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~~ U m~ZvzIozMGNTrL DUSCRIPTIONS OF WINGhR TRAININ4G 3*

to W3U1TAIN TRAWZNIG ARZAo NORTH 001A,

1,. IN~TRODUCTION

I .Purpose and Scope of the Investigation

.1The present study is a part of the U. S. Army Research and Develop-

.ment Prnjoot bZEQA (Military Evaluation of Geographic_ areos) for W1bLi

'Ithe adminiistrative and technical'services of the Wataweys 9XPevtisot.

8tation, Corps of Engineers, Vichsburg, Miss., htvo been delegateod-

investigative reapensibility. As a phase of thea pr.ojet, ..a- teaR.*&WR

II ~of University of Tenneswee personnel under the operational; str&Aýtws~eo

the Engineering Experiment S1tatLon was given astpo ar t f or'!A a std 07nit it TG

"Environuiantal Descriptions of Ranger Training Areas.". Three Ranger

[ training areas, at Fort Banning, Gas, SgLin Field, Florida, and northwest

of Dahlonega, Georgia, comprise the total area of study. The present,

~-: L report deals with the last named area which was qelected for the nta

investigation.

-The primary objectives of this study are (1) to determine the

[magnitude and distribution of environmental factors which relate to the
effectiveness of military operations, especially of tVe Ranger type,

1. (2) to express these factors in terms of quantitative and semi-qantita-

tive descriptive systems previously developed in ether phases of the

I 1ZOL project, and (3) to develop or improve upon thense and other systems

1.....
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or collection techniques necessary te adequately catalogtke and4 present

pertinent and usable environmental data.

'k Five environmental components are herein considered: surface

I lmacrogeometry, surface mLcrogeometry, surface composition, vegetation,

and hydraulic geometry. The degree of emphasis placed on each of these

compcuents was determined by Waterways Experiment Station project super-

visors. Particular consideration has been given macrogeometric terrain

analysis and physiognomic description of vegetation, with resulting , ý.

data plotted on areal maps on a scale of l125,000. Other environmental

factors involving surface materials, hydrology, and microgeometry are

also treated in this report to the extent that they could be adequately

assessed within the time limitations imposed upon this phase of the pro-

Ject, and to the degree deemed relevant to the type of military operation

involved.

L B. Location

i • The Mountain Training Area of the U. S. Army Rangers is located

in adjoining portions of southwest Fannin County, southwest Union County,

F and northwest Lumpkin County, in the Highland Section of north Georgia.

(Figure 1). The area lies southeast of Blue Ridge, Fannin County, south-

-'st of BlairsvLlle, Union County, and northwest of Dahionega, Lumpkin

[ County, the latter serving as a useful reference point for locating pur-

poses. The training area lies between longitudes 84001'1471 W and

84e10'24' W, and latitudes 30 361541" N and 30*49'28" N, covering approxi-

mately 97 square mileo within those boundaries.
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Tho Ab...* 14A. T!4"1v .,4*h4n tiha M1us Ridge Przvinea. with the

inner edge of the Piedmont Province, in the form of the Dahlonssg Plateau_

,T impinging from the south. The latter represents lest than four square

miles of the total area. The extreme southern portion of the area i.is a

part of a belt several miles wide in which spurs of Highland mountains

[ extend into the plateau-like Piedmont Province, and lobes of the latter

penetrate the Blue Ridge highland. Thus, provincial boundaries are

arbitrary in places.

Principal access t -A~rea is jr~ovided by Us 3. Highway 60 -Whi ch

Crosses the central portion of the area by way of Vilseet_ -apto:th

rnorthwest and Woody Gap to the southeast. Thes area vay be ente red from,

the northeast an Mulky Gap Road which connects. with U. :0. Righway 7

west of Blairivilie. U. S. Forest Service and logging reads within the.

area provide additional but often limited access to certain sections

The area is included on portions of ArmyMap Service Series 78*4

SLtopographic maps *4153 1 SW (Wilscot), *4153 1 SE (Mulky Gap), 4153 it NW

(?4oontootla), *4153 It NE (Suches), and *4153 It SB (Campbell Mountain).

[ on these maps, vertical (west to seast) grid lines 58 to 73 and horizontal

(south to north) grid lines 314 to 5.6 form extreme boundaries. These

lines, subdivided into tenths, provide a useful coordinate system for

[ locating data collection sites, and other points of reference.
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SI ~During the planning and early davelopmanil states .f the pro t, . .

Dr. Harry H. Ambrose, Department of Civil Engineering, and Dr. Royal 2.

iKhanks, Department of Botany, served as project coordinator and super-

vising consultant, respectively. The untimely deaths of these men with-

in a short space of time deprived the project of valuable contributions

which would have been made to this study.

Professor E, Carl 8hreve, Department of Civil Znginoering, has

served as project coordinator, and Dr. Fred H. Norris, Department of

Botany, and Dr. I. S. McLaughlin, Department of Geology and fography, -

have been supervising consultants.

Professor Dexter C. Jameson, Jr., Department of Civil Ingineering .

was supervisor of field and office work in connection with the projeoý.

Assisting in the collection of field data were Protesser Franklin 4obin;-n,

Hiwassee College, and Mr. A. R. Coker, now with the Tennessee ,vision

S~of Geology.

I f lMr. C. James Dunigan, Department of Geology and Geography, analysed

data and, with Professor Jameson, compiled the presentation on macreoe.-

[ metry and contributed to the section on hydrology and hydraulic geometry.

Professor Jameson supervised the cartography.

I Dr. Norris and Professor Robinson compiled and analysed the field

and aerial photograph data on veoetation and constructed the vegetation

map.

[
[
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Dr. McLaughlin coordinated the physical sections of the study,

developed the presentation on surface materials, and organized the re-

port.

Mr. Thomas E. Young, JHngineering Experiment Station, contributed

his skills to the presentation of graphic material used in the repert.

I Mr. William A. Goodwin, now with the Highway Research Board,

Ig Washington, and Mr. K. A. Whitehurst and members of the Engineering

Experiment Station staff provided technical and clerical services during

the course of the investigation.
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various phase@ of this study, the investigating team is especially grate-

[ful to officers and men of the Ranger Department, United States Army
Infantryt at Fort Benning, colonel J. A. Mead#, Jr., Lt. Col. John A.

I Fitspatrick, Jr., and members of the administrative staff; at the mountain

training camp, Lt, Col., M, R. Dame, Capt. Harry L. F. Ching, and members

of the operational staff.

[ ~Drs. Peter A. Krenkal and Peter Hecadley, Vanderbilt University,

gave freely of their time and patience in supplying the team with back-

II ground information on macregeoometric measurement during informative

[ briefing sessions in Knoxville and deserve special thanks. On another

occasion, the team benefitted from exchange of ideas and experiences

[ with Drs. Howard L. Mills and Sam Clegg of Marshall University.
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I inventory study of Fannin and Union Counties, Georgia.

For advice and guidance on numerous occasions both at Knoxville

and in the study area, a great debt of gratitude is owed to Waterways

ft Experiment Station personnel: Messrs. J. R. Compton, Warren E. Grabau,

I. Z. Garrett, B. E. Addor, and R. R. Friaess. It i a particular

ft pleasure to acknowledge the understanding and friendly spirit of ac-

operation exhibited by Mr. Garrett throughout the course of this in-

vestigation.
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A.'- Topograph

Topogaphially th Rngr ranngarsca e ivde it

t1. folloinge yigraphic D ivisions fo ot onrh

Southern Plateau Section. The inner edge of the Dahloneal

[ ~seater of the Piedmont Plateau. An iriegular bench .r

platform lying at the base of the Blue Ridge ascarp"eu

[ ~ ~~~and interrupted by proeceting spurs rmi~it )

The plateau-like character is readily seen in panoramic

view but hills and mountains rising above th general iut-

[ face of 1600-1800 feet and valleys cut betv it tend ti

obscure the fundamental pattern if viewed at class r~nge

[I(Figure 2 B), This division respresents approximately 14%

of the total area of study,

I. Southern Mountain Belt. The southernmost phyvsiegraphic

expression of the Blue Ridge Province in the study avea.

The belt terminates sharply southward with a high, steep,

and sinuous escarpment with projecting spurs (figure 3 A).

Summits reAch altitudes of 3000 test or more along the

crest which is broken by lops developed 200 feet or more

below the crest. The Tennessee Valley drainage divide is

located along the escarpment. The high elevations of this

section continue northward along the eastern and western



A

B
Figure 2. P.. View from Rdnger camp area toward Conner Mountain. B.
Panoramic view toward Dahioncga. Plateau surface shown in the distdnce.
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A

B

Figure 3. Southern 1\'ountain Belt. A). View to east of Hawk Mountain along
crest of the Blue Ridge. B. View tov.;ard the north from Hawk Mountain across
Frozen Knob.
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"i£ltiv M5 L hi 4W4 asaw Mguuy uw B). it centrolly locatse

mountain mas extends about fiLv miles northward. tvo .Coppe-r

IGap to maintain a drainage divide between Reck Creek and

the upper Toccoa River watershed.

Intermentane Basin Approxiiaten the central to north-central

section of the study area with a general elevation of

1800-1900 feet. The main arteries of the Toccoa River

headvater drainage system converge move or less -e•ntrif- -

potally into the basin with valleys out 200- .foet

below the general elevation (PigUre 4.A). .... VAN

tributary stream development has extended the p'riiait..

of the basin into the flanking mounttins, spooelly to -

the east, southeast# and southwest, Numu*us moneionooks
Ll1

or inselbargs stand 500 feet to mere than 2000 toot above

the plateau-like general surface (Figure 4 5). The

[ mountainous enclosure of the basin in broached in the

northwestern part of the study area when the Rksenah

[ Creek flodplain mrges with the basin and the Tooaes

"River folw westward through a ide ogap.

Northern Mountain Belt. The transverse ridge section north

[ of the intermontane basin, extending from Wilecot Mountain

across Duncan Ridge to Akin Mountain and Mulky Gap. With

Ssummits averaging more than 34i00 tfet in elevation, this

belt forms a sinuous drainage divide with a north-facing

[ slope terminated more or loss abruptly at the southern

r
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[ A

Iii
U

[ B
Figure 4. Intermontane Basin and Northern Mountain Belt. A. Cooper Creek -
Toocoa River valley. Highway 60 (right) at Junction with 1l-ulky Gap road. B.
View northwest foward Northern I ountain Belt. Vonadnocks or Inselberge of
the basin area in line of sight.I

I
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-4ge of the Nottoly (Hiwaesso) basin. The latter extends

slightly into the study area northwest of Skeenah Gap

I where headwater tributaries of Skeenah and Young Cane

Screeks have narrowed the drainage divide to less than a

half mile at one poLnt. The relationship of the northern

£ •escarpment to the Nottely basin, which has a general

plateau-like character with an average elevation of 20G0

feet, is similar to the topographic distinctiveness of

[ the southern mountain belt as it stands Above the plateau

section.

[ 2. Relief DveOlpmnt and Treods

The genetic relationship of landforms within the study area was

tested by comparing the elevations of 73 topographic highs with corre-

[ sponding local relief measurements. A sample of 36 terrain units drawn

from that portion of the area lying generally between horizental grids

[ 48 to 55 has an exceptionally high correlation of 71%. On the ether

I! hand, a sample of 37 units from the area approximately between grids

39 to 47 showed a less significant correlatson ef 31A. A regression

equation showing the general relationship between local relieg and

elevation was fitted to ths combined data of all 73 units (FiSure 5).

i This suggests a physiographically distinct collection of related menad-

I. necks or inselbergs.

Surfaces in the plateau and basin areas are gently rolling and

the lower mountains exhibit subdued and characteristically rounded

r



114

4.b,

Go Gi
m c0

4-4

-- *1- (-~' ~o
00 Ln. V



profiles. Steep slopes with rough surfacse are found t the higher

Smountain belts where linear ridges and spurs predominate. The crests

of the ridges are commonly surmounted by rounded or angular knobs.
I ~ Nearly nine per cent of the area lies above 3000 feet arnd less than

four per cent below 1800 feet. P~trke Knob, in the northern mountain

•.belt, at 3622 foot is the highest point in the study area, and the T
•k [ lowest point, 1537 foot, is located on Ward Crook at the baseo f• the

southern• escarpment. Thus, maximum reliefs5 28083 foot.

•,Old alluvium 4t various altitudes above the main drainage basin,

coi.ncidence of topographi.c levels (3500-, 3000-, and 2300.feet averas~e
' •are striking), strathl development 'and dissection, and the complexity o5

• the multiple-ordered drainage pattern attest to cycli.cal SesoerphLc
Sdevelopmentat the area ever & long period of ti,

The physliographLe divisions listed above trend in & roughly

southwest-northoast direction. A similar al.ignment of fold axes$ and,
S~possiLbly, fault plantes, and the• development of partic:ular rook types in

Ssoewvhat parallls meatamrph~ onense way be related to the t~epographic

pattern exhibited in the study area. Figure 6 shows the physeLogxephL@

S4divisions roughly bounded by the 2500-feet contour line.

Keith (in LaForge, at &1., 1925, p. 99) has noted that the
Sumountainsofe the Highland Section of Georgia consist of two phyeiographic

Scomponents, a southwest trending main axis (to which the name, "Blue

Ri•dge," Li commonly applied) and northwest ti'llihi extension@ ("Cross

SilRngles"). The latter are separated by major ri.ver basins developed by

parallel, nerthwSee flowie strth m. •n thr s cantexont the southege-

[1[ onanblsweelna igs n pr rdmnt. Tecet

of.. ....e...eoo~ nl surm ou ted. b roun ed.r.an.la .. n.. .. s.. . . ..... _ -



N.A T\ 0

I' I A N I

VN

5mTHR

ConyLne 1TAYSO1

tiueG hsorpi iiioso h me rbn r



/ ,I , ;-

17

mountain belt of the study area would be part of the main axis, and

SI the northern mountain belt part of a cross range.

S[ B. Geology

I. General Consideration.s

The U. S. Geological Ellijay Polio compiled by LaForge and Phalen

(1913) under the supervision of Arthur Keith contains the meet detailed

_geologic information available on the study area. Despite the inadequate

I; I scale to which they are drawn, the general features of the area are

delineated with considerable accuracy. The more recent U. . 0. 8,

Geologic Map of the U. S. j1932) with the Georgia crystalline rocks

mostly mapped accordip, to Jonas (1932), the Geologic Map of Georgia

(1939) with the Blue Ridge-Piadaont rocks mapped by Cricknay, and the

Geologic Map of North America (1946) show less detail or introduce

questionable correlation. The supplemental description of *he crystalline

[ rocks by Crickmay (1952)'.,refinos the lithelogic units employed in the

.[ Illijay Polio by introduoing metamorphic facies which are distributed

in nearly parallel belts across the Upland section. Furoron (1931)

has reexamined the stratigraphic and structural relationships of the

rocks in the Ellijay quadrangle but the eriginal interpretation b7

SLaForge and Phalen is little challenged otherwise. Field observations

F made in connection with ;he present study are in similar accord.

