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Regional Geologic Setting 

INTRODUCTION 

Th is Gu idebook was prepared for a field tr ip 
held in conjunction with the 1981 Annual Meeting 
of the Geological Society of America. However, it 
is intended for use by al l those interested in the 
unique opportunity to study the only extensive 
outcrops of Precambrian rocks in the continental 
interior of the Un ited States. 

A previous guidebook to the region is out of 
print and obsolete (Hayes, 1961 ). Another volume 
( Kisvarsanyi, 1976) contains a guide to selected 

parts of the St. Francois Mountai ns, but its primary 
funct ion is to present investigations pertaining to 
the Precambrian of southeastern Missouri . The 

present Guidebook was prepared following several 

recent stud ies that contributed signif icant new data 
on the Precambrian geology of the region (Pratt 
and others, 1979; Kisvarsanyi, 1981 ). The routes 
(fig. 1) were chosen to featu re the principal 
granite types (Road Log No. 1 ), d iverse volcanic 
rocks (Road Log No. 2), and one of several iron
ore deposits ( Road Log No. 3). 

REGIONAL GEOLOGIC SETTING 

The St. Franco is Mountains constitute the ex
posed portion of an extensive Precambrian terrane 
of anorogenic, granitic ring complexes identified on 
the basis of drillhole data and aeromagnet ic maps 
(Kisvarsany i, 1981 ). This igneous terrane is of 
regional interest because sim ilar rocks, between 1.3 
and 1.5 b.y. old, are w idely distributed in the Pre
cambrian craton (Silver and others, 1977) and 
represent signi ficant add iti ons of sialic material t o 

the continental crust . The terrane is character ized 
by the predominance of alkal ine-si licic over mafic 

rocks, and trachytic intermediate rocks. The oldest 
rocks recognized in the terrane are rhyo lites (ash
flow tuf ts and lava flows) intruded by comagmatic 
gran ite p lu tons of an epizonal bathol ith (Tolman 

and Robertson, 1969; Ham il ton and Myers, 1967) . 
The age of the rocks is about 1.5 b.y. (Bickford 
and Mose, 1975). 

The distinctive ore deposits o f the St. Francois 
terrane are ( 1) magmatic and hydrothermal iron
apati te deposits (Kiruna-type); (2) hypo-xenothermal 
vein deposits of tungsten, silver , and lead; and (3) 
vein and replacement deposits of manganese. The 
terrane also has a potenti al for granit ic uranium 
deposits of the Bokan Mountain type and for ti n
niobium deposits of the Nigerian type (Kisvarsanyi, 
1981 ). 

The Precam brian terrane has been deeply eroded 
and d issected, result ing in a rugged topography and 
the unroofing of granite, but it has not been 
regional ly metamorphosed . Upper Cambrian marine 
sedimentary rocks are in nonconformable contact 
with t he underlying igneous rocks. Near the crest 
of the Ozark dome, the p rominent structure of the 
region, the Precambrian outcrops represent a 
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St. Francois Mountains 
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Lithologic Description 

Dolomi te. fine- to med1um·9ra1ned. arg,llaceous, 
cherty, "cotton rock ·· variety locanv abundant. 

Do1orr1i te. l ight-gray to brown, fine-grained. 
chettv. 

Sandstone, quartzose. 

Oolomtte, l igh t -gray to bu ff, t ,nc- ro coarse
grained , chert y, contains b eds and lenses of 
cryptozoon. 

Oolom,te. arenaceous. rour'lded-frosaed quartz 
grains. 

Oolom,te, !lght,gray , medium, to coarse, 
grained, medium· to mass,vely bedded, chert y. 

Dolomite. brown 10 gray, fn,e- to medium· 
grained. massivel y bedded, contains abundant 
Qvaru druse and ch erty digi1a1c a19a1 forms. 

Dolomite. tan to b u ff, fine· to med1um·grai ned, 
arg ,llaceou s. silty, oohtic. 

Shale. dotom1t1C, th in-bedded; con tams edgewise 
conglomerate ; Eootrhis zone 30 to 35 feet below 
top. "Marble boulder bed" 60 to 70 feet below 
top. l nterbedded limestone in some areas. 

Do1om1te, fossil iferous. 91auconit1c, locally shaly, 
/ s,itv or sa ndy, micritic. 

·. ""Laminated siltstone, calcareni tic, may contain mud· 
'-r-'-,-L...,,-'--1, chip conglomerate; glaucon ite. 

Dolom ite. ligh t-9ray to dark-brown, f ,ne· to 
medium.grained, glauconit1c in p laces. contains 
some dark-green to black, thin shale beds. Lenses 
of gray t o pink limest one are referred to as 
''Taum Sauk marble". 

Sandstone and conglomerate, quattzose, arkosic; 
contai ns interbedded red-brown shale. 

Diabase and gabbro dikes a nd sills. 
Alka li .grani te centtal p lu tans; granite, 
granite porphyry, syen ite, and uachyte 
r inr intrusion s; granophyre and alkal i· 
granite subvol can ic massifs. 

Rhyol i t ic ash-f low tuffs, lava flows, and 
bedded tuffs, minor trachytes . 
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• James, H.L. 1972. Subd ivision o f Precambr ian : an interim scheme to be used by U.S. Geological Survey Stratigraphic Commission Note 40. A mer. Assoc. 
Petroleum Geologists Bull ., v. 56, n. 6, p. 1128-1133. 
The subdivisions are purely temporal : the geochronol0gic boundaries o f Precamb rian Y are 800 m .v. and 1.600 m.y., B.P. 

Figure 2. Generalized stratigraphic column of the St. Francois Mountains area. 
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st ructu ral and topographic high. The highen point 

in the State, 1772-ft Taum Sauk Mountain, is 

w ithin the most extensive outcrop of volcanic 

rocks in the area. 

The fi rst det ailed account of the Precambrian 

rocks is by Haworth (1 895). Mapping at a scale of 

1 :62,500 began in the 1930's, continued in the 

1940's, and resulted in the publicat ion of a 

1: 125,000-scale map and report by Tolm an and 

Robertson (1969). Recogn ition of ash-flow tuffs 

in the St. Francois Mountains by R.E . A nderson 

(1962. 1970 ) gave impetus to the renewal of 

geologic mapping, by apply ing modern con cepts 

of ash-flow magmatism. Mapping at a scale of 

Regional Geologic Setting 

1 :24,000 continued through the 1970's and 

resulted in a new geologic map at 1: 125,000 scale, 

by Pratt and othe rs (1979 ), showi ng the outl i nes 

of three proposed calde ras: the Taum Sauk , t he 

Butler Hil l, and the Hawn Park . The granit ic ring 
complexes in the buried par t of t he terrane 

represent the deeply eroded root region of a 

forme rly extensive volcanic terrane comprising 

seve ral calderas, cauldron subsidence stru ctures, 
ring intrusions, and resu rgent cauldrons. The 

stratigraphic section of the Precambrian and 

overly ing Paleozoic rocks is shown in f igure 2, 

and the formal nomenclature of the Precambr ian 

rocks is shown in table 1. 

Table 1 

PRECAMBRIAN ROCK UNITS IN THE ST. FRANCOIS MOUNTAINS 

ST. FRANCO IS MOUNTAINS 
VO LCANIC SUPE RG ROUP 

Taum Sauk Group * 

Johnson Shut-ins Rhyol ite 
Taum Sauk Rhyol ite 
Royal Gorge Rhyol ite 
Bell Mountain Rhyoli te 
Wi ldcat M ountain Rhyol ite 
Russel l Moun tain Rhyoli te 
Lindsey Mountain Rhyol ite 
Ironton Rhyol ite 
Buck Mountain Shut-ins Formation 
Pond Ridge Rhyoli te 
Cedar Bluff Rhyol ite 
Shepherd Mountain Rhyoli te 

Butler H ill Group0 

Pilot K nob Felsite 
Grassy Mounta in lgnimbri te 
Lake K il larney Formation 

Volcan ic units def ined by Berry (1976). 
Volcanic units defined by Sides (1976). 

ST. FRANCOIS MOUNT AINS 
INTRUSIVE SU ITE 

HYPABYSSAL ROCKS*** 

Buford Gran i te Porphyry 
Munger Granite Porphy r y 
Carver Creek Granite Porphyry 

Brown Mountain Rhyol ite Porphyry 

PLUTON IC ROCKS*** 

Graniteville Granite 

Si lverm inc-Knobl ick Granites 
Slabtown -Stono Granites 
Butler Hi ll-Bread tray Granites 

Formal names from Tolman and Robertson ( 1969) . 
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@skrainka Diabase 

• Graniteville Granite 

r:--:1 Buford Granite 
L..:u Porphyry 

t :· :1 Knobllck Granite 

LJ Sllvermlne Granite 

r:::::::::l S labtown - Stono 
L;:::;J Granites 

~ Butler HIii - Breadtray 
~ Granites 

D Volcanic Rocks 

--' \, 
Gradational contact 
between Butler HIii (NE) 
and Breodtray (SW) Granites 

" "-........Precambrian fault zone 

Precambrian geology after Pratt and others ( 1979). 
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Figure 3. Route map of Road Log No. 1. Total logged distance is 68. 7 miles. 
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Road Log No. 1 

ROAD LOG NO. 1 - THE INTRUSIVE SUITE 

Thi s route thro ugh the eastern part o f the St. are sched uled along the road as well as th ree 

extended sto ps : on Knob Lick Mountain (1· to 

1.5-hour h ike), at Silver Mine (2 -hour hike), and 

at the Elephan t Rocks Sta te Park (1.5-h o u r h ike). 

Note t ha t rock col lecting with in State Park 
boundaries is proh ib ited by law. 

Francois Moun tai ns (fig. 1) t ransects the principal 

gran ite types ex posed in t he area : a sub volcan ic 

massif (Butler Hill and Breadtray Granites), a 

diffe re ntiated, multip le ring intrusion (Knobl ick, 

Sla btown, and Si lverm ine Gran ites), and a central 

pluton (Granitevi lle Gran ite). Several short stops 

Cum. Diff. 

STARTING POINT (fig. 3) : 

Junctio n of U.S. Highway 67 and State Road W, west of Farmington , St. F rancois 
County , Missouri (SW% NE% sec. 2, T . 3 5 N., R. 5 E.). 

0.0 State Road W overpass above U.S. Highway 67. Proceed south on Highway 67 
from starting point. 

1.3 
1.3 Bridge o ver St. Francis R iver. 

0. 7 

2.0 Cuts o n both sides o f road expose sha ly, silty Davis dolomite. 

0 .7 

2. 7 Dav is dolom ite o n b o th sides of road; same litho logy as in previous cu t. 

0.4 

3 . 1 Junction with St ate Road H. The small cut at the southwest corne r of the inte rsectio n 

exposes t hi n -bedded Davis shale and dolom ite; cuts at al l othe r corners ex pose massive 
Derby -Doerun(?) Dolomite. Relationsh ips ind icate a fault str iking approximately 

northwest-sou theast , an d cutting across the southwest corne r of t he road junct ion. This 

area is par t of the 3 ·m i-wide Libertyvil le gra ben , bound ed o n the northeast by t he 

Wo lf Creek-Greasy C ree k fa u lt zone, and o n t he southwest by the Simms Mountai n 
fau lt system. 

0.5 

5 



THE GEOLOGY AND ORE DEPOSITS OF 
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3.6 

0.5 

4.1 

1.0 

5.1 

0.2 

5.3 

Davis dolomite exposed in cuts on both sides of road. 

Shaly Davis dolomite exposed in roadcuts. Withi n the next mile, a segment of the 

Simms Mountain fau lt system strikes N 74° W across the h ighway. The upthrown 

side is on the south; Precambrian granite, 1.2 mi ahead on the h il ltop, is topographical ly 

at t he same elevation as t his dolomite outcrop. 

Bridge over St. Francis River. 

STOP 1. Roadcuts in Butler Hill Granite (SEY. NW% SW% sec. 29, T. 35 N., R. 6 E.). 

The Precambrian Butler Hi ll Granite is exposed on both sides of the road. Lamotte 

Sandstone overlaps the Precambrian erosional surface from the south . 

1.0 cm 

Figure 4. Alkali feldspar phenocryst mantled by a rim of oligoclase (rapakivi texture) in Butler Hill Granite. 

From roadcut, now obliterated by widening of Highway 67, STOP 1. Photo by Art Hebrank. 
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Road Log No. 1 

The Bu tler Hil l Granite and its granophyric roof 
facies, the Breadtray Granite, are the most extensive
ly exposed gran ites in the St. Francois Mountains 

(i ig. 3 ). They constitute an epizonal, subvolcanic 
massif that produced a comagmatic suite o f rhyoli t ic 
ash-flow tuffs now largely removed by erosion. Roof 
pendants of rhyol ite are locally preserved wit hin the 
massif and along its southwestern pe riphery. 

To the north, downh ill to the St. Francis River, 
Butler Hil l Granite is exposed at the surface. Small 
quartz ve ins and a mafic dike cut the grani-te at 
an outcrop on the graded slope; the d ike strikes 
N 10° E. 

