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ABSTRACT

A GRAVITY STUDY OF BIG HAND AND COLUMBUS-NIAGARAN
REEF FIELDS IN ST. CLAIR COUNTY, MICHIGAN
By Warren E. Kelth

The gravity method is one of the principal exploration
techniques utilized in the search for petroleum reservoirs
assoclated with Nlagaran reef structures in southeastern
Michigan. However, not all reef structures have obvious
gravity anomalies. The Big Hand oil and Columbus gas fields,
which are separated by only two miles are an excellent
illustration of two nearby reef structures which appear to
give different gravitational results,

A gravitational study of these two reefs shows that the
Columbus reef has an associated +0.27 mgal anomaly, while no
anomaly 1is correlated with the Blg Hand reef. Theoretical
gravity anomalies computed from geological information
indicate the gravity anomaly assocliated with the Blg Hand reef
i1s cancelled out by a negative anomaly originating from a
structure in the overlying F-salt. These calculations also
.show that structural reldef on the A-2 carbonate and the A-1
carbonate and reef body contrasting with the A-2 salt accounts
for the major portion of the gravity anomalies associated

with the reefs.
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CHAPTER I

INTRODUCTION

Purpose of Study

The purpose Of this investigation 1s to determine the
applicability and geological significance of the gravity
method in the study of the Columbus gas and the Big Hand oil
pool.

The Columbus and Big Hand flelds produce from Nlagaran
reef structures, Many similar reef structures in south-
eastern Michlgan have been found by the gravity method. How-
ever, the Blg Hand reef does not exhibit an obvious gravity
anomaly and therefore was not found by the gravity method.
The primary objective was to determine 1if the gravity method
could have been used to detect the presence of this reef,

The Columbus gas fileld has a well-defined gravity
anomaly associated wlth 1t. The main purpose of studying
and defining this anomaly is to compare 1t with the hearby
Big Hand reef,

A geological study of the reef structures was made and
calculations were performed to determine the gravity effect
of these structures. The objJective of this portion of the
study was to delineate the geological factors whilch produce

or negate an observable gravity anomaly.



Location of Area

The area of investigation lies entirely in T5N, R15 and
16E. This places it in the political townships of Columbus
and St. Clair, St, Clair County, Michigan. The location of

the study area is indicated i1n Figure 1.

Physiography of Area

The area of investigation 1s extremely flat lying.
Only in the vicinity of the Belle River and Rattle Run stream
channels 1s there appreclable topographlc relief and there it
is limited to approximately 50 feet. There 1is, however, a
gradual increase in elevation from 635 feet above sea level in
the southeast to 740 feet in the northwest.

The area lies in the Erie-Huron Lowland and is covered
with glacial drift which varies in thickness from 120 to 210
feet. The drift has been described as composed of glacial lake
clay and lake bed sand.

Rich topsoil has devgloped in the glacial drift. This
topsoll and level topography make the area very suitable for
farming. As a result, predominately agricultural communities

have developed in thils region.
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CHAPTER II

GEOLOGY

Regional Geology of Michigan Basin

The Michigan Basin underlies the entire southern
Peninsula and the eastern part of the northern Peninsula of
Michigan. It also extends 1nto the portions of Ontario
bordering on Lake Huron, Lake St. Clair, and Lake Erie, as
well as the northwestern part of Ohio, northern Indiana,
northeastern Illinois, and eastern Wisconsin.

The Michigan Basin has been structurally described as
an intracratonic, sedimentary basin. The rocks subcrop beneath
the Pleistocene glacial drift in a roughly circular pattern,
centered 1n the southern Peninsula of Michigan. Proceeding
from the rim to the center of the Basin, the rocks become
younger and generally thicker.

The Basin 1s rimmed bty tectonlcally positive features.
Figure 2 1llustrates the location of these features. On the
north, northeast and northwest, the crystalline Precambrian
rocks of the craton form the outer limits of the Basin. The
southern boundary is formed by the two prongs of the bifurcated
Cincinnati Arch, the prong to the northeast is the Findlay
Arch and the northwest prong is the Kankakee Arch. The

Algonquin Arch, which 1s an extension of the Findlay Arch,



forms the eastern border of the Michigan Basin and the
Wiseconsin Arch 1s the western limit.