The rocks of the Ranger training area, located in the south.

eastern portion of Ellijay quadrangle, are typical of the Georgia High-

land and Central Upland sections (Figure 7.A) and correlative crystalline

[
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I belts elsewhere in the Blue Ridge and Piedmont provinces which are under-

[ lain by similar recks and are physiographie divisions only. The complexity

of the rocks is a reflection of the multiple erigin, greet age, and

[ continuous involvement In the developmental history of the region. While

none of these matters are of particular concern In the present study,

a. the appraisal and classification of significant VoologLc features, such

as the variety and nature of surface materials and their topoglraphic

expressien, necessarily involves Some consideration of genetic factors

and fundamental oharactrtAtice.

[ 2. Litholoy and Petrology

The rocks of the study area are contained mainly within the

[ Amcilola belt of Crickmay (9152) to" ýFigure 7 B). This belt is made

up largely of metamorphic recks of the Carolina and RoIa sberies as de-

fined by Keith and mapped in the older follos. The gnpo e and schist

[ facLes of the Carolina series ceftatitute the doini:nqnt Lthlogies found

in the study area and to a considerable degree determine the nature and

extent ef surface materials, and the distribution and gomtry of land-

forms which characterise the area. 8econd in importance are rocks of

Sthe Roan series which are distributed in numerous sheets, stringers, and

lenticular bodies, a few feet to several hundred yards in width and up

to several miles in length. In the study area, linear bands of Roan

Srocks. (see LaForge and Phalan, 1913, plate .) seoakMmesm branched and

folded but with a generally southwest-northeOast rientation, combine

I. with facies of the Carolina series to provide many of the charaoterisetto

I
I.
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I all or portions of the southern plateau, southern mountain belt, and

intermontans basin divisions established in a previous section of this

SI report. The following description of the Carolina and Roan series as

displayed in the study area is included as background and for later

reference as the major cousiderat1ons bf this study are discussed.

Carolina series. Consists of two facies in the interprsta&
ton of r-T' y (1952)t one dominated by gneiss, the other
by schist, each containing the alternate reck type in sub-
ordinate amounts. The gneiss facies is characterized by
equigranular biotite gneiss, fine to coarse-grained commonly
in beds a few inches thick but grading into massive types.
(Figure 8). The gpeise is frequently associated with layered
mica schist and quartzite, usually massive, Quartx, feldspar
"(plagioclase and orthoclase), biotite (oriented and unariented)
and, to a lesser degree, muscovite mica are the typical

• r minerals. Several accessory minerals often present; some,
L such as apatite, epidete, hornblende, and garnet are locally

and often conspicuously abundant. The alternating dark
(biotite) and light (quarts and feldspar) gneissic bandtng,
Sin parallel, crumpled, and flow patterns affords ease in
recognition, Interbeds of the associated strongly fissile
mica schist are characterised by biolite and, along with the

Squartaite, form alternating sequences with the gneiss. This
relationship reflects the sedimentary origin of these rocks.
Apparent development of schistesity nearly parallel to
initial bedding imparts a layered appearance to many of these
rocks and results in the produotion of specific weathering
characteristics (Figure 9). The rocks of this series occur
throu&: *t the study area, separately or associated with
the Roan series. Mice and garnet-kyanite gneises* of the
series dominate the northern mountain belt and the mountains
forming the western enclosure of the intermontane basin and
extending southwestward toward Springer Mountain near the
southwestern corner of the study area. Representative rocks
of the schist facies of the Carolina series are contained
in a belt several miles wide, extending from the basin of
Cooper Creek in the Yellow Mountain section in the north-
eastern part of the area, passing through the upper Toccoa

basin in the vicinity of Gaddistown, and continuing toward
Hlightower and Winding Stair gaps on the southwest. Although
Lnterbeds of fine-grained biotite gneise occur, the dominant
lithologeLs are muscovite mica, quarts, garnet, and kyanite-[
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[ ~Figure 8. Gneisisic rocks of the Re~nger area. A. Quarry exposure .5 mile

west of Cooper Gap. B. Specimen of blotite gneiss Injected by quartz,
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>1 graphite schists, ranging in color from dark to bromnish
yellow, depending on relative amounts of graphite present.
Huscovite-kyanite schist, grading to poise and containirn
garnet in places, is abundant in the Duncan Ridge-Liokleg
MountaiL• section of the northern meuntain belt.

Roan series. Primarily a coarse.grained hornblende gneiss
ZiE gr-a•a•ions to hornblende schist and schistese diorite,
often with inclusions of Carolina series rocks, the Roan
having been emplaced into the older Carolina rocks as
intrusive sills, dikes, and stocks prior to or contemporan-
aously with metameorphism (Keith, 1907, p. 3, LaForge and-
Phalen, 1913, p. 4, CrLckmay, 1952, pp. 34-37). eornblende
and layered quarts and feldspar (plagioclase) are the
principal minerals but spidete, cl.lorite, bLotite, arnet,
apatite, and other acceshory mi.serals ecur'in variable
amounts. Metamerphisu has resulted in textural changes
rather than mineralegic alteration and the igneous origin
of these rocks seems well established. The Roan roeks are
generally conformable to the surreouding Carelina sbhists
and gneisses with which they are associated in the banded
manner described above. Soil development end topographic
expression in areas underlain by rocks of this series are
often recognisable and definitive.

In addition to the rocks of the Roan and Carolina saerLes, numerous

igneous intrusives are exposed on the surface at various places in the

study area, and locally produce variations in the general pattern. The

more important of these are listed an follows:

1. Especially in the southern mountain belt and particulably
along the crest of the escarpment, pegmatite dikes from
a foot to 300 feet in width have been injected mainly
into the Carolina gneiss and schist, less frequently in
other reck types (Figure 10 A). Feldspar, coarsi..'
grained quarts, and muscovite mica (biotite locally)
are the principal minerals, The strike of these dikes,
which are conformable with the country reck, trends
prevailingly to the northeast with dips ranging from
40° to 75' in a southeast directior (Fuz'ron and

Teague (1943, p. 5).
2. Intruding areas of the Roan peiss parallel to folia-

tion are lentLcular bodies a few hundred feet across
and lose than a half mile in length composed of ultrematic
rocks containing serpentine, olivine, and pyroxens,
with magnetite or biotite sometimes present. One such

[
[
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Ward Creek. B. Granite gneiss near Frick Creek on Three Forks - Winding

Stair Gap road.
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I aone extends from Sarah in the southeastern portion of
the study area down the valley oE Cane Creak south of
Cane Creek Gap near the southeast border of the area.
Other occurrences have been reported from south of
Cooper Gap and along the south-projecting spur of Long
Mountain (LaForge and Phalan, 1913, p. 5).

3. Intruding large areas of both Carolina and Roanigneisses,
wholly engulfing or replacing them in places, are
granitic plutons. In the study area, a strongly gneissic,
biotite granite (Lithonia-type of Crickmay, 1952, p. 42)
gneiss is found exposed particularly in the higher
mountain masses (Figure 10 B).

4. Another granite biotite gneiss characterized by extreme
distortion of biotLte-rich and quarts-feldspar-rich
bands is occasionally found intruding the gneiss facies
of the Carolina series. This may be the type referred
to as injection gneiss by Crickmay (1952, p. 45) and
others.

[ The rocks of the study area are among the most complex to be

found anywhere. They have undergone many changes in form anA position,

Shaving been folded, faulted, crushed, and greatly metamorphosed.

Mechanical deformation, chemical reconstitution,'molecular exchange,

5 and petrofabric alterations of one kind or another accompanying such

[ changes have led to increased susceptibility to agents of weathering.

Over a large portion of the area, therefore, deep weathering has reduced

the original rocks to remnants and structureless masses.

1; 3. Weathering

In an area with an average annual temperature between 50 degrees

and 60 degrees and a minimum of 60 inches of rainfall annually, a

condition which is likely to have obtained for a considerable length of

I time, the rocks of the study area reflect a long history of exposure to

II chemical weathering or decomposition. The stresses and strains of their

structural and metamorphic involvement have reduced their resistance

I
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t to the agents of weathering, especially circulating ground water, carrying

I dissolving acids or acting directly in solution and hydration processes.

The inclination of layered or non-massive gneisses and schists

I and intrusive dikes end sills, and the development of cleavage, schistosity,

jointing, and fracturing have contributed largely to the deeply weathered

condition of most of the rocks of the area. Thick accumulations of

[ saprolite, characteristic of much of the area, provide a masure of the

depth to which weathering has extended, in some cases up to a hundred

1! feet or more.

Massive igneous and metamorphic rocks commonly display exfoliation,

1. sheet jointing parallel to the surface which results from the differential

release of confining pressures an overburden is reduced in mass or weight

(Figure 11). This physical phenomenon likewise contributes to the influence

1i of penetrating water and decay solutions but because it is a near-surface

development effects do not extend to the great depth seen in areas under-

lain by layered rock. A major result of exfoliation is the production

Vi of rounded profiles. The more granitoid biotite gneissas of the study

area typically display this type of weathering and, in many cases, dome-

shaped landtorms have resulted (Figure 12 A). In contrast, elongate ridges

with angular ledges appear to be more common in areas underlain by the

layered schists and gneisses.

In the study area, the weathering and topographic expression of

the Carolina series of rocks is related apparently to facies development

within the series and tnerefore to the mineral composition of the rock

types. The gneLss is found especially in the high country above 2500 feet

Ij

S- r ..
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A

B

Figure 12. Linear ridge and rounded knob topography in the Ranger
area. A. Knob development in the north central section. B. Southern
mountain belt in the vicinity of Hawk Mountain.
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I forming mountains and ridges, peaks, and spurs (Figure 12 B). Weather-

I Lng is generally deep. Large outcrops are not partLcularly comman and

solid ledges are rare except on the steeper slopes and along streams

[ (Figure 13 A). In places, residual boulders and masses of large dimen-

aLone stand out above the general surf&2% as less resistant material

has been washed out around them. The most prominent occurrences of

this feature are found near the crest of the southern mountain belt,
I.

especially on the high-angled, aouth-facing escarpment and its pro-

jetting spurs (Figure 13 B). This particular surface feature is con-

sidared further in the section dealing with microgeometry.

The inclusion of highly resistant garnet-kyanit, gneiss in the

Carolina series from Duncan Ridge in the northern mountain belt to

Springer Mountain near the southwestern corner of the study is respon-

sible for some of the highest relief in the area with many protruding

ledges (LaForge and Phalen, 1913, p. 4). Ultramatic and granitic

igneous injections into the Carolina series have introduced resistant

masses which assist in maintaining the high relief. In many places

where the series is exposed, the more resistant mica schist tends to

obscure the actually wider occurrence of biotite gneiss which is re-

duced to residual clay and outcrops are rare.

The resistance of Roan series gneisses and schists depends to a

large extent on the presence of siliceous layers which produce massive

ledges and a blocky residuum. On the whole, however, the Roan rocks are

V leos resistant and depressions are formed between large masses of Carolina

gneiss which the Roan intrudes. It appears likely that several of the

I.
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B

Figure 13. Typical gneiss exposure,, and weathering in tehigh mountain sec-
tions. P-. Outcrop on stoop northeast side of P1-nitntrvCv.BBode
development on top of Black otin
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major gaps in the southern mountain belt developed in this manner.

In the southern third of the area, particularly along the sumit

anid south-facing flanks in the southern mountain belt, weathering of

pegmatite dikes, lenses, veins, and masses, mostly intruding the Carolina

gneisses and schists, produces clay bodies with more resistant quarts

lenses and layers protruding. The dikes often contain muscovite mica.

In these occurrences and elsewhere throughout the area, narrow stringers

of quarts remain in the midst of large masses of saprolite fellowing

nearly complete weathering of associated rocks and the removal of

soluble minerals (Refer to Figure 10 A, page 24).

The weathering of rocks in the study area generally follows a

pattern based on the relative abundance of key minerals. Rocks high

in felspars; ardearbonates (granttes, i£iat-te gneisses, and intermedLate

Stypes) and hornblende (diorite, gabbro, hornblende gneLsses and schLets)

are less resistant to erosion. Conversely, the lower the content of

these minerals and the higher the content of quarts and mLca, the greater

is the resistance to weathering.

I C. Pedology

1. Soil Types and Distribution

The soils oa the study area are included in part in soil surveys

Sof Fannin County (Phillips, et al., 1926) and Union County (Miller, at al.,

1950). The soils of Lumpkin County have not been mapped. In the Fannin

j County survey, thirteen soil types in nine series are described, plus a

category, "rough stony laud," for areas with 15-90 per cent exposed surfaceI
!
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I ~covered with stones and boulders. The latter category and seven -types
in five of the series are represented in the Fannin County portion of

I ~the study area. In the more recent and detailed Union County survey#

mcnre than 50 types and phases within 20 series are mapped, 30 types end

phases within 15 of the eeries occurring within the boundaries of the

fstudy area. Porters, Balfour, Rabun, and some Talladega so ils occu r at

the higher elevation# (above 2500 feet),O the Porters type befig the

Imost continuous and widely distirbutod of. all types, At the leisser

upland elevations, Fannin, Edneyville, Hayseville, Ilaboesham, 'andes

Talladega sails are typically developed en t he hills and knob t, thle-

[ ~intermantane b#s in. At the margin of the intermentane baa in1,T%*q~4te

and Tato colluvial sail# occur at the base of smoi knobs and vidgea.

Terrace soils of the Altavista, Itate, and Wickham types are locally

developed. Alluvial soils, same undifferentiated, others assigned to

Congaree, Transylvania, #nd Toxavay types, are distributed diucontinueutly

in the bottom lands along the stroems, Diverse origins an~d histories

have resulted in a highly complex pattern of distribution for the bottom

land types, especially noteworthy along the Toccoa River and its tribu-

taries between Gaddistowri and Cavender Bridge, Soils assignable to

1Cecil-Appling types occur in the piedmont section,
2. General Characteristics of Soils

it is beyond the scope of the present report to examine in detail

the individual characteristics of the great variety of soil series, types,

and phases noted above. However, in order to present a somewhat comprehensive
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review of the surface materials present in the area, a consideration

of general features of the soils is given in the following paragraphs.

Three major categories of soils are present in the study area.

I Technically, these soils would be classified as Gray-Brown Podsols,

SRed and Yellow Podmols, and Lfthosols (U.$S.D.A". 1938, 1951). The

azonal soils of the latter group range from "Lough stony land" occurring

I. iat the highest elevations where slopes of 60% or more are comon to the

alluvial soils developed along the flood plains of the Tocasa River and

its maJer tributaries.

