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GEQOLOGY AND STRUCTURE OF THE PENDLETON- LA FRANCE
AREA, NORTHWESTERN SOUTH CAROLINA

By

Charles J. Cazeau 1-/

ABSTRACT

Major rock types in the Pendleton — La France area are metasedi-
mentary gneisses and schists and granite gneiss which has injected and
partly replaced the country rock., Foliation strike and dip and outcrop
pattern of granite and hornblende gneiss indicate a large synclinal struc-
ture, termed the Pendleton Syncline, striking and plunging northeast,

It appears to exceed 18 miles in length, The structure is complicated
by parallel second order anticline-syncline developments and superim-
posed cross-folds striking northwest.

INTRODUCTION

This report presents the results of a brief geologic investigation in
the vicinity of Pendleton and IL.a France, Anderson County, South Caro-
lina. During the course of geologic mapping in the Clemson Quadrangle
(Brown and Cazeau, in preparation) an important synclinal structure was
partially revealed in the southeast portion of the quadrangle, near the
town of Pendleton. This appeared to be the same structure noticeable
on a regional geologic map prepared recently by Overstreet and Bell
(1961). It supposedly extends to the southwest through the La France
Quadrangle. The chief purpose of this study was to delineate more
clearly this major structure, which is referred to here as the '"Pendle-
ton Syncline'' (Henry S. Johnson, Jr., personal communication).

GEOLOGY

Figure 1 shows the generalized lithologic distribution in the area.
Two broad categories of rock types are present: (1) gneisses and schists
of presumed metasedimentary origin, and (2) younger granitic rocks
that have injected and partially replaced the surrounding country rock.
These in turn have been metamorphosed to a gneissoid texture in many
cases, General descriptions of specific rock types corresponding to
those indicated in Figure 1 are given below,

Biotite gneiss: Biotite gneiss is dominant in the immediate vicinity

of Pendleton. It is medium to dark gray on fresh surfaces but weathers
to a friable, sandy, reddish-brown and/or greenish gray, with foliation

1/ Department of Chemistry and Geology, Clemson College



usually well defined by segregated bands of biotite alternating with quantz
and feldspar. In many outcrops the injected nature of the biotite gneiss
is apparent, with thin veins and veinlets of quartz and/or granite occur-
ring in the gneiss, both across and with the foliation. The biotite gneiss
is typically interlayered with subordinate amounts of muscovite and bio-
tite schist and hornblende gneiss.,

Muscovite-sillimanite schist: This lithology is dominant to the south-
east of Pendleton, The foliation is produced by aligned crystals of silli-
manite and scattered to abundant flakes of muscovite. The foliation is
often undulatory. The schist weathers easily and is commonly a light
red color in outcrop. Associated with the schist in minor amounts are
layers of quartzite up to three feet thick, light to dark gray hornblende
gneiss, and hornblende-biotite granite gneiss,

Hornblende gneiss: This zone is most conspicuous northwest of
Pendleton and was useful as a key horizon in tracing the general struc-
ture of the area. It is dense and medium to dark gray on fresh surfaces,
with sharply banded hornblende and quartz-feldspar imparting a distinct
layering to the rock., It weathers to a hard, clayey yellow-brown or
red-brown residuum, often preserving the original texture. Like other
rock bodies in the region, it is not a pure lithclogy. Intimately asso-
ciated with it are lesser amounts of mica schist and biotite gneiss. It
has been injected and partly replaced by granite in many places.

Granite gneiss: This lithclogy, although termed ''gneiss' in this re-
port, is often non-foliated. It extends in an elongate body to the south-
west of Pendleton., It is probably the youngest lithology in the area, hav-
ing intruded and replaced much of the older country rock., Gradational
zones of replacement are observable in all rock types, but particularly
so in the hornblende gneiss.

The granite gneiss is white or light gray on freshly broken surfaces
and is usually coarse grained. The foliation, when present, is crudely
developed. The rock consists of quartz and sodic and potash feldspar
which is frequently kaoclinized. Mafic minerals are usually biotite or
hornblende. The amount present varies considerably, The quantity of
granite gneiss occurring at the surface increases to the northeast of
Pendleton and occupies extensive areas in southern Pickens County.