The Butler Hi ll Gran ite at this locality has well 
developed rapak ivi texture: ovoidal, pink al kali 
feldspars (orthoclase-microperthite) up to 3 cm in 

diameter are mant led by a thin wh ite rim of 
oligoclase (fig. 4). The granite has prominent joint 
sets; it is int ruded by an apl ite dike that fol lows 
the major joint directions and branches out into 
fractures. The d ike is exposed in the west roadcut. 

The erosional contact between But ler Hil l Grani te 
and the basal Paleozoic st rata is well exposed in the 
cuts on both sides of the road. The granite is 
weathered on top and is overlain by dark-maroon, 
shaly regoli th derived from the weathering of the 
granite. Buff -colored shale and arkosic Lamotte 
Sandstone rest on top, lapping onto the Precambrian 

surface (f ig. 5) . 

0.3 

5.6 

0.4 

6 .0 

0.4 

6.4 

0.4 

6.8 

0.6 

7.4 

0.3 

7.7 

0.5 

8.2 

0.1 

8.3 

1.1 

Cross-bedded Lamotte Sandstone is exposed in cuts on both sides of the road. Beds 
of arkosic sandstone and f ine pebble conglomerate alternate. 

Cuts on both sides of the road expose more-massive Lamotte Sandstone w ith 
prominent cross-bedding. 

Lamotte Sandstone exposed in roadcut. 

Contact between Lamotte Sandstone and Knobl ick Gran ite is exposed on the west 
side of the road. The gran ite-rhyol ite contact is mapped just west of the small point 
exposi ng a fine-gra ined, porphyritic fac ies of Knobl ick Granite. Float along the road 

to the southwest is Knoblick Granite. 

Cuts on both sides of the road expose Knobl ick Granite. The granite is gray, 
porphyri t ic, and contains partial ly assimilated xenoliths. Epidote lines fractures and 
joint surfaces; a sma ll hematite vein fills one of the joints. 

Junction with State Road DD. To the east is the vi llage of Knob Lick. Knob Lick 
Mountain, topped by a lookout tower, is visible to the southwest. 

Knoblick Granite exposed in cut on west side of highway. 

Junction of Highway 67 and Knob Lick Tower Road. Turn west on Knob Lick 

Tower Road . Proceed 60 f t west and turn north. Fol low the Tower Road to the 
top of Knob L ick Mountain. Boulders and outcrops adjacent to the road are 

Knoblick Granite . 
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Figure 5. Nonconformable contact between Butler Hill Granite (below} and basal Paleozoic strata (above). 

8 

Arkosic Lamotte Sandstone overlaps the deeply weathered Precambrian rock. East side of 
Highway 67, STOP 1. Photo by Art Hebrank. 



Road Log No. 1 

9.4 STOP 2. Knob Lick Mountain (NEY. NEY. SEY. sec. 8, T . 34 N., R. 6 E.). Park by 
the lookout tower atop Knob Lick Mountain (elevation 1333 ft above sea level). This 
stop involves about a 1.5-hour hike. 

Rhyolitic ash-flow tufts are exposed at the top 
of Knob Lick Mountain, along its southern slope, 
and in a narrow belt for about 10 mi southward 
(fig. 3). Th is area of rhyolite, mapped as Grassy 
Mountain lgn imbrite, is a roof pendant in Butler 
Hill -Breadtray Gran ites which are exposed to the 
west of it. East of the rhyolite outcrop, the Knob· 
lick and Slabtown Granites are exposed. 

The Knoblick Granite is exposed on the north· 
eastern part of Knob L ick Mountain. I t is a small 
plu ton emplaced along the eastern boundary of the 
proposed Butler Hil l caldera and is part of the 
mu lt iple ring intrusion comprising the Silverm ine, 

Slabtown, and Knoblick Granites. 

From the lookout tower walk 2000 ft northwest down the old ridge road, then 
through the woods to the right to the abandoned gran ite quarry. 

STOP 2A. Abandoned quarry (SW% NEY. NEY. sec. 8, T. 34 N., R. 6 E.). 

In the entire igneous-outcrop area, this quarry 
affords one of the best exposures illustrating the 
intrusive relationship of granite int o the volcanic 
rocks. The intrusive contact of Knoblick Gran ite 
with alkali rhyolitic ash-flow tuff is exposed for 
about 20 ft along the west face of the quarry 
(fig. 6). The contact is sharp and gently undu lating; 
apophyses of granite extend into the rhyolite and 
xenol iths of rhyol ite are included in the granite. 
Thin seams of ep idote are common along the 
contact. The rhyolite above the contact, however, 
is recrystallized to a fine hornfelsic aggregate of 
quartz and alkal i feldspar; only occasional relict 
pumice fragments indicate the ash-flow origin of 
this rock. The near-vertical orientation of these 
flattened fragments suggests the steep dip of the 

rhyol ite above the granite contact. According to 
Davis (1969), the volcanic rocks exposed southwest 
of the quarry have a steep southweste rl y dip. He 
suggested that the steep dips are the result of 
structural deformation caused by t he forceful 
intrusion of the Knoblick pluton . The east-west 
section across the quarry shows the volcanic roof 
pendant "wedged" between the pluton and Butler 
Hil l Granite (fig. 7b) . 

The northeastern contact of the Knobl ick 
pluton is overlapped by the Lamotte Sandstone 

but can be inferred from the aeromagnetic map 
of the area (U.S. Geological Survey and Missouri 
Geological Survey, 1949), which shows a broad, 
low-amplitude magnet ic high roughly corresponding 
to the mapped boundaries of the pluton. 

The Knobl ick Granite is a medium -grained 

amph ibole-biotite adamell ite contai ning an average 
of 30 percent orthoclase-microperthite, 35 percent 

plagioclase, 23 percent quartz, and 10 percent 
mafic minerals; a chemical analysis of the rock 
from the quarry is comparable to Nockolds' ( 1954) 

average of 41 samples of hornblende-biotite 
adamellites (table 2). The early-crystall ized, euhedral, 
zoned plagioclase in Knoblick Granite tends to 
impart a porphyritic aspect to the rock, especially 
on weathered surfaces. Another consp icuous 
characteristic of Knoblick Granite is the presence 
of a large number of mafic clots of variable size. 
Some of them are partially assimilated basaltic 
xenol it hs; some are basic segregations in the 
granite. Davis (1969) also reported xenoliths of 
mica schist believed to have been brought up from 
the metamorphic basement by the intrusion of 
the pluton. 
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Figure 6 

Distant and close-up views of intrusive 
contact between Knoblick Granite 
(below) and rhyolite (above). Note 
prominent rhyolite zenolith near 
point of hammer in distant view. West 
face of abandoned quarry, STOP 2A. 
Photos by Art Hebrank. 
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Road Log No. 1 

Figure 7a 
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Figure 7. Geologic map and cross sections of the Knob Lick Mountain area, STOP 2. Map (fig. la) is 
modified from Davis (1969) , and Bickford and Sides ( 1976). East-west (fig. lb) and north-south 
(fig. le) cross sections are from Davis (1969). 

Return to park ing lot by retracing the route along the ridgetop road. From the 
parking lot, walk south to the "bald," then about 200 yards west along the barren 
southern slope of Knob Lick Mountain. 

STOP 28. Outcrops of rhyolitic ash-flow tufts intruded by d ike of Knoblick Granite 
(NEY. SEY. sec. 8, T. 34 N ., R. 6 E.). 

The dense, aphanitic rhyolite we have seen 
intruded by Knobl ick Granite in the quarry is over
lain by a porphyritic unit , the Grassy Mountain 

lgnimbrite, forming most of the prom inent outcrops 
on the southern slope of Knob Li ck Mountain. The 
ign imbrite is somewhat bleached and recrystallized, 
suggesting that the intrusive contact of Knobl ick 

Granite may not be far below. A north ·south 
section across Knob Lick Mountain shows the 

relat ionship of these volcan ic units and the granite 
(fig. 7c). 

Both the aphanitic and porphyri t ic rhyol ites are 
intruded by a 10· to 20-ft-wide dike of porphyritic 
Knoblick Granite (fig. 7a), wel l exposed in smal l 
prospect pits at this stop. The dike strikes N 40° E 
and has been mapped for 3000 ft down the 
mountain slope by Bickford and Sides (1976). 
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From our position on the "bald," a large area 
of relatively low topographic relief is seen to the 
southwest (fig. 8). Th is area, cal led The Flatwoods, 
and the distant surrounding knobs, illustrate the 
strikingly d ifferent topograph ic expressions of 
granite and volcanic terrains in the St. Francois 
Mountains. Granite areas tend to be gently ro lling, 
whereas the more resistant rhyolites are common ly 
expressed as knobs or areas of dramatic high rel ief. 
The Flatwoods is underlain by Butler H i ll and 

Breadtray Granites, and al l of the prominent knobs 
in the distance are "held-up" by volcan ic rocks. 

Si02 

Al203 

Fe2o3 

FeO 

MgO 

CaO 

Na20 

K20 

H20+ 

H2o· 

Ti02 

P205 

MnO 

F 

Total 

Table 2 

CHEMICAL ANALYSIS OF 
KNOBLICK GRANITE 

Knoblick Granite* 

66.55 

15.52 

1.57 

2.88 

1.28 

3.04 

4 .34 

3.18 

0.74 

0.11 

0.48 

0.16 

0.08 

0.07 

100.00 

Average hornblende
biotite adamellite** 

65.88 

15.07 

1.74 

2 73 

1.38 

3.36 

3.53 

4.64 

0.52 

0.81 

0.26 

008 

100.00 

Analysis no. 50 in Kisvarsanyi, 1972. 
From Nockolds, 1954. 

Return to parking lot and continue by car. Descend Knob Lick Mountain by 
retracing Knob Lick Tower Road to Highway 67. 

1 .1 
10.5 

1.0 

11.5 

0.4 

11 .9 

0.3 

12.2 

0.7 
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Junction of Highway 67 and Knob Lick Tower Road. Turn right and proceed south 
on Highway 67. 

Small outcrops of rhyolite on both sides of road. 

Slabtown Granite exposed in d i tches on both sides of road. 

Enter Madison County. 



Road Log No. 1 

Figure 8. View of the Flatwoods, an area of relatively low topographic relief, looking southwest from the top of 

Knob Lick Mountain, STOP 2. The Flatwoods is underlain by Butler Hill-Breadtray Granite; hills 
along the distant horizon are volcanic rocks more resistant to weathering. Outcrops in the foreground 
are Grassy Mountain lgnimbrite. Photo by Jerry Vineyard. 
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12.9 Slabtown Granite exposed on west side of road. 

0.3 

13.2 Roadcuts in deeply weathered Slab town Granite . 

0.6 

13.8 Slabtown Granite exposed in cuts on both sides of road. Veinlets of epidote 

traverse the rock and line open joints. 

0.2 

14.0 Slabtown Granite on both sides of road. 

0.4 

14.4 Lamotte Sandstone is exposed in the cuts on both sides of the road. The sandstone 
beds on the east side are fractured into large blocks and appear to be somewhat 
d isplaced. Lamotte Sandstone and basal boulder conglomerate overlap weathered 
gran ite on the west side of the road, at the south end of the cut. 

0.4 

14.8 STOP 3. Roadcuts in Slabtown Grani te cut by mafic d ikes (NWY. SWY. NEY. sec. 35, 
T. 34 N., R. 6 E.). Slabtown Granite is exposed in the large cuts on both sides of 

the road. 

The Slabtown Gran ite forms numerous small 
outcrops overlapped by Lamotte Sandstone, w ithin 
an area of six by eight mi les in the southeastern 
part o f the igneous outcrop area (fig. 3). Drillholes 

between the isolated outcrops encountered Slabtown 
Granite at depths of less than 100 ft to over 300 ft, 
suggesting moderate topograph ic relief on its erosion
al surface . 

The Slabtown Granite is inferred to be part of a 
multiple ring intrusion because of its marginal 

posi tion along the southeastern boundary of the 
proposed Butler Hi ll calde ra and because of its 
mineralogical and chemical simil arity to ring 
intrusions identif ied elsewhere in the St. Francois 

terrane (Kisvarsanyi, 1980). It is considered to be 
an older pluton in the partial r ing formed by the 

Knoblick, Slabtown, and Silvermine Gran ites, 
because Silvermine Granite contains large xenoliths 
of Slabtown Granite about 6 mi southwest of here 

(Tolman and Robertson, 1969). 

The roadcuts at this locality expose typical 
Slabtown Granite: f ine-grained amphibole gran ite 
consisting of about 55 percent orthoclase
microperthite, 12 pe rcent albite-oligoclase, 20 
percent quartz, 10 percent f ibrous, blue-green 
amph ibole mostly altered to chlorite, and 3 
percent magnetite. Although granophyric texture 
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Table 3 

CHEMICAL ANALYSIS OF 
SLABTOWN GRANITE 

Slabtown Granite" Average amphibole 
granite** 

Si02 72.55 70.46 

A120 3 13.09 14.37 

Fe2o3 1.80 1.09 

FeO 1.47 2.48 

MgO 0.39 0.22 

CaO 0.80 1.19 

Na20 4.18 4.19 

K20 4.51 5.18 

H20+ 0.51 0.37 

H2o· 0.11 

Ti0 2 0.40 0.34 

P205 0.06 0.06 

MnO 0.04 0 .05 

Total 99.91 100.00 

Analysis no. 32 in Kisvarsanyi, 1972. .. From Nockolds, 1954. 



is locally common in Slabtown Granite, it is not 
well developed here. In table 3, a chemical analysis 

of Slabtown Granite from sec. 6, T. 33 N .• R. 7 
E., about 2.5 mi southeast of here, is compared 
with Nockolds' (1954) average of 8 amphibole 

(ferrohastingsite) granites. 