The Gray-Brown Podnols are the most continuous and extensive soils

in the area and except for occasional lithesol patches occupy most of

the upland sites above 2300 feet on the average. They are characterised

by organic mats, thin, gray A1 horisons, and yellowish- to raddieh.brown

l B (subsoil) horisons. Physically, theme soils are generally friable in

consistency and loamy in texture, silty or sandy at or near the surface,

more clayey below. Derived from the typical gn••eses, schists, and

granitoid rocks of the study area, the physical characteristics of these

residual soils are a reflection of the persistence of original minerals

[ and the alteration and decay of others. Most noteworthy is the presence

of mica flakes, principally muscovite, which have persisted from the

original feldepars. Biotite mica, common in unaltered rock, is less

j reaiutant but occasionally persists in altered form as "vermiculite"

(Denison, et &l., 1929, p. 2). More often, the biotite has been weathered

to kaeolLnite, adding to the clay fraction of the soils along with that

[



derived from the feldspars, equally abundant in parent rocks of the

area,

The Red and Yellow Podmols differ from the Gray-Brown type in

degree of laterisation or inclusion of laterite materials. More than

one cycle of development is apparent. While the underlying rocks are

similar to these elsewhere in the study area, these soils tend to be

sandier, coarser.textured, strongly leached, and comparatively lew in

organic matter, Heavy, red, yellew, or mettled clay subseils .4 the

rule end erosion has exposed them in many places. South of the southei-

mountain belt, these seols occupy piedmont sites gonarally belev 2lO00,

feet, Along the crest of the escarpment they occur in gisps only, for

example, Cane Creek Gap and at the head of HcAiry Creek near Goeeoch Gap.

In the north central and northeastern sections, they are found south

of Hulky Gap between Spencer Knob and Wildcat Knob; north of Shope Gap;

in the vicinity of Jones Branch along the road to the Toccoa Forest

UxperLment Station heading northeast of Baxter; just south of Daxterl

northeast of the C.C&C. campsite; and along Williams Creek, Host of

these locations are above 2500 feet. In the lower uplands (between

2000 feet and 2300 feet, usu&lly), these soils are distributed in two

general regions of some extent, Along the Forest Service read passing

through Gaddietown, they occur somewhat parallel to the Toccoa Rliver

and along the lower courses of many of its tributary streams (Mauldin,

Cochran, Frank, Davis, Grizzle, and .eadto.n Creeks). The second region

includes Dunagan Mountain and the Skeenah Creek valleyl the area north

of Copper Creek to the south end of Licklog Mountain and west to Margret;

Ii
[
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and along Rock Creek north of the Trout Rearing Station, all of these

locatLons lying in the north central and northwestern part of the study

area. Two smaller Red Podzolic sections are located south of Sarah

Salong McAtry Creek to the southeast, and parallel to upper Youngcane

[ Creek drainage on the north-facing slopes of the northern mountain belt.

In general, the Red and Yellow Podzols are characteristic of the inter-

metane basin and bordering uplands, enclosed by and usually at lewer

elevations than the Gray-Brown Podsols. In both higher and lower upland

sites, these soils originate frem gneiss in se places, from schists

in others.

ConAidering the soils of the Ranger area from a lithologto point

of view, che Carolina series schists break down rapidly due to the

inherent nature of such rocks but total decomposition in slow. Surface

layers of soils derived from the schists are often extremely mLcaceous

4e and contain numerous small fragments of undecomposed rock. Subsoils of

biotite-muscovite schlsts are generally brown to red and sandy. Biotits

mica schists produce red clay subsoils. The inclusion of other minerals

such as kyanite, graphite, and sillimanits usually result in lighter,

Sbuff to gray subsoils, locally with considerable clay. These are well

exhibited in the northern mountain belt. In the Ranger area, it can

be observed that schists with original bedding planes and parallel

Ii schistesity oriented horisontally are overlain with thinner soils than

those with angular orientation.

j The gnelsses, such as the common Carolina biocite gneiss, and

granitoid rocks contain more soluble minerals, particularly feldepars.

[-
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I As a result. h .isr, deeper soils are formed, typically with red clay

subsoils, I- - -*elloe occasionally. Garnet-kyanite gnpsises associated

I with the Oarolina series are extremsly resistant to weathering and at

Sthe highest elevations of the northern mountain belt and along the western

margin of the area develop the thinnebt soils. Surfaces are liberally

j strewn with resistant boulders. In general, however, gieissic outcrops

tend to be under-represented as compared with schists.

SThe Roan series gneisses and schists typically produce distinctive

dark red (sometimes dark to yellowish-brewn) clay soils which are among

the deepest soils found in the study area. As is characteristic of

amphibolitic rocks, weathering quickly removes the hornblonde and alters

the feldspars. Roadcut outcrop- display rectangular remnants about

I the size of building bricks.

"Soil formation over the larger pegmatite dikes produces blocks

of resistant vein quartz scattered about in heavLly micaceous sandy

soil. Small detached mica books are occasionally found in such soils.

Perhaps the best display of soils of this type is along the crest of

the southern mountain belt escarpment.

In general, most of the soils of the study area are fine- to medium

textured and well structured. These features, along with an abundance

of organic matter for the most part, are conducive to moisture absorption

and retention. Medium to well developed internal drainage appears to

be the cass for a large portion of the ares. Moderately friable to crumbly

surf~ce soils and subsoils are most common although lease (noncoherent),

compact, and plastic extremes are found in a number of situations. The
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S1 reddish-brown soils of the knobs and hills of the intermuontane basin

tend to become redder, denser, and more plastic as depth increases.

i In the higher uplands above 2500 feet in the southern and northern

mountains belts, the residual soils may be lass than two feet deep in

gneiss and granite areas strewn with many large boulders and smaller

rock fragments. Soils bf similar depth overly weathered mica schist

in the northwestern part of the area in the uplands bordering the

-i Toccoa River-Skeenah Creek confluence. On the summits of the linear

[ and arcuate ridges in the southern mountain belt north of the escarpment,

soils extend to five to eight feet depths above granite and hernblea.e

gneiss bed reck.

In the lower uplands below 2500 feet in and around the inter-

Smontane basin, depths to weathered micecsous schist vary from two feet

to five feet, reaching eight feet in areas underlain by granite gneies,

such as those bordering Grizzle Creek and Cavender Ridge on the north.

The deep thicknesses of aeprollte in many places, especially in the lower

uplands, have been discussed in a previous section. In these situations,

[: depths to bed cock may be as much as a hundred feet.

Colluvial deposits along the bases of slopes are judged to range

from about three feet to eight feet in depth. Extension of such deposits

over alluvium and other materials makes determination of depth extremely(
difficult, if not impossible, in places. Colluvial deposits accumulated

I in the high elevation gaps appear to thicken toward the centers of the

gaps to unknown depths.

II
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41In the bottom lands flanking the streams of the area, normal flood

plain or vdlely-flat alluvial associations have accumulatod through

flooding aided by sheet wash from the slopes. The surface material

rj probably overlies older channel-fill and lateral accretionary deposits.

Relict features of the parent material are preserved in many cases.

SWhere they could be measured somewhat accurately, the bottom land soils

averaged around Ahroe feet in depth. Disconnected patches of alluvial

material occur along the upland portions of some of the streams. Such

deposits have been regarded as older alluvium, some perhaps dating from

earlier geomorphologic cycles. Among the alluvial soils of the bottom

lands are the poorest drained and leaAt developed morphologically. On

the other hand, old alluvium along principal tributary streams displays

fair to good subsoil differentiation (Figure 14 A).

Road cuts and stream dissection expose terrace deposits in

several places, particularly along Little Skeenah and Skeenah Creeks

in the northwestern part of the Ranger area (Figure 14 B), and to some

extent along Rock Creek and the Toccoa River. There are at least two

terrace levels, one within 25 feet of present stream elevations and

another, older, level up to a hundred feet above. These are neither

continuous throughout the area nor of equal development. Rounded

quartzite sand and gravel layers with some boulders, reached at around

six feet from the surface, are common to all these terraces, with depth

of soil above the coarse material being half that figure in many cases.

The typically yellowish subsoils of some streams terraces in the inter-

I
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a montana basin are comoact when dry and Dlastic when wet. Remnants of

"the higher terraces are heavily dissected and redder in color.

: ~~3. H~umus,_• Development
SOwing to the cooler temperatures prevailing in the uplands,

coupled in some cases with the nature of the materials involved, the

j accumulation of plant residues in portions of the study area has become

a pronounced feature. While not strictly considered as part of the

solum by some definitions (U.S.D.A., 1951, p. 176), the thickness and

areal extent of the fresh to partly decomposed planv" debris is an impor-

tent consideration in describing surface materials in the ares. Further-

m[iore, as the vertical dimensions of such materials an masse and ndL-

vidually increase, features of microgeomstric significance emerge.

T At 30 sites chosen for vegetation sampling (see Plate 10), the

thic)ness and site coverage of the A0 (F) layer of partially decomposed

but identifiable organic matter and the underlying Ala (H) layer of

humus were calculated and observations were made concerning the nature

of the material. Where present, Ao (L) accumulations were noted,

. especially if containing material of large Pise. In the following

tab.lation of data, the sites are grouped into geographic and, as

nearly as possible, physiographic assemblages.

Elevation Thickness Per cant Thickness
Site Interval F (inches) Cover H (inches)

I. North Central
section -

valleys of
creaks flowing
south from 67 2250-2500' 0-4 85 0-S
northern

lb
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I

Elevation Thickness Per cent Thickness
SSite Interval F (inches) Cover H (inches)

mountain belt: 65 2000-2500' 1-2 50 %-i
#67 - laurel
leaves, twigs,
barks, logs (10%
coverage).
#65 - scattered
leaves and twigs.
Old pasture area.

11. Western border
section - along 36&37 2000-2500' ½-5 100 1

i> Rock Creek. 68 2250-2500' 1-3 100 1
#36 - holly,
hardwood, pine

;E twigs, decayed
logs.
#37 - pine

needles, twigs,
decayed logo.
#68 - 80% pine

needles, twigs
and limbs (35%)
plus grassy
spots; 2' bogs
in creek.

III. Northern slope
of southern 22 2250-2500' 0-4 60 0-2
mountain sec-
tion - south of 16 2000-25001 0-5 00 0-2

Cooper Gap and
near upper ToccoaI River headwaters:
#22 - laurel leaves
and twigs, hemlock
needles.
#16 - leaves, twigs,
pine needles.

IV. On or near crest
of southern 66 3250-3500' 2-3 100 1
aescarpment;
(west to east) 24 2750-3000' 1-5 98 1-2
#66 (Puncheon

SGap): leaves, 23 2500-2750' 0-6 60 0-1

[
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Elevation~i Thmicra:: eor cent

Site (Weervt ofice) oe (nhs

twecay ed n. 1 2750-30001 1-5 10015
#23 (Wsoth of
Horse Gap): 49 32750'30 0-2 90 1-3~

j~ ~ ~~hrwo leaves ad 3 70300 .61011
twi.gs,.0 30-20 025 -

#13 (Southeof0-st
*.fHorse Gap): 4 70

'Ileaves, tnwigs,-00' .6 0
limbs.
#19 (SouithCeas

.of~ HosinGa):
lavtea e twins,
ltwigs, lims.

#10 (East of #8):A undifferentiated
leaves, twigs,
limbs.[ !#12 (Cooper Gap):
oak leaves, twigs,
other hardwoods
debris, logs in
late decay stage.
#49 (Justus Gap):
90% pine needles,I •;10% oak leaves,
twigs.
#35 (Long Mountain
summit): oak,
laurel leaves, twigs,
bark, logs.

V. Southeast flank
of Conner 4 2000-22501 1-3 100
Mountain - along
road- 5 2000-22501 0-3 20 0-1
#4 (Southeast of
road): 2 2250-2500' 0-8 35 0-1
pine needles,
twisla laurel 3 2000-2250d 0-3 45 04

#Ii3uts a)
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Elevation Thickness Per cent Thickness
Site Interval F (inches) Cover H (inches)

leaves, twigs
under clumps.
#5 (Near #4):
oak twigs and
logs.
#2 (North of
road): oak
leaves, twigs.
#3 (South of
road): pine
needles, twigs,
bark, logs.

VI. South-facing
slope of
southern 9 3000-32501 l-4 100 0-ij
mountain seoa•-
tion: 7 2500-2750* 1-3 98
#9 (Southwest of
Cooper Gap): 11 2500' 2-5 100 1-2r undifferentiated
leaveas, twigs,
logs,
#7 (East of
Cooper Gap
road): oak
leaves, twigs,
decayed logs
(some chestnut).
#11 (Half way
between Justus
and Cooper Gaps):
hardwood leaves,

"twigs, logs.

VII. Stream valley,
southern moun-1. taLn 31 1750-2000' 0-6 85 0-1belt escarpment-

Etowah River 30 1750-2000' 0-4 50 0-1
Valley northwest
of Zion Church: 1 1750-2000' 1-4 100 1
#31 (Near head
of river .-A *

valley)- 13 1750-2000' 0-4 75 0-1

r
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Klevation i-nickness . .r c.nt 1 °U m

Site interval F (inches) Cover H (inches)

Kj pine brush
piles, slash 14 1750-2000' 1-ij 100
#30 (Northeast
branch talley):
hardwood leaves,
pine needles,

twigs, brush
piles, stumps,
#L (Near Mt. Zion

Church): oak,
pine twigs.
#13 (North of #1):
hardwood leaves,A pine needles,
twigs; decayed
logs.
#14 (Northeast of
#1) : pine
needles, twigs.

[ VIII. Near base of the
southern 48 1500-1750' 1-4 100 1-2
escarpment: 41 1500-1750' 1-4 100i #48 (Camp
Wahsega, south-
east of Ward
Creek): hard-
wood, pine, laurel
leaves, twigs;
20% cover of de-
cayed logs and
twig clumps.
#41 (Northwest of
Hidden Lake):
Slash brush,
limbs, twigs,j pine needles.

At some of the sites described above, the range in thicktiess shown

[ for the F layer results from the absence or paucity of such materials in

creek beds and on steep or washed slopes, and the development of thicker

£
ii
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accumulations against logo, tree bases, and the like. It was noted in

5 the survey that within the boundaries of at least a third of the sites

examined, 90-100% of the surface litter was burnable. In a sh6rt time

K after a rain, the F layer proved to be at least 50% dry in the sites

along the southern escarpment crest but at one site, on the southeast

flank of Conner Mountain, the F layer was wet nine hours after a rain.

At the site near Mt. Zien Church, close to the base of the escarpment,

40-.50% of the layer was dry eight hours after a'rain.

The sites along the crest of the escarpment and the upper slopes

have the thickset Al layers on the average; however, as expected in

pedsolic soils, this layer is r3latively thin (ca. 2*) in all cases.

