(200)
290 |
a7e DEPARTMENT OF THE INTERIOR

UNITED STATES GEOLOGICAL SURVEY.

INTERPRETATION OF AEROMAGNETIC
ANOMALIES I¥ SOUTHEASTERN MISSOURI
By

John W. Allingham

A study of the relations of aeromagnetic anomalies to the

Precambrian igneous geology and related mineral deposits

Prepared in cooperation with the

Missouri Geological Survey -

Open-file Report 76-868

1976

¢ vy Y IR
4 DEC2 T 1H7S

This report is preliminary

and has not been edited or:
reviewed for confromity with
U.S. Geological Survey standards
or nomenclature.




"~ 7. This report is the first draft of a manuscript which was written
in 1966 and intended for more formal publication. It is released now

(1976) in its original form to make the data available to the public.



CONTENTS
PAGE
Abstra(!t..............-o.-.........--......-...-.‘....-...-o.. 1

Intrbduction................-..o...-.......-....-.9......-... 4

JORNIRESP SEE

" Geological and geophysical investigations....;.;;..};;.;\ 10

. ACKROWLEdEmentS . e e suunusessnasessessosssonsasersassssse 16

\ . . .
‘A\__P_h_yls,l::_q_g‘.r,ép_hy‘..'..,.....‘.._."..,‘.'.........."...........'......’ . 18 -

Interpretative problems and resultS....c.eeceeecessncioe. 28
Geql&gic setting......{..;.................7....;;..},..,,... 33‘.V

Igneous and sedimentary rocks.....;...i........;........ 41

Volcanic roCkS..sceecessssenroceostacencensanacans 4;
Granitic YOCKS..ceeeeeooesoaronscssonssancsvannanas 47 :

Mafic TOCKS..ceeeeeensosencensoasonacasaancasnoones 49

Sedimentary YOCKS..eseseeeaesescccssscsasacsonsscas 90
‘Lamotte Sandstome...iecessoceseerneroracnaaens 50a

Bonneterre Dolomite.e.eeeeesecsecesasasaneeaes S1

Davis FOrmation..s.eseesconesccscsascsnscseseaa Db
Derby-Doerun Dolomite..ciereececececscracsacas D42

Potosi Dolomite..;............................ 55

Eminence Dolomite...ciereeeconnnaneeccsancnnns 57

‘Magnetic properties of the rockS.essececcesesasanes 59
MEASUTCMENES .+ e veverernsnsvonososecssesasansas 61
Susceptibilit)’..."..l'..l...'.."....‘..'.... 62

Remanent magnetisme.ceececescoccscocscsssconns 70 -



CONTENTS (Continued) . PAGE

Stmctureonttoqooooco.-....go.-..‘oo0..0.0..»0'..0.00.0... 75

‘
{

S N e e T

'
e e -

Paults.o...‘.o...o..‘o;.00.0;..000000,.0.'.0;.'.... 82
Joi‘nts,..otoc..'.o.t-o..oooooocooooooooo..o..‘ooo..oo 863.

}Iineral depositso.onoo0.'...0o...o.00.-0..-.00.0-..0.;... 87 :

e e

CIGSS.ificatiOn...o---..."... 0..0.'0000‘00.0000000"’00. 93

. stmctural control.ooco..oooo.ooo'o‘.coona‘o‘0..’000-00 94

Domal and anticlinal structﬁres............... 94 .

Ridge and basin SETUCLUTES.euaessennnnsconeson 97

FractureS..ccecevecsccsecacscsccccsssssasccennanceas 100

Aeromagnetic survey.Q........J.....;.....;..;....;;;..;....Q.‘10§ :f.
Collection and compilatién of data..;;.......:...{....;. 10§'
Field operations;.....7........;...........-....... 109
Compilation of field data...ceceececcnneccccncnana. 110

Accuracy Of POSitiOﬂ......o...-....... »noc.c‘.. se e ee llo

Total-intensity maDe.ecceccsscecasscanccnsencscasaansess 113

Aeromagnetic anom‘alies-..t..."..............l..’.........;.. 118 .
Interpretative techniques...cececeeeecesaccacnacenseaass 120
Data and CalCUl&tionS.a.--.-oo....-..o......,p.-.-.oo-o» 130

\ T
Characteristic anomalieS.cceeeceseencesosnenaocscescsess 132



CONTENTS (Continued) PAGE
ROCK relationS.e..eeeecsescsccosscsscosasscsaacssssesnss 152
Structural relationS.cceescsocosrosscccsvcrcsccsnasesss 158

Topographic anomalies.................L,..:..Q...; 160

Roof pendants of volcanic racks....;..ii......t.;} 169 .
Faults and basins....;.......;.......;..:;;..;;:.. 156
Relations to mineral deposigs.........;...;.;;;........' i85
Iron ééposits.........l.........;............{.ﬁ.. 186

Pea Ridge anomaly.........................Q.; 4187..