STRUCTURE

The structure of the area was determined mainly on the basis of
outcrop pattern and strike and dip of foliation., More than 100 measure-
ments were obtained in Anderson, Pickens, and Oconee Counties. The
plunge of a few minor flexures was also recorded. These data are shown
in Figure 1.
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The Pendleton Syncline is reasonably well defined, particularly to
the southwest of Pendleton. Regional dip is predominantly to the south-
east, Numerous reversals to the northwest, particularly within the
granite gneiss, permit definition of the major synclinal axis trending
northeast and through the town of Pendleton. The amount of dip along
the northwest flank of the Pendleton Syncline ranges between 15° and
48°, averaging 25°. On the southeast flank, the range is 15° to 35°,
averaging about 23° From these data the structure appears to be
symmetrical. Small scale flexures within the Pendleton Syncline
commonly plunge to the northeast. From this, and the position of the
nose, it is evident that the structure is plunging northeast with moderate
dip.

The outcrop pattern shows granite gneiss centrally located along the
inferred axis of the Pendleton Syncline. This is flanked on either side
by a belt of hornblende gneiss, On the nose of the syncline the horn-
blende gneiss wraps around to the south and then northeast. At this
point it has been extensively replaced by granite gneiss. Along the
southeast flank, the amount of muscovite-sillimanite schist increases
both within the hornblende gneiss and as a distinct mappable unit further
to the southeast and adjoining the hornblende gneiss. The overall length
of the Pendleton Syncline appears to exceed 18 miles,

The Pendleton Syncline is not a simple isolated structure. It is
accompanied by subordinate or second order anticline-syncline pairs
which are evident in Oconee County northwest of the Pendleton Syncline
axis, It is probably that detailed mapping would reveal an S-shaped
pattern to tracable rock units such as the mica schist present in Oconee
County (Figure 1), Cross-folds striking northwest across the Pendle-
ton Syncline complicate the structural picture. A major cross-fold, as
indicated by foliation strike and dip, appears to intersect the axis of the
Pendleton Syncline at the town of Pendleton. Similar cross-folds, be-
lieved to be superimposed on the major northeast-trending folds, have
been previously described in this region (Grant, 1958; Cazeau, 1961).

SUMMARY AND CONCLUSIONS

Foliation measurements and outcrop distribution in metamorphic
and granitic rocks show that a major synclinal feature, termed the
Pendleton Syncline, is present in northwestern Anderson County, South
Carolina. It strikes and plunges to the northeast and appears to ex-
ceed 18 miles in length. The structure is complicated by parallel
second order anticline-syncline pairs and by superimposed cross-
folding striking northwest.

The structure was probably formed as a result of regional meta-
morphism and folding which caused downwarping and mobilization of
the country rock with injection and replacement by granite in the deeper
part of the Pendleton Syncline. A later period of deformation produced
cross-folds straddling the existent structure.
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A relatively conspicuous synclinal cross-fold intersects the axis of
the Pendleton Syncline at the town of Pendleton. Other, less obvious,
cross-folds appear to crenulate the Pendleton Syncline, as indicated by
northwest-striking foliation.

It is suggested that (1) foliation measurement can be a useful tool
in determining local and regional structure in the Piedmont, (2) flexures
should be suspected in areas of elongate granitic zones, and (3) cross-
folds may be present which tend to mask larger structures,
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OCCURRENCE OF BISMUTH AT THE BREWER MINE,

CHESTERFIELD COUNTY, SOUTH CAROLINAl/

By

Priscilla Mount
United States Geological Survey
Washington, D. C.