Mineral soil exposure is comparatively uncommon in these same siter.

It does occur, however, in all but one site on the northern slope of

I the southern mountain belt and along the southeast flank of Conner

Mountain, related in all probability to the concentration of moisture

and consequent runoff, mainly as sheet wash.

SoMar, mull, and duff mull humus types (Walker and Perkins, 1958,

p. 9; Hoover and Lunt, 1952) are represented among the sampled sites

in an 8:15:7 ratio. In sites where the humus could be classified as

mar (pine stand) type, the Al layer is scarcely more than an inch

thick on the average when present, whereas the same layer in the sites

having the mull (hardwood) type is nearly 2j times a.sthick. In sites

where the duff mull humus type, with an admixture of pine and hardwood

Sdebris, is developed, the Ala layer resembles the mor type in thickness

and the A1 layer approximates the mull type.

r
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At the Cooper Gap site, where the identity of mull humus appears

unequivocal, although a thin Ala layer is developed, it was observed

that the humus layers were dry a short time after a hard rain. This is

K in sharp contrast with the slower infiltration rate through mor type

humus (Walker and Perkins, 1958, p. 35).

Those sites having the thickest mull humus layers are located

Iat the higher elevations above 2500 feet. This is probably related to

slower decomposition as a result of cooler upland temperatures. A

possible bearing on the consistency of lower slol horizons with a high

clay content may follow since plasticity is increased by the inclusion

of released organic colloids (Grim, 1950, p. 10).

From the standpoint of pedestrian trafficability, an important

consideration in Ranger operations, the extent and nature of the humus

[ Llayers in an area such as this one would appear to be a matter of same

significance. Within a vertical range, extending from absence of humus

cover through surface layers a few inches thick to brush piles and logs

measured in feet are the means of negotiating a topographically diverse

terrain with both maximum and minimum efficiency. At one extemG, debris

[ ,.ifticrogeometric dimensions are encountered as will be discussed in a

later section. At the other extkiee, the combination of shallow soil*,

•I heavy subsoils, high relief, and considerable precipitation has brought

f about the complete removal of top soil. Such truncated profiles are

common in the area and where exposed on the surface create extremely

j• difficult situations in terms of movement. Humus cover modifies these

conditions to a great extent.

[

I. . .I. . . . . .. .. . . . . . . . .. . .
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The influence of different types of humus on profile development

[ results in variable subsurface conditions which in turn may be relevant

to successful performance of a given military maneuver.

4. Cone Penetrometer Test

A cone penetrometer test ef soils trafficability was made at

vegetation sampling site 52 (See Plate 10) at one point during the

field investigation. Although testing by this method was not continued,

the results of the test are presented here to illustrate this mobility

faotbr at one of the more difficult environmental situations ancountem'.

I in the study area.

I. CONE INDUX

Station Surface 3" 6" 9" 12"

Site 52, near Mauldin Creek so 100 60 50
2/10 mi. W. of Forest Service 60 110 80 60

(Gaddistown) road, OW 60 120 80 70I- J•of Cooper Gap; 2300 ft. - . .-.
elevation, Averages: 57 110 73 60

Description: Alder thicket and1. swampy area.
AD - 1-2 (damp grass & leaves)
Ala-*-I"I A1 - 3"
Soil soggy and wet with muchpartially decayed humus.

I If an adequate sample was taken and a comparison with available

data (Dept. of the Army, 1959, Table 1) is justified, nearly all cone

index values fall within the B (inorganic clay of high plasticity, fat

clay) soils group range. However, because the sampliug was performed

on July 30, minimal values may have been recorded, and relating wet

I.
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seamen trafficability characteristics to the soil conditions at this

site without adjustment of these values is probably not valid.

D. Surface Composition Summary

1. Classification of Meterials

a. Introduction. In previous sections, a primarily descriptive,

largely qualitative account of surface materials which contribute impor-

tantly to the physical environment of the Ranger area was presented,

mainly for the purpose of establishing the range of variation in such

materials. Despite the obvious diversity and complexity encountered

in the area and revealed by the survey, an attempt has been made to

reduce the magnitude of types and considerable technical detail to a

single descriptive system.

As a result of particular emphasis or special interests, systems

of classification have arisen from the study of surface materials which

perhaps serve the needs of those similarly concerned but are of limited

utility outside the field of appliuation. Furthermore a profusion of

technical terminology, often arbitrarily defined, limits the practical

use of information so complied. A comparison of soils and geologic

maps of the same area based on different systems often shows little

correspondence even though the object of interest is of the same

fundamental composition to a large degree, and soil formation and

weathering of rocks are inseparably associated.

Burfece materials, such as rocks, no less than their biological

counterparts, are products of evo' ion and environment. The analogy



II

49

may be carried further in suggesting that the problem of achieving a

single system of classification for surface materials is, in effect,

a problem of synthesizing evolutionary and ecological detail arising

from several areas of emphabLa. There is a close similarity here to

the problem of integrating the separate matters of concern in bio-

gotography as outlined by Danseresu (19514,pp. 5-6), and many of the

matters appear remarkably correlative when viewed in the context of

the ecosystem. Among thest are genetic composition, geographic

distribution, topographic limitations, unit or association response to

environmental factors or fluctuations in then, structure and composi-

tion of association, relationships to other associations differently

organised, and effects of man's activities.

b. Systematics. After examining and enumerating by standard

(i.e., "classical") methods the various surface components present

in the study area through spot sampling and reconnaissance, predict-

able "behavioral" patterns with respect to weathering and relief

emerged. These could be used in extending the survey further through

extrapolation, However, in order to erect a classification system

based on these observed characteristics but designed to satisy the

objectives of broader utility und, perhaps, ultimate quantification,

it appeared to be necessary first of all to define or redtfine certain

parameters. Most of these were involved in the concept of "surface"

itself, about which the following observations are judged to be

relevant in the study areas

i
!
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1. In an area of high relief, surface expression is as diverse
as the topography, a matter of importance in the present
study, since all surfaces regardless of inclination are
significant in the Ranger operation. Trafficability problems
of the Rangers extend from massive outcrops exposed on
high angle slopes to incoherent deposits accumulated on
reduced slopes. Differential weathering, stream diseec-
tion, mass movement, and mass transport have contributed
to the diversity of surface slope and materials.

2. Although the materials involved in surface composition
may be described within fairly discrete categories (rock
types, soil types, etc.), the surface expression c
of these materials varies according to the nature of
the exposure. As discussed in a previous section, meta-
morphic rock types dominate in the Ranger area. The
uniqueness of these rocks resides in their megascopically
recognizable parallel fabrication giving rise to folia-
tion or schistosity. Other forms of cleavage, some inclined
to bedding, others parallel to it, and cross jointing or

|" tension fractures ar~haracteriatic of the.. rocks. As a
result, bedding surface, tangential, axial, and transverse
plane exposures of these rocks an masse display rather
different features (See diagrams in Cloos, 1946, p. 19 and
Grant, 1958, p. 43). Reaction to weathering, pattern an
form ol weathering, and development of soils are related
directly to the type of surfaeo exposed. For example,
thin soil or none oft an exfoliating surface may be-one
View of a granitoid gneiss, while a blocky, somewhat ledgy
surface develops at some angle to the other,

3. In characterizing surface in the Ranger area, ths vertical
dimension (i.e., perpendicular to the lithosphere-atmosphere
interface) is perhaps the most important, critical depth
depending upon the nature of the material involved and/or
topographic position. This profile ineludes soil horizons
and humus cover where developed. The lower limit (base
level) of consequence in this physirgnomic view is variable.
For the more resistant rocks, such as the gneiesic and
granitoid types lying at or near the surface in the high-
land sections, the lower boundary of internal fracturing,
or of the zone within which the inner surface (Penck, 1953,
p. 47) is developed, may be regarded as such, whereas in
the deeply weathered rocks, the water table defines the
base level. The extent of development is a function of
elevation, slope, maturity, and related factors involved
in weathering and denudation. Normally, profile thickness
decreases with increase in slope and denudation, and increases
with decrease in slope and increase in depth of weathering.

.1
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I Cohesion of materials increases in Lmportance witn increase
Sin slope. Stability of the profile is a measure of relative
mobility which, in turn, depends upon the nature of the
material or its component parts. For example, a number of
unconsolidated deposits are already mobile in the unweathered
state, or become so in contact with water (Penck, 1953,
p. 75). The role of vegetation in maintaining the profile
and adding to it is obvious; the role of man in altering or
destroying it needs no elaboration.

"r The system developed to classify the wide variety of surface

materials present in the area is essentially lithologic in character

Swith major emphasis placed on response to weathering and relative move-

ment. Technical and additional descriptive details concerning special

[ features of many of the types included in the system can be found in

[ the previous sections. The system is described as follows:

A. Hard Rock Surface - Divided on the basis of massive, bedded
(foliated), or complex structure, the latter

[ consleting of a central mass overlain
by thick arching sheets, Massive types
are gneissic to granitoid and occur

41 typically above 2500 feet. Bedded types
are schistose mainly but may be gneissic.
While not confined to any elevation range,
the schistose types are more commonly
seen at the lower elevations. They are
typically angular and ledgy, often folded
and faulted, and produce the brighter
colored soils. The complex type appears
to represent an intrusive phase.

B. Loose Rock Surface -Divided on the basis of implied degree
and agency of movement or transport.
Basically, this is the regolith of
Merrill (1906, p. 287) and includes
residual and transported subdivisions,
"specifically saprolite (Becker, 1895,
p. 289), gap and slope colluvium, and

Sstream alluvium (old and newer flood
plain alluvium, and terrace deposits).
Unconsolidated (incoherent) material for
the most part, components range in sire
from gravel and coarse sand to silt and

I
I
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[ clay, often in mixtures. Occasional
resistant fragments, cobbles, pebbles,
and remnant dike stringers are found

locally. This material is found in gaps
in the linear ridges of the mountain
belts, along stream courses and neat
bases of slopes at the lower elevations,
and in deeply weathered northeastern and
northwestern portions of the area,
odcasionally elsewhere.

C. Combination (Mixed)
lurface - Consists of mixtures of A and B categories

above with arbitrary percentage limitA-
tions. Produced by differential and
sytensive weathering of A types but to
a lesser degree than any of the B types

, so derived. This surface is highly
variable within short distances and is
characteristic of intermediate elevations
along the outer margin of the central
basin sector.

1" S6ils are included in all of the cateloribs listed above. Azonal
L

soils with little or no morphological development are associated with

SIi both the hard rock surface and recent alluvium of the bottom lands, at

the two extremes of relief, Zonal soils are included in other surfaces.

the Red-Yellow podmolic soils in the loose rock and combination surfaces,

and the Gray-Brown podsolic soils in the hard rock surface and to some

extent in the combination surface. Truncation of soil profile is common

I in the loose rock surface composed of saprolito. Humus cover may be

present on all surface types in the manner discussed in a previous section

of this report.

I Recognition of rock typos to comply with the system requires

familiarity with gross characteristics only despite the complex minera&

logic and petrologic variation described previously. Even so, in

1Een i
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alystaiiine baits or this type, gnsisaee gra~z initu ouitlLLUi ;o&UWia

hand and into granitoid igneous rocks on the other, often imperceptibly,

so that divisions are arbitrary in many cases. Furthermore, rocks of

diverse types metamorphosed under a similar environment commonly appear

ii similar due to convergence to a homeomorphic type (Crickmay, 1936,

pp. 1386-1387).

Further refinements to the system could be made by including

textural, mineralogical, and other variations. As indicated in the

mapping legend below, color can be used to differentiate among certain

ftypes and this is turn evig tasonal characteristics related to drainage

and chemical reioa,.Lons.

2. Distribution

-I. On the following pages, several strip maps, located by grýLd

1. numbers on FLgure lb, have been used to locate examples of surface

materials present in the Ranger area. Time was not available to

I, extend the survey to the point of drawing boundaries for specific

types. However, it in felt that the strip maps (figures 16-23)

2. contain a representative sampling which can be extended as the occasion

warrants. nhe following legend, codified by a letter-number system,

defines the symbols used on the strip maps:

A. . . . . . Hard Rock Surface
1.. .. 'I =-Tssive70-nei=ssc-Granitoid)
2 . . . . . Bedded (Foliated)(schistose mainly, occasionally

gneissic)
a..... Grey (gneissic variety)
b .... D. Reddish (schistose variety)Ic. . Dark Brown
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B. . . . . . Loose Rock Surface

a . . . . Gap
b. . . . . Slops I

2 . . . .. Alluvium
a. . . . . Bottomland

. . Recent
. .Older

b....... Terrace
3 ....... Residuum (saprolite)
a ..... .. Purplish-red
b ..... .. Light brown
C. ..... Dark brown
d. . . . Bleached red

Occasional thin dike stringer
Completely saprolitic

C. .. ... Cc iosition (Mixed) Surface
I..... More than 50%X"•lul'Wff
2..... 50% or less of Al plus B3*

3..... More than 50% A2 plus 33*
4 . . . . .50% or loes of A2 plus 33*

*B3 may have a.d color variatiens listed
under B3 in the previous category and the
particular letter is then added, ag., Cla

8xample: A2c is a hard rock surface composed of dark brown
rschistose rock, probably had good profile development, and
is ledgy in vertical exposures.

The foregoing survey of surface materiolv was not intanded to

Srepresent more than an introductory venture into the matter of quantifying

a variety of surface materials present in a complex, crystalline area.

Rigid controls are lacking due to the time limitations imposed en the

study. Much mere data with widerscoverage is needed; the practicability

of collecting such information at the sites selected for vegetation

sampling is outweighed by prejudiced results. Further definitions are

required in the system, as for example, in the differentiation between

hard and soft rock which might appear to be simple. Deeply weathered

metamorphic rocks possess internal weaknesses not apparent in surface

view.I:a
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* E. Hydrology and Hydraulic Geometry

Ge Oneral Hydrolegie tFstures.

The surface streams drainring-he Ranger area have been developed
S in patterns closely associated with the physlogr p hie divisions described

in a previous section. The southern escarpment and piedmont is drained

j from Routheast to southwest by tributary streams of the Chestatee-

Chattahoochee (Apalachicola BUsin), and thC Z0owah-Cartecay-Coosawattee-

Coosa (Mobile Basin) systems. The northern slopes of the northern
r [ mountain belt are drained by ttibutariee of the Nottely-Hiwaseo subsystem

Swhich join& the Tocooa-.ocoee subsystem to form the southernmost portion

of the Tennessee Basin. 'The Toccoa River and principal ttibutariee drain

the greater part of the area in a roughly centripetal pattern coverging

[ in the central intermontane basin,

The headwater tributaries of the Toccoa River originate at around

2950 feet in elevation and descend to about 2200 feet west of Boll

Mountain where the main trunk of the Toccoa proper is frmad, Within

a short distance, the river reaches a grade of 12-15 feet per mile and

continues at or near grade thereon. On the steeper slopes of the

escarpment on the opposite side of the Tennessee Valley divide, more

F rapid descent df streams in narrow V-shaped gorges provides a contrast

[ in gross hydrologic features (Figure 24).