In this roadcut, Slabtown Granite is intruded 
by smal l mafic dikes. Near the north end of the 
cut, a dike swarm is exposed on both sides of the 
road. Thirty or more nearly vertical basalt dikes, 
most of them less than 3 in. wide, have intruded 

Road Log No. 1 

joints and fractures of a 25-ft-wide, sheared 
interval of gran ite (fig. 9). This shear zone and 

dike swarm are believed to be part of a regional 
Precambrian structural feature defined as t he 
Annapolis I ineament by K isvarsanyi and Kisvarsanyi 
(1976). The Anm1pol is lineament is briefly described 
in the discussion relating to STOP 5 of this road 
log. Skrainka Hil l , the type locality of the Skrainka 
Diabase (Tolman and Robertson, 1969), is just 1.5 
mi southwest beyond this roadcut, and the d ike 

swarm is believed to be an offshoot of the large 
gabbro sil l exposed there. 

Figure 9 

Part of a basalt-dike swarm intruded 
along joints and frac tures in Slab
town Granite. East side of Highway 

67, STOP 3. Photo by Art Hebrank. 
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The road to the east leads to the Mine La Motte Copper Mine, about 0.5 mi 
distant. This property was f irst worked for copper in 1838. By 1844 cobalt and 
nickel were also being recovered, and reported production of lead commenced 
in 1905. Mining was conducted intermittently on a relat ively small scale until 
activity ceased in the earl y 1950's; total production was not large. The ore-grade 
deposits of galena, chalcopyrite, and siegenite occurred in the lower several feet of 
the Bonneterre Formation. 

About 3 m i to the northeast is h istoric Mine La Motte, one of the oldest lead
min ing areas in M issouri. Surface lead was discovered here in 1720 and first 
mined in 1723 under the supervision of M. de la Motte Cadillac, a subord inate of 
Phi lip Francois Renault, d irector of m ines for the Company of the West. The 
Mine La Motte tract was active almost continuously from 1723 to the late 1950's, 
w ith total production of lead est imated at 475,000 tons. Galena, chalcopyrite, and 
siegen ite, as disseminations and open -space fillings, occur in the lower 50 ft of the 
Bonneterre Formation and upper several feet of the Lamotte Sandstone. 

At this writing, plans are under way to develop copper-cobalt -nickel ore reserves in 
the old Madison M ine, inactive since the early 1960's, near Fredericktown. about 4 
mi southeast of this point . The Ansch utz Min ing Corporat ion plans to produce 2 
million pounds per year of cobalt and a similar quantity of nickel , either as a mixed 
cobalt-nickel carbonate, as cobalt and nickel salts, or as metal. Significant amounts 
of copper, silver, and sulfuric acid will be recovered as by-products. Production start 
is planned for 1983. 

This cut and the next cut to the south are in residuum derived mostly from Upper 
Cambrian sediments. Characteristic cherts from at least as h igh in the section as the 
Potosi Dolomite can be recognized. 

Junct ion with State Road H to the west. 

About 300 to 400 yd to the west and northwest are the Catherine Mines. Opened 

in the late 1860's, this group of mines operated interm ittently for nearly 90 years, 
producing an estimated 55,000 tons of lead from t he sandy dolomites in the lower 
part of the Bonneterre Formation. 

Village of Catherine Place. 

Divided highway begins. Low ledges of Bonneterre dolomite are exposed on the east 
side of the northbound lane. 

Exit ramp to Missouri Highway 72; turn right onto exit ramp. Low ledges of Bonne

terre dolomite are exposed along the west side of the ramp . 
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Junction with Missouri Highway 72. The town of Fredericktown is to the east. Turn 
right and proceed west on H ighway 72. 

The Hickory Nut Mine is a few hundred feet north of the road. Lead was first mined 
on this property in 1870; rarly producti on was insign ificant. In the late 1940's and 
early 1950's a moderate tonnage of lead was produced from a second shaft 0.5 mi to 
the northeast. 

Th ick to medium beds of Bonneterre dolomite are exposed in th e new cuts on both 
sides of the road. 

Highway crosses Plum Creek; Mount Devon is visible about 2 mi to the south. An 
unusual diabase porphyry dike occurs on Mount Devon (Tolman and Robertson , 1969, 
p . 64) . 

STOP 4. Roadcu ts along Highway 72 (NEY. SE Y. NWY. sec. 11, T. 33 N., R. 6 E.). 

The new road cuts at th is local ity expose some 
fundamental geologic re lationships of the St . 

Francois Mountains remarkably we l l. Massive 
Precambr ian rhyolite porphyry, the Grassy Moun· 
tain lgnimbrite, with wel l-developed joint sets is 

exposed on both sides of the road. A 4 - to 
5-ft-wide diabase d ike has intruded the rhyolite 
along one of the prominent northeast-trend ing 
(N 15° E) joints and is exposed on both sides of 
the road. On the south side the dike is terminated 

Figure 10. Mafic dike in Grassy Mountain lgnimbrite truncated by overlying basal boulder conglomerate. 
conglomerate is overlain by sandy Bonneterre dolomite. South side of Highway 72, STOP 4. 
Photo by Art Hebrank. 
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at the Precambrian surface and is t runcated by the 

overlying basal boulder conglomerate (fig. 10); on 

the north side of the road the bou lder bed is 

absent and the dike (fig. 11 ) is exposed at the 

surface, on the top of the roadcut. The dike is 
deeply weathered in the southern cut and in the 

upper portion of the northern cut, but is re lative ly 

F igure 11 

Mafic dike in Grassy Mountain lgnim
brite. North side of Highway 72, 
STOP 4. This is the same dike shown 
in figure 10, but here the overlying 

boulder conglomerate has been 
removed by erosion, and the dike is 
exposed at the top of the cut. Photo 
by Art Hebrank. 
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fresh near the road level in the northern cut. The 

contacts of the dike are sharp, but fractured and 
sheared, with calcite and quartz fi lling narrow 

fractures along its sheared contact with the rhyolite 

(fig. 12) . Near the west end of the cut, on the 

south side, a similar but much smaller dike, about 

1 ft wide, has intruded the rhyolite. 



Road Log No. 1 

Figure 12. Calcite- and quartz-filled fractures along the near-vertical contact of the mafic dike (left) and 
Grassy Mountain lgnimbrite (right). This is a close-up view of the dike shown in figure 11. Photo 
by Art Hebrank. 
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On the south side of the road, the basal Paleo· 
zoic strata lap onto the Precambrian erosional 
surface from the east (fi g. 13). The Precambrian 

rocks are overlain by a 6-ft-thick section of coarse 

boulder conglomerate: most of the bou lders are 
weathered Precambrian rhyolite porphyry. The 

boulder bed is overlain by coarse, sandy dolomite 
and dolomite of the Bonneterre Formation. 

.... ... . . 
- -~ - ~.····,' 

Figure 13. Sandy Bonneterre dolomite overlapping basal boulder conglomerate which mantles Grassy Moun
tain lgnimbrite. South side of Highway 72, STOP 4. Photo by Art Hebrank. 

19.5 

19.8 

20.7 

20 

0.2 

0.3 

0.9 

Outcrops of Grassy Mountain lgnimbrite on the north side of the road. 

Roadcuts expose Grassy Mountain lgn imbrite on both sides. The rock has several 
we ll-developed joint sets. Fracture-fi lling hematite veinlets are exposed on the south. 

STOP 5. Roadcuts along Highway 72 (SW% NW% NW% sec. 10, T. 33 N., R. 6 E.). 



Large cuts on both sides of the road are in 
massive Grassy Mountain lgn imbrite (fig. 3), which 

contains quartz and alkali-feldspar phenocrysts in a 

microcrystal line matrix of quartz and alkali feld

spar. Quartz phenocrysts are euhedral and partia lly 

resorbed; feldspar phenocrysts are euhedral and 

broken orthoclase-microperthite. Shredded f lakes 

of ch lorite occur sparingly. Small, euhedral grains 

of magnetite are distr ibuted even ly in the ground

mass. Z ircon, sphene, and fluor ite are accessory 

minerals. Devitrif ication and recrystallization of 

the groundmass have all but completely obliterated 

textural features character istic of welded ash-

flow tufts, but re licts of col lapsed pumice indicate 

an ash-f low origin for the massive rhvolite. 

Spectacular joint sets and shear planes may be 

observed in t hese roadcuts (f ig . 14). Two prominent 

shear p lanes on the north side of t he h ighway are 
parallel with a northeasterly striking, nearly ver t ical 

joint set; some displacement a long these p lanes is 

ind icated. Near the west end of the roadcut, on 

Road Log No. 1 

the nort h side, two nearly vertical, weathered 

diabase dikes paral lel the major joint set, while a 

third intrusive body of diabase is in nearly horizontal 

contact wit h the rhyolite above . The lower contact 

of the third intrusive is obscured, but the d iabase 

may be part of a sill or stock. This roadcut is 

d irectly south of Sk rainka Hill. 

The emplacement of d iabase d ikes and sills and 

attendant shearing and tectonic adjustments here are 

believed to be associated with a regional Precambrian 

structural feature defined as the Anna pol is I ineament 
by Kisvarsanyi and Kisvarsanyi (1976). The lineament 

is defined as a 1- to 2-m i-wide tectonic zone that 

strikes N 40° E and extends approx imately 75 mi, 

from the southwest near Eminence, in Shannon 

County, to the northeast near Avon, in Ste. Genevieve 

County. Fault ing, igneous intrusions, and minerali za

tion are associated with the lineament along its strike. 
Remote-sensing imagery of southeast Missouri confirms 

the assumption that the Annapolis lineament is a 

major Precambrian crustal feature. 

Figure 14. Prominent joint sets and shear planes in Grassy Mountain /gnimbrite. North side of Highway 72, 
STOP 5. Photo by Art Hebrank. 
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0.2 

20.9 The smal I cut on the south side of the road exposes inconspicuously porphyritic 
Breadtray(?) Granite. 

0.1 

21.0 STOP 6 . Roadcuts along Highway 72 (NE% NE% NE% sec. 9, T . 33 N., R. 6 E.). 

Roadcuts expose a th ick section of coarse bou lder 
conglomerate that mantles a Precambrian d iabase 
knob. A large intrusive body (possibly a small stock) 
of Precambrian d iabase is exposed at the east end of 
the cut, on the south side of the road. The diabase 

is deeply weathered: large exfoliated masses (in situ) 

are surrounded by disintegrated diabase. The largest 
of the boulders of exfo liation is 10 f t in d iameter 
(fig. 15). Thin sections from its interior indicate 
fresh o livine d iabase with ophitic text ure (fig. 16). 

Figure 15. Exfol iated mass of diabase. This 10-ft-diameter boulder of exfol iation is in situ, surrounded by 
disintegrated diabase. South side of Highway 72, STOP 6. Photo by A rt Hebrank. 
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0.8mm 

Figure 16. Photomicrograph showing ophitic texture in fresh olivine diabase from the center of the "boulder" 
shown in figure 15. Twinned crystals are plagioclase, augite shows parallel cleavage traces, and 

olivine exhibits characteristic cross fractures. Crossed polars. Photo by Art Hebrank. 

A thick bou lder bed overlies the Precambrian 

(diabase) erosion surface. Many of the bou lders are 
weathered red granite; some are exfoliated (fig. 17). 
The center of t he cut is dominated by a large 
angular block (20 ft w ide by 5 ft high) of pale pink, 
partly recrystal Ii zed, porphyritic amph ibole granite. 
This block l ies on the west flank of the diabase knob 
and is a part of the boulder bed (fig. 18). 

Thin sections of the recrystall ized gran ite from 
the central block on the south side of the cut 
indicate that the rock is composed of perthitic 

quartz, and magnetite grains. The groundmass is 
complete ly recrystal lized to a fine-gra ined mosaic 
of feldspar and quartz. 

Th is block and sim ilar, smal ler blocks exposed 
on the north side of the road, appear to be wall
rock remnants of the country rock that was 
intruded by the diabase. The recrystal lization of 
the gran ite is believed to have been thermally 
induced by the diabase intrusion. 

alkali feldspar, quartz, and a blue-green, sodic On the north side of the highway, 10 to 12 
amphibole. Feldspar grains are equant and up to ft of coarse boulder conglomerate are exposed in 
3 mm in diameter; quartz is both euhed ral and the upper face of the graded roadcut. Near the 
anhedral, and is frequently fractured; smal l, fibrous western end of the lower cut, a part of the 
grains of amphibole are commonly less than 0.5 mm boulder bed is underlain by a water-deposited 
long, and poikil itically enclose smal ler fe ldspar, sedimentary sequence 4 ft in maximum exposed 
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Figure 17 Exfoliated boulder of granite in coarse boulder conglomerate. South side of Highway 72, STOP 6. 
Photo by Art Hebrank. 

thickness and consisting of very thin-bedded 
siltstone and silty shale (fig. 19). Its irregu lar 
contacts with the boulder bed suggest that this 
material is a channel fill. Sim ilar lithologies occur 

in the Lamotte Sandstone exposed in the drainage 
ditch immed iately northwest of and below th is 
roadcut, and in better exposed Lamotte sequences 
to the west. 

