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INTRODUCTION

The primary purpose of this project was to provide a basic
reference on the history of science activities and the current available
information base at the Great Smoky Mountains National Park (GSMNP)
Biosphere Reserve. It was designed to (1) assist in the evaluation of
the Great Smokies’ science program by the National Park Service and
outside authorities, (2) serve as a review document for planning future
science program development, and (3) serve as a current source of
general information for resource managers, planners, and scientists
concerned with the Reserve’s ecosystems and the influence of human
activities upon them. To the extent possible, an attempt was made to
provide a prototype Man and the Biosphere (MAB) document for presenting
information relevant to science program formulation and evaluation in
International Biosphere Reserves.

The project was initiated in October, 1980 under the direction of
John D. McCrone, Executive Officer of the Southern Appalachian
Research/Resource Management éoéperative (SARRMC) and Dean of the School
of Arts and Sciences at Western Carolina University, Cullowhee, North
Carolina. With the advice and assistance of the SARRMC Executive
Committee (appendix), a 33-member SARRMC Technical Advisory Committee
for the project was formed (appendix), with Fred C. Huber of Western
Carolina University appointed as Research Associate. During the
following months, Huber and McCrone visited or contacted 93 individuals

and agencies (appendix) to gather information relevant to the history of
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scientific study at GSMNP. Using this information, summary narrative
reports were written on the park’s geology, soils, climate, vegetation,
fauna, aquatic systems, disturbance history, and current science
facilities and available data bases. A bibliography also was prepared.
Relevant summary reports were reviewed by members of the Technical
Advisory Committee, and they were asked to respond to a series of
questions about the science activities at the Park. The summary reports
were then revised.

Anne S. Stocum then replaced Fred Huber as the Research Associate
on the project. She assembled all the information and data that has
been gathered, plus some additional material she uncovered, and prepared
a series of summary tables. The bibliography* was also revised to
incorporate the additional material.

Gary White of the Department of Earth Sciences at Western Carolina
University prepared a map of the fixed base environmental monitoring
stations in the GSMNP. He was assisted by the staff of the National

Park Service’s Uplands Field Research Laboratory.

*This bibliography has been published in a separate volume. Reference:
Great Smoky Mountains Biosphere Reserve: A Bibliography of Scientific
Studies. U.S. MAB Report No. 4.
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EDITOR'S NOTE

This document contains information on completed or ongoing scientific
research studies relevant to Great Smoky Mountains National Park. This
information should not be quoted or reprinted without the prior permission

of the authors or investigators named herein.



GEOLOGY

General

King and Stupka (1950) presented a general account of the geology of
the Park area. Table 1 of their paper summarized the geologic history of
the Great Smoky Mountains.

In 1955 Hadley et al. published an outline of the geology of the
Great Smoky Mountains area. This was a summary of work done by the US
Geological Survey between 1946 and 1954.

A bibliography of geological work done in North Carolina was compiled
by Wilson (1975). The bibliography is statewide in scope and covers the
yvears from 1910 to 1960.

Specific Studies

Cove Areas

In 1920 Gordon described the geology of Tuckaleechee, Wéar, and Cades
Coves. He discussed the underlying rock, periods of faulting in the area,
and related the geology to known Ocoee rocks.

Keith (1927) also covered, in a general way, the geologic formations
of Cades and Wear Coves.

Wilson (1935) studied the Great Smoky thrust fault in the area of
Tuckaleechee, Wear and Cades Coves. He described the Coves, their strati-
graphy, structure and evidences for thrusting.

The fauna from limestones in Cades Cove was investigated by Neuman
(1946). Included in the fauna were Diaphelasma pennsylvanicum, Finkeln-
burgia virginica, Diparalasma cf. typicum and Hystricurus cf. conicus
which appeared to Neuman to be an undescribed species. Also found were
gastropods and a cephalopod. Neuman felt that this fauna suggested a

correlation with Longview and Odenville elements of the Beekmantown.



In 1947 Neuman published notes on collections and observations on the
geologf of Cades Cove. He was attempting to determine the stratigraphic
position of the limestones exposed there.