In Cambrian time the Michigan Basin was low relative
to the Canadian Shield to the north and the Wisconsin Arch
to the west. An isopach map (Cohee in U.S.G.S. Prelim.,
Chart 33) of the Cambrian and the: Cahadian series (early
Ordovician) shows a general thickening in the southern
Peninsula of Michigan, but the greatest thickness occurs in
northeastern Illinois., Thus, i1t appears that Michigan was
part of a much larger basin. Thinning of the Paleozoic
sediments in Ontario indicates that the Algonquin Arch also
was present at this time.

Wide spread structural changes, evidenced in a major
erosional unconformity, occurred at the end of Canadian time.
The Findlay and Kankakee Arches may have developed as a
result of these changes. However, an isopach map of the upper
Ordovician rocks does not indicate the exist of these
Arches.

During the Silurian period the Basin continued to
develop. However, the rocks of the early and middle Silurian
period are thickest around the edge of the Basin and become
thinner toward the center of the Basin. Some geologists
have interpreted this as evidence of a positive feature in
the center of the Basin. Other feel it 1s simply a case of

nondeposition because of a lack of sediments.



During Salina (late Silurian) time the Michigan Basin
began to subside rapidly. The area of greatest subsidence
colnciding wilth the present center of the Basin. By this
time, the Basin had become very restricted. As a result,
great thicknesses of evaporites were deposited, as much as
2500 feet in the center of the Basin.

During the Devonian, the Basln continued to subside.
The center of greatest subsidence shifted eastward from
where it had been in the late Silurian.

Throughout the Misslsslpplan and Pensylvannlan
periods, the Michigan Basin retained the general shape that
it had acquired during the late Silurian and Devonian.
However, after the Devonian, there was very little subsildence
and the Basin filled in with Mississippian and Pennsylvannian
sediments.

The previous summary 1is derived from detalled discussions
by Pirtle (1932), Cohee (1948), Ver Wiebe (1952);_Landes

(1956), and Ehlers and Kesling (1962).

Stratigraphy

General Stratigraphy of
Michigan Basin

The generalized stratigraphy of the Michigan Basin
is given in Figure 3. Thils geological column has been pre-
pared by the Michigan Department of Conservation, Geological

Survey Division.
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Silurian Stratigraphy

The stratigraphy of the Silurian system 1s of primary
importance to this study. It was 1in this perliod that the
reef structures began, flourished, and died. During this
time thelr influence was most dramatically demonstrated.

The lower Silurian in southeastern Michigan 1is
represented by the Cataract group, which is composed of the
Manitoulin dolomite and the Cabot Head shale. The middle
Silurian 1s represented by the Niagaran group, which- consists
of the Clinton formation and the Lookport dolomite., Upper
Silurian rocks are divided into two groups, the Salina and
Bass Island.

Cataract Group.--The Manitoullin dolomite 1s the oldest

Silurian formation in the Basin., It consists of buff-gray
to gray, thin bedded, and cherty dolomite. The Cabot Head
shale overlies the Manitoulin. The lower part of the Cabot
Head 1s an argillaceous dolomite. The upper half is made
up of interbedded green shale and thin layers of gray
a;gillaceous dolomite, as well as layers of red shale and

gypsum,
Niagaran Group.--The Clinton shale overlies the Cabot

Head. It has been described as a gray to greenish-gray,
dolomitic shale. The overlying Lockport and Salina have
been exhaustively studied by Landes (1945) and Evans (1950).

Their classification is shown in Table 1.
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Table 1l.--Salina and Niagaran Strata in the Subsurface of
St. Clair County.

'm
Formation Unit Description

G DOLOMITE: brown, finely crystalline;

shaly delomite; some anhydrite.

F SALT: 1in thick beds separated by beds
of shale, shaly dolomite, gray and
buff, and brown, crystalline dolomite;
anhydrite nearly always present.

SHALE: with argillaceous, gray and buff
dolomite.

SALT: nearly pure; thin partings of
buff dolomite,

SHALE: gray, dolomitic.

SALT: thick salt beds with thin dolomite
layers.

A-2 DOLOMITE: brown, brown gray, gray and

dark gray, finely crystalline; some

dark bituminous shale.

A-2 SALT: where salt 1s absent the base of
A-2 1s marked by anhydrite.

A-1 DOLOMITE: buff, brown, brown gray and
dark gray, dense to medlium crystalline;
some dark biltuminous shale.