21.3 

21 .5 

21.7 

24 
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1.2 

Outcrops of massive Lamotte Sandstone and f ine pebble congl omerate on north side 
of road. 

Cut on north side of road exposes Lamotte-Bonneterre transition beds. Sequence 
consists of dolomite, sandy dolomite, siltstone, and sandstone. 

Junction of Highway 72 with State Road D to the south. Turn south and follow 
State Road D to the historic Silver Mine area. 

l 
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Lamotte Sandstone exposed in roadbank and di tch along north side of road. 

Road crosses Piney Creek . Silverm ine Gran ite crops out in the creek bed and on the 
hill slope to the northwest. The granite exposure in the cree k bed immediately north 
of the road is prom inentl y fractured ; a network of narrow (up to one-inch -wide). 
nearly vertical apl ite dikes and quartz veins strike approximately N 5° E. 

Lamotte Sandstone in roadbank to the sou th. 

Road crosses cree k branch. Lamotte sandstone, si lts tone, and cobble conglomerate 
is exposed in banks on both sides of road. 

Figure 18. Large shattered block of partly recrystallized granite (top center). This block is part of a coarse 

boulder conglomerate (top righ t) mantling a deeply weathered diabase knob (lef t and bottom). 
South side of Highway 72, STOP 6. Photo by Art Hebrank . 
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t.. 

Figure 19. Thin-bedded sil tstone and silty shale filling a channel in coarse boulder conglomerate. North side 
of Highway 72, STOP 6. Photo by Art Hebrank. 

24.1 Cobble conglomerate exposed in bank along north side of road. 
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Enter Silver Mine Recreat ion Area. Road to north leads to Turkey Creek Camp and 
Picn ic Grounds; St. Francis River to the south. Silverm ine Granite exposed on both 
sides of road. 

Sharp turn to left; one-lane bridge over St. Francis River. 

STOP 7. Parking lot adjacent to p icn ic area on east side of road about 200 ft south 
of St. Francis River .. (NE% NE% sec. 13, T. 33 N., R. 5 E.). Park and lock cars; th is 
stop involves about a 2-hour hike. 



Si lvermine Granite is exposed in the bluffs along 
the St. Francis River. Upstream from the one-lane 

bridge, for a distance of about 0.5 m i, r iver erosion 
has developed a scen ic, canyon-like gorge in the 
granite, refe rred to as a "shut -in" or "narrows" 
(fig. 20) . Shut-ins are regionally un ique physiographic 
features in the St. Francois Mountains bu t are more 
common ly developed where streams flow over 

volcanic rocks. This is one of the best known granite 
shut-ins of the region. 

The Silvermine Granite is considered to be part 
of the multiple ring intrusion formed by the 
Knoblick, Slabtown, and Silvermine Gran ites. 
Emplaced along the southern boundary of the 

Road Log No. 1 

proposed Butle r Hi l l caldera, it has steeply d ipping 
contacts with t :ie intruded volcanic rocks (Si des, 
1978). It is a medium-gra ined amph ibole-biotite 
granite composed of an average of 40 percent ortho
clase-microperthite, 30 percent sodic ol igoclase, 20 
percent quartz, and 10 percent mafic minerals. A 
chemical analysis of Silvermine Granite is compared 
with Nockolds' ( 1954) average of six biotite
hornblende granites in table 4. Chemically, Si lver
mine Granite is in termediate between less sil icic 
Knoblick Granite and more silicic Slabtown Granite 
(compare with tables 2 and 3). The chief minera
logical difference between Si lverm ine and Knobl ick 
Granites is in the composition of the ir plagioclase: 

the former has Ab86.go and the latter Ab76-80· 

Figure 20. The downstream end of the St. Francis River Shut-in near Silver Mine; the channel here is carved 
in Silvermine Granite. View west from Highway D bridge, about 200 ft north of STOP 7. Photo 
by Art Hebrank. 
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Cross the road and walk uph ill west then north on the prominently marked foot 
trai l leading to the historic Einstein Silver Mine (fig. 21). The trail rough ly parallels 
the river for about 2000 ft to the m ine. Float and outcrops along the tra il are of 
Silvermine Granite. About 1500 ft from State Road D, the trail joins an old wagon 
road carved into bedrock; bear right and fo llow the old wagon road downhill to the 

mine. 

STOP 7A. Einstein Silver Mine (NW% SW% SE% sec. 12, T. 33 N., R. 5 E.) . 

The Einstein Mine is but one of several mines 
and prospects that began operations in t he 1870's 
to produce silver from argentiferous galena in quartz 
veins cutting Si lvermine Granite. These high-tempera
ture pneumatolytic ore deposits have been described 
in detail by Tolman (1933) and Lowell (1975). 

Si02 

Al20 3 

Fe2o3 

FeO 

MgO 

CaO 

Na20 

K20 

H2o+ 

H
2
o-

Ti02 

P205 

MnO 

F 

Total 

Table 4 

CHEMICAL ANALYSIS OF 
SILVERMINE GRANITE 

Silvermine Granite* 

69.70 

14.80 

1.26 

1.80 

0 .76 

1.75 

4.18 

3.92 

0.76 

0.13 

0.40 

0.14 

0.07 

007 

99.74 

Average biotite
hornblende granite** 

70.56 

14.00 

0.91 

2.41 

0.48 

1.63 

356 

5.39 

0.50 

0 .40 

0.10 

0.06 

100.00 

• Analysis no. 52 in Kisvarsanyi, 1972. 
•• From Nockolds, 1954. 
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There were two d istinct periods of min ing in the 
Silver Mine area: 1877 to 1894 and 1916 to 1946. 
During the earlier period, an estimated 50 tons of 
lead and 3000 ounces of si lver were produced; 
during the latter, an estimated 120 short tons of 
tungsten concentrates were produced, largely by 
high-grad ing the old dumps, and from shallow 

surface diggings. 

The earlier period of m in ing saw a short-lived 

boom in the area: a town with a post office, school, 
bank, and businesses was established about 0.5 mi 
west of the Einstein M ine. At the he ight of the 
mining activity, when some 200 or 300 miners were 
employed by the Einstein Si lver Mining Company, 
the popu lation of the town was between 800 and 
900. From our vantage point about 50 ft above 
the river, the remains of the dam constructed in 
1879 can be seen (fig. 22). Foundation remnants 
on the west hi llslope south of the dam are all that 
remain of the large mill constructed during the 
silver- and tungsten-mining periods (fig. 23). 

Of the several quartz veins mined and prospected 
in the area, vein no. 1, the Einstein, was the most 
productive; it accounted for the bu lk of the early 
lead and silver production. It was entered by the 
River Tunnel, the entrance to which is about 50 ft 
above the river (fig. 24). 

(CAUTION: ENTRY THROUGH THIS OLD 
ADIT IS DANGEROUS AND SHOULD NOT BE 
ATTEMPTED!!!) 

The vein strikes N 80° E and dips 35° S. The 
adit followed the vein along its strike for a distance 
of 548 ft, and a 180-ft-deep incline was sunk near 

the entrance. Two other levels in the mine were 
also opened above the River Tunnel and it was 
formerly possible to ascend to the top of the hill 
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Figure 22. Remains of the stone dam constructed in 1879 on the St. Francis River, near Einstein Silver Mine. 
View to the northeast from near STOP 7 A. Photo by Art Hebrank. 

Figure 23. Historic photograph of the Einstein Silver Mine area, ca. 1895. The view is to the north; buildings on 
the west bank of the river were constructed for milling and processing the ore. Note the dam and 
compare with its present condition shown in figure 22. Division of Geology and Land Survey archives. 
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Figure 24 

Entrance to the underground workings at the Einstein Silver Mine; this adit 
was known as the "River Tunnel" (see fig. 25). West bank of St. Francis River, 
STOP 7A. Photo by Art Hebrank. 

Road Log No. 1 
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Figure 25. Diagrammatic longitudinal cross section of the Einstein Silver Mine, interpreted by W.C. Hayes 
from unpublished field notes by G.A. Muilenburg, ca. 1941. Division of Geology and Land 
Survey, Mineral Resources Section files. 

through the underground workings and exit through 
the New Discovery Incli ne (fig. 25). The width of 
the vein was variable because of pinches and 
swells; it s max imum w idth was probably not over 
7 ft, with an ore zone of up to 2 ft (Tolman, 
1933, p. 35). A pinched outcrop of the vein is 
visible above a small mine opening in the hillside, 
about 50 ft uph il l from the River Tunnel, where 

the vein is less than 2 inches w ide (fig. 26). The 
intruded gran ite is intensely altered to greisen, a 
fine-grained quartz-topaz-sericite rock, near the 
contacts. 

The deposits at Si lver Mine are of part icular 
geologic interest because they represent the only 

known pneumatolytic ore-mineral association in the 
region. The m ineral suite includes argent iferous 
galena, wolframite, arsenopyrite, spha lerite, 

cassiterite, chalcopyri te, covel lite, hematite, stolzite, 
and scheel ite. Quartz, topaz, sericite, fluorite, 
zinnwaldite, ch lorite, and garnet are among the 
gangue minerals. Persistent search on the dump 
downhil l from the mine may turn up good specimens. 

Numerous intermediate to mafic dikes, older than 
the quartz veins, have been mapped in the Silver 
Mine area (f ig. 21 ). One of these is well exposed 
in the eastern bank of the St. Francis River just 
below the dam. During the dry season, when the 
water level is low, it is possible to cross the river 
at the dam. Th is shou ld not be attempted after 
heavy rains. Duri ng h igh-water periods the dike 
outcrop should be approached by way of a trail 
originating at the northwest end of the Highway D 

bridge and paral lel ing the river on the east side. 

STOP 78. Large mafic d ike on east side of St. Francis River, just below Silver Mine 

dam (NW% SW% SEY. sec. 12, T. 33 N., R. 5 E.). 
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Figure 26 

Distant and close-up views of a 2-in-wide 
"pinched" quartz vein in Silvermine Granite 
altered to greisen. This offshoot of the 
Einstein vein is above a small mine opening 
on the west bank of the St. Francis River, 
about 50 ft uphill (northwest) from the 
River Tunnel, STOP lA. Photos by Art 
Hebrank. 
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Figure 27. Outcrop of the "Big Dike," on the east bank of the St. Francis t(Jver, just downstream from the 
Silver Mine dam. This near-vertical, 4 -ft-wide basalt dike intrudes Silvermine Granite. STOP 78. 
Photo by Art Hebrank. 
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The d ike is about 4 ft wide, strikes N 65° E, Another type of d ike rock is not observed in 

place at the Eins tein Mine, but is fo und as float on 

the h il lside and as boulders among the rocks used 

and is nearly vertical (fig. 27). It has chilled borders 

against Silvermine Granite but is coarser grained in 

the central part. The rock contains a few smal l 
plagioclase phenocrysts in a groundmass of andesine 

and augite wi th inte rgranular textu re . Euhedral 

magnetite and pyrite are abundantl y d issem inated 

through the groundmass and there is a small amount 

of in tersti t ial quartz. The phenocrysts and the mafic 

minerals are considerably altered and replaced to 

various degrees by calcite, ural ite, epidote, and 

chlorite. On the basis of its m inera logical composi

t ion, the rock is a tholeit ic augite-basalt porphyry; 

its chemical composition is not known . 

in the construction of the dam. This interesti ng 

rock, containing abundant quartz phenocrysts and 

sparse alkali-fe ldspar phenocrysts in a very fin e

grained, dark-gray groundmass, was descr ibed as 

quartz-basalt porphyry by Tolman and Robertson 

(1969, p. 61 -62). Ou r examination o f thin sections 

indicates, however, that it is an alkalic-i nte rmediate 

rock, apparently much less basic in chem ical 

composition than a basalt. 
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Return to pa rking lot (STOP 7) either by retracing the trail fo ll owed to the m ine or, 

if conditions permit, by crossing the St. Francis River at the dam and fo ll owing the 

tra il along the eastern bluffs o f the r iver (fig . 21 ). Along the la t ter rou te the continua

t ion of the Einste in ve in is ind icated by quartz float on the h il ls ide; also, from along 

this route there are good views of the mine a nd dump across the river. 

From the parking lot, retrace the 3.3-m i segment o f State Road D back to its junction 
with Highway 72. 

Junction of State Road D and Missouri Highway 72. Turn left and con ti nue west on 

Highway 72. 

Lamotte-Bonneterre trans1t1on beds exposed in cut on north side of road. Lamotte 

Sandstone and silty shale are exposed in the drai nage d itch leading northwest. 