ABSTRACT

The occurrence of bismuth at the Brewer gold mine has been re-
ported in many publications. Michael Tuomey was the only author who
actually saw bismuth at the Brewer, although three chemical analyses
were made of bismuth samples from this mine confirming identifica-
tion of the mineral. Documentation of Tuomey's discovery as well as
subsequent references to it in the literature are included,

INTRODUCTION

Many publications have reported the occurrence of bismuth at the
Brewer gold mine 1 1/2 miles west of the town of Jefferson, Chester-
field County, South Carolina. In a recent study of the literature it was
found that only Michael Tuomey, State Geologist from 1843 to 1848, had
any firsthand knowledge of the occurrence and that the other references
were to material that he collected., There has been some doubt as to
the actual presence of bismuth because the earlier references were not
readily available; the purpose of this note is to collect the data on the
original discovery.

The Brewer lode was discovered in 1843 as a result of placer min-
ing for gold that began as early as 1828. The mine operated fairly
steadily until the 1850's but apparently was idle until the 1880's, when
a placer operation using hydraulic methods began. The mine closed
again in the middle 1890's and has been operated only sporadically since
that time. Approximate total production has been $450, 000 in gold
(Pardee and Park, 1948, p. 106).

BREWER MINE

Pardee and Park (1948, p. 106-111) describe the deposit as being
in schistose rocks derived from bedded tuffs of the volcanic series.
Foliation of the schists strikes N. 70° E. to N. 80° W, and dips 65°
to 70° N.; a mass of granite is exposed 1 to 1 1/2 miles to the north-
we st,

1/ Publication authorized by the Director, U. S, Geological Survey



The Brewer lode is an indefinitely bounded body 200 to 300 feet wide
by 1,000 feet long; it has been worked to a depth of 140 feet. It is chief-
ly fine-grained brecciated quartz that replaced schistose tuff, in which
the ore occurs in closely grouped lenticular shoots. Gold is also dis-
seminated in the surrounding silicified and hydrothermally altered tuff.
A large body of massive, very fine-grained topaz is associated with the
gold deposit.

OCCURRENCE OF BISMUTH

All references to bismuth at the Brewer mine can be traced back
to the original discovery by Michael Tuomey in 1844, Tuomey describ-
ed his discovery in two separate publications, one in 1844 and one in 1848,
which, although differing slightly in wording, seem to relate to a single
incident,

In 1844 Tuomey (p. 26) said: "Bismuth --- While examining Brewer's
mine, Mr, Craig the superintendent, gave me a piece of white metal,
which on examination proved to be bismuth, which was collected in the
process of amalgamation; so that it must have existed native at this mine,
as the ore is not roasted. I was afterwards presented by one of the men,
with some masses of a yellowish mineral, which had excited his atten-
tion by its great weight; these masses, which weighed 8 or 10 pounds
turned out to be bismuth, ochre or oxide of bismuth, containing from
30 to 65 per ct. of metallic bismuth, The shape of the pieces showed
that they did not occur isolated; but unfortunately, I was unable to as-
certain the position of the ore in the mine, as the pit from which it was
taken was closed, the rest being thrown in to fill it up. "

His 1848 description (p. 97) is as follows: 'I found here masses of
bismuth ochre, of ten or twelve pounds weight, which presented strong
indications of the existence of a greater quantity. But gold alone en-
grosses every one's attention, and I could induce no further search for
this valuable ore. Bismuth also occurs native at this mine, and is taken
up by the mercury during the process of amalgamation, so that it has
sometime s happened that when the miner imagined he had in his amalgam
a fine lump of gold, it has turned out to be, on driving off the mercury,
nothing more than a piece of bismuth, "

In his 1848 description, Tuomey implied that he personally found the
masses of bismuth ochre, in contradiction to the statement in his ori-
ginal report of 1844 that the specimens were given to him.

In 1858 O. M. Lieber (p. 88) stated that a specimen of bismuth that
he sent to Prof. Rammelsberg in Berlin for analysis came from the
Brewer mine; he admitted, however, that he did not actually see any
bismuth at the mine. The sample may have come from a mineral col-
lection of the South Carolina Geological Survey, as Lieber held the posi-
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tion of State Geologist after Tuomey.