A-1 ANHYDRITE: at base.

o ™

Salina
wa

DOLOMITE: tan, gray brown and brown, very
finely to coarsely crystalline and
Guelph- vugular; often finel laminated near top.
Lockport DOLOMITE: 1light and dark gray mottled,
or finely crystalline.
Niagaran DOLOMITE: 1light to blue gray, finely
to coarsely crystallin,

Niagaran
Group

Bass Island Group.--The youngest strata in the Silurilan

is the Bass Island group. It represents the closing phase
of the evaporite cycle. It 1s characterized by a clean

dolomite.
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This summary of Silurian stratigraphy 1s a resume of
literature published by Newcombe (1928), Landes (1945),

Evans (1950), Ehlers and Kesling (1962), and Alguire (1962).

Geology of Reef Structures

Niagaran Reef
Structures

During the Niagaran epoch (middle Silurian), reef
structures flourished and developed into what Lowenstam
(1957) has described as a reef archipelago. The Michigan
Basin occupied the southwestern part of the archipelago.

The reefs within the archipelago were 1solated
structures with varying densities of distribution through
space and time. The structures range in areal extent from
a few feet to several miles, and in height from 10 feet to
nearly 1000 feet. Although they existed as individual units,
the reefs greatly influenced the overall environment of the
Silurlan sea. They acted as a large-scale sediment trap.

It has been estimated that the inter-reef beds may be as much
as twice the thickness of equivalent beds 1n reef-free

areas. The reef archipelago probably acted as a barrier to.
circulation, which resulted in the saline conditions
occurring in the Cayugan epoch.

The two reefs studied in this 1investigation, the
Columbus and Big Hand, are part of the reef archipelago
which presumably developed along the Findlay-Algonquin Arch.

They were positioned in that part of the Basin which was
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subsiding rapidly, as a consequence, the reefs had to grow
rapidly upwards in order to remain near sea level. Thus,
they developed into pinnacle reefs.,

The Columbus and Blg Hand reefs are typical of fully
developed reef structures. A typical reef consists of two
structural components--the reef core and reef flank. The
reef core 1s a massive build up of high-purity carbonates.
Genetically, the core is the growth center of the reef. It
is composed of the skeletal framework of the reef bullders,
with the interstitial spaces of the framework filled with
biloclastic detritus of the niche dwellers and some terrigenous
clastics (Lowenstam, 1957). |

The reef flank borders the reef core and dips away from
it at varying angles. The reef flank 1s genetically made
up of reef-building organisms, coarse to clay-size and
intertonguing inter-reef deposits. The reef flank, 1n
contrast to the reef core, is well stratified.

This, then, is the setting and development of the
reefs structures which were studied in this 1investigation.

Geology of Columbus and
Big Hand Reef

Structure contour and isopach maps of selected
formations have been prepared in this study. The formations
which were structure contoured are the Nlagaran formation,
the A-1 carbonate unit, the A-2 carbonate unit, the B- salt

unit, the C unit, the F- salt unit, the Dundee formation
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and the Traverse lime formation. The structure contour maps
are presented in Figures 4 through 11 in ascending order
according to age and stratigraphic position. They are
presented in this order to show the decreasing influence

of the reefs structure on the subsequent formatilons.

Isopach maps have been prepared for the A-1 anhydrite
and the A-2 evaporite to show the relationship between the
reef structures and the lateral variations in thickness of
these units.

A structure contour map of the Niagaran formation,
Figure 4, shows the location and configuration of the
Columbus and Big Hand reefs. The Columbus reef 1is centered
between sections 21 and 22 of T5N, R15E, and trends
approximately north-south. The base of the reef 1is at an
elevation of -2400 feet and the highest control contour
places the top of the reef at -2100 feet., Thus, the reef
has a relief of at least 300 feet. The reef 1s approximately
0.7%5 miles wide and 1.5 miles in length.

The Big Hand reef, located entirely in the eastern
half of section 24 of T5N, R15E, lies two miles east of
Columbus. This reef i1s positioned 100 feet up-dip from the
Columbus reef. Jts lateral dimensions are only about half
as large as those of the Columbus structure--the width is
0.5 miles and the length is 0.75 miles. However, 1t has a

relief of nearly 275 feet.
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Figure 5 1s a structure contour map of the A-1
carbonate unit. This unit 1is about 100 feet above the
Niagaran formation. On this unit there 1is still 200 feet
of closure above both the Columbus and Big Hand reefs. In
both cases, the configuration of the structure conforms
closely with that of the reef 1itself.