The large cuts on both sides of the road, and the steep ditches drai n ing to the east 

expose a th ick sequence of Lamotte, consis ting of arkosic sandstone, maroon and 

green sil ty shale, and pebble conglomerate. Cross-bedd ing is apparent in some beds. 

For the next mile, ledges and beds of similar Lamotte elastic rocks are exposed in 

the roadbanks and ditches. 

Pebble conglomerate in the roadbank to the north . 

Prominent o utcrop of Breadtray G ranite on south side of road. 

Junction with State Road K to the north. Arkosic sandstone and pebble conglomerate 

of the Lamotte Sandstone a re exposed in the d itches on both sides of the road. 
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Evans Mountain is seen to the northwest. This rhyolite knob stands prominently 
above the surrounding, less-resistant gran ite terrane. 

Fresh exposures of Breadtray Granite in the ditches on both sides of the road. The 

rock is typical of the Breadtray Gran ite: medium grained, inconspicuously porphyritic, 
and dul l salmon red. It is made up predom inantly of alkali feldspar and quartz, with 
a paucity of mafic minerals. 

Low cuts on both sides of the road (best on north) expose Grassy Mountain 
lgnimbri te. Th is outcrop is near the southernmost tip of a large body of exposed 
rhyol ite, wh ich forms a roof pendant in Breadtray Gran ite and constitutes th e bul k 
of Evans Mountain . Contact with the adjacent gran ite is not well exposed, but 
isolated boulders and weathered outcrops of gran ite can be seen at either end of the 
sma ll roadcut in rhyol ite. 

Boulders and weathered outcrops of Si lverm ine Granite cover h illslopes on both sides 
of road. 

The outcrop on the north side of the road exposes typical Si lvermine Granite. Some 
samples from th is outcrop contain visible grains of pyrite. 

Begin descent of hi l l to St. Francis River. Boulders and weathered outcrops of 
Silvermin e Granite along both sides of road. 

Low cuts on both sides of road near base of hill expose Silvermine Granite. 

Bridge over St. Francis River . Hil ltop ahead is covered by gran ite boulders. 

The Rosel le lineament (Gi llerman, 1970) strikes approximate ly perpendicu larly across 
the highway between here and the vil lage o f Roselle, 1.3 m i ahead. 

Junct ion with State Road MM to the north. Weathered Sil vermine Granite is exposed. 

Enter vil lage of Rosel le. Silvermine Gran ite is exposed in several front yards . 

Leave Rose lle. Ledges of silty Bonneterre dolomite exposed in ditches on both sides 
of road. 

Enter Iron Coun ty. We are leaving the area of the best-exposed gran itic ring complex 
in the St. Francois Mountains and entering more mountainous terrain underlain by 
thick sequences of rhyol itic ash-flow tuf ts. Between he re and Iron ton, about 5.5 mi 
ahead, the exposed volcan ic rocks have been mapped most recently by Sides (1978). 
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Figure 28. Vertical compaction foliation in Grassy Mountain lgnimbrite. North side of Highway 12, near 
mileage point 39.0 (SE% SE% SE% N'l2 sec. 3, T. 33 N., R. 4 E.). Photo by Art Hebrank. 
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Smal l cut on north side of road exposes Bonneterre dolomite. 

Bonneterre dolomite containing abundant angular rhyolite fragments is exposed in the 
small creek and d itch along the north side of the road. 

Reddish-brown , sl ightly porphyritic rhyol ite is exposed in t he old cut on the south 
side of the road. Bonneterre dolomite contain ing abundant angular rhyoli te fragments 

laps onto the rhyol ite from the east. Simi lar basal -conglomeratic dolomite crops out 

along the smal l creek paralleling the road on the north side. 

In the south roadbank and extendi ng to the base of the hil l, basal arkosic grits and 

conglomerates are exposed. 

Enter Lake Ki l larney village. 

Figure 29. Coarse lithic c/asts in brecciated Lake Killarney Formation. South side of Highway 72, near 

mileage point 38.8 (SE'X. SW% SW% N'k sec. 2, T. 33 N., R. 4 E.). Photo by Art Hebrank. 
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Lake Ki ll arney to the south. Th is reservoir, constructed in 1909, is one of Missouri 's 
older sizeable impoundments. 

For the next 1.1 mi, rhyolitic ash·f low tuffs are exposed more or less continuously 
along the north side of the road. They have been mapped as the Lake Ki l larney 
composite ash·flow tuff by Sides (1978). 

Roadcuts and massive cl iffs on the north side of the road expose Grassy Mountain 
lgnimbrite, a widespread and uniform volcanic unit, believed by Sides (1978) to be 
the major ash ·flow sheet produced by caldera-collapse eruptions of the proposed 

Butler Hil l caldera. The chemical simi larity between this alkali rhyolitic ash-flow tuft 
and Butler Hil l-Breadtray Granites supports the idea that they are comagmatic 
(compare analyses nos. 12, 13, and 14 with nos. 41 through 49 in Kisvarsanyi, 1972). 

The Grassy Mountai n lgnimbrite is characteri zed by abundant quartz phenocrysts and 
col lapsed pumice fragments. The col lapsed pumice fragments produce striking 
compaction fol iation, manifested as p rominent, discontinuous banding (fig. 28). In 
these cuts, compaction foliation is nearly vertical, w ith steep west·southwest dips. 

The contact between Grassy Mountain lgn imbrite and the older Lake K il larney unit is 
about 550 f t east of this mil eage po int but is not exposed. A coarse breccia of the 
Lake Ki llarney unit, exposed about 1000 ft east, is shown in f igure 29. 

Bridge over Stouts Creek. 

Stouts Creek Shut·ins, seen to the southeast (fig. 30), is one of the better known of 
these regional ly unique canyon·l ike gorges. 

At the upper end of the shut·ins and immediately northwest of the bridge is the site 
of the Tong·Ashebran furnace. Bui lt in 1816, th is was the first i ron furnace in Missouri 
and produced charcoal iron from hematite ore mined nearby and on Shepherd Mountain, 

3.5 mi to the northwest. Production ceased about 1819 (see description of the history 
of this furnace in Hayes, 1961, p. 11-13). 

Junction with State Road D to the south. 

Junction with State Road JJ to the south. Bonneterre dolomite exposed in small cut 

about 200 ft south on JJ. 

Home for Aged Baptists on the south is built of Graniteville Granite, quarried near 
Graniteville, about 5 mi to the north. 

City limits of Arcadia. 
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Figure 30. Stouts Creek Shut-in. View southeast from the Highway 72 bridge, at mileage point 39.1 (SE¥: 
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SE¥: SE¥: NYz sec. 3, T. 33 N., R. 4 E.}. Photo by Art Hebrank. 
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Overpass above Missouri Pacific Railroad t racks and Missouri Highway 21. Rhyol ite 
exposed in small cut ahead, on the south. Down -ramp from overpass veers right . 

Turn right and continue on Highway 72. 

Junction with Missouri Highway 21. Turn left and proceed north on Highway 21. 

Bridge over Stouts Creek; Ironton city I imi ts. Highway 21 bypasses Ironton and 
parallels the Missouri Pacific Railroad tracks to the east. 

Junction with State Road M; downtown Iron ton is to the west. 

Road to west leads to Ironton business district ; good view of Pilot Knob (elevat ion 

1500 ft above sea level) to the northeast. 
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The large road cut (west side of highway ) exposes Shepherd Mountain Rhyolite 
(Berry, 1976), a rhyolitic ash-fl ow tuff contain ing abundant crushed pumice fragments 
that impart a characteristic laye ring to the rock. 

Shepherd Mountain (elevation 1608 ft above sea level ) rises more than 600 ft above 

Arcadia Valley on the west side of the road. Shepherd Mountain was the site of the 
f irs t recorded i ron -ore mining in Missouri (Crane, 1912). Between 1815 and 1860, vein 
deposits of hematite, m ixed with variable amounts of magnetite, were worked from 

open cuts near the crest of the mountain. The deposits are credited with a total 
production of 75,000 tons of ore. The veins struck about N·50° E and dipped between 
2 and 5 degrees northwest. They varied in width from about 2 to 30 ft. Near the 
north base of the mountain, across the valley from Pilot Knob, another deposit was 
discove red in 1888 by diamond dri ll ing. Seams of iron ore up to 17 ft in thickness 
have been encountered in fresh rhyolite at depths ranging from 546 to 775 ft. Although 

subsequent exploratory dril li ng has been done, the subsurface deposit was not developed, 
possibly because of the high sulfur content of the ore. 

Junction of Missouri Highway 21 and State Road V. Continue northwestward on 
Highway 21. 

City I imits of Pilot Knob. 

Good view of Cedar Hill to the northeast. This Precambrian rhyolite knob rises about 
400 ft above the valley floor. Another of the numerous Precambrian iron ore deposits 
of the region was mined near the crest of this hill. Mining began in 1872 and 25,000 
tons of ore, consisting entirely of hematite, were produced (Crane, 1912). 

Precambrian rhyol ite exposed in cut on west side of road. 

Precambrian rhyol ite exposed in cuts on both sides of road. The rhyol ite is overlain 

by a coarse basal conglomerate at the north end of the cut on th e west side of the 
road. 

Precambrian rhyolite exposed in cuts on both sides of road. 

Junction of Missouri H ighway 21 and State Road W. Turn left and continue west on 
Highway 21. 

Junction wi th State Road N to the south. The valleys between t he Precambrian hil ls 
in this area are underlain by dolomite of the Bonneterre Formation. North of the 

highway, Middlebrook Hill, a Precambrian rhyolite knob (elevation 1568 f t above sea 
level ), rises some 400 f t above the valley f loor. 
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47.1 City l im its of Granitevi lle. 

0.2 

47.3 Junction of Missouri Highway 21 and State Road RA. Turn left and proceed west on 

State Road RA . 

0.6 

47.9 Abandoned quarry in Granitevi l le Granite on north side of road. We are now entering 
an area where the th ird principal gran ite type, a central pluton of the ring complexes, 

is exposed. 

0.1 

48.0 Entrance to Elephant Rocks State Park. Turn right into parking lot. 

STOP 8. Elephant Rocks State Park (SE';,; SEY. NEY. sec. 15, T. 34 N., R. 3 E.). Park 
and lock cars. Th is stop involves approx imately a 1.5-hour hike. 

NOTE : ROCK COLLECTING AND HAMMERING IS PROHIBITED WITH IN THE 

BOUNDARIES OF THE PARK! 

One-h undred-and-twenty acres of this 129-acre 
park were donated in 1966 to the State of Missouri 
by Dr. John S. Brown, former Chief Geologist of 
the St. Joseph Lead Company, as a Thanksgiving 
gift. Dr. Brown purchased the property shortly 
before that from the Heyward Granite Company, 
operator of a quarry just northeast of the park, 
across Highway 21. His intention was to preserve 
and protect the property as a geological ly unique 
natural area and to place it under the stewardsh ip 
of the people of Missouri. The area was opened as 
a State Park in the spring of 1969. It features the 
first self -guiding Braille trail for the visual ly handi
capped among Missouri State Parks. 

Follow marked trail to the lookout point near 
the top of the hi ll. The prime scenic attraction of 
the park are the giant, picturesque residual boulders 
("elephant rocks") of Graniteville Granite, the 
resul t of spheroidal weatheri ng along joint planes 
(fig. 31 ). 

Gran iteville Granite, commercially known as 
"Missouri Red," has been quarried in the area since 
1869. By the turn of the century , bui lding-, paving·, 

and monumental-stone were be ing produced from 
several quarries. Blocks of Graniteville Gran ite were 
being used as paving and curbing stone in St. Louis 
city streets. Bu ildings and monuments from San 
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Francisco, Cali fornia to Pittsfield, Massachusetts 
bear w itness to the popularity and widespread use 
of th is beauti fu l rock as a construction and monu
mental stone. Many of the older homes and 
commercial bu ild ings in the area were also con
structed from Graniteville Granite (fig. 32). 

With the modernization of construction methods 
and the use of diffe ren t materials for bui lding and 
paving, granite production from the area has 
declined significantly. The dark-red color of the 
rock, due to f inely disseminated iron oxide "dust" 
in the fe ldspars, makes it unsu itable for ceramic 
uses . Only the Heyward Granite Company quarry, 

0.5 mi northeast of Elephant Rocks State Park, 
survives as an inte rmittent producer of monumental 

stone. I ts last reported production in 1979 was 

less than 300 tons. 

The Gran iteville Granite is a medium- to coarse· 
grained, muscovite-biotite alkal i granite averaging 
55 percent alkali fe ldspar, 40 percent quartz, and 
less than 5 percent mafic minerals. The alkali 
feldspar is typically microcl ine-microperthite, but 

albite and orthoclase -microperthite are also present. 
Bot h primary and secondary muscovite (sericite) 
can be recognized in thin sections. The rock 
cont ains a varied suite of accessory minera ls, 
including abundant f luorite. zircon, and magnetite; 



Figure 31. 
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"Elephant Rocks": spheroidally weathered giant boulders of Graniteville Granite in Elephant 
Rocks State Park, STOP 8. In this view to the northeast, the largest "elephant" atop the granite 
bald is 25 ft high. Photo by Art Hebrank. 
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Figure 32 

Home for Aged Baptists, on the 
south side of Highway 72, near 
mileage point 40.2 (upper left), and 
residence near Roselle (lower right) 
are both constructed of quarried 
blocks of Graniteville Granite. 
Photos by Art Hebrank. 