. Cottoner Mountain anomaly¥....eeeeseccccsssasa 195

Kratz Spring anomalye.c.ecececocecssccnccaseses 200
Shepherd Mountaln anomaly...ecesecceseceoceoase 201

"Iron Mountain anomaly....;...;;.,},;...,;;.{.;t207l:'

Lead and zinc deposits..........................7., 208

POtOSi aredceecececcscscscccccsencsnscccccenesss 210

The eastern mining area.................:.... 221
Irondale anomaly...ceoceeeecceancocecesenssas 223
Bonne Terre are@...eccecceccocceccencccsscssans 225
Anomalies and mineS....cceeececcccncccccesess 229
Analysis of anomalies........................ 233
Detailed aeromagnetic dat@..cececeecesscssscas 245
Relations to regional features.......;................. 249
Sources of volcanic rocks...;...:................; 250
Belle anomaly...c.eveeensesacsasesssessccsscancase 252
Ironton anOmaly...cceeecscecsveassocscoscsccnseses 257

Indian Creek anomaly.....cocevennescasanaccnaneass 260

Richwoods anomaly......................;.;..,..... 265



CONTENTS (Continued) ’ 4 PACE

’ AVOQ anomaly.ooo.ooo.oo..’ooo..'t‘o.c;..o-o.o.o..oo.’ 272

L]
GabbrOiC_rOCka.>Af...-ooo.-o'.-.~ LI SN NG A I I B RIS X 275

:—“—_" -t ivn e o b e e - - e TSy SEU

__ Subsurface structure and geophysical data.....ceceeee.s. 277
Resume and CONClUSIONS.eseeeesecnsseascesnessaasssansancnssas 291

. Refere.nceS-.oo..Q.-n....-.'00'0.0..o.--bluococo.-..;....l-’o-.- 294



TABLES

) : ' PAGE

Table 1. Average susceptibility of rocks from the

- 8St. Francois Hountains.............&..;.....Q..L.; [ 60

Table 2. Depths to buried Precambrian basement es-—
 timated from aeromagnetic data...k....;..........{~_'154 };
Table 3. Correlation of Precémbrian topography and |
| lowamplitude magﬁe;ic anomalies...;..;;...;;..E... .'éé; :f

rable 4. High-amplitude anomalies related ‘to
| possible mineralized volcanic st#uctures.......... 251

Table 5. Ring~like magnetic anomalies in MiSsOUri.......... 256



ILLUSTRATIONS

PAGE
Figure 1. Index map of Missouri showing exposed Precambrian

igneous rocks and major structural features........ 19

2. Geologic map of the St. Francois MountainS......... 34

2a. Aeromagnetic and geologic map of the lead mining

district of southeastern MisSsSOUri..cceececsseceseses. at enc

3. Total-intensity aeromagnetic map of the St.

.

Francois MountainS..ceececeececsccscsscscnsonnasscccae 35

4. Generalized geologic section on the flanks of the

St. Francois MOUREALNS e e e enensenensasasnsansnrans 40
S. Stratigéaphic sectiop of Precambrian and Cagbrian

yocks in the Bounne Terre area, Missourl..cccececcses 43
6. ?Plot of mégnetite §s'magnetic susceptibility of

rocks from the St. Prancols Mbuntains;....;.....{.. 54. ,
7. R#hge of magnetic susceptibilit} éf rocks frém

thé St. Francois Hountains.....;..1.;..;...;.x...lQ 66
8. Susceptibilities of granitic rockéfin the

St. Francois ‘Yountains 68
9. éuéceptibilitiés of volcanic rocks in the St.

Francois MountallS.eeseeeeececcrerscecenneanoccnnes 69

- 10. Remanent mowents of samples of rhyolite near

‘Stouts Creek before and after partial‘démagj

netization.......................4................. 72
11. Random scatter of remanent vectoré of granitic

rocks frow the St. Francois Houniains.............. 74



ILLUSTRATIONS (Continued)

I4.

15.

i6.

17'

18.

19.

20.

21.