Richardson and Jones Cove Quadrangles were the object of Hamilton's
1961 study. The report contains a description of rock units, structural
and metamorphic geology, surficial, economic, and engineering geology.
Although most of the area covered is outside the Park, a small corner of
the study area is within the Park. Hamilton found that the best exposures
were along roads, trails and streams, that slopes were generally covered by
colluvium, and that although the rock on the ridges was deeply weathered in
places, it retained original structural features. Laboratory work included
the study of 450 hand specimens and 100 thin sections. Chemical and spectro-
graphic, analyses of 8 samples of metapelites were done.

Ocoee Series

Stose and Stose (1944) defined "The Chilhowee group and Ocoee series
of the Southern Appalachians." The formations and their distribution are
listed and their structural relations are described. Published reports
on the area are reviewed and discussed.

The stratigraphy of beds assigned to the pre-Cambrian and early Cam-
brian in the southern Appalachians was examined by King (1949). Some
suggestions as to the classification of those beds are offered.

In 1951 Neuman presented new observations on the Great Smoky fault
and the rock units adjoining it. At the time of publication the project was
not completed.

Goldsmith and Hadley (1955) reported on pre-Ocoee erosion in the
Great Smoky Mountains. They concluded that "distribution, composition,

and sequence of the basal deposits of the Ocoee series suggests that Ocoee



sedimentation was preceded by a period of subaerial weathering on an
irregular but probably subdued topography. The weathered material was
redistributed probably by a rapidly encroaching shallow sea."

Knowledge about the Ocoee series was updated from Stose and Stose's
1944 work by King et al. in 1958. The project from which this paper came
was originally requested by the National Park Service. From 1946-1955 the
geology of 1300 square miles was mapped. The area included most of the
Park and considerable surrounding area. This was a preliminary summary
of the stratigraphy of the Ocoee series.

In 1957 Carroll et al. described the heavy minerals in arenaceous beds
in parts of the Ocoee Series. Their purpose was to relate heavy minerals to
the units defined in field mapping and to obtain information on the source
or sources of the arenites. Carroll et al. found that arenaceous beds of
the Ocoee series contained a restricted suite of heavy minerals dominated by
varying proportions of ilmenite and zircon. The zircon was compared to
zircon from boulders found in a conglomerate and they were not alike. A
comparison of mineral concentrates from saprolites with those of fresh rock
showed that the major changes were the removal of apatite, alteration of
ilmenite, and oxidation and hydration of magnetite. Anatase is authi-
genically developed from ilmenite during the saprolitization process.

Three principal varieties of zircon were recognized. Ages ranged from 630
million years to 1140 million years. Preparation of saprolite samples
involved rolling, sieving, quartering, washing and boiling in 1:1 HCI.

Another mineralogical study was that done by Allen (1968) on the
chemical and mineralogic variations during prograde metamorphism of
Thunderhead sandstones. A total of 27 outcrops were examined (a large

scale map in Allen's report shows the sites). Allen's intent was (1) to



evaluate the mobility of trace and major elements and their incorporation
into the biotite and muscovite phases during progressive regional metamorphism,
and (2) to evaluate the degree to which equilibrium had been attained.
Biotites, muscovites, and total rocks were analyzed for trace, minor and
major elements by atomic absorption spectrophotometry, colorimetry, x-ray
spectrography, and x-ray diffraction. Modal thin section analyses were
made. Allen concluded that the reacting systems became quite extensive
after the introduction of water. He found that whenever abundant water was
present the system encompassed very large volumes of material and most often
encompassed several lithologies.or subsystems. Also, the chemical system
involved in metamorphism was highly complex and open when abundant water was
present.

The geology of the eastern Great Smoky Mountains was described by Hadley
and Goldsmith (1963). The area covered extends from near Clingman's Dome
‘east to near the Pigeon River. The study included the stratigraphy,
structural geology, Paleozoic regional metamorphism, surficial geology, and
mineral resources of the area. According to Hadley and Goldsmith the rocks
are mostly a very thick mass of metamorphosed sedimentary rocks of late
Precambrian age, long known as the Ocoee series, that rest on a basement
complex of granitic and metasedimentary gneisses.

King (1964) characterized the geology of the central Great Smoky Moun-
tains in an area from the Tennessee-North Carolina line north for 20 miles.
The southern half of the study area was in the Park. Contained in the
report are geography, descriptions of rock formations, tectonics, Cenozoic
deposits and landforms, and economic geology. It was found that the rocks
are all of sedimentary origin, except for a small intrusive body. The

rocks of sedimentary origin were laid down in the later Precambrian



and early Paleozoic time and have since been much deformed and metamorphosed
to varying degrees. Younger sedimentary rocks, of Ordovician and Cambrian
ages, are exposed toward the north. Those of later Precambrian age, the
Ocoee series, are exposed to the south in the foothills and in the Great
Smoky Mountains. Thickness of sedimentary rocks in the area exceeded 5
miles, but due to missing stratigraphic units produced by deformation, and
uncertainities as to succession, the total thickness was undeterminable.