Lieber states (1858, p. 88), "Professor Rammelsberg, of Berlin,
in his dictionary of chemical analyses (4th Supplem. p. 262), gives the
results of an analysis of the carbonate of bismuth, which he terms
bismuth spar, the specimen being from this mine, presented to him by
me, These were:

Oxide of Bismuth. s vessseesrssvesaseases 82.63
Perox, of Iron,.seseesvcesasnsasessases 2.55
AlUMINA. s seseeeesesassasnssesnssnsass 1.79
Lime.oeeseriassasosnscsasossssnsasasss 0,28
Magnesia. vooaseossnsoacanssacnessnass 1,60
Carbonic aCidi e vsveeeseeenensnsenassad.02
SiliciCc @Cid.iveeesavoresncecacosnnanssns 2,97
Wale T e ievonooeronossnsnsssastoseesaanas 3.16"

Palache, Berman, and Frondel (1951, p. 260) quote an analysis of
bismuth from Chesterfield County, South Carolina, presumably from
the Brewer deposit. The analysis is attributed to Rammelsberg
(Annals of Physics, 1849, v, 76, p. 564) and differs somewhat from the
one quoted by Lieber:

BigO3.uietoreeseerssnannsessananssss 90,00
COZ"' 6.56
12 0 o T W '

Rem. .o viteveesertonnsssososncsnonanss

Totalissoesesnessnneraasasossnnseesss 100,00
Guittianotnnessiosesasaonansansansns 7. 67

Genth (1857, p. 426) analyzed bismuth from the Brewer mine and
obtained results quite similar to those of Rammelsberg. The material
for this analysis was given to Genth by Dr, Asbury of Charlotte, North
Carolina, Prof. Lewis R, Gibbes of Charleston, South Carolina, and
O. M. Lieber of Columbia, South Carolina, All of the specimens were
said to have come from the Brewer mine., Genth's specimen descrip-
tions and analyses are included here for comparison with those of
Rammelsberg:

"I have analyzed a pale variety (I) and a darker one (II), and made
two analyses of each, one by treating the finely powdered mineral with
dilute nitric acid (a), the other by digestion with strong chlorhydric

acid (b), by which everything, except the silicic acid, is dissolved.

"The quantities of lime and magnesia were found to be very small
and have not been determined.

""The following are the results:
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a. b a, b,

Insoluble in dil. NOg2/ 25.42 28.16

containing water, (1.59) (2. 62)
Teroxyd of bismuth, 64.72 64. 24 62. 15 61,45
Tellurous acid, 0,05 0.06
Sesquioxyd of iron, 0.91 6. 64 1. 30 11, 20
Alumina, 0.74 1,18 0.68 2.09
Silicic acid, 0. 48 17,78 13,99
Carbonic acid, 5.08 5.12
Water, 3.94 5.41
98.91 99. 32

"Deducting the amount of water, which the residue insoluble in nitric
acid contains, from the whole quantity given in the analyses (b) we ob-
tain pretty correctly (though somewhat too high) the amount of water com-
bined in the pure bismuthite 3/. We would have therefore:

1. (b) IL. (b)
Teroxyd of bismuth, 64,24 contains 6. 65 oxygen, 61,45 contains 6. 36 oxygen.
Carbonic acid, 5,05 " 3. 67 " 5.12 " 3,72 "
Water, 2. 35 " 2.09 " 2.79 " 2.48 "
The atomic ratio of BiO5 : CO, : HO is therefore:
in analysis I, 2,22 : 1.83 : 2.35
in analysis II, 2.12 : 1.86 : 2.48

The first analysis corresponds nearly with the formula:
9(BiO4, CO,)+2(Bi0O3, HO)+10HO,

the second with:
6(Bi0j, CO,) + BiO3, HO + THO.

"These analyses, like the one made by Prof. Rammelsberg, prove,
(and that is all, I think, which can be expected from the examination of
so impure a mineral, ) that the Bismuthite from Chesterfield District is
a basic carbonate of bismuth with water.' This analysis was quoted by
Lieber (1858a, p., 123).