Tolman and Koch ( 1936) also reported cassiterite 
and molybdenite. In table 5, a chemical analysis 
of Graniteville Gran ite from the Heyward Quarry 
is compared with Nockolds' ( 1954) aver age of 17 
muscovite-biotite alkali gran ites. Anomalously high 
Sn, Be, Y, Nb, F, and U contents in Gran iteville 
Granite led to its identification as one of the t in · 
granite central plutons of the St. Franco is terrane 
(Kisvarsanyi, 1980). Local ly, the granite contains 
complex pegmatites with topaz, beryl , muscovite, 
fluorite, rutile, cassiterite, and sul fide minerals 

(Tolman and Goldich, 1935). 

The outcrop of Graniteville Gran ite is restr icted 
to three smal l areas along the eastern and south· 
eastern boundaries of a sediment-filled depression 
known as the Belleview Valley (fig. 3). Morphologi· 

cally the valley is square, bounded by straight 
topograph ic escarpments, especial ly pronounced 

along its northwestern and northeastern sides. It was 
suggested by Graves (1938) that the valley is a fault· 
bounded, down-dropped Precambrian structural block 
and that t he topographic escarpments resul ted from 

erosion along nearly vertical faults. The square
shaped Bel leview Val ley is a prom inent feature on 
satel li te imagery of the region (Kisvarsanyi and 
Kisvarsanyi, 1976). 

Looking northwest from the look-out point in 
the park, Bell eview Valley appears to be a gently 

rolling, bowl -shaped depression surrounded on the 
far horizon by higher hil ls of rhyol ite. The distance 
between here and the farthest visible hi ll across the 
valley, Logan Mountain, is approximately 8 m i. The 

d ifference in elevation between the dissected hills 
of sedimentary rocks within the valley and the 
rhyolite hi lls surrounding it varies between 300 and 
700 f t; the greatest being on the northeast side, 
where Buford Mountain (elevation 1740 ft above 
sea level) rises some 700 ft above the vall ey floor. 

Drillholes indicate that Graniteville Granite 
underlies the sediment ary rocks with in Belleview 
Valley. In a dril lhole 1 mi northwest of here (sec. 
9, T. 34 N., R. 3 E.) the granite was encountered 
below Bonneterre dolomite, at a depth of 305 ft. 

Table 5 

CHEMICAL ANALYSIS OF 
GRANITEVILLE GRANITE 

Road Log No. 1 

Graniteville Granite* Average muscovite· 
biotite alkal i granite** 

Si0 2 76.44 

Al20 3 12.48 

Fe2o 3 0 .44 

FeO 0.45 

MgO 0 .05 

CaO 0.95 

Na20 3 .67 

K20 4.84 

H
2
o+ 0.13 

H2o· 0.05 

Ti02 0.07 

P205 0 .00 

MnO 0.00 

F 0.4 1 

s 0.02 

Bao 0.01 

Total 100.01 

Analysis no. 57 in Kisvarsanyi, 1972. 
** From Nockolds, 1954. 
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Farther west, several dril lholes cut the granite 
at depths between 400 and 600 ft. Aeromagnetic 

maps also indicate the extent of the pluton as an 
oval magnetic low coincident with Belleview Valley 
(Cordell, 1979). The theory that the Granitev ille 
Granite is a central pluton emplaced du ring a 
resurgent cauldron cycle was developed by 
Kisvarsany i (1980, 1981 ). 

Return to parking lot by fol lowing the trail through Elephant Rocks State Park. 

Resume trip by car. Retrace 4.4-mi segment of road via State Road RA and Missouri 
Highway 21, southward to State Road V and the town of Pilot Knob. 
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Figure 33. Panoramic view southwest of the Pilot Knob Pellet Company's mine and pelletizing plant (SE~ 

NE~ and N'lz SE~ sec. 30, T. 34 N., R. 4 E.). Production shaft is near the left center of the 
picture; building in foreground is the pelletizing plant. This mine-mill complex is 7800 ft east of 
mileage point 52.6. Photo by Jerry Vineyard. 
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4.4 

52.4 

0.1 

52.5 

0.1 

52.6 

Junction of Missouri Highway 21 and State Road V. Turn left on V and proceed 
northeast into town of Pilot Knob. 

Road Log No. 1 

Bridge over West Branch of Knob Creek; entrance road to Pilot Knob Pellet Company 
to the east. 

Roadside park on east side of road offers a good v iew of the Pilot Knob Pellet 
Company headframe and surface plant, and the Battle of Pi lot Knob State Historic 
Site. 

The surface plant of the Pilot Knob Pellet 
Company is seen to the east (fig. 33). This 
integrated mine, mill, and pellet plant went into 
production in 1968 and produced more than 19 
million tons of iron ore during its 12 yea rs of 
operation. I t was closed down permanently in 

November 1980. The 1360-ft prod uction shaft 
penetrated a Precambrian magnetite orebody 

emplaced in volcanic host rocks. Ore depth ranged 
from about 400 ft to 1500 ft from the surface. 

Battle of Pi lot Knob, are still visible at this State 
Historic Site. This Civil War battle, September 27, 
1864, lasted less than an hour but claimed more 
than 1200 casualt ies. With a force of approxi · 
mately 1000 men, General Thomas Ewi ng 

repulsed an attack o f between 12,000 and 20,000 
poorly equipped Confederates under the command 
of General Sterl ing Price. The "fort" (really little 
more than an earthwork surrounded by a dry 
moat) was bui lt by Union troops to protect the 
terminus of the St. Louis and Iron Mountain 

Railroad, and the iron mines on Pilot Knob and 
at Iron Mountain. The demorali zing and. delay ing 
effects of this bloody battle forced Price to 
abandon plans for what might have been a 

The deposit is described by Wracher (1976). 
Surface iron deposits near the top of the mountain 

are described in Road Log No. 3 of this Guidebook. 

The historical marker (fig. 34) commemorates the 
Battle of Pi lot Knob. Earthwork remnants of Fort 
Davidson, occupied by Union forces during the 

successfu I Confederate takeover (at least temporari ly) 
of the city of St. Louis, defended at the time by 
a garrison of around 6000 men. 

0.1 

52.7 

0.3 

53.0 

0.4 

53.4 

1.9 

55.3 

Turn right and continue east on State Road V. 

State Road V passes under t he trestle of the Missouri Pacific Railroad and swerves 

left. Oak Mountain is to the north and Pilot Knob to the south. These Precambrian 
rhyolite hills rise 400 to 500 ft above the valley floor. 

Rhyolite exposed on north side of road. It was mapped by Nusbaum (1980) as part 
of the series of lava f lows exposed on the southern flank of Oak Mountain. The 
rock typically has sparse phenocrysts of albite and, rarely, of quartz in a micro· 
crystalline groundmass of quartz and alkali fe ldspar w ith disseminated i ron oxide. 

The tailings pond of Pilot Knob Pellet Company is visible to the north. T ribby 
Mountain (elevation 1377 ft above sea level) is visible immediately north of the 
tai l ings pond. It is the type locality of a widespread heterolithic breccia believed to 
have formed during caldera coll apse (Nusbaum, 1980). 
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56.5 
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57.2 

Enter St. Francois County. 

Precambr ian volcanic rocks exposed on south side of road. This outcrop is immediately 
east of a major angu lar unconformity mapped by Nusbaum (1980), wh ich he infers to 
be a caldera boundary. The unconformity is not exposed along the road but its mapped 
strike is nearly N·S. About 2.5 mi north of here, on Brown and Wolf Mountains, 
Nusbaum (1980) mapped a "zone of chaotic structures" marking the boundary of the 
proposed collapse caldera. 

Tailings pond dam to the north. 

Deeply weathered Breadtray Granite exposed on both sides of the road. The contact 
of Breadtray Granite and the overly ing Grassy Mountain lgnimbrite is not exposed 

along the road but is mapped just west of these outcrops. 

Figure 34. Fort Davidson historical marker. Remnants of the old fort's earthwork embankment and 
moat, now overgrown with trees, are visible directly behind the sign. Battle of Pilot Knob 
State Historic Site (NWX NWX SEX sec. 30, T. 34 N., R. 4 E.), at mileage point 52.6. 
Photo by Art Hebrank. 
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Table 6 

CHEMICAL ANALYSES OF BUTLER HILL AND BREADTRAY GRANITES 

Butler Hill Bread tray Grassy Mountain Average biotite Average 

Granite 1 Granite2 

Si02 75.50 76.59 

Al20 3 12.74 12.10 

Fe2o3 0.46 0.64 

FeO 1.12 0.51 

MgO 0 .19 0 .14 

CaO 0 .63 0.53 

Na20 3.43 3 .25 

K20 4.66 538 

H
2
o+ 0 .68 0.37 

H20· 0 .13 0.13 

Ti0 2 0.14 0.11 

P205 0 .04 0.02 

MnO 0.05 O.D2 

F 0.13 0.26 

T otal 99.90 100.05 

1 A nalys is no. 47 in Kisvarsanyi, 1972. 
2 A nalys is no. 41 in Kisvarsany i , 1972 
3 Ana15sis no. 12 in Kisvarsanyi, 1972 
4 and are from Nockolds, 1954 . 

We are now re-entering the outcrop area of the 
largest exposed granite massif of the St. Francois 
terrane, the Butler Hi ll-Breadtray Gran ite (fig. 3). 
At several places along its 10-mi-long, arcuate 
contact with rhyoli te, Tolman and Robertson 

(1969) reported very low dip angles, implying a 

si ll -like body. To the east, they indicated a 
gradational contact of Breadtray Granite wi th 

coarser grained But ler Hil l Granite, suggesting that 
the Breadtray is a marginal roof facies of the Butler 
Hill. The exposure of gradually coarser grained, 
deeper portions of the massif in the northeast 
direction was explained by regional tilting of the 
entire gran ite-rhyolite complex to the southwest, 
and erosion of the volcan ic roof before deposition 

lgnimbrite3 alkali granite4 alkali rhyolite5 

76.35 75.01 74.57 

11 .63 13.16 12.58 

1.24 0.94 1.30 

1.27 0.88 1.02 

0.12 0.24 0.11 

0.39 0.56 0.61 

3.53 3.48 4.13 

4.50 5.01 4.73 

0.35 0.37 0.66 

0 .04 

0.16 0.17 0.17 

0.00 0.11 0.07 

0.08 O.Q7 0.05 

0.10 

99.76 100.00 100.00 

of Upper Cambrian sedimentary rocks (Snyder and 
Wagner, 1961; G. Kisvarsany i, 1977; Sides, 1978). 

The Breadtray Granite is typically a f ine- to 
medium-grained alkali-feldspar granophyre composed 
of 60 to 70 percent orthoclase-m icroperthite and 
30 to 40 percent quartz. The maf ic m ineral, if 
present at al l, is sparse biotite. Magnetite and 
fluorite are the most common accessory minerals. 
Chemical analyses of Breadtray Granite, Butler Hill 

Granite, and their comagmatic volcanic product, the 
Grassy Mountain lgn imbrite, are compared with 
Nockolds' (1954) averages of 12 biotite alkali 
granites and 21 alkali rhyoli t es in table 6. 
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61.5 

Breadtray Granite ex posed on east side of road. 

Breadtray Gran ite exposed on east side of road . 

Breadtray Gran ite exposed on east side of road. 

Junction with Ki ng Schoo l Road and Buck Mountain Road. 

Bread Tray Mountain is visible to the northeast . A Precambrian knob r ising 
about 300 ft above road level, it is the type locality of the Breadtray Granite. 

Bou lders and out crops of Breadtray Gran ite for the next 1.1 mi. 

Junction of State Roads V and W. Turn right and proceed east on State Road W. 
The road west leads to Iron Moun tain, approximately 5 mi to the west, where 
Precambrian iron ore was mined from the early 1800's until 1966. The iron depos it 
is described briefly in Road Log No. 2 of this Gui debook . 

Stano Mountain, topped by a lookout tower, is 
visible just northwest of the junction. The gran ite

rhyolite contact is exposed north of State Road W 
along the southern slope of Stano Mounta in. 
Numerous xenol iths and small roof pendants of 
rhyol ite are enclosed in Breadtray Granite along the 
contact. 

Granite by Tolman and Robertson (1969) . Stano 
Granite is quite sim il ar in mineralogy and chemistry 
to the Slabtown Granite and is believed to be 
related to the ri ng int rusions of the St. Francois 
te rrane; however, roof pendants of Grassy Mountain 
lgn imbri te in Stano Granite are truncated by 
Breadtray Gran ite (f ig. 3 ). and if re lated to t he 
multiple ring intrusion around the proposed Butler 
Hi ll caldera, Stano Gran ite is apparently o lder than 
the caldera. 

A small granite outcrop on the top and north 
slopes of Stono Mount ain was named the Stano 

61.7 

61.9 

62.9 

64.6 
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1.7 

0.6 

Boulders in the road ditch are of Breadtray Gran ite. 