Proceeding upward in the column, Figure 6 shows a
structure contour map of the A-2 carbonate unit., At this
elevation the structural influence of the reefs has decreased.
However, there 1s sti1ll 50 feet of closure centered over the
Columbus reef, with a negative closure of 25 feet to the
northeast., Above the Big Hand reef there 1s 50 feet of
positive closure and 50 feet of negative closure to the
northwest of the reef. The negative features, assoclated with
the Columbus and Big Hand reefs, may be explained by either
salt flowage, or by salt solution in the A-2 evaporite which
lies .directly below the A-2 carbonate.

The top of the B-salt, .which 1s -about 750 feet above
the Nlagaran formation, has been contoured and is shown in
Figure 7. There 1is still 10 feet of closure above both
reefs at this elevation. The center of the closure, above
the Columbus reef, has shifted to the south. The structure
above the Blg Hand reef has extended in length, but it is.
still positioned above the reef.

Figure 8 is a structure contour map of the C-unit.

There is 10 feet of closure above the Columbus reef. The -1450

foot contour line nearly closes above the Blg Hand reef.
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Filgure 9 shows the structure on top of the F-salt
unit. This formation 1s approximately 1300 feet above the
Niagaran surface. As 1llustrated in this figure, there is
no structural reflection assoclated with the Columbus reef.
However, there 1s a large structural high, with 40 feet of
closure, located to the south southwest of the Big Hand reef,.
This structure is too large, both in areal extent and relief,
to be directly related to the reef structure. Salt flowage
may be the explanation of this structure, but in order to
develop such a large structure due to salt flowage, it seems
necessary to postulate a fracture zone in this area. The
fracture zone could have provided an avenue into which the
salt migrated. There are other possible explanations for the
development of this positive structural feature. Uniform
deposition of the salt and subsequent removal of the salt
from adjacent areas by solution may be one explanation.
Another posibility is that local conditions near the reef
structure were such that more salt was deposited ofiginally.
This structure could be instrumental in explaining the gravity
picture assoclated with the Big Hand reef.

Figure 10 and 11 are structure contour maps on the
Dundee lime and the Traverse lime. There are no apparent
structures, either on the Dundee or the Traverse maps which
are assoclated with the Columbus reef. The structure maps
on the Traverse and Dundée above the Big Hand reef show 10

feet of negative closure to the northwest of the reef
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structure. The closure on both formations 1s small, but
the position and shape of both features are too similar to
discredit them as insignificant. These structures could be
the results of slumping along the postulated fracture zone
which was put forth as an explanation for the structure on
the F-salt unit. However, they also give supporting
evidence to the other explanations of this positive feature.

Flgure 12 1s an isopach map of the A-1 anhydrite,
which lies directly above the Niagaran formation. The A-1l
anhydrite thins from 20 to zero feet as 1t pinches out
against the reefs. This thinning 1s a characteristic
behavior of the A-1l anhydrite.

An isopach map of the A-2 evaporite is shown in Figure
13. Over the Columbus reef, this unit thins 150 feet, while
over the Big Hand reef it thins a total of 100 feet. The
A-2 evaporite unit consists mostly of salt, with approximately
25 feet of anhydrite at the top of thé unit. The anhydrite
layer continues across the top of both reefs, but the thick
salt layer wedges out agalnst the reef flanks. Other units
and formations thin over the reef structures, but because of
the close stratigraphlcposition and plastic nature of these
two units, they thin more drastically.

Figures 14 and 15 are cross-sections of the Columbus
and Big Hand reefs, respectively. They 1llustrate the
structural and stratigraphic relationship of the formations

and units which were structure contoured, and isopached.
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Figure 16 demonstrates the relationship of the F-salt
structure to the Big Hand reef structure. The location of
the profiles are shown on the structure contour of the

Niagaran formation, Figure 4.
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CHAPTER III

GRAVITY STUDY

History of Reef Studies by the Gravity Method

The gravity method has been widely used in the
exploration for reef structures of varying ages. It has
met with success 1n many areas, but fundamental questions
regarding the application of the method and the geological
significance of the gravity anomalies still remain unanswered.
Therefore, a review of pertinent previous studies is
necessary for a discussion of the results and conclusions of
this investigation.