The following later authors, listed in chronological order, only refer
to the earlier accounts: Harry Hammond (1883, p. 137), G. F. Becker

2/ This is probably HNO;.
2/ Bismuthite is the German spelling of bismutite.
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(1895, p. 28); L. C. Graton (1906, p. 91); Earle Sloan (1908, p, 76);
and J. R. Cooper (1962).
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THE REFRACTION SEJSMOGRAPH AS A GEOLOGIC TOOL IN THE
COASTAL PLAIN OF SOUTH CAROL INA

By
1/

D. J. COLQUHOUN

INTRODUCT ION

A SMALL PORTABLE REFRACTION SEISMOGRAPH MANUFACTURED BY
GEOPHYSICAL SPEGIALTIES ComPaNY, MINNEAPOLIS, MINNESOTA, HAS
BEEN USED SUCCESSFULLY BY THE Division oF GeoLoagy, S, C.

STATE DEVELOPMENT BOARD, TO DETERMINE THIGKNESS AND GENERAL
LITHOLOGIC CHARAGTER DF SURFICIAL DEPDOsITs IN THE COAsSTAL
PLain oF SoutH CarOLINA, WHERE THE LOCAL SUGCESSION OF SEDI-
MENTS IS KNOWN, THE INSTRUMENT PROVIDES A QUI!CK, REASONABLY
ACCURATE METHOD OF DETERMINING VARIATIONS IN THICKNESS, AND TO
A CERTAIN EXTENT IN LiITHOLOGY, TO DEPTHS OF ABOUT 50'. THE
EQUIPMENT IS READILY TRANSPORTABLE BY AUTOMOBILE AND CAN BE
OPERATED EFFICIENTLY BY A TWO MAN CREW. PRINCIPLE USE OF THE
SEISMOGRAPH BY THE DIvisioN OF GEOLOGY TO DATE HAS BEEN IN
DETERMINING DEPTHS TO THE TOP OF THE CooPeER MarL (Eocene-OL:i-
GOCENE) IN THE LADSON AND NORTH CHARLESTON QUADRANGLES, BERKE-
LEY, CHARL EsTON, AND DORCHESTER COUNTIEs, SOUTH CArROLINA. THE
COOPER 1S A SOFT MARL WHICH HAS A LOAD BEARING CAPACITY
APPRECIABLY GREATER THAN THE UNCONSOL IDATED SAND, CLAY, AND
MUCK OVERLYING 1T. FOR THIS REASON IT IS THE UNIT IN WHICH
THE FOUNDATIONS OF MOST LARGE STRUCTURES OF THE CHARLESTON
AREA ARE FOOTED.

ENGINEERING SEISMOGRAPH MODEL MD-1

EQUIPMENT USED BY THE DIVISION OF GEDLOGY CONSISTS OF A
SMALL REFRACTION SEISMOGRAPH (9 x 16 x 7 INCHES) WEIGHING 16
POUNDS, PLUS AN 8 POUND SLEDGE HAMMER, A 25 POUND STEEL PLATE,
300 FEET OF CONNECTING WIRE, AND ONE GEOPHONE, ALL APPARATUS
CAN BE EASILY PLACED IN THE TRUNK OF A CAR, AND SO POS!ITIONED
TO PROVIDE QUICK EMPLACEMENT AT SELECTED LOCATIONS. SEISMIC
WAVES ARE CREATED BY HAMMER BLOWS AGAINST THE STEEL PLATE AT
VARIDUS RECORDED DISTANCES FROM THE GEDPHONE., TIME, IN MILLI~
SECONDS, BETWEEN THE MOMENT THE HAMMER FIRST STRIKES THE PLATE
AND THE ARRIVAL OF THE F{RST IMPULSE AT THE GEOPHONE !S MEA-
SURED BY A TRANSISTORIZED BINARY COUNTER AND INDICATOR,

