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MAGNETIC AND GRAVITY SURVEYS OF

ALBEMARLE AND FLUVANNA COUNTIES. VIRGINIA

BY

Stanley S. Johnson and Palmer C. Sweet

ABSTRACT

Albemarle and Fluvanna counties are largely in the Piedmont pro-
vince, with the exception of western Albemarle County which is in the

Blue Ridge province. The area is underlain by metamorphosed volcanic,
plutonic, and sedimentary rocks of Precambrian to early Paleozoic age

and by sedimentary and intrusive igneous rocks of Triassic age. Cot-
relations were generally found to exist between the contoured magnetic

and gravity data and recent geologic maps. The unit having the most
distinctive magnetic properties is the Catoctin Formation, predomi-

nantly a thick series of metamorphosed basaltic lava flows. Gravity
values generally decrease westward from eastern Fluvanna County in
the central Piedmont to the eastern Blue Ridge in western Albemarle
County.

INTRODUCTION

Magnetic and gravimetric surveys (Plates l, 2) wete made in Flu-
vanna and Albemarle counties (Figure 1) during 1,967. The project

is part of a continuing program by the Virginia Division of Mineral
Resources. to obtain Statewide geophysical information by utilizing

Figure 1. Location map showing area of investigation,
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magnetic and gravimetric techniques. These counties were selected for
study because the geophysical data would supplement published
geologic reports.

The magnetic and gravity maps are superimposed on previously
published geologic maps of the counties. The geologic map of Albe-
marle County is part of a report prepared by Nelson (t962), and the
geologic map of Fluvanna County accompanies a report by Smith,
Milici, and Greenberg (1964). Detailed discussions of the geology of
these counties are contained in these reports.

The field work for the magnetic survey of the counties was accom-
plished between June and November, 1967. Ronald D. Kreisa made
most of the field observations and diurnal corrections while employed
by the Division. Magnetic observations were made at 883 stations in
Albemarle County and 354 stations in Fluvanna County. This provided
a density of one station for every 0.8 square mile. The collection and
resolution of field magnetic data were coordinated with the U. S. Coast
and Geodetic Survey, Fredericksburg Geomagnetic Center, Corbin,
Virginia. This organization furnished magnetograms and magnetic
storm information, so that the field data would not be collected during
periods of magnetic disturbance.

The gravity survey of Albemarle County was completed in September
of 1967. Determinations of gravity values were made at t52 stations,
giving a coverage density of one station for every 4.8 square miles.
The major portion of the field work for the gravity survey of Fluvanna
County was done in the spring of 1967. Fifty gravity stations were
occupied, giving a coverage density of one station for every 5.6 square
miles. Computations of the Bouguer values were made by the U, S.

Army Map Service, Gravity Division, Washington, D. C.

lNsrnuiueNrATloN AND Dare Rroucrtolr

Magnetic Survey

A Varian Model M-49A portable proton magnetometer was utilized
for the magnetic survey. This direct-reading instrument measures the
value of the total intensity of the ambient magnetic field; the inherent
accuracy is approximately -+ 20 gammas. The magnetometer was
checked and standardized at the Fredericksburg Geomagrretic Center.
Observations in the field were made at a reasonable distance from
visible sources of magnetic interference. The sensing head was 4 feet
above ground level at all stations and approximately 3 feet from the
magnetometer.
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All field observations were corrected for diurnal variation by adjust-

ment to base lines established for the vertical and horizontal compon-

ents of the earth's field by the magnetograph at the Fredericksburg

Geomagnetic Center. A pievious s'rvey by the Fredericksburg Geo-

Illugfr"ti" Center showed that there were no significant differences in

the daily changes and magnetic bays between the magnetograph at

Corbin ind a magrretograph that was temporarily located at the Uni-

versity of Virginia Airport near Charlottesville (Douglas J' Elvers'

personal communication). Therefore, the Fredericksburg Geomag-

netic Center was acceptable as a base station for the Charlottesville

area. Copies of the daily magnetograms from continuous readings

made at the center were utilized to select a total intensity base-line

value of 56,300 gammas. All field observations were related to this

base-line value for reduction of data.

Gravity SurveY

The gravity survey utilized a LaCoste and Romberg Model G
geodetic gravity metei' This meter has a range of over 7000 milligals

*O u t"adittg accuracy of -+.01 milligal. Field survey procedures

utilized the loop technique for obtaining gravity values' , 
Each loop

was started and closed the same day from an established base station

at the Natural Resources Building, Division of Mineral Resources

front entrance, Mccormick Road, charlottesville. This base station,

U. S. Geological Survey bench mark 106 MLS 1963, is part of the

Virginia Gravity Base i.{et that is tied to the National Gravity Base

Net. The base station had an established value of 979,934.394 milligals

which was used for computations during the survey. This value was

changed by the U. S. Army Map Service in 1968 to 979,933'558 milli-

gals.-This'new base value is relative to the National gpavity datum at

itation Washington A which has a value of 980,118.000 milligals. Re-

occupation of a previously occupied station in the loop was accom-

plished every 2 to 3 hours. A total oL 2O2 individual stations were

occupied, and within each loop an average of 29 percent of the indi-

vidual stations were reobserved.

