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Dr. James E. Hackett
Northeast Illinois Field Office
115 South Washington
Naperville, Illinois

Dear Jim:

Enclosed is our report for the Planning Commission on the
gravity survey of northeast Illinois. The Bouguer Gravity Map and
three illustrations derived from seismic reflection studies are being
sent under separate cover. As you will note, a report on the seismic
activity is not enclosed. I believe the illustrations speak for
themselves and therefore a report would only be saying what is obvious.
Unless you and the members of the Planning Commission vehemently and
insistently demand such a report, none shall be forthcoming.

Sincerely'yours,

—( s

Lyle D. McGinnis

Assistant Geophysicist

Section of Ground Water Geology
and Geophysical Exploration
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Gecpbysical Report - Northeastern Illincis
Paul C. Helgold and Lyle D. MeGinnis

Lotroduc tion

4 gravity survey of northeastern Illinocis was conducted during the
summer of 1962 Ly members of the Northeastern Illinols Metropolitsn Planning
Commission under the direction of the Illinols State Geological Survey. &
smaller erea immediately to the west was surveyed in 1961 by members of the
Illinols Geclogical Survey. The latter survey is included in this report since
it has been examined rather thoroughly and illustrates the correlation between
geology and the gravity field as it exists in north-eentrsl Illinois.

Graviiy stations are located wherever elevations and bench marks are
given un topogrephic maps. This provides a uniform grid with spacing of
approximately 1 mile. In a&ll, there sre 5701 gravily etations ia the surveyed
area, including 1170 which were surveyed in the summer of 1961. The 1961 work
vwas done using a Worden graviiy meter while a World Wide gravity meter was
employed in the 1962 work. Both of these meters are the temperature compensated,
mullereading type, resdable to .0l mg.

Elevations used in the gravity data reduction were obtained from
topographic maps and are sccurate to + 1 foot. This veriation in elevation
introduces small accountable errors in the free air and Bouguer corrections
(e z «1 mgs). Terraln corrections were neglected beceuse of small topographic
reiief in the surveyed ares,

In the Bouguer correction a density of 2.35 gm/cc. was employed. This
velue was determined {rom the results of the analysis of numerous core samples

from borings obtained for the water rescurces management study. Drift corrections
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were based on curves drawn from repeated observations of the same field location
each dey. Overall, the survey, tied to the Behrendt and Woollard gravity base
station in Janesville, Wisconsin, at the Rock County Airport, ls accurate to

& 19 ng.

Bouguer Gravity and Regional Geology

Frior to any mention of specific gravity anomslies, a brief diaeuasion
of Bouguer gravity anomalies in general, and their apalysis, will be given in
order to point out the fact that gravity date by its very nature is suggestive
rather than definitive.

The Pouguer map (Plate 1), or more agcurately the Bouguer gravity anomaly
map, represents the difference between the Bouguer gravity and the theoretlcal
gravity,; based on the 1930 "International formuls." The Bouguer gravity is the
result of epplying the stendard corrections (mentionsd above) to the raw observed
gravity. The ancmalies displayed on the [Douguer map are the algebraic sum of all
the gnommlies Lhat would czuse ilhe Bouguer gravily to deviate from ithe theoretical
gravity. The singulsr anomalies involved in this natursl summabtion are the result
of density contrasts located anywhere frem near Lhe gurface lo sub-crustal deplhs.
In eddition to this inherent superposition problem, individusl gravity ancmaslies,
by nature, asre ambigucus. For example, the anocmaly caused Ly a mase with a
certen density contrast at great depth could e the seme as that produced by a
shallow mass with a different size, shape, or density contrast. Depth, size, shape,
and denslty contrast are sll variables on which the EBouguer gravity anomalies depend.

Despite these apparent shortcomings, there is one fact concerning
gravity encmalies that provides grounds for profiteble inference to be msde from
the Bouguer map. Gravity anocmslies spread out as the depth of the source incmasa#.
Thus, one would expect broad low gredient amnomaljes to have their cause at greaier
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depth than emsll high gredient anomalies. As a result of this fact, anmmaliies
associated with shallow messes often sppear as small undulations on broad,
sweeping contours that owe their configurations to deeper masses.