Vil lage of M ineral City . Scattered outcrops of Breadtray Gran ite occur along the road 

for the next mile. 

Last gran ite outcrop . Northwest-trending faul ts of the Simms Mountain fault system 

displace the Precambrian rocks north of th e fau lt zone. Breadt ray Gran ite was 
encountered at a depth of 320 ft in a dril lhole near Doe Run. The sediments of 
the valley ahead are dolom it es of the Upper Cambrian Bonneterre Formation and 

Elvins Group. 

West city l im it of Doe Run. 
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65.2 Junction with State Road B to the north. 

0.4 

65.6 East city limit of Doe Run. 

1.0 

66.6 Outcrop of Cambrian dolom ite. 

0.9 

67.5 Bridge across St. Francis River. 

0.1 

67.6 Outcrop of Cambrian dolomite. 

1 .1 

68.7 Ove rpass of State Road W above U.S. Highway 67. The starting point for th is road 
log was below this overpass. Highway 67 nor th leads to the ci t ies of Flat River and 

Bonne Terre; the city of Farmington is about one mile ahead along State Road W. 

We have now completed our tour of nearly all 
the exposed granite types of the St. Francois 
Mountains region. About 10 m i east of Farm ington, 
in Ste. Genevieve County, more granite is exposed 
on the crest of the Farmington anticline, a Paleo
zoic structure. The granite outcrops are mostl y 
along the channels of Jonca and Pickle Creeks and 
are partly within the boundaries of Hawn State 
Park. The Precambrian geology of that area is 
described in detai l by Lowel l and Hebrank in 
Kisvarsanyi (19 76, p . 4 -16). The outcrops are 
mainly coarse-grained biotite granite, probably 
correlat ive w ith the Butler Hi ll (Lowell, 1976). It 
is interesting to note that the gran ite outcrops in 
Ste . Genevieve County are near the center of 

another proposed caldera, the Hawn Park caldera, 

inferred by Cordell ( 1979) from geophysical data. 
As shown by dri I lholes, the area between the 
proposed Bu tler Hil l and the Hawn Park calderas 
is underlain by Butler Hi l l-Breadtray-type gran ites. 
These alkali feldspar-biotite gran ites and grano
phyres appear to be the most w idely distributed 
rocks forming the largest granit e massifs in the St. 

Francois terrane (Kisvarsanyi, 1981). 

Sources referred to in this road log are l isted in 
the combined bibl iography at the end of this 
Guidebook. 

TRAVEL ON SAFELY ! 

END OF ROAD LOG NO. 1 
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Road Log No. 2 

ROAD LOG NO. 2 - THE VOLCANIC TERRANE 

This route winds through the western part of point in Missouri), on Crane Mountain, at Union 
Electric Company's Taum Sauk Pumped Storage 
Power Plant on Proffit Mountain, and at Johnson 
Shut-ins State Park (2-hour hike). 

the St. Francois Mountains (fig. 1) focusing on the 
volcanic rocks. Stops are scheduled on Russell 
Mountai n (2· to 2.5-hour hike). on Taum Sauk 
Mountain (elevation 1772 ft above sea level, highest 

STARTING POINT (fig. 35): 

Junction of Missouri Highways 21 and 72, Arcad ia, Iron County, Missouri (NW% SE% N% sec. 5, 
T. 33 N., R. 4 E). 

Mileage 
Cum. Diff. 

0.0 Proceed south from starting point on combined Missouri Highway 21-72. 

0.1 

0.1 Precambrian rhyolitic ash-flow tuft in roadcut on west side of road. 

0.5 

0 .6 On the west side of the road, College Hill, a Precambrian knob, rises 240 ft above 
the sediment-filled val ley to the north. Between the top of the hil l and the Arcadia 
city water well, a distance of about 3000 ft, the relief on the Precambrian surface is 

560 ft. 

0.6 

1.2 

0.2 

1.4 

0.2 

1.6 

0.2 

Outcrops of Bonneterre dolomite in the roadbank to the east. 

Junction of Missouri Highway 21·72 w ith State Road E. Continue straight ahead 

(south) on Highway 21 ·72. 

A quarry in Bonneterre dolomite is visible about 500 yd west of the road. This 
quarry was opened by the Porter-DeWitt Company in 1969 to produce concrete 
aggregate for the construction of Highways 21 and 72. Since then it has been 
operated intermittently by several small producers as a source of aggregate for local 

use. 

For the next 2 .7 mi, Highway 21-72 skirts Vail Mountain and turns temporarily 
northward. Vail Mountain consists dominantly of rhyolitic ash -flow tuffs. 
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1.8 Bonneterre dolomite exposed on both sides of road . 

0.1 

1.9 Bonneterre dolomite exposed in east roadbank. 

0.4 

2.3 Residual chert boulders are scattered along the ridgetop for the nex t 2 mi . These 
boulders are derived from the Ordovician Gasconade Dolomite. 

1.8 

4.1 Tip Top Roadside Park and picnic area on the north side o f the road . Large bou lders 
are chert derived from the Gasconade Dolom ite(?). An o ld rai lroad cut to the south 
exposes Paleozoic residuum. 

0.4 

4. 5 Junction of M issouri Highway 21 -72 with State Road CC. Turn right (north) and 
follow State Road CC up Vail Mountain (elevation 1440 ft above sea level) and on 
to Russell Mountain (elevation 1726 ft above sea level) . Bou lders and outcrops along 
road are volcan ic rocks of rhyolit ic composition. 

1.6 

6.1 STOP 1. Russell Mountain volcanic secti on (SE% SE% sec. 3 and SW% SW% sec. 2, 
T. 33 N., R. 3 E.). 

Stop in t he smal l parking area on the left (south) side of the road by the massive 
rhyol ite outcrop; park and lock cars . This stop involves app roximately a 2 -hour hike . 

The th ick section of Precambrian rhyol itic 
volcanic rocks exposed on Russell, Vai l, and Taum 
Sauk Mountains has been mapped in detail by 
R.E. Anderson (1 962, 1970), by J.E. Anderson 
and others (1969), and by Berry (1970). The 
nomenclature o f the different volcan ic units is 
adapted from Berry (1976). The combined th ick· 
ness of the volcan ic uni ts in the region is estimated 
to exceed 5000 ft. R.E. Anderson (1970) inferred 
that the volcanic rocks accumu·lated in an extra· 
caldera depression. J .E. Anderson and others (1969) 
proposed that the rocks are within the caldera. 
which they named the Taum Sauk caldera. Cordell 
(1979) found no geophysical expression of the 
Taum Sauk caldera as proposed by J .E. Anderson 
and others (1969) . However, from subsurface data, 
Kisvarsanyi ( 1980) identified several circular, 
caldera-like structures (rin g complexes) north and 
south of the exposed volcanic rocks. 

Most of the rocks exposed in the area are ash· 
flow tufts of alkali rhyol ite composi t ion. The most 
w idespread uni t, the Taum Sauk Rhyolite, locally 
more than 3000 ft thick, is believed by Sides ( 1978) 
to have been produced as the major collapse ash 
flow of the proposed Taum Sauk caldera, just as the 
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Grassy Mountain lgn imbrite is considered to be the 
major collapse ash f low of the proposed But ler Hill 
caldera. In any case, the Taum Sauk and the Grassy 
Moun tain are very similar in chem istry and m ineral

ogy, and are the most volum inous ash f lows in the 
western and eastern St. Francois Mountains, 
respectively . 

The Buck Mountain Shut-i ns Formation, shown 
in the northern part of figure 36, was defined by 
Berry (1976, p. 87) as a "sequence of black, 
andesi tic lava flows con tai ning white plagioclase 
phenocrysts; interbedded with bedded air-fall tufts 
and at least one rhyolitic ash -fl ow tuff." 

Duri ng our northeasterly traverse of Russell 
Mountain, along the Taum Sauk Trail, we shall 
encoun ter outcrops and f loat of four of the 
volcanic uni ts shown in f igure 36. In descending 
st ra tigraph ic order, these are the Royal Gorge 
Rhyoli te, a lava f low (STOPS 1 A and 1 B); the 
Bell Mountain Rhyolite, an air- fall tuff with a 
distinctive lithophysal zone (STOP 1C); a basal 
brecciated zone of the Wi Id cat Mountain Rhyol ite, 
an ash-flow tuft (STOP 1 D); and the Russell 

Mountain Rhyolite, an ash-flow tuff (STOP 1 E). 
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Figure 36. Geologic map of Russell, Vail, and Taum Sauk Mountains, STOPS 1 and 2. Geology after Berry 
(1970, 1976). 
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Figure 37 

Distant and close-up views of 
vertical flow banding in Royal 
Gorge Rhyolite, STOP TA. Photos 
by Art Hebrank. 
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Walk west 300 ft along the paved road, then turn north along a prominent logging 
road. Walk 300 ft along the logging road to its inte rsection with the Taum Sauk 
Trail, a jeep road at this point. Continue straight ahead through the woods another 
100 ft to STOP 1 A (fig. 36). 

STOP 1A. Vertical f low banding in Royal Gorge Rhyol ite (SE% SE% sec. 3, T . 33 N , 
R. 3 E.). 

Approximately 100 ft north of the inte rsection of clast that has been rotated from its original posit ion. 
the logging road and the Taum Sauk Trai l, the Royal A lternatively, the viscous flow either piled up against 
Gorge Rhyol ite forms massive outcrops. The rock, a 
red to maroon lava flow, contains 5 percent pheno· 
crysts of quartz and alkal i fe ldspar. At this local ity, 

the lava flow is prominently banded, and the 
banding is nearly vertical (fig. 37). Berry (1970) 
measu red d ips of 85° E for the flow band ing, and 
a strike of N 5° E. Individual flow bands may be 
fol lowed on strike for several hundred feet. The 
fol lowing m icroscopic description of the banded lava 
flow is from Berry (1970, p . 139): 

" .. . the maroon bands are devitrified glass 
hav ing a well developed snowflake texture whereas 
the whi te bands are recrystal lized pum iceous 
material w ith pronounced secondary crystall ization . 

The outer edges of the white bands cons ist o f a 
spheru litic intergrowth of quartz and feldspar from 
which tabular crystals of fe ldspar termi nate in 
deformed amygdules. Secondary crystall i zation of 
quartz, feldspar, f luorite, calcite, and iron oxide 

have subsequently f illed these cavities. The banding 
was presumably caused by concentration of gases 
along shear planes created by the 'glacier-l ike' 
flowing of t he upper part of the h igh ly gaseous and 
viscous basal f low." 

The reason for the vertical atti tude of the flow 

banding at this location is not understood. Accord· 
ing to Berry (1970), the lower part of the rhyol ite 
is massive and not banded. Contorted, i rregular 
banding and d ips in d if ferent directions at various 

angles, sometimes approaching the horizontal, 
characterize the rhyo lite elsewhere, as we shal l see 
at STOP 1 B. Perhaps the ve rtical ly banded outcrop 

is simply a fault block of the rhyolite t urn ed up 
on edge. Possibly, i t is pa rt of a megabreccia, as 
described by L ipman ( 1976) from the San Juan 
Mountains, and we are looking at a huge breccia 

or flowed down over a near-vert ical cl iff just before 
it sol idified . Then again, we may be looking at the 
fissure which the lava squeezed through before it 
froze in place. 

Table 7 

CHEMICAL ANALYSIS OF 
ROYAL GORGE RHYOLITE* 

Si0 2 76.26 

Al20 3 11 53 

Fe2o3 2.22 

FeO 0 31 

MgO 0.03 

CaO 0 .00 

Na2o 0.13 

K 20 8.52 

H2o+ 046 

H2o· 0.03 

Ti02 0 .13 

P205 0.01 

MnO 0.03 

F 0.02 

Total 99.68 

• Analysis no. 1 in K isvarsanyi, 
1972. 
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Return to Taum Sauk Trai l and follow it 1200 ft northeastward along the ridgetop 

to STOP 1B (fig. 36) . 

STOP 18. Irregu lar flow banding in Royal Gorge Rhyolite (SE% SE% sec. 3, T. 33 N., 

R. 3 E.). 

In the large clearing with the rockpile near its 

center, just north of the Taum Sauk Trail, numerous 
outcrops of Royal Gorge Rhyolite can be seen. The 
flow banding is irregula r, contorted, and dips in 
different directions at various angles (f ig. 38). A 
chemical analysis of the rhyolite from its t ype 
local ity in the Royal Gorge about 2.5 mi south of 
here along Highway 21-72 (SWY. SE% sec. 14, T. 

33 N., R. 3 E.) shows anomalously high K20 
content and low Na2o content (table 7) for 
alkali rhyolite. R.E. Anderson (1970) suggested 

that the rock had been subject to a high degree 
of sodium leaching and potassi um enrichment 
through post-cooling hydrothermal alteration. 
However, there is scant m ineralogical evidence for 
large-scale hydrothermal alteration of the rhyolite . 

Figure 38. Contorted flow banding in Royal Gorge Rhyolite, STOP 18. Photo by Art Hebrank. 
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Figure 39. Float of Bell Mountain Rhyolite showing weathered lithophysae ("thunder eggs"), STOP 1C. 
Photo by Art Hebrank. 