OPERATING PROCEDURE

THE OPERATION OF THIS TYPE OF SEISMOGRAPH IS SIMPLE AND
EASILY LEARNED.,

1/ DEPARTMENT OF GEOLOGY AND GEOGRAPHY, UNIVERSITY OF SoOUTH
CaROL INA



THE LOCATION BEING SELECTED FROM TOPOGRAPHIC SHEETS, THE
INSTRUMENT 1S TRANSPORTED TO THE SITE, USUALLY BY CAR, AND
TURNED ON, ONE OF THE OPERATORS, EMPLACES THE GEOPHONE IN THE
GROUND, THE GEOPHONE CORD BEING USUALLY LEFT PERMANENTLY ATTACH-
ED TO THE SEISMOGRAPHe. THE INSTRUMENT IS THEN GROUNDED TO A
METAL ROD DRIVEN INTO THE GROUND, THE GROUND CORD BEING LEFT
PERMANENTLY ATTACHED TO THE INSTRUMENT. THE SAME ODPERATOR
THEN MEASURES 0uUT 200 FEET ON THE GRODUND SURFACE WITH A CHAIN
AND RETURNS TO THE MACHINE TD RECORD READINGS., [|HE SECOND OPERA-
TOR HOOKS UP THE INSTRUMENT T0 THE HAMMER CORD, PLACES THE STEEL
PLATE IN A POSITION FIVE FEET FROM THE GEDPHONE, AND COMMENCES
HAMMERING AT SELECTED PDSITIONS AWAY FROM THE INSTRUMENT,

IN PRACTICE IN CoASTAL PLAIN WORK, THE DPERATORS HAVE
FOUND THAT IT 1S BEST TD START WITH A FIVE FODT INTERVAL BET—
WEEN STATIDNS ADJAGENT TO THE GEOPHONE AND TO KEEP TO TH!S IN=-
TERVAL UNTIL THE FIRST MARKED BREAK IN SEISMIC VELODGITY I8
NOTED. FROM THIS PDINT ON OUT, A TEN-FOODT (NTERVAL [S MAIN-
TAINED.

FOR EACH LOCATION THE INSTRUMENT MAN MUST ADJUST THE
SE|ISMDGRAPH FOR THE MAXIMUM SENSITIVITY POSSIBLE WITHOUT ALLOW-
ING BACKGROUND VIBRATIONS TO ACTIVATE THE MACHINE AT THE EX-
PENSE OF THE HAMMER |IMPULSE. THAT 1Sy ONCE THE GCODUNTING CIR~-
CU!T HAS COMMENCEL COUNTING, BACKGRODUND VIBRATIONS MUST NOT
ACTIVATE THE GEOPHONE TO CAUSE THE COUNTING TO STOP PRIDR TO
THE ARRIVAL OF THE HAMMER IMPULSE. BY STARTING ZLOSE TO THE
RECORDING INSTRUMENT AND MOVING AWAY, ERATIC READINGS CAN BE
IMMED!ATELY RECOGN'ZED AND DISGARDED AND SENSITIVITY ADJUSTED
UNTIL A CORRECT READING COMES THROUGH.

IN AREAS COVERED TO DATE, IT IS POSSIBLE TD OPERATE THE
SEISMOGRAPH WITH AN IMPULSE—-GEOPHONE SEPARATION OF UP TO ABOUT
200 FEET, ALTHOUGH DN ODCCASION A GOOD SIGNAL HAS BEEN OBTAINED
AT 300 FEET. ONCE THE DESIRED DEPTH OR STRATUM HAS BEEN INVEST-
IGATED, THE APPARATUS |S REPLACED AND TAKEN TOD THE NEXT LOCATIDN,

INTERPRETATION

THE SEISMIC VELOCITY OF A SEDIMENT 1S AS MUCH A PHYSICAL
CHARACTERISTIC AS ANY OF ITS OTHER PROPERTIES., SINCE EACH STA-
TIDN EXAMINED CONSISTS DF A NUMBER OF SUPERIMPOSED SEDIMENTS,
IT FOLLOWS THAT A GRAPH OF VARYING VELOCITY, EACH INFLUENCED
BY A PARTICULAR LITHIC TYPE, SHOULD BE DEVELOPED. TABLE
ONE LISTS SEVERAL OF THE VELOCITIES INDICATED BY DUR EX~-
PERIENCE TO DATE,