On exsmination of the Bouguer map (Plate 1) from a regional point of
view, several interesting trends are in evidence. Perhaps the most striking
‘trand on the map is a broad band of relatively high Bouguer gravity extending
-wrth and west from the southern border of the surveyed area within the ~20
nilligal contour line. This band contains a series of closed highs (T.31lN.,
RelEs; Te33N., Re9 and 10B.; T36He, Re8Ess To38Ne, R.8Es; T439 and 40N., R.7E.}
Toblle, Re6Es; and T.41N., R.4E.) and hes a major east-west fork centered between
T7.38 and 39M., extending to the eastern border of surveyed area. The nerthern
flank of this band possesses a very steep gradient with Bouguer gravily decreasing
to the north. This phenmsena is very much like that which would be produced by
an abrupt change in litheology (lateral change in density contrast), a steep
monoeline, or a large throw vertieal fault, Teo the northeast the Bouguer mep
shows a broad low centered in T.46N., R.10E., extending north and east into
Wisconsin. In the southeastern part of the surveyed area, the Bouguer map is
relatively flat, with a broad, irregularly shaped low being the predominant feature.
To the scuthwest, a large circular gravity low dominates the regional pleture.

Regionally comparing the Bouguver ancmaly map and known geologile
structure, it is epparent that a simple one~to-one correlation of structure and
Bouguer gravity does not exist throughout the surveyed aree. Ferhaps ihe best
exanple of this occurs in the southwest where the Pouguer map shows a sizeable
c¢ireular low. This particular area is structurally high. It is boundsd on the
north by the Sandwich Fault and to the southwest by the LaSalle Anticline.
Theoretical calculations show that the absence of part of the section could account
for the magnitude of the negative anomaly, whersas a simple density contrast could
account for only a small part of the anomaly. The cause of an anomaly of such
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nagnitude couid more realistically be a latersl change in densiiy somewhere in

the basement complex, This would not be en unreasonable assumption especially

in light of the known crustel weakness assoclated with this area. On the other
hand, there is reason to believe that within a regicn a simple correlation between
gravity and the elevation of the bamsement surface does exist. This is reasonable
since a good density contrast exists at the Mt. Simon-Precambrien contect and the
relief of the basement is much greater than anywhere in the section.

A peisuie reflection profile (Figure 1) mapping the Pre-Cambrian surface
in the scuth-central portion of the surveyed area was recently conducted by
members of the Illinois Geological Survey. This profile shows a rather good one-
to-one correspondence with a similar gravity prefile (Figure 1) and will be
reviewed later. The problem resolves itself into determining regicnal Precambrian
lithologic boundaries and the Lopography of the basement within these regiens.

i good part of the answer to this phase of the problem can be supplied by strategic
seismie reflection profiling, especially across what appears to be bounderies of
lithologle (demsity) provinces on the Bouguer gravity map.

Seismic profiling from one density region to another would provide
information in the boundary regions where the gravity values would naturally be
experiencing translation. I1f the density provinees were large enough, the work
needed to clarify the besement relief in the boundery zones would be comsiderably
less than say if in eddition to large lithologic¢ provinces there were many lithology
.ehanges within the larger provinees. The latter svent could produce an almost
insurmountable problem in determining the topography of the basement surface.

Once the besement surface hes been determined to the desired degree of confidence,
ancmal les whose ceuses are in the gedimentary column can be examined,

At the present time, meaning can be given to the Bouguer graviiy map
(Plate 1), enly in the most general temms. The Douguer anomaly tyends roughly
@imida with isopach trends of the deeper sedimentary formations, In the northern
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balf of the area the oversll tendency is for Bouguer values to deerease, along
with decreasing thicknesses of the deeper formations, as for example, the thickness
of rocks between the top of the Glenwood~St. Peter Sandstone and the toja of the
Ironton-Galesville Sandsione. This is in contrast to what might be expected even
though this part of the section is cumposed mainly of dense limestones and dolcmites.
The ~20 mg. contour line oriented in a west northwest direction on the northern
flank of the band of gravity highs is neerly perellel to the line of Flexures
appearing on the strueture contour map of the Galena~Platteville Dolomite. Folding
is also apparent here on the structure map of the M. Simon mquifer, although it

is not as well aligned with the gravity trends as the Galens-Platteville. This
lack of mgreement mey be the result of fewer control wells reaching the Mt. Simon.
It 1s impossible that such folding alone is the reason for the elighment of the
gravity contours, Besides some effect due to the folding, there appears te be

same large, deep-seated faulting or lithologic variation.

A direct relation between structure and graviiy anomalies may be cbserved
in the southeast portion of the ares outlined by the ~20 mg. comtour line, In this
région & structurgl low is associated with the broad gravity low vwhich ceuses the
forked appearance of the baud of highs on the gravity nep.

