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Interpretation of aercmagnetic
anomalies in southeastern Missouri
by
John W. Allinghsm
U. S. Geologlcal Survey
Washington, D. C.

ABSTRACT

Precambrian igheous rocks are exposed in the St. Prancols.
fountains, hilly coi‘e of the Ozark uplift. These rocks represent the
top of a composite granite batholith that int:rud.ed a sequence of. older
volcanic rocks. Sheets of granophyre, granite porphyry, and thin roof
pendants of resistent .vfelsic volcanic rock (felsite) were incorporated
into the granite terrain. Disbase end gabbro intruded mainly the |
contact between the gra.nité and volcaulc rock. The domirunt fracture
system has a rhombic pattern of norbhwester);f and northeasterly trend.
Faulting near the granite-felsite isolated large blocks of coarse-
grained granite that floor many shallow sedimentary 'baéins. The Ozark
region is characterized by its relatively flat lapdscz';pe, thin flat-lying
Paleozoic strata overlying an eroded igneous terrain of hills and
knobs., Buried hills end ridges of granitic and volcanic rocks
indirectly locallized leazd deposits in overlying Cambrian carbonate
strata that f£lank the uplift. These igneoué rocks also are host for

iron and copper cieposits.



The grenitic rocks are distinguished by their magnetic properties,
The coarse-grained granite is the least magnetlc, vhereas the fine-
grained granophyric rock near the top of the bathc;}ith is more magnetic
than scme volcanic rocks. Most of the granitic %ocks have low uniform _ _ _~
magnetic susceptibility of about 1.7 x 10"3‘ ‘et‘nu/'.cm3, Whereaé volcanic rocks
have higher susceptibllities because of local variations in amount of
magnetite. Remanent magnetization of the granitic and volcenlic rocks
is negligible; thus, induction theory applies to most of the ancmalles.,

Large distinctive negative anomalies are associated with several
shallow gra.ni‘be-fi_i__oored besins containing Cembrian strata. Granite ‘

exposed at the in{basin rims have neglible or low susceptibility anq‘
reversed remaneant magqetim. Faults a.nd sﬁeér ;oﬁes in igneous rocks .
produce magnetic lows that have smplitudes less than 100 gemmas.

Hills and ridges of exposed igneous rock producé ae'rcmagnetic
anoxn;alies of less than 20C gammas. Small aemplitudes and limited
lateral extent distinguish these low-amplitude ancmalies from broad
magnetic features related to major rock units. Anomalies aééociated
with hills of volcanic rock have magnitudes twice as large as ancmalies
over comparable surfaces of grani‘ée. Ancmalies resulting fram hills
of red granite range up to 100 gammas in amplitude, whereas anomalies
resulting from hills of volcanic or fine-grained' granophyric rock renge
up to 200 garmas. Some intermediate ancmalies, 200-600 gammas in am-
plitude, ere caused by a combination of topography and megnetic
inhomogehieties of roof pendants. More magnetic volcanic and

granophyric rock form dense, resistant hills on iéés magnetic granitic
. ; ce e

2 (p. 2a follows);



terrain. Aralyses of enomalies yielded the éubsu:c:t‘ace configuration
of some isolated roof pendants of volcanic rdcks.

) Anomalies having amplitudes greater than 1000 gé:mnas and limited
areal extent indicate potential magnetite-rich iron deposits. Anslyses

of anomalies yleld some dimensions and attitude of' these deposits.
i

22 (p. 3 follows)



Analytical methods used in this study of aeromagretic data
emphasize low-amplitude anomalies associlated with buried hills and
ridges‘of basement rock. Computer techniqu;s;;;re used to continue
the observed field downwégé‘tééégés its source, caléulate vertical
derivatives and separate residual anomalies. C;ﬁtinuation downward
had the highest resolving power and correlates best with mine workings
in areas of reliable subsurface control. The relations between lead
deposits and analytically derived anomalies are useful guides for ex-
ploring stratigraphically favorable areas in the Ozark uplift.

Regional geology of the basement rocks is deduced from aeromagnetic
anomalies by use of characteristic magnetic profiles ovefimodels
reéresentiag common structures such as faults, contacts, prismatic,
tabular and cylindrical rock units. Analysis of aeromagnetic data in
southeastern Missourl shows that magnetic anomalies ¢an be used to dis-
tinguish granitic from velcanic terrains, locate or extend faults and
contacts between rock units, locate and define somé_buried basement hills wad
ridges, locate isolated volcanic roof pendants and determine their
thickness, indicate magnetite-rich basement rocks. Analysis of magnetic
data is not only helpful in disclosing reglonal structures but is also
helpful in delineating sites favorable for mineral exploratlon im the

Ozark uplift of southeast Missour].



INTRODUCTION

The Ozark uplift in southeastern Missouri was aeromagnetically
surveyed in cooperation with the Missouri Ceological Survey from 1946
to 1948. The observed magnetic anomalies are a potential source of

regional subsurface geologic information and might be used to guide

o
mincral ezxploration.

" Criteria to distinguish

_ some rock units and to obtain geologic structure were developed

from arvalyses of aeromagnetic anomalies over exposed igneous rocks in

the St. Francois Mountains, over known Structures and over mine work-

ings in the lead district;

A

; these data were extended to butied basement around the uplife )

. to enhance knowledge of reglonal geoclogy by delineating wmajor features
of the Precambrian surface and thereby aiding the search for deposits

of iren and lead.



~

 The mining district of southeastern Missouri has been one of the

Py H

world's leading lead producers for almosﬁ a century. The site of the
major

firs%ddiscovery of lead in 1820, Mine LaMotte, yzq mined until re-
cently. The main produciag area,iocally Ealléd-the Lead Belt, has
yielded over eight million tons of lead from rearly three hundred
willion tons of ore., New reserves of lead are being developed and

mined on the western flank of the St. Frangoié Mountsins. This

district is presently the largest lead producing area in the world

e s e e -

and accounts fcramore than 30 percent of present annual U. S. production '(1960)

Butied 1rregular Precambrian topography of igneous knobs and fault
scarps controlled depositional sand ridges, agal reefs, slide breccias
and zenes of fracturing in the overlying Cazbrian Bouneterre Formation.
These sedimentary and tectonic structures are host for large deposits of
disseminated galeva. Precambrian rocks in the Ozark uplift are
considered an important potential source.. éf iron ore, expecially

since the discovery of the mageetite and hématite deposit at Pea

Ridge. This southeastern region is still a majof producing area for

barite and accounts for about 40 percent of the total production in the

United States (1960) .



In 19%6 the U.S. Geologié:al Survey made a.n sercmagnetic survey in
the Berryman-Potosi area to test its usefulness as a rapid means of
examining large areas for economic minere;.l depo::.sj.ts and delineating
regional structural features. The survey was éremised on the known
assocliation of.m‘.despread disseminated lead deposits in sedimentary
structures that were controlled by relief on the buned Precamb'r':!.an
surface. As a result of thls successful test, the: ‘U.S. Geologica.l
_Survey in cooperation with the Dlvision of Gaological qurvey and % "atg:_er

Resources of the State of Missouri, eeromagnetically surve,,red 17

l

J.5-minute quadrsngles coverlng the eastern part of the Qzark uplift,
including the lead mining district and the St. Francois Mountains.
Aercmagnetic maps of this area were pubhshed ir 1949 and 1950. As part
of this program an interpreta tive study of the aeranagne’cic data was
undertaken in 1955 by _the U.S. Geological
Survey. Tae fundamen’cal ob,]ective of this;“s;:‘ud;,; was ’co relate surface
configuration, rock type, regional and detailed structural features
and mineral deposits to magnet‘icw pgttgms in areas partly exposed  _

Precambrian igneous rock, and to extend the knowledge gained to data in areas of

buried magnetic Precambrian rock. Several interpretive methods end

techniques were used and ccompared in this work.

6 (p. 10 follows)
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Geological and geophysical_investigations

Professor Tolman in 1931 undertook a long range systematic study
;;E%BZ igneous rocks in the St. Francois Mountains, predented a general
claésification and description of the igneous rocks and subdivided them
in an attempt to dijferentiate and interrelate the types of rocks.
Recently, problems and current observations on the Precambrian rocks were
outlined in a guidebook to the geology of the St. Francois Mountain area,'
edited by Hayes (1961). Anderson (1962) made a detailed study of ash flow
tuffs in the Taum Sauk area of the St, Francois Mountaims.

AStructures in the Precambrian rocks were described by éréves (1938).
Tarr (1936, p. 716-717) and James (1952, p; 650-651) described major
features in the regional structural setting for lead deposits. Subsurface
structure in the Bourbon area was investigated by Searight and others (1954)
in connection with ground magnetic surveys.

Murphy and Mejia (1961, p. 129-136) recently discussed the geology of
the Iron Mountain deposit. They favored thé magmatic injection theory
advocated earlier by Spurr (1927) and Ridge (1957).

Tarr (1936, p. 740-741) and James (1952, p. 654-657) described important
relations'between the lead deposits and‘Precambrian topography. The
relations of ore-bearing sedimentary structures to the Precambrian surface
recently were discussed in detail by Ohle and Brown (1954, p. 201-222),
Snyder and Emery (1956, p. 1216) and Snyder and Odell (1958, p. 899-926).

In a summary of geophysical methods used in the search for lead
deposits Scharon (1952) discussed magnetic surveys used to locate favorable
buried knobs and ridges and electrical resistivity surveys used to measure

depth to favorable strata and therein locate fractured zomnes.

,
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In 1956, the writer collected igneous rocks in the St. Francois
Mountains for a study of magnetic minerais physical properties and their
“application to aeromagnetic interpretation. Henderson (1957; 1958) used
several of the small magnetic anomalies for his studies on dipole theory
and application of a graphical method to three-dimensional bodies in the’
St. Francois Mountains. Analyses of aeromagnetiganomaliésbegan in 1958.
Some of the problems and interpretative results of this stﬁdy were outlined
in a brief report (Allingham, 1960, p. B-216-219).

Ganguli (1955), Neal (1956),‘and Gregson (1958) related their
grévity surveys of parts of Franklin, Crawford, and Washington Counties
to the volcanic rocks of the basement. Later Algermissen (1961) showed
that some underground and surface gravity ;nomalies relate to buried
igneous knobs. From a regional survey of #he St. Francois Mountains,
Gerlach and Scharon (1960) concluded that local anomalies correlate with
buried Precambrian topography but do not correlate surface lithologies.

The paleo@agnetic investigations of some Precambriaﬁ volcanic and
granitic rocks in the St. Francois Mountaiﬁ$ was made by ﬁays (1961) =and
Hsu (1962). Their results corroborated earlier measurements for
aeromagnétic interpretation. Hays and Scharon (1963) showed some of

the difficulties in attempting to relate measurements of remanent

magnetism to ground surveys.

11 (p. 16 follows)
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Geography
The mining region of southeastern Miésouri is in the broad Interior
““Highlands Province of Fenneman (1938). This conspicuous physiographic

feature is known as the Ozark plateau. The plateau surface is well
dissected and only visible in the flat top ridges and hills. Mountains
formerly buried beneath Upper Cambrian seas were uplifted during the
Appalachian orogeny into an asymmetrical dome, known as the Ozark uplift.

Hills and knobs of exposed Precambriangigneous rock that form the

core of the Ozark uplift, shown in figure 1, were named the St. Francois
Figure l.~--Near here

Mountains by Winslow (1896, p. 4). Aeromagnetic surveys interpreted in
this report include the St. Franceis Mountains and some of the shallow
sedimentary basins that flank the uplift (fig. 2a) about 4,100 square
miles were aeromagnetically surveyed by the'U.S. Geological Survey in
cooperation with the Missouri Geological Su;vey (fig. 2a). This area
extends from parallel 37°15' northward to 38°15' and from meridian 91°00’
eastward to 90°7%'. The eastern boundary lies about 20 miles west of the -

Mississippi River.
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Relief of the ancient surface of Precambriap rocks was greater than
the present relief. The valleys are now filled with sedimentary rocks
that lap upon or cover the igneous knobs. This condition resulted in two
distinct types of topography, a hilly upland area and gently rolling lowland
areas. This area has a relief of 500 fo 700 f;, as the hills.exhibit their
maximum relief near Taum Sauk Mountain. At an altitude of 1,772 ft, Taum
Sauk is the highest point in the state. The intermontane valleys have an
average altitude of 1,000 ft. Lowlands near Farmington average 900 ft.

The nature of the buried Precambrian surface has been described by Graves
(1938), French (1956) and later by Grenia (1960). Outcrops of igneous
rocks at the borders of the QOzark region show that this area is underlain
by a plateau of Precambrian igneous rocks. Although the tépography of the
exposed Precambrian surface shows considerable relief, direct evidence

is lacking that the surface buried under Paleczoic formations has about the
same relief,

In Missouri a number of wells penetrate the Precambrian surface and
indiéate a maximum depth in excess of 2,000 ft below this surface., Drilling
at Sullivan showed that the Precambrian rocks are near surface or about
75 ft in depth, whereas at Bourbon and Pea Ridge the depth to the Precambrian

rsurface is about 1,100 ft. Igneous knobs in the vicinity of Little Pilot

Knoé (fig. 2a) are flanked by Roubidoux and Gasconade sandstone and dolomite
that exhibit a commonly observed peripheral initial dip. Drill hole infprmatioz
north of these knobs penetrated 1,400 ft of dolomite sandstone and shale

and indicated a steep subsurface profile and high relief for these knobs,
Additional information concerning the depth and nature of the Precambrian

surface in southeast Missouri can be obtained from the aeromagnetic data.

22 (p. 28 follows)



Interpretative problems and results

The use of aeromagnetic anomalies to outline subsurface configurations
of magnetic rock units is the most important contribution the magnetic
method makes to regional geology and mireral exblpration in southeastern
Missouri. Many distributions of magnetic rockzéan be postulated to produce
the observed anomalies; numerous assumptions about the variables can result
in the ambiguity of multiple solutions. Imn order.to eliminate some
variables in magnetic computations, some knowledge of physical properties
of the rocks are required. Areas of exposed rock and structural information
permitted the sampling necessary for magnetic properties and direct
correlation with geology.

The kind of interpretation, whether quantitative or qualitative
depends upon the approach to the problem. Direct or indiréct methods

are used to interpret anomalies.

28



In the direct wethod of intexpretation, fieids are derived directly
from ﬁhe observed magnetic data and correlated with geology. These
correlations then are extended to other areas. The method yields
ﬁainly qualitative results, uhich a;é particulérly useful in shallow
knob-and-basin or archipelago environmeat of the lead deposits. By .
direct correlation with geology, aeromagnetic information is used to
differentiate some magnetically contrasting types of rock in the Igneous
basement. Cranitliec rock was distinguished from some volcaniec rocks,
and theilr areal extent and distribution is inferred from distinctive
nagnetic patterns, which are related to width and amplitude of
anomalies. Shallow basiu-like areas and some Precambrian knobs and

ridges of low topogrannié'relief are detected by examining aeromagnetic

anomalies. Majofgfault%écﬁes that contaln altered non-magnetic

igneous rock sre detected or extended beyond their mapped limits
<. ~ (33

by magnetic data. These data can bP ‘used to guide mineral exploration,
R4

because continued"or derivad maynetiﬁ”fields correlate with extensive

lead deposits in the nining district.l .The direct method 1acks the

quantitative reSults of the indireccgggthod of Iinterpretation or

nodeling. =

L T
Fr0m known geological and assumed physical data such as the

size, shape, depth of burial and magnetic characteristics of a rock
unit, magnetic profilea ﬁre computed from a magnetic model. In the
indirect method these péfameters are changed until the computed profile

fits the observad magnetic data. The method of modeling ylelds mainly

quantitative structural information, such as the thickness or attitude
of volcanic pendants. L



Unknown geologic conditions may impose severe limitations on the
methods of interpretations. Inhomogeneities in rock units or an uneven
distribution of magnetic minerals caused by weathering or alteration
may produce irregularities in magnetic data thétgére unrelated to size,
shape or attitude of the units. The inhomogeneities in basement rocks
and shallow burial of the Precambrian surface caﬁ introduce inaccuracies
in determining depth to basement,

Two Eypes of aeromagnetic anomalies are recognized by their areal
extent, namely, broad regional anomalies and small local anomalies. The
broad anomalies are related to large magnetically contrasting rock units,
whereas the small anomalies are related to topography§or small local
variations in magnetite content of an otherwise homogeneous unit.

Before analyzing small local anomalie$ associated with small geologic
features, the interpreter.must isolate these anomalies from regional
anomalies. An anomaly is isolated in two steps.by removing the combined
effects of the geomagnetic gradient and any regional anomaly. First the
process of fitting a smoothed (polynomial) surface to the observed total
intensity field by the method of least squares is performéd by digital
computers. Secondly, local (residual) anomalies are obtained by subtracting

the smoothed gﬁrface from the observed field.

30 (32 follows)



As Paleozoic strata in this region are nonmagnetic, the nature
of the sand contact with the Precambrian surface is not disclosed by
Vagromagnetic data. Lead-bearing sedimentary structures may not be resolved
because of the undetected smoothing effeét of sand on an irregular
basement surface.
The grid for computing derived fields such.as-downward continuation
or second-vertical derivatives depends on an accurate estimate of the
depth to the magnetic sources. Estimated depths to the magnetic basement
are only accurate to 10 percent for some anomalies. Additional errors
'result from grid points interpolated by least squares method from
irregularly distributed data. Limitations onmn thé data are imposed by the
spacing between flight lines and distance to the sources of anomalies. The
resultant residual anomalies depend on the selection of the least-square
fit of high~order surfaces that represent the regional anomaly field.
Higher-order surfaces decrease the amplitude of some residual anomalies
and affect the interpretation of the geometry of the source. The regional
’anomalies and trends reflect larger crustal blocks, whereas the local
anomalies reflect small structural features such as v&lcahic necks,

topographic relief on the basement surface, or fault traces.
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GEOLOGIC SETTING :

The earliest known geologic event in the Ozark region was extensive
volcanism. Extrusion of volcanic flows and pyroclastic rocks was followed
by intrusion of granite and iron mineralizatiéh;. Emplacement of mafic dikes
and sills was the Precambrian intrusive event._-The area was then
uplifted, tilted, and eroded to form the original St. Francois Mountains.

Exposed in a part of the uplift is the top of a granite batholith,
which intruded volcanic rock and enclosed small bodies of granmophyre
and ro;k pendants of resistant extrusive rock. These extrusive rocks are
part of the basement on which Paleozoic strata were deposited. Many hills
of volcanic rock were steep-sided and conical in shape. Granite surfaces

were generally undulating relative flat surfaces between the valleys.

The igneous rock units in the St. Francois Mountains shown in figure 2
Figure 2.--Near here

comprise a thick sequence of extensive prebatholithic rocks, slightly
deformed rhyolite flows, welded tuffs, and interbedded pyroclastic units.
The batholithic rocks are coarse-grained red and gray granite, and

related phases of granite porphyry and granophyre.
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The fine~grained porphyry and granophyre are believed by the writer
to be hypabyssal equivalents of the underlying granite. The coarse-grained
granitic rocks contain few ferromagnesian minerals. Following emplacement
' of the granite, the region was intruded by}sheet—like mafic dikes and
sills of diabase.

This igneous terrain is part of a stable continental shield and is
relatively undisturbed tectonically. Much of the region surrounding
the mountains or hilly core of Precambrian rock is characterized by
sedimentary formations of Cambrian and Lower Ordovician age that lap
upon and bury ridges and knobs of Precambriaﬁ volcani; and éranitic rock.

Boulder debris accumulated as talus on the slopes of knobs and
hills before the Upper Cambrian seas deposited clastic sediments of the Lamotte
Sandstone. Near the iron deposits, iron-béaring fragments and cobbles
concentrated in these conglomerate beds. Haworth (1888, p. 285)
postulated an archipelago of many small islands separated by valleys in
which Cambrian strata were deposited. The Lamotte Sandstone, lowermost
Upper Cambrian strata, fills the intermontane basins, obscures
irregularitiés in the eroded igneous terrain and feathers out on the
flanks of higher knobs., Deposition of the Lamotte Sandstone was marked
by a sandy transition to carbonate deposition of the Bonneterre Dolomite.
Thé Bonneterre strat; £i11 the old valleys and capped many of the igneous
hills: The basal beds of the overlying Bonneterre Formation coénhtain
depositional ridges, reefs, and slump breccias. These dolomitié rocks

contain the most productive lead deposits.