The western part of the Great Smoky Mountains was studied geologically
by Neuman and Nelson (1965), including about 200 sq. mi. of the Park (on
the Tennessee side) and an adjoining area to the north. Field methods
involved mostly an elaborate reconnaissance with traverses across the strike
of the country. Roads, trails, and other access areas, including major
streams, were studied. Included in this project were the nature and extent
of exposures, structural framework, metamorphism, later Precambrian rocks,
Cambrian and Cambrian (?) rocks, missing intervals, Ordovician; Devonian
and Mississippian systems, structural geology, surficial geology, and post-
Paleozoic history of the area.

The work in the Great Smoky Mountains by the US Geological Survey was
summarized by King et al. (1968) in the publication of a geological map and
a report on the geology of the Park. The report presented: (1) the
bedrock geology (including the basement complex), Ocoee series, Paleozoic
rocks, and igneous rocks, (2) the structure of the bedrock: Greenbrier and
related faults, Great Smoky and related faults, Gatlinburg and related
faults, folding, and a summary of deformational history, and (3) noteworthy
exposures in the area. Table 1 of their report shows the stratigraphic units

of the Ocoee series of the Great Smoky Mountains.



Mohr (1973) studied a stratigraphic section which extended from the
middle of the Great Smoky Group to the lower part of the Murphy Belt Grbup.
Strata are described, as are the tectonic events which occurred after
sedimentation. Mohr presents hypotheses about the development and defor-
mation of the strata.

Wiener (1976) challenged the inferred Precambrian age of metasedi-
mentary rocks of the Great Smoky and overlying Murphy sequence. He
concluded that "the fossils provide valid evidence and the rocks are
Paleozoic in age. The Murphy sequence is likely a Middle Ordovician de-
posit; the Great Smoky is also Ordovician, at least in part, though its
lower beds may extend further back into the Early Paleozoic,"

Witherspoon (1977) was beginning a study of the tectonic fabrics in
the Metcalf Phyllite. The project was located in the Little River Gorge.
Witherspoon intended to examine outcrops and to attempt to relate the rock

fabrics to one of two orogenic events in the area.



SOILS

There has not been a great deal of research on soils in the Great
Smoky Mour* °"~s National Park. R. F. Shanks (1956) examined the effect
of altitu 1 microclimate on soil temperature under natural vegetation.
He measured soil temperature in forest stands at approximately weekly
intervals from late January to November 1950. The stands studied were
also being used for a tree growth study. Stations where data were col-
lected varied from 1500 to 6000 ft. and were located near air temperature
reference stations. Shanks concluded that in the Great Smoky Mountains,
and presumably in the southern Appalachians in general, soil temperature
may provide a convenient and useful index of envirommental differences
when measured as he measured them. It was found that soil temperature
measurements were consistent, and sensitive enough to detect differences
between contrasting adjacent habitats. During the growing season and early
fall the altitudinal profile of soil temperature parallels mean air temper-
ature, and when related to mean air temperature at one altitude, may be
used to estimate mean air temperature at anothgr altitude with reasonable
precision.

The properties of soils representative of the elevation from 4,500
to 6,000 ft. along the North Carolina-Tennessee border in the Park were
studied by McCracken et al. (1962). The parameters measured included:
pH, organic carbon, free iron, exchangeable alkali-alkaline earth catiomns,
exchangeable Ca, K, and Na, exchange acidity, exchangeable Al, clay
fractions, particle size distribution, and thin sections of representative
horizons. They found the parent rock to be feldspathic sandstone and
conglomerate. The soils were put into two groups: (1) Lacking A2 horizons

with thin A, and '"color B" horizons. These were ascribed to the Sol Brun



Acide great soil group because of very low base status and high exchangeable
Al, C/N levels, lack of relative accumulation of free iron and of layer
silicates, and the lack of A2 horizons. Such soils usually occupy well-
drained sites under spruce-fir forests. (2) With Aj horizons, BiRr

horizons and relatively thick mor layers. These soils were excluded

from the Sol Brun Acide group because of the presence of Ay horizoms,
differential iron accummulation, and C/N levels, and they were interpreted
as Podzols.

