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REGIQNAL GRAVITY SURVEY OF THE CALEDONIA HIGHLANDS AREA
OF SOUTHERN NEW BRUNSWICK

KENNETH B.S5. BURKE
Department of Geology, Univeraity of New Brunswick, Fredericton, New Brunswick

INTRODUCTION

This paper presents the results of a gravity
survey over part of the Caldeonia Highlands, an
uplifted area of basement rocks in southeastern
New Brunswick (Fig. 1). 1In 1970, the Caledonia
Highlands was selected for an extensive geological
mapping program by the New Brunswick Depariment
of Natural Resources (DNR) and the Canadian
Department of Regional Economic Expansion (DREE).
This program was carried out during the years
1970 teo 1972, with a multisensor geophysical
{magnetic, VLF-EM and gamma ray Spectrometer)
survey being flown in 1971 to assist in the inter-
pretation of the geclogical data (Ruitenberg et al
1973}). The purpose of the gravity survey was to
provide additional geological information,
particularly on the deeper structure of the region,

Partial gravity coverage of the Caledonia High-
lands already exists in the form of a 1:250,000
scale regional map of southeastern New Brunswick
(Konecny 196&). Therefore the original intent
of the gravity investigation was to complement
this previous survey by filling blank areas and
increasing the station density in other areas.
However, as the study progressed, it was found
that large elevation and tie-in errors were con-
tained in the data of the previous survey., There-
fore, most of the previcusly established gravity
stations were re-measured. Because of the extra
time and furds needed for this repetition, gravity
coverage of the Caledonia Highlands was restricted
to the western two-thirds of the region.

The survey area extends along the Bay of Fundy
coast For approximately 100 kms, with a width
varying between 15 and 30 kms (Fig, 1). A total
of 789 gravity stations was read along recads and
trails. Measurements were taken with a Lacoste
Romberg, Model G, Gecdetic Gravity Meter (No 28),
on loan from the Survey Engineering Department of
the University of New Brunswick. Base stations
of the Dominion Observatory network at St. John
[Station 9846-62), Sussex {(9209-68) and Alma
{Station 9210-68) were used as contrecl stations
for the survey.

About 20% of the stations were read at New
Brunswick Survey Control Stations, where elevation
control was available to the nearest tenth of a
foot {.03m}. PFor the remainder of the stations,
elevations were determined by altimeter traverses
between Survey Control Stations. Four altimeters
(3 Paulin and 1 K.E.) were used, and all stations
were read at least twice (8 altimeter readings]).
If a significant discrepancy {*3 m} was noted in
the two separate sets of readings, additional
altimeter traverses were run until closer agree-
ment was obtained. The maximum error in a station
elevation will therefore be less than 3 m, with
most errcors being considerably less. Station
positions were plotted on 1:50,000 National
Topographic Series maps, and latitude corrections
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were based on scaled estimates of latitudes from
these maps.

Initially, Bouguer anomaly values were calculated
using the International Gravity Formula of 1931
and values from the pre-June, 1974, gravity control
station. These data were contoured and published
in a series of gravity maps at a scale of 1:50,000
by the New Brunswick Department of Natural Resources,
{(Burke 1975). The Bouguer ancmaly values plotted
in Fig. 2 of the present paper have been recocmputed
to conform to the reference figure and network values
now accepted for use in Canada, {McConnell, written
communication, 1974), by using the eguation:

(Ag) new = (Ag) old — 0.95 - 13.6 sin’¢ + 0.05
milligals where
(Ag) new is the new Bouguer anomaly value
{Ag) oid is the Bouguer anomaly value based on
IGF {(1931) and pre June 1974 control values
¢ is the angle of latitude

Rock samples were collected from outcrops and
their densities determined by hydrostatic weighing
in the laboratory. Because of the paucity of out-
crops it was not possible to collect truly repre-
sentaiive samples for all of the different rock
types. The density data have therefore been
supplemented by using values obtained by other
workers in the Atlantic Provinces and the State
of Maine.