36 (p. 38 follows)



The major faults and dominant fracturé patterns trend northeast,
northwest and west according to Graves (1938). Faults, particularly
near the contact between granite and volcgpic rock, isolated large
blocks of downdropped granite that now underlay some shallow basins
(B), (C), and K) shown in Figure 3. Faulting and tilting of the

basemént rocks, prior to sedimentation, pr&vided sufficient local

Figure 3 near here

relief of the development of a maturely.dissected landscape of ridges
and rounded knobs, the basic enviromment for the mineral deposits.
Graves (1938, p. 142-152) postulated that a number of fault blocks
developed within the Ozaxk dome. A drop of about 500 feet in the
crustal block on the north side of the Simés Mountain fault has
superimposed a southwest dip of nearly 2°.on the district. Within the
mined area a complex sdt of fractures trending northwestward was

expressed by a number of small faults having both pre- and post-ore
movement,

z8



The generalizedysection in figure ) shows the rocks that stratig-

Figure 4 near here

raphieally and structurally control the minersl d.gposits. Precambrian
rocks are host for iron and copper deposits. Lead deposits are

partly controlled by (1) the pinchout line of the Lemotte Sandstone
vhe;'e it laps up on hills of basement rock, and by (2) depositional
structures, such as sand ridges, reefs, and other sedimentary features
of the overlying Bonneterre Dolomite. Some deposits of lead and barite
are controlled by extensive fractures in the massive cherty Potosi

Dolomite.
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Igneous and sedimentary rocks

An igneous and metamorphic complex of gran£fe syenite, diorite,
volcanic rock, gneiss, schist, and quartzite comprise the basement in
Missouri upon which the overlying Paleozoic fo?mations rest unconformably.
Igneous rocks form the core of the St. Francois Mountains, a roughly
circular area of about 800 square miles, centered near Ironton in Iron
County. Bands of Paleozoic sedimentary rocks encircle the.Precambrian
rock and dip away from the central core in all directions. The igneous
rocks are divided into three major groups: gfanitic rocks, volcanic rocks
and mafic intrusive rocks. The granitic rocks comprise granite, granite
porphyry or intrusive felsite and granophy:e. The volcanic rocks are
subdivided into two groups, Robertson and iqlman (1969). The lower group
comprises flows of rhyolite, and some lat%te, trachyte, and.andesite.
The upper group consists mainly of ash-flow tuffs. The mafic intrusive
rocks consist of diorite and diabase dikes. For detailed information
about exposed Precambrian igneous rocks, the reader is referred to the

report by Robertson and Tolman (1969).
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The upper Cambrian sequence in the Qzark region consists of clastié
carbonate strata of marine origin deposited around the ignecus
core of the Ozark uplift. The €ambrian beés comprise more than 1,500
feet of marine sandstone, siltstone, dolomite, an@ shale that surround
the St. Francols Mountains and fill the intermontane valleys and larger
basing. These sgtrata are corrglations of the upper Cambriam series
of the Upper Mississippl Valley that were designated as St. Croilxan
by.Waicott (1912, p. 257). Gradational boundaries and many facies
changes are comron in these rocks. Early classifications based on general
lithic correlétions resulted in disagreemeﬁt and confusion.

Upper Cambrian formations overlying the nmaturely dissected Pre-~
cambrian surface in ascending order afe the Lamotte Sandstone, Bonne-
terre Dolomite, Davis Shale, Derby~Doerun Dolomite, Potosi Dolomite,
and Eminence Formatioﬁ of St. Croixaq age (fig. 5)._ﬂ¢hg lithology of £he
carbonate rocks is complicated by reglonal dolomitization and the
effect of mineralizing fluids, and the local dolomitization, recrystal-
lization, bleaching and solution of carbonate beds. 1The Bonneterre
Colomite was diviéqd into 11 lithic units by J. E. Jewell and R. E.
Wagner prior to 1947 and described im detail by Ohle and Brown (1954
P. 205). Despite alteration effects, Snyder and Odell (1958, p. 901~
905) feconstructed the depositional environmenéziiterpretad the facles
relation and classified the lithic units of the lower part of the

Bonneterre formation.
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Volcanic rocks
A serles of felsic flows and pyroclastic rocks comprise the oldest
i1gneous rocks exposed in:southeastern Missouri. Mainly red and purple
rhyolite, thesé rocks contain quartz. and potash phenocx‘y'sf.s.w ~‘In the

. !
“ past the volcanic rocks were called porphyry (Pumpelly, 1873, p. 3)

but more recently, they have been designated felsite by Tolman and

Meyer (1939). ,
‘(*— mme s e e o L Ll
Robertson and Tolman (1969) used a lithic marker, the

Ketcherside Tuff, and the potash-soda ra.tio to separate older rhyolitic
flows, designated the Middlebrook group, frgm stratigraphically
younger flow's and pyroclastic rocks of the Van East group. The
volcanic rocks";fei nohibdivided on the geologic map shown in Figure 2a.
Déﬁtgfieci p;t;c;éh-rich rﬁyo]:itic flows and wélded tuffs conprise
the Middlebrook group. Some of tﬁese rocks are as mafic as quartz
latite or andesite. Magnetite, the most abundant accessory in most
felsites, occurs as crystals, irregular blebs and fine dust-like

particles. It is commonly titanivferous in the more mafic rocks.

Mg (45 follows



. .. Flow units of the Van East group are typically devitrified glass

Y
at the base. The glass grades into porphyritic rhyolite having flow

structures. Alignment of phenocrysts under stress of flowage produced
banding. Welded tuff of the upper part contains pod-shaped quartz
feldspar aggregates. Anderson (1962) believes these pods represent

former gas or liquid cavities. The breccia phase at the top contains

incompletely welded pumice fragments. Shard structures were partly
.\‘ .

-

obliterated by divitrification and flowage.

Some basal portions of fléws are ?ragﬁental. Flow structures
as thin bands paralle%fgge basaimﬁnit are common in porphyritic flows.
In some instancés flows are capped or separated by thin bedded tuff.
At Taum Sauk Mountain thick welded tuff unifs containing flattened
blebs of pumice aqd broken shards were racogrnized. Andersom and

Sharon (1961, p. 121) observed at least six flow units exceeding a gotal

thickness of 2500 ft - in this area.



Flows of the Middlebrook group crop out ne;r the center of the
volcanic terrain that comprises the western two-thirds of igneous
exposures in the St. Francois Mountains. Rocks of this group are
exposed at Pilot Knob, Cedar Hill, Anderson; Sﬁeéherq,and Oak Mountalns
near Ironton. Pyroclastic rocks of the Ketchefside Tuff at the base of
the Van East group were partly deposited unconformably in a shallow
water environment on the surface of the Middlebrook rocks. Ash flows

‘of the Van East group surround the Middlebrook rocks near Ironton.
w&ﬂiéi;elationship suggests doming of the volcanic rocks before
erosion. The Van East group crops out typically at Stouts Creek,
Grassy, Iron, Pine, Qolf, and Van East Mountains.

Near the granite contact, flows such.as those south of Knob
Lick and at Evans Mountain are bleached and more magnetic. A €ontact
metamorphic phenozenon is believed to cause éhis bleaching and

alteration. Meteoric or hydrothermal waters are believed to have

bleached volecanic rock in the fault zone south of Wolf Mountain.,



Granitic rocks

The exposed Precambrian granitic rocks comprise a composite '
batholith. Its contact with volcanic rocks 1s mainly concordant.

The tabular sill-like upper part of the batholith intruded volcanic
flows and pyroclastic rocks. Massive, structureless granite locally
bleached the intruded volcanic rocks. K—Af and Rb-Sr age determina-
tions by Davis and others (1958, p. 180) indicate that the granite

at Silvermine is about 1.4 billion years old. Using the potassium—
argon method, Allen and others (1959) dated the granite at Silvermine
and Graniteville at sbout 1.2 billion years.

Tolman and Koch‘(l936) suggested two stages of emélacement.
Theilr six subdivisions of granite that wefé»based on accessory minerals
are regarded as different phases of the batholith. The marginal
phases designated the Musco group, and younger coarsely crystalline
phases assigned to the éevos group represent the two stages of intru-
sion according to Robertson anq Tolman. (1969) ~_ Rocks of the
Musco group are usually dark red, fine grained, porphyritic, and
granophyric, whereas rocks of the Bevos group are'mainly light red to
gray, coarse grained. ‘

Granophyric and porphyritic gfanite near Fredericktown and north-
west and northeast of Iron Mountain represents the Musco group.
Granite near Graniteville, also morth and eést of Roselle, and the

rhyolite porphyry southwest of Roselle represent the Bevos group.
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Quartz, perthitic potesh feldspar, sodic plagioclase, and biotite
are the major constituents of the granite. Magnetite or martite, the
most abundant accessory mineral, is usual]& less than 1% but may A
locally exceed 4%.

Granite of the Musco group was partly cmplaced between the two
groups of volcanic rocks. Concordant sill-like habit of these intrusive
rocks is shown by nearly flat c;ontacts at Buford and Stonro Mountains
and Mount Devon. Haworth (1888, p. 2856-294) described the granite
porphyry, which included the fine-grained and granophyric phases of the
grenltic rocks, He believed that the granite prophyry was intermediate
between granite and felsite. Fine greined granite porphyry et Stonq’_ o
aend Buford ;.Méulnta:f:.rﬁxs.lies. ?t. the contact between coarse grained red granite and
felsite. Snyder and Vagner (1961, p. 85) believe that these rocks are
hypabyssal equivalents of the underlying grani;ce. The writer agrees
with their interpretation and also believes most of the fine greined
granophyric and porphyritic granite bodies are hypabyssal equivalents
of the main granite intrusion.

Rocks of the Bevos group represent the main phase of granitic
intrusion. The concordant nature of these rocks is shown by their
relation to relatively undisturbed, flat-lying roof pendants of volcanic
rock at Evans, Mathews and Tin Mountains, and the ridge east of
Flatwoods. Tabular or sheet-like bodies of granophyre locally mark the
top of these rocks at Murphys Hill, and the area north and west of Buck
Mountain,
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Mafic Rocks

Basaltic, diabasic and gabbroic dikes, sills and bosses intruded
_Poth yolcanic and granitic groups of rocks. Robertson and Tolman
; (1969) ibelieve that the Skraink; diabase, the most common
mafic rock, to be a differentiate of the batholith. The central part of

some of the larger units contain coarse-grained gabhroic rock, which

represeat a cooling phase of these layered, sill-like bodies. The

ratiov of caleic plagioclase to augite, a mixture which gives the bluish gray

vock a conspicuous diabasic texture, is about 2:1. Titanife?ous
magnetite readily separates from decomposed diabase and concéntrates in
rills on the residual granular soil.

At Hcgan, Evans, Tin, and Halliday Mcuntéins, dizbase intruded
the contact between granite and volcanic rocks as sills. Mafic dikes
intruded nearly vertical fractures in the grgnite and overlying
volcanic rocks. i |

Post-Devonian mafic rocks in numerous explosive volcanic vents
near Avon énd the Ste. Genevieve fault zone are described by Rust
(1937) and Kidwell (13942, 1947).

In summary, Robertson and Tolman (1969) ~ believe that
twe petrogenic eposhs were indicated by extrusion of Middlebrook
felsitesrand emplacement of the granitic batholith. Felsites of the
Van East group werelizitial extrusive stage Bf magmatic intrusion.
Two phases of the batholithic intrusion were the emplacement of the
fine~grained granophyric and porphyritic récks of the Musco group,
and the intrusion of coarse-grained granite of the Bevos group.
Mafic rocks, chemically related to the batholith, were then emplaced

along fractures in the host rock.
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Lamotte Sandstone
The Lamotte Sandstone, the oldest Cambrian formation exposed in
Missouri, was named by Winslow (1894, p. 331-347) for Mine LaMotte in
Madison County. The Lamotte Sandstone encircles all of the igneous knobs
and rests on a maturely eroded crystalline basement of granite and volcanic
rock. In the St. Francois Mountains its thickness ranges from a few feet
over 450 ft. ASand deposition partly filled in irregularities on the
Precambrian surface. The sandstone fills Galleys and feathers out against
igneous hills, Because of this relatioﬁship with the Precambrian basement
its thickness changes over short distances; many of the small hills were
not covered. Outcrops of sandstone dip aw;y from hills at angles up to
12° which represents initial dip. |
Bonneterre Dolomite
The Bonneterre Dolomite, at its type locality is about 390 feet thick
although 448 feet was recorded in a drill hole (Buckley, 1909). Ohle and
Brown (1954, p. 204) indicate a thickness of about 375-400 feet in the
main mineralized belt, but thins gradually southward. The formation cropé
out on the floors of intermontane valleys in streams of deep dissection. »
The formation is characteristically a buff to brown dolomite. In
mineralized area, beds are almost completely dolomitized, but elsewhere they
are partly limestone. The lithologic types were classified and the formation
subdivided into zomes prior to 1947 by Wagner and Jewell (Wagner, 1947).
The formation was subdivided into eight characteristic units (fig. 5).
Its basal bed is the sandy dolomitic phase overlying the Lamotte Sandstone.
Dolomitization, recrystallization, and thinning by solution were the major
effects of alteration. The formation contains several distinct sedimentary

structures such as sand ridges, algal reefs and slide breccias (fig. 4).
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Davis Formation

The Davis Formation comprises 150 to 190 feet of limestone dolomite
shale and conélomerate. Limestone beds contain numerous intercalated
green to brown shale beds and lenses. The dolomite limestone beds are
generally coarsely crystalline and thinned beddeé. Edgewise conglomerates
hake up part of the Davis but are irregular in distribution. Outcrops are
not conspicuous nor abundant. The Davis Formation appears to be conformable
on the Bonneterre dolomite.

The Derby-Doerun Dolomite, limited in distribution, is mainly developed
within the mining district. Argillaceous and crystalline facieé
characteristic of the brownish gray to buff massive, noncherty Doerun
Dolomite are gradational with the underlying Davis Formatioh. Its thickness
near Potosi is about 75 feet, but the dolomite attains a maximum thickness
of 110 feet in the mines near Doerun. Surface exposures of this formation
are sparse.

Iﬁ the type area of Washington County, the Potosi formation has a
thickness between 250 to 390 ft according to Bridge (1930, p. 69). n
St. Genevieve County, Weller and St. Clair (1928, p. 54) f§und the
dolomite averages about 174 ft.thick.

The Potosi is easily the mﬁst extensive formation in areal distribution.
The Potosi dolomite crops out extensively south of the Palmer fault zone
and northward in the bottom of Indian Creek. Road cuts and cliffs along
stream banks present the largest exposures. Broken particles of druse or
chert pave many stream beds. Numerous caves, pét holes sinks and other

solution features are common in the dolomite.
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Eminence Dolomite
In the Richwoods area Eminence formation averages 160 ft thick. In
;EzA}lff Vineland area the average thickness is 200 ft. 1In the Berryman
area it is also 190 to 200 feet, increasing lightly in thickness. Bri&ge

(1930, p. 81) gives a maximum thickness in the Eminence region as 250 ft. -
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Megnetic properties of the rocks

lﬂgnetic rocks in the St. Francois lountains consist of rhyolite,
trachyte, dacite ,Zr;iaesite intruded by gr&.:.te and related gronophyre, |
intrusive felsite, and diabase. An sreal distribution of
representative oriented samples of all rock types vere collected from
outcrop and dlemond~drill core. In addition the sources of separate
ancuslies were smnpledtc,} al’ghe interpretation of the aercmagnetic maps.

Total xﬁa@etizaticn is the vector swm ofl remanent and induced

magnetization. Busceptibility, the most important magnetic prdiserty
of many rocks, is the ratio of the ;nduced magnetization to the earth's

geomagnetic £ield. Table 1 lists average susceptibilities of rocks in

Teble 1 near here

the St. Francois Mountains. Natural remanent magnetization, another
component of magnetization in rocks, may be greater than the induced
magnetization, and its direction may not be parallel to the earth's present
field. 3Before interpreting the aercmagnetic map, susceptibility and
remanent magnetization of the rock unlts preducing the ancmalies were

determinrad.
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Table I. Average measured susceptibility of rocks from the
St. Francois Mountains

by

I S S P .

— e e
| [W. E. Huff, Jr., Analyst]] N

-3 3% Number
Kx10 “emu/cm”  of samples

Rhyolite V | o 2.8 . 60
Granite, red 1.7 45
Trachyte g S.é 12
Andesite 8.d 8
Diabase 2.7 10
~ Granophyre 4.0 - 10
Tuff _ 1.01 . 8
Dolomite 1.005 6
Sandstone 1.005 4

# Tuwo cores measured from each sample

4
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Measurements

In the la'borator:);' 2 to 4 cylindrical cores measuring one inch long
and one inch In diameter were prepared for magnetic measurement from
each orlented specimen. Susceptibility was measured using a bridge
me’thod.‘ The instrument used for the measurcment of magnetic
susceptibility consists of a Maxwell bridge in one arm of wvhich is
an inductor whose core containg the rock semple. The accuracy of the
magnetic measurement of the sample is gbout 2 percent in a teeting
field of €.05 O=a.

The remanent magnetisi of each cynndgr was measured on & spinner

magnetometer of the type deseribed by Anderson {1561, p. C370-C372),

" 2nd the results for each oriented sanple were averaged. Cma e

In order to eliminate the effect of unstabvle or viscous magnetiza-
tions, the cores were demegnetized as described by Irving, Stott, and
" Vard (1961, p. 225-21).

The susceptibility of over 400 rock semples and the remanent
magnetization of over 3C0 rock samples were measure%and*-ax:shc&ﬂn.-

the—Appendix.
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Susceptibility
An abnormally high susceptibility for somé{sedimentéry beds in
southeastern Missouri was noted by Farnham and VanNostrand (1941). A |
similar high susceptibility for the Potosi Dolé@ite was observed by
McEvilly (1956). His mea;urements showed that Potosi strata in Sfe.
Genevieve County have one-fifth the susceptibility of granite or ;§?pt B

I
0.l6x10_3 emu/cm3. His susceptibility value for the Davis Shale compared

with values obtained by Holmes (1950, p. 1143) for the Bonneterre
Dolomite, about 0.04}(10—'3 emu/cmB.

From a series of susceptibility measurements of the sedimentary rocks
(Table 1) it was concluded that the susceptibility of these strata can
be disregarded in magnetic interﬁretation when considering the large
amplitude anomalies being analyzed. The effect of the ignéous rocks will

in the )
predominateAOZark region where the sedimentary cover is thin and not in
excess of 2,000 feet. For purposes of interpretation, the overlying
sedimentary rocks in the shallow intermontane basins a;e considered
nonmagnetic.

The susceptibility of rocks in the area is caused principally by
varied content of accessory magnetite disseminated throughout large
volumes of igneous rock. Examination of polished sections and X-ray
data show that other ferromagnetic minerals, such as maghemite and
titanomagnetite, also contribute to the magnetism of these rocks.
Desborough and Amos (1961) discuss the presence of ilvaite and ulvospinel
in the diabase. Magnetic properties are a function of minerals of the
FeO—Fe203-T102 system and thus are a function of the chemical composition
of rocks. The reader is referred to Nagata (19@5)'and Irving (1964, p. 10-38)

for a comprehensive review of rock magnetism.
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Slichter (1942) indicated the relative importance of magnetite,
ilmenite, and specularite (specular hematite by susceptibility:

magnetite, 300-800}{10—3 emu/cm3; ilmenite, 51—44x10-3 emu/cm3; and specularite,

! 3--«5;}«:10-3 emu/cm3). Magnetite is the most importag;lmégggal-;n rock magt‘
| netisim by one to two orders of magnitude. In his study of the

iron ores from the Kiruna disgrict, Werner (1945, p. 50-58) deron—
strated the dependence of magneéic susceptibility on the magnetite
content of rocks. An empirical relation between susceptibility and

magnetite content of rocks is shown in Figure 6.

Figure 6 near here

Data derived from igneous rocks of the St. Francoils Mountains (open
circles) are compared with an average value_(Smooth curve) of data
compiled by G. E. Andreasen and J. R. Balsley of the U. S. Geological
Survey, mainly from rocks of therMiﬁﬁesom;and Kiruna iron ranges and
the Adirondack uplift.. Magnetité content was determined from polished
sections and by mineral separations. Susceptibility can be estimated

by use of the curve, where the amount of magnetite is known from

petrographic studies.
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Measurement of magnetic susceptibility eliminates one of the
uﬁéertainties in interpreting total-intensity anocmalies. Susceptibility
measurements of igneous rocks from the St., Francois Mountains, shown

in Figure 7 in relation to rock type, have a more restricted range in

Figure 7 near here '

values in contrast to the generalized data compiled by Dobrin (1960,
P i09). Red gran%}e hag_a 1ow—uniform-magnetitg content gud“a o
susceptibility of 1.7x10"3 emu/cm3. Suscepgibility measurements by
McEvilly (1957) for granite neér Jonca Creek was less than one~half this
value. In comparison, dacite has a higher and wmore varied magnetite
content than granite; its susceptibility is about 3.4x10“3.emu/cm3. _T;aqhyte
in the mining region has a higher susceptibility of 5x10-37emu/cm3._ Most of
the bedded or crystal tuffs have negligible éusceptibility similar to
the Paleozoic strata.

The magnetic characteristics of the gramite at Jonca Creek is.about
the same as ‘fthe fine-grained granite ﬁgranite porphyry and granophyr)
in the vicinity of Fredericktown. The susceptibility of the gfanitic
rock underlying the Fafmingtqq.anticline is between groups 1 and 2
(Fig. 8) This granite may bé'siﬁilér.to... the rocks that floor the

shallow basins southwest of Ironton (Corridon-hesterville areas).

65



820"

*SUTBIUNOK STOSUBI]
*35 3yl woxy soox jo %uﬁﬁﬂﬁummomsm 9139udew Jo 98uey--~*; 2and1g

syun s32 uj AIgndadsng
vwo o«o wno w_o 800" 30

sosn BTl B&E

(2g61) upgog )

afydoueiy

0iqqe9
eseqeiq

s)sapuy

——f 9UyoR1Y

ayveq

auesy

| aNioAyYy

O6



On the basis of magnetic susceptibility, granitic rocks in the St.

?fé;ééis~uountains are divided into five groups, as shown in Figure 8.