The drainage pattern exhibited by the Toccoa River and its

tributaries is complex. The main axis of the headwater portion is

oriented in a north-south direction between Justus Mountain and the

[
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gap between Cavendar Ridge and Cavender Mountain. West of the axis,

drainage is strongly trellised with east-flowing creeks separated by

high, parallel ridges independently joining the main stream at nearly

right angles. East of the axis, Mt. Airy-Canada Creek drainage of the

I southeastern portion of the area is well developed and roughly dendritic

within an upland basin of some extent. Beyond Gaddistown, the Toccoa

I flows, in a circuitous, meander-like fashion with many angular turns,

within a sediment filled valley which sporcdically narrows and widens.

Strath-like, bouldery terraces, previously noted, occur along the sides

*1 of the valley in many places. Outside of the upland, headwater portion,

the velocity of the stream, which appears to be near grade over much of

its course in the area, is not impressive. Resistant outcrops create

patches of increased turbulence-locally, these alternating with quieter

stretches or pools.

[ Southwest-f lowing Cooper Creek and its tributaries, draining

the northeastern part of the area east of Lickleg Mountain, and Skeenah

Creak and its tributaries in the northwestern p4rt, provide moat of the

drainage for the northern mountain section, widening and extending the

valley flood plain considerably at points of junction with the Toccoa

f River.

"Pavemznts" of resistant boul4ers carried from the uplands commonly

floor the stream channels. Downcutting is limited and the relatively

shallow banks are rapidly filled during periods of high rainfall. Flooding

occurs annually and valley passage in several places is restricted during

[ periods of maximum precipitation (40% of the precipitation falls in

[
I
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March.and December according to T. V. A. records). Surface runoff is

reduced to a great extent by the forest cover and the absorptive nature

"of soma of the underlying rocks and thick residuum.

2. Basin Analysis

Drainage basin characteristics of the Toccoa River from headwater

branches to the junction with Cooper Creek were analyzed in the manner

described by Strahler (1952, pp. 376-380 and earlier papers). Analysis

of linear form elements produced the following data:

Stream Number of Bifurcation Average Segment Length
Order Segments Ratio Length ,(Paet) Ratio

1 154 .. 2400
4.82 1.99

2 32 . 4780
5.33 40

3 6 - '16270
6.00 3.10

4 1 50500

Since the bifurcation ratio is not constant4 differnoes in rock

type and/or stages of development are suggested, uniform climate being

assumed for the whole basin. The length ratio between first and second

order 36ePnt length is lower than expected although ratios between

higher onders are similar.

A comparison of areal elements was made' between the upper Toccoa

River basin and three sub-basins incorporated within it: Suche& Creek,

Mauldin Creek, and Headtown Creek. Basin shape was determined by applying

the circle method used to measure the elongation parameter in macrogeometry.

L The following results were obtained:

[
[

[I



SI

* 8

Drainage
Basin Area Denpity Basih Shape

Toccoa River 41.2"mi. 2  3.09 - - -

I Suchas Creek 8.0 mi. 3.38 0.388

Mauldin Creek 2.0 mi.2 3.13 0.314I 2
Headtown Creek 0.9 mi. 3.52 0.409

] Regardless of size, drainage density in all basins is similar

and would be described as low, averaging 3* miles of channel for every

square mile of surface. This map value is probably less than true

[ value because of the amount of slope present in the area. Forest

coverage may account in part for the low value: the resistance and

massiveness of the rocks underlying parts of the area and the perme-

ability of residuum in other, deeply weathered parts art probably

contributing factors.

[ 3. Hydraulic Geometry

During the course of the investigation, a limited study was made

1. of hydraulic characteristics of streams at selected sites in the area

S(Figure 25), Range poles were placed on each side of the stream at a

level judged to be the high water mark. The zero end of a metallic tape

was secured to one of the poles. The tape was held taut between range

poles and kept level with a hand level. An ordinary level red was usedF
to determine the vertical distance from the tape to the ground or to the

bottom of the stream. Horizontal distance was measured from the zero

end of the tape to each pole position. Cross sections were plotted from

data thus obtained. These have been submitted as accessory information

but have not been analyzed further.[
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Bottem examined at all sites were firm and mostly rocky. Using

flash bulbs for floats, surface velocity was measured at each site and

determined to be approximately 2 feet per second on the average.

F. Microgeometry

1. Sampling

i Using information containel in Plan of Tests, Tropical So£l

Studies (Wat.erways Experiment Station, 1961) as a guide, a field technique

for recording the occurrence of those features in the Ranger area having

S[ relief of less than ten feet was devised. Two data recording forms

patterned atoer those illustrated in the manual cited above were prepared

[, (Figures 26 and 27).

For maximum efficiency the microgeoometric data wer* collected at

the vegetation sampling sites where such features were judged to be a

r significant factor in surface relief. Range poles, a lietalli tape, a

Philadelphia leveling rod, and a hand compass constituted the field

U equipment used in the technique described as follows:

1. The center of a 60-foot diameter test area was located within

S10 feet of the center of the vegetation site. A range pole

I was placed at the center point and the zero end of the tape

was attached to it at a convenient height (approximately 3.5

I feet) above the ground. Due to the height of the micro-

geometric features encountered in the study area, the suggested

I height of 35 cm in the manual proved to be impractical.

I
iI
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Project CE-9

Measurement of Length and Bearing of Microgeometry keatures
iio

450,

2700 _ _ _ _ _

[

L B
j Length of Bearing of 1 in. -10 feet

I.Feature Feature

Crest 1

Crest 2
_reet: 3

Crest 4 i

Crest 5

Crest 6

Sigure 26. Form for plotting measurement of length and bearing
of m2crogeometry features.
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m 2. A scend range pole was positioned at the edge of the test

area and the. ta•ewas held taut between the poles, generally

•I parallel with the slope of the terrain. Objects encountered

along a ray directed from the center of the site were noted,,

and the horianntal distance from the center (H) and the

distance from the tape to the ground (D) were recorded. The

level rod was used to determine the (D) distances. Values

of (D) and (H) were recorded for each signif icant change in

microrelief. While the upper limit for these features was

j set at ten feet, the criterion for the lower limit depended

on the inferrea importance of the feature with regard to

Ranger mobility.

3. A compass was used to determine the recommended eight rays

along which(*dtawas to be obtained,: the first ray being

oriented in the direction of true north. After recording

data at twe sites, it became apparent that this method was

very time-consuming and, furthermoze, too much data was

collected near the center of the test area while more

important features at the edge of the area were not recorded.

SA variation in the method was then devised that is believed

to portray the important microgeomethic features in the Ranger

I area more accurately. This variation is based on the observe-

[ tion that on the predominantly forested upland slopes where

significant microgometric features, such as (1) numerous

[
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Figure 28. Contrast in surface conditions. A. Microgeometric features

II minimal. B. Microgeomnetric featurea pronounced and possibly significant.
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- dead logS in contact with the ground, (2) loose, flat rocks

WI which slide dewnhill uinder a man's weight, (3) massive rook
outcrops protrtadiag above the general surface, and (4j) smaller

fixed rocks, are most pronounced. some of the features had

definite orientation with respect to slope. As a consequence,

data for eight sites were collected slang two rays parallel

I to up slope and down slope directions without regard to

compass headings. Plan views of the features were drawn

and diamsters of logs and protruding rocks were measured

as in the first method.

Including the sites involved in the measurements discussed above.

notes on the distribution of microgemmetric feature. were made at a

total of 33 sites, each assigned the number of the vegetation site for

reference.

3. Results

Data sheets have been submitted as separate accessory inforsa-

tion. Notes taken at vegetation sampling sites included cover percent-

S[ age estimates, as in the following examples

Site #30 Coverase:
Elevation 2000' 7% Rocks[ Slope 45•%, 8156W 2% Fixed (8"1-14")

'5% Loose (3"-6")
2% Dead Logs (15"&30")[ 6%"Sticks (l"-2"), scatter,wd

The important microgeometric features of the Ranger area can bw

Ssummarised as followas

[
I
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Area Feature

1. Wooded Dead lels

2. Rocky and Weeded Massive rack outcrops, loose rock,
and "slip rock" (dise-shape'rocks,

i 6".-2' in diameter, which slide under
a man's weight)

3. Cultivated flats Especially in the lowlands bordering
the Toccoa River, fields are laced
with drainage ditches measuring 2
feet in width and 2.-3 foot in depth
on the average; streams in general
become more significant as micro-
geometric features in the lowlands
where depth and width increase.

I Soame percentage estimates computed at sites where microgeometric

features in category 2 above especially predominate are listed below:

site Cover

2-60% loose talus, 1"1-2 above surface
20% fixed 8.101 extending l-4

above surface
Granite gneiss, some schist

3 16% loose talus, 1".-' above surface
f% fixed, 1-3'

Granite gneies

16% loose talus, l"-,2' above sur- '-v

face
14% fixed
Biotite gneiss.

r e 10% loose talus, blocky
I1 15% fixed, projecting 3' above

surfaceGranite gnties

12 40% loose rock, 1-3' above surface
20% fixed, 1-3' in die., 3' in height[ Biotite gneiss
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Site Cover

19 50% loose rock, 1-3' abeve surfacse
20% fixed, ranging from 1"10'

above surface
Biotite gneiss

[23 25% loose rock, 1,.4' above surface
70% fixed rock, projecting 6-18'
above surface

SReference to the vegetation site map, Plate 10, will show that each of

the sites is located either on the south-facing slope of the escarp-

mont at or near the crest or on the southeastern flank of Conner Moun-

tamn. Comonly further characterLsod by accumulations of logo or other

debris, these rocky sites probably contain the moat pronounced micro-

geometric features in the Ranger area (Figure 28).

3. Discussion

in gathering microgeeomtric data in an area such as this one,

S-rayed circular plots are impractical when employed on slopes that may

j J approach 8% and where, incidentally, such .features as d.ecribed above

comonly occur. Rays longer than 30 feet are required to adequately

[ sample such features. For obvious reasons, collection of data of this

sort should be carried out in the late fall or winter months; undergrowth

Sobscures many of these features and otherwise inhibits sampling.

1i The relative importance of objects of mLcrogeometric proportions

which lie on steep slopes is a matter that seems to require further oxamina-

I tion. It seems reasonable to predict that degree of slope would become

a limiting factor 1ot11 before these features became effective in restrict-

L ing movement.

I



1I1. HACROGEOMMnY

A. Intreductien

In the manual prepared by the Vanderbilt University group (Dept.

of Civil Engineering, Vanderbilt Univ., 1962), macrogeettry is defined

as the gross topographic configuration of an area, and includes all

tI attributes of the surface that are defined by the slope envelope generated

,• [ by a 10-foot contour interval. Previous investigations have determined

that it may be possible to describe the uacrogeomstry of an area by

using six or seven parameters to describe terrain units. A terrain unit

as defined by the Vanrerbilt group is an afea which encompasses one

[ dominating topographic high and is bounded by a continuous topographic

minimum, The technique used in drawing and analysing terrain units in

the present report was patterned in general after methods outlined in

the Vanderbilt manual.

B . Mscrogeemetric Analysis

r 1. Determination of Terrain Unit Boundaries

The Vanderbilt study indicated that on the basis ef the study

of the Colesburg quadrang&6, approximately fifty per cent of the terrain

units in a given area should be analysed. It was concluded in the

J present study that the bournariss of all terrain units in the entire

area could be drawn in considerably less than twice the time it took to

draw boundaries for half of the terrain units. Drawing all of the

1. 77
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boundaries that were in error.

I �Multiple topographic highs situated closely together were

treated separately instead of as a unit because of the large contour

intervals (40-foot and 50-foot). Small knobs, which were actually

minor highs on a large topographic high also presented a problem.

It was decided that such minor highs wo 'ld not be the basis for

drawing a separate terrain unit.

2. Terrain Unit

Approximately half of the terrain units were analyled, and the

units to be analysed were randomly seleoted. The planar shape of the

terrain unit deftneS by the Elongation number, 3, was the first par&-

meter determined;' The method used to determine Elongation is as

[ Lfollows:

(1) The diameter of the largest inscribed circle of the terrain

[ unit was recorded as Di.

(2) The diameter of the smallest circle to enclose the terrain

unit was recorded as Do.

f (3) E was solved for using the equationh

E' DL/D-.

I. A template was designed to use in determining Elongation. It

consisted of a transparent sheet of plastic on which circles having a

common point of tangancy were drawn. The diameters of the circles

Sincreased by one-half inch increments from 1j" to 7".

[
1
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I• To datarmine the •rnfila than& and simea four lines wera drawn£
from the topographic high to four randomly selected points an the

Si1boundary of the terrain unit. The longest line was designated as

profile PPI. The other profiles were designated PP2, PP3 , and PP4

by proceeding clockwise from PPI. The follewing parameters were

J determined using profiles:

relief (R)

dissection (D)

profile area (A)

peakedness index (8)

slope (a)

These parameters are shown in Figure 29. Each of these parameters will

be discussed in detail later. Successive profiles in a terrain unit

were analysed until average values for the parameters were determined

I•. using the followings

% Diff. * Avg. Value (n profiles) -Avg. Value (n-i profiles) x 100I Avg. Value (n profiles)

I" where Value means parameter value.

When the per cent difference was. 5% er less, the computatiens

were carried no further, and the average value of the parameter for

n profiles was considered to be the average value of the parameter

I for that terrain unit. Four to seven profiles were enough to obtain

the average values of the parameters in nearly every instance.

The last parameter determined was parallelism number (P), and

the method used to determine P will be discussed later in the report.,

I.
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It ! C. Elongation Number

Proven statistical methods for investigating and .ascribing

terrain units and for seeking out those parameters which yield the

SI most information with the least expenditure of time and energy is

probably superior to any other method or combination of methods known.

I Sampling techniques not only speed data collecting but allows for

detailed observations, and rapid consideration of many variables

(Peltier, 1962, p. 24). Those data which are treated statistically

can be converted to utandard units which often facilitate comparisens.

While no method of analysis is without same error, statistical analysis

I [will reveal the level of reliability desired. Statistical analysis is

Y~he unasaitlable continuum between investigators, the investigated, the

past, the present, and the future (Robinson, 1963, p. 15).