B geclogical map of the area of interest is
shown in Figure 3. The rocks in this area have
been described in detail by Hayes and Howell (1937),
Alcock (1938), Kindle (1962), Vvan de Poll (1970)
and Ruitenberg et al (1973a and b). Geological
information, from Figure 3 and the accounts of
the above workers, pertinent to the interpretation
of the gravity data, is summarized in the following
paragraphs.
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FIG. 1 Location map of survey area.

91=97.



92

Geological Map of the Culedonla Area
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FIG. 2 Geological mop of the Caledonia area, scuthem New Brunswick.

Most of the area shown in Figure 3 is underlain

by volcanic and sedimentary rocks of late Precambrian

age, intruded by silicic and mafic rocks. Silicic
rocks are exposed at the surface with mafic rocks
being confined either to individual plutons, such
as the one at Golden Grove in the northwest, or
northeasterly trending bands of mafic volcanic
flows, such as those northwest of Alma. Sedimentary
rocks, predominantly of the coarse-grain, clastic
type, and silicic volcanic rocks are interbedded
with the mafic flows. A large plutonic body, con-
sisting mostly of silicie intrusive rocks, is
mapped as extending from northeast of Mechanic
Settlement in a southwesterly direction towards

St. Martins, Metamorphosed calcareous sediments,
gneisses and schists occur in two places: north-
east of Golden Grove and southeast of Hillsdale.
All of the above crystalline and well indurated
rocks form the central core of the area and gravity
ancmalies here are likely to be related to changes
In lithology or the presence of intrusions.

Southeast of Golden Grove, and also southwest of
Hillsdale, blocks of Cambrian sedimentary rocks over-
lie, or are in faulted contact with Precambrian
volcanic rocks., The southern boundary of the Hills-
dale Cambrian sediments is marked by a fault contact
with late Carbonifercus sandstones, siltstones and
conglomerates, the latter also lying on top of Pre-
cambrian volcanic rocks. Thus, there is good
evidence that the central part of the area has
been subjected to uplift in Paleozoic and possibly
later times., Indeed, van de Poll {(1970) has
identified the Caldeonia Highlands as a major fault
block, bounded in part by the Caledonia and Fundy
Faults. The relatively low density of the sedi-~
mentary rocks should result in gravity lews being
associated with the Cambrian and Carboniferous rocks.

Contact with Carboniferous rocks along the
southern edge of the area is more complex. In the
southwestern corner, the presence of a major thrust
fault is needed to explain the overthrusting of
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TABLE 1

Densities of Rock Units

Rock Unit Number of Rang? ?f Mean Standard
Samples densities Dengity Deviatign
{gms/cm”) (gms/cm™) (gms/cm”)

Precambrian

Silicic flows 40 2.61~-2,76 2.67 +0.05

Mafic flows 57 2,70-2,92 2.80 +0.07

Dolomite 48 2.,78-2.8B6 2.83 +0.02
Cambrian

Sediments 59 2.54=2.70 2.61 +0.04
Early Carboniferous/Late Devonian

Sediments 91 2,59-2.80 2.70 +0.04
Late Carbonifercus

Sediments 40 2,53=2.67 2.64 +0.03
Triassic

Sandstone 18 2.42-2.58 2.49 +0.04
Silicie Intrusive Rocks

Granite 39 2,59-2.77 2.64 +0.04

Granodiorite 15 2.70-2.79 2.77 *0.02
Mafic Intrusive Rocks

Gabbro 19 2.83-3,02 2.94 +0,05

Carboniferous and older rocks onto the central
block. The Late Devonian and Early Carboniferous
sedimentary rocks are also accompanied by veolcanic
and intrusive rocks. To the east, the above rocks
are separated from sandstones, siltstones and
conglomerates of Late Carbonifercus age, by a
northeasterly trending fault, the latter extending
along the coastline between Black River and St.
Martins.