Figure 8 near here

Each bar represents the average value of several samples. The first

_group is the vg;yvcgarsel?.cyystalline red‘granite of negligible

| 0.0210°3 emu/en®) €0 Low (about 0.2610°> emufen”) suscepeibility that is
exposed in quarries &t the margin of the basin at Belleview, shown in

Figure 2. - These rocks represent the interior of the batholith and are

in the position of an upthrown block or'aner;ded cupola. The second
- group of rocks from scattered localities withinAthe main part of the
exposed granite batholith.is medium to coarsé grained and uniformly
magnetic. The suscep;ibility of these rocks is greater than ('J.S)‘:I!.()"3
\gmg/;ma but less than 1'03}973.?m9/°m§;",9?9dp 3 is representative of more
magnetic phases éf the red grahite and gray granite. These rocks are
‘medium to fine grained; the grain size of the magnetite has not

decreased over that of the other groups. Group 4 consists of granophyric
rocks from near the roof of the batholitﬁ that are distributed in a
north-south directionparallel to the western contact between the

granite and the volcanic rocks. Group 5 consists of very fine-grained
granophyric phases of the dark-red granite from locatities east of the
exposed red granite. These granitic rocks have susceptibilities

comparable to those of the volcanic rocks. The granite is more magnetic

at its outer margins and less magnetic in its interior.
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Susceptibilities of volcanic rocks from four different localities are

shown in Figure 9. Their ﬁagnetic susceptibility is

Figure 9 near here
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about twice the average susceptibility of the granite used in magnetic

computations of an area selected for detailed anaiysis.

Remanent magnetism

Two parameters bf remanent magnetization that affect analysis of
magnetic anomalies were examined in this study. The ratio of remanent
magnetization to induced magnetization, designated as Q, may affect
interpretation of anomalies where the rock has a high Q. Theimagnitude
of remanent magnetism of volcanic rocks is known to considerably exceed
the induced magnetism (Murme, 1964; Ade-Hall, 1965). Where direction
of rerwanent magnetization is not the same as the direction of the
present geomagnetic field and the Q 1s greater than 1, the compoﬁents
of the induced and remanent magnetizations must be combined in calcula-
ting the total-intensity field. Green (1960) attributed thé confused
magnetic pattern obtained by magnetic surveys over volcanic rocks to the
juxtaposition of normal and reversely magnetized rocks. Such patterns
were observed in the Potosi and Berryman quadrangles.and thereby
precluded an examinatlion of the magnetic properties of the volcanic rocks.
A discussion of the complex causes and variations of remanent magnetism
are beyond the scope of this paper, but Ixrving (1964) and Doell and Cox

(1961) present excellent surmaries on the subject.
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The intensity and direction of remanent magnetization were
measured on several one-inch cores from each oriented sample of
igneous rock from the St. Francois Mountains. Measurements of a widespread
rhyoiite exposed in Stouts Creek were ccmbined with those made by
Hays (1961), and the results are showa in Figure é. The measurements
of brecciated and fragmental portions of the rhyclite were omitted,
because the directions of remaﬁent nagnetizations wvere random and Q
w¥as very low. Befp;§ the direction of magnetization was computed,
samples exhibitiﬁg poor stability characteristics, very low inclinatlons
or nearly horizontal vectors, and low intensities vere eliminated.
The directlon of magnetlzation was determined by the statistical
method of Fisher (1953). In this instance the direction of remanence
vas close encugh to the direction of the present geomagnetic field for
scalar addition of the induced and remanent fields, but the low Q did
not warrant further coaputations. The direction of remanent

magnetism shown by Figure 10 however, could be used in palecmagnetic

Figure 10 near here

studies.
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Figure 10.--Remanent moments of samples of rhyolite near Stouts Creek
before and after partial demagnetization.
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The directions of remanent vagnetizqtion are nore grouped in the
fine-grained rocks and mey contribute materially to the total-intensity
field. Fine-gralned rocks, such as rhyc;litla or gra.nophyré, have a
greater intensity of remanent magnetization and a 'higher Q than
granite. Granite has a negligible remanent magnetization. The
directions of the remanent vectors of the coarse-graiped graxitic

rocks have a random distribution as shown in Figure 11l. This scatter

Figure 11 neax here

ray be due to the tectonic kistory of the x@cks, mainly {(a) shearing
or pressure effects of tectonic stress, (b) changes in the structure
of magnetic minerals due to deuteric alteration or wealhering of the
rocks, or {c¢) oxidation of magnetite graims.

Low intensities and random directions of the vectors eliminated
remanent magnetlom as a significant fector in the analyses of
enomalies reviewed in this paper and showed that induction theory is

epplicable to these particular magnetic caleculations.
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Figure ll.--Random scatter of remanent vectors of granitic rocks from
the St. Francois Mountains.
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Structure

The Precambrian igneous rocks of the basement, whose surface is
irregular and nearly everywhere buried beneath a thin cover of Paleozoic
sedimentary rocks, crop out in the St., Francois ﬁéﬁntains of southeastern
Missouri (Eardley, 1962, p. 37; 52-53). Vertical movement in‘the igneous
rocks, which form a wide stable platform in the iﬁtérior lowlands, produced
broad basins, arches, and domes. The sedimentary rocks were downwarped,
faulted and cr=mulated.

Strata dipped radially from the high area‘of igﬁeous rock in.tﬁe St.
Francois Mountains. The regional dip is about 10 to 20 feet per mile
northward and northwestward from the center of the Ozark uplift. The maip
dip westward is also 10 to 20 feet per mile.

During the period between intrusion of mafic rocks and deposition
of Upper Cambrian strata, the region was tilted southwestward and
deeply eroded. Snyder and Wagner (1961, p. 92) demonstrate that the
difference in altitude of the Lamotte sandstone at Knob Lick and Stegall
Mountain to the southeast, about 1,700 ft, represénts the amount of

post~Lamotte tilting and faulting.
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Faults

Most of the major structural features of the district are fault zones,
-}§;;g zones consist of individual faults that form an intricate parallel,
sub~parallel or branching patterns. The rock is fractured in different
degrees of intensity. Locally it is shattered by closely spaced fractures
or broken by widely spaced fractures. The Palmef and St. Genevieve fault
zones are complex and show equally intricate patterns of faulting. Other
major fau;ts of the district, the Big River, Berryman, Shirley, Simms
Mountain, and Wolf Creek, have a predominant northwesterly trend.
Post-batholithic faulting in the igneous rocks of the St. Francois Mountains

0 to 60° E.

trends N. 40° to 60° W. and N. 30
The most intense faulting in southeastern Missouri is along a weli—defined

zone some 40 to 50 miles long extending in a northwest direction away from

Mississippi River. The width of the zone called the St. Genevieve fault,

is 2 maximum of 2 miles but is generally much lesg. The downdropped strata

on the northeast side away from the center of the uplift forms a complexly

faulted graben where the fault zone widens between undisturbed rocks.
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Thgfﬁenevieve fault zone on the north and east sides of the
Farmington anticline consists of many parallel fractures and grabens.
Within the fault zone several large downdropped blocks preserved the
younger Paleozoic strata. Vertical displacemeﬁés range from less than
.100 ft to 1,200 ft in part of St. Genevieve County. o _‘j_:!‘

The Palmer Fault zone passes 2-1/2 miies no?fh éf Pélmer and strikes
N. 75° w. and, in local areas, is very complex. The width of the fault
zone ranges from 2 to 5 miles. Dake (1930, p. 181) states that the
Palmer Fault zone ;an be traced in a northeasterly direction across the
Bonneterre quadrangle to the vicinity of French Village in St. Francois
County where it becomes part of the St. éenevieve fault zone. The
maximum throw in this zone is more than 400 ft on the westiside of the

area. On the east side of the Potosi quadrangle, however, the throw is

not less than 800 ft; the movement is distributed through several faults.
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The entire zone is characterized by a number of long very narrow
dropped blocks between braided faults. The greatest;movement
along the Palmer fault zone is on the east‘slde Sec. 26, T.36 N.,

(fig. 2a)
R.2 E. A Thus the movement along the Palmer fault is ptobably not
less than 1200 feet. The most complicated structure is near Bel where
7 or 8 faults may be observed at a distance of less than 1/2 miles.
Breccia zones, isolated masses, steeply inclined fault planes characteriz-
ed the Palmer fault. The fa#lts generally show no shift in direction
due to topography, ridges ér valleys. Faults are generally normal or
4gravity faults and are free from flexures that suggest active compression.
Dake (1930, p. 184) suggested pre-Van Burenffaulting along the Palmer
River.

The Big River fault strikes N.40°E., the downthrown side ﬁorthwest.

It begins &t the Cedar Creek fault, cuts the end of the Simms
Mountain fault, and doubtless ends in the St. Genevieve fault

complex to the northeast. Big River fault has a maximum displace-

ment of about 120 ft.



The Simms Mountain fault strikes N. 65° W across the lead mining
district for about 4 to 5 miles to a point.southwest éf Flat River.
Its maximum displacement is about 600 feet, theAdownthrown side on the
northeast. It is nearly vertical. The Simms ﬁéuﬁtain fault extends
southeastward and becomés part of the Mine LaMotté and Higdon fault
system in Madison County. The Mine LaMotte faulglhas a displacement of at
least 300 feet with the downthrown side to the mortheast and the same
alinement as that of the Simms Mountain fault. The Cedar Creek fault
parallels the Simms Mountain fault and has its northeast side downthrown
about 400 feet. This fault continues into Washington County as the Palmer
Fault zone where its maximum displacement is 800 feet according to
Dake (1932, p. 183).

The Shirley fault passes within 1-1/2 miles northeast of Shirley.
The southwest side has been dropped‘where the maximum throw is not
less than 300 feet. The throw on the Black fault is about 250 feet.

Many small faults pass through the mine wofkings in the Leadwood
area and have displacements from a few feet upward to 100 ft in displaceﬁenL
Many of thése faults parallel the Simms Mountain fault zone. In the
Ironton area, Graves (1938, p. 133-139) postulated three faults at the
boundaries of the downdropped block of the Belleview Valley, namely, the
Ironton fault on the east side, the Munger fault on the south side; and

the Hogan fault on the west side.
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Joints

In the Precambrian volcanic rocks, joints are closely spaced.
Robertson and Tolman (1969) mentioned a major conjugate set that strikes
N. 33° E. and N. 54° W. and a minor set that strikes N. 73° E. and N. 23° w.
Joints in granite are widely spaced; they trend N. 45° E. and N. 65° W.
and appear as secondary shears in the volcanic rocks. .

According to Buckley (1908, p. 77) the major joints of the mining
district strike N. 500 W. to neariy east-west. Major joints are nearly

vertical, A less prominent group of joints strikes N. 30° to N. 80° E.
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MINERAL DEPOSITS

oy, THE district is bounded on the southwest by the Simms Mountain
f#;lt, on the northwest and north by the Big River fault and on the

east by the Farmington anticline where the Lamotte Sandstone is exposed.
Faﬁlting, tilting, and warping within the district resulted in a large
trough-like shallow basin widening and flattening to the.northwest. The
lead district associated with this trough covers an area about 10.miles
long and a maximum of 6 miles wide.

. The lead deposits in the lower half of the Bonnetgrre Dolomite were
partly localized by fracture pattern in the district. Miﬁeral—bearing
solutions entered the Bonneterre formation through fracture zones and
spread laterally along permeable beds. The resulting mineral deposits are
horizontal rather than vertical in extent. Galena is concentrated along
the flat-lying shaly beds near contacts and on other permeable bedding
produced during sedimentation.

Classification

Tarr (1936, p. 712-753, 832-866) classified the lead mines of
southeastern Missouri as (1) disseminated, (2) bedded, and (3) vein
deposits. Commonly galena is uniformly disseminated through all facies
of the Bonneterre Dolomite as cubes or modified octahedrons. Vein deposits
‘are simple fissures or joints in which the galena deposited with calcite
and marcasite. Galena rarely replaces the walls of joints or fissures.
Inclined veins are common in dense shattered:dolomite. Vertical veins are

not common in porous beds that contain disseminated lead.

87 (p. 94 follows)



Structural control

In the mining district three principal types of structures
controlled the lead deposits. These structures were (1) domal and

anticlinal structuresvrelateeto buried Precambrian knobs and ridges;

(2) ridge and basin structures of depositional origin; and (3) frac-

ture zones (Fig. 12). Winslow (1896, p. 18) described one important

controlling condition: sedimentary rocks were deposited ini

Figure 12 near here

shallow basins from which nurmerous igneous hills protruded. “He
believed that steep dips surrounding the kn;bs resulted from sedimen-
tation on an uneven sloping floor of an archipelago. Keyes (1910)
believed that the ore was déposited in sagging strata to form basins

and troughs. Buehler (1918, p. 396) stated that ore in the carbonaceous
shaley dolomite outlined lagoon-like areas. The influence of buried
ridges and knobs on some deposits was described by Tarr (1936, p. 740-
741) and by James (1949, p. 654-657) .

(fig. 2a)
Domal and anticlinal structures: At Mine LaMotte ore bodies in the

A

Bonneterre Dolomite wrap around the knobs near the pinchout line

of the 5374 4n the basement hills according to Tarr (1936, p. 740-744)

Some flat deposits were 10 to 15 ft thick, more than a thousand feet
long, and from 2 to 300 ft wide. The lead deposits in the lower

Bonneterre beds were as much as 50 ft thick, more continuous and

abundant than those 1in the upper zones,
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Lead deposits in the Fredericktown area were related to the
configuration of the Precambrian surface;'the deposits lie on the flanks
of protruding Precambrian igneous rocks exposed at the surface. Mineral
deposits were similarly controlled by the pinchout line of the Lamotte
Sandstone. James (1949, p. 22) concluded that in éhe Fredericktown area
lead deposits were structurally high. The structures were the result of
progressive burial of the mature Precambrian topography by.Upper Cambrian
sedimentary rocks, starting with the Lamotte sandstone. The bed;
developed initial dips in all directions away from the Preéambrian
highs. The knob structures trappgd‘and concentrated the flow of
mineral-bearing fluids, which moved upward and laterally through the
lower Bonneterre strata containing beds and.structure favorable for
precipitation of galena.

Ridge and basin structures.--Ridge and basin structures are sedimentary

arches, reefs, and breccias. The northeast ore trends in the Bonne Terre
area are related to the arch structures of sedimentary origin. Northeast
moving currents at tﬁe end of Lamotte time and at the beginning of
Bonneterre time built ridges or bars of limy sediments, which feathered out
northeastward. Some of these arch structures extended from the ﬁortheast
side of Precambrian knobs, which were islands in the sea at that time.

Lead deposited on the flanks of the sandy ridges, zone of interfingered
clastic and carbonate fragments in the lower 200 feet of the Bonneterre
formation. Reefs commonly grew outward from these sand ridges as obse;ved

in the Pacific atolls by Doan and others (1956).
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The reef-like nature of the rolls and spotted rock forming
_b}gberms is well developed in the Indian Creek mine where the algae grew
' éb;;&;ﬁgly around the margins of a ridge of volcanic rocks that projected
high into the Bonneterre Dolomite (Bain, '1953). According to Ohle and |
Brown (1954, p. 935) the reefs are limited stratigraphically to the lower
200 feet of the Bonneterre Formation. These reefs developed on slightly
elevated positions of the underlying sea floor, mainly oﬁ wave—-cut benches
on knobs, on saddles between projecting igneous ridges, or in sedimentary arch
structures. These sedimentary features provide a complex structﬁre fdr
the deposition of galena. Wholly barren reefs are not common. In the
Flat River area probably 20 to 30 peréent of the total ore is in reef
structures, at Leadwood less than 5 percent, at Bonne Terre 10 percent,
and at Indian Creek mine 75 percent. But at'fredericktown and Mine LéMptte
reef rock is almost absent, and all ore is in the lower beds. Tarr
(1936, p. 719-721) and Ohle (1951, p. 903-904) described the reef rock

in detail.
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Many irregular layers of black shale in the lower part of the
formation were important in controlling lead.deposition. Much lead
was disseminated in the shale. Massive layers of galena commonly
replaced the dolomite adjacent to the shale. On the flanks of sapd
ridges, shale interfingers laterally yith regf-rqck. {991§m£;9§9) believed that
. these features,‘termgd fan st:qq?ures, are sedimenta;y’and that
solution of carbonate strata accentuated pre-existing structure.

Snyder and Odell (1958, p. 899-926) showed that sedimentary
breccias also were important controlling structures in the lower
half of the Bonneterre formation. TFour major breccia zones, ench witﬁ
over 6,000,000 tons of rock, were outlined. ‘Individual ore bodies!
in the breccla zones range from several hundred over to 6,000 feet
long. The breccias formed on the flanks of limy sand ridges by
submarine slides into nearby depositional basias. Four basic types
of waterial, argillaceous rud, sand-size sediment, algal deposits,
and carbonate mud of the Bonneterre Dolomite, foprmed depositional
ridges and basins. The ridges were composed of limy sand and reef
deposics,'where;s the basin sediﬁents vere fine-grained carbonate
and érgillaceous muds. Differential COmPaCt10n over—steepened slopes

between ridges and basin deposits and initiated the [ ... . of
unconcolidated strata. Repeated slides produced thick b?eccias in

the lower part of the Bonneterre formation. Slides truncated and over:
lapped earlier slides resulting in continﬁous zones of breccia up to

130 feet thick. Thttty percent of the past production from the western

part of the central lead belt came from sedimentary breccia ore bodies.
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Fractures
Wagner (1947, p. 366~367) in his su;mary of lead belt geology
“'stdted that faulting on the ancient erosion surface of Precambrian
volcanic rocks and granite resulted in a broad trough-like structure
widening and flattening northwestward. This trough, foughly 10 miles
long and 6 miles wide, contains the lead mining district, and corresponds
to the structural block environment of James (1952, p. 650-660) whereby
a combination of folding and faulting pfoduced a reversal in the direction
of dip within the block. James (1952, p. 658) described the structure
as a block that was tilted upward py the faulting east of the Farmington
anticline; the northwestern portions were u%thrown by movement along the
Big River fault zone and the southwestern parts were downthrown by movement
on the Simms Mountain fault., The block was;tilted southwesterly, but
this dip was locally modified by an irregular hilly faulted floor on wﬁich
the clastic carbonate beds were deposited. Few hills such as Bonneterre,
Switchback, and Chicken Farm Knobs (Bonneterre, fig. 2a) extend into.the
overlying Bonneterre Dolomite. The extensifé disseminated lead deposits
in the Bonneterre Dolomite are rarely wider than 200 feet or higher than
50 feef. Galena is selectively disseminated in structurally and
stratigraphically favorable beds, 20 to‘30 feet thick, in the lower half
of the Bonneterre Dolomite. Locally the mineral extends through a vertical

interval of 200 feet.
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James (1952, p. 650—660),'in his summary qf'ﬁrin;ipal structural
environments favorable for emplacément of galen;, described the fault
zone environment, which commoniy'consists of individual faults having
intricate parallel, subparallel, and branching patterns. In the fault
zone structural environment rock is brecciated by clésely spaced
fractures or broken into large blocks by widelj spaced fractures.
Palmer fault zone is an example of intricate faulting. The fault-zone
type deposits were mined along the St. Gene&ieve, Big River, Palmer,
Berryman, Shir}ey, and Simms Mountain fault zones. These mineg, now
abandoned, furnished mdst of the early lead production of the mining district.
Sphalerité, barite, and smithsonite were commonly associated with the
galena.

Aeromagnetic survey

The instrumentation and use of the airborne magnetometer and the
results of some aeromagnetic surveys have been summarized by Balsley
(1952, p. 313-349). The airborne magnetometer used in this survey consists
of the flux-gate or saturatable inductor, a detecting mechanism
self-oriented with respect to the earth's field, together with electronic
oscillators and amplifiers necessary for its operation, and recording
equipment necessary to indicate Qariations of the earth's total magnetic
fiel&. The instrument has a sensitivity of about 1 gamma in the earth's
normal field of about 56,000 gammas. However a magnetic error of at least
1 gamma is introduced into the magnetic record because of the orientationm

of the aircraft with respect to the earth's magnetic field.
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Collection and compilation éf data

Field operatioms: The aeromagnetic survey was made in 1946
under the'Supervision of F. Keller, Jrf, and J. R. Henderson and
in 1948 by W. J. Dempsey and R. T. Duffner. HMagnetic measurements
- were made by a continuously recording AH/ASQ-3A airborne magnetomeéer
installed in a twin-engine airplane. North-south traverses were
flown at 1/4 mile interval over the entire ares and were tied together
" by. 9 east-west base-line traverses used to correct for instrument
drift and diurnal variation. A constant barometric altitude of
1,800feet above sea level was maintained except in areas above
1,400 feet where the altitude of the aircraft was.increased to clear
all peaks by 500 feet. A recording radar altimeter continuously
measured the distance from the plane to the ground. Aérial pﬁoto—
graphs were used for pilot guidance and the flight path of the air-
craft was recorded by a Sonne gyrostabiliz;d continuous-stripfilm

camera. A vertical observation sight was used by an observer t©

increase positional accuracy.
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Compillation of field data: The compilation and preparation of
aeromagnetic contour maps were directed by W. J. Dempsey and W. E.

Davis. These maps were published in 1949, 1950 and }95;. Magnetic contou;fﬂ
on the aeromagnetic map are relative to an’arbitrary'datum as the

airborne magnetomeier measured only variationé.in'the total intensity

of the earth's magnetic field, The absolute total intemsity of the

earth's magnetic field can be obtained by aﬂding about 56,000

gammas to a relative intensity value for any point on the map.