Consider the collection of elongation numbers from the Mountain

Training Area. The frequency distribution graph (Figure 30) of the

numbers approximates the sanarLmposed normal curve. The same relation-

ship can be shown on probability paper. An arithmetic test for goodne.

of fit can be made by using the X2 test. This particular collection of

Snumbers is characterized by a sample mean of 0.512 and a sample standard

deviation of 0.118. These are unbiased estimates of the respective popula-

f tion parameters. A relatively short range into which successive sample

means will fall has been calculated. This can be done at any level of

confidence desired with, in most instances, an upper limit of 99%. It

I should be noted that the sample size n for determining the confidence

I
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*..~...¶ 1 .. * the ei.. e.P the wn.%vnq~a$4-4 (V4cu,,va 32). A

potential value of such a procedure is that it can be used in a test of

[the hypothesis that given equivalent geology, physiography, and climate

in another area, the same degree of elongation will be encountered.

j The distribution of elongation numbers is mapped at a confidence

level of 90% (Plate No. 1). The units indicated on the map are

actually the upper and lower values amounting to 5% of the sample

S[ for each extreme. These are the highly 6tongated and nearly round

units, respectively. Host of the area, as estimated by the sample

- mean and standard deviation, is characterýWed by elongation values

between 0.32 and 0.69. That portion of the map is left blank. Upon

F determining the elongation of all terrain units, it was found that very

S["nearly 10% of the elongation values actually do lie within the extreme

ranges as predicted from the sample. Those terrain units, drawn in

[ •addition to the sample units, which had values less than 0.32 or greater

than 0.69 are referred to as "areas in error" on Plate No. 1.

D. Relief

From a high point in the area., it can be - , , most of

I the high knobs a,' mountain tops stand at very nea- amse level.

Within the area stream dissection has carved valle) jating varying

I.aamounts of local relief. The distribution of reli.., is shown in Figure

31. The sample highs and lows are mapped on Plate No. 2.

in some instances it may be desirable to show a relationship

j between related sets of data. If the portion of the study area between
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the hty4.m4.1 :ri.de L.f %Q *a AA may ho tlh, -iht nf an a colleetion

of residual knobs or monadnocks, then one is probably justifLed in

suspecting that a positive correlation between the elevations of the

high points and the corresponding local relief does exist. Eighty-

[ three elevations and the corresponding amounts of local relief were

plotted on cross section paper. The pattern was such as to suggest

I a positive correlation (Sea Figure 5, p. 14). With such a trend

there is justifioation for determining the regression equation for

estimating the local relief given the local elevation. The next

• Llogical atop consists of calculating confidence limits of expeoted

local relief for any group of high points or any range of high points

at the desired level of confidence, 90% for example. Plate No. S was

[ developed from this relationship and value.

E. Dissection

Terrain units as defined are the result of dissected landscape.

SOGiven a unique geology and climate and a particular distance and eleva-

[ tion from bass level, one might expect similar geometric forms to

develop. In this study, terrain units are located by high points, and

measurements of several random radii are averaged to determine the D-

value. Slope is fairly constant falling in a relatively short range of

1 variation; consequently, the geometric forms approach an inverted cone

shape as the elongation number of the terrain units exceeds one-half.

The resulting measurements of terrain relief, "R", and average base

I radius, I'", should describe a set of right triangles with a variation

[i
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"3 from actual similarity that is normally dittributed. It follows that

measurements of any sub set of components of the set of triangles should

3I also be normally distributed. This was found to be true of local relief

(See Figure 31, p. 82). When it was noted that the distribution of

SfD-values was skewed to the right (Figure 33) i.e., some seemed to be

I much too large, an explanation was sought. In Instances where the ter-

rain unit extends out into a flat flood plain area the bass of the

imaginary triangle is extended disproportionately. The hypotenuse will

no longer approximately coincide with the slope of the terrain unit.

Where raw data is not normally distributed it is comen practice

Sto apply some transformation which will result in a normal distrib%4

tLon. A logarithmic transformation provided such a distribution. The

end points bounding 90% of the D-values were found and transformed back

to the original data for mappiig..purposes (Plate No. 4),

F. Profile Area

Profile Area, A, is not an area. Rather it is an average of

the several "At'" determined by the ratios of actual areas, "10's," of

the terrain unit profiles to what might be called ideal areas, t.e., the

products of respective "R's" and '"D's". Whfre there is a net bulge up-

ward, the resulting A value is greater then 0.5, and where the net bulge

is downward the A value is less than 0.5. Figure 34 shows a clustering

"of values in the neighborhood of the 0.5 value. The upper and lower

extremes are mapped an Plate No. 5.[

I
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The area beneath a profile (Ao) was determined using two different

methods. Initially, profiles were plotted to scale on cross-saction

paper and Ao was determined using a planimeter. This procedure was

used to obtain Ao values for a small number of terrain units on two

quadrangle sheets. The trapezoidal rule method was used to obtain Ao

values for most of the terrain units. This latter method did save some

time, but not on the order indicated by previous investigators.

I 0. Peakedness Index

I_ The 8 value, (Plate 1•o. 6) known as the peakedness index is an

attempt to describe the characteristic tops of the terrain units. The

procedure for obtaining S values is similar to that for determining the

0 value except that only the top ton per cent of the terrain unit is

considered. It is an attempt to consider the character of peaks ef the
Sterrain units; however, in ae much as the method of determining 8 is

Ssimilar to that for computing 0, somewhat similar weaknesses in results

prevail. As measured in this study a low S value indicates a tendency

E toward flatness of the top of the terrain unit. All 6 values in this

study lie below 0.5 (Figure 35).

H. slope

The 0 value (Plate 7) is the tangent of the average slope of the

[ terrain unit, that is, 0 is the quotient of average relief over average

D for a given terrain unit. It is not surprising that the resulting

I distribution was found to be approximately normal (Figure 36), for the

£
I
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means derived from sets of related but not normally distributed data

themselves tend to be normally distributed. Averaging the slopes

around the unit tends to mask the uniqueness of the particular. Under

such a procedure, units posesaiing one exceedingly steep side and one

f gentle side will likely yield the:same descriptive 0 value as a set of

circular units with essentially the same slope on either side, neither

steep raor gentle. Furthermore, if slope is defined as the angle of

[ repose of weathered and unconsolidated material, then the measurements

must be taken along the direction of the slope, and somewhere below the

r
flatsened top of the terrain unit and above the zone of accumulation at

the base of the unit,

I. Parallelism Number

Parrallelism refers to a description of the directional trend

[ of the longest axes of the set of terrain units. These appear to be

normally distributed except that the extreme deviations, 1.1., those

approaching a ninety degree deviation from the mean trend, occurred

[ with too great a frequency (Figure 37). For the purpose of calculating

the variance and standard deviation of the mean, several of the larger

angles were re-distributed as their own back angles, o.j., an angle of

85 degrees may be represented as 95 degrees in the Cartesian or polar

coordinate systems. Having determined these, it is a simple matter to

determine the range of values into which future sample means will fall

with a chosen level of confidence, in this instance 90%.

I
I
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U i- -i-,.- : --here it e desirahi.a to refer to oarallelism by

some scale, a conversion formula can be written. On the scale suggested

hers, absolute parallelism is equal to one, and no parallelism, that is,

a right angle to the mean trend, is equal to zero (Plate No. 8). The

formula used here is P - where a is the positive900 hr stepstv

[ clockwise angle of the long anxis of the terrain unit from zero degrees

north to 180 degrees south, and P is the mean direction of the sample

of axes. P was calculated to be 2.37 degrees east of north with a

standard deviation of 147.3 degrees.

Parallelism as defined here may be of doubtful military value

if not completely misleading because the long axes of the terrain units,

as they are defined, seem more often than not to approach a right angle

to the general trend of the ridges and stream interfluves. Herein may

lie the reason for the uncxpeVR number of large deviations from the

mean trend. Where the bounding .agr .cu;.'ty normal to the ridge or

[ interfluve happen to be farther apart than the width of the ridge or

interfluve, the long axis of the bounded terrain- ••aLt tends to shift

approximately ninety degrees.

A means of graphically representing parallelism or the directional

[ trend of terrain units or ridges on polar coordinate paper is suggested.

Ii This is accomplished by grouping the sample measurements in convenient

intervals, ten, fifteen, or eighteen degrees for example, spread over a

range of 180 degrees. The resulting graph or directional rose (Figure

38) gives a composite picture of all the reprecented trends which can

I be comprehended at a glance.

!
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• I 3. Summary

Whenever sampling methods are used for estimating parameters,

£.e., characteristics of a given population, the problem of sample sise

3! arises. Obivausly, the degree of precision must be decided upon. Once

the precision, called the length of desired interval of confidence, is

SI agreed upon, the next step is some consideration of the variatic, among

the unite of the population. This, of course, is usually unknewn, but

,it may be estimated by drawing a amall sample in advance. The foreula

! k.I is usually written as n a t2 82/Ad2 where n is the sample sise, is

the sample variance, d is one-half of the acceptatle interval -of con-'

P fidenase arid t is a tabulated value fo r a given level of confidence.'

Nlowhere does the site of the population enter th# determination of a

sample sise. As the variance decreases so does the necessary sample

[ stoel as the acceptable confidence is increased n must decrease, In

most instances a saaple of 100-150 is quite adequate. This principle

[ is amply illustrated in Figure 32, p. 84.

After a sample size is agreed upon and drawn, it is analysed
[/

to determine such things as the distribution, the mean, and the variant.e

Sor standard deviation from the mean. The latter is not always possible

where the dat& are not normally distributed. In some instances a

Smathematical transformation of the data will yield a normal distribution

[ which permits analysis.

The investigator may be interested in the values lying within

[ the confidence interval, those lying outside the C.I., or both. In

r
I
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this study the values clustering about the mean tend te be emphasized

Sby the nature of the bar graph&. The terrain units possessing extreme

F1  values and lying outside the C.I. ware mapped on Plates 1-8, oxceptift

Plate No. 3. From these one may obtain some idea of their six*, shape,

SI and distribution. More than 90% of the remaining units, these not

actually drawn on the map, will fall in the 90% confidence interval.
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V'. VIQTAMTION UTD¥Y

A.Objectives

The major objectives of this portion of the work were

5 (1) to study the physiignemic structure and organisation

of the vegetation clothing the terrain.

(2) to record and report by means of the WES-standardized

system of diagrams the variation in and among the

kinds of plant communities present.

S(3) to construct a map showing insofar as feasible the

variations withi.n the vegetation, particularly as

these might relate to military interests - especially

that of the foot soldier.

B. Recent Vegetational Ristory

Approximately 85 per cent of the area is covered by forest in

a mosaic of varying stages of development and conditions. The nen-

11 •forested portion consists of patches located mainly in the flatter

bottoms along the principal streams, where the best sitee are under

active cultivation. Subsistence mountainside farms are rare and

population density ts relatively low. All of the area is in the

Chattahoochec National Forest.

Because of the hilly character of the terrain, the forests are

virtually all of uplands types. The higher mountainous communities fall

[98
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Region and the area south of Conner Mountain is included in the Oak-

SI Pine Forest Region by Braun (1950).

In 1950-51 a forest inventory of the Georgia part of the Toccoa

River watershed was conducted by the Division of Forestry Relations,

jTennessee Valley Authority (Tennessee Valley Authority, 1952). At

that time the forest area was composed of dominant forest types with

• areas as follows: upland hardwoods 66 per cent, cove hardwoods 10 per

L cent, yellow pines 9 per cent, yellow pine-hardwoods .8 per cent, white

t pine-hardwoods 5 per cent, others 2 par cent. Saw timber volume by

S[ major species groups included red oaks 35 per cent, white oaks 19 per

cent, yellow poplar 13 per cent, white pine 10 per cent, chestnut 8 per

[ cent, yellow pines 7 per cent, and others 8 per cent.

r The area has been mainly included in a generalised oak-hickory

SL type by Walker and Perkins (1958), and is rimmed by oak-pine en the

i[ lower uplands to the south of Conner Mountain,

Again in 1958, Fannin and Union Counties were surveyed by TVA as

S[ part of their continuing forest inventory study. The Ranger Training

area, however, covers roughly only a half of these counties and there-

I. fofare their statistical summaries (Tennessee Valley Authority, 1959,

Ii 1960) are not completely pertinent. Sample site locations and raw

inventory data obtained from these samples have been made available by

TVA for study and have provided a very limited source of accessory

information.

[
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two third@ is in private ownership. Much of it is quite steep and

inaccessible by all-weather roads and thereby is better suited to

forestation than to any other use. Consequently little of it has

j been clearcut for agricultural purposes; but varying degrees of selective

cutting, much of it severe, have led to a wide range of conditions among

the stands. At present, lumbering is very active in the region north

of the Toccoa River, as for example, on Licklog Mountain.

C. Methods

1. Introduction

Introductory and familiarivatien session. were conducted in

!; •Knoxville by Waterways Experiment BtatLon personnel at which time the

Military Evaluation of Geographic Areas program in general was introduced,

[ lithe structural cell concept was presented, and the current W8.modifics-

tLon of the Dansereau(1951b) life-form symbolic representation system

I. was discussed in detail, The portrayal version as presented in the

ii Waterways Experiment Station publication "Plan of Tests, Tropical Soil

Studies," (Waterways Experiment Station, 1961) was accepted as basic

[i reference and has been followed in the work to date.

A reconna.sance trip to the Ranger Training camp and its area

I of operations confirmed the expectation that the vegetation is mesic

L upland forest, characteristic of the Southern Appalachian Mountains,

chiefly deciduous but with considerable local enrichment of evergreens.

Yellow pines are common on exposed drier sites and white pine intermixed

I
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with hemlock is abundant in the narrower moist valleys and lower north-

,: facing slopes. Wet alder thickets are fairly common but there is

nothing so clearly hydrophytic as a cypress swamp or sphagnum bog.

2. Data Forms

For purposes of field recording, a special tally form (Figure 39) was

constructed and tested on several Knoxville area vegetation samples.

This form is direct and brief and is likely to be best applicable only

to the regional vegetation for which it was designed.

[ By means of the large block at top-right, kinds of plants requir-

ing separate symbolisation can be quickly codified with respect to

height, woodiness, erectness, crown shape, stem diameter, leaf shape,

leaf texture, and leaf size. Leaf class within a square of the lArge

[ rcoding block is indicated by the position of a dot or check mark having

reference to leaf character as indicated in the smaller four-square

4 block. Beyond these eight parameters the column for "special features"

provides a place for recording appropriate supplementary or clarifying

information on characteristics having less frequent occurrence.

At first gl•nce it may seem that even for temperate region upland

vegetation this mode of classification is too gross. It is true, how-

ever, that in a complete list of plant variations, some parameters never

I interact - leaves can have site, shape, and texture only when present.