At St., Martins, faulted blocks of Triassic sand-
stones conglomerates and shale are exposed, to-
gether with a thin slice of volcanic rocks of pro-
bable Precambrian age. A fault block of Triassic
rocks also occurs about 30 kms to the east along
the Fundy Fault (Fig. 3), and similar rocks and
structures are known tc underlie the Bay of Fundy.
At Alma, sandstenes, siltstones and conglomerates
of Late Carboniferous age are exposed. The contrast
between the lower density of the Carboniferous and
Triassic sediments and the higher density of the
crystalline rocks of the uplift should cause
changes in gradients of the gravity contours,

To the north of the uplifted block lies the
Moncton asin, containing mainly sandstone, silt-
stones and conglomerates of Carboniferous age.

The contact of the Carboniferous rocks with the
Precambrian rocks appears to be that of normal,

or high-angle reverse, faulting, At a few locations,
masses of low density evaporites have accumulated
and givenrise to distinct gravity lows (Burke

1971).

DENSITY VALUES

Densities of a variety of rock types, collected
in the survey area, were determined from the results
of weighing samples in air and water. Samples of
Triassic sandstone, Carboniferous sediments and
Cambrian sediments were covered with water in a
flask connected to a vacuum pump, for one week
before measurements were made. In this way,
saturated densities of these rocks were determined.
Because the rest of the samples were from well-
indurated rocks of low peorosity, they were not
subjected tc the same saturation process. A swmary
of the density values obtained is contained in
Table I, where values have been grouped to conform

te the units identified on the accompanying geo-
logical map in Figure 3,

The mean density of mafic intrusive rocks is
higher than the densities of all other units and
therefore mafic intrusiens can be expected to be
associated with the larger gravity highs. Similarly,
the Triassic sandstone has a mean density less
than the other rock units and therefore is expected
to be associated with low Bouguer ancmaly values.
The granodiorite, mafic¢ flow and dolomite samples
all have similar densities and can only be expected
to produce significant Bouguer anomalies where they
are in contact with other rock types. In the same
way, the remaining sedimentary rocks, silicic flows
and granites are in the same density range and must
be in contact with the other rock types in order
to give identifiable Bouguer ancmalies.
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A more detailed discussion of the densities of
rocks collected from this area is contained in
Gupta and Burke (1977).

CORRELATION OF BOUGUER ANOMALY VALUES
AND MAPPED GEOLOGY

Bouguer ancmaly values range between -10 milli-
gals and +26 milligals in the survey area, From
a comparison of the Bouguer ancmaly map (Fig. 2)
with the geological map (Fig. 3}, it is seen that
the higher wvalues (10 milligals) are generally
associated with the uplifted basement rocks of
Precambrian to Lower Paleozolic age, whereas the
lower values (<10 milligals) are mainly associated
with the surrounding Carboniferous and Triassic
sediments.

Along the Fundy Bay coast, near St, Martins and
Martin Head, there is a considerable steepening in
the gradient of the gravity contours. These steep
gradients coincide with the faulted contact between
the Triassic rocks and the older sediments and
uplifted basement rocks. A minimum thickness of
1.6 km of low density Triassic sandstone is needed
to account for the onshore part of the gravity low
outlined in the St. Martins area. Where volcanic
rocks outcrop to the southwest of St. Martins, this
gravity low is modified by the development of a
ridge of higher gravity values. The development of
this ridge suggests that a relatively thick (1-2
km) block of clder (Coldbrook?) volcanic rocks is
present at this location. A detailed local gravity
survey is required to investigate the dimensiocns
of this block quantitatively.

More gradual gravity gradients are associated
with the contact between Carboniferous rocks and
uplifted basement rocks in the southwest and
southeast of the survey area. Smaller density
contrasts and shallower attitudes of fault contacts
are probable explanations for these decreases in
gradients. In the northern part of the area, the
gravity gradients steepen again, suggesting that
high-angle faults form the major boundary between
the older and younger rocks. Evaporite deposits
to the north of Hillsdale also contribute to the
rapid decrease in Bouguer anomaly values in a
northerly directicn,

Over the Caldeonia Highlands uplift, the highest
Bouguer anomaly values occur in association with
two mafic intrusions; one at Mecchanic Settlement
and one at Golden Grove. The northern portion of
the anomaly at Mechanic Settlement was mapped in a

gravity survey included in a paper by Gussow {1953).