Possible mechanisms were proposed to account for the contrasting
properties of the Sol Brun Acide and Podzol soils described, and for the
anomalous absence of A2 horizons in the Sol Brun Acide of the Smokies.
Profile descriptions of the soils were included.

J. C. Ritchie (1963) and Ritchie et al. (1970) investigated the ''Dis-
tribution of Fallout Cesium-137 in Litter, Humus, and Surface Soil Layers
Under Natural Vegetation in the Great Smoky Mountains.'" Their purpose was
to measure the amount of Cesium-137 in the organic layer and top four and
one-half inches of mineral soil in representative evergreen and deciduous
forest stands, with emphasis on the distribution and movement downward
through the soil. A total of ten sites were studied at four different
elevations. Five samples of forest floor and mineral soil were collected at
each site. The samples were dried and weighed, and a soil analysis was
conducted. Gamma-ray analysis was carried out using a 200 channel RIDL
pulse height analyzer. Total Cesium-137 varied from 246.2 to 386.0
millicuries per square mile. There was no significant difference in the
distribution of Cesium-137 with cover type or exposure, but there was a

significant difference at the 957 confidence level in the distribution of

Cesium—-137 with elevation; it increased with elevation. This seemed most



closely related to amount of precipitation received. Most of the Cesium-137
was in the organic layers and upper one and one-half inches of the mineral
soil. Eighty percent of the total Cesium-137 under the deciduous stands

and 967 under the evergreen stands was in the organic material and upper
part of the mineral soil.

Other identifiable fission produced gamma-emitters present where
Ruthenium-106 and Cerium-144. These contributed approximately 287% of the
fission product activity. Potassium-40, Thorium, and Uranium made up
the naturally occurring gamma-ray emitters present. They produced 80%
or more of the total activity in the soil layers.

The differences in soil characteristics related to spruce-fir and
beech-birch vegetation, and bedrock in the Great Smoky Mountains were
studied by Wolfe (1967). He attempted to hold other factors as nearly
constant as possible and to evaluate the influence of bedrock on soil
characteristics and vegetation patterns in order to try to explain the
"perplexing" complex vegetation mosaic found at higher mountain elevations.
Wolfe chose two types of sites: (1) contrasting bedrock types (Mt.

Collins and Mt. Mingus) to ascertain the effect of bedrock on soil
formation; (2) contrasting vegetation types (Spruce Mtn. and Double Spring
Gap, Cosby Knob, Mt. Kephart) to control factors of soil formation. From
these sites profiles were described and samples were collected from each
horizon. In the laboratory pH was measured; the soils were ground,

sieved and divided into three classes, the smallest of which was used in the
analysis. Cation exchange capacity, extractable bases, nitrogen, and soil
texture were anlayzed, and minerals were identified. Wolfe found that the
soil profiles in spruce-fir and adjacent beech stands showed very similar

mineralogical and textural composition indicating that bedrock differences
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were not responsible for the sudden changes in vegetation, but that the
vegetation was responsible for the differences in chemical characteristics
of the soil. The chief influence appeared related to the litter; beech
litter being less acid, containing slightly more bases and forming

looser, less persisteunt layers of organic matter than did spruce litter.
Cheluviation of iron (and perhaps aluminum and other cations) was apparent
to a much greater degree under spruce-fir than under beech. Various stages
of translocation of iron and humus were present under spruce-fir.

Spodosols were rare due to frequent uprooting of trees by wind. No albic
or spodic horizons were seen under beech stands. According to Wolfe the
more acid spruce-fir litter may produce conditions unfavorable to most soil
microflora and fauna creating a reducing enviromment in which iron

chelated with humic substances becomes more mobile. In beech stands, the

loose litter allows better aeration and humic substances decay more rapidly.



CLIMATE
General

Williamson (1939) noted that an ascent of 6000 ft in the Great Smoky
Mountains or Blue Ridge represented a decrease in mean annual temperature
of almost 15° F. The highest peaks had abaut the same annual mean tem-
perature as the northern shores of Lake Michigan, but there was far less
range between winter and summer conditions. Williamson found that different
elevations and slopes produce a variety of rainfall conditions.

Also in 1939, Donley and Mitchell presented a study of the relation-
ship between rainfall and elevation in the southern Appalachians.