Height of branching on an individual plant is either of horizontal or

divergent type but not of both. In life, few if any non-twining herbeceous

plants have leafy crown* in height classes six or seven, or stems in the

r
I
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I NO. - Area Date_ _ Crew_

Elev._. 81ope. (%O) Toward - CoordinatesE A. Check classes with over 1% cover, Ft. o 0 6
to be shown in diagram. Point in 6
block Indicates height, form, and, 110
by iti position, leaf class: 5

1 2 4
Needle Broad 40had 6 3

Broad Broad, . 5 2

A. Enter each height-form-leaf-stem 24 5 - ,,
diagram type in the table, with 3
added date neAded under Special 3 1
Features, such as branch habit 2 1
and ht. (ol.3-5), thorns, sharp O.3
points, cutting edges, whether 1 - .
lianas or vines are twining, and O /• 7
tendency to clump.

1Woody Non-Woody
_1 2 3 4 _

class Code Diam.
I. 1rIm *e,• rtem Cover Orown ., Pahtw.. R lPlart1a

I Figure 39. Field data form.

I
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I larger diameter classes. The WES diagraummatic system depicts all crown

shapes of erect nonwoody plants with an isosceles triangle differing

Ii only in its long axis.

Thus in the Dahlonega area, crown shapes of the woody species,

especially those that contribute to the overstory, are predominantly

of two fundamental types, round and pointed topped. Further, of these

two shapes roundness is the more common. Elm and hackberry trees,

notorious for their deliquescent habit and flatter tops when forest

grown, are exceedingly rare within the area. The limited acres flat

enough to support a swamp forest vegetation wherein these usually

&. abound are typically under cultivation. Stem diameters an erect woedy

plants other than lianas tend to increase al&on with the increases in

f height, crown size and age. Correlation of diameter with height class

in our area is close enough to justify its inclusion in the ceding

block, noting however, that soam caution must be exercised. Height

' •class seven trees must always be checked for ore of two stem diameter

classes, and taller members of height class six may occasionally have

f [stems in diameter class four, Lianas are variable but. tend to have

small stems in relation to their height class, so stem diameters on

1 these must also be checked individually. Herbaceous erect plants have

I no stems when represented symbolically, hence in reality no meaning need

attach to the stem classes of the coding chart in the column for these

plants.

Perhaps the greatest simplification has been possible with regard

1.- to leaf typing. Needle (or awl) shape coupled with broad-leafiness

!
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tyi'4'4. AMl nf the tree leaves and nearly every important herb leaf-

type except one, that of the grasses and sedge.. It wa, with nom wi

I chagrin that leaves at least five times longer than broad were so

frequently rediscovered and were thereafter designated by a "G"!

[ Leaf textures turn out to be of only two kinds, by elimination.

Except where galled, no thickened succulent leaves are present, and

nothing thin enough to see newsprint through has been noted. Possible

exception to the latter would be in certain mosses like MnLum, but

here the leaves are routinely small (1-3 sq.mm.) and the plants

provide low cover percentage. The great preponderance of leaves are

of papery, flexible texture as are those of oak, hickory, sunflower,

or Johnson-grass. In strong csntrast, leaves of Rhode~endron, laurel,

and holly are notably harder, thicker, more stiff - they generally

retain some deformation when tightly wound around a penoil, but seldom

I •break. Pine needles were and are a problem, but all species in the

study area have been judged rather aribtarily to fall into the

membranous or more flexible category rather than the stiffer inflexible

group. Most leaves become flexible when wilted, and wilting itself is

a highly variable character. $Lae of leaves presents little difficulty.

j The only really large leaved plants in the area are species of Magnolia

and leaves on these are broad and flat with papery texture, thus

constituting by Lheuoelves class number 4 in the leef-classification

block. Needle-like leaves, as pine and hemlock, having little or no

flattened lamina were therefore judged to belong to the class meriting

f leos than one square centimeter of area designation.

I
I
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nthar i4tmn ni tho fHold Aata £rm are standard and self exDlana-

tory, exceot perhape the column for representative plants. W9hile the

WE$ system per se requires no other plant designations, our group was

interested in this facet and has found the information of interest.

Additional reference to this subject will be made later.

1 3. Choice of Sampling Areas

Aerial photographs were not available at the outset of the field

work and early sampling sites were chosen on the basis of reference to

one or more of the following criteria:

a. Widely different plant associations were known to exist in the

F area but their diagrammatic representation with the present

system was as yet unknown. Examples, white pine-hemlock, eak-

hickory, or oak-pine.

b. Ditalerences within and among community types could be expected

to occur due to wide variation in intensity of ecolegical factors

j operating. Topographic diversity was conspicuous.

c. Locations on maps showed approximately two dozen randomly picked

sample sites used by TVA in their 1958 inventory study. These

IS samples, if they could be relocated and evaluated, might offer

help by extrapolation.

SLater on, one complete aet and two partial sets of aerial photos

became available and were studied at length. Before the field season

eneed, sites were being chosen to answer questions about vegetation in

V" specific areas and to fill gaps in the series that finally emerged as

vegetation mapping units.

I
1
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1 jiLSUU ;r _jn -u2 .L~ the vartety of

diagrams In the various stands enlarged and no consistent trends seemed

3 Ito develop. At the same time increasing familiarity with the Ranger

program of training activities tended to add weight to a short but

I significant list of relationships. It im because these finally became

factors in later efforts to document and map the vegetation that they

are mentioned here as follows:

a. Rangers proceed without dependence on wheeled vehicles

hence large stems in almost any common density can be

avoided if they are upright and if their lower branches

abundant branching can approach the '.no go" condition.

Sb. Much of their movement occurs at night without supplementary

light, thus intensifying the problem (or danger, as to the

~I [ eyes) of any impedence, as for example, that of deadfall and

foot-entangling vines.

c. They must avoid detection from the air in daytime; therefore,

per cent of crown cover and its height become critically

important.

Sd. Patrols proceed on predetermined compass courses and tend to

endure or overcome annoyance rather than risk loss of time

or proper heading by attempts at uncertain circumvention.

Ii This tends to increase rather than minimise possible exposure

to thorns, poison ivy, stinging nettles and probably snakes.LI

r
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4. Sampling Procedure

The initial method of choice was to employ circular, nested,

SI variable radius plots, experience having demonstrated that these can

[ be highly productive of information with minimum investment of time

and labor. For the kinds of information usually sought by plant

J! ecologists and foresters on relationships among the dominant individuals -

a single 100-foot diameter sample in homogeneous forest vegetation in

I the study area will provide relatively reliable data of a reconnaisance

type. Usually, however, a series of samples employing somewhat smaller

diameters would be used to establish the "point of diminishing raturi,'" ..

[ as with a species- area curve, when critical or detailed data. on a

stand of less homogeneous vegetation is desired.

A Cain (1935), reporting on basal area studies in fir forests of

the higher Smokies, found that 30 quadrate 50 square meters in sizS

constituted a satisfactory sample of the trees of the association.

[ Oosting (1948) indicates six to be the minimum number of lOxIOM quad-

rate necessary for sampling the tree strata in oak-hickory forests on

the Piedmont in North Carolina.

The WES system of notation while ostensibly not recognizing plant

species as such is directly based upon the structural differences among

species and will occasionally differentiate between some of the members

in a sample at the species level. Mostly, however, it tends to lump

[ species.

In sampling practice, therefore, to be qualitatively representative

of an area a plot need only be big enough to include those kinds of

[
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£ species in the area which the system is able to differentiate, but not

necessarily all of the kinds of species that might be present, On such

I a basis a kind of indicator or "partial flora" species-to-area relation-

[ ship exists.

A mo.ore practical point of interest however attachas'to all of

the accessory species - those in &ddition to the species which first

necessitate each kind of structural symbol to appear in a diagram.

Kinds oQf specias may grow, alone :or,.ide by side affectLng each other.

[ Tendency of individuals wtthirL-;a species toward clumping in some degree,,

- is c very common charantfs.e and in difficult to measure, yet each individ- " .. ....

L *- '.al plant adda its own stG4 altd portion of cover to the whole. Each

spocies adds characterl.stLcs not at..all sorted by the system. Their

fruits (for example) ýr* various in color, size, frequency, odor, and

" - palatability to man. They alo strongly influence the distribution of

I animals in both number and kind. 1t is the total combination of kinds

" of elements coupled with their frequency that really constitute& the

uniqueness of a sample. A kind of structural element in North Georgia

"may represent five species of plants within one sample. The same kind

of symbol might or might not represent five species of plants in a

[ sample taken in Vermont.but it is virtually certa'n that the species

I would be different. Thus the two symbols are interchangeable in the

sample diagrams but they really refer to two separate clusters of

Splant capabilities and characteristics. Each group is successful in

its own plant-association, the groups may occupy equivalent niches, but

the plants would likely die if transplanted. Thus in any given area

I
I
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sample isze probably should be equal or greater than species-minimal

area size in order to most validly portray the sum total of the vegeta-

tion.

S[ In the field, visual inspection was employed to locate each sample

within what appeared to be a fair representation of the local degree of

homogeneity with respect to the dominant plants. A large individual of
the least frequent but characteristically present dominants was chosen

as the center of 100 ft. diameter circles in the earlier Zorest samples.

Within these, a smaller circle of 20 to 40 ft. diameter was used for

sampling the low-growing plants of height classes one to three, and

the u..ole area was used for the taller height classes. It was realized

that even with this method of two sizes of samples over-sampling was

bound to occur for some abundant kinds of plants, Just an under-sampling

would always occur with the rarer kinds. However, on the basis of

previous experience in similar vegetation it was known that the 100 ft.

[: circle could be expected to give generally reliable information with

height classes six and seven trees, and it was felt that any extra

Seffort spent in over-sampling might not be entirely wasted. For cmpara-

[. tive purposes it would be an advantage to have samples of a single size,

and certainly the relations of values in the 100 ft. diameter circle

r" make for easy and rapid field calculations. The coverage of any element

may be determined directly from:$(diameter 2 /100) * per cent coverage

F of the sample. Later, with sample size derived by computation of a

S'"plateau" diameter based on mean area of a certain dominant structural

[
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element, the structural cells were in each case measured 100 ft. or

smaller in diameter. In those no subsampling was done for determine-

Sgtion of frequency and cover percentage in the lower height classes.

At the outset it was hoped that precise plane table maps of all

overstory crowns could be drawn and correlations of stem size and

distribution would be attempted. The size of the total operation on

the area assigned turned out to be much larger than anticipated so

individual crown covers were lumped together and reported by structural

V- elements only. Stem frequency data by size classes were taken on only

about half of the samples.

No collection of voucher specimens was made.

5. Mapping

In the development of the vegetation nip, principal reference was

made to the available aerial photographs. The north half of the area

was almost covered by a series with Sood overlap taken in early Nevember

[ of 1960 with scale at 1:15000. On theme the leaves were still in

,7 •evidence. Another partial coverage set with less overlap taken in mid

December of 1955 with scale of 1:20000 covered approximately the southern

[ half of the area - except for one completely missing strip. The one

complete set for the whole area was of January, February and March, 1954

. vintage with 60 per cent overlap and scale at 1:20000. On both of these

last two sets no leaves were discernible in the deciduous crowns and in

numerous aroas cutting had by now changed the landscape markedly.[i
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I The major problem was to fit together somehow the fine scale

detail of a limited number of grouwd samples with the relatively large

i [ scale photographs. More precisely stated, in what way might approxi-

Smately 100 square miles of hilly forest land be characterized with

the existing photogrR-hic information supplemented by the detail of

less than a .002% ground sample? It was immediately clear that only

the grossest information could be used by extrapolation from the ground

Ssamples to the aerial photographs. For example, height, density ofiN
crown cover, and, in some cases, stem frequency could be estimated for

the taller height classes. Photos of stands at different seasons of the

year would help delimit evergreens and be especially useful in spotting

the laurel under deciduous canopies. Where it occurred under pines and

I hemlocks it would be difficult if indeed possible to recognise.

. [It was in recognition of this problem that special cognizance

of the activities of military personnel was made and the series of

m[ apping units depicted in Figure 40 was selected. It will be seen at

once that these attempt xo deal practically with large clusters of

plant characteristics more or loes in tote. Involved directly as life-

form characteristics are height, crown cover per cent, stem frequency,

stem branching, woodiness, tendency toward twining, spine and poison

production. Other characteristicse as reproductive potential, degree of

association, specificity of ecological niches, and rate of decay are

[ definitely though perhaps less obviously expressed. Much more clear

is the over-riding influence of man - upon whose activity in the area

five of the seven categories are based.

[:
!
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j After finally deciding upon mapping units the t sr Ll y1,L L " I

interpreted and boundary tracings were made on clear plastic overlays.

These tracings (after correction from field date in numerous cases)

[ were then transferred to maps specially prepared to fit the two scale

sizes of the photos. The two partial maps resulting were then reduced

photographically to a scale of 1:25000 and assembled into a composite.

I D. Results

Oixty-nine circular sample plots of nested variable radius type

were selected and detailed observations were recorded in the field.

Plots were located in areas chosen for their inclusion of different

kinds of forest vegetation (as for example oak-pine, oak-chestnut,

hemlock-white pine-hardwoods), in areas where differences were fully

expected because of ecological factors operating, and from areas

readily discernible on aerial photographs as owing their differences

[ primarily to man's occupancy and activities, By choice effort was

made to locate and sample as many representative kinds of vegetation

. as possible, and to that extent the data are definitely biased. Loca-

tion of sample plots by number is shown on Plate 10,

Plot samples ranged in size from ten to one hundred feet in

" diameter and their distribution by sizes is shown in Figure 41. All

of the ten and twenty-foot diameter plots and half of the thirty-foot

Splots were samples from old fields or thickets where vegetation is low

Sor dense and tends to be rather uniform.

I
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A little mere than half of the samples were of the maximua

hundred foot diameter. All of these were in tall vegetation - forest,

1 forest with thicket understory, or slashed forest.

Vegetation diagrams for all samples have been constructed

I according to the WES life-form systemand several complete sets are

I isubmitted under separate cover, together with one copy of each of the

original field tally forms. Figures 42-47 consist of a set of diagrams

of the vegetation of six sample plots illustrating the six generalized

classes of vegetation used as mapping types.

General variation in degree of complexity of the vegetation is

illustrated in Figure 48 where it may be seen that the extreme range

in number of kinds of structural elements U.r sample extends from five

to thirty. The median is at 14, and 75 per cent of the samples have

from 10 to 20 elements each. It is implied that some of the plots of

Svegetation are several times as complicated as others.

The somewhat irregular outline of the curve of Figure 48 results

from the facts that (a) different classes of vegetation owe their

Sdifferences in part to the number and degree of development of the

component structural elements and (b uneven numbers of samples were

F obtained within given classes of vegetation. In all, thirteen samples

were from old fields, three from thickets, two from park-woodland,

seven from forests with thicket, thirty-five from forests (without

L thicket), and nine were from slash. In Figura 49 the individual

samples of the previous figure are designated as they relate to the

I series of mapping types and the arrows indicate positions of medians.