The lack of mapped exposures of mafic intrusive
rocks at the surface suggests that a more extensive
development of high density (mafic) rocks must
occur at depth in order te explain the areal

extent of the gravity high. Thus this intrusicn
may be a major volcanic centre for the region.

The Golden Grove intrusion is marked by a distinct

closed high of & milligals, with the anomaly again
extending beyond the mapped northern boundary of
the intrusion. However, there is a block of
dolomitic limestone present with a density that is
only 0.1 gms/cm” less than the gabbro forming the
Golven Grove intrusion. Therefore, the gravity
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high is probably associated with both rock types.

The mapped mafic intrusive rocks, 9 kms south-
east of Golden Grove, are reflected only by a
small nosing of the gravity centours. This suggests
that the mafic rocks present are relatively limited
in extent. The exposure probably represents part
of a thin slice of mafic rocks caught up aleng
the northeast trending fault.

Rocks that are mapped as distinctly silicic
intrusives have none or only one or two gravity
stations within their exposed boundaries. It is
therefore difficult to assess the effect of these
low density rocks on the Bouguer anomaly contours.
There is some minor nosing of contours associated
with the silicic intrusive rocks, 2 kms west of
Alma, but the minor nature of the change in the
contour pattern suggests only a small pluton. All
other units mapped as distinctly silicic intrusive
rocks show no direct influence on the Bouguer
ancmaly contours.

A zone of mainly silicic intrusive rocks is
mapped that extends from about 11 kms east of
Mechanic Settlement to 13 kms northeast of St.
Martins. Low values would be expected to dominate
the gravity field over these rocks, particularly
if they represent a pluton with a significant depth
extent. However, it is only over the central one
third of the zone that a gravity low is developed
and the small magnitude and gradient eof this anomaly
suggests a maximum depth extent of only 2 kms.

In the northeastern part of this zone, the influence
of the Mechanic Settlement mafic intrusion may be
masking the contribution of the lighter silicic
rocks to the gravity field.

Most of the areas of Precambrian silicic flows
are not represented by the development of really
distinctive lows in the Bouguer anomaly contour
map. This suggests that the flows are generally
thin. In the area to the east of Hillsdale, three
minor gravity lows may be associated with the
development of greater thicknesses of silicic
flows. In other areas, the silicic flows do net
have a marked influence on the Bouguer anomaly
contours.

In contrast, areas of mafic flows have a signi-
ficant influence on the Bouguer anomaly contour
map. An elongated gravity high is associated with
a zone of predominantly mafic flows, extending
from north of St. Martins to Black River, The
mafic flows, north of Alma, are marked by a region
of relatively high Bouguer anomaly values. The
mafic flows, scouthwest of Mechanic Settlement, are
associated with a ridge of gravity highs that
extend to the St. Martins area. Other mafic flows
are either too close to major anomalies (e.qg.
Golden Grove), or not adequately enough covered by
gravity stations for their influence on the Bouguer
ancmaly values to be assessed.

As already mentioned, the density of the Pre-
cambrian declomitic limestone, exposed to the north
of Golden Grove, is almest as high as the gabbroic
rocks in this area and both rock types contribute
to the gravity high. The limestone mapped to the
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east of Hillsdale is alse associated with a
gravity high,

The Precambrian arkosic sandstones, conglcmerates
and quartzite do not appear to influence the Bouguer
anomaly contours. However, exposures of Cambrian
rocks to the east of Golden Grove, and to the south-
west of Hillsdale, are associated with closed
gravity lows. A reliable estimate of the thickness
of the Cambrian rocks is not possible because of the
presence of silicic flows and Carboniferous rocks
with similar densities to the Cambrian sediments.