Gravity observations were generally made at standard bench marks

placed Uy ttre U. S. Geological Survey and the U. S' Coast and Geodetic's*"y. 
These bench marks are established by means of first through

third order leveling. A few observations were made at sites for which

useful elevations have been determined by the U' S' Geological Survey

in order to provide necessary control for the desired coverage. At each

gravrty station, three consecutive readings that had a maximum spread

no nr"ut", than .01 milligal were obtained within 3 minutes. Stations
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were plotted on standard 7.5-minute or l5-minute topographic maps.
Established horizontal control was utilized for station coordinates
where available, and positions of all other stations were scaled from
the topographic maps.

The computation and reduction of field data were done by the U. S.
Army Map Service, Gravity Division, Washington, D. C. Free-air,
theoretical, and Bouguer gravity values (less terrain corrections) were
computed for all stations. A density of 2.67 gm/cm3 was used for com-
puting the Bouguer values.
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ALBEMARLE COUNTY

PRsvlous Gnopuysrcal Wonx

Surveys of the magnetite occurrence at Cook Mountain and of the
pyrite mine near Proffit were discussed by Nelson (1962, p. 69,7I-75).
A Sharpe Model A-2 vertical intensity magnetometer was used for the
Cook Mountain study. This survey revealed a relatively small but
high-value magnetic anomaly. The present authors attempted to obtain
readings over the magnetite-bearing rocks, but the magnetic gradient
was too steep to obtain values with the standard modulus used in the
Varian magnetometer for this arca (49,000-60,000 gammas) when
using the normal teld procedure. The survey of the mine near Proffit,
which was done with a Schmidt balance magnetometer, indicated small
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anomalies in the range of 200 galnmas (vertical intensity)' A self-poten-

tial unit was also used over ihis deposit, and anomalies indicated by

this method were well defined' Regional aeromagnetic profiles of central-

western Virginia were made by R'W. Johnson ( 1957) '

MlcNstrc Fenrunes

ThemostnoticeablemagneticfeaturesinAlbemarleCounty(Plate
1) are over the two outcrop-belts of the catoctin Formation (Figure 2).

Tie eastern belt is generally reflected as a magnetic high along the

eastern outcrop limit and as a magnetic low with local highs along the

western outcrop limit. A departure ftom this Pattern occurs.in the

southern one-third of the beli where the low on the western limit is

absent. The low terminates just south of profile B-B' (Figure 2)' Most

of the western belt is indicated as a magnetic low with local highs in

the central portion; magrretic intensity increases toward the west. The

southern purt of this be]t general$ displays higher magnetic intensities

in the 
"uit"ro 

and central portions; some lower intensities occur near

the Augusta County boundary. This change in pattern in-the-western

belt ocJurs in an areh around Jarman Gap, where a major break occurs

in the topography of the Blue Ridge. The western outcrop belt of the

Catoctin Formation has less pronounced high and low amplitudes of

intensities and fewer of the s-mall sporadic changes that occur in the

eastern belt.

Onlyrandommagneticfeaturesareindicatedinrocksbelonrgingto
the Nlwark Group, Everona Formation, and Loudoun Formation in

eastern Albemarle county, except for a few local anomalies that appear

to be related to the adjacent catoctin Formation. The random features

are similar to thqe occurring in western Fluvanna County over the

Evington Group (?) that is lithologically similar to the unit mapped as

Loudoun Formation in Albemarle County.

InthecentralpartofthecountybetweenthetwoCatoctinoutcrop
belts, local anomalies occur in an area of relatively uniform intensity.

A magnetic high is present in the northern part oJ the county at Piney

Mountain near the contact between the Lynchburg Formation and an

igneous intrusion of the Lovingston Formation. Local highs are present

in the Rockfish corglomerate west and south of Charlottesville; these

highs are associated with lows in adjacent formations' Magnetite has

been observed in cuttings from some wells that penetrate the Rockfish

in the charlottesville area. A magnetic high, with an associated low,

is present at the southern terminus of the Mechum River formation;
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another high occurs in this formation east of Free union. A magnetic

lpl *l,tt an accompanying low @curs in rocks of the Virginia Blue
Ridge Complex near Whitehall.