Yungul (1961) reviewed the exlsting literature on
gravity investigations of reef structures and summarized the
predominant thoughts which were derived from these studies.
His summary is .as follows:

1. Reefs frequently show recognizable gravity

anomalies which may be (a) a simple high, (b)
a high with a negative rim around it, (c) a
low with a positive tendency 1in the center, or
(d) a simple low. Most frequently it is a high
with a negative rim around it, like a 'sombreo.'
2. When the anomaly is of the sombrero type or a
simple high, its 1ntensity 1s of the order of
+0.5 mg. This 1s greater than an allowable
density contrast between the reef mass and the
enclosing sediments could produce. What 1is
more, a gravity high may be present even when

the reef density 1s less than that of the
enclosing sediments. Clayton (1951) reports

31
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that at North Snyder the cores show the reef
is less dense than the surrounding shales.
Yet, the anomaly is +0.6 mg.

The existence of a negative rim has so far not
been satisfactorily explained.

The gravity highs are too narrow to be generated
by masses at specified reef depths.

When the anomaly is of the sombrero type, the
width of the positive 1is of the order of the
width of the reef, irrespective of the reef
depth.

The local (residual) anomalies are frequently
located near the apexes of regional gravity
highs.

As far as west Texas is concerned, the reef
bottoms are local positive reliefs. We have no
such data for the other regions.-

Thinning and draping in the shales over and
around the reefs are more than that indicated
by conventional calculations of differential
compaction, '

Either because of certain underlylng causes, or
merely because of world-wide abundance of shales,
the surrounding regional formations are shales

in most cases.

The equivalent porosities in the reefs are
estimated to be of the order of 12 per cent.
The main constituent of most reefs 1s calcium
carbonate. Consequently, the density is about
2.5.

The reef heights are from about one hundred to
about eight hundred feet, widths 1/2 to 3 miles,
and the known depths 2,000 to 7,000 ft., The
slopes on the flanks may be up to 40 degrees.:

In view of the wide ranges of the observed reef
geometries and anomaly types, 1t seems, at
present, that there 1s no direct, evident relation
between the reef mass specifications (depth,
height, extent, density) and the gravity anomaly
specifications (type, intensity, extent).
Consequently, certain factors other than the
reef mass play the major role.
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Yungul then tried to explain the prevalling facts
concerning observed gravity anomalies associated with reef
structures. Of course, a density contrast must exist in
order for a gravity anomaly to be produced. Any approach to
explaining gravity anomalies must be directed toward
explaining the existing density contrast and determining
how these contrast were created. Yungul believed that the
reef structures greatly influenced the sedimehtary environ-
ment. This influence resulted in high concentrations of.
sand vertically above the reef bodies as opposed to lower
concentrations in the off-reef facles. Thils then created
the existing density contrast. He concludes:

1. Reefs of the 1solated type frequently show

positive gravity anomalles in the order of
0.5 mg, with a true negative rim around it
and the zero anomaly contour is usually
close to the reef outline.

2. No evident direct relation between reef
specifications and gravity anomaly specifica-
tions can be expected.

3. The main contribution of the reef to the
anomaly 1s not the mass of the reef 1itself,
but it is the influence of the reef on
subsequent geologlcal processes,

L, The anomaly depends largely on what has
happened after the reef was covered, and to
some extent on the lithology of pre-reef
formations.

5. The major cause of the gravity anomaly 1s

probably the lateral variations of sand con-
tent 1n shales around and above the reef.
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Two gravity case histories, one by Pohly (1954) of

the Dawn No. 156 Pool in southwestern Ontario and one by

Servos (1965) of the Marine City, Berlin and Belle River

Mills fields, are of particular interest to this

investigation. They are in the same geological province

and general area as the Columbus and Big Hand reef

structures.

Pohly concludes:

1.

Reefs can be detected because of their shallow
depth of burial and the sharp density contrast
between salt and reef limestone.

Gravity anomalies can be caused by local thinning
of salt and by local concentrations of dense
gravels or boulders in the glacial drift. These
gravity anomalies can be confused with anomalies
caused by reef structures.

Servos summarizes his findings as follows:

1.

2,

The gravity anomalies over reefs are positive
with magnitudes of about +0.20 mg.

The width of the isolated anomalies varied with
the isolation method. The anomalies isolated by
the least squares method are about twice as

wlide as the reef mass., The downward continuation
of an upward continued surface method glves a
ratio of about 1.3 to 1 for the width of the
anomaly to the width of the reef. The second
derivative method gives a ratlio from 1.3 to 1

for the 2500' upward continued surface up to

1.6 to 1 for the 5000' upward continued surface,
The cross profile method on the Marine City reef
gives a ratio of 2:1. The graphical and
statistical methods of isolation indlcate a
larger anomaly width to reef width ratio than

do the analytical methods. These results are
consistent for the Marine City, Belle River Mills,
and Berlin reefs.