TasLE 1
SEDIMENT TYPE VELPCITY IN FEET PER SECOND
DRY SAND AND SOIL 1000-1300
WET SAND BELOW WATER TABLE 3500-4200
WET SAND AND CLAY 3700-4500
MARL 5100-6500
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IDENTIFICATION OF SEDIMENT TYPE MAY BE POSSIBLE THROUGH
VELOCITY EXAMINATION ALONE, IN PRACTICE HOWEVER 1T HAS BEEN
FOUND ADVANTAGEOUS TO HAVE A LIMITED NUM3ER OF POWER AUGER
HOLES DRILLED REGIONALLY IN ORDER TO PROVIDE A CHECK ON
SEISMIC DATA. By THIS MEANS IT IS POSSIBLE TO INTERPRET
MAJOR FACIES CHANGES IN SURFICIAL STRATA,

INTERPRETATION OF DEPTHS TO A GIVEN FORMATION CAN BE
WORKED OUT WITH FACILITY USING GRAPHIC AIDS SUPPLIED WITH THE
INSTRUMENT, A VELOCITY COMPUTING GRAPH OVERLAY IS AVAILABLE
THAT ALLOWS THE OPERATOR TO CALCULATE VELOCI!ITY BY COMPARING
THE INCLINATION OF THE TIME V5 DISTANCE LINES RECORDED AT EACH
STATION W!TH THOSE ON THE GRAPH. THE VELOCITY OF THE VARIOUS
LINES BEING KNOWN, AND THE DISTANCE AWAY FROM THE GEOPHONE
WHERE THE VELOCITIES CHANGE BEING OBSERVED FROM THE GRAPH MADE
AT THE STATION, THE DEPTH TO THIS VELOCITY CHANGE GAN EASILY
BE CALCULATED USING THE FORMULAZ

2 v + vV
2 1
WHERE Xc1 1s THE DISTANCE (SURFACE) TO THE FIRST CHANGE OF
VELOGITIES, V., 1S THE FIRST VELOC!TY, AND V, THE SECOND VELO-
CiTYy. |F THREE DISTINGT VELDCITIES ARE APPARENT (SUCH AS DRY
SDIL, WATER TABLE, AND MARL) THE FOLLOWING FORMULLA MAY BE USED:

D2 =Dy + Xp2 V3 -V FoU

OR FOR SPEED AT THE EXPENSE OF MINOR INAGCURAGCY THE LATTER
TERM MAY BE REPLACED BY 0-8 X D1-

DIFFICULTIES IN INTERPRETATION USING THE SEISMOGRAPH
FALL INTO THREE CATEGORIES, '

INSUFFICIENT PENETRATION OF SIGNAL IS A PROBLEM WHICH
OCCASIONALLY ARISES FROM SEVERAL CAUSES. FREQUENTLY, BACK-
GROUND VIBRATIONS ARE THE MAIN FACTOR, PARTIGULARLY WHEN WORK-—
ING IN HEAVILY POPULATED AREAS OR ACTIVE INDUS TRIAL REGIONS,
THE GAIN CONTROL MAY HAVE TO BE SET DOWN SO FAR THAT RESPONSE
FROM DISTANCES OF OVER 100 FEET IS [IMPOSSIBLE TD PICK UP WITH-
OUT PRIDOR ARRIVAL OF STRAY VIBRATIONS., OFTEN THI!S CAN BE NE-
GATED BY PERFORMING WORK AT TIMES OF DECREASED ACTIVITY IN THE
REG!ON,
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HIGH WINDS HAVE DCCASIONALLY HINDERED DEEPER PENETRA-
TIONS, BUT THIS PROBLEM (S EASILY SOLVED BY BURYING THE GEO-
PHONE UNDER SEVERAL INCHES OF sO0IL. USING THIS MEANS IT HAS
BEEN FOUND POSSIBLE 70 HAVE AS MUCH AS A 300 FOOT SEPARATION
BETWEEN HAMMER AND GEOPHONE AND STILL GET REL{ABLE RESPONSE,