Figure 2. Magnetic and gravity profiles across Albemarre county. Forma-
tions are desigrated by the same letter symbols as shown oo ptut" t.
The position and direction of geophysicai profires do not coincide with
the geologic section on plate 1,

I srwrnn
-._-.--a-b
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Gnevrrv Fplrunes

A northeastward-trending positive gravlty feature with local highs is

present in the eastern part of Albemarle County (Plate 1) near the con:

tact between the Catoctin and Loudoun formations (Figure 2). Along

the eastern boundary of Albemarle County, gravrty values are lower;

these areas of lower Savity values coincide in part with the outcrop belt

of the Everona Formation and with portions of the Triassic Scottsville

basin on the south. Maximum gravlty values along the high trend ranged

from -6 milligals in the northeast to -10 milligals in the southwest.

Minimum values along the low trend ranged from approximately -22
milligals in the northeast to about -14 milligals in the northern part of

the Triassic Scottsville basin. Along the western part of the eastern

Catoctin outcrop belt, the gravity values decrease sharply. From this

area, there is a general decrease in gravity values westward across the

county. Near the approximate eastern limit of the Blue Ridge, the

values indicate a trough. A gravity high is present near the crest of the

Blue Ridge just south of Jarman Gap.

FLUVANNA COUNTY

Pnevrous GsoPHYsrclr, Wonr

Eleven traverses were made in Fluvanna County utilizing an Askania
Model GF-6 vertical magnetometer (Smith, Milici, and Greenberg, t964,
p. 52, Plate 3). In general magnetic features delineated by the traverses

were correlated with mapped rock units.

MlcNruc FEnrunns

Rocks of the Evington Group (?) in the western part of Fluvanna

County have relatively uniform magnetism, with changes of about 100

to 200 gammas (Plate 2). A linear magnetic high trends across the

central part of the county over rocks in the Evington Group (?) just

west of the contact with the metamorphosed volcanic and sedimentary
rock unit (Figure 3). Large positive anornalies along this linear trend
were measured over phyllites, muscovite rocks, and metamorphosed
graywackes that contain accessory magrretite. The maximum intensity
recorded along this trend was about 58,00O garnmas at a location about
2.5 miles southweqt of Palmyra; this high is adjacent to a magnetic low
to the east having an intensity of about 56,100 gammas. Subsequent

field investigation around these two anomalous areas revealed the pres-

ence of a large diabase dike. Samples of this diabase indicate that
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magnetic minerals compose approximately 4 percent of the rock by
weight. In the same area and just east of the dike, a metamorphosed
arkosic conglomerate is present; magnetic minerals compose about 3

Figure 3. Magnetic and gravity profiles across Fluvanna County. Forma-
tions are designated by the same letter symbols as shown on plate 2.
The position and direction of geophysical profiles do not coincide with
the geologic sections on Plate 2.
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percent by weight of this rock. The Hardware anticline in the south-

western part of the county is reflected as a magnetic low with intensities

about 700 gammas less than the average magnetism of the Evington

Group (?).

The rocks in the eastern part of the county display markedly varying

degrees of magnetic intensity. Both positive and negative anomalies are

locally present over rocks in the metamorphosed volcanic and sedi-

mentary rock unit, the Arvonia Formation, and the granodiorite unit'
This variation is probably an indication of local changes in composition.

A high trend is present along the northwest contact of the granodiorite

unit in the northeastern part of the county. The maximum intensity
recorded along this trend was approximately 56,800 gammas. Occur-
rences of magnetite-bearing float are known at several localities along

this trend.

In the southeastern part of Fluvanna County, a positive anomaly
occurs just east of Bremo Bluff and extends southward into the New
Canton area of Buckingham County. The maximum reading in this
ilrea was about 57,500 gammas. Known occurrences of mineralization
are present in the New Canton area. In Fluvanna County the southern
and central parts of the L,ong Island syncline are reflected as a magnetic
low, and the northern part, as a high. A low occurs over the southern
part of the Arvonia syncline. The grandodiorite unit generally has a

lower magnetic intensity than the surrounding rocks, and local positive
and negative features are present within the unit.

GnevIrY Fslrunrs

West of the mapped contact between the Evington Group (?) and
the metamorphosed volcanic and sedimentary rock unit in the central
part of the county (Plate 2), there is a continuous gravity high that
trends northeastward across the county (Figure 3). This high follows,
or is adjacent to, the axis of the Hardware anticline. The maximum
value recorded on this feature was slightly over f 1 milligal at a station
on the axis of the Hardware anticline just north of the James River.
East of this high there is a continuous gravity low that in part follows
the Long Island syncline. The minimum Bouguer value recorded for
this low was about -14 milligals on the granodiorite unit in Louisa
County just north of the Fluvanna County boundary. Another gravity
high is present in the southeastern part of the county near Bremo Bluff.
The maximum value recorded for this high was slightly more than

*-3 milligals.
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