Information derived from the total intensity and inclination charts

and tables of the U. S. Coast and Ggodetic Survey (Deel and Howe -

1948) for the year 1949 indicate an absoluﬁe total intensity of about

56,600 gammas in the Fredericktown area.

Accuracy of position: Under the most favorable conditions the

aircraft's position or that of the magnetometer can be determined

) within 100 feet. This 1s accomplished by carefully plotting the
correlation marks from the continuous-stripfilm to aerial photo-
graphs and gubsequently transferringthese points to the topographic
base, Observer check points are used whenever camera malfunction
or unidentifiable strip film is encountered.

A short line containing several sharp anomalies with good position-
al location is flown in opposite directions and 1/2 of the anomaly
displacement is applied to each magnetic profile. Lag that is due
‘to the change in air speed over hills in which the flight lines
alternate in direction can only be removed during the adjustment of

individual profiles during contouring.
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Althoughlthe aeromagnetic survey was made at a constant baromgtric

altitude, areas of high relief and rugged.térrain{neCESSitated a change
iigbsu:vey elevation. The maximum deviation from the 1,800 foot datum was

made over Taum Sauk Mountain and the surrounding hills., This mountain
necessitated a change to about 2,100 feet. TFor purposes of magnetic
interpretation the radio altimetér record gave the absolute altitude
above the rugged terrain of the St. Francois Mountains.

Additional control was obtained for tﬁe magnetic record by flying
a short line containing low gradient magnetic anomaliés and good positional
location at the beginning and end of a day's flying. This line is-called
a calibration line. In addition, basé lines were flown across all traverses.
These lines were chosen for low magnetic cha;acteristics and good iocational
features to facilitate reliable intersection-data;

The total-intensity ;ap

The aeromagnetic map, corresponding to the area of exposed igneous
rocks shown in figures 2 and 2a can be divided into two parts of different
magnetic character: an érea of low magnetic'gradient best developed near (A}
in the central part of the area, and a magnetically complex area best
developed near (B) in the western part. Comparison of the magnetic
intensities with exposed basement rocks sﬁows that the magnetically.flat

area correlates with granite outcrop, and that the magnetically complex

area correlates with volcanic rocks.
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in figures 2a and 3
The mapAshows several types of anomalies: (a) broad high-amplitude

anomalies ( as much as 2,500 gammas) partly causedhpy magnetite-bear-
ing volcaunic rock and partly by magnetite rich ir;ﬁ deposité |

such as the one cauéiﬁg tﬁe Pea Ridge ansﬁ;ly"
(near point shown as 5,175); (b) broad znomalies of £elative1y low
amplitude (less than 600 gammas), such as the one in the one in the
Richwoods area (3,169), due to a roof pendant of wolcanic rock in
granite; (c) small, low-amplitude anomalies (lesé than 300 gammas),
such as tlie one over a buried knob at Potosi, east of 1795. The
- low-amplitude anomalies (less than 150 gammas) are commonly caused by
t o pographic relief, and to a lesser degree by lithologic differences,
altered zones at intrusive comntacts, or local concentration of magnetic
ninerals in the Precambrian rocks.

Comparison of the groups of anomalies with exposed Basement
rocks shows the high-—amplitude aﬁcmalies correlate with magnetite-
rich volcanic rocks and in places with magnetite-bearing iron ores.
The geologlic causes of the intermediate-amplitude anomalies (200 to

600 gammas) are varied, but these anomalies commonly occur over roof

pendants of volcanic rock in granite.
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Topographic relief of the dissected Precambriaﬁ surface or small
10Eal,yariations in magnetic susceptibility of the igneous basement
rocks cause many small magnetic highs and lows in the Bonne Terre
area (fig. 2a). Larger contrasting tectonic units, such as faulted
igneous blocks comprising the mountains and intermountane basins,
produce broader and larger highs and lows. In the Bonneterre area
aeromagnetic patterns consist of small local anomalies superimposed upon
1érger and broader anomalies.

1The magnitude of magnetic anomalies associated with knobs of volcanic
rock is generally twice as large as that of'anomalies over comparable
surfaces of granité. The distinctive magnetically flat pattern associated
with the granite outlines partly rounded structural basins containing
Paleozoic carbonate strata (Belleview, figs; 2a and 3) and shows a
distinct gradient sloping southwest. This gradient is interpreted as.
indicating that the faulted granite blocks are tilted southwestward.
The presence of small bodies of granophyre ;nd isolated pendants of
volcanic rock complicates the magnetic pattern in areas of relatively low
magnetic relief.

The grain of the magnetic pattern in the vicinity of the Indian Creek
(3500) and Shirley (near 1795) anomalies indicates subsurface structures
in the Precambrian of northeasterly trend; lows indicate faulting‘of a

Idistinctly northeasterly and northwesterly trend. These magnetic lows —
associated %ith fault zones are believed to be caused by rock of negligible
magnetic susceptibility. These rocks contain zones of leaching and
silicificzation that have altered magnetié mineral assemblages to

nonmagnetic minerals.
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The magnitude of broad anomalies caused by changes in susceptibility
and related physical properties of rocks is several times that of the
anomalies due to topography. Broad anomalies, due to lateral changes
in susceptibility over a contact between rocks of contrasting lithology,
range in amplitude from 300 to more than 600 gammas. Small anomalies due
to topography, shown more clearly in profile than on contour.maps, range

in amplitude from 30 to 150 gammas (Allingham, 1964).
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Aeromagnetic anomalies

In this study, aeromagnetic information is used to solve local
and regional geologic problems in Precambrian iénéous rocks that are
exposed in the St. Francois Mountains or buried beneath the shallow- _
platform carbonate strata, |

The magnetic method iIs used to distinguish and correlate igneous
rock unlts according to physical rock properties such as susceptibility
and remanent magnetism and characteristic patterns observed on contour
maps or on profiles. Two approaches are used to study the magnetic
properfies of these rocks. First laboratory measurements oé’rock
samples yield susceptibility and remanence.data for total magnetizations.
Secondly these rock properties also are determined from magnetization-
computed from models simulating known volumes of rocks such as hills
or ridges on a magnetically homogeneous terrain. Different magnetic
patterns associated with granitic, dioritiec, volcanic, or pyroclastic
rocks are used to define zoning or boundaries or deduce rock type and
trace theilr subsurface distribution.

The structural implications of anomalies and gradients are
another lamportant contribution of aeromagnetic data. The éhape or
-attitude of rock units, their displacement or dislocation in sub-
surface, delineation of major structural blocks also are deduced from

magnetic data.
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Although high-amplitude anomalies are used diréctly as guides
to potential iron deposits, the observed field is intensified by
mathematical filters in order to emphasizelsubtle changes in magnetic
patterns which can be used to outline areas favorable for exploration

of lead deposits.

119



Interpretative techniques

In the Interpretation of some total-intensitj‘aeromagnetic
anomalies, theiinterpreger assures a geologically plausible size,

shape, magnetization, and the depth to the top of the geologic

feature producing an anomaly. A magretic field calculated from this
assumed model 1is compared with the observed magnetic field. The
parameters are changes until the observed and calculated fields

fit.

Magnetic anomalies caused by geologic features.whose lengths are
at least three times as large as their other dimensions wer§ célculatéﬁ
with the aid of the polar chart of Pirson (1940). PFaults and ridges
are the commonest geologic features in this category. The intensity
of the geomagnetic field (To) and its inclination were obtained frém

" charts of the U. §. Coast and Geodetic Survey (1955). Magnetization
(JQTO) was computed from the measured susceptibility. Heasuremenés
indicated that remanent magnetizatiop was negligible in the anomalies
examined in this study. Depth or distance to the exposed Precambrian surface f
the magnétometer vas obgained from altimeter records. With the value of
the magnetization fixed the sizes and shapes of the mode}s were
changed to produce the desiréd fit of the curves.
Magnetic anomalies caused by geologic features whose dimensions
are abgut equal were calculated by one of three'methods utilizing

slabs, a graphical technique, or polar charts. (fig. 14).

Figure 1. roar here
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Figure 1l4.--Use of Polar charts in two- and three-dimensional analyses

of aeromagnetic anomalies.



(1) The slab method, outlined by Zietz and Henderson (1956),
utllizes small slabs measured in terms of erch units. The field of
each slab has been previously.calculated. The body is subdivided inte
horiéontal layers according to depth units and the contrxibution of the
slabs are added to obtain the anomaly at a given point.

{2) In the graphical method (Henderson and Zietz, 1957), the
body is divided into layers normal to the direction of the inducing
field. A lengthy double integration is performed.

(3) A more direct and shorter method is_outlined by Henderson
(196Q£3 in which a polar chart is used for fapid computation of the.
magnetic effect of a three-dimenstional body. The body is subdivided
into horizontal layers, each outlined by the contour bisectlng each
layer. The scale of the top and bottom of each layer must be adjusted
to agree with that of the chart. The scale change was made by a
projector. A chart stale of a depth unit equal to one inch 1s most
convenient. The counts for each layer are tabulated and the total-

intensity field, AT computed.
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The depth or distance from the airborne magnetometer in the plane
of observation to the magnetic source rocks in the basement were
estimated by the method outlined by Vacquier and others (1951).
The shape characteristics of the observed aeromagnetic field are compared
with theoretical anomalies of prismatic models. The horizontal extent
of the steepest gradient is used as a first approximation for the
dimensions of the model. The estimates are then refined by an index.

Table 2 lists some depths in the sedimentary basins. Local drilling

Table 2 near here

data corroborates some of these estimated depths.
For gharp high-amplitude cylindrical anomalies, empirical
factors from magnetic-doublet curves was used to calculate the depth

to the source rocks.(Henderson and Zietz, 1958).
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The throw or vertical displacement of some gravity faults caﬁ be

estimated from characteristic wmagnetic profiieS'or estimated by use
(written commun. )

of a simple formula devised by R. G. Hendersogr Anomalies over slab
models can be applied to gravity faults of moderate vertical displace-
ment, such as the Simms Mountain fault, Big Rivef fault zone, Wolf
Creek fault, the Palmer fault Complex and the St. Genevieve fault
system.l

Induction theory used in the formula assumes a normal magnetiza-
tion in the direction of the earth's field. The sedimentary rocks
are assuned to be non-magnetic, and the magnetic rocks are assumed
to be homogeneous. For reasonable accuracy, the ratio of the dia-

(t/z)
placement or thickness of the slab to the depth of buria%’shOuld be

than
less, unity for errors smaller than 27. The general expression for the

A -
total intensity field 1s given by:

AT = 2kTo §~(cos2 I sin'a - sin2 I

(2cos IsinIsina) [ —x/z 2 + 1
1+ (x/2) 1+ (x/z)?

The parameters are given im Figure 15, where z is the depth to the

center of the up-thrown block.

Bigure 15 near here
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Z = deptn less t/d
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’,., e f.)g N '/,:.:-. s
a = hS angle btetween magnetic norbh and traverse across strike
of fault L :
T,= Barth's field 5.66X10" gammas -

k = susceptibility of granite 1. 7XlO"’ cgs
I = inclinetion of Earth's field T0°

t/7 = 500/1400 error less than 1/b%

Figure 15.--Diagram showing the parameters used to compute the

displacement of normal faults in basement rocks.
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If we assume that the granite is homogeneou; end that the sedi-
mentary rocks areAgggetic, the parameters (Fig.ll'.S) produce an
ancmaly of 65 gammas. The granite at Jonca Creek, however, has
magnetic characteristics similer to the granitic focks near
Fredericktown, so that the computed ancmaly is a'bout 130 genmsas.

The residual anomaly across the Wolf Creek faulf exceeds 100 gammas
- _affef_ :jl:hev ma:gnetic contrast between the granites has been removed;
fﬁe oﬁser\'r'ed residvual ancmely is almost the same as the computed
a.nomaly:
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The thickness of some isolated volcanic units are quickly estimated
by use of a cylinderical model where the total intensity anomaly,
areal extent’ and depth to top of the magnetic unit are known. The

expression for thickness is approximated by

2.2 1/727 -
AT = Z’JK.TO [ @Z+2) /7 [(Z+£)2 + rZ}E/Z*Z/(Z +r) ’Zj

“‘where L= thickness

T r = radius of body

-Z = depth to top

kT, = magnetization of body

At Taum Sauk Mountain, the anomaly ranges from 450 gammas on the south
slope to 650 gammas on the north slope.
Substituting Z = 650 feet
r=1.3 x 10, feet
T = 5.7 x }g gannas
ﬁ =2x 10 7 cgs
—
the thickness.lzxvill approach infinity for 5 = 670 gammas
orl 3, 1l.5x 103 feet. An analysis of the anomalies in the Ironton
area (see Fig. 76) verified a thick sequence of volcanlc rocks for this
area.
Although continued, derivative and residual anomalies provide a

high degree of resolution, Skeels (1947, p. 43-44) showed that
computed anomalies do not permit a unique interpretation or define
a particular distribution of magnetic rock but rather permit a quali~
tative appraisal of an area. Computed anomalies, such as derivatives and contim

fields are not only difficult to interpret, they may also amplify

errors in the observed field.

128 (p. 128a follows)
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Downward continuation intensifies the observed field as the
magnetic surface is approached. Peters (1949, p. 308) in his direct
approach to magnetic interpretation used the magﬁétic intensity
continued to the basement level to compute the magnetic potentiai
~and, thus, calculate directly from the observed field a distribution
of subsurface magnetic rocks which account for the observed field.

At the basement level, broad magnetic variations in the field due
to susceptibility contrast can be removed. In this study the field
- was é;ntinued to the level of the ground surface and then continued
to the level of the Precambrian surface.

Derivatives of the observed field are a measure of the change in
gradient. The use of the derivative methed in geophysicalninterprev'
tation has been demonstrated by Evien (1936), Peters (1949), Hendersﬁn
and Zietz (1949a), Elkins (1951),p. 45-48) and others. Im this study‘
a second~-vertical derivative of the observed magnetic field was made
for purposes of comparison. The regional component of the observed
field changes systematically resulting in a smocth suﬁfacé, whereas
the residual or local component may change in an irregular or non-

systematic way resulting in small highs and lows.

128a (p. 129 follows)
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Residual or local ancmalies can be separated from the observey

~

éotal-intensity field by conventional gfaphical methods outlined by
Nettleton (1954, p. 3-5) or by amnalytical methods summarized by
Krumbein (1956; 1959). To obtain residual anomalies the regional
gradient must be subtracted from the total-intensity field. 1In

the graphic method a smooth curve or surface representing the regional
anomaly is obtained by graphically smoothing the observed data.‘
Differences between the regional and the observed data are plotted

as residual anomalies. By using the analytic methods of Swartz
(1954), Oldham and Sutherland (1955) and others, an elementary
undulating surface polynomial is fitted.to the observed data by least
squares, which results in a smecoth field. w?olynomial surfaces of
higher order, fifth or seventh, more closely fit the observed anomalies.
In the separation of residual or local anomalies from the total-
intensity field.the analysis is 1ndependent:of the relation between
grid and trend orientation.

computer
The program of regional gradients used by the U. S. Geological

N
Survey: (1) calculates the n coefficients by least-squares analysis
for a selected degree surface fit to the observed’data, (2) priats
out coordinates, observed value, calculated value representing the
regional field, and the residual for each observation, (35 computes
the sum of the squares of the residuals, and the standard error.

The methods herein outlined permit a rapid analysis of low

amplitude magnetic anomalies associated with basement structure.
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Data and calculations

Computation processes for continuation and derivatives and those
for residual anomalies were programmed for the electronic computeres

f T T

by'James Marsheck and Walter Anderson of the; ‘
U. S. Geological éurvey. -

A grid, having an interval corresponding to the spacing between
flight lines, wes laid over contour map of the observed aéromagnetic
field. Magnetic information was interpolated at eaéh grid inter-
section and tabulated for punch cards. The computations were done on
Burroughs 205 and 220 electronic computers. Data from the ?rintout
sheetbf the computer were recompiled and contoured. |

The grid spacing for the continuatioﬁ and residual maps was 1000
feet, whereas the spacing the derivative maps was 2000 feet.
Contouring was lmproved by computing intermediate poinfs. These
were obtained by migrating the grid one-half the grid interval along
ordinate and absciasa.

The residual anomaly is affected by the relative size of the
grid.interval. Krumbein (1956, p. 2183) gives an empirical rule for
selecting grid spacing. Spacing should be at least twice as large
as the average area represented by control points. With-a 1/4-mile
spacing of control points, the average area is 1/16 square mile.
Double the area is 1/8 square mile. This suggests that a grid spacing

between 1/3 and 1/2 nile should be satisfactory, although the validity

of Krumbein's rule has not been carefully checked.



Depths to the igneous basement rocks were pade in the Bonneterre
;;;éLand elsevhere in the mining district. These depths assuming
induction theory, were estimated by the method described by Vacquier
and others (1951, p. 11-15). The Chicken Farm anomaly, shown in
Figure 83, was one of the anomalies used for determination of depth.
The average estimated depth of 1500 ft was'deducted from the flight
altitude of 1900 ft to place the surface at 400 ft above sea level.
The altitude of the knob of 500 ft was‘£$own from drilling data.

Thése estimates of depth were within 10 éercent of the actual distance
between the airborne magnetometer and the ?récambrian surface.

Grid spacing depends upon the density of data and the areal
extent of the gradient, and shape of the apomalies. The shallow
depth of burial of the basement rocks and resulting short distance
from the plane of ?bservation limited the grid interval to about
one-half the deptgéburial or 1000 feet.

During the computation of residual anémalies the first, third,
fifth and seventh degree surfaces, representing the regional fields
in the Bonneterre area, were fitted to the observed data and the first

3 surfaces were contoured. The standard error decreases as follows:

1st degree 96.0 gammas Where error = {Rz/(bl—:'r.)ll,2
3rd degree 76.9 gammas R = residuals

5th degree 66.1 gammas N = number of obsexrved values
7th degzree 64.6 gammas

Further decrease In the standard error did not justify additional

computation or contouring beyond the f1fth degree surface.



Characteristic anomalies

In order to understand and quickly.interpret total-intensity
aeromagnetic amoralies shown in}profiie; groups of anomalies characteris-
- tlc of commonly observed geologi; fe;;u%es were constructed.. The
geologic features of interest generally are shear zones, normal faults,
vertical and inclined contacts between granitic and volcanic rocks,
thin slabs of volcanic rocks, rectangular blocks 2nd cylinders
of ‘volcanic rock of infinite thickness, and vallgygh;g volcaﬁic or

- granophyric rocks. A thin mantle of sedimentary strata and

residuum of cherty soll partly or completely cover many of these

geologic structures. Dy simple comparison of the computed profiles
1

over simple geometry with the observed aeromagnetic profiles, a

plausible geologic structure can be readily deduced.

The diménsi§n§; sﬁape an&ideptﬁ of §urial of the models were
varied in order to approximate as many of the physical and geclogic
conditions as possible. Induction theory was applied to the models,
as measurements of the magnetic properties of the rocks indicated that
remanence was unimportant in many localities. Average magnetic
susceptibilities for granitic and volcanic rocks were selected for
computing curves. Computations were further'simpligie@because-the
distance from the magnetic detector to the:source usually ranged
between 1000 to 2000 ft. Polar charts and formulas
were used to integrate models and calculate curves. Model computations
were also simplified where one dimension was effectively infinite, |

that is, one horizontal dimension was two and one half times longer
than the other dimensions.
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Many geologic obseﬁers believe that faulis and related fractures
serve as major channelvays for the upward migration of ore-bearing
fluids. The search for faulls using aercmagne.ﬁ:ct information is
facilitated by compaﬁson of these observations with computed profiles

over models of faults and contacts. The models in Figure 16

Figure 16 near here

‘ represent vertical fault zones of different dimensions and depths.

The two profiles for each model represent the magnetic effects of
zones in granite and volcanic rocks. Generally the anomalies observed
over these faulils have small smplitudes. These models simulate major
feuld zones in igneoué rocks having magne‘c;lza.tions typical of the
Ozark region. The magnetite in the sheared rock has altered to
nomagnetic assemblages. The negligible suscepti'bility.causes a
characteristic low. The observed aeromagnetic profile over the Simms
Mountain fault zone (Irondale fzult of Buckley) between Doem and

Knoblick is shown in Figure 17. Total intensity magnetic profiles

Figure 17 near here

over normal faults (Figure 18) shows the change in gredlent at depths

Figure 18 near here

between 1200 and 1800 ft.
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An aeromagnetic interpretation of the Palmer fault between Shoal and
‘Buzzah Creeks » where the fault has a vertical displacement of 400 £t

is shown in Flgure 19. The nature of the Palmer fault

Figure 19 near here

complex produced an irreguler assortment of upthrown and downdropped

blocks of basement, which locally complicates interpretation.