Return to Taum Sauk Trail and fol low it about 1000 ft northeastward to STOP 1C 
(fig. 36). 

STOP 1C. Bel l Mountain Rhyolite float (SW% SW% sec. 2, T. 33 N., R. 3 E.). 

Boulders and float of t he Bell Mountain Rhyolite 
occur on both sides of the trail for a distance of 

about 100 ft. This wide ly exposed volcani c unit, 
an excel lent stratigraph ic marker in the western St. 
Francois Mountains, is described by Berry (1976) 
as a f ine-grained, cross-bedded air-fall tuff, about 
75 ft thick, contain ing a distinctive li thophysal 
("thunder-egg") zone up to 15 ft thick, near the 
center of the unit. 

The lithophysae (fig. 39) vary from a few milli· 
meters to about 25 cm in diameter. They are more 
resistant to weathering than the tuff that contains 

them and may weather out. Their resistant outer 
r ims consist of recrystal lized tuff; their interiors 
are fi lled with fluorite, quartz, feldspar, or hematite. 

Return to Taum Sauk Trail and follow it 1500 f t downh ill to its intersection with 
the w ide linear clearing, which spans a buried util ities line. Walk downh il l (south) 
through the clearing approximately 200 ft to STOP 1 D (fig. 36) . 
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Figure 40. Heterolithic breccia in basal portion of Wildcat Mountain Rhyolite, STOP TE. Photo by Art 
Hebrank. 

STOP 1D. Brecciated zone in Wildcat Mountain Rhyol ite (SWY. SWY. sec. 2, T. 33 N., 
R. 3 E.). 

Massive outcrops on the slope are of a very 
coarse, heterolithic breccia, believed to be equ ivalent 
to the basal part of the Wildcat Mountain Rhyol ite. 
The unit is defined by Berry (1976) as a 270-ft
thick ash-f!ow tuff containing 5 to 10 percent 
quartz and feldspar phenocrysts, and characteristic 
"white stringers" (crushed pumice?) of micro
crystall ine quartz and feldspar. According to Berry 

(1970). in many places there is a basal brecciated 

zone that includes fragments of the underlying 
Russell Mountain Rhyolite. The breccia at STOP 
1 D consists of diverse rock c lasts of assorted sizes 
in a rhyoli tic matrix (fig. 40). Dimensions of some 

clasts are measured in inches; others, in feet. Such 
an unsorted assemblage of heterogeneous rocks may 
have formed as a talus near the base of a steep 
slope before engulfment and possible remobili zation 
by a subsequent ash flow, i.e., the Wildcat Mountain. 

Walk northeast 200 ft uphill and cross utilities clearing to rocky clearing and STOP 1 E 
(fig. 36). 
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STOP 1 E. Eutaxitic structure and devitrification dikes in Russell Mountain Rhyol ite (SWY. 
SWY. sec. 2, T. 33 N., R. 3 E.) . 

u ' 
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Figure 41. Eutaxitic structure in Russell Mountain Rhyolite, STOP 7E. Top view (upper photo) and side 
view (lower photo) of this ash-flow tuff illustrate the characteristic shape of the crushed pumice 
fragments. Photos by Art Hebrank. 
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Massive outcrops are of Russell Mountain 
Rhyolite. The un it is defined by Berry (1976) as a 
brick-red to dark-maroon ash -f low tuff with abun· 

dant. large fiamme and 2 to 5 percent wh ite 
fe ldspar phenocrysts; it is 900 ft th ick. 

In these outcrops, the rock displays excel lent 
compaction fo liation; the compacted pumice frag· 

ments impart a distinctive eutax itic structure to the 
tuft (fig. 41). Devitrification dikes, probably forming 
along tension cracks induced by slow creep of the 
sti ll hot ash flow shortly after emplacement, form 
vivid pink paral lel bands (fig. 42), and are be lieved 
to be perpendicu lar to the direction of creep. 

Return to Taum Sauk Trail by walking about 200 ft north of the clearing. Retrace 
route by following the t ra il southwestward unti l the logging road is reached, then 
turn south to reach cars parked along State Road CC. 

Continue by car, westward along State Road CC. The road winds along the ridgetop 
of Russel l Mountain for about 0.5 mi , descends into the saddle between Russell and 
Taum Sauk Mountains for the next 0.5 mi , then climbs to Taum Sauk Moun tain. 
Boulders and outcrops along the road are of the volcanic units shown in f igure 36. 

Figure 42. Vertical view of devitrification dikes in Russell Mountain Rhyolite, STOP TE. Photo by Art 

Hebrank. 
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1.5 

7.6 STOP 2. Taum Sauk Mountain Lookout Tower and Picnic Area (S% sec. 4, T. 33 N ., 

R. 3 E.). 

Pul l in to park ing lot by the picnic grounds; park and lock cars. This stop may 

include an optional hike to the top of Taum Sauk Moun tain, or down the Taum 
Sau k T rail to Mina Sauk Fal ls and Devi ls Toll Gate (fig. 43). The hike requires 

several hours and the remainder of th is road log should be planned accordingly. 

The top of Taum Sauk Mountai n, at 1772 ft 

above sea level the highest poin t in M issouri, is 

approximately 0.5 m i west of the lookout tower 

and may be reached via the northern trace of 

the Taum Sauk Trail (f ig. 43). The "climb" to 

R. 3 E 

z 
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5 
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1772 ''f - ---------,,~:'' 
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the top is almost leve l, as the difference in ground 

elevation between the "peak" and th e lookout 

tower is only 13 ft. The southern trace of the t rai l 

descends steep ly to Mina Sauk Falls, about 1.5 m i 

southwest of the picnic grounds. M ina Sauk Falls 

is the highest (132 ft} waterfall in M issouri; the 

Indian legend of its origin is recounted by 

Beveridge (1978). Devi ls Tol l Gate, an add itiona l 

' > 
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I 
in rhyolite wit h steep, 30-ft-high walls. Both these 

scen ic features are with in the extensive outcrop 

area of the Taum Sauk Rhyol ite, whi ch forms the 

bul k of Taum Sauk Mountain and the surrounding 

hil Is. 

/,, ... ...... ·"'t .. _ ~/ 
evils Toll ~ • 1000 o IOOO 2000 3000 F"((T 
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Figure 43 

The Taum Sauk Rhyol ite is found only as floa t 

in the immediate vicin i ty of the picn ic grounds. 

Trail map of Taum Sauk Mountain area, STOP 2. 
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Return to cars and retrace 3 .1-mi segment of route along State Road CC to its 

junction with Missouri Highway 21 -72. 

Junction of State Road CC and M issour i H ighway 21 -72. 

Turn left (east} and retrace 3.1-mi segment of route along Missouri Highway 21-72 

to junction with State Road E. 

Junction of Missouri Highway 21 -72 with State Road E. Turn right and proceed 

south on State Road E. 

Missouri Pacific Railroad overpass . Bonneterre dolomite is exposed in the deep rai lroad 

cut. The low rhyolite knob in the d istance to the east is Crane Mountain (not to be 

confused w ith Crane Lookout Tower atop the mountain 6 mi to the south at STOP 3). 
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Cross over upper reaches of Marble Creek. Cuthbertson Mountain is immediately to the 
west. 

Rhyol itic ash-flow tuff exposed in bank on west side of road. 

Gravel road west leads to Cuthbertson Mountain manganese mine and outcrops of 

Precambrian stromatoli tic I imestone described in I< isva rsany i, 1976, p. 46-50. 

Cross over unn amed branch of Marble Cree k. Bonnete rre dolomite crops out on 
hillside to the southwest. 

Cross over unn amed branch of Marble Creek . Junction with unmarked blacktop 
road (FH-69) to the south. Turn right and proceed south on FH-69 . Bonnete rre 
dolomite is exposed on the east side of State Road E at the junct ion. 

Ledges of Bonneterre dolom ite exposed in both roadbanks. 

Cross over small creek branch; Bonneterre dolomite exposed on hi ll slope southeast 
of crossing . This coarse ly crystalline dolomite is common ly referred to by area 
geologists as "whi te-rock" or " netted-rock" dolomite. It is an extensive ly recrystall ized 
dolomite - originally a burrowed lime mud - th at developed in shallow water on the 

flanks of the Precambr ian h igh represented by the St. Francois Mountains. "White

rock" l ithology is a prominent facies of Cambrian formations from the Bonneterre 
through the Potosi . 

Bonneterre limestone exposed in small glade on east side of road. Th is pinkish-gray 

mottled l imestone is informally referred to as the "Taum Sauk marble." It has been 
quarried intermittently on a small scale for use as dimension stone or, where more 
dense, terrazzo chips. 

Cross over unnamed creek branch. 

Road curves to left; boulders of rhyolite on east hi llslope. 

About 100 ft farther south, Precambrian bedded tuff is exposed along the east side 
of the road. The tuff is dark gray, f ine grained, and is traversed by micro-veinlets of 
quartz. 

Small outcrop()) of Grassy Mountain lgnimbrite about halfway up the h il l on east 
side of road. In th is outcrop, the rock is somewhat brecciated . 
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Large bou lders of Grassy Mountain lgnimbri te along ridgetop. 

Smal'I outcrop{?) of Grassy Moun tain lgnimbrite in east roadbank . 

Outcrops of t rachyte porphyry on west side of road. 

Begin short, steep descent; smal l out crop of trachyte porphyry on east side of road. 

Junction w ith Forest Service Road 2192. Turn left and proceed east on Forest Service 

Road 2192. Th is road leads up to a mountaintop where a recent ly dismant led lookout 

tower stood. The U.S.G.S. Des Arc NE 7%-minute quadrangle map (1 968 ) sti l l indicates 
the landmark as Crane Lookout Tower . The local name for the 1500-f t -hi gh mountain 

is Crane Mountain , but it is not to be confused with Crane Mountain proper, 6 m i to 
t he north and shown on both the Ironton and Lake Ki llarney 7'h-m inute topograph ic 

maps (1968) . Outcrops and boulders on upper slopes of mountain are trachyte porphyry. 

STOP 3. Crane Lookout Tower {SEY. SE% NEY. sec. 8, T. 32 N., R. 4 E. ). 

Park cars in clearing near the summit o f the mountain . Th is stop involves a short, 

approximately one-half -hour hike. 

Walk about 50 ft wes t, downh ill from the summit to massive outcrops along the western 

slope o f the mountain . 

The southeast rim of Crane Moun tain affords an and V ickery Mountains, and corresponds to the Hogan 

excellent view across the Sabu la basin to the southwest, lineament of K isvarsanyi and Kisvarsany i { 1976). The 

and of the surround ing mountain range of which Crane southeast and southwest boundaries o f th e basin are 
Mountain is a part. Looking northwest, Ketcherside less well defined, but remote-sensing imagery ind icates 

and Hogan Mountains are visibl e, and on a clear day tha t the southeast boundary is co incident w ith the 

the top of Taum Sauk Mountain, some 7 m i d istant, Annapolis l ineamen t. 

may be seen. In good weather the sweeping vista to 

the southwest is broken only by the highest peaks of 
the mountains in the Em inence area on the far horizon, 

some 40 mi distant. 

The Sabu la basin is a down-dropped block, sim il ar 

to the Belleview basin, filled with Cambr ian sediments 

and bounded by northea5t· and northwest-trending 

lineamen ts. The northeast boundary is a steep scarp 

consisting of a narrow, northwest-trend ing mountain 
range which is coincident w ith the West Be lleview

East Sabula lineament as defined by Kisvarsanyi and 

K isvarsanyi { 1976). Crane Mountain forms the 

southeastern abut ment of this range, and Ketcherside 

Mountain its northwestern part. The northwestern 

boundary of the Sabu la basin is defined by a north

east-trending mountain front consisting of Hogan 

The sediments of the basin have been d issected by 

stream erosion into a re latively rugged topography; 

however, the bordering mount ain ranges average about 

500 ft higher than the r idgetops of the bas in {f ig. 44). 

Dr illholes indicate that the Precambrian surface at 

Glove r is approximately 250 ft above sea leve l. On 

Ketche rside Mountain, Precambrian rocks are exposed 

at 1700 ft above sea level. In a distance of a li ttle over 

2 mi, the Precambrian surface has a relief of 1450 ft. 
The Sabul a basin is in ferred to be underla in by one 

of the central plutons of the St. Francois terrane 
(Kisvarsanyi, 1980). 

A long the southwest face o f Crane Moun tain, 

massive outcrops of Precambrian trachyte porphyry 

form step- like cl i ffs. The rock is dark-redd ish-brown, 
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Figure 44. Generalized topographic and geologic map of the Sabula basin and surrounding mountains, 

STOP 3. 

with abundant phenocrysts of sod ic plagioclase and 
orthoclase in a holocrystalline groundmass. The 

groundmass has fine-grained trachytic texture 
characterized by fluidal arrangement of tabular 
fe ldspar microlites, and contains abundant magnetite 
grains (fig. 45). 

The rock has been fractured and sheared and is 
locally mildly propy litized. Quartz, epidote, and 