GRAVITY ANOMALIES UNRELATED
TO SURFACE GECLOGY

Most of the gravity anomalies are associated with
lithological changes mapped in the surface gcology.
However, in some parts of the area, there appears
to be no relaticnship between the gravity anomalies
and the rock types exposed at the surface, An
explanation for these anomalies must therefore be
sought in the development of density contrasts at
greater depths.

The clearcst example is the gravity high to the
southeast of Hillsdale, which occurs in a place
where mostly silicic flows have becn mapped.

Higher density, prcbably more mafic flows may under-
lie these silicic flows. Another possibility is

the extension at depth of the Greenhead limestone
that outcrops to the east of the anocmaly. Whatever
the source of the anomaly, if we assume a sheet-like
mass, the maximum depth to its upper surface is
only 0.75 kms,

About 10 kms northeast of Golden Grove, an
extensive gravity low is developed. The centre of
the anomaly lies in an area where mainly mafic
flows and tuffs are exposed at the surface, although
the flanks of the anomaly are underlain by Cambrian
scdiments. It is proposed that the source of this
anomaly is a buried pluton of lighter, probably
more silicic, rocks.

The other example is related to the extension
of gravity anomalies beyond the boundaries of the
causative rock units mapped at the surface. For
instance, the relatively high Bouguer ancmaly values,
and large areal extent, of the Mechanic Settlement
anomaly suggest that the high density mafic rocks
have a more extensive development at depth than
is revealed by the surface geology map. The
generally high Bouguer anomaly values over the
whole eastern portion of the survey area suggest
that the upper crust in this portion must contain
a higher proportion of high density rocks than
the western portion. On the basis of trend
analysis of aeromagnetic maps, Tjerian (1974} has
proposed a major crustal break aleng a line
between St. Martins and Mechanic Settlement. The
gravity evidence thus suggests that there may be
a difference in the nature of the two crustal
blocks on each side of this line.

CONCLUSIONS
The pattern of positive Bouguer anemalies over

most of the Caldeonia Highlands uplift indicates
the predominance of high density, probably mafic,

rocks in the upper part of the crust in this

area, Silicic rocks of lower density are con-
fined to relatively thin sheets with a limited
depth extent, there being no evidence in the
gravity data of large batheliths of granitic rocks.
A major crustal discontinuity appears to divide
the uplifted block into two segments along a line
between St. Martins and Mechanic Settlement. The
level of gravity anomaly values Is similar on both
sides of the mapped northern boundary of the
'‘Fundy Calaclastic Zone' (Figs. 2 and 3). There
is therefore no suppert in the gravity anomalies
for the 'Fundy Calaclastic Zone' of Ruitenberg

et al {(1973b) being associated with a majer

change in the structure of the crust.

The boundaries of many of the mapped rock
units are associated with changes in the Bouguer
gravity values. For example, the high density,
mafic, intrusive rocks are indicated by closed
highs or nosing of conteurs. However, in all
cases, a more detailed coverage with gravity
stations is desirable before reliable estimates
can be made of the shape and depth extent of
individual rock units. In some cases, the deter-
mination of contact relationships will be difficult
to achieve on the basis of the gravity information
alone. For instance, contacts between the Golden
Grove mafic intrusion and the Green Head limestone
do not yield a distinct gravity anomaly change
because of the small density contrast between the
two rock types. A combination of magnetic and
gravity investigations might help in this case.

The steep gravity gradients over most of the
boundary faults suggest that high-angle bleck-
faulting has played a major role in the uplift of
the Caledonia Highlands. In the southwest, however,
more gradual gravity gradients associated with
the faults hetween the Carbeniferous and clder
rocks are consistent with the presence of relatively
low-angle thrust-faulting. Similar thrust faults
have been described in the area southwest of
St. John by Rast and Grant (1973]. Other evidence
of possible thrusting in this area is provided
by the relatively small gravity anomaly
associated with a block of mafic intrusive rocks,
mapped 9 kms southeast of Golden Grove (compare
the magnitude of this anomaly with that of the
Golden Grove anomaly over a similar area of mafic
rocks). This block of mafic rock may therefore
represent a thin slice transported over the
underlying older rocks, by means of thrust-faulting.
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