136a (137 follows)
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The attitude of scme contacts between mcﬁs of; known or inferred céntrasti
magnetic susceptibility and lithology can be dgtermined from aero- |
magnetic data. The contact mey be intrusive or: faulted. '.l‘ypica'.l
profiles of vertical or inclined contacts, shown in Figure 20, 21, and

22 can be used to deduce the relations of buried or obscure contacts

Figures 20, 21, 22 near here

‘betwe_:en volcanic and granitic rocks. The typical set of proﬁleg
(Fig. 20) shows the anomalies over contacts of magnetically contrasting
rocks. The distinction between dipping and vertical. contacts is
subtle. Where the volcenic sequence is thick, the dip of ;;he contact
is estlmated from the steepuess and posio.ion of the magnetic gra..c'tient
in relation to the contact. The magnetic contrast between rock units,
hovever, can change the gradient. The increasing susc'epti'bility
{induced magnetism) shown in Figure 21 changes the gradient of profiles
over vertical contacts of infinite depth extent. The attitude and
location of the contact betweer grenophyric and porphyritic rock of the
Musg:o group znd the coarse-grained red granite of the Bevos group

can be determined

north of erdericktownAby compariscen of the computed magnetic profile

with the observed profile. Flgure 23 shows the inclination of the

Figure 23 near here

intrusive contact near Pine Mountain between Fredericktown end

Ironton to be about 30° (A) and a vertical contéht westward (B) from

Flatwood. 138
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Slab models of Zietz and Henderson (1956) can be used to find
ti'xe ;Lti.hiclmess and approximate areal extent of thin voléanic flows. A
comparison of an aercmegnetic profile over volecarndc flows et Grassy
Mountain, Des Arc quadrangle, with computed.profiles of slabs glves

e flow thickness of gbout 1200 £t. and delineates partly buried
éonf:acts with intrusive granite. The contribution pf partly exposed
volcanic rocks near Minimum to the total-intensity field is shown

in Plgure 24.

Figure 24 near here

142a (143 follows)
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Similarly a comparison of camputed profiles of slaﬁs with seromagnetic
profiles over volcanic flows near Criswell gives the relief and sreal
extent of a .hill on & burled volcanmic terrane. I '
The characteristic maegnetic curves in nonnalized fom over an
infimite prism, (Flgure 25) was used to 1ntex?5ret.a'large aemmag::zetic
enamaly near Shirley (Figure 25). Prismatic models presented by

Figures 25 and 26 near here

Vacquier and others (1951, p. 65-147) are useful in this type of
interpretation. The structure inferred from the Shirley anomaly is
interpreted as a magnetic voleanic unit contrasting with less"'m,agnetic
volecanic rock and granite of low suscep'tibility. The more magnetic
rock has low topographic relief but this Pelief on the Precam'brian
basement is not indicated by inflections on the profile. ' The 200-£t
of relief on the basement surface merely contributes to the total-
intenslity anomaly. The magnetic contrast is mainly between rhyodacite
(k = 5.3x10_3 emu/cm3) and trachyte (k = 6.1x10m3 emu/cm3) on the southside and
trachyte and grapite (l.lx10—3 emu/cm3) on the northside.

Conparisons of observed megnetic profiles with computed
*normalized"” profiles over cylinders of infinite depth extent, shown in

Flgure 27 were used for estimating the diemeters of some magnetic

Figures 27 and 28 near here

bodies. A cylindrical model gave an approximatiozi to an anomaly
11 ‘
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._believed to be associated with a volcanic plug near Pyatt (Fig. 28).

3

IR
-

Interpretations in volcanic flows produce distinctive lows in

magnetic profiles, A series of profiles, shown in figure 29,

Figures 29 and 30 near here

" were computed to illustrate eroded or isolated flows. Figure 30
shows the aeromagnetic anomaly that results from a postulated discon-

tihuity in the buried volcanic flows at Cedar Crcek in the Berryman

quadrangle.
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Rock relations

‘hTﬁe aeromagnetic map covering an area of buried Precambriamn
(Figs. 2a.

igneous rock and 31), show that this area can be divided into

Figure 31 near here

i

(a) a magnetically flat area underlain by granite of low susceptibility
(shown at D), hnd (b) a magnetically complex afea underlain by older
volcanic rocks of high susceptibility that form near-surface features
(shown at E, F, G). The magnetic pattern aésociated with the border

Belleview '
of thgﬂbasin (1) results painly from the cogtrasting maguetic character
of granite and volcanic rock. )

The granitic rocks were divided into groups by ;usceptibility
- (Pig. 8) anrd according to magnetic patterns (Fig. éis'sﬁdwh in areas
1, 2-3, and 5. Thegféniteunderlyiég‘the;Fafmington anticline (A)
corresponds to group 1 that floors the BelleQiew basin. The buried
granite (B) west of the "Lead Belt" is similar to the granite in the
Flatwoods area (groups 2-3). Similarly, the granitic rocks at Jomca
Creek (C) are correspend to the more maénetic phases {groups 3-4).
Granophyre and granite porpbyry (D) that rim the less magnetic granite
(A) are similar)tb the granitic phases near Fredericktown (group 5)‘,

The volcanic rocks and granite porphyry;at Simms Mountain (E)
extend northward in subsurface to Leadwood (f) at the west boundary
of the mining district and westward to Hughes Mountain and Irondale
(H), These rocks for; a horseshoe-shaped feature that péttly enclose
the granite (B). Near the Big River fault zone, large magnetic

pendants of volcanic rock (G and J) in the roof of the granite are
detected in subsurface by their assodiated anomalics.

152



* 53001 oﬂamwao> pue OF3Fueal
19A0 suioijed ofisuSewoise IUFISBAIUOD gurmoys TANOSSTH :
uxo3sesyznos jo 3aed jo deuw 97307098 pue ofjdudeWOIIV-=°TE 2an31d

VABNIUATP - J0p
810204 howwiseris sage pryseg

PRUSURRAS S

Po1039y NiSmwirsidne sioue paeg
ey A

NOILYNYeX3

1haush 05T © RANw neue)

3na o * 4

ey DT T
R A S \ N Ry S ree A TR T Y
I\ }e SQOUML YL y.—ﬂ:.ﬁw .muu‘m. Ny

10 omava et dom sdarsy  porne dbemns

.

4+ & - b ow !
Vo et ena e aly

. | . . 3 o8 A. .vy” . DA A N < .,\.n., u\. 5 :,\

T
00,08 408

153



Aceromagnetic profiles are used to dedﬁce plausible geomatric

- ;;i;;iéns and lithologies as an aid in mapping areal geology. These
relations are verified by fitting computed profiles to observed data by
two-or three-dimensional analyses of the suggested geometry {Pirson,
1940; Henderson and Zietz, 1956, 1957; Henderson,i1960b).
Anomalies greater than 200 to 300 gammas result from contrasting
lithologies in addition to topographic relief. Large roof pendants of
volcanic rock in a granite terrain typify these anomalies. The upper

?rofile A-A' (Fig. 32) in the section from Russell Momntain to Buford

Figure 32 near here

Mountain shows a difference in level of about 1000 to 1300 gammas
between the magpetic, anomaly over granite and that over volcanic rock.

Topography has little magnetic effect in this area, because the tuffs _

'~ and other pyroclastic rocks that cap these hills such as Buford
‘Mountain, function as a nonmagnetic window. The underlying ash flows,
xhyolite, porphyry, and andesite cause the aeromagnetic anomaly. The low

in the magnetic profile between Russell

Mountains and Charles }Mountain is due to thinned volcanic rock, the
result of granite intrusion as inferred from gramophyre in Stouts
Creek. The profile A-A' across the eastern patrt of the Belleview

basin shows thg&magnetic effect of granite between volcanic rocks of

higher magnetic susceptibility. The anomaly over Buford Mountains
results from volcanic rock in contact with the granite, granophyre, and granite,
porphyry. Trachyte of Buford Mountain (lower part, fig. 42a) has a hisa’

susceptibility, which contrasts sharply with that of the granite. A sharp low
in the profile suggests a zone of crushed non-magnetic rock between the
porphyry and trachyte. Diabase that has reversed remanence can produce

a similar anomaly.
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Figure 32.--Subsurface structure and lithology deduced from aeromagnetic
profiles over the St. Francois Mountains.
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The section from Blanl»enship Mountain to Stono Mountain, profile
B-B';f:iowzzi’ difference in magnltude of about 1000 gammas between
anomalies over volcanic rock and granite. The 50-to 200-gamma ancmalies
near Blankenship and Brown Mowntains are exemples of anomalies due
partly to topographic relief of the volcanic rocks. 4An gggggg%ga‘bion of
iron minerals near the intrusive contact between volcanic rock and
granite, however, produces the £mall anomely south of Brewers Creek.
The granite in this area produces uniformly flat magnetic profiles,
which merely show a very low regional gradient of about seven gammas
per mile, For the anomalies over small volcanic pendants at Stono
Hountain, the difference in totalwinﬁensity amplitude is about 500
gxzmas. The effect of topography end maga’e’.tic contrast in rock type .

produce these anomalies.
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A section from Marlow Mountain to Flatwoods (Pig. 32 C-C')
1£Q2;§'£hac the magnetic intensity is about 500 gammas higher over
volcanic rock than over granite. The shape and magnitude of the anomgly
over the southward-dipping contact between granite and volcaanic r?ck
consequently differs from that over a vertical contact!(FigS- 20 and 23b).
In this area the attitude of intrusive contacts can be determined
from magnetic data. The anomaly over Evans Mountain is greater than
- that over a comparable hill on volcanic rocks because of the underlying
gabbro. Gabbroic phases of diabase, which contains titaniferous
spinels, commonly intruded the granite—rhyolite contact. The 50-
gamma anomaly at the St. Frantis River north of Evans Mountain is
caused by a swarm of diabase dikes of easterly trend. The magnetic
profile over the granite iu the Flatwoods area north of Evans Mountain
is uniformly flat. Instead of the present geclogic interpretatiom, a

shallow (low angle) dipping contact near "1630" low is inferred from the

nagnetic data by use of profiles in figures 20 and 22,
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Structural relations

Many structural relations, mainly in subsurfade, can be deduced
from the aeromagnetic rap (Figure{ 2a ané 90), These relationships are
.. discussed in terms of topographic features, roof pendants at the top
oé the bgtholith, zones of fracturing ang_intermontane basins. Some
relationships are distinguished and interpreted by the magnetic
gradient between magnetically contrasting rock units.

In Figure 90, the magnetically flat granite at Flatwoods (1)
is dotted by magnetic wlcanic pendants znd granophyric sheets.

This area contrasts sharply with the thick magnetic volcanic and
pyroclastic sequence near Ironton (2). Similarly the relati§ely
nonmagnetic granite underlyiﬁg the Farmington anticline (3) produces
a magnetic gradient between the less dense and more maggetic granite
at Jonca Creek (4) and tﬁe more magnetic granite at Flatwoods (1).
These gradients not only help to distinguish rock types but permit
these rocks to be divided into structural blocks, such as the Avon
block (3).

Lows and small inflections in magretic profiles help extend know-
ledge of faulting, by _ tracing them in subsurface and estimating
their Qertical displacements. The structural implications of the
aeromagnetic patterns associated with the St. Genevieve fault zone (5),
Big River fault (6), Palmer fault complex (8), and Simm Mountain fault
systen (9) are a2nalyzed. The rehtions of these faults to granite-
floored intermontane basins, such as Belleview Vélley (9), Sabula (10),

Coldwater (11), etc., are examined by use of magﬁetic‘lineaments of
- gradients. '
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The structural relations in mining areas, such as iron deposits
aﬁ é£;§ﬁerd Mountain (2) and Mt. Cottoner (12), and lead deposits in the
Leadwood area (13) and Fredericktown - Mine La lotte areas, are dis-
cussed in the chapter on the :elation of aeromagnetic anomalies to

mineral deposits. The subsurface diorite pluton near Avon is discussed

in the chapter on regional features.



Topographic snomalies
An seromagnetic anomaly caused by topographic relief on a
magnetically homogeneous terrane is designatéd as a topography anamaly.

Many of the hills are almost equidimensionel (Fig. 33), which

Figure 33 nesar here

necessitates the use of a three-dimensional methods such as that

devised by Henderson and Zietz (1957) or Henderson (1960b). Figure 3h4

Figure 3% near here

illustrates the magnetic effect of exposed éonical hills of granitic
and volcanic rock in the St. Francois Mountains,

Buck Mountain is a hill of coarse-grained red granite, described
in detail by Robertson and Tolmen (1969). - The gran:t'ﬁe
contains 0.5-0.6% accessory magnetite and has an average magnetic sus-~

3 emu/ Cm3Auni ts. Remanent magnetization measurements

ceptibility of 1.7x10°
of the gramite showed a negiligible intensity and a randecm direction.
In computing the ancmaly only induction was assumed to produce the
ancmalies. The susceptibility used in computing the megnetization
was an average of samples collected from the hills and nearby -

outcrops, as shown in I“;fgure 11.
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BUCK MOUNTAIN
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Figure 33.——Topography of a granite knob showing the irregular
three-dimensional model used in computations.
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The aeromagnetic anomaly observed over the granite of Buck Mountain
has an amplitude of about 150 gammas. The computed anomaly has about
two-thirds of this amplitude. Discrepancie; between the observed and
computed anomalies may result (1) from unobserved inhomogenieties in
the granite bill, (2) from a small susceptibility‘contrast in the
granite of the valley and of thg hill, (3) from a disturbing geometry
at depth, and (4) from an increase in contributing topographic relief
caused by weathering of granite In valleys apd on the flanks of hills.
The susceptibility. of weathered granite or granite wash is gbout the éame
as that of the sedimentary rocks of the intermontane basins. All the
methods used to comp@ute theoretical anomalies gave sim;lar reﬁults.

For bodies of irregular shape, the graticle of Henderson (1960b) gave
the quickest and best-fitting curves. |

The volcanic rocks of Volf Mountain include rhyolite, dacite,
breccia, and trachyte. The average 5usceptibility of these flows and
pyroclastic rocks, as shown by Figure g9, is about 3.3X10_3'emu/cm3.
Magnetic profiles computed by diﬁfereuc methods compare favorably with
each other and with the observed profile. The amplitude of the anomaly

observed over the volcanic rocks of Wolf Mountain is about 200 gawmas.

This value is close to the maximum amplitude of the topographic anomalies

'in this region, as no relief greater than Wolf Mountain is likely. In the St.

Francois Mountains, an anomaly over a hill of volcanic rock has twice the magnit

of that over a comparable hill of granite. Magnetic susceptiBility
of these rocks confirms this difference in the observed magnetic fields.
The amplitudes of the observed and computed anomalies over the granophyre

or microgranite at Mt. Devon, shown in Figure 35 are the same

magnitude
or about 170 gammas.
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The granophyre and fine-grained porphﬁitic granite are believed
to ;e:p—resent an eerly chilled phase, 01; more likely a late shallow
intrusive phase of the batholith. The iron did not react to form
abundant femagnesiafi minerals but formed dust-like magnetite
sinilar to that observed in the volcanlic rocks. These fine-grained
granites are more magnetic than the coarse-grained phases (see fig. 8)

and similar in magnetic properiies to the voleanic rocks (r1g. 9).
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Figure 35 near here

The anomaly resulting from the granophyre is equivalent in magnitude

to the obsérved and computed anomaly over volcanic rock of College Hill
south of the town of Ironton. The presence of the large mafic dike on
the north side of Mt. Devon described by Mﬁilenburg and Goldich (1933)
does not mffect the computed curves, because both the host rock and dike
have about the same susceptibilities.

Table 3 summarizes some of the topogréphic anomalies observed

Table 3 near here

in the St. Francois Mountains. .The amplitudes of magnetic anomalies
were correlated with hills of small topographic relief and different
types of rock. The topography of some hills accounts for only
part of the related magnetic anomalies. Igneous complexes produce most
of the magnetlic anomalies observed over hills such as Knob Lick;
Buckner and Smith Mountains in fhe Frederjcktown quadrangle (fig. 2a).
Evans, Matthews, Tin, and Crane Mountaims are volcanic roof
pendants ranging from thin plates to deep~rooted features. A combina-
tion of topography and magnetic contrast between volcanic'and granitic

rocks precduces aeromagnetic anomalies associated with pendants.
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Figure 35.--Magnetic profiles computed from two~dimensional models
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Taum Sauk, Hogan and Ketcherside Mountains in southwestern Ironton
quadrangle are layered pyroclastic units, mainly ash-flow tuffs of low
magnetic susceptibility. These pyroclastic rocks act as a magnetic
window and do not produce topographic anomalies, whereas the more mafic
diabase and gabbro underlying some volcanic flows produce the broad

magnetic anomaly shown in Figure 2a.
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Flgure 36.--The magnetic expression of a rhyolite hill and a gabbro
-on granite terrain at Evans Mountain.
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The amplitude of the anomaly is about 140 gammas. Computations show
that the hill of volcanic rock accounts for most of the aerocmagnetic
anomaly; thus, the pendant can extend only a short distance below the

present surface of the gabbro. Although the volcanic rock increases

in magnetite content near the gabbro contact, the model was treated

¢ a homogeneous body and assigned an average susceptibility (3.9x10.3 emu/cm3)
for computations. MNumerical integration by the Henderson graticule
gave the best approximation to the observed magnetic profile.

At Tin Mountain (Fig. 38) the structure of a volcanlc roof

Figure 38 near here

pendant was obtained from aercmagnetic data. The gabbrolc sill has

about the same magnetic properties as the volcanic rocks.
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Topographic relief of the mountain (1) accounts for about 50 percent

of the total anoraly. By adding a slab (2) to the model, equivalent

to 1000 feet of volcanic rock, the computed data match the observed
magnetic profile; thereﬁore'it seems that the combined effect of topography

and lithologic contrast may have produced the anomaly.

The roots of some pendants of volcanic rocks extend into the

'

roofLﬂ- N of the enclosing granite host. At Crane
Mountain, the volcanic rocks comprise a mixed sequence of rhyolite,
trachyte, and andesite flows and tuffs that contain small veins of
magnetite. The rock has high susceptibilit{ because of disseminated -
magnetite, If the amount of vein magnetite is assumed to be small, the
wmodel extends to about 3,600 feet belgw.tﬁ; surface of the ground
(Figu;e 39). A shallaw-roofed_podel suggests _ __mear-surface
iron deposits and an associated sharp, high-amplitude anomaly.

In section, roof pendants in the exposed Precambrian core of the
St. Prancois Mountains do not confirm the common concept of being thick
or deep-rooted geologic features. According to model studie;, most

of the pendants are thin or shallow isolated features, a contribution

to structural geology.
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. Faults and basins

Browa (1958, p. 7) believes that faults and related fractures
served as major chammelways for the upward mig;;ation of ore—bearing.
fluids; thus, recogmiticn of faulting from patterns of magnetic
encmalies should be useful in mineral exploratiqn_. Generally the
anamelies observed over known faults are small., HMajor feult zones
containing altered magnetic minerals can be detected from a serxries
of closed lows on contour maps, by inflectlions, or by lows in magnetic
profiles. Interpretation of aercmegmetic data is facilitated by
comparison with characteristic profiles across models of faults,

Two types of favlts or their cazbination ere observed: (1)
strike-slip or 2sheza.r such as the fauvlt in Barren Hollow Créek
(T. 33 M., R. 5};22), and normal or gravity such as the Sirms Mowntain
system, Big River fault zone, 5t. Genevieve fault complex, etc. The

diagrammatic section (Fig. 39a) showing feult blocks in the St.

—

3= ==

Figure 39a pear here

Genevieve system illustrates the type magnetic ancmaly associated with
different rock sequences. The vertical displacement ranges from 250
£t to 1200 £t and is coraronly distributed emong several parallel faults

of the fractured complex (Weller and St. Clair, 1928, p. 256).
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The Big River fault zone (D) and the Simms Mountain fault zone (L)

(Figs. 31 and 40) bound the main lead-producing area. These major fault
3 ' -

Bigure 40 near here

zones contain leached, silicified, or oxidized rock of negligible
magnetic susceptibility where t£e magnetic minerals have dtered to
nocmagnetic assemblages. The narrow fault of small displnceme;t near
Mitchell knod produces a small dip in the magnetic profile. The
shallow, granite-floored Leadwood basin produces a broad low-amplitude
anomaly. The Big River fault‘zone contains a relatively wide zone of
nonmagnetic rock flank;;“- byhgaésetic voléanic rocks. The large
susceptibility contrast produces a magnetic low -

The Simms Mountain fault zoane has vertical displacements as much as

600 ft and is an example of combined shearing and normal faulting in

granite (Fig. 41)1 The volcanic pendant of Simms Mountain produces

Pigure 41 near here

the'observed anomaly; however, the combined effect of the non-
magnetic fault zone and vertical displacement in the granite broadens
the low in the magnetic profile. The magnetic contribution of sheared
rock 1s very low or comparable to the Irondale branch of the Simm

Mountain fault system near Irondale (Figs. 31 and 40).
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Graves (1938, p. 133) postulated a fault oﬁ the southwest flank
of Buford Yountain. The most convincing evidepce for a fault scarp
in the Precarbrian rocks is the alignment of vdlcanic'ridges or
nearly straight b;undaries on the eastern side and zones of crushed
or sheared granite near the contact with the éedimentary strata of the

basin. The Ironton fault (Fig. 42 ), the name proposed by Graves for

Figure 42 near here

the Buford Mountain scarp, produces only part of the observed magnetic
anomaly. The large susceptibility contrast between granophyric and
sedimentary rocks produces the main mazgnetic gradient. |

Several shallow intermontane basins, such as in Belleview valley,
Sabula area, Farmington area, and Swan Branch area, flank the St.
Francois Mountainms (Figs. 2a and 31). The elongate §é}1eyiew valley is
underlain by Cambrian strata, floored by granitic rocks and surrounded

by volcanic ridges as represented by the model in (a) Figure 43.