Relations between sedimentary and basement

StmctureS..-o..-.-.c........o...o.oai;......-o.-.-.

i

—. e e e - i e e . - -~

Use of Pol#r charts for two- and three dimensiomal
analyses of éergmagnetic anomalieS.ceeeacescecaanas
Diagranm showing‘the.ﬁg;amétéféw-used to coﬁpute
the displacement ofwﬁormal faults in basement
YOCKSeeoeeoeerooonsoaseoocresnsnasassssscssosncnansson
Characteristic magnetic profiles across vertical
Fault ZONeS.s.ccssccscesveresecoccsossasascansancne

Width of the Simms ﬂountain fault zone

estimated from aeromagnetic data....eeeeccceccacans

PAGE

95

121

126

134

135

Characteristic total-intensity magnetic profiles over

nomal faU.li‘.S--..........-.......................-.

Aeromagnetic interpretation of the Palrer fault

ZONBeecressnctccensoccsostoscsosocssasessocssacssssscansaen

Magnetic effect of inclined contacts between
granite and volcanic rockS..ceiaeeceeccscecncencene
Characteristic total-intensity magnetic profiles

in the magnetic meridian over vertical contacts

136

137

139

showing the effects of varied rock susceptibilities. 140



ILLUSTRATIONS (Continued)

22.

23.

24,

25.

26-A

27.

28,

29'

30.

31.

’

Characteristic effects of ends ofivolcanic flows

at different thicknesses and depthS....ceveeccecens
Aeromagnetic profiles over contacts between
granitic and volcanic rocks mear Flatwoeds
area..........‘.....;....;.................,.......
Aeromagnetic profiles over volcanic flows

pear Minimum and Criswells,Missouri...cccevececeecnas
Prismatic model used to approximate aeromagnetic
anomalies of the type negr Shitléy, Missouri.......
Interpretation of the high—awplitude anomaly

near Shirley, Missouric.cceeieccecssccccescansncecanasns
Magnetic profiles over'C§lindri;ai. models of
infinite depth extent.:....:...;..;................
Aeromagnetic anomaly associated with a plug-like
feature near Pyatl.ceccececscsccarcsccscnssasanccan
Magnetic profiles over erosional areas in

VOlcaniC fIOWS‘Q--aounocooolo.l..n.o.'.con-.-.-loo.

Aeromagnetic anomaly at Cedar Creek caused by an

erosional discontinuity in volcanic flowS...eeeceses

Aercmagnetic and geologic map of part of
southeastern Missouril showing contrasting

aeromagnetic pattermns over granitic and

v01leanie rocKSeseeosssossoesscsasasscsssncssssnsonsone

PAGE

141

142
143
145
146
147
148
150

151

153



ILLUSTRATIONS (Continued) PAGE

32,

33.

36.

37.
38.

39

39a.

40.

Subsurface structure and litholoéy deduced from
aeromagnetic profiles over the St. Francols
Mountains".'.".....‘.'C...........‘.....Q.CVIQO...O' 155

. -

Topography of a granite knob showing the irregular .

three—-dimensional model used in computations........ 161

The magnetic effect of topographic relief by
three-~dimensional techniques..i.cceeeccescsasacreacs 162
Magnetic profiles computed from two-dimensional

models showing the effect of topography....ceceeec... 166
The magnetic expression of a rhyolite hill

and a gabbro sill on granite terrain at

Evans Mountain..cceesaicecceeesecccasacscanscacnasas 170
The magnetic effect of volcanic rocks on

gabbro terrain at Bald Knob....cevesenerencereanaaes 171
Subsurface structure of a roof peﬁdant at Tin

Mountain from aeromagnetic datad....cceveeececscacsens 173
Magnetic profiles showing the effect of topo-

graphy and deep—rootéd subsurface structure of vol-
canic rocks at Crane MOUREAIN...eeseesesecesoncsaons 175
Diagrammatic section showing aeromagnetic

anomalies ovez the complex St. Genev;eve
fault'zone.......................................... 177
Aeromagnetic profile from Flat River to Cabanne

Course, showing the effect of basement topography
and major fault zoReS...evercesecreccioscnsncvennassa 179



ILLUSTRATIONS (Continued)

4,

42,

43.

b4,

45,

46.

67.

48.

49.

Subsurface structure of the volcaniec roof
pendant and fault zone at Simms Mountain
deduced from aeromagnetic data....ccceecevcecarcoas

Aexromagnetic profile over a ridge of trachyte

"and pyroclastic rocks at Buford Mbuntain.;.........

Computed magnetic profiles over models of
representing (a) the shallow Belleview basin

and (b) the Farmington anticline.....ccecevecevecnes
The high-anmplitude aeromagnetic anomaly at Pea
Ridge, Missouri, caused by a large mégnetite;rich
iron deposit.....................f.................

Second-vertical derivative of the.Pea Ridge

anomaly at 1/2-mile spacing suggesting an arcuate

. deposit........---.......a..'-....'..-.....‘....-...