INABILITY TD SUPPLY A STRONG SIGNAL INTO THE GROUND ALSD
HAS PROVED A FACTORs PARTICULARLY IN SWAMPY AREAS OR AREAS
WHERE THE WATER TABLE LIES CLOSE TO THE SURFACE, SOMET IMES
THIS HAS BEEN SURMOUNTED BY SIMPLE SHIFTING OF THE STRIKING
PLATE OR BY USING A SOMEWHAT LARGER PLATE. |F NEITHER PRO-
CEDURE HELPS, THE LOCATION IS ABANDONED.,

SIMILAR LITHOLOGIES PDOSSESS SIMILAR SEISMIC VELOCITIES,
HENCE UNLESS POWER AUGER HOLES ARE DRILLED OCCASIONALLY FOR
CONTROL THE OPERATOR'S STRATIGRAPHIC INTERPRETATIONS BASED ON
SEISMOGRAPH DATA MAY BE INCORRECT., IN THE SOUTHERN PORTION
OF THE NORTH CHARLESTON QUADRANGLE, A MARL OVERLIES THE
CoorPper MARL (OL1GOCENE) AND 1S ERDDED OFF TOWARD THE NORTH~
WEST. CONTOURS DRAWN ON THE SURFACE OF THE COOPER PRO~
CEEDING FROM THE NORTHWEST TOWARD THE SOUTHEAST AT FIRST
SHOWED AN ANOMALDUS ELEVATION, ONLY AS A RESULT OF DRILL-
ING DID THE TRUE SITUATION COME TO LIGHT.

SINCE THE INSTRUMENT IS8 A REFRACTION SE)SMOGRAPH, HIGH
VELODCITY LAYERS LYING AT DEPTH WIiLL MASK LOWER VELOCITY
LAYERS LYING BELOW THEM,.

ANOMALOUS DEPTHS ARE FREQUENTLY FOUND WHERE MODERATE
ANGLE INCLINATIONS ARE INDICATED ON THE SURFACE OF THE FORMA-
TION BEING INVESTIGATED, IN ORDER MORE CORRECTLY TO INTER-
PRET THE DEPTH, IT S BEST TO TAKE TWO SETS OF READINGS ABOUT
THE LOCATION, ONE AT EACH END OF THE CHAIN, AND THEN TO AVER-
AGE THE VALUES. OTHER INTERPRET!VE TECHNIQUES ARE OUTLINED
IN A MANUAL SUPPLIED WITH THE INSTRUMENT,

SUMMARY

THE ADVANTAGES OF USING THE SMALL REFRACTION SEISMOGRAPH
IN CONJUNCTION WITH SURFICIAL SEDIMENT STUDIES ARE READILY
APPARENT, TOD DATE, USE HAS BEEN MADE IN SouTH CAROLINA IN TWO
PHASEs OF CoAasTAL PLAIN INVESTIGATION,

CONTOURS DRAWN ON THE SURFACE OF THE CODOPER MARL IN THE
LaApsoN AND NoRTH CHARLEsTON QUADRANGLES, CHARLESTON, BERKELEY,
AND DorcHrsTER CounTI1ES, SouTH CAROLINA, HAVE BEEN GREATLY
FACILYTATED BY THIS TECHNIQUE IN CONJUNCTIDN WITH POWER AUGER
HOLES. THE INFORMATION SO OBTAINED SHOULD PROVE OF ASS|IS~—
TANCE TO ENGINEERS PLANNING SURFACE OR UNDERGROUND CONSTRUC-
TION IN THE AREA,
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THICKNESS OF PLEISTOCENE SAND BAR DEPOSITS (N ORANGE~-
BURG, DORCHESTER AND BERKELEY COUNTIES AS WELL HAS BEEN
ACCURATELY CALCULATED USING THE INSTRUMENT. |IN ADDITION
TO THESE PRDJUECTS, USE IN ANY PHASE OF CONSTRUGTION WHERE
SHALLOW SUBSURFACE INFORMATION 1S NEEDED SHOULD BE TD AD-
VANTAGE, SINCE THE DBTAINING OF DATA Is RAPID (8-15 sTATIONS
PER DAY5 AND RELATIVELY EASY,
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