Figure 43 near here

The distinctive magnetically flat pattern associated with granite
clearly defines the boundaries of the basin. The magnetic pattern
shows a gradient to the north and northwest. Interpretation of this
pattern indicates that large blocks of granite are down-dropped and

tilted. The present basins are now partly bounded by fault scarpse.
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According to the magnetic gradient, the vertically faulted
contact between the coarse-grained granite and the granite porphyry

. (fig. 42)
(grevophyric) is west of Buford Mountain,end beneath the valley strata.

A

The coarsely crystalline granite has a weak remanent component opposite
to the présent geomagnetic field. The rognetic ;:c;ntx-ast between the
granitic rocks together with this remenent component cause the
magnetic low assoclated with the shallow Belleview basin. A similar
magnetic pattern is observed over the Farmington area (figs. 2a, 31 and 43).
The magnetlc contrast between two types of granitic rock a’.s. shown by;
the models in Flgure 43, (b) rather than contrast between Cembrian
strata and granite (a) is believed to produce this annmaly.'- East of
the Castor River (Liberty ii-gf‘%i ,2:. large eastvard-trending megnetic
low reflects a sand-filled basin according to drilling information
(Robert Unley, vritten commmication, 1950). The sand pinch-out
line vas determined from this magnetic and drill data, and a favorable
area for mineral exploration was outlined.

Granite underlying the Belleview Valley, Sabula ares, Farmington
area, Swan Branch area, and Indian CreeX basin area may also represent

high-level intrusions or cupolas; Erosion partly exposed this broad

area of silice~rich granite of low magnetic susceptibility.
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Relaticns to mineral d_eposits

large concentrations of magnetite are sources of several high-
enplitude sercmagnetic encmalles in southeé.stern Missourl. The
xrelations between the 30C0-gemma anomaly and the magretite deposit at
Pea Ridge wes studied (Fig. 44) and similar analyses applied to other
high-amplitude ancmalies as potential irom deposits.

Groumd magnetic surveys have teen used as a gulde in
developing ore bodies and revealing the presence of dburied knobs
{Powers and others, 1953). Scharon (1952) recognized that airborne
magunetic surveys also show a correlation with buried igneous knobs
and ridges associated with lead deposits in the Fredericktown area.

Aercmagnetic anaralies are indirectly- related to structures that
Jocalize lead deposits in carbonate strata. Hills and ridges cause
Jow-amplitude anomalies. This topographic relief controlled
sedimentary structures such as reefs, breccias, lagoonal muds and
solution features that locallized galena. Faults in the basement,
postulated as channelways for ore-bearing flulds, cause low-zmplitude

arcoalies.
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Iron deposits

Precambrian lron deposits occur as fissure £illing and replecement
veins in the form of hematite, magnetite, and martite according to
Heyes (1959b). The magnetite ore bodies at Pza Ridge (Soyder and
Vagner, 1661, p. $2) and at Iron Mountein (Murphy. and Mejiaz, 1661,
P. 132) are cut by mafic dikes; thus iron mineralization is Precarbrian
in age. Beca.p.se of the:_magnetic and high density, propert;ies_?o_)f__;g;}}e_a» L
minerals, magnetic and g:'av:!:ty surveys have been used to.' look for depaosits
in southeastern Missouri. ‘ Two ‘ iron deposits in the Bourbon-Sullivan-
Pea Ridge area were disclosed by sn aercmagnetlc suxrvey made by the |
U. 8. Geological Survey in 1948 (Eng. Min. Jour., 1958). A gravity
survey of the same area by Gregson (1958) indicated a northwest-trending
Precambrian ridge that appeared to be associated with these iron
deposits (high density contrast) ‘

Ore bodies at Pes Ridge, Iron Mountzin and Pilot Knob vere
truncated by the Precambrian erosion that produced basal conglcmerates
of hematite boulders., The Ozark Ore Compeny used the gravity method
to locate a conglamerate ore body near Pilot Knob (John E. Murphy, oral
cammumnication). In this study | J,.;,he aeromagnetic method was applied to
threé areas, Pea Ridge, Cottoner Mountain, and Xratz Spring (Sullivan

areca).
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Pea Ridge anomaly
An seramagnetic survey by the U, S. Geologicél Survey of the
Sullivan quadrangle {Dempsey and Meuschke, 1951) resulted in the
discovery of the large iron deposit at Pea Ridige. Driiling by the St.
Jose'ph “Lead Ccapary intersected a magnetlte ore body.
The sercmagnetic anamaly o:bserved over the magnetite deposit at

Pea Ridge is shown in Figure:44.  The depth to the top of the deposit

!

Figure 44 pear here

from the plane of observation, (1800 ft. altitude) vas estimated by
the method of Vacquier and others (1951) to b= 2200 ft. A second-

vertical derivetive map (Flgure 45) gives sbout 2000 £t. The depth

Figure 45 peer here

below ground surface to the magnetic source in the Precambrian baese-
ment is 1400 ft., which corresponds to the depth frem drilling (Eng.

Min. Jour.; 1958). mne pes Ridge deposit is a tabular body ebout

200-300 £t wide, over 2000 £t long, and dipping steeply northward. Tt

extends from 1400 £t to more than 3000 £t in depth (Beveridge, 1958a, b) -.“
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Figure 45.--Second-vertical derivative of the Pea Ridge anomaly at
1/2-mile spacing suggesting an arcuate deposit.
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Tae 2400-gamma contour, which connects the Ii’ea. Ridge ancmaly with
the broad ancmely assoclated with volcanic rocks s suggests that the
ancmaly consists of two paxts: a voleanic plug or stock-like body of
intrusive felsite, and the iron ore body/ (fj.gs.‘ 2a and 44)., An approximation to
volcanic plug vas made by ccnnecting the 3100-gemma contonr on the
south slde of the ancmaly with the 2200-gamma contowr on the north
side. The zero contour of second-vertical derivative map {Fig. Z/5¢)
outlines the voleanic rocks and, in detail, suggests an east-vest iron

deposit. By selecting a wider spacing for the derivative map (Rig. ‘ 46),

Figure 46 near here

the interpreter pogtyiated sn arcmate sheeb-like magnetite deposit.
The remanent megnetization was assumed to be ir the direction of the
earfh's field, because of the normal) shape of the magnetic anwv;.ly. A
sheet-like body extending to grest depth .{infinity) cvd at least 2
depth units in length was used to simulate the ore body and accounts

for 85 percent of the observed ancmely (Fig. 47). A cylindrical model

Figure 47 near here

would give camparable results.



Figure 46.——Second-vertical derivative of the Pea Ridge anomaly at
1/4-mile spacing suggesting a linear deposit.
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Susceptibllity measurements (Fig. 48 ) were made of intrusive

Figmre 48 pear here

rhyolite porphyry froem the drilling of the Bourbon magnetic anomly o
(¥5cMillan, 1945). A susceptibility of about 11x10-3 .emu/c_!m3 was
estimated for the megnetite-rich volcamic rock. The magnetization of
the ho_st. rock was ccmputed from this value., The structu:r?al control -

"interpreted from the aeromagnetic information was to be a magnetite~filled
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Cottoner lMountain ancmaly
A high-smplitude anomaly was observed over the east flark of

Cottoner Mowntain about 3 miles northwest of Marquand (figs. 2a and 49). Like

Figure 49 near here

mineral zoning arowmd a deposit, a rectangular prism of magnetite-rich
voleamic rock sets ir an elongate block of volcanie rock, the core of

vhich is a potentizl iron deposit. De‘pths‘ . calculated to the magnetic rock
indicate a near-swurface deposit. Tae Starlgey mine on the northeast

slde of Cottioner Mountain further corrobars;tes this postulated
mineral-bearing rock. The old prospect is on a steep magnetic gradient

marking & change in lithology end a possible zone of fracture. The

prospect is outside of the main magnetic unit and according to Grave (1945,

‘P. 364-365) contains pyrite at the contact between Precambrian felsite and

Cambrian dolomite. The magnatic rocks is controlled by a

northwest~trending fracture system as inferred from the magnetic

gradient on the southwest side of the ancmaly (a-4, fig. 49).
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Horthwest-trending fracture zones are shown by a serles of lows
(A-A') in a second-vertical derivative map of the magnetic field

(Fig. 50). These alined lows seem to be partly offset by northeast-

Figure 50 neaxr here

_trending fractures es inferred from lows of the derivative map. The

outline of the magnetic rock is also shown by the

derivatives.
The southwest boumdary of the magnetic wnit probably is faulted

&5 shown by the sbrupt breek in the observed profile (Fig. 51). The

Figure 51 near here

Irofile also suggests that a potential deposit could dip slightly
northward. %his derosit resembles the Canadian deposit at Maimora

described by Bower (1960, p. 6 and 10). The Cottomer Mountain anomaly

38 believed to be a mirneralized volcanic vent.
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Contour interval te 100 and 300 gammas

Figure 50.--Second-vertical derivative of the Mt.

Cottoner anomaly

near Marquand,
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| . Kratz Spring anomaly
. Sgbsurface structure in the Suliivan-Bourbon ares was investigated

by ‘Séar.d.ght, Williems, and Hendricks (1954) in connection vi.th gromd
negnetic suxrveys. The stn;c‘ture in this area consists of brced
northvestward trending . anticlines'e.nd synclines modified by minor
series of faults, which trernd northward. The trends of the magnetic.
highs that are associated with the basement rocks have no relatlion to
these siruetuxres in .the sedinentary strata.

The gravity survey of Gregson (1958) outlined the more dense,
near-suz'favi:e volcanic rocks in the vicinity qf Sullivan and Bourbon.

at
A drill hole penetrated rhyolite pomhyryAa depth of 25 £t in the I‘IB?:,

(fig. 2a5,
Nwd, NV of sec. 18, T.Lon, R.zt% From a few samples, Frank (1958)
sugzested that high thermoremanent magnetization (TRM) end high
susceptibillity for the Precambrian rocks in the Sullivan ares

represent about 5% magnetite.
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A large acromagnetic anomaly was observed near Kratz Spring
School, ebout 4 miles northwest of Sullivan on the nose of a gravity
gradient: there the volcanlc rocks appear 'to plunge northward. The

interpretation of this ancmaly is shown in Figure 52. Thirn deposits

Flgure 52 near here

of sedimentary strata cover the magnetite-rich volcanic rocks. Tre
rain magnetic gradient (Iine 17, Fig. 52) is produced by magnetic
contrast across & sloping contact in the volcaric basement rocks. The
1500-garma encmely 1s believed to be caused :by 2 nearly vertical
nmagnetite deposit in the volcanic host rpck; The postulated iron
deposit seems to be controlled by east-west fractures and is elongate

in this direction. The magretite-bearing deposit dips northward.

Shepherd Mountain asncmaly
Shepherd Mountain produces a high-amplitude ancmaly. northwest of
Ironton. This magnetle feature is part of a large arcuate anomaly
that connects, College Hill, Crane, Anderso'n, Oak and Charles,
Mountains. The arcuate anomaly surrounds Arcadis Valley, which like
Belleview basin, is believed to be floored by coarse-grained granite,

is believed to

which Arepresent an eroded cupdola of the batholith thet intruded the

yvolcanic rocks.
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A sheet of gabbroic rock, observed at the base of the hill, also
‘iridicates the proximity of the batholith's roof.
Susceptibility measurements of socme volcanic rocks cored in the

JIronton area indicate an average megnetic susceptibility of about

9’X10.3:emu/cm3 (fig. 52a).

Figure 522 near here
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The magpetic rayolitic ard andesitic rocks of Shephaerd Mountain
contribute substentially toc the observed encmaly; a large residusl

encualy remains after deducting the magnetic effect of the volecanic

- -

rocks The remsnent component Bf the volcanic rocks was

cc'npxrted i‘rﬁm thew residual total intensity ancmaly by using &

rectangular model (Zietz and Andreasen,:w‘gif‘:t_en commun. } for Shepherd

Mountain. The mean direction of magnetism for these volca.nié rocks

is about H}EOS. .The dip is normally about the same as the present field.
Three open' cuts expose northeast trending fissure velns of

magnetite and specularite on the west and north slopes near the crest

of the mountain {Crane, 1912, p. 121 and 132). About 75,000 tons cf
from

specular iron ore was mired /,three vertical fissure veins on Shepherd

Mountein according to Crane (1912, p. 131-134). The veins contain a

mixture of hematite and magnetite. The size of the veins ranging in width

from 2 to 30 ft cannot account for the residual anomaly, which exceeds 1000

gammas in amplitude. A large buried deposit can be inferred from the residual
anoma:
The small magnetic conirlbution of Pilot EKnob to the main anomaly seems
to corroborate a hidden deposit on Shevherd Mountain.
The magnetic

' partly mined

eﬁ‘ect of two smal]) Aveins in the rhyolite of nearby Cedar Hill also is
negligible. Nason (1892, p. 307) reported a production of 25,000 toms

of hematite ore from these velns.

4 C/’ ot (&//W/



Two smaller ancmalies were detected .on & vestwargl—-trending spur
;-o‘f,,._the arcvate megunetic ancmalies. These two ancmalies were observed
over Russell and Vail Momntains betveen secs. 2 erd 3 and in the S3
sec, 1, T.33H., R.3E. The arcmalies are associated with concentrations
of speculerite and magnetite. Aboubt 3CC0O tons of iron ore was reported
mined from & narrow east-west veln in the SW: sec. 3, T.33N., R.3E.,
on Russell MHountair in the vicinity of the ée‘rcmagnetic anomaly
(Crane, 1912, p. 137). Detailed ground magnetic and gravity surveys
are needed to pinpoint the sources of these encmalies. Core from a |
drill hole at Vail Mountain contains specks and tiny velns of
magretite, The susceptibility of these samples ranges from 11.5 :;}9:3 )

to 34 x 1073 emu/cm3_and is similar to the results from Russell Mountain

(Fig. 52a).
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Iron Mountein ancmaly

Iron Mountein is rhyolite porphyry a hill that rises 300 £t above
the surrounding valleys. Mireralized andesite in the southwestern part
of the hill contain the iron deposits, vhich were described by Murphy
end Mejia (1961). These deposits, mainly hemetite and 10-20%
nmagnetite, are controlled by a doeme-like collapse structure. The
vertical part of the deposit. accounts for the narrow anomaly, -where
as the horizonal section contributes very little to the total-intensity
field.

The seromagnetic anomaly associated with the iron deposit is not
&s jmpressive as the Shepherd Mountain ancmaly, although the data
outlines an ercuate berd of volcarnde rock arourd e magnetic" 1low over

the valley similar to that at Ironton.



Lead and ziac deposits

The Bonne Terre quadrangle and adjacent areas were part of the
extensive airborne surveys covering the lead gining region. The purpose
of these surveys was to evaluate the aeromagnetic method as a rapid
means of examining large areas for new deposits of lead. The success
of surveys in exploration depended upon the association of these
widespread deposits with sedimentary of structural features and
topographic relief of the magnetic Precambriaﬁ baserent rocks. In
this study, warious analytical tecﬂniques were applied toc aeromagretic
data over mine workings in order to find the technique, which gave
the best correlation and was,_tperefore, the:most suitable wmethod for
exploration for lead deposits.,

The area of the present investigation covers about 55 square
miles of the main mirning diStriCt.(§E§;m2§2”9ﬁ_th9 ?Pfthern flank
of the St. Francois Mountains. }Parts of this sFEdX"iEWFﬁ? St. Francois

e

Mountains (Allingham, 1958,;1960, and 1964) show that o
hills and ridges of the exposéa érecambrian igneous rocks.produce

small magnetic anonmalies having amplitudes of less than 200 gammas.

The present phase of this study of the Bonneterre area indicates that the sdb-
surfacg topography and structure of the basement rocks surrounding

the Ozark uplift produce similar magnetic anomalies; thus these results

are applicable to the entire mining region.



The complete system of automatic computation devised by Henderson
(1960) was applied to total-intensity aeromagnetic data to continue
the observed field downward towards its source;:to calculate vertical
derivatives of high resolving power, and to separate small residual
anomalies. Computations were made by electronic‘digital conmputing
equipmentf . | which enhanced this direct approach

to interpretation by speedily processing the magnetic data. These

1 - -
{

computed anomalies permitted greater definition of basement’ topography

and thereby extended the qualitative analysis of magnetic data.



Potosi area

" In the barite area of Washington Couwnty many joint-controlled
deposits, classified ac filled Pissures and replacement veins, were
mined for gelena. Crystals_of coarse-grained aggregates of galena f111
these fissures. Many veinlets are paper thin but they are numerous
over smell areas, as shown by Dake (1930, p. 228, pl. 24). Ball
(1916) and ¥inslow (1894, p. 678) give accounts of the joint-
controlled and residual lead deposits in the Potosi, Palmer, and
Richwoods areas. The shallow residual deposits ere at the base of
the residumm overlying the Potosl Dolomite.

Tae barite mines that surround Potosi, are the site of one of the
oldest .lead. producing arens in the United St_gtes. Mine a Burton,
which adjoins Potosi om the south was deveiopﬁ abtout 1779 according
to Schooleraft (1819, p. 19). From 1798 to 1816 sbout % million
pourds of metallic lead were smelted locally: ILead was mined from
residual deposits in the clay end cherty residuum et the top of the
Potosi Dolamite. The ore arnd residuwum accumulated at the top of the
dolomite as the carbonate strata,veat_,hered and dissolved away. Axrees
of lead and barlte mine vorlings . | surround the

tovn of Potosi (Flg. 53) and ring the broad aercmagnetic anomaly

Figure 53 near here

essocinted with buried Precambrian igneous rocks.



$ yDrill hole

. ;)‘1’.’:'0--
vesa et i) *
n..-q_n,-(u-.‘,co

.o (28

I%JO 20.00 FEET

| —-90°47°'30™

\

Drilling data from St. Joseph
Lead Co, and Dake (1G30).

Figure 53.--Total-intensity aeromagnetic anomaly at Potosi showing the .
distribution of residual lead and barite deposits.
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This simple isolated aercmagnetic anomaly associated with a mining
areé was studied using the direct method of interpretation suggested by
Peters (1949). The system of Henderson (1960) was applied to the
Potosi enomaly (Fig. 53 ) with encouraging results.

Subsurface structural relief on top of the Lamotte Sandstone is about 135 ¢
southwest of Potosi and decreases to 50 ft northeast of Potosi. The amplitude o
the magnetic anomaly is ebout 350 gaxmas. Depth to the magnetic source
determined by the method of Vacquier and others (1951) is about 1500 f£t;
basement is estimated to be about 100 £t below sea level. 'I‘his' value
is within 109 of the depth estimated frem the top of the Iamotte
Sandstone, which is about sea level. The basement relief is unknown
but would be greatez; .them the 50"135 £t relief of the overlying sand-
stone. From model studies (Teble 3) » the voleanic rocks vere estimated
having as much as 300 ft of relifaf. The zero contovr of the gecond-

. the inferred subcrop of
vertical derivative map (Fig. 54) outline;yolcanic rock which is

Figure 5,near here

believed to be the source of the magnetic anomely. The dimensions of
this anomaly, sbout 800 ft square, epproximates a 4x5 prism in depth
vnits according to the method of Vacquier. The averaée value of the
horizental extent of steepest gradient is between 1900 £t and 2000 ft.

The writer will present evidence to support an interpretation of a

volcanic roof pendant as the cause of the Potosi anomaly.
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Figure 54.--Second-vertical derivative of the Potosi anomaly at 3,000-ft

grid spacing showing the magnetic gradient that outlines the
source rock. '
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lead and barite deposits are compared with the observed anomaly
(Fig. 53) end the derived magnetic data {Figs. 94~58). Comparison
was first made with derivative maps having different grid spacings.
In order to detemine tﬁe optimum grid spacing, three different grids

vere selected for derivatives (Fizgs. 54-56). Spacing greater than the

Figures 54-56 near here B

distance between the magnetometer and source rock (3000 £t) resulted in
an intensified but poorly defired generalized encmaly. A smaller érid
spacing (10CO £t) produced sm2ll closures of questionable value end a
loss of definition in the original ancmaly. Grid spacing eq‘uivalen’c. to
the depth to basement {2000 £t) produced a derivative map of high
resolving pover and good definition (Fig. 55 ). The boundaries of the
source rock were clearly defined by the magnetic gradients. The
encmaly separates into four highs. (A,B,C,D, fig. 58).

Continuation of the field towards it source (Figs. 57 and 58) not

Figures . 57 and 58 near here

only revealed the same features as the second-verticsl derivative map

but elso improved the postulated of the subsurface rock distribution. The observe
field was continved downward for three levels. The field continued
down 1000 £t is equivalent to a ground survey. Contiruation to this

level steepened the gradients caused by the boundaries of the source
rocks. (Fig. 59)0

Figure 59  neer here




N

2000 FEET
e}

Figure 55.--Second-vertical derivative of the Potosi anomaly at 2,000-ft
grid spacing.
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Figure 56.--Second-vertical derivative of the Potosi anomély at 1,000-ft
grid spacing.
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Figure 57.—Potosi anomaly continued downward to 900 ft above sea

level.
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Figurce 58.--Potosi anomaly continued downward to 100 ft below sea level,
near the Precambrian surface.
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Continuation of the magnetic field to the second level or about
the Precambrian surface outlined basement features believed to be caused
by buried igneous topography. The intensity of the anomaly implies a
block of voleanic rock on a granite terrain: Iike the dex;i.vative map,
the contiruation map shows a magnetic high centered on Potosi and
surrommded by elongate lows. Subsurface knobs and ridges are inferred
from several smaller higns.
Linear features obscure on the observed field are clearly shown by ==
the continuation map. The magnetic low, (E, figs. 55 and 58) defines a probable

_north-south trending fault zone. The narrow high adjoining the low implies

.a,rnge (F) that extequ northwe;t from the knob. Two pther northward-
4rending fracture zones are inferred from the continuation map. The
magnetic gradient and linear lows, (G) and (H) at the border of the
enomaly mark the subsurface trace of the buried zones of fracturing.
Most of the mining is lccalized along the steep magnetic gradients in
the vicinity of Potosi.