Second-vertical derivative of the“Pea Ridge anomaly

‘at 1/4-mile spacing suggesting a linear deposit....

Magnetic anomalies caused by volcanic rocks and
magnetite body at Pea Ridge..iveieecceseceroesrecans
Susceptibility measurements of rhyolite corxed

foom the U.S. Bureau of Mines drill hole (BN-1)
near BOurbon.....................1.................

The high~amplitude aeromagnetic anomaly at Cottoner

Mountain near Marquand.....c.ceeesrcrccacincsnsannn

PAGE

180

182

183

138

189
191

192

194

196



ILLUSTRATIONS (Continued) . PAGE

50. Second-vertical derivative of the Mt. Cottoner
Aaﬁomaly near Marquand...............;;;;.........7. 198
~ 51. Interpretation of a total-intensity aefomaggeiié i
| profile ofer a potential iron deposit a;'
Cottoner Mountain;................;....7;§......... 199
52. i;;”kré:z Séring aeromagnetic anémaly, ﬁﬁion quadrargle
f that suggests a potential buried iron deposit...... ZQZ
52;} SQséépéibiiié} méés&gegénﬁg of fhyoliée core from
drill holes at Shépherd Mountain, (a) Russell
Mountain, and (b) Anderson Mbun;ain:-(éj.::.:;;;i.; 203
53. Total-intensity aeromagnetic anomaly at Potogi showing
tﬁe disfributiog of residual lead and barité
deposits.....;.............................;....... 211 |
54, Seconé—vertical derivative of the Potosi anomaiy
at 3000-ft gfid spacing showing the magnetic
grédient that outlines the source rock......esvese. 213
55, Second-vertical derivative of the Potési anomaly
at 2000-Ft grid SPACARZ. enensenencenensnsomsnanesns 215
56. Second-vertical dgrivative of the Potosi anomaly.
at 1000-ft grid spacing..............:.............. 216
57. Potosi anoraly continued downward to 900 ft |

abOve sea leV(.‘.l.....-.o..-.....o--.-o-?.o.no-.....-.. 217

v
il



ILLUSTRATIONS (Continued)

53.

59.

60’

61.

63.

64.

65.

66.

Potosi anomaly continued downaarq to 100 ft

below sea level, near the Precambrian surface......
Magnetic profiles across the anomaly at Potosl
showing the effect of downward continuation........
Aeromagnetic and geologlc map showing the

major features of the main mining area near

Bounne Terre, ﬂissouri..................;...........
Aefo;;énétic téelow) daéé sﬁowing correlation with

Precambrian outcrop, subsurface ;opography, and

faults (above) at Irondale, PMissouri .....ceceeces.

A S T+ i - g ————— e

Aeroa%gnetic profile showing,tge effeet of topo-
graphy and estimated depth to basement at Chicken
Farm KNOD.scicessoosscesanocenasasscaasasssassosnana
Aeromagnetic profiles over a granite knob at

Bonne Terre showing low amplitude and continuity
of the magnetic anomaly and its correlation with
mine WOrkingS.ececeteenscincccenscecnsarnsaasrcasnnes
Total-intensity aeromagnetic map>of the Boanne
Terre area, southeastern Missouri showing its
relation to faults, mine workings, and buried
knobs..................;...........................
Residual zanonalies from the third-degree represen-

tation of the geomagnetic field in the Bonune Terre

areano-...........-....-..-......-.......--...--..‘

PAGE

218

219

222

224

227 -

230

232

235



ILLUSTRATIONS (Continued)

EXN

67.

68.

69.

70.

71.

i2.

73.

74.

75.

76.

77.

.rhyolite pendént of €hicken Farm‘ﬁnnb..............

Second-vertical derivative of the observed magnetic

field in the Bonne Terre are@ec.cececssccscssssccassa

Aeromagnetic field in the Bomne Terre area con-

PAGE |

236

tinued downward to 100 ft below sea level, about average

Precambrian surface level......................;...
Third-degree polynomial representation of the
geomagnetic field in the Bonne Terre area..........
Profiles of derived magnetic fields over the |
rhyolite pendant of Switchback knob....veeeceeceanns

Profiles of derived magnetic field over the

Detalled total intensity aeromagnetlc map of the

R i Tl T

orrelatlon of aeromagnetic data and mine work—

ings at Leadwood, Missouri.....cieeeeerecvoccncsans

r
a3 ea e e L

237

240

242

243

Bonne Terre area hav1ng a 20—gamma contour interval. 246

248

The circular aeromagnetic anomaly at Belle, Missouri.253

Magnetic profiles across the Belle anomaly show-
ing dimensions of maggetically contrasting
TOCK.eooosanescnascsscsesaseosassscocccsavsccncsnnanss
Correlation of exposed igneous rocks and derived
magnetic fields in the Ironton aréa................
Susceptibility of trachytic rocks cored from a

buried ridge near Indian Creek, Missouri...eccec...