The reef anomalles have adjacent parallel to
sub-parallel negative anomalies assoclated with
the positive anomalies. These can be accounted



35

for by theoretical calculation of bedrock topo-
graphic effects, however, the eoincidence of
the negative anomalies indicate they are not
fortuitous but may be controlled by structure
in the sediments or they are coming from a
deeper source,

i, The reef anomalies are not assoclated with any
regional gravity pattern.

5. The source of the anomalies observed over reefs
in the Michigan Basin are not the reef mass,
but the conditions created after reef develop-
ment. The probable source of the anomalies is
the lateral variation in density overlying the
reef. In the Michigan Basin these density
contrasts are between dolomite and limestone
and dolcomite and salt.

All of the studies thus far conducted, generally conclude
that there is a gravity anomaly associated with carbonaceous
reef structures. There is, however, disagreement as to the
exact cause of the anomalies and the relationship of the reef.
structures to the observed anomaly. Indeed, some disagreement
should be expected for the geological factors are not the

same in all cases.

Gravity Maps

Now that the geological setting of the Columbus and
Big Hand reef structures has been established and previous
reef studies have been discussed, the observed and residual
gravity maps which are presented in this section will have
more meaning and geological significance,

Various isolation techniques have been used to determine
if some methods would give better results and also to observe

if changes in the characteristics of the anomalies obtained
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from the different techniques would give a clue to the source
of the anomalies,

The field methods and reduction of data are discussed
in Appendix A and B, respectively. Appendix C 1s devoted to
the discussion of the isolation techniques utilized in
thls study.

The location of the Columbus and Blg Hand reefs 1is
shown on the gravity maps by the parallel line pattern. The
Columbus reef 1s located on the west and the Bilg Hand reef

1s on the east. The small circles indicate gravity points.

Bouguer Gravity Map

The Bouger gravity map of the study area is shown 1in
Figure 17. As can be seen from the map, there is an
anomalous area in the vicinity of the Columbus reef, but
there 1s no apparent anomaly present in the vicinity of
the Blg Hand reef., The regional gradient 1n the northwest
portion is about 1.0 mgals/mile and the contours trend
northwest-southeast. In the southeast portion of the area,
the contours generally trend in the same direction, however,
the contour lines begin to spread out. The regional gravity
picture agrees with the regional map prepared by Hinze (1963).
A portion of this map 1s shown in Figure 18 where the

rectangle denotes the study area.
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PORTION OF REGIONAL GRAVITY MAP
OF MICHIGAN

FIGURE 18 (after HINZE, 1963)
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Cross-Profiles Map

Figure 19 is the residual gravity map prepared by the
cross-profile method. A positive anomaly of 0.3 mgals 1s
located almost directly over the Columbus reef. The Columbus
reef 1s flanked on the east and west by negative anomolies
of 0.2 mgals amplitude. In section 20 and 1n the west
part of section 21 there is another positive anomoly with
a 0.2 mgals magnitude.

There are no isolated anomolies in the vicinity of
the Big Hand reef, in fact, the gravity values tend to
decrease over the reef structure. To the northwest of the
reef, the gravity values increase. These values are enclosed
in the +0.1 mgals contour lines. The +4+0.1 contour lines
trend north and tie in with an anomoly associated with the

Smiley reef.

Least Squares Residual Maps

The least squares technique also was used to 1solate
the residual gravity anomolies. The observed Bouguer
anomaly surface minus the 2nd degree approximation, and the
observed Bouguer anomaly surface minus the 4th degree
approximation, are shown 1in Figures 20 and 21 respectively.
The same anomolies are present on these maps that are
present on the cross-profile residual map. The positive
anomaly in sectlion 20 and 21 has increased 0.1 mgal in

magnitude to +0.3 mgal the negative anomoly on the east side
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of the Columbus reef has increased in amplitude to -0.3
mgal.

The observed minus the 4th degree and the observed
minus 2nd degree show essentially the same results. However,
the observed minus the lUth degree 1solates the anomalies
better and for this reason it 1is felt that the U4th degree
polynominal best approximates the regional gravity trend.

Upward and Downward
Continued Maps

In order to perform the 1solation techniques of upward
and downward contlnuations and second derivatives, the Bouguer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>