The magnetic gredients at the boundaries of the magnetic rock

- permit calculation of a maximum depth to this source. The level generating the
steepest gradient without oscillations of the field is the depth to the source

) or magnetic basement. The second-vertical derivative of this level is mainly ze

A roof pendant of velcanic rock, partly isolated by faulting and
erosion, is belleved to C3uSe€ the Potosi ancmaly. Peripheral fracturing
of the overlying dolomite provided a structural enviromment for the

lead deposits.
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The eastern mining area
Development of fracture patterns and depositional features were
controlled by knobs on the magnetic Precambrian surface. The resistant,
i

magnetic pendants occur within a more easily eroded, less magnetic

granitic terrain. The aeromagnetic map (Figs.2a and 60) shows that

Figure 60 near here

some anomalies of low amplitude and small areal extent correlat with
these hills and ridges of infe-grained Precambrian granitic and
volcanic rocks.

The aeromagnetic and geologic map shows several important features
related to the main mineralized area enclosed by the.towns of Bonne Terre,
Leadwood, and Elvins. The Big River fault and Simms Mbuntaiﬁ fault bound
the mines on the northwest and southwest. The hypabyssal rocks (granite
and rhyolite porphyries) at Hughes Mountain (lower left, fig. 60) can be
traced northward under the Paleozoic sedimentary rocks to Irondale (B) by

contoured magnetic data.
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Similar rocks at Sirms Mountain (lower rig.ht) also can be traced in
—g'ﬁi;m'face by the magnetic:contours to the Leadwood area ( A).

Buried yolcenic rocks (C) are recognized by the associated magnetic
ancmaly, especlally its relative amplitude. The f£lat or low

magnetic gradient near (D) discloses the buried coarse-grained

granite. Similarly, a brosd magnetic low ir‘{dicates the granite-floored
shallow basin (E) east of leadwood. Tha Big River end Sirms

Mowntain fault zones can be traced by an alinement of magnetic

lows.

_222a (223 follows)ﬂ



Irondale anomaly

i
The aeromagnetic anomaly at Irondale permits correlation with

Precambrian igneous rock exposed at Bughes Mountain and its subsurface
extension northeastward under Paleozoic strata to.the Big River fault

(Fig. 61), The rhyolite porphyry at Hughes Mountain produces a small

Figure 61 near here

indefinite magnetic anomaly. The saddle between two granite knobs

to €Pe east causes a small magnetic low. X
; T N, "
A vell-defined magne&ic gradient ﬁ%;allels the sides of the

A3

subsurface ridge from Euéﬁes Mountain. The best correlation is in
the viginity of Irondale. Similarly, aeromagnetic data show that the

volcanic rocks exposed at Simms Mountain continue in subsurface north

-
'

of the Simms Moumntain fault zone (figs. 2a, 60 and 61). These ro-ks

north of the fault zone form thin roof pendants and are cut by

northwest-trending faults.
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Figure 6l.--Aeromagnetic (below) data showing correlation with
Precambrian outcrop, subsurface topography, and faults

\\\(above) at Irondale, Missouri.
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Bonne Terre area

The triangular area enclosed by the towns of Bonne Terre, Leadwood,
and Elvins is thgﬁéartof the Lead Belt and is designated the Bonne Terre
area, Theé geologic and aeromagnetic map of this part of the mining region
(figs., 2a and 60) shows that the main mineralized area is bounded by
the Big River fault on the northwest and the Simms Mountain fault on
the s6tith., Small subsidiary faults cross the area of extensive miné
tisxkings.,

Relstiveély nonmagnetic granitic rocks cause a characteristic
l6y magnetic gradient, such as the magnetically flat area (D) west of
Leadsio6d. Rounded negative anomalies of 16w amplitude disclose the.
flat shallew basins underlain by granite. These basins received
sedimsntary breccias and argillaceous strata at their margins.
Breceias are host rocks for major lead deposits. Northeast of Leadwood
mines boerdetr a flat basin-like area, which is surrounded by Leadwood,
Sehulez, and Switchback krobs (figs. 60 and 65). A broad magnetic low

marks this area (E). A similar low between Elvins and Leadwood correlates

with the Owl Creek basin (F), which is partly borderd by mines.
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Volcanic rocks associated with the elongate anomaly»(A) between
Schultz and Mitchell Knobs (figs. 60 and 655 are recognized in subsurface
by the contrasting magnetic pattern of moderate amplitude. The writer
believes that the combined effect of topographic relief on granophyre
volcanic rocks and the magnetic contrast between the granite and these
rocks causes the elongat; anomaly extending from Schultz Knob (K) to
Mitchell Knob (M) near Leadwood.

Relief on the basement surface such as hills of rhyolite cause the
small anomalies that are observed over Switchback (S, figs, 60 and 65)

and Chicken Farm (N) knobs (figs. 40, 60, and 63). These Precambrian hills
Figures 63 near here

are interpreted as roof pendants. The 50-gamma anomaly observed over
Switchback Knob was produced by a thin pendant of resistant rhyolite
porphyry in.the granite.

A larger and thicker pendant of volcanic rock than Switchback Knob
(S, fig. 60) caused the large magnetic anomaly over Chicken Farm Knob
(N, figs. 60 and 63). This anomal& yielded reliable depths to its
magnetic source; a distance that was useful in selecting a grid séacing
for the derived fields. Despite an apparently favorable environment,

the sedimentary strata around this knob are barren of lead minerals.
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Recognition of &aulting is important in mineral exploration where
.ZA: féults controlled movement of ore-bearing fiuids. Anomalies
observed over some faults are very small and, in places, are obscured
by larger anomalies resulting from susceptibility contrast between
rock units. A minor northwestward trending fault at Mitchell knob,
shown in Figure 40, produced only a small dip in the magmetic
profile. In some major fault zones, the magnetic minerals have been
altered to nonmagnetic assemblages by meteoric waters or ore-bearing
fluids circulating through the sheared or crushed rock. The major
faults can be correlated from a series of élosed lows on the contour
map (Figure 60?_or by pronounced dips in magnetic profiles (Figure 40),

such as observed over the Big River and Simms Mountain fault zomes.
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Anomalies and mines

According to Snyder and Odell (1958, p. 905-906), two structural
elements, exclusive of faulls, controlled lead ;c“t.eposits in the Bonne-
terre area. These structures are depositional ridges and shallow
tasins. Hills or knobs of granite, granophyre, or rhyolite controlled
depositional ridges, sand bars, benches, and organic reefs along thelr
crests. Small magnetic enomalies correlate with the hills, Beca.use.
of the indirect relation of these sromalies to lead deposits in the
sedimentary structures, the relation betieen some ancmalies and mine
vorkings is less pronounced than their correlation with basement relief.

The relations smong an ore deposit, a buried hill, and its magne%ic
anomaly is illustirated by the first import;ant lead deposit in the
main mining district, St. .Joseph Mines (Bonne Terre mine) whose
historic vorkings partly parallel and wrap aroumd an elongate fine=-

grained granite knob at Ponne Terre (Fig. 6%). The ore wes

Figure 6l near here

struéturally controlled by a sedimentary ridge-reef complex that
trends northeastward and southwestward from the basement Imob
(Eckelmann, Brown, and Kulp, 1957). The knob causes an elongate
50-germa snomaly. The nearly east-west trend of this narrow anomaly

is inferred from several nested north-south profiles, spaced aboutb
%—mile apart.
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The total-intensity aeromagnetic map (fig. 65) of the Bonne Terre

-

Figure 65 near here

area shows the relationships of mine workings, buried knobs, and
faults. The mined area is underlain partly by eroded granophyre that
form several knobs. The elongate anomaly between Schultz (K) and
‘Mitchell (M) Knobs correlates with the mined areas extending eastward
from the knobs in the vicinity of Leadwood. A linear lead deposit

parallels the elongate anomaly northwestward and wraps sinously

around Schultz Knob. A 40-gamma anomaly, observed in profile,
correlates with Leadwood Knob. This knob partly controlled a large
northeastward-trending ore body. Mine workings extend southwestward

from a small isolated rhyolite hill called Switchback Knoh. The

rhyolite causes a small-amplitude anomaly.
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Figuré 65.~-Total-intensity aeromagnetic map of the Bonne Terre area,
southeastern Missouri showing its relation to faults,
mine workings, and buried knobs. ‘
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Analysis of anomaiies
Tne correlaticn of smsll magnetic ancmalies vith geologic or
vhysicgraphic features obviously is ernhanced where their emplitudes
can be emphesized. Ground magnetic surveys place the detector closer
to the magnetic basement rocks; hence, the anomalies ere higher in
amplitude and more easlly separated from swrrounding angmaliesr

.Ground magnetic surveys generally have greater resolving power, where backgroun:
, oERELarLy eVE srEarel TESULVAle PUWESD, WHELE .
iggise_is low, than their aeromagnetic counterpart and have been used extensivel:
for locating basement knobs (Buehler, 1932, p. 50),“_In:§§§§w§§2§y2“§pwever,
'ggglytigal.mgthodgmwgpeﬂpsngEo emphasize small amplitude anomalies of
aeromagnetic data.

The usefulness of residuals (Fig. 66)derivatives (Fig. 67), snd

downward continuation (Fig. 68), of observed aeromegnetic date in

Figures 65, 67, 63 near here

mineral exploration was assessed by comparing the relétion of these
computed fields with (1) the location of mine workings for correlation
with ore-bearing structures; (2) known buried Precambrian hills; and
(3) zones of faulting. Tae camputed fields also were compared with

observed data to detemine their relative resolving power.

P. 233 (p. 235 follows)
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The mine workings betwean Mitchell knob and Schultz knob correlate
best with the total-intensity field continued to about basement leve;,
(Pig. 68) The second-vertical derivative map:(?iﬁ.Gj)“ also shows
gocod correspondance batween the well-defined anomalies and the mines.
The correlaticn between the residuwal anomalies mép'(Fig.:ﬁégvand the
mines has not improved over that shown by the observed totai intensity
field.

The southwest ridge of Leadwood Knob correlates with the con-

tinued anomaly and to a lesser degree correlates with the derivative

enonaly. Correlation is lackiué with the residua} anomaly. Schultz
Knob correlates with continued anomaly but is qum;QQica;gqlbyAtgeuﬂ_
derivative or residual avomaly waps. {Swiﬁbhback Knob correlates best
with the continued znomaly but also correlates with derivative anomaly.
The total~intensity fileld continued dowvnward 2000 ft or about to
f\basemen; level alded correlation between baserent hills and the small
anomalieg by increasing the amplitudes and marking the areal extent of
the anomalies. The anomalies associated with basement rocks from
Mitchell to Schultz Rmobs, over Chicken Farm Knob, ;nd over the Big
River fault zone would still be easily detected by the airborne magneto-

meter 3f the Precambrian basement was buried by an additional 1000 ft

strata.
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The nonmagnetic rocks ;n the wide shear zone of the Big River
fault system produce magnetic lows. The tracs of the Big River fault,
shown in the northwest part of the maps, parallels elongate lows of
the continued and derivative anomaly maps. The fault partly correlates

f;;;ﬁ the northeastward trend ;f the magnetic gradient and partly
with the lows of the residual anomaly map. Narrow northwestward trend%
ing faults of small displacements, shown in ;he south part of the
méfs, appear to correlate with the continued field.

Tﬁe flat basin~like areas between the town of Elvins and Schultz
Knob correlate with the cderived anomaly mapg. The basins seem to
correlate best with the continued znomalies.

Although the regional fields are mathematicaly derived, the 3rd

degree surface representing the regional field, shown in Figure 69

Fig. 69 near here

appears to be caused by structural features in the basement. Faults
are believed to bound these structural blocks. Faulting and tilting of
large blocks of basement rocks prior to sedimentations provided
sufficient local relief for the development of a2 maturely dissected
landscépe of ridges and rounded hills (Tarr, 1936, p. 716-717).
Leadwood is the flat saddle of the regional magnetic field; hence,

the residual anomalies in this area change little from anomalies of

the observed field. Lead deposits areaassociated with the southeast

part of the map covered by thelarge magnetic low.

237



37°55°00"
/

Cenwour witervot 13 10 gammas

‘Figure 69.--Third~degree polynomial representation of the geomagnetic"
field in the Bonne Terre area.

FHo



The correlation between magnetic and geologic data is furthe,
demonstrated by the profiles A-A' of derived magnetic fields over

rhyolite of Switthback Knob, shown in Figure 70. The zero points

Fig. 70 near here

on the second-derivative profile of the obsérved field project into
the geologic section at the extremities of mine workings in pearby

lead deposits. Points on the profile that represent the 250-gamma/
lengthz values correlate with the pinchout line of the Lamotte Sand-
stone and the projection of the mine uorkinés. The relative resolving
power of the derived magnetic fields are alsQ shown by the profile over
Switchback Knob. All the anomalies are intensified by the second-
vertical derivative, because of its high resolving power. The profile
of the field continued downward to the Precambrian surfaée, howaver,
shows greater resolution than the second-derivative profile. Profiles

A-A' of the derived magnetic fields over Chicken Farm Knob (Figure 71).

Figure 71 mnear here

show about the same relations as the profiles over the mineral-beaxing
area of Switchback Enob. These profiles show a broad anomaly. The
second-vertical derivative of the data continued downward shows
asymmetry in the topography, however the lack of mineral-bearing

structures at Chicken Farm Knob areanot indicated by the magpetic

data.
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In the Bonne Terre araa where subsurface geologic information
is abundant, topographic relief and major dislocations of the
basement rocks and overlying seéinentary stéata correlate with
anomalies of the derived magpnetlic fields. Buried basement topography,
especially in areas of isolated roof pendants is better defined by
downward continuation rather than by derivatives or by residuals of the
-observed data. Downward continuation has greater resolving power than
the other methods. Where the gradient of the continued fiéld and the
vertical derivatives steepen in profile, presence of the pinch-out
line of the Lamotte Sandstone 1s more likely: this steepening may

be a useful gulde in delineating areas for éxploration.

These interpretative techniques can be used on aeromagnetic

data elsevhere in goutheastern Missouri to deduce likely areas of

buried topography and faults, and thus delineate areas favorable

for further lead exploration.
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Detailed 2eromagnetic data

In areas of buried hills, profiles disclose details of the small-
amplitude acomalies associated with baserent relief that may be lost
in contouring aercoagrnetic information. A special map havirg a

20-gamma contour interval was prepared of the Bonne Terre area. The

anomaly map (Fig. 72) shows a striking correlation with buried knobs,

Figure 72 npear here

basins, and faults.

- — ———— PP N

1

Contours show clearly the bifurcation in the ﬁitchell kndbkM@lf%g. 6Q2“___
The small subsurface Knobs at Gumpo(G) and.south of Cwl Creek . (N, fig. 69)
cause small anomalies.that are shown by closed contours. Similarly
Leadwood Knob (L) and the elongate ridge at Bonne Tarre'(T) are in-
dicated by the contour map. Other anomalies are also strikingly
delineated by contours.
Cranite-floored basins, such as Leadwood (D), Cwl Creek (0)
and Elvins (E) are outlined by broad lows. Faults are more clearly
defined by prefiles (Fiz. 40) but are also marked by gradients on the

contour map.
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In detail (Fig. 73 and 73a) Schultz Knob is on the nose of the

Figure 73 near here

elongate north-trending anomaly. The Leadwood anomaly is associated with
a spur of Leadwood Knob. The mine workings wrap around the elongate
anomaly, extend eastward from Leadwood anomaly and wrap around the

Leadwood low.
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Relations to regiomal features

The northern basin encecmpasses a broed area northwest of the old
lead belt near Leadwood, Bomne Terre, and Elvins on the north flank
of the St. Francois Mountains. This basin is floored by granite which
is inferred from low magnetic gradients and lov-aininlitude ancmalies of
the aeramagnetic map (Fig. 22).

According to correlstions of magnetic and geclogic data in the
St. Francols Mountains, volcanic roof pendants, ridges, and knobs
produce seramagnetic anomalies of moderate emplitude et Three Hill
Creek, Potosi, Indian Creek, Mineral Fork, Richwoods, and elsewhere.
The erosion pattern in the St. Francois Mountains demonstrates that
three areas have the best likelyhood of' topographic relief. The
importance of this basement relief to lead-bearing sedimentary
structures was established in the Borme Terre mining areaa(-ﬁaﬂﬁnglm,
Inpress).

(fig. 2a) :

The aeramagnetic anmnaly/t extending basinward fron Iitﬁle Pilot
Knob to Indian Creek is one of the daninant features of this northern
basin. The magnetic anc:ma.ly bifurcates near Indian Creek; it extends
southeastward towards Three Hill Creek area and northward towards the
Richwoods area. The geologic significance of these ancmalles aze ’s

descri't;ed in detall because of their Importance in mineral exploration.



Sources of volcanic rocks
The large areal ext;?nt of volcanic rocks, especially subsurface,
prompts some specnlation about the source of tﬁése rocks. Isolated
volcenic vernts or ring-like caldera structures might be detected by
exsmination of magnetic ancmalies. Brecclated rock in volcanic vents
or fissure zones are possible hosts for iron minerallzation as well
as sources of volcanic rocks. Ancmalies, such as those observed over
Cottoner, Russell, Shepherd, and Iron Mountains, may represent dilatant
fissure zones or vents £illed with breccia or volcanic debrls inw

vhich magnetite and other iron minerals are concentrated (Ea'ble 4).

Teble 4 npear here

These -bl;oad hign-smpliitude ancmalies _:‘;ncluﬁing the Pea Ridge ancmaly
form :; ﬁneanent of rorthwesterly trend and are proba‘ni;y located glong
& zone .of weakness, at the intersections of northeastward-trending
fracture zones, end near the contact between granlte and volcanic rock.
All of these ancmalies appear to be related to plug-like volcanic
bodies.
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Belle anomaly
The total-intensity aeromagnetic anomaly at Belle, Missourdi,

outlines & buried circular feature in the basement (Fig. 74 . But for

Figure 74 near here

small areal )
i‘tsﬁsize, the anomaly resembles those associated with ring-like zoned

intrusions of quartz monzonite in Maine ard Hisconsin (A1linghem, 1960,
1961). In areal extent the circular feature more closely resembles the
moat and dome of calderas at Timber Moumtain, Hevads (Boyntog et el
1963) end in the Jemez Mowntains (Cordell end Joesting, (written commun.).
The bresks in the circular magnetic high inply & northeast-trending
graben. The meat is inferred from the magnetic lows enclosing this
ring-like structure. |

Depths from aeromegnetic data corroborate the strmcture contour on
the igneous basement prerared by Grenmia (1960). Scme topographlc

expression had to be added to £it the observed ancmaly (Fig. 75); this

Figure 75rnear here

interpretation conforms to the characteristic resistant nature of
volcanic rocks of producing hills on weathered, ercded Precambrien

terrain.
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Figure 74.--The circular aeromagnetic anomaly at Belle, Missouri.
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Many other circular features are shown on the vertical intensity

~magnetic map of Missouri (Farnham, 1943) and are presented in Table 5.

-

Table 5 near here

The author believes that these ring-like features may be magunetically

zoned igneous intrusions or calderas in different stages of erosion.
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Ironton ancmaly
The total-intensity sercmagnetic field in the Ironton area was
continued upward and dowvaward for correlastion of three levels of data

with exposed igneocus geology (FMg. 76). Continuation of the fields

Figure 7¢ near here

wes done by digital computer using the technique of Henderson (1960)
i:o simulate magretic data observed at different altitudes. Thé
geology 1s generalized to four types of rdck: granite, granite
yorphyry (gravophyre), voleenic rocks (felsite and pyroclastic
sedimentary
detritus), and Paleozoic;, rocks of the shallow intermontane basins.
Upward contim=tion to 33C0 £t showed the ia-rea of highest magnetic
intensity, vhich was interpreted as the thickest volcanic rocks having
& north-south axis. The 20C0-germa contour warks the contact
between granite and volcaric rocks. The Sh'epherd Mountain asncmaly in
the central part of the map, elthough diminished in amplitude, is
nearly 800 garmas. The residual ancmaly, less the effect of

topography, represents megnetite-rich rock and a potential iron deposit

(see fig. 52).
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Downward continuation emphasizes anomalies related to the
volcanic terrain, nevertheless the same anomalies, whether real,
spurious, or less well-defined, were observed in the aeromagnetic field.
The arcuate magnetic high outlines the volcanic ridge from Russéll
Mountain to Middlebrook Hill. Shepherd Mountain anomaly has an
impressive amplitude of 4,000 gammas (Ironton quadrangle, fig. 2a).

A thinner sequence of volcanic.rocks surrounds this zone of magnetic
highs. Magnetic lows partly define the areas of thin volcanic rocks.
The magnetic highs may mark the sites of vents for the extrusive rocks.
These fractured vents could provide loci for iron mineralization.