Regional information from a number of stations was collected. Apparently
the Park was included to some degree in this project. It was.concluded that
in most mountain areas the amount of mean annual rainfall was greater the
higher the elevation.

Several studies have apparently drawn on weather data collected be-
tween 1946 and 1950. This information was the result of a cooperative
project by the Tennessee Valley Authority, the US Weather Bureau and the
National Park Service. 1In 1953 Smallshaw described some precipitation
altitude studies. Standard, non-recording precipitation gauges with 18"
collectors were established late in 1945 along Newfound Gap Road from
Gatlinburg, Tennessee, to Smokemont, North Carolina. The collectors were
on posts and their tops were 4' to 6' above the ground. In 1947 another
gauge was put in 5 mi southwest of Newfound Gap. Since the study was
mainly concerned with snowfall, thegauges had Alter shields. Small-
shaw's results indicated that rainfall increases with altitude and that

this effect is more pronounced in winter.

11
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The data used by Shanks (1954) came from weather records from 1946
to 1950 for the northwestern slope of the Great Smoky Mountains. Four
weather stations (at Park Headquarters, Alum Cave parking lot, Newfound Gap,
and Clingmans Dome) provided the information. Each station had
maximum-minimum thermometers, a Friez hygrothermograph in a louvered
double-roofed shelter, and precipitation gauges with Alter shields. Pre-
cipitation measurements were made by weighing. Stations were serviced
daily with maximum and minimum temperature, precipitation and psy-
chrometer readings recorded. Tabulations of hourly values of temperature
and relative humidity were prepared and are on file with the Tennessee
Valley Authority, the National Park Service, and the US Weather Bureau.
Shanks found that (1) temperature decregses gradually from the base of
the mountains upward, (2) precipitation increases gradually from the base
of the mountain upward, (3) either of Thornthwaite's systems are adequate
to differentiate the climate of the stations at different altitudes, and
(4) mountain climates above 2000 to 2500 ft are extremely humid, falling
into a rain forest or per-humid class.

Stephens (1969) analyzed data gathered between January 1, 1947 and
December 31, 1950 at four elevations in the Great Smoky Mountains.

Hourly temperature, relative humidity, daily precipitation, and cloud cover
data were collected at 1460 ft, 3850 ft, 5000 ft and 6300 ft elevations

in the Park. Snowfall was converted to rainfall equivalent. Equipment
used was described by Shanks (1954). The following observations

were made by Stephens: (1) cloud cover increased with elevation and
decreased in the warmer part of the year (2) temperature decreased with
elevation, (3) lapse rate increased from a minimum in December and

January to a maximum in July, (4) relative humidity increased with altitude
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and had a greater range of distribution in colder months, (5) vapor pressure
deficit decreased with elevation, (6) precipitation increased with elevation,
(7) soil moisture balance reflected the variations in temperature and pre-
cipitation, and (8) soil moisture increased and evapotranspiration

decreased with increasing elevation.

Intense rainfall in the Park was the subject of Bogucki's 1972 paper.
Bogucki used the Tennessee Valley Authority's definition of intense rain-
fall which is: (1) one or more inches of rain in one hour (not uncommon
in the Great Smoky Mountains National Park and vicinity) or (2) three or
more inches of rain in a twenty-four hour period. From 1937 to 1968 two
hundred and ninety-three intense rainfalls were recorded by the twenty rain
gauges used in this study. One problem noted by Bogucki was that intense
rains resulting from a single storm may be recorded at several rain gauges
therefore, without more detailed information, it was nearly impossible to
accurately differentiate individual storms. Another difficulty was that rain
gauge placement was not systematic or exceedingly dense. A large number of
intense rainfalls probably were not recorded. Bogucki found that for the
time period investigated intense rainfalls occurred somewhere in the study
area in éach of the years. Higher elevations generally received more intense
rainfall than lower elevations, but this was not true for all statioms.
Location and exposure of stations are important factors.

Tanner (1963) compared temperature in the mountains of the southeastern
and southwestern United States. The distribution of dry-bulb and wet-bulb
temperatures was studied in the Great Smoky Mountains and in the Chiricahua
Mountains of Arizona in late spring and early summer. Four stations with
dry-bulb and wet-bulb temperature recorders suspended 8 ft above the ground

were used. The recorders were checked with sling psychrometers, and