Maoy other similar relationships are probably present between the
gravity data and the geology, but imsight on these reletionships must wait until
further information on the basement surfece is known. Of particuler interest in
thie light would be the relationship of the basement surfaee to the north-sast
trending low near the Wisconsin border, as well as the relationship of the base-
ment surface to the extended band of highs predeminent on the Bouguer map.

Woollaml, in hic enalysis of the gravitationnl fleld of several geologie
provinges throughout the United States, has recognized the lack of corvelation
between Paleozolc structure, end Bouguer Gravity anomalies, especlally in and around
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nedium to large sedimentary basine. He has noted that the basins, though filled
with & thickened section of sedimentary rocks, shew a positive rather than
negative gravily ancmaly, and concludes that the density deficlency of the sedl-
ments nay be offset by & compensating mass distribution at depth. Hortheastern
Illinois is one of these areas where no simple correlation between the gravity
field and the geologic structures can be made.

Belsted Seiswic, Grevity and Geologic Imterpretation

Selamic reflections and six wells reaching basement rooke in north-
eastern Illinois were utilized in the construction of Plate 2. 8elamic records
of sufficient guality to select a reflection, presumably of the basement surface,
were obtained at twenty scattered reflection stations and at foriy-eight stations
alang a northwest-goutheast profile. GStations were spaced roughly one mile gpart
along the profile (Figure 1) which extends from T.35N., R.9E.; north to T.39N.,
R.9E.; and northwest to T.4lli., R.5 E. The profile was tied to a basement well
on the northwest end, Reflection quality ranged from poor to good with about
1/3 of all stations being of sufficient quality to plek identifiable reflections.
With this understending, it is evident that some basement well control is necessary
in the vieinity of all reflection stations to consistently predict aceurate depths
to the top of the erystalline rocks, The Precambrian~Mount Simen contact was the
only boundary from which reflections could be identified.

Scattered reflection stations, far removed from basement wells, must
ba viewed with discretion since the selection of & certain reflection cyecle at
these stations is highly subjective. The reliabllity of accurate depth predictions
along the profile in Figure 1 is enhanced by the proximity of one station to
another; however, depth accuracy decreases as distance from the conirol well on the
northwest end of the profile increases. Evidence of the subjective nature of the
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selection of a particuler cycle on a reflection record was recently brought to
light by the drilling of a Precambrian well about two miles from the south end
of the seismic profile. The drill encountered Precambrian crystalliines at m
depth of about 600 feet below that as extrapolated from the selemic data, With

~ the knowledge obtained from this recent well, the profile can be reinterpreted
 and the acouracy of depth predictions along the profile can be significantly

increased. It is interesting to note that decreasing bouguer values on the

gouthern end of the gravity profile in Pigure 1 are suggestive of an increasing

" depth to basement which would substantiste the fact that within 2 psrticular region
a one~to-one correlation exists between the basement surface and Bouguer gravity.

Plate 2 is & contour map of the top of the Precambrian crystalline
rocks based on all available evidence ab the time of its comstruction. With the
eddition of new data based on the well mentioned above, the interpretstion in the
southern part of the map can be modified so as to conneet the lows north and south
of the fault gone, Plate 3 is an isopach contour map of the Mount Simon Aguifer

"and is based on elevations obtained from Plate 1 and from the structure contours

on the top of the Mount Simon Aquifer. Additionsl information obiained from the
new well will not significantly alter the isopach contours since the contoured
ares does not extend as far south as ihe new data,

The direci correlation between the gravity profile and the Precambrian
surface (FPigure 1) is striking. The only real divergence is on the southern end
vhere it has now been shown that elevations of basement rocks do decrease. This

correlation can not be expected when crossing from one density region to another

on
as described in the discussion’gravity. At the present time and fram gll the
available information, il aeppeers that broad gravity lows correspond to Precambrian
rggional structural hlghs and conversely, bread grevity highe correspond to

regional structurel lows, The significance of this relationship is now under

study at the Illinois State Geologleal Survey. Locslly, as shown in Plgure 1, &
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ﬂiwat ?elgtiomhi-p between gravity anomelies and the Precambrian surface may
be expected. The contents of this mport‘m ot intended for publicatlon. A
‘continuing more eomprehensive progrem of study is now in progress. FPublication
of this more comprehensive examination will be within the next tuo years.
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PRELIMINARY MOUNT SIMON AQUIFER ISOPACH OF
NORTHEASTERN ILLINOIS FROM GEOLOGIC AND

SEISMIC REFEESSEION S5TUDIES
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