The magnetic effect of ghe‘thick block of volcanic rock in the
Ironton ;rea was isolated for interpretatién by upward continuation.
The synclinal nature of this block -was corroborated by applying the
unfolding test of Graham (1957) to the remanent magnetism of the rocks

at its border (Ku and Scharon, 1965). -
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Imiian Creek anoma_ly

- Dark, dense trachyte exposed at Little Pilot Knob extends north-
eastward in subswrface to fom a rézsistant buried ridge near Indian
Creek. The trachyte is more calcic and mafic than felsites of the St.
Francois Mountains. Plagioclase is zundesine; hornblende content ranges
from 5-ThH. This rock in outcrop and drill core has abundant large
grairs of disseminated magnetite as an accessory mineral. The megnetite
centent of the rock ranges from 0.5 to 5% but generally is less than
3.5%. Magnetite is considered to be & late phase of the trachyte that
w3y have been mobilized and redeposited by metasomatic or hydrothermal
Processes related to emplacement of the gre‘;nite batholith.

'J.’ée trachyte has a high magnetic suscéptibi}rity that ranges from

?.5.2 1073 to 15.% x 10’3Aemu/¢m3 (F?g. 77 égq Iab}gﬂ?)ﬂ.AThe tqtal-ipfensity
.aeromagnetic ggomaly exceeded 900 gammas, whereas ground.magne§iFusu;vgy$‘
g&e 'by the mssoun Geological Survey (Cowie, 1946) showed ancmalies
baving vertical intensities as much as 60 ,000 garmas near Little
Pilot Knob. Variations in ground messurements are attributed to
effects of lightning on the rewanent magnetization of the outeropping
trachyte. Deviations in ccmpe..ss' readinés corroborated the possible
residual megpetic effect of lightning on the exposed volcanic rock.
According to measurements of orlented samples, Cowie believes remanent
magpetism is the major contributor to the anomaly et 1ittle Pilot Knob.

His average susceptibility of 6 x 10-3 emu/cm3 is in close agreement

lwith the values obtained by the author.
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The correlation between the seromagnetic enomaly and subsurface

topography of the Precambrian volcanic rocks is shown in Figureg 78.

Figure 78 npear here

The magnetic gradients ou’cl‘!.nel‘ ridge of the volcanic rocks. This ridge can be |

represented by & prism of infinite depth (Fig. 79). The contacts here

Figure 79 near here

. seem to be nearly vertical. Faulted contacts are Inferred from the
xﬁa,gnetic profiles. The magnitude of the anomaly indicates a rock of
high susceptibility containing an abnomall;f high concez;tm‘tion of
nagnetite, Sufficient iron minerais may be present to warrant expiozing
these magnetic highs for potential iron depesits. A

The buried ridge formed a platform fpr the accumulation éf algal
reefs and inter-reef detritus » which loca.liz.edv long, lineé.r. lead |
deposits on the flanks and saddles of the ridge (Snyder end Fmery,
1956). According %to Bain (1953) the Indian Creek Mine is now a major
producer of lead. He states that the ore zomne is about 4,000 ft lohg,

500-600 £t wide, and as much as 150 £t thiek.
The grain of the magnetic pattern in the vicinity of the Indian

) ancmalies indicates subsurface structures in the
mgmﬁﬁglzrmeasterly trend; lows inmdicate faulting of a
distinctly northeasterly trend and the magnetic highs are related to
topographic or structural relief of simila}' trend. This interpretation
is partly substantiated by out crop end subsurface drill data in the
vicinity of Indlan Creek and areas to the southwest.
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Richwoods ancmaly
Near Richwoods two nearly parallel magnetic anomalies are
}
connected at the northern end to form a horseshoe~shaped feature

(Fig. 80). Buried volcanic ridges are believed to produce this encmaly.

Figure gg near here

‘.
1

These volcanic rocks represent roof rendants in the granite basement
that floors most of the northern basins. The aralytical methods
demonstrated in the Bomne Terre nining erea were applied to the

Richwoods anocmaly.



Both continuation of the observed field downward and the second-

! s . . . s . .
. vertical derivative outline the buried magnetic source by emphasizing anomalies

g_in the observed field (Figs. 81, 82, 83). Drilling by the St. Joseph Lead

Figures 81, 82, and 83 near here

Company indicated that the top of.; the Yamotte Sandstone is about 350 to
450 £t below sea level. Drilling information also indicates the
presence of e basement ridge. Continuation of the fleld downward to
about the level of the Precambrian basement produced the sharpest and
best defined enomalies (Fig. 82). Alinement of magnetic lows and |
steep gradients implied possible fault zones :in the basement. Ground
measurements campare favorably with the seromagnetic field continued

to about ground level (Fig. 84). Residual lead deposits were mined in

Figure 8% near here

the vicinity of the town of Richwoods (Iitton, 1855, p. 53-54) (Fig. 84).
Between 1845 and 185% two furnaces st Richwoods yielded about 500 tons

of lead annually (Schoolcraft, 1819, p. 55 ). The pattern of the total-
intensity anomaly, vwhich has a magnitude of es much &8s 500 gammas in a
distance of two miles, continued nearly to the Precambrian suxface
resembles the field observed over exposed volecanic rocks. The

anamalies having the steepest gracliegts - (fig. 84) _ere the

most promising for the subsurface exploration of lead.
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Figure 81.—Field of the Richwoods anomaly continued downward to 700 ft,

about ground level.
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Avon ancoaly _
: the observed

A buried pluton of diorite near Avon is believed to cause n nearly
circular magnetic anamaly of about 1000 gammés (Fig. 3). The pluton
borders the southeast edge of the Avon structurzal block of Graves,
which corresponds to the Farmington enticline of Weiler and St. Clair.
(1928). The Avon block 1is pertly underlain by relatively nommagretdc
granite, which is joired on the .east by the, -‘fine grained . magnetic
grarite of Jonca Creek. The diorite intruded a zore of fracture in a
large pendant of volecaric rock south of the arcuste Wolf Creek-Greasy
Creekx fault. These effusive rocks are in coniact with granite similar
to the red grenite at Flatwoods (Fig. 2a). This granite merges with fhe
granophyric rocks of the Fredericktown srea. Terr and Reller (1933,
p. 815-825) described a disbese dike of post-Devonien age, which
perallels the southeastern border of the Avon block. Rust (1937)
mapped many ignecus pipes north of the diordite pluton and concluded that
they wvere dlatremes. These mafic post-Devonlan plpes are magnetically
zoned zceording to Kidwell (1647). Holmes (1950) outlined these
¢lliptically shaped pipes by the megnetic highs associated with
ragnetite concentrated at their 'boriers. These small mefic Intrnsions

may be genetically related to the diorite Intrusion.
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In profile (fig. 85), the nonmagnetic granite, in contact with

Figure 85 near here R
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more magnetic volecanic and fine-grained granitic rocks, produces a
characteristic aercmagnetic low. Maénetite—rich diorite produces most
of the observed anomaly. Some of the faults result in small irregulari
ties of dips in the profile, especially the Higdon fault zone.
‘Granophyre produces a magnetic anomaly of the same magnitude as the

volcanic rock.
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Gabbroic rocks

Bumerous mafic dikes in the St. Francois Mountains were located
by Haworth (1896), Koch (1932) and Wing {1932). Denhem {(1934) showed
that the disbase at Skrainka intruded the contact between the granite -
and rhyolite. Jenke (1948) petrologically subdivided the mafic rocks
in the Fredericktown quadrangle and discussed their intrusive relations.

According to D. H. Amos (;zritten camumication, 1960), the sheet-
like gabbro bocdies in the Ironton, Fredericktown, and Eigehill quad-
rangles range from TO-T50 feet thick and dip from nearly horizontal to
a‘uout 30°. 'ilze gross body has an east-west synclinal structure;

the upper and lower contacts are parallel.: The

—— —— [——

ga'bbroic rocks are sill—llk.e bodies emplaced along the contact between
the rhyolite pendants and the roof of the granite batholith.
Plagioclase and auglte, with or without olivine, are the major silicate

nminerals according to Desborough and Amcs {1961).
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Analysis of the gabbro sheet locally shows the body to dip steeply
instead of the shallow dip indicated by the geo}!.og:’.c relations. At
Evans Mt., the contact between the gabbro and granite is well-exposed
ami dips 25-30° southward. East of this locality, magnetic information
indicates a chenge from nearly vertical to about 45° southward. The

magnetic encmalies range from 30 to 100 ganmas. The magnetic sus-

ceptibility ranges from 0.3 to 12x10-3 .emu/cm3. Olivine diabase contains
about 3.5~5% magnetife and ilmenite in a 1:1 ratio according to D. E.

Amos. Vhere the sills.have differentiated, the gabbroic phases contain
7-10% megnetite. Wanere the body is thick and coarsely granular, the

gahbrm can be traced in granlite by magnetic data. Multiple or thin

sheets of gabbro cannot be resolved or traced by aermnagnefic profiles,
rainly because of the low magnetite content or oxidation of the

magnetite. Thick sequences of volcanic rock tend to mask the

magnetic expression of the mafic sills.

Iocally the gabbroic sills can be traced by patterns on the
aercmagnetic profiles. The best magnetic expression of these mafic
8i1lls is shown in the southeastern part of the Irontom gquadrangle by
an arcuate magnetic gradient over Rock Creek and the drainage into
Patterson Creek. A diabase sill js outlined a magnetic gradient from

Carver Creek rcad northwestward to the Devils' Toll-Gate.
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The gaﬁbroic body that surrounds Bald Knob (Figs. 2a and 37)'causes
an aeromagnetic gradient southeastward around Smith Mountains to join a
mafic sill on the west and north sides of Tin Mountain (Fig. 38), eastward
to Hawkins Knob and then along the granite—rhyéiiie contact to Matthews
Creek. The magnetic profiles also indicate that the gabbroic units at
Holliday and Bevos Mountains are conmnected. The'énomaly continues
southeastward to Barnes Creek and then to the west side of Buckner
Mountain. Figures 2, 2a, and 3 show the relationship between the gabbro
and associated magnetic gradients.

The carbonate and clastic strata of the Ozark uplift are typical
of a stable platform and shallow depositional envirommént. Thé
relations of these flat-lying sedimentary beds to the Precaﬁbrian rocks
show that the igneous terrain of the St. Francois Mountains has been a

slightly positive area since Precambrian time.
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The local distribution of epicenters of earthquakes on the flanks
of the Ozark uplift appears to be related t? zones of faulting
according to Heinrich (1937, 1946, 19k9, 1950, 1951 a,b). Heinrich
(1941) stated that 85% of all seismic activity in Missouri originates
irn two areas: sbout 6C% from the New Madrid area ard 25% from the
St. Marys area (Ste. Genevieve zone). The Ste. Genevieve fanlt system
i1s one of the most selsmically active fractx;re zones, Other epicenters
are distributed along the northwest and southeast flanks of the uplift.
The eplcenters on the southeast flank are probebly related to. basement
fractures at the margin of the Mississippi ezbayment (Eeinrich, 1946).
Epicenters on the Black Creek fzault southves;t of Bourbon and on the
Moselle fault near Union further indicete that other major fractures
surrounding the core of the Ozark uplift are seismically active.

Additionsl zomes of faulting can be postulated from the association
.of earthqueke epicepters and known fe.ulti:ng in the mid-continent region

(Fig. 86). The west-trending Rough Creek fault system bifurcates east

Figure 86 near here

of the Ozark uplift. The fault trequ noy':?hwestward_ as the Ste. Geneyieve
fault zone and southwestward as a buried seismically =zctive féul‘b zoﬁe.

The St. Francols Mountains seems to buttress the stresses that are

relessed through regionsal faults. The Palmer fanlt ccmplex is the

western extension of the Rough Creek system.
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F:Lgure 86.—Relations of faults and earthquake epicenters at the margins
of the St. Francois Mountains, Mississippi embayment, and
western Kentucky.
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Tﬁe crustel thickness in the Ozark region was estimated by Walter
('igho). Fram an earthquake study, he obtained a thickness of 39 Ilm.
The crustal thickness at the boundary between the Ozark uplift and the |

embayment

Mississippi ,‘vas investigated by Reinhart and Meyer (1961). Their
crustzl models show a thick crust of 41-43 Im associated with an area

" of low elevation. Differences in the gravity a.nomalie;lgé gi?:}; as

40 mgel in the isostatic ancmalies, are difficult to reconcile with

models having alrmpnst the same crustal thickness. Their models also

show an intermediate boundary at ebout 10-11 km.
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The general subsurface geologic atrgcture of the Precambrian

rocks in the core of this cratonic dome'can be inferred from gravity
I and

and aeromagnetic information. Contrasts in the densitzqmagnetic
properties of the volcanic and grani;ic rocks permit a qualitative
discussion of the grain or gross pattern of anom;lies in relation to
regional geologic features. Maps showing the exposed Precambrian
geology, gravity anomalies, alinement of physiographic features, and
trends of magnetic anomalies (Figs. 87, 83, and 89) were correlated
in order to postulate subsurface Precambrian structural elements
and lithologic units in southeastern Misscuri. These structural
features in the basement rocks are known to control or localize
some mineral deposits such as iron in thé Precambrian volcanic rocks
and lead in the lower Czmbrian strata.

Local gravity anomalies do not correlate with surface lithology

|

of the thin sequence of sedimentary rocks,

(Gerlach and Scharon,
1960). These anocmalies correlate éith buried Precamb;ian topography
according to Algermissen (1961). Gravity anomalies{Fig~ 89) show
good correlation with broad geologic units. A northwest trending
rectangular gravity high correlates with some outcropping and sub-
surface volcanic and granitic rocks Qf the St. Francols Mountains.
The high extends from Wayne County northwestward to the nérchern

part of Franklin County.
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Sources of the gravity anomalies are believed to be in the
Precambrian basement rock. Deéthé estimatgd from the western gradient
of the gravity high and the gradient over the Farmington Anticline,
between St. Francoils and St. Genevieve Counties, indicate sh;llow
sources in the crust. Several thousand feet of sedimentary strata
are needed to produce the 10 miiligal anomaly observed in Washington
and Franklin Counties. The source of this gravity hjghﬂisAfggﬂ_H“._”“__
necessarily exposed or near-surface rocks but might be'due to more mafic
rock at depth.

Cranite of Jonca Creek in St. Genevievé Counﬁy is less dense
as inferred from the corresponding gravity lbw. The large low west

and southwest of the St. Francois lountains in Texas, Howell and

Shannon Counties is believed to be low-demsity granite.

Theee small gravity highs in the northwest parts of Dent, Phelps,
and Marile Counfggiaéﬁggxgﬁ%eved to be caused by diorite inﬁrusions.
These anomalies are aligned on northwest trending gravity feature
west of the St. Francols Mountains. The high in Dent County appears
to correlate with Hioritic rock detected in drilling samples (Grenia,

1960). The isolated highs in northwestern Phelps and Mariles

Counties probably are produced by the same mafic rock.
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. The physiographic lineaments show a fhombic pattern similar to
the magnetic trends. Scme lineaments coincide or parallel the magnetic
trends. Correlation of physiographic patterns with know faulting is

less pronounced. These lineasents trend northwestward and north-

— .

eastward. The; draping seffect of the thin Paleoczoic sedimentary
cover against the Precawmbrian blocks (Fig. 86) shows in the rhombic
pattern. These patterns reflect joirt-controlled drainage and the
effect of the buried Precambrian ridges (Zarzavatjian, 1958). Major
structural lineaments that bound the St. Francois }Mountains block
parallel the direction of magnetic lineaments.

Magnetic lineaments trend predomimantly northeastward and
northwestward to form a rectangular or rhomﬁic pattern. Co:@arison
of trends of anomalies or gradients with faults show 2 good correlation.
The St. Gernevieve fallt zone, Wolf Creek faglt, and some swall faults

- - - - . m e —————

were extended beyond present mapping by use of aeromagnetic lineaments.

These magnetic trends also outline granite~floored basins at
Belleville (A&), Sabula (B), and Goodwater (C) in Figure 3. Faults
deduced from aeromagnetic data include the faults postulated by
Graves (1932) for the Ironton area. Although the faulted

coarge-grained granite seem to have subsided in areas such as the
Belleville and Sabula basins, the buried coarse-grained granite
block northwest of Avon seems to have been ﬁplifted to form the

Parmington anticline.
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The magnetic gradients used to deduce fracture systems (Fig. 90)

%izdfe 90 near here

represent shafp contrasts between magnetic and nonmagnetic units.
Vertical intrusive contacts cause similar gradients. These contacts are
magnetically indistinguishable from fault contacts except where fracture
zones also cause magnetic lows as well as iinear grandients such as
associated with the Big River fault zone (figs. 3 and 60). Aeromagnetic
patterns are locally more informative for near surface rock units than
the gravity data. Areas of low magnetic relief containing small,‘
low-amplitude anomalies that partly border the higher magnetic relief of

the St. Francois Mountains may be used to outline areas of possible Cambrian

archipelago environment (fig. 91), which is a locus of lead mineralization.
Figure 91 near here

Such an area may be the newly developed lead-mining area that extends
southward from Czar Knob and Viburnum towards Oates (fig. 2a). The gross

magnetic pattern is useful in distinguishing favorable basement structures;

it does not indicate the sedimentary environment directly.

287



Faults

Dashed where location i
uncertain, dotted where
deduced from gero- |
mognetic and geologic data |

b

Ny

L

Figure 90.--Fractures deduced from aeromagnetic and geologic information.
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o

1.--Areas of postulated archipelago- environment surrounding the

Figure 9
St. Francois Mountains.
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Resume and conclusions

The development of a mature lendscape on the Precembrian surface
ie;f;c.‘resistant hills of volcanic fendants on a granite terrane. The
St. Francois Mountains formed an archipelsgo envirorment at the time this
area was inundated by Cambrian seas. Atolls, wave-cut benches, sand
bars, and shallow platforms permitted bulilding of reefs and deposits of
interlagoonal debris. A rhombic pattern of faults and major zones of
fracture pro;szided channelways for mineral-bearing solutions to reach
sedimentary structures in the dolomitic limestone.

A study of the szeromagnetic information over the St. Francols
Mountains shows that magretic anmmalies ere useful in distinguishing
() areas having potential economic irom deposits, {b) borders of basins

| heving possible archipelago enviromments, (c) imobs end ridges baving .

sultable sedimentary structures for localizing deposiis of galensa,
{d) areas of faulting, (e) the attitude of igneous contacts, (£)
subsurface configuration of volcanic pendan‘t;s , and (g) different
granitic rocks. 'These data are not only helpful in disclosing reglonal
structures and thereby aiding the field geologist in mapping but are
8lso helpful in delineating sites favorable for mineral exploration.

Many low-amplitude anomalies,up to 200 garmas In amplitude, are
ceused by topographic relief of the Precambrian surface. Scme inter-
mediate ancmalies, 200-600 gemmas in amplitude, are caused by lithologic
‘nhomogeneities as well as topography. Low=- to intermediate-amplitude
ancmalies should therefore be exanmined geologlcally where they are
related to resistant igneocus rocks that have topographic relief, which

may structurally control econcmic mineral deposlits in the overliying
carbonate strata. ‘
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In the Bonneterre area, where subsurface geologic information is

abundant, topography ~2nd major dislocations of the basement

'

rocks and overlylng sandstone correlate well yith anomalies of the  derived
magrpetic fields, The applicetion of autcmatic computation to aero-
maznetic data speeded interpre’cation of selected areas.

Magnetic relief of low-amplitude aercmagnetic anomalies. W;s-»
exa.égerated by prreparation of vertical deriveties or by continuétion or
the field downward. Contour maps of these intensified f'ieid_s
resexbled or correlate vith the Frecambrian swriace butb do not
uniquely define the configuration of the basement. Filelds continued
toward their source showed large vertical oscillations in profile vhere
the field was continved to a depi;h bey‘ond‘ _'lzhg basement contac’s ~thus,
continuation indirectly corroborated calculated depths to basement. Continuatior

of the aeromagnetic field to a level near the surface of the Precambrien
rocks ipcreased the amplitu&e of small low-amplitude w@es vwhere-
by they were more easlly distinguished from broad magnetic anamalies.
Bﬁried basement topography especially in areas of isclated volecanic
roof pendants, wes better defined by downward continuation rather than
Yy derivatives or residumls of observed date. Downward continustlon
hed greater resolving povwer than the other methods. As the gradient

of the continued field and the vertleal derivatives steepen in profile,

[ ]

presence of the pinchout lipe of the sand is more likely‘. 'rhis technique may be a

useful gulde in del;tx:\ea:i:.in%h more favorable areas for exploration.
Continuation downward to the Precambrian surface yielded the best

correlation with extensive mine voridngs in the lead district. The
relations between these deposits and magnetic anocmalies are useful
guldes for exploring the Ozark uplift. o

24z



The need for some conventional ground magnetic surveys, which are
time-consuming and expensive, can be eliminated by simulating data at
ground level by downward continuation of ae?omagnetic data, unless the
added resolving power of being closer to the source is needed.

These interpretative techniques can be uséd on aeromagnetic data
elsewhere in the mining district of southeastern Missouri to deduce areas
of likely buried topography and. faults and,'thus, t& delineate areas
favorable for exploration of ore deposits. .

The shallow sedimentary basins surround the St. Fréncois Mountains
are potential areas of exploration for lead deposits. The area enclosed
by the sea level contour on the Precambriantsurfaée encompasses many of

these shallow basins.
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