254
258

261



ILLUSTRATIONS (Continued) ' , PAGE

78.

’ 79.

80.

81.

82.

83.

84.

85.

86. .

87. ¥

i
t

Correlation between aeromagnetic gnomalyi(solid)

and subsurface topography (dashed) of Precambrian

rocks near Indian Creek.....cvceviveennssevensnncaes -263
Aeromagnetic profile over a ridge of trachyte

of high susceptibility near Indian Creek........... 264
Aeromagnetic anomaly in the Richwoods area......... 266
Field of the Richwoods anomaly continued down-

ward to 700 ft, about g?ound levgl.........'.;..... 268'
Field of the Richwobds anowaly continued down | |
ward to 600 ft below sea level, nearly the ‘

Precambrian surface level.....,.................... 1??2_“_
Second-vertical derivative of the observed

field in the Richwoods are@.....eiceecesvesccsssses 270
Profiles across the Richwoods aeromagnetic'aﬁomaly

showing the efféct of downward cimtinuation on

the total-intensity £ield......eeeesesceseesnaenses 271
Subsurface structure and intrusive relation-

ShiPB BEar AVOD.........»-'Aof...A.-’o....o..-....--f_.;o 274

Relations of faults arnd earthquake epicenters at the
margins of the St. Francois MMountains, Mississippi

Eembayment and western Fentiuch.iiieeeeccseeroeccnans 279
Magnetic lineaments and exposed Precambrian
- rocks in southeastern Missouri.......... . . 282



ILLUSTRATIONS (Continued) ‘ PAGE

88.

89.

90,

91.

Fracture Systems, structural lineaments

and contours on the buried Precambrian

BUTEACE. e eveacnanoenoserensanaosesseoaneascesenans . 283
Bouguer gravity, major subsurface magnetic

units and inferred lithology......ceeeevseonncns,. 284
Fraéiufes dedué;d from aeromagnetic and geologie
Information.ciceccceccassscnscrccssocssncossecnness 288
Areas of postulated archipelago environment |

surrounding the St. Francois Mountains............ 289



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)



Acknowledgments

: s ) )
Aeromagnetic surveys in southeastern Missouri were made in coopera-

tion with the Missouri Ceological Survey Wthh was then under

s - - e — - “n ettt ot Il R

‘the dlrectlon of E. L. Clark, State Geologlst.

———— - - e Vs e - —_— o e - g — f———. -

The staff of the Mis souri Geological Survey under the direction of State

Geologlsts, T. R. Beverldge and later W. C. Hayes, helped the
writer in many ways, éérgic;lg;iy 1Qw;;;1;;ic co;gii;;;;;:

The author gratefully acknowledges the cooperation of officials
and geologic staff of the St., Joseph Lead Company, the National Lead
Company, American Zinc and Smelting Company, and the Ozark Mining
Company, subsidiary of M. A. Hanna Company for furnishing éubsurface
samples Irom their drilling program and g;ologic information from
exploration and mines. The writer is also indebted to the staff of
the Geology Department of the Missouri School of Mines and Technology
and the U. S. Bureau of Mines at Rolla for core samples and'geologic
information. H. L. Scharon, Professor of Geophysics, and Walter
Hays, Research Assistant, Washington University at St. Louis, provided
much~info¥mation on rock magnetism from the Ironton area.

Gofdon French of Rolla assisted in sampling igneous rocks in
Washington County. James L. Connolly of Ironton, because of his

knowledge of the Ozark regiom, guided and assisted the author during

field sampling in 1956.

16



The writer especially acknowledges the assistance and counsel of
colleagues and other personnel of the Geoiogical Survey, who contri=
buted directly to this ¢udy. A. L. Baldwin, Jr., and W. E. Huff, Jr.
prepared and measured the magnetic properties of rock samples from
goutheast Missouri. Montgomery Higgins, J. C. Lowé, and B, L. White
assisted in making numerical integrations and computations; together
with Alan Niem and Natalie Tyso;, they prepared magnetic imput
information, compiled and contoured computed data. R. G. Henderson

pro¥ided guidance in applying mathematical procedures. James Marsheck

and W. L. Anderson, furnished computer programs and computatlons.

17



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,

48



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.

61



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.

85 (p. 86 follows)



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.
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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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>