I Thl
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6

II 4
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STRUCTURAL ELEMENTS
Figure 48

DISTRIBUTION OF SAMPLES IN TERMS OF TOTAL
NUMBER OF STRUCTURAL ELEMENTS

PRESENT PER SAMPLE

[
PLOTS

T PW OF F FT S

6

i STRUCTURAL ELEMENTS
Figure T9

DISRIBTIO OFSAMPLES, STRUCTURAL ELEMENTS
" ~PRESENT PER SAMPLE, AND VEGETATION

t MAPPING TYPES

PFq

4. F - Forest

FT - Forest with Thicket
SOF - Old Field

PW- Park-Woodland
S - SFaFh

I T - Thicket
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5i Although very tew samples were coLlected Ln tnicKet ano parK-woodLand

and tha information is therefore only suggestive, the very fact that

I their cover occurs in a restricted number of height classes would

appear to be compatible with their lower number of structural elements

as recorded in the field. AlA field vegetation is more complicated,

Snd while its range in elements is nearly that of the range of forest

elements its median is clearly lower. The name slash is here used for

1. stands (formerly forest) in which relatively recent cutting h~s opened

conspicuous areas in the overstory and notable amounts of tops and

limbs remain in undecayed condition on the forest floor. This also

I is apparently a complex type although its range c' elements in these

samples is narrower than that of the forest.

Distribution of the six vegetation categories together with land

presently cultured is shown on a scale of 1:2500G on Plate 9. It should

be noted that boundary delineation is inherently easier between some

I of the types than others. Distinctions, as with slash, have sometimes

been arbitrary - although there is probably no virgin forest in the

whole arera. Most difficult eo all to delimit was forest having the

laurel thicket below. In cases where it occurs under hardwoods it may

become visible from above in winter. Sometimes, however, the laurel

I is associated with hemlock and white or other pines and is thus obscured

from aerial observation at all seasons. On photos as ours with scales

I at 1:15000 and 1:20000, prints of uniformly good quality are highly

1 essential, and the accuracy of our map remains to be tested.

I
I
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-I . Analysis and Discussion

It appears without a doubt that a wide spectrum of life-forms

I can be successfully portrayed by the diagrammatic system in its present

j form. Yardstick of success in this case being the retrieval of the

information by the reader of the diagram.

Figures 50 and 51 are diagrams of samples taken within 700 feet

of each other and are illustrative of the considerable differences in

F vegetation due to locat site influences. The plot with the taller,

Ii more dense ovarstory was part of a deciduous stand in a steep "Moist

and protected" ravine, while the other was from an oak-pine stand on

a much less steep but "dry and exposed" lead. Both were at approxi-

mately mid-altitude on the broad south-facing slope of a major ridge,

r Conner Mountain.

Figure 52 is illustrative of the vegetation at the summit of the

ridge. Here the forest is relatively open and is composed of scattered

1 oaks with an abundance of herbs in low height classes. WOody seedlings

and saplings so characteristic of actively reproducing forests are in

V short supply. In some cases these ridge top stands have stagnated so

extensively that sufficient light penetrates to support a growth of

numerous grasses and a wave of woody reproduction. Such condition is

I shown in Figure 53.

By way of contrast a sample taken high on the moist north-

I facing slope of the same ridge is represented in Figure 46, page 120.

This well stocked mature stand shows not only a very dense overstory
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(1448 per cent in height classes seven and eight) supported by stems of

varying cross section, but also good woody reproduction and an abundant

herbaceous ground cover. The samplc has more height class eight treas

than is typical of moat forests of the training area, but is other-

wisen a fair representative of differences typifying north and south-

facing slopes. Temperature and moisture regimes are markedly different.

It is not always easy to determine the cutting history or tho

burning record, but signs of cutting wtthin recent years wer6 not .present

in these particular samples. The Ranger training area, however, does

include much land in private ownership, and selective cutting, some of

it severe, has been widely practiced. Thus the condition of most forest

standG is often more clearly related to the modifying effects of man's

use (or neglect) than to the processse of uninhibited natural succession.

In these forests high percentagea of cover can occur in any other (but

not all, in concert) height class along with that of the overstory

itself. Figure 34 shows by means of star diagrams the cover distribu-

II tion in two samples of forest (.one of which has been previously mentiened

And i. diagramed in Figure 46, p. 120), Here eight radii correspond to

the eight height classes and each millimeter of length along a radius

[ equals one per cent of cover in that particul&r stratum. The boundary

subtending the radii is not interpreted here to have specific quanti-

I tative meaning other than as it tends to emphasize general size and

[ shape of the figure. The shape, in fact, is quite diagnostic. Forests

by definition have high cover percentages in upper layers. Plot thirteen

Sof the same figure was in a selectively ýutover area of forest having

[
I
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a conspicuous laurel tALcKet as unoerstury. in FI!ut. 5&',

other four vegetation mh•pping typesc•ar timlarly ill'ustrated by dia-

I grams of representative samples. Of these three only the slash type is

highly variable with respect to the strata in which cover occurs. The

others may be recognized immediately by their fundamental shape. For

comparison, vegetation each-of the mapping types is represented

pictorially in Figures 56 to 61.

1 [Variation between samples in per cent of cover at any given

level is to t1 expocted, Hence averages and ranges of variability

are of interest. Figures 62 to 67 depict for each vegetation mapping

S[ type average cover per cents by height classes, together with the

total number of kinds of structural elements which contribute to that

cover. Again, there is a generalized characteristic profile for each

of the types, although slash looks somewhat similar to forest with

thicket. Actually in the field, sites of slash would rarely if ever

[ be mistaken for sites of forest with thicket. Slash has lower total

cover percentages and varies from place to place. Its density in

height class five is due mere to a vwody mixture of nomerous kinds ef

plants, many of them woody seedlings, than to the comparatively uniferm

tangle of the laurel thicket.

[ Cover variation among samples by height classes is shown for

old field, forest, forest with thicket, and slash mapping types in

F Figures 68 to 71. Here the ranges in cover (upon which the averages

of the previous figures are based) may be compared and are seen to

[
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Fi.cure •.6. Old f.eld ve~etatio,• being i~nvaded by pine roreit.
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j ~Figure 57. Thici~et of reatitei~y e',en-aged pine *apdlngs.[ Ilote p~ermiatence of leafless branches tri lower height classes..
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Figure 61. •1aah vegetation with abunoa.nt down 1iaibs and tops.
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Figure 64. Average cover stratification in twoL samples of park woodland.

[
i



J A

I7

7

10260 4 0 6 0 10 9 0

Pecn oe

offrstwt tiktFiue6.Aeaecvrsrtfcto nsvnsipa



P141

21 210*

0 10_YO__0_4__5b___7'0__0____10

Peren Cove

Fi gue6.Aeaecvrsraiiaini wnyfv

foes sapls



3 1

'I

Ii 7 7

!

2 9

IIl

[. 3 12

o0 10 20 30 40 51 66 70 86 90 100

Percent Cover

Figure 67. Average cover stratification in nine
samples of forest slash,

I
[



1! 14

[

"" V

I I

1 0S

o % . . I
¾€

I

[

Ii ' I i i " .. .. i +l "i. . "



-t - A.

K
- I

I
'.4

II I

-I

Ii' I
_______ I

� *

II
IA INS

I I
I
Ii
[

I



/1 :�rj '�'�T 7 4�W�X

I 4-"' 1 a-�-� -�

_____________________ /

I .1117

I

II III .

[I

11 1�**
�ET

bE

I>
I

4

I
F

.11
I
I



I *- � � .� �- z� -. r' �r�i�q
_________________ F; _____________ *

F I
I%3 

Ad

II
II

5 K)

N

I E
I.

I 'I
I I

Lti
I i2

II:
I 

bi

I



S.. .. .. .. ..... : _- * '- , ' '......... ... .. .. " .. . .

1 149

have wide latitude. in factwLth much latitude it is obvious that

ii adequacy of number of samples quickly beomes a relevant question.

3 ~it was shown sorlier that the number of structural eleme~nts

per sample ranges from 5 to 30 with a median at 14. in FLur* 449, page 122,Ii it may be seen that the mediLan iiumbor of elements in the samples from
different mapping types alic differs. There is overlap in the ranges,

with forest samples being most variable followed closely by old field.

Slash has 6nly half the variability of forest but averages nearly 50

per cant more elements per sample. A further look at distributions of

• Istructural elements is of interest.

Numbers of elements per stratu. in the different kinds of mapping

units is summarised in the following i-ablet
• i'.!•i orest".

Old Thicket 'Park- with Forest Slash
Field Woodland Thicket

[ Number of
samples 13 3 2 7 25 9

Numbers of elements

Height
classes a - ~ 4 2 -

7 1 -- 3 5 9 7

6 4 3 1 7 11 3

5 12 5 -- 6 17 9

4 13 5 1 7 16 i1

3 11 3 2 8 11 12

2 7 3 4 S 10 9

1 6 2 5 5 6 5STotal Elements 54 21 16 47 82 55

Table I. Distribution of Structural Elements by Strata Within Mapping
Units.
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In each vegetetLon type except park-t-woodland the freqmency

tends to be greatest in the intermediate class heights. Forest irelvoes

the greatest total number of elevents and park-wotdland the least.

Plots in slash may have more kinds of elements present per sample but

the total number of kinds present irt all of its sample& s m ore like

[ !the intermediate total numbers present in old field and forest with

thicket types. Altogether, not eounting Uitter materials, Ma8 structural

elaments were present in the samples indiceted above and 45 of these

odcurred only onc• , iNone was universally prosesntand only forest included

£ muore than 50 per cent of the total number of kinds.

i [ C..suaribility of data becomes a pertinent questLor. when consLdering

these results in detail. It is likely that the plot sies were all of

minimal area or larger with respect to the dominant plants, but samples

• [ were not of the *aa size (or number) in the different typos. For ervpmae,

the diameters of thirteen samples of old field type ranged from 10 to 50

[ and averaged 27 feet. In seven samples of forest with thicket the range

was 30 to 100 and the average was 71 feet. The 25 samples of forests

which were used for detailed study were of the 100 foot diameter sue

Sr and were therefore cempa~able in area at least. In spite of such

L differences the pattern of total numbers of elemanto present in the

types is perhaps instructive. The numbers of elements involved are

reasonably large and can be treated in some ways as if they were species.

1. In Figure 72 "structural elementJarea' curves for four of the mapping
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*0 types are presented. From these it can be meen that slash and old

- •field rathar quickly within the number of samples available tend to-

I ward a "plateau' relationship. Forest with thicket~however, exhibits

only sligt.tly less than a linear relationshLp and one could wish for

"at least another dozen samples of it. The forest curve shows a

general trend toward flatt%ning out but not without wavering.

Actually, there is an additional and perhaps subjective variable

in these curves. They have been plotted as the field data was gathered

ch:'onologLcally, and the time elapsed was a matter of six to seven

weeks. Forest samples were taken throughout the period and could

therefore reflect seasonal changes in the lo"r and herbaceous vegete-

tion as it continued to develop. Forest samples were also tak.n in

:[ particular areas. A number of early plots were taken on the south

face and ridge top of Conner Mountain followed by a series down the

Toccoa River valley past GaddLstown. A third and last series wvm

mixed and inoluded the mo•ist white pine-hemlock forests intermixed with

upper slope types. These three series are known to include different

i• [ floristic and frequency lists of plants, and it seems likely that a

very long series of perhaps 40 to 50 samples located randomly end with-

[ out respect to types would be required to include the variablity of

forest that exists.

Ii Figures 73 and 74 show element-area curves within different

height classes for the forest and old field series. Again chronology

is involved but is of probable significance only in the forest series.
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(All of the old field plots were taken in aid-aumeer within a period

of two wek..) In each series the dominant strata tend toward plateau

relationship rather early but the accessories vary rather widely.

Importance as well as frequency of elements varies widely. In

all of the twenty-five forest plots only one element was iniversally

present (and in terms of cover it was exceedingly important). At the

other extreme, forty elements were present only once in all twenty-five

samples and their combined cover percentage is very low. Figure 75

shows, by Raunktbsiam type of grouping, the frequency distribution of

elements in the forest samples along with the cover which they produce.

Although structural elements have much in common with species

categories, in some respects they differ importantly. A certain species,

as fer example American holly, because of spines on its leaves is

specifically represented and emphasised in every height class in which

it occurs. On the other hand, floras can vary widely without differing

in structural symbelisation, and perhaps tor military purposes this it

unimportant. It ignores, however, the predictive end association qualities

end therefore the indicator potential inherent in species recognition,

F. Problems and Recomeendations

An adequate ratio of stems to crowns in the construction of the

Sdiagrams is likely to remain &.troublesome item. Figure 76 stove how

the present diagram system generally tends to underrepresent stem

frequency especially in lower height classes.

I
I



! I 156

[ 808SO., sto
70' 70

50.6

so- 50

3 0- ,o30

10 2

.66 2 91 . 4

TO 61 11-15 16-20 21-25
Aac D a

Frequency Class Groups4
Figure 75. Presence distribution of elemnts in twenty-fLve
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.• IDef'.nLtive determineti.n of LndLivLdul crown shape monl trees

composing the vorto*ry is difficult and sometimves nearly lmpossiblo in

"3 samples having high cover per cents in height clasi six or seven.

Better dLagramatLc representation • moisses might be achieved

I by lumping them into a single separate symbol. We have used the low

herb symbol with appropriate leaf designation (smallest size), which

fails to distinquLsh a sometimes important community on rocks, log•,

or ledges, from other smallvleaved .hrbaceous plants (as Sedum or Oxeals).

in many aoeas, especially in the slash type of vegetation, there

are more than negl$gible mounts of down branches and limbs in fresh to

advanced decay condition. These were distLnquished from purely prostrate

stems (which were oonsidered SLreeemotzi:~ ftlurs) and aeorded as

[ woody ddciaents by appropriate heigtmclass and eoenest ets disater.

No loaf symol in these generally et then clearly &part in the die-

How to extrapolate from a given sample to the adjacent vegetation

II is a major problem. Development of some key signific•nce eo a few

reco••niable symbols for use with oend photograph$ seems the present

best hope, There is little or no problem in mapping the vegetation of

Sthe sample areas proper (at almost any class height) with the detail of

data now obtained.

Only limited stem frequency and essentially no crown mapping data

was obtained in the Ranger training area. More information in needed

before the distribution of rare elements, especially those tending to

( clump, can be evaluated.
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i The adding of th croess hatch grid to the diagrm s•mbols seems

U an inordinate waste of tiue sad energy. Having shoti aLse, texture,

I and shape, gnless oth•are•s specIfLed, it might well be .assend that, the

leaves we•rs present on the specimen in living conditLon when the

Ji observation was made.
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