11t 1 to ex::remely f.a:::.t movement such a~ a debris 

slidcs · or :rock fa11. For t::ese ~'easo::--,s gravity induced. 

· erosion has ;20 t recE;-i ved its frOpE·r . consideratic,n 11ntj_l 

relatively recently . 
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II. CLASSIFICATION 

It is understandable th2t efforts to classify slope 

processes are difficult , given the complex and transitional 

natu·.~e of the P.18.nner in which material s move dovmslope . 

'l'he term "mass wasting 11 refers to the direct response of 

materials to gravity ,-,i thout the immec.iate influence of 

transporting agents such as run.ning water, glaciers, and 

wi.nd. In th:i.s group of processes are mass movements with 

velocities that range from free fall of rock and soil to 

slo,·r creep of material on very gentle slopes . 

Our understanding of the nature gf instabi lity in 

soil masses has been greatly erillanced by the efforts of 

soils engineers; the works by Ward (1945) , Skempton (1953) 1 

and Terzaghi (1950) in particular , mark the first real 

progress (Carsen and Kirkby, 1972). 

Most early classificat ions by European geologists 

deaJ. t with catastrophic movement but neglected slow move­

mea"!:: . C. F . S . Shar;::ie (1938) devised tha first English 

lar.p;uage clas.sif ic2.tion which :-ecei ved '..·ride usage . The 

major· rer.;,2nt c-h1.ssificat.t0n.s cited by Young ( 1972 , p. 75) 

are those cf Heim (1882 , 1932) , Sharpe (1938; with 

bibliography of e~rlier classifications) , Ward (1945), 

Varne:s (1953), and Hutchinson (1968) . The two most 

c orer:cr:.ly cited are Sharpe ( 1938) shown in Table II arid 

Varnes (1958) :.;ho\•m ir.. Table III. 



TABLE II 

MASS Jl.iOVEi-1EHT CLASSifICATION BY C. F . STEWART SHARPE 

I. Slow F'low3.ge - usually i mperceptible 

Creep 

Soil Creep 

Talus Creep . 

Rock Creep 

Rock- Glacier Creep 

SoJ.ifluction 

II. Rapid Flowage - relatively wet " 

Ear thflovr 

Mudflow 

Debris .Avalanche 

III. LandsLi.de - relatj_vely dry 

Slump 

Debris Slide 

Debris Fall 

Rock slide 

Rockfall 

IV. Subsidence - surface mat~rial displaced vertically 
do,·mward 

Source: C. F. Stewart Sharpe , Landslides and Relc:ted 
,Phenomena (New York: Colu.i11bia Dniversity .!?ress-, 19j8) . · 
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TABLE III 

I'-1ASS MOV:C~·IBNT CLASIFICATIOJ'J BY DAVID J. VARNES 

I . Falls 

I ·r 
.l.. • 

Bedrcck 
Rockfall 

Soils 
Soilfall 

Slides 
Bedrocl< 

Soils 

Few Units 
Rotational Slump 
Planar Glide 

Many Units 
Rocl<slide 

Planar Block Glide 
Rotational Blocl< Sl ump 
Debris Slide 
Failure by Lateral Spreading 

III. Flows 
All Unconsolidated Material 

Dry 

Wet 

IV . · Complex 

Rock Fragment Flow 
· Sand Run 
Loess Flow 
Rapid Earth Flow 
Debris Avalanche 
Slow Earth flow 

Sand or Silt Fl ow 
Debris Flow 
Mud Flow 

Co~binations of Material or type of movement 

Source : David J . Varnes , "Landslide 'I'ypes and 
Processes , '1 L~ndslidE:~ 1!.! Enginee:r::_~l'!g Pra,ctj~, Highw9y 
Research Board Special Report 29, E. B. Eckel , editor 
(Washington: Highway Research Board , 1958) . 
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III. TERMINOLOGY 

The two tyJ)es of mass wasting · that best describe the 

maj6rity of slope processes in the area th2 author inves­

tigated are debris avalanche and debris slide/debris flow. 

Slrn.rpe (1938, p . 61) describes a typical debris avalanche as 

having a long, relatively narrow track , octurring on a 

steep mountain sJ.ope or hillside in a humid cliri1atis, and 

is almost .i.rivariably preceded by heavy rains wl1ich increase 

the weight 01· the unadjusted material and a.i.d in its 

lubY-ication. :ini.tio.l moveinent and progress on the upper 

pe.x·•:_-, of -Lhe cou.rs2 is rP.la.t.ec. to slippage, som2tirr.es on a 

srnoc,th unde:clying :cock surface and s·ometimes wi "thin the 

loose debris. Sha1~e 1 s (1938, . p. 74) description of debris 

s1hles j_ncJ.udes a1-1 cases of rapid dovmward movement of 

pr-edor.iino.ntly unconsolidated and incoherent earth and 

debris in whj_ch the mass does not show backward rotation 

but slides or rolls. forward, forming an irregular hummocky 

deposit which may r0scmble morainal topograJ.Jhy .-

According to Var·nes ( 1958, pp. 29 , 36 , 37) , debris 

slides and Jess commonly , debrh, avalanches may have slump 

blocks ·at their heads . I n debris s lides , the moving mass 

breaks up i.nto smaller and smaller parts as it advances 

to\•mrd the foot, and ·the movem,smt is usually slow. In 

debrj_s avalanches, progH• ssi ve failure is more r apid and 

the whole ·mass , eit her becau se it is quite wet or is on a 

steep slope , flows e,nd tumbles dovmward , commonly along a 



stream channel, and advances well beyond the foot of the 

slope . Debris avalanches are generally long and narrow 
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and often leave a serrate or V- shaped scar tapering uphill 

at the head, in contrast to the heel print shaped scarp of 

a slump. With increase in water content or with increasing 

velocity, debri.s sJ:idea grade into the - flowing movement 

of debris flows (Johnson , 1970 , p . 433- 459). Johnson 

(1970) hes also indicated that. in arid regions debris flow 

is laminar . . In West Virginia , De~ris flows that originate 

i n timberland are much more turbulent because of the large 

timber c omponent ~oving with the fl o~ . This is ill ustrated 

by log jams, debris piles, and large t r ee c overed slwnp 

blocks , held togE:ther by roots, whic h are shown on Plate III . 

One of the l2rger ... tree covered bl ocks (appr ox imately 25 by 

30 feet , 7 by 9 m) can be seen on the southwest corner of 

Plate III A. 

This author ' s field observations agree generally with 

t he definition oi terms and c omments by Clark (1973) in his 

FINAL REPORT on PROJECT T~IEMIS Task II , as folloi.,~·s : 

••• A varied group of terms and defini tions 
utilized by many writers has evolved t o describe 
the processes and landforms studi ed in this research . 
One major goal of the work was to gather field 
data on the nature cf this class of mass move~ents . 
With the information gained , some tentative in~ 
ferences can be made concerning the processes 
involved in materi-al _erosion, transport and deposi .:. 
tion . The .author now suggests that a preferencE may 
be given t o terminology that most c l osely describes 
the inferre1-complex proc esses . According~y , the 
following terms are defined below and certain of 
them are schematical ly illustrated in Figure 2 . 
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Chute - A general term .for hillslope areas where 
vegetation and soil mantle have been partially or 
completely removed by the processes of debris 
slides/debris flows. Chutes often extend from .short 
distances below ridge crests dov.,ns1ope to debris 
fans or to channel ways .i.f fans are absent . ( See 
Hack and Goodlett; 1960 1 p. ~3-44). 

\'later BlN;out - Erosional holes in hillslope 
debris mantle that shov, no evidence of ground cover 
breaks above or below ~1e depression. (See Hack 
and Goodlett , 1960, p. · 45-47). 

Dcbr5.s Fan - Fan er cone- shaped accumulatio1ls of 
predorninan-tly ·water laid debris, 1;:ainly stones and 
gravel, some fines, and vegetational remains. 
De hr.is fans are the depositional te:r:nini of chutes 
in locations where chutes · do not dire;ctly enter 
channel ways ; some debris fans , h0\·1ever, may be . 
transitional to high- energy alluv~Lal fans . ( See 
Hack and Goodlett, 1960, p. 53) . ~ 

D~bris Slides - RaDid mass movements initiating 
along one to many reg~lar to irregular, surfaces 
of discrete movement t hat prirnar:;.ly in.vol ve soil 
and vegetation but occasionally also .J.pper bedrock 
layers. Initial movement may be rotational or 
translational in nature , or ma.y i.nvol ve e l ements 
of both. Hul tiple occurrences ,•'i thin the study 
region were related to intense precipitation 
events on relatively steep slopes p0ss8ssing a soil 

·mantle . (See Rapp , 1963 , p . 196-197). 
Slide Scar - The erosional depressions produced 

on hillslopes by debris slide activity . Slide 
scars are often transitional dm•mslope to flow 
tracks . 

Debris F'lo·,.,s - R2.pid mass movements involving 
rapid debris flowage , containing coa!'se- grained 
materials, and resulting almost invariably from 
intense precipitation. (See American Geological 
Institute, 1972, p. 181-1.82) . 

Fl~~ T;ra~t - That por-tj_on of the chute modified 
by d ebri:::; flov.r activity accompanied by fluvial 
erosion, transporta_tion and cleposi tion . 

Log J·~ ns -- Large deposits predominantly composed 
of tree t:.::-u.nks . that are comr:lonly emplaced on the 
outsides of chute 'bends and on debris piles . (See 
Bogucki , 1970, p . 53), 
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Debris Piles - Accumulations of vegetati0nal 
remains -, - espec.:ally stems and ro.ots, soil e.nd rock 
on the upslope sides of standing trees bordering 
chutes a:::.d downslope from water blowouts . (See 
Hack and Goodlett , 1960, p . 45 and Figure 24, 
p. 46; of Debris Dams, see Bogucki, 1970, p . 80-81) . 

Perhaps tlie -:-iajor ·brealt with cor.imon usage in 
this research is the abandonment of the popular 
term Debris Avalanche in favor of the ter~s 
Debris Slid.c;lJcbris Flow. Although much remains 
to be kno,·m , especially from the rheolog icA.l 
sta~ctpoint, of specific forces and the nature of 
movements, the field evidence accumulated in this 
work s~1ggest.s that these terms better describe 
the gro$S mass movements involved in chute formation . 
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In the above reference to abandonment of the term debris 

avalanche, it is noted that 31 out of the total of 1,534 

slides in this investigation agree very well with Sharpe's ., 
(1938) · classification: They do not qualify as debris 

a.valanches in the classification of Varnes (1958) on the 

basis of water voJ__ume involved. 

Plate II illustrates the part of Lobelia, West Virginia 

15- minute U. S . G. S. Quadrangle map on which the field 

investigations were conducted. The boundary on the south­

east conc;ists of the wide stippled band, while the remainder 

of the boundary which follows the drainage divide, is illust­

rated by large solid dots. The total designated area is 

.approximately 36 square miles (94 sq . km), of which 28 square 

miles (73 sq . km) are timberland, and eight square miles (21 

sq. km) are clear land. A total of 1,534 landslide sites 

were visited to record measurements. The location of each 

slide 1s shown as a dot on this Plate. The clear land is 

designated by the stippled areas outlined in yellow. The 
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locati.ons of the two valleys (Taylor Place Valley and Beard 

P1ace Valley) ·which ·were surveyed and sketched planimetrical.ly 

(Pl ate III) are labeled and outlined on the north central 

part of this map . The .upper e.nd lower contacts of the 

Bluefield Formation are outlined by the heavy dashed lines . 

IV . THE SYSTEM: DEBRIS SLIDES/DEBRIS FLOWS 

Because no one observed the movement of these natural 

slides a subjective judgement is made on the mechanism of 

movement, based on field evidence . Residents describe the 

sounds of the slides in a manner that would indicate t he .. 
velocities were high . The greatest number of sli des 

occurred near the _end o.f a period of heavy · rainfall and are 

l ocated on the Bluefteld Formation, a very impermeabl e rock 

unit tt.2t is also very slick when wet . The heads of most 

slide scars (Figure 2 , p . 34) are shaped like a heel print , 

which would indicate they originated as a debris sli de 

with the transition to debris flows taking place part way 

dovm the chute, as more water became avail able , and the 

veloci ty ir-creased . Additional evidence of the water c on­

tent antl velocity are provided by observations in the chute. 

Dow·flslope f:rcm the head , where the i niti al mass of debri s 

was removed to bedrock , the unchannelized segments of t he 

flov/ track commonly sho·w very l i ttle additional mater ial 

removed, as illustrated by the f ac t that small trees and 

bushes arG not uprooted but have their leaves a.nd some 
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branches stripped . Occasional scour depressions and/or 

water blowouts occut in these portions of the chutes; In 

some p.astu:-·e areas the grass mat, over which the debris slide 

moved, has not been disturbed nor has it been covered by a 

veneer of sediment . The deposits associated with this 

activity range from l evees along the margins of the chutes, 

some consist.i ng of shingled rocks, to log jams caught i -n 

large trses, c:.nd a.lluvial fans '.-Ti th large amounts of 

vegetative debris mixed soil and rock. 

Active erosion within thG flow tracks and slide scar 

head area has continued at a high rate since the initj_al 
., 

event in 1969. DuI'in.g the f i eld investigations numerous 

examples of l~i gh volwne sedimen-t transport from slide­

damaged drairiege basins were observed. Even small rain 

storrns produced. h0avy sediment loads in streams . In winter, 

needle ice or mush frost was extremely active on the ste~p 

barren surfaces . Small secondary slumping and sli ding were 

observed taking place in the original slide scars . Debris 

jams in stream channels with small diameter wood material 

were dissected as- the ~oody material decayed and weakened . 

Livestock frequent the slide scars and use them as restin~ 

places, probably because they are less steep; they thereby 

churn the ba~ren surfaces with their hooves . Revegetation, 

however , starts quickly . The small trees and brush with 

leaves and branches stripped , frequently rec over and revege­

tate the chutes . In the depression created by the slide 



scars, weed plants appeared a year after the sliding took 

place. Reve~etation on the slide scarps, the headward 

surface along which the sli.de occurred, will take many 

years, becaus~ of the active erosion go~ng on there now. 
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In a geomorphic sense the slides increase the headward 

i:;xtent and depth of first order streams and also expose 

additional rock surfaces to surface processes (Hack and 

Goodlett, 1960) . They also affect the dovmstream portions 

of channels, at least in a .temporary sen~e, by disruption 

of the former gr8.dient due to channel modification , whether 

it ls by dee:penJng the channel in tl1,e c2.se of scouring and 

water bl owouts or log jam debris dams which te~porarily bJ.ock . 

and or divert the channel. Orn~ case of a 11 U11- shaped 

valley ',•!HS foux1d ·where a large steep drainage basin emptie3 

into the mafr:. valley through an erosional resistant sequence 

of lithclogies within the -Bluefield Formation. It is impos­

sible to say how ·much of this modification was due to the 

1969 activity. The volume of m2.terial carried from this 

drainage basirJ. was extremely l arge 1 with a large amount of 

boulder and block si7-e material moving through a laterally­

restricted valley at a very high velocity . The evaluation 

o'f the long term importance of these processes depends on 

the ability to get a better estimate of {be recurrence 

int e1·val of these events, and o.lso on c omparisons of volumes 

of ~ater ial removed by sliding a s opposed to volumes involved 

in chemical/o~ganic 6enudation , and mechanical creep . 





CB.APTER IV 

CLIMATOLOGICAL AND GEOMOR.PHIC EVENTS ON THE NIGHTS 

OF 19-20 AUGUST AND 5-6 SEPTEJViBER 1969 

I. INTRODUCTION 

The first of two periods of excessive, intense rainfall 

wll:ich occurred .in the. Renick e:i.~ea was tbe result of Hurricane 

Cri~ille, .which ~fter int~nsifying in the Gulf of Mexico 1 

madf: l&ndfR.11 on the Mississippi coast at 10 : 30 P . M. on 

17 August. It traveled eastward through extreme southern 
i1 

W0s-r, VLrgini8. a.nct southern Virgin.ia . A coobination of 

factors interacted on 19 August to produce several areas 

of conc0ntratcd torn~ntial rainfall which cau.sed devastating· 
, .. 

:flash flood.~. and landslides .i.r, this study area (Plate 11) a1:.d 

along the eastern slopes of the Blu3 Ridge Mount2.in:::; and 

record flooding along the James River. 

TllG Stor;ris 

The remainder of Camille's dying circulation moved 

into the Spring Creek area, which was already occupied by a 

la:cge, moist, maritime tropical air mass, ..,.,i th some exi:::,ting 

rair.. areas . Northwest of the area of maximwn rainfall in 

Virginia a narrow valley surrou..."lded by steep ridges suggested 

tho.t orcgraphic effects on the cyclonic flow aided in produc- · 

ing the torrential rain . This r eport, not located specific­

ally by DeAngelis and Nelson (1969) may be in reference to 

the Spring Creek area. Tl1understorm activity ahead of a 

41 
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slowly approaching cold front may ilso have accentuated the 

rain. In combination these inetccrological fact·:)rs ( and 

perhaps others not yet ascertai11ed) produced torrential rains 

in these two states which rank wi ·th other record rainfalls 

throughout the world. Severa} reports of more than 25 inches 

(63 , 5 er.:)· were noted (DeAngells and Nelson, 1969) on later 

exan1:i !.18.tion in the Virginia c1rea e.::i.d amounts in excess· of 

four inches (10.2 cm) fell over an area 30 to 40 miles (48.3 

~o 64 .4 km) wide and 120 miles (193 , 1 km) long . Nost of the 

rain fell in a period of eight hours . There were no rain 

gauges or bucket surveys in the Spring Creek drainage basin . 
., 

The nearest ouc:lrnt surveys were conducted in Nelson and 

·Alberrr,arle Co·.;,ntics, Virginia, and indicated 12 to 14 inches 

(30.5 cm to 35.6 cm) of rain to be common (DeAngelis and 

Helson, 1969) . 

Local residents in this study area described this storm 

as having been a steady rain during the daylight hours of 19 

August with an increase in intensity as it became dark. The 

sounds Of slides crashing dm,,rn the slopes were reported to 

have occurred at approximately midnight . There are accounts 

of the noise of rocks colliding in the slide chutes ranging 

in sound from a heavy clatter to dynamite explosions . Wind 

velocities are described as having been moderate , never the 

velocities required to uproo-t _trees or damage buildings . 

The second storm occurred on the night of 5- 6 September. 

It appears to have been a · localized heavy thunderstorm . 'l'he 
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major . descri ptions of this storm consist of newspaper accoun.ts, 

ESSA flood damage reports , and accounts by area resident s. 

Intense bla.ck clo(.;ds directly over the mountains were visible 

from a distance of six mile s . During the storm, lightning 

appeared to run parallel to the horizon , rather th~n as 

vertical fla shes. Because of the localized nature of the 

storm official precipitation rec6rds are non- existent . The 

ESSA Flood Report (Van Metre, 1969), indicates local stream 

levels a foot higher than the earlier storm . This ~s con­

firmed by comments of resid~nts. Also several homes damaged 

by· flood water in August were washed from their foundations 
., 

and demolished in September . 

The Floods 

The major intensity of the two flash floods that re­

sulted from storms in Greenbrier County were in the tribut­

aries flowing into the Greenbrier River . These tributaries 

have no stream gauging stations . The Greenbrier , Gauley , 

Meadow, .and Cherry Rivers were affected by high levels of flow 

from tributaries . l'wo wo?Tien dro,,.,rr-ed during the first storm, 

·when they were swept away by the rapi d flooding water in 

Spring Creek . Thirty homes we"!:'e destroyed 30 miles (48 . 3 km) 

to the north by flood water of Littl e Clear Creek in Anjean , 

West Virginia. A dozen cars and trucks, two house trailers , 

four homes, a herd of sheep and some hogs were lost along 

Spring Creek . 
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The flash flooding during the night of 5-6 September 

produced water levels a foot (30 . 5 cm) higher than the 

earlier storm on Spring Creek , resulting in severe damage to 

farm land on the flood plain. Reports indicate 1,254 acres 

(507.5 ·hectares) with crops destroyed or severely eroded. 

Much of the land was damaged beyond economic reclamation . 

Three additional houses were washed away including the one 

in ·which two women drm,med during the earlier flood, and 12 

homes were damaged . Ten local bridges and five miles (8 km) 

of road were w2shed out . Local reports· of a surge of water 

45 feet (13 . 7 m) high moving. down the narrow Spring Creek 
•' 

Valley certainly gains credibi lity when surveys of the damage 

were evaluated. Hr. James W. Van Metre, Greenbrier County 

Agent , listed a d?mage total of $281 , 200 in the Flood Damage 

Repcrt to the U. S. Weather Bureau (16 September 1969) . There 

are no reports of buildings lost due to landslides and none 

of the reports included damage due to l andslides on the hill­

slopes . Damage done by slides was not included unless the 

sl-ide blocked a road or railroad. The damage caused by 

slides on agricultural land consists of damage to the land 

surfac~ and the r~sulting sedimentation of slide detiris on 

fields or fence rows . Slides originating in timberland 

destroyed some marketable timber and killed or damaged many 

young trees . . An acJ.di tional factor that is impossibl e to 

estimate is the increased damage resulting f r om the large 

floating timber component (at least in part produced by 
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Preliminary analysis of the data provides some _insight into 

the degree of damage . The total land-surface removed as 

slide scar hGads is slightly more than 46 acres (18 . 6 

bect2.res). The total volcllne of ;11aterial rer:10vcd uas 

5 1 2J.5,466 cub!c feet (147 ,684.2 cu. m) . This dues not 

include ac.c.i tj_o:r:al mater:i.al removed from the B1:i.de chutes, 

w}1&r-e th8 ~hickr1e .:,s of material removed j_s not grsat, how-

Su....,.c-,., r-c'"> "' '~C,;, 1<:' .,,,e1~+ :1•v 0 lv la,.o-.:.. 
.t.-C....,.,, U..1. \..A. -L..- J. ....... v .... .) w- .L.c-::, '--•• The tributary 

· channels in-so which the slide :C:luw rr,.s. terisl moved \·1ere also 

al.te1°ecl, however with ,io prc--st crm charmel form and pattern 

infoi~r.iation it is impc:::: .s ib:Le to evaluate the volwnes affected . . .. 

Ge~eral Sl ide Ch~racte~istics ----- --·--
SomG ge::-!?.r e.l cn.ar·-c":.~tcJ~ist.:c s of the .slides obtained by 

summa-rj.zi:ng ~he ctat·a &re pre13Emtcd. in Table IV. The average 

width of the slide scar heads is greater than their l ength, 

t he av-2rag~ tllickn.ess of regoli th removed is slightly less 

th3.~ e.verage to-::.al soil th.i.ckness. The average slope 

perce:1t. agrees w.i th the value r'J.accus ( 1958) de-termined fer 

l m:.d slid~s ir. thr~ Vlhi te Mountains. The azimuth of slide 

movement is strongly influenced by the predo~inance of s~all 

drainage basins which drain ee.stward. . 'I'he azimuth value in 

Table IV results from consideri ng each azimuth reading 

separately . .. The results cf grou,;Jing .all azimuth values i nto 

72 categories of five degrees each, gives South 85 Degrees 

East as the commonest orientation. 
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. ' 

TABLE IV 

SUMMARY MEASURES OF 1 , 534 DEBRIS SLIDES 

VARIABLE MEAN STANDARD DEVIATION 

Length of s1ide 30.15 ft. 21 . 96 
scar heads (9 . 2 m) ., 

Maximum width o-f 36.35 ft. 32 . 80 
s1.ide scar heads (11.1 m) 

Depth of removal 21 .14 in . 11 . 65 
of material from. (53.7 cm) 
the slide scar 
head 

Percent of slope 62.95 lli-. 30 
at the site (34 . 97 Degrees) 

Azimuth of slide 131 . 38 82.82 
· movement, fr::im 
North 

Total soil thick- 21.56 in. 11 . 0 2 
ness (54 . 8 cm) 
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Debris Glump blocks, defined as masses of regolith 

which have rotated 2.s a coheren·~ un.:i.t, w:i. th downslope dis­

placement generally limited to a d\stance roughly equ~l to 

the rsgoli th t!1ickness, illust:::-ate how most of the debris 

slides were initiated . The rotation appears to have released 

sufficien\ soj_~~~~ter thereby reduci~g pore pressure s~ch 

that the cceffic.:i.cnt of friction beh.1een the slump bJ.oc~ a!'"!d. 

· the underlyir.t E,u:cfE,ce is great enough to stop move:nent . The? 

par·ticular · storms because .'.)ther ~vidence such as slide debrj_s 

lodged• n.:c:; a tr'.1.i t in stream cha.~l!1els at -che ba.se of tl1i2 slopr:;.3 
,? 

and accounts of de~ris sJ.iGes occurring epproxica·tely a~ the 

terminatiort of the periods of ir,.tense :ca1.nf2.ll wouJ.d e.lso 

pe!'mi t thes'2 sh.'.mp blocks to cease ir,ovement . Smal.1 slump 

blocks which were initi2lly part of a l&rger slide that 

continued cto,:ms1ope Rre relativ~ly c ,)mmon, as · illustrated on 

Plate III . '1'h::: domin£.nt surf2.ce outline of the large slump 

block.s is simil2r to t.te heel prhrt of a shoe, w.i.th the convex 

curve upslo}J::. The small slump blocl<.s are more irregular· in 

surface outJ.i.~.e . A total of 2i+ oi the 13.rge slum;_J blocks 

repr~senting l . 6_percent of the entire number of sJ.ope 

modifyi~g features were recordGd. 

The most common of the heel shaped features described 

above are tha debris·slides with a total of 1,105 of this 

surface outl in~ recorded , cornprisin~ -72 percent of the 

1 , 53i.:- features. The az;reement in the surface outline of these 
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two types of f e&tu1'es further substantiates their origin as 

a coherent mass . In general these two shapes include the 

slid2s and slumps which have the greatest surface area and 

largest volume of displaced material. •.rwo modifications . of 

the geometry ccr.1mon to slump blocks and debris slides are 

found to appJ.y to the debris slide. Debrj_s slides commonly 

narrow toward the mouth as illustrated on Plate III and when 

this modification occurs the thickness of removed regolith 

increases toward the mouth. 'When debris slides are so mod­

ified they are closely comparable to water blowouts described 

bv Hack and Goodlett (1960, p . 45- 47) and the bottle slides 
~ ~ 

reported from Tanzania by Temple (1972) . They differ from 

water blowouts in the fact that some grotn1d cover breaks 

commonly occur abo_ye and belm,,r the slide scar . Further 

modification of the slu• p and slide surface for~ consist of 

compo'-..!nd head scars obser1.red in 304 slides repressnting 19. 8 

percent of the total and some combinations of these forms 

(Plate III). Slumps and slides tend to move parallel to the 

line of maxir..u.rn slope, as opposed to the last ·two :types, 

debris evalanches and a surface shape modification of the 

debris avalanche which here wi:::..l be called a 11 trapezoidn 

shape . The author observed thot in the .initial 10 to 20 feet 

(3.1 to 6 . lm) of travel these latter types do not move 

parallel to the direction of maximum slope but diagonal to 

it at an angle of tv:o to three degrees, which suggests that 

the ini ti.al \'eloci ty is so great th&.t it controls the 
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direction of travel. A second possibility that app~ars more 

probable is that slope sheet flow turbulence steers the init--­

.inl travel direct.ion . Further dovmslope the chutes of these 

avalanche:! types 1-:-iove para1lel to the direction of maximum 

slope . A total of 56 of the trapezoid shapes and 30 of 

thP. debri.s avalanche types, representing 3-7 percent· and 1 . 9 

percent respectively, were observed . The long narrow track 

of the debris avalanche is moderately well illustrated by 

some examples on Plate III , however the trapezoid surface 

outline is not well represented in these vall eys . 

Water blowouts constitute the most limited group in 
., 

this cla ssification if the r8qui remcnt. of no tvidence of 

ground cover breaks above or below the depression (Hack and 

Goodlett , 1960) is rigorously observed . One ideal example 

occurred i n clear pasture land and almost none in timber­

land would quaJ.ify because of the disturbed forest floor 

litter . AQ~ittcdly the leaf cover of tbe forest floor was 

removed in ~any large areas becausa of sheet flow and there­

fo:i:'e ·:it j s cUfficul t to determj_ne whether the associated 

slides could be cla~sified as water ~lowouts . 

"The followi~g general comments on floor prqfiles· are 

based en detailed measurement of one slide and general 

measurements and field observations of 1 , 533 sites . The 

geometry of floor profile lines is generally slightly 

·concave j_n the debris slide , both for pr ofiles f r o:'.Il scar 

head to mouth and for profile l i nes at right angles .to the 



hill slope. Fror.1 other comparisons this si tuatj_on is 

p!'obably also true for slump blocks . 'rhe fJ.oor of the 

debris slide commcnly recembles that of an early state of 
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a ci!"·que, with a sJ.ight . rise in the floor toward the mouth . 

Temple and R3.pp ( J.972) report . . . 'l'he long profiles of the 

flows are corr~·ex both in sectj_.on and length. . . for bottle 

slides in Tanzania . Bottle slides were not selected fez· 

observation of specific features .in this investigatiori . 

The slope inclinations were divided .into 15 groups of 

five percent uni ts , starting with 26 "percent ( l~-. 56 Degrees) , 

the low·est slope an which any slides occurred . Sli-des j_n 

timberJ.2.nd were separated from Glides in clear land. Th:-c.e 

values in Table v ·~how the same tendency in both t i mber a nd 

clear land. 

First, the greatest thickr-ess removed occurs at. the low 

s lope ang:2.e because these slides generally occur in 3.lluviUD 

and colluviUP.J deposits along streams . 'I'he probc1ble caust: s 

of ~lope failure here a.re undercuttir:.g and n very heavy sh0et 

i-lo.·r . · The number of slides i:i::wol veci is sm&ll. in bo·th ca.ses . 

Second , comparison of the remainder of the values indicates 

the !16 to 50 percent sJ..ope ( 25 . 00 to 27 . 02 Degrees) i:n both 

tY1.;<2s of 13.nd ,..1se has .the greatest thickness ( other than the 

26 to 30 percent interval) of material removed . Finally the 

slcpe at ·which the g r et".test ::1urrbers of slides occur 1s 56 to 

60 percent (29 , 32 to 30 , 93 Degrees). in both cases . These 



TABLE V 

REGOLITH THICKNESS REMOVED WITH RESPECT TO SLOPE STEEPNESS 

ST.OPF. TN'T'F.RVAT. 'PT M"R F.R T. A Nn CLEAR LAND 

MEAN INCHES NUMBER OF · MEAN . INCHES NUMBER OF 
PERCENT DEGREES REMOVED SLIDES REMOVED SLIDES 

, 26-30 14 . 56- 61 . 89 9 46.50 2 .I. • 16.66 (157.20 cm) (118 .11 cm ) 

2 . · 31-35 17.22- 0 . 00 6 18 . 00 
9 19 . 34 ( 0.00 cm ) ( 45 . 72 cm) 

3. 36-L+O 20.11- 24 . 50 6 19 .16 32 21 . 74 ( 62.23 cm ) .... ( 48 . 67 cm) 

4 . 41-45 22.28- 27 . 27 . 11 19.58 31 21+ . 32 ( 69 . 27 cm) ( 49 . 73 cm) 

5 . 46-50 25.00- 30 . 71 24 . 19 . 64 110 27 . 02 ( 78. 00 cm) ( 49 . 89 cm ) 

6. 51- 55 27.57- 25. 2l~ 70 18 . 20 147 28.80 ( 64.11 cm ) ( 46 . 23 cm) 

\.J1 
I\) 



SLOPE INTERVAL 
-

PERCEI~T DEGREES 

7 . 56-60 29 . 32-
30 .93 

8. 61-65 31 . 44-
32 . 99 

9. 66--70 33 . 50-
35 . 00 

10. 71-75 35-50-
36 . 76 

11 . 76-80 37 . 25-
38 . L~6 

12. 81- 85 39 . 00-
40 . L~8 

TABLE V (Continued) 

TIMBERLAND 

MEAN INCHES ; NUMBER OF 
REMOVED SLIDES 

27.75 126 ( 70 . 49 cm) 

23.66 
( 60 .10 cm) 116 

23.79 100 ( 60.43 cm) .. 
24.C,8 73 ( 61 .16 cm) 

22.94 93 ( 58.27 cm) 

25.33 24 ( 64.34 cm) 

CLF.AR LAND 

MEAN INCHES NUMBER OF 
REMOVED SLIDES 

17.24 180 ( 43 . 79 cm) 

18.91 118 ( 48.03 cm) 

15.95 82 ( 40.51 cm ) 

18.68 41 ( 47.45 cm) 

16·. 27 33 ( 41.33 cm) 

12.39 
( 31 . 47 C!fi ) 13 

\.Jl 
'-"' 



TABLE V (Contin~ed) 

SLOPE INTERVAL TIMBERLAND 

MEAN INCHES NUMBER OF 
PF.RC"?HJ'l' DEGREES REMOVED ( SLIDES 

13 . 86-90 40 . 57-: 22 .71 14 1+2. 00 ( 57 . 68 cm) 

J.l+. 91- 95 42 . 52- 21 . 54 13 1~3 .18 ( 54 . 71 cm) 

15 , 96- 100 1~3 . 64- 17.88 
33 45 .-00 ( 45.42 cm) 

CLEAR LAND 

I'l!EAN INCHES NUMBER OF 
REHOVED SLIDES 

9.88 8 ( 25 .10 cm) 

lli-. 40 
5 ( 36 . 58 cm) 

14 . 46 
11 ( 36 .73 cm) 

.. 

\J1 
+" 
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results indicate the steepness of the slope is more important 
-than land use. The general tendency for thickness of 

removed material to become less with increasing slope steep­

ness is no doubt influenced by the trend of soil thickness 

reduction with increasing slope steepness . 

Litholo~ Influence 

The distribution of slides with respect to the various 

reek uni ts is influenced by sevc:::·2.l factors . The Eluef ield 

Formation underlies approx:i.,!1ately 6::, percent of the total 

3rea and contains 83 percent of tte total slides . The reascn 

for this ·high percer1tage o.f slides ir!J)J.1,;d.es the fact that 

the Bluefield underlies the majority of the steeply sloping 

land , has a somewhat higher clay content in the soils , is 

very impermeable , -.arld is extremely slick when wet. 

The Hinton Formation, Avis Liillestone , and Princeton 

Formation ar·e the remaining units which _lie above the Blue­

fj_e1d and on which slides occurred . These units comprise · 

approximately 19 percent of ths total area with 11 percent 

of the slides . Generally these formations constitute the 

upper parts of the s1ope3 , and have extensive areas of the 

surface armored by large blocks of Hinton material , ~1ich 

reduces the numbers of slides . 

The three formations below the Bluefield (Alderson 

Limestone , .Greenville Shale, and Upper Union Limes-:.:one) 

comprise approximately 0 . 1 percent of the area and contain 

0.2 percent of the total slides . The f act that they occupy 



the lowr::. portions of the slopes and underlie the ·stream 

valleys iccounts for the small percentage of slides . 

Imnact of Land U-se --- --
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A comparison of occurrence of slideG in timber and on 

clear land indicates 712 slides or 47 percent in timber and 

822 er 53 uercent on clear land. The timberland constitutes . . 

77 . 5 percent o:f th0 total area with the remainj_ng 22 . 5 

percent clear land. This would ind;Lcate_ a gre a ter t endency 

f or cl2ar land to fail by sli d i !'lg than timber . This agrees 

with the f indin 0 ::; of" Pain ( 1969 ) in a study of envj_ronmer.tal 

factors effscting slopas in New Zealand. 

Pain ( 1969) repor-1:s slides in timber tend to reniOve e.11 

soil l10ri'?.ons a.nd. thE) louse -!Jedrock while .soils in c l::-~ar land 

tend to :fo.il at i,,·eB. developed soil ho:cizon bouJ1daries, 

espec:i.:illy the nc 11 horizon. This behRv.tor v-ias invest.leated 

for ti1e slides in -:his stucly and fo-u..'1d. to be true. There is 

a noteworthy d:i.f:fe1'e~ce .tn t he co!::.ple t t~~ess c:f soil , rerr:cval 

ir. tir.,ber as oppo'.:-ed to cJ.ear land. In, tj r:1ber 532 slides or 

75 percent had 2 thickness of removal greater than the total 

soil thic~ncss. Slides in timber with less than t~e total 

soil thickness rcr.ioved ::1umbe.r 180 or 25 ps,:r•cent of the total . 

L1 clear land 1+90 slides 01' approximately 60 percent had a 

thicl-':nes-s of 1~:ncval greater tha!1 the total sc•il t?1icl-:ness , 

explained by ti1e :fact that the upp,3r portion of the 1.,,reathered 

bed1'ock ( extre:ne bas e of the ''C II horizon) was remo-.red with 

the soil. The "R" horizon or bedrock, rarely moves with the 

debris slide. The nuriJber of slide:3 in clear land with less 
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than the tota~- soil thickness removed is 332, which i s 40 

percent of the total slides in that category, and 15 percent 

more than occurred in the same category for timber. 

Table VI provides additional information on soil 

characteristics in both timber and clear .land . The major 

differences in the soil in the two land use categories is 

the distribution of the o1 and o2 soi-1 horizons. The 

smaller number of clear land sites with o1 and o2 soil 

horizons reflects the soil modification during the time 

interval since the laYid was cleared . The ''A" horizons arc 

represented in almost identical percentages in both land use .. 
categorj_es. The smaller nwnber of recognized 11 C 11 horizons 

for clear land is due to the fact that the clear land soils 

ter:d to fail just above the 11C11 horizon and therefore it. is_ 

not exposed as frequently. The 11 B 11 horizon is so v:eakly 

developed i:n ti1ese soils, that i _t can rarely be recognized 

in the field . Rapp (1963) found slide shear planes originating 

in the "B" horizon in Norway soils which he describes as 

havini a well developed podzol profile , with a rust- colored 

B- layer, 30 to 40 cm (11.8 to 15.8 inches) thick , resting on 

gray, fine- gra.ined corripact substratum of till . Tho base of 

the "A" horizon in the soils of the Spring Creek drainage 

basin may provide a surface of weakness , for shearing , 

although it is not ne~rly as pronounced as ihat described 

by Rapp (1963) . 
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TABLE VI 

GENERAL SOIL CHARACTERISTICS 

SOIL C·L'\.RJ\CTERISTICS AT SLIDE Nlfi-'IBER OF SLIDES 

Hori7,ons 
01 

. 02 

A 

C 

SCAR HEAD 

Stoniness 
Clciss O 

· Class 1 

Class 4 

· Cla.ss 5 

Dra:i.nage 
Well c1.rn:i. i1ed 

Imperfectly drained 

Seep or Sp~ing present 

TIMBERLAND CLEAR LAND 

295 37 

416 J.02 

707 8l9 

75 56 

527 610 

19 lL~ 

68 91 

98 107 

666 791 

8 1 

38 30 
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The stoniness of' the soi;J.s in t:he two land use cate­

gories is not significantly different. When stoniness 

percentages are calculated and compared , the Class I category, 

which has the greatest difference, is slightly less than one 

perce~t variati on . The parent material for the soils on 

which the majority of the slides in both timber and clear 

land occurred. is the Bluefield Formation a unit that 

consistently produces similar soil stoniness. 

The greatest variation i n soil drainage is in the 

imperfectly drained category, and probably is related to 

land use to a greater degree than any other factor . The ., 
clear land permits faster surface evaporation and has a 

slower ·infiltrati.or.. rate (Sherman and Musgrave, 1949) than 

forest floor so.i_J.s . . The above two factors tend to limit 

the area of imperfectly drained land . The springs and seep~ 

are primarily due to geologic conditions , and therefore les$ 

affected by localized land use on the scale . of areas involved 

in this investigation. The soil characteristics appear to 

play a minor role in localizing slides . 

Taylor Place Valley 

The Taylor Place VaJ.ley (Plate III A) is one of two 

tributary valleys of Spring Creek which was surveyed and 

sketched planimetrically to a scaJe of one inch representing 

50 feet (2.54 cm rep~esenting 15 . 24 m). A total of 47 

slides removed 131,066 cubic feet (3 , 711 . 3 cu . m) of soil 

and regolith . from a land area of approximately 31 acres 





on slopes 9f 65 p2rc2nt ( 33 Degrees) which is identice.l to 

the situatio:r.. in ·I'aylC)r Place V2.lley . '.!'.here is some1·1hat 

more material, es~ecially timber deposited as debris darns 
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in this valley . Ther8 is mere -pre-1969 alluvitun deposited j_r, 

this valley, v.rhich pGrmi ts useful compari.sons of the present 

day deposit:i.on8.J. i,2.tterns a1:c:. 8lope activities v1i th much 

earlier 8,ctiv:i.ty. All of t he matGrial t r ansport0d to the 

mcuth o.f this v2lley has been s·.-1ept a 1:1ay by Robbins R:.m ~ a 

t!'icutary of S:;:n·::.:c1g Creek. 

'l'he precl9c1:Lng i:vv0 valJ.eys -were selected to be surveyed 

and sketched plani~etrical ly partly because of their 
., 

ac~e-ssib:i..li ty; both for th'] surveying and for observations 

of ~odificationn which will take place as the area recovers 

iron: t he stc:::--rn effects a~1d because they were rather typical 

of t:-1e r::odifisatio!1 in small tr:Lbutary valleys to Sprfrig 

Creek. Add::. tiom.1.lly the.se two valleys ap:r,eared to be 

representative cf tho much larger area in a manner that 

would a i d in unde rstanding t he mechanism of debris slide 

ini tiatic::1 ar:.d transport of material dov.rn the slide chu:tes . 

The standing trees and stumps with brush or ·log debris dams 

on their upslope si.des aid in outlining the extent of flood­

ing and the wate r depth on these surfac es . Trees up to 18 

inches (45 .7 cm) in diarr:eter were sheared of f by tb..e rapid 

moving material in the chutes . In parts of the chutes , 

the dow.ned trees are aligned wi th the flew , wj_ th many of 

the stump ends upslope . \1n1ere log jams occurred ther·e j_s 



no preferred alignr:1ent; indicating the turbulent tumbling 

nature of the debris flow. M&ny of the deposits of 

coars e rock m8te.rial , ranging from cobble size to 

boulders are aligned alonG the chutes a!1d channels. The · 

smaller sizes of these materials record transport 
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activ:i.ty_ in t he - late stages of flooding . Only small e.mounts 

of material srrnller than cobble size· remai!'ls anyi.vhere in 

the cham1els and chutes. The vast majority of the materi als 

that slid from these tributary.valleys were carried away -
by the major stream at the mouth of the tributaries . 

An attempt was made to apply the statistical tests 

to these two s mall areas in order to compare them to the 

entire study area, however inspection revealed the timber­

land to clear land rat·i os were not in agreement with the 

total area and therefore the tests would not be valid . 

This characteristic of the two valleys was not obvious 

at the time they were selected. It would be difficult to 

select two valleys with the land use ratios , characteristic 

o:f the entire research area . 

Statistical ~e s ts for Si gnificance of Debris Slide 
Dis tribution wi~h Resncct ~o L2~~ Use 

A study of the distribution curves (Figure 3) of 

slides with respect to slope suggests that the central 

tendency characteristi cs of these distributions are similar • 
. 

For exarr.ple it is noted that the largest nwnbe!' of slides 

in both timber and clear land occur in the 56 to 60 percent 
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FREQUENCY OF SLIDES VS SLOPE FOR TIMBERLAND 
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Figure 3. Frequency o.f Slides vs Slope for Timberland and 
for Clear Land. 

Sourc·e : Table V. 



slope (29 . 32 to 30 . 93 Degrees) category. The means of 

these distributions (mean slope for slide occurrence) 

falls ;•1i t hin cat•":gory nine for timberland and category 

seven for clear land . An appl j_catj_on of a Mann--\'lhi tney 

U Test (Figure 4) for the significance of differences 

between means shov1s that -'che two means are not s:igni­

ficantly different at a l evel o<. = . 05 . 

n1 = n2 = 15 

PR = n1(n1 + n 2 + 1) = 15(31) = 232. 5 
1 

2 2 

., 

= -.14 
r-

;n1 n2(n1 + n 2 + 1) 

\j 12 

- 3.5 

24- . 11 

Since - 1 . 96 <-. 14 <1 . 96 we accept. the null 
hypothesis of equality of means at o<. = . 05 . 

The fact that from a total of J;534 slides, 822 occur 

in clear land which occupies only 22 . 5 percent o.f the total 

area suggested that a study of the. density characteristics 

of slides in timberland verses clear land should be undGr­

taken . For this purpose the measure. of density or relative 

frequency of slides is defined as the number of slj_des per 

unit area. Since the ratio of clear land to the total 

area i~ approximately r 1 = .225 and the ratio of timberland 

to the total area :is approximateJ.y r 2 "" . 775 , it is possible 
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to obt2.i n r elat i ve frequency distribution curves by multi­

plying the frequency distcibution curves (Figure 3 , p . 63) 

by 1 and 1 respectively . Inspection of thes~ relative 
rl r2 

frequency curves (Figure 5) indic~t ed that the mean density 

for ti.rnbe:::-- is much lower than the mean density for clee.r 

land, that is , fewer slides occur per unit area of timb.cr­

land than per unit area of c l ear land . 

Ref-lection on t he above observation initiated a study to 

ir.vestigate the statis_tical ~ignificance of the· difference 

between these two mean densities . A discriminating orthogonal 

grid v,:as constructed as an overlay for a map on which all 
., 

debris slides, clear l~nd , and timberland were designated . 

Rach square grid element covered appr oximately 90 . 7 acres 

(36,7 hactares) on the map . For each grid element the 

_ proportion of timber area to the total area of the element 

T- Rci.tio , Apyendix A), as well as the number of slides iri 

timbs:r1and ( T-Slides) , and the number of slides i.n clear 

la:1d ( C.- Slides) , were !'ecorded . ThP- resulting data consist­

ing of 2l2 data points were accessed by .an APL compu_te1· 

program. The program calculated upon demand at- statistic , 

on the basis of random samples of sizes n1 , _ n2 , 

respectively , and on tlw basis of the null hypothesis that 

/Uc = /UT ( i. e . that the mean density for "C 11 equals the 

mean density for 11T11 ) . The statistic was calculated as : 
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RELATIVE FREQUENCY VS SLOPE FOR TIMBERLAND 
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Figure 5. Relative Frequency vs Slope for Timberland and 
for Clear La!).d . 
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Xe - XT 
t -

s2 
C + 

s2 
T 

nl n2 

where Xe is the mean density of slides for the random sample 

of n1 clear el ements. '.I'he symbol SC stands for the standard 

deviation a.mong the densities of the n1 "clear 11 sample 

elements (Fischer , 1973) and where XT , ST, n2 are 

analogous parameters for the timberland sample . 

A number of program runs for large sample sizes ,.,,ere 

made (Appendix B) and although the t ' s calculated were 

usually large and positive, indicating a greater density 

of slides on the clear land , they were not large enough 

for the rejection of the null hypothesis /Uc= (UT, hence 

we c annot substar:tiate statistically that the observed 

difference in mean density is significant. Apparer..tJ.y , 

t:C1e reason for the somewhat unexpected result is that the 

sample density variances are large, contributing to a large 

standard error (~quivalently diminishing the t - statistic). 

The total volume of debris slide transported material 

was 5 , 215,466 ~ubic fe.et (147,684 . 2 cu . m). The volume 

of debris removed i n timberland totals 3 , 789 , 928 cubic 

feet (107,317 . 8 cu. m) v1hich ls 73 percent of the total 

material removeo. f:r·om the area . The 1,425 , 538 cubic feet 

(40 , 366 . 4 cu . m) removed from clear land is 27 percent of 
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account for the rather high percentagP- of slides which were 

not visible (Figure 6) . For this reason extensive field 

work was necessary to insure a high degree of accuracy in 

locating the total number of slides and to properly identify 

what appeared to be slides on the phot9s , but in. fact were 

not. 

One mission was flown at approximately noon on 20 March 

1971 with the University of Tennessee DC-3 res02.rch air­

craft equipped v,i th a Daedalus Thermal Infrared Line Scanner 

System and the Hasselblad 500 EL quadricamera . systcm 

utilizing four differer1t emulsion/filter combinations to 
., 

obtaln simultane ous coverage wi-ch the two systems . The 

mission ,,.:as flov>'n at an altitude of 8,000 fe:et (2 , 438 m) 

to determine the capability o:t these systems to de.tect 

slides rathGr than its usefulne:;;.s as e. quantitative tool . 

The problem of accurate navigation in remote areas with 

few good land marks , resulted in gaps in beth types of 

i n:agery. The quality of the thermal imagery is c onside1~ably 

reduced by problems of scale , created by improper tape speed 

with r espect to aircraft speed , and processing d1fficul-ties 

which · combined to make it u:r..usable . 'l'he resolution and 

image clarity (Figure 7) are s~fficient to identify the 

l arger features such as strea.ms, roads, and topography 1:)ut 

not adequate to ide:nti·fy slides . The results of the 

photography obtained on the · mission are illustrated in 

figures 8 and 9. The Kodak Ektachrome Infrared Aero film was 
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Figure 7. 
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Noon 8- 14 Micron Band Thermal Imagery of Robbins 
Run Tributary, 20 March 1971, Mission , Scale not 
constant in t:1Ls 70 mm enlargment . 
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., 

A. 

B. 

Fi.gure 8 . Vertical Aeri al 70rnrn Hassel-blad Quadri­
carr.era Syster~ Black and White Photographic 
Imagery; Contact Prints of Identical Frames , 
north at top , Approximate Scale 1 : 60 , 000 . 
uA 11 Kodak Plus- X Aerocon Film, Type 8401 . 
"J3 1

' K°odak Infr.:;red Aerographic Film, Typ2 
5424, Wratten 25 Filter . 



A. 

B. 

Figure 9. Vertical ·Aerial 70mm Hasselblad Quadri­
camera Sy.stem Color Photographic Imagery , 
Contact Prints of Identical Fram~s , north 
at the top , App~oximate Scale 1 :45 , 000, 
for comparison with Black and Whi te· Imagery 
see Figure 8 . · 11 A11 Kodak Ektachrome MS Film, 
Type 2/+l.+8 . 11 B"· Kodak Ektachrome Infrared 
Aero Film·, Type 8443, Wratten 15 . 
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the rnost eff ~-cti Vf! for detecting u.nv0getated 12..nd surfaces . 

The scale of the photography does not permit identification 

of the smaller slides, but some of the larger slides and 

slide chutes a~e visible . 



C_lj/tPTER V 
~\ 

PLAlJSIELE SLIDE LOCALIZING FACTORS 

I. INTRODUCTION 

The variation in debr is slide distribution, even 

within a relntively small area of steep terrain, illu~­

trates the difficulty .of isolating t:be spt-?cific causes 

of debr.is sJ.J.des . Ti.1~ proces.ses aTe :celat&d to the inter­

action of a cor.:.plex group of factors ,,rhich contribute to 

sl8pe instuCJi.lity, such e.s met-20:::'ological, climatological, 
. ~ 

slope, hydroloeical, geological, pedo).ogical , vcgetational, 

ancl cultural. 'l1 te primary :'actors asso::iated wi t.h debris 

slide act5_vi ty appear -to be ir.:tr:.:~s2 2.nd/ O!' prolonged 

precipi tati::mt s·teep slop,2s t a!"l.d p1·,.:se21ce of a so:i.l 

mantlA; however other factors m:: . .:st also be investigated. 

Varnes (1958) states the.t the o:d.gin of a slide -cax:, seldom 

be attrj_bu.ted. to a single definite . ::ause. 

II. METEOROLOGICAL AND CLIMATOLOG:!:CAL FACTO!{S 

Me:tE:orolobice.l factors are ir!:portant i!"l their role of 

l')calizj_ng debris slid2-produc ing condi ti ens both j_n the 

freqv.ency of severe storn~s and the size and ch2.racter of 

the storms . Locally intens:; cells may occur independently 

· as thv.nderstoY-ms ·which lirr:i ts the area of de..mage, larger 

areas may al·so . be simila rly affected by convectional 

activity associated with frontogenesis, or such precipitation 

76 

. , 
I 



may occur within a ·larger pattern associated with a 

hurricane . 
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It is not possible to arrive at a definite recurrence 

interval for slide-producing storms :i.n this part of the , 

Eastern Allegheny Plateau and Mountains for several reasons . 

Two t1ajor reasons are immediately obviol..;.s . · First, there 

are iimited precipitation data for these remote areas and 

the time span of frequency of occurrence data is too short 

to be considered accurate . Second, the rate and amount · of 

precipitation necessary to ca'J.se debris elides probably 

var·iE:-s consider-ably because of the m1..rn<=;,rous factors that 

may be involved and. therefore is not know.D with any degree 

of certainty. The critical -values for precipitation appear 

to vary from one site to another , dependi.ng on the · other 

factors . 

The path of _the intense rainfall in the August and 

September 1969 storms outlined by the dis·tribution of 

debr.i.s sltdes and precipi ta:tion amounts , runs approximately 

Ncrth 64 Degrees East across Greenbrier Co'-.lnty , from 

some1:rhat east of Cold I{ ... Y1ob (Plate II), at an ~leyation of 

4 , 345 feet (1 , 324.4 m), to Hock Knob , elev~tion 3,950 feet 

(1 , 203 m) . The path of the intense damage is appr oxi mately· 

seven and one- half miles (12.1 km) long and slightly 

over three miles (4 .8 km) wide at its maximtm width . This 

major debris slide localizing influence appears to be 

2,.n example of "triggering" by or·cgraphic lifting of 
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t ~ . _ __ -.l, l -- \ - - ·- -, \ ·-------------- __:.----
Figure 10. T:>an.sposi tion of J'uly 13-17 , 1916 hurricane rain­

fall . Transposable to shaded area . Line with 
spikes is 2000-ft. elevation contour . Light 
dashed line is ridge cres t . -Maximum dew point 
isopleths labeled as in figure 2 . 11 . 

Source: W0rJ.d Meteorological Organization, Technical . Note 
No. 98 , 1969. 
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over th<.? Appalachian region. Hurricane Camille was moving 

e&stward thrcugh 1tfost Virginia in August 1969 and crossed 

the zone within the s pj.ked lj.ne which outlines elevations 

above 2 , 000 feet (609 . 6 m) . The Spring Creek drainage 

basin is lar gely &.bove this critical elevation, which may 

explain ·111rhy it received such intense precipitation. The 

example shOi·m in figure 10 is one of the most severe rain­

storms of record for the Appe.lachian Mountains. The degree 

of orogr aphic control is demonstrated by the coincidence 

of outline of the isohyet lines and topographic contour­

lines . Figure 11 illustrates the probably ma~imum pre-., 
tipitation for 24 l1ours in a 200 square mile (516 sq . km) 

area . The Spring Creek d~ainage basin l i es within the 

25 . 5 inch ( 64 . 7 cm) zone on this map . 1~11en the area of 

the Spring Creek drainage basin (36 .4 square miles , 

94.0 km) is considered , figure 12 would provide a 

better estimate of the rainfall to be expected in a 24 

hour period. 

The recurrence interval of a storm of sufficient 

intensity to produce slides is probably somewhat longer 

than 100 years. This ·corresponds to the experience rep6rted 

by residents of the area, and that reported by 1-facl<: and 

Goodlett {1960), in another Appalachian study of the Little 

River area of Virginia . 
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III . SLOPE AND GEOLOGICAL Ji'.4CTORS 

Slope angle influences the location of debri 2 slides 

because for a specific type of regolith there is an angle 

at whicb slcpe failure du2 to gravity will occur . During 

intonsa rainstorms various slope se~nents react . differently 

in response to soil saturation and the vel ocity and depth 

of water on them. The geologic formations . in this area 

tend to produce slopes with rel atively long segments of 

U...'1iform aLgle. '.I'here e.re resistant t.mits \v1th outcrops 

,-rithin several formations b--1t they tend to be widely spaced 
•' 

on the slopes . . Slides are concentrated both above and below 

these resistant '-.mi ts . The veloc ity of the surface water 

would i ncreane w:!-1j_le passing over the resistant unit and 

would he.ve addi ti.anal impact as it- plunged over to the 

s t1rface below. These resistant ledges range in height from 

0ne to 25 feet ( . 3 to 7 . 6 m) . 

The slopes on ·which debris. slides have occurred 

i nclude a range of values. Sl1arpe (1938) reported 20 t o 

/.,,.0 degrees for th9 scar ·head where the i ni tia.l mover.ient 

occur s, to 15 degrees near the terminus. Flaccus (i958 ) 

r eported slides in the White Mountains started on slopes 

whic::1 range from 25 to 35 degrees , with an average of 

about 32 degrees . Boe,uc.ki (1970) found the slope of the 

slide ~car head area of Mt . Lec onte sli des averaged 40 

degrees, with a range of 35 to 44 degrees . 
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Bedrock od entation does not aripsa:--' to be a signifi-­

cant factor with respect to causes of localizing debris 

slides in this area. The general trend is a strike with a 

northeast orientation and a low angle of rtip to the 

northwest. The. majority of the values of measured dip 

angles rangs f~om one degree , to one and one-half degrees . 

A very small r,Ll!i'.ber of localized dip values range from 

14 to 15 degrees; the . direction however remains northwest . 

Joints a.re spaced 6 to 10 fe,~t (1.8 to 3.1 rn) apart where 

9resent, hO'i"1cver much of the rock has poorly developed to 

inciefini te fracture·. 'l'he ne.ture of the bedrock lithologies · 
,? 

does not vary a great deal , nor does the soil produced 

from teem e.xhibi t striking dii'ferences . 'l'he percentage 

(3.i.stribution of slides on the various li thologies appears 

to be con°t:;:'olled primaril~r by slope and area of surface 

exposure. Fle.ccus ( 1958) found no correlation between 

lithologies and slide oci:urrerice . Boguckj_ ( 1970) found 

geologic control by high angles of dip but no evidence 

of bedrock type influencing slide locations . 

IV. PEDOLOGICAL AMD VEGETATIO}iAL FACTORS 

A number of interrelated factors appear to have some 

impact on :Localization· of debris slides when soil_ and 

vegeta·::ion are considered . 'Table V (p ; 52) illustrates 

the relationship of slope to thickness of soil removed, 

preslide soil thickness, and frequency of slide occurrence . 
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In timber, the maximum soil thicknesi removed corresponds 

to 1-ocations v1here soil thickness was greatest . The 

maximt.un frequency of slides occurs where slopes are steeper 

And soil ·thickness is ilightly less. Available information 

wo-..ild indicate precipitat ion was of sufficient quantity 

en0. a.•_1ratj_on to saturat e all. soi1 thicknesses common to 

th0.s-:=c slopes, therefor<=:: the steepness of slope appears 

to be more imp ortant than soil thickri.ess. 

The relationshi p . of slides to pedological factors is 

sor,i0\,;ha"t different in clear land Table V (-1,) . 52) . The 

greatest soil thickness occurs at a more eradual slope 
•' 

than the slope at which the maximum thickness of soil 

removaJ. !":as o..:;curred, hm·1ever the most frequent occurrence 

of sl\dcs foJ.lo·ws the pehavior of timberland and is found 

0!'1 stee:per sJ.o1'Jes vrher8 soil cover is thinner . Steepness 

of slope dc~inates soil thickness factors in clear land 

as in tirr.bsr·. 

Tvrn son .. ty-pes comprise the major area -of debris 

slides . The Dekalb Series (Gorman , ~nd others, 1972) of 

Greenbrier Cot.:nty j_s formed from gray acid sandstone and 

so~e interbedded shal6. It occupies elevations above 

3,000 f':?et (9l4.4 m) v.rhere much of the land consists of 

steep slopes . 'rhe permeability is somewhat greater than 

the J:eas Series which occupies most of the land below 

3,000 feet (914 . 4 m) elevation. The Teas Series originates 

on the Bluefield and 2ssociated rock 11nits of the Mauch 

1 



Chunl<. C.¼roup. There is no indication . that ·either of these 

soil types contributes to localization of debris slides. 
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The area of Pocahontas County involved in this study 

consists primarily of Upshur stony silt l oam (Williams and 

Frid19y, 1938), with lesser amounts of Upshur silt loam, 

and a, very small area of Leetonia stony los.m ~ Again there 

is no indication that a specific soil type contributes to 

slope failure by sliding . The Upshur stony silt loam which 

> has the greatest frequency of slides occupies the largest 

area of slope angles favorable to sli ding, and therefore 

it is not possible to determine the role of a specific 

soi l as opposed to .slope angle. 
., 

Based on the observations in many slide scars the soils 

do not have pronounced horizons. They . are classed as 

Inceptisols because they lack eluvial and illuvial horizons 

(Soil Survey Staff , Soil Taxonc~v : A Basic System of Soil 

Classification for Maki~£ end Interpreting Soil Surveys) . 

This is an indication of a rryoung" land surface , in the 

sense that soil is constantly being formed and removed by 

slope processes , even thcugh the topography is not enti rel y 

of recent origin . In addition, general slope ins tability 

is indicated by the lack of well- developed s oil horizons. 

Samples for X- ray analysis were c ollected f rom several 

elevations on the slopes.raneing from the Hinton- Bl uefield 

c ontact , near the slopa crest, to l ower elevations within 

100 feet (30 . 5 m) of the bsse cf the Bluefield . All 
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samples \•:er e taken from undisturbed soil profile s adjacEmt 

to t he slide scar heads. Profile one was collected on a 

42 degree slop~, on a well d~ained site , in Taylor Place 

Valley ( Plate I1I A) . The site lies on the concave portj_cm 

of the slope . Profile t<.vo ·was collected in Beard Place 

Valley (Plate III B), on a 35 rtegree slope at a well drained 

site , 200 feet (Gl m) from the ridge crest , on the convex 

portion of the slope . Profile t;1ree was collected near 

the cont&ct of the Bluefield-Hinton Formations at the upper ­

most slide in Beard Place Valley at a s omewhat poorl y 

drained sit e, on a 33 degree slope . Profile four was col -
., 

lected in Tayl or Place Valley , on a concave portion of the 

slope near t:1.e ridge crest . The slope angle was 33 degrees . 

Profile five was collected fro~ Taylor Place Valley on a 

33 degree slope , from a well drained site , in a northwest 

t r ibutary chute to . the main valley. The slope is concave 

at the point of collection. 

X- ray diffraction cf soil samples (Table VIII) done 

a t the laboratories of the West Virginia Geol ogical and 

Economic Survey i ndicate ti.1e presence of Kaolinite com­

pr ising 40 to 50 percent , Illite 30 to 45 per cent, 

Vermiculite 0 . 3 to 25 percent and Chlorite Oto 1 ; 7 percent . 

Mon.tmorillcni te was not detected . 1/Jhen Illi te to 

Vermiculite ratios are compared within the pr ofiles there 

is only a ve1~y slight rise in the amount of Vermiculite 

bel cw the surface horizon , however the i ncr ease does not 
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contj_nue throughout the remainder of the profile . There is 

no corresponding decrea3e. in the proportj_oE of Illi te at 

these levels in the horizon. The rasults reflect ~1e 

instabiJ.5.ty of soiJ_s on the slopes, ivhich generally permit 

only limited soil horizon development. The variation in 

the proportion of Kaolinite, ·wh.:i.ch is the dominant clay 

mineral, is only 10 percent throuehout the ~ampled area 

and therefore apparently is not a factor in the localiza­

tion of slides~ nor is hydration of swe11ing clay minerals . 

Vegetation in the research area consists of the mixed 

hardwood forest on app:,·-oximately 78 percent .,of the area 

and clear land comprisine the remainder. The clear l&nd 

. is primarily u ... viirr..proved pasture with less than ten percent 

U...'1der ct...ltiva·tion or in 1.lJ:tY crops . Despite the fact that 

the area of tir:i.ber is a large percentage of the total , 

only 47 percent of the slides occur there. It appears 

that forest cover is a localizing facto:!'.' in that it reduces 

the frequency of slides . Temple and Rapp (1972) find an 

even greater impact fn Tanzania where forest reduces the 

number of slid.es to one percent of the total number . In 

a study of debris slide locations in the Appalachian 

Mountains, Scott (1972) , concludes that healthy forest 

cover does reduce the incidence of debris slides . The 

results may have been difi'eront if. high winds had accom­

panied the storms . In othe~ aroas such as Alaska, Bishop 

and Stevens (1964) and Swanston (1967) D:)ted an i.ncrease 
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in ~lope failure by sliding after clear-cut logging operations. 

The Taranaki- 1.fanganui ( Cll.'Ilberland , 19'4-L+) region cf North 

Island , New Zealand was forested untj_l the late ].800's 

and early 1900's ~1en the forests we~e burned and grass 

was planted . The area ,,ras then grazed by cattle and sheep . 

Thousands of debris avalanches have occurred on these slopes 

in recent decades. The clear land of the Spring Creek 

drainage basin compris_es approximately 22 percent of the 

total e.rea, however it has 53 percent of the slides. The 

clear land. with uni.mproved pasture which is g:razed by 

sheep and cattle appears to slide more readily than timber-., 
la~d, however the total thickness of soil removed tends to 

be less in pasture. 

V. CULTURAL FACTORS 

_ 'J'.he major cuJ. tural factor that has localized debris 

slid.es in Greenbrj_er County is the clearing of forested 

land and subsequent grazing of this land . The process of 

land clear5-ng extends over a period of time with some of 

the older pastures having been cleared approximately 100 

years ago. In forested land, timber cutting was intense 

from the late 1920 ' s through the mid-1930 1 s . Railroads 

were built into the larger valleys to remove the logs, 

while hor·ses \\'ere used to move the logs to the railroad . 

There are no reports of major fires associated with the 

logging in this area as there were in many other areas . 
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Logging with horses did not produce major slope damage in 

the way that today 1 s mechanized equipment does. Selective 

cutting of ti~bcr continues in the area to this day. 

Logging :co2r.lr; used: ty r:1ech8nized equip::1ent produce 

slides both up slope from the trail and on the slopes 

im.-nediately belcw. An area o:f timber cut 10 to 15 years 

ago, (Flate II, directly south of }Cennj.son Mtn. ) ~ demon-­

strates this very vrell. The ro[:d. cut and berm tend to slide 

easiJ.y in the more rece~tly used roads, prirr.aril y because 

of the response of the oversteepened su2faces to sheet flow 

and underc~ttin~. There i~ little evidence of impact in 

areas where l ogging w2 s accomplished 3.5 to 1-i.() years a.go . The 

mechanized logging traj.1.s appear to interfere id th the 

subsurface sci1 w2.ter movement in such a way that the 
,_ 

vtate~ ,v·ill bu1~st through up slope £ror .. 'l the highly cornpacted 

trail .i.n · the form of a ·vate1.~ blowout because of the incyeaseci. 

por e pressure . As an example of extreme pore pressure, 

Rapp (1963) reports an eye- witness account by a Nor"wegian of 

water spraying out in small cascades from the moving earth. 

Where this conce:.:1trated flow strikes the land surface below 

the trail, a second slide is initiated . In · sor:ae cases wnole 

segmeuts of the trail are removed as one unit by the activity 

dGscribed a'bove , rather than as two separate slides . 





·, 
So:i.ls with greawr stone content (.Table VI, p. 58) 

resist sliding better than soils with a lower stone content 

illust.rated by the 527 slides· in timberland, which occurred 

on soils with the least ctone and const itute 74 percent 

of the total slides in that land use category. When a 

comparison is made with stone content of soils in clear 

land and its aff6ct on slide localization, 610 slides or 

74 percent occurred in soils with the least·stone content . 

The type of vegetation has no apparent impact on soils 

with a very lou stor1e content . Based on field observations , 

the author interprets this to meai1 that ti1€$ stone content 

reflects bedrock characteristics which have an imp2.ct on 

slide localj_zation, rather than stone content within the 

soil affecting its potential to sJ.ide . The soils with 

higher stone content generally are derived from rocks with 

highe·r quartz sandstone content , especially in the higher 

elevations of forested land . Terzaghi (1950) explains th3t 

for quartz, water acts as an anti- lubricant . Therefore 

increased content of quartz- bearing stone in the soil would 

reduce its .tendency to slide. The low stone content soils 

occur on shale 2.r:.d calcareous shale, especially the Blue­

field Fo:cmation, which is extremely slick when wet . 

One additional factor ~hich appears to have prevented 
I 

slides was noted on a small portion of the area located in 

the narrow strip of timber just west of· Jacox Knob . An 

area consisting of approximately 30 acres (12 . L,. hectares), 
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. I 

most of it timber which was open 'tnd pa1~k- like in character, 
) 

with very limited.litter on the forest~ oor had no slides . 

Investigation revealed that the area had been grazed 

extensively by goats for a period of time. It would appear 

that the reduced in.filtratio:1 on this type of land may have 

prevented slides. Slides ,,;·ere found surrouncting this area, 

and evidence of heavy sheet flow is present on the land 

immediately do·\"m-slope. The storm does not appear to have 

missed this small area. 

•' 



CHAPTER VI 

SUMI1ARY AND COl>:CLUSIONS 

A large nDmber of detris slides , extensive channelwRy, 

and flood plain d2mage resulted from th0 hv0 .intense re.L1-

storr.1s of 19- 20 Aug1.1st and 5-6 September 1969. The damags 

to buildings, roads and bridges was extensive. Ths less 

of two lives and h.s.rd.shi.ps imposed 011 the survJvors add 

to the tragedy of these events . 

The two storms followed. :11u 0h the same path through 

the area suggesting the i~portance of the topographic 

" setting of the Spring Creek dra i.n2tge bas:i.n. It is unusual 

for these two events to follow each other so closely, when 

the best available pro.jectim:·1s indicate an expected recu:::--­

r ence interval greater than 100 years. A t otal of 1,534 

individual sJ.ide scar heads we·cE: found and a rec orc1. was 

made of their physj_caJ. cha-r·actc:;:-i.sti.cs . The majority of 

the s1idas ..,,,ere conceB-tY-ated in an area of approxiina.tely 

22 .5 squ~r~ mile8 (58 . l sq . km), in an elongite pattern 

directly ~:nder the area of most intense ra.infall , in a 

total area of approximately 36 . 5 square mile s (94 . 2 sq . km) . 

Movement is thought to be_ j_nitiated by failure of a 

segment of slope rcgolith at the scar head with the mass 

of moving rock, soil, forest debris and water developing 

irito a debris flow as it c ontinued do•,.n slope . The path 

over which tt flows is eroded to a dep.th rangi ng frcm a 
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few inches to several feat, forming a chute , which may be 

a new headward extension of an existing ephemeral channel 

or a deepening and widening of a chanr1el that was present 

before the slide occurred. If the slide enters a large 

existing ·channel the material is usually carried entirely 

out of the area . Slides that occurred where no channel 
-existed, spreed their m2.terials over the area dm-m slope, 

with sheet v;ash remov1ng material up to cobble size, and 

only lodged timber and boulder size material r emains on 

the slope .-

Slide d-imensions mean values are 30 . 15 feet (9 . 2 m) 
" 

for the length of the scar head, and 36 . 35 feet (11 . 1 m) 

for the scar head width. The r:-ange of sli de scar head 

length is less than a foot (.3 m) for some slump blocks 

to 150 feet (45.7 m) for the large debris slides . The 

range in maximum slide scar head width is f r om J.ess than 

ten feet to 590 feet (3 . 1 m to 159 . 8 m) . The area of 

land disturbed at an individual site and the volume of 

regoli th removed range from 20 squar e fee_t (1 . 9 sq . m) , 

disturbsd and 6 . 6 cubic feet (1 . 9 cu . m) removed t o 
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64 , 900 square feet (6,029 . 2 sq . m) and 860,500 cubic feet 

(24,369 . 4 cu . m) removed. No attempt was made ta establish 

the volume cf material removed from the slide tracks and 

chutes or the total land surface area that was distur bed 

( as by sheetwash, erosioi1 and by gullying) because of the 

large area involved and the lack of pre--storm channel size 

a.nd form data . 



100 

Slide scar huads were found at elevations ranging from 

2,150 feet t~ 3,960 fee t (655-3 m to l , ~07 m) . Mean slope 

angles for inC:Svid.ual sJ..i.de scars on natural slop2s range 

from 18. 8'.) d.eg!'9es i n clear la!!d to 16 . 67 degre0s in timber-

land ' 1 i'·t" ,., ,.,." ,_ . .,., ··::iJ,,~ ""'o"· ,..,-. "'-'~d·c,:, o""' 7 /.i. ·9··7 ,..egr-=-c.s , , LJ. ,..c .,!,c;a,.l V .•.. v.,; .I. ~ c.. .,.J_ .:.,.1 • .J. . • , , .I . ./ - •· , ,. , ,:.,:;. • 

As a geocorphi8 p:"'ccess tt.e debr-j.s slide is an ager.·i:; 

in valley for~ation and modification . Sliding may i~j_tiite 

first- order va 2.ley de,.reJ.op!:10nt and inc:ceaSf:, heidward length 

of existing valleys. HigbE-:r-order valleys and s1opes may 

be modified . The relative importance of dabrj.s slides in 

valley and topcg~aphy • odificaticn deuends on the recurrence - ., 

interval and severity of slide produci.ng storrr.s. The 

recurrence intervals a:r-e based o:n present clir1iatic data . 

Climatic: changes a::-id rev.i.sion s of climatj_c data thrcugh 

\ time may alter these results. 

The Southeast ern U.n.ited States is most like1y tq 

receive severe rainstorms with debris slide producing 

capability according to available precipitation data . 

This haz2.rd exists th!'cugho,.1t the entire length of the 

Appalachj_an Highlands , but appears to be slightly less in 

the New York--Ne·.-, England area (1,'!orth J'ieteorological 

Organiza~ion, Technical Note No . 98, 1969) . . Critical 

precipi ta.tion emounts ',vill vary somewhat throughout this area 

because of other local fact~~s that may be of more importance. 

Continued accumulation of data and addi.tiona.l stud.ies will 

refine the relative importance of the f actors involved. 
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Slj.de location and distribution are controlled by the 

complex interactjon of several natural physical factors and 

the influence of man's activity . 'Ehe -i :npact of man's 

2.ctivity is changing with time . At present some of the 

cleared land is being reforested or no longer grazed and 

cultivated so i t can r eforest naturally. An opposing 

influence i s presented by greater use of the land for 

recreation, which i.nvolves c onstruction of roads and 

recreational facilities and buildings . All known debris 

slides in the unglaciated Appalachian Highlands have been 

associated with heavy or prolonged rainfall on steep slopes . .. 
The added impact of man I s activity j_nvolvj_ng these steep 

slopes must be considered when evaluating the probability 

0 -~ 
J . slope failure . 

Precipitation is the critical localizing agent, 

especially when high infiltration rates caus e sudden rise 

i n pore water pressure , reducj_ng soil and regolith 

she2.ring strength (Temple and Rapp, 1972). 

How much rain and how f8.st it must fall to prcduce 

slides are not accurately knovm .. Calculation of an accura.te 

re~urrence interval is practically impossible because of 

limitations of available data and is of litt le help to the 

people directly i nvolved when two severe si:orms occur 

within an unexpectedly short ti1:!e interval . . The best 

available recurrence interval of soml?what greater than 

100 years for- the Spring Creek <:1r2.:i.na·ge bssin has its 



greatest value for aseessing th~ relative importance of 

debris slides in drainage system and slope modification. 
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Slope form and inclination re,nk second_ in .:mp0rtanc9 

as slide localizing factors. Slide scars in foiestcd land 

ara most common in low order valleys &nd incipient water 

collection areas, especially if these correspond to areas 

of young regroi•rth timber or bea!"' some impact of logging 

wj_th mechanized equipment within the past 10 to 15 years. 

Slides in clear land are not associated with the dfainage 

network to- any great degree but respond directly to precipi­

tation and slope inclination . Higher rates of water 

infiltration appear to increase the incidence of sliding . 

Minimum slope angle in forest land is 16.67 degrees while 

in clear land it is 18.89 -degrees . 

The most important geologic factor · is lithology. 

Roel-;: uni ts that weather into '}TJ.ifo1~mJ.y fine textured soils 

with relatively low quartz content tn both . rock units and 

soil are much more prone to iliding in both timber and 

clear land ercrzaghi, 1950, Yatsu, 1967). Re·sista.nt units 

within the above lithology increase the incid8nce of 

sliding "both ebove and below '1/r!ere t hey crop out . Inclina­

tion of bedding was too small to be of any significance 

and the vertically oriented .joints a.ppear to be too widely 

spaced to have an effect . Lithologies with relatively high 

quartz sand content and a characteristic of weathe~ing in 

such a manner as to produce boulder size blocks and boulders 
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are located on steep forested slopes but are not prone to 

sliding . 

Observatio:ns of e:xpo.5ed soil profj_les and • X- ray analysis 

of soil samples ahow ·t he soils tc be Inceptisols . No relation­

ship between soil minera logy alone and slope failure could 

be identified. Mass movement initiated by hydration of 

swelling clays is not proposed because these were not 

detected in. the samples. 

The influea ce of vegetation is primari ly confined to 

its role in controlling the t:hickness of soil removed by 

the slides . In forested areas the entire thickness of 

soiJ. and regolith was removed. in 75 percent of the sltdes , 

while in clear land the entire thickness of soil and 

regolith was removed in 60 percent of th8 slides , indi­

cating the tendency for soils vegetated by grass to fail 

above the 11 C" horizon boundaries . Tree types are too mixed 

for specific associ ations to be identified with slide 

localization,. with the exception tha t no slides were found 

in laurel thickets . All other types of vegetation were 

found at slide sites . 

Nu~erous possible causes of lendslides have been pro­

" posed by various authors for occurrences in other areas . 

These were found to have no application or such J.irn.i. t ed 

e.:pplication to the reseaTch area of this study as to be 

insignificant . 
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Detailed field investj_gation of a J.;;3.rge area with an 

extr_e""cly 2.crge number o:f debris slides in the Spring Creek 

drainage basin provided the data for the analysis of facto·rs 

causing debris slides in this physical setting and for 

_locatj ng the .storm path with respect to the topography. 

The evaluation oi' imagery indic2.ted. the val'-le of several 

types and conditions t:.nder which they were used . The ASCS 

photography was tbe most useful, though its usefulness was 

reduced by leaf canopy and shadows on steep slopes to the 

extent that it was necessary to visit each site to obtain 

the accuracy desired for this study . Twenty- eight percent ., 
of the slides would have been missed and a small fraction 

of a percent of the scars visible on the photbgraphs would 

have been impossible to correctly identify. The four-, . . 

emulsion f:i_lm and thermal scanner mission was flo·,,rn 18 

mbnths after the storms occurred, in• March before leafing 

had occurred . The time element considerably reduced its 

possible effectiveness, deipite the fact that the absence 

of leaves was a g:.:·eat help over the October 1969 ASCS 

photography. The slide chutes and. splays which had made 

possible the location of many slJ.d.es in the dense tall 

timber, on the October 1969 pcotography were now invisible. 

The importance cf prompt c:.erie.l missions cannot be over 

empha.sized . The Ekt=.tc1.1.r0me Infrared Aero imagery was the 

most useful material acauired on ti:e 1971 mission . 'l'he 

relatively small target provided by the slide scar heads 



105 

was inadequate for the thermal scanner to record with su:f­

ficient clarity to be useful, despite 2.t-tempts -co 

photographicaJ.ly eYJ.l arge the negc1.tives and to enhance the 

results using a microdensitometer . Improper tape speed at 

the time of the flight and navigaticna.L problems which 

produced extensive holidays int.he coverage compounded 

the pr·oblem. 

The need for improving the timing and accuracy of the 

flight path is obvj_ous and 1,vill provide data which will 

greatly reduce the field time requ:i..red for this type of 

study. Accumulation of more meteorological data through 
., 

time will improve the recurrence interval projections . 

It is doubtful whether great improvement can be achieved 

at the s.i te of the indi victual slide until contin~..1.ous 

monitoring of possible debris slide sites and model study 

is established . Further study will be useful in identi­

fying more of the factors and their relative importance . 
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APPENDIX A 

DISTRIBUTION OF SLIDES WITH RESPECT TO LAND USE 

LOCATION T- RATIO T- SLIDES C- RATIO C- SLIDES 

1 : 0 . 94 0 0 . 06 0 
2 : 1 . 00 0 0 . 0 0 
3 : 0 . 65 0 0.35 2 
4 : 0 . 75 0 0 . 25 0 
5 : 1 . 00 0 0 . 0 0 
6 : 0 . 90 0 0 . 10 0 
7 : 0 . 52 0 0 . 48 1 
8 : 0 . 70 0 0 . 30 5 
9 : 0 . 88 0 0 . 12 0 

10 : 1.00 0 0 . 0 0 
11 : 1 . 00 0 0 . 0 0 
12 : 1.00 0 0 . 0 0 
13 : 1.00 0 0 . 0 0 
14 : 0 . 55 0 0 . 45 0 
15 : 0 . 52 0 0 . 48 0 
16 : 0 . 38 0 0 . 62 4 
17 : 0 . 75 0 0.25 0 
18 : 0 . 85 0 0 . 15 0 
19 : 1 . 00 0 0 . 0 0 
20 : 0 . 73 0 0 . 27 0 
21: 0 . 91 0 0 . 09 1 
22 : 0 . 25 0 0 . 75 6 
23 : 0 . 13 0 0 . 87 0 
24 : 0 . 8 5 0 0 . 15 0 
25 : 1.00 0 0 . 0 0 
26 : 1.00 0 0 . 0 0 
27 : 1.00 0 0 . 0 0 
28 : 1. 00 0 0 . 0 0 
29 : 0 . 79 0 0 . 21 1 
30 : 0 . 70 0 0 . 30 0 
31 : 0 . 25 · o 0 . 75 7 
32 : 0 . 39 1 0 . 61 0 
33; 0 . 25 1 0 . 75 9 
34: 0 . 77 0 0 . 23 3 
35 : 1.00 0 0 . 0 0 
36 : 1. 00 0 0 . 0 0 
37 : 0 . 85 0 0 . 15 0 
38 : 1.00 0 0 . 0 0 
39 : 0 . 94 0 0 . 06 0 
40 : 0 . 75 0 0 . 25 0 
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DISTRIBUTION OF SLIDES WITH RESPECT TO LAND USE 
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LOCATION T- RATIO T-SLIDES C-RATIO C- SLIDES 

41: 0 , 55 0 0 . 45 0 
42: 0 . 64 4 0 . 36 0 
43: 0 . 70 9 0 . 30 8 
44: 0 . 38 10 0.62 2 
45: 0.20 18 0 . 80 27 
46: 0 . 88 0 0.12 0 
47 : 1.00 0 o.o 0 
48: 1.00 0 0 . 0 0 
49: 1.00 0 0 . 0 0 
50: 1.00 0 0 . 0 0 
51: 1.00 0 0.0 0 
52 : 1.00 0 o.o 0 

·53: 0.90 0 0 . 10 0 
54 : 0 . 50 0 0.50 34 
55: 0 . 32 5 0.68 30 
56: 0.44 1 0 . 56 0 
57 : 0 . 50 0 0.50 0 
58: 0 . 75 0 0 . 25 0 
59 : 0.36 0 0.64 0 
60 : · o. 55 0 0.45 0 
61 : 0.21 0 0.79 0 
62 : 1.00 0 0.0 0 
63: 0 . 90 2 0.10 0 
64 : 0 . 45 0 0.55 0 
65 : 0 . 32 0 0 . 68 0 
66: 0 . 20 0 0.80 1 
67 : 0.34 0 0.66 4 
68: 0 . 48 1 0.52 3 
69 : 0.45 19 0.55 7 
70 : 0.0 0 0.0 0 
71: 0 . 70 6 0.30 0 
72 : 0.55 18 0.45 26 
73 : 1.00 29 0 . 0 0 
74: 1 . 00 3 0 . 0 0 
75: 1.00 0 0 . 0 0 
76: 0.75 2 0.25 3 
77: 0 . 62 11 0.38 5 
78 : 0.50 25 0.50 19 
79: 0 . 38 10 0.62 39 
80 : 0.30 4 0.70 12 
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DISTRIBUTION OF SLIDES WITH RESPECT TO LAND USE 
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LOCATION T- RATIO T- SLIDES C- RATIO C- SLIDES 

81 : 0 . 44 12 0 . 56 6 
82 : 0 . 50 4 0 . 50 0 
83: 0 . 31 0 0 . 69 4 
84 : 0 . 94 0 0 . 06 0 
85: 0 . 75 0 0.25 0 
86 : 0 . 85 7 0 . 15 3 
87 : 1.00 10 0 . 0 0 
88 : 0 . 96 18 0 . 04 0 
89 : 0.57 0 0 . 43 3 
90 : 0.50 0 0 . 50 8 
91 : 0 . 75 0 0 . 25 2 
92 : 0 . 80 7 0 . 20 0 
93 : 0 . 33 0 0 . 67 13 
94 : 0 . 82 0 0 . 18 0 
95 : 0 . 90 0 0.10 0 
96 : 0 . 30 0 0 . 70 0 
97 : 0 . 91 0 0 . 09 0 
98 : 0 . 82 0 0 . 18 0 
99 : 0 . 43 0 0 . 57 4 

100 : 0 . 56 3 0.44 0 
101 : 0 . 48 1 0 . 52 2 
102 : 0 . 40 2 0 . 60 1 
103 : 0 . 88 5 0 . 12 0 
104 : 1.00 11 0 . 0 0 
105 : 1.00 0 0 . 0 0 
106 : 1.00 22 0 . 0 0 
107 : 1.00 2 0 . 0 0 
108 : 1.00 0 0 . 0 0 
109 : 1.00 0 0 . 0 0 
110: 1.00 0 0 . 0 0 
111 : 0 . 98 0 0 . 02 0 
112 : 1.00 0 0 . 0 0 
113 : 1.00 0 0.0 0 
114: 0 . 74 4 0 . 26 0 
115: 0 . 32 1 o . 68 0 
116: 0 . 50 0 0 . 50 0 
117 : 0 . 60 1 0 . 40 0 
118 : 0 . 32 0 0 . 68 0 
119 : 0.52 0 0.48 0 
120 : 0 . 45 0 0 . 55 1 
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DISTRIBUTI ON OF SLIDES WITH RESPECT TO LAND USE 
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LOCATION T- RATIO T- SLI DES C- RATIO C- SLIDES 

121 : 0 . 80 1 0 . 20 0 
122 : 0 . 12 0 0 . 88 11 
123: 0 .40 0 0 . 60 0 
124: 0 . 8 2 0 0 . 18 0 
125 : 0 . 87 0 0 . 13 0 
126: 0 . 64 0 0 . 36 0 
127 : o.42 10 0 . 58 1 
128 : 0 . 76 4 0 . 24 0 
129 : 0 . 85 17 0 . 15 8 
130 : 0 . 75 22 0 . 25 14 
131 : 0 . 82 5 0 . 18 0 
132 : 1 . 00 0 o . o 0 
133 : 1 . 00 0 o.o 0 
134 : 1 . 00 0 o . o 0 
135 : 0 . 82 0 0 . 18 0 
136 : 0 . 82 8 0 . 18 0 
137 : 0 . 82 62 0 . 18 8 
138 : 0 . 79 0 0 . 21 0 
139 : 0 . 55 1 0 . 45 1 
140 : 0 . 91 17 0.09 0 
141 : 0 . 60 4 0 . 40 1 
142 : 0 . 44 3 0.56 2 
143: 0 . 82 0 0.18 0 
144 : 0 . 85 0 0.15 0 
145 : 0 . 97 0 0 . 03 0 
146: 0 . 94 2 0 . 06 0 
147 : 0 . 82 3 0 . 18 0 
148: 0 . 75 2 0 . 25 0 
149: 0 . 62 0 0 . 38 0 
150 : 0 . 82 0 0 . 18 0 
151 : 1 . 00 0 0 . 0 0 
152: 1 . 00 0 0.0 0 
153 : 0 . 62 0 0 . 38 7 
154 : 0 . 48 0 0 , 52 13 
155 : 0.30 26 0 . 70 23 
156 : 0.66 15 0 . 34 0 
157 : 0.55 15 0 . 45 2 
158 : 0.68 23 0.32 3 
159: 0.80 3 0 . 20 0 
160 : 0 . 94 9 0 . 06 0 
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DISTRIBUTION OF SLIDES WITH RESPECT TO LAND USE 

LOCATION T- RATIO T- SLIDES C- RATIO C- SLIDES 

161 : 1.00 0 0 . 0 0 
162 : 1.00 0 0 . 0 0 
163: 1.00 1 0 . 0 0 
164 : 0 . 90 7 0 . 10 0 
165 : 0 . 82 4 0 . 18 0 
166 : 0 . 85 23 0 . 15 0 
167 : 0 . 82 7 0 . 18 8 
168 : 0 . 18 1 0 . 82 20 
169 : 0 . 60 7 0 . 40 3 
170 : 0 . 40 6 0 . 60 3 
171 : 0 . 43 2 0 . 57 20 
172 : 0 . 75 0 0 . 25 0 
173 : 0 . 97 1 0 . 03 0 
174 : 1 . 00 0 0 . 0 I 0 
175 : 1.00 0 o.o 0 
176 : 0 . 48 0 0 . 52 0 
177 : 0 . 50 2 0 . 50 0 
178 : 0 . 85 0 0 . 15 0 
179: 0,77 0 0 . 23 0 
180 : 0 . 76 1 0 . 24 0 
181 : 0 . 43 1 0 . 57 1 
182 : 0 . 36 3 0 . 64 0 
183: 0 . 24 2 0.76 4 
184: 0 . 52 10 0 . 48 2 
185 : 0 . 21 4 0 . 79 25 
186: 0.12 3 0 . 88 50 
187 : 0.38 14 0 . 62 9 
188 : 0 . 82 33 0.18 0 
189 : 0 . 45 27 0 . 55 4 
190: 0 . 98 8 0 . 02 0 
191 : 1.00 0 0 . 0 0 
192 : 1.00 0 0.0 0 
193: 1.00 0 0.0 0 
194 : 0 . 95 2 0.05 2 
195: 0 . 24 2 0.76 22 
196 : 0 . 64 4 0 . 36 12 
197: 0 . 68 9 0 . 32 6 
198: 0.88 4 0 . 12 3 
199 : 0 . 50 4 0 . 50 2 
200 : 0 . 97 0 0.03 0 
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DISTRIBUTION OF SLIDES WITH·RESPECT TO LAND USE 
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LOCATION T- RATIO T-SLIDES C- RATI O C- SLIDES 

201 : 0 . 82 6 0 . 18 0 
202 : 0 . 98 5 0.02 0 
203 : 0 . 38 0 0 . 62 . 1 
204 : 0.90 2 0 . 10 0 
205 : 0 . 91 9 0 . 09 2 
206 : 0 . 82 0 0 . 18 0 
207: 0 . 50 3 0 . 50 2 
208 : 0 . 24 2 0 . 76 5 
209 : 0 . 12 0 0.88 20 
210 : 0 . 88 2 0 . 12 4 
211 : 0 . 24 0 0 . 76 13 
212 : 0 . 15 0 0 . 85 5 



APPENDIX B 

SAMPLE T- STATISTIC CALCULATIONS 

TSTAT 
ENTER SAMPLE SIZES Nl N2 ... 

101 101 

. ...... 
STATISTICS FOR THIS SAMPLING ... 

XBAR = 5. 810993859 
YBAR = 8 . 334223562 
SX2 = 171 . 6951285 
SY2 = 223. 8224137 
Nl = 101 
'N2 = 101 
DEGREES OF FREEDOM= 200 

T = 1. 275071681 

ENTER SAMPLE SIZES Nl N2 . . . 

131 131 

STATISTICS FOR THIS SAMPLING ... 
XBAR = 6.743681919 
YBAR = 8.395471394 
SX2 = 196.4498166 
SY2 = 200.7863041 
Nl = 131 
N2 = 131 
DEGREES OF FREEDOM= 260 

T = 0.9485625548 
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APPENDIX B (Continued) 

ENTER SAMPLE SIZES Nl N2 .. . ENTER SAMPLE SIZES Nl N2 ... 

80 80 80 80 

....... . .. ... . 
STATISTICS FOR THIS SAMPLING ... STATISTICS FOR THIS SAMPLING ... 

XBAR = 5 . 436391355 XBAR = 4.791785587 
YBAR ~ 8 . 648197017 YBAR = 7.595089202 
SX2 = 99 . 41106836 SX2 = 80 . 50659048 
SY2 = 250. 4867152 SY2 ::: 198.6778235 
Nl = 80 Nl = 80 
N2 = 80 N2 = 80 
DEGREES OF FREEDOM= 158 DEGREES OF FREEDOM= 158 

T = 1 . 53576108 T = 1 . 500615908 

ENTER SAMPLE SIZED Nl N2 . . . ENTER SAMPLE SIZES Nl N2 ... 

80 80 90 90 

....... . ... ... 
STATISTICS FOR THIS SAMPLING ..• STATISTICS FOR THIS SAMPLING . .. 

XBAR = 6 . 907944824 XBAR = 7 . 824850696 
YBAR = 8.153773461 YBAR = 7 . 820435489 
SX2 = 177.2821419 SX2 = 252 . 1902395 
SY2 = 226 . 7137884 SY2 = 225 . 0340525 
Nl = 80 Nl = 90 
N2 = 80 N2 = 90 
DEGREES OF FREEDOM= 158 DEGREES OF FREEDOM= 178 

T = 0 . 5543892595 T = 0 . 001917392729 
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APPENDIX B (Continued) 

ENTER SAMPLE SIZES Nl N2 ... ENTER SAMPLE SIZES Nl N2 ... 

78 78 120 120 

.... ... . ... . .. 
STATISTICS FOR THI S SAMPLING ... STATISTICS FOR THIS SAMPLING .. . 

XBAR = 6 . 487239331 XBAR = 5 , 547143496 
YBAR = 8.070527316 YBAR = 8 . 348751034 
SX2 = 210.5643367 SX2 = 140. 7136853 
SY2 = 178. 5891306 SY2 = 213. 561399 
Nl = 78 Nl = 120 
N2 = 78 N2 = 120 
DEGREES OF FREEDOM= 154 DEGREES OF FREEDOM= 238 

T = 0 . 708837631 T = 1. 630525575 

ENTER SAMPLE SIZES Nl N2 . .. ENTER SAMPLE SIZES Nl N2 .. • 

80 80 130 130 

. . . . . . . . ..... . 
STATISTICS FOR THI S SAMPLING ... STATISTICS FOR THIS SAMPLING ... 

XBAR = 7 . 956976463 XBAR = 6 . 661224916 
YBAR = 7 . 629744125 YBAR = 7 . 622449285 
SX2 = 292 . 547398 SX2 = 200.2849647 
SY2 = 187. 8376787 SY2 = 202. 046692 
Nl = 80 Nl = 130 
N2 = 80 N2 = 130 
DEGREES OF FREEDOM= 158 DEGREES OF FREEDOM= 258 

T = 0 . 1335384882 T = 0 . 5463920176 
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APPENDIX B (Continued) 

ENTER SAMPLE SIZES Nl N2 ... ENTER SAMPLE SIZES Nl N2 ... 

140 140 48 48 

.... ... . ...... 
STATISTICS FOR THIS SAMPLING •.. STATISTICS FOR THIS SAMPLING • .. 

XBAR = 7 . 059026563 XBAR = 5. 559941963 
YBAR = 8 . 321931247 YBAR = 10 . 86270344 
SX2 = 185 . 5485401 SX2 = 86 . 73104592 
SY2 = 217.3240271 SY2 = 312 . 6243872 
Nl = 140 Nl = 48 
N2 = 140 N2 = 48 
DEGREES OF FREEDOM= 278 DEGREES OF FREEDOM= 94 

T = 0 . 7444760725 T = 1. 83841228 

ENTER SAMPLE SIZES Nl N2 •.. ENTER SAMPLE SIZES Nl N2 ... 

30 30 50 50 

. . . . . . . ... .. .. 
STATISTICS FOR THIS SAMPLING . . . STATISTICS FOR THIS SAMPLING ... 

XBAR = 3 . 981127284 XBAR = 6 . 233506972 
YBAR = 7 .87060447 YBAR = 3. 388577666 
SX2 = 46 . 79365154 SX2 = 235.2462192 
SY2 = 159.8376836 SY2 = 59 -38983384 
Nl = 30 Nl = 50 
N2 = 30 N2 = 30 
DEGREES OF FREEDOM= 58 DEGREES OF FREEDOM= 98 

T = 1 . 482018977 T = 1.171962019 
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APPENDIX B (Continued) 

ENTER SAMPLE SIZES Nl N2 ... 

150 150 

.... ... 
STATISTICS FOR THIS SAMPLING .. • 

XBAR = 6 . 46052836 
YBAR = 8 . 572679427 
SX2 = 202. 7763551 
SY2 = 227.5280068 
Nl = 150 
N2 = 150 
DEGREES OF FREEDOM= 298 

T = 1. 247046742 

ENTER SAMPLE SIZES Nl N2 . .. 

160 160 
WS FULL 
T_STAT 9 XX XXX Vl ; 

)COPY CONTINU 

ENTER SAMPLE SIZES Nl N2 . .. 

25 25 

. ...... 
STATISTICS FOR THIS SAMPLING 

XBAR = 8 . 70530303 
YBAR = 11.26201043 
SX2 = 336.3747393 
SY2 = 254 . 4305955 
Nl = 25 
N2 = 25 
DEGREES OF FREEDOM= 48 

T = 0.5259310699 

ENTER SAMPLE SIZES Nl N2 .. . 

70 70 

STATISTICS FOR THIS SAMPLING ... 

XBAR = 6 . 885828543 
YBAR = 5 . 288663945 
SX2 = 246 . 4936024 
SY2 = 88 .48825771 
Nl = 70 
N2 = 70 
DEGREES OF FREEDOM= 138 

T = 0 . 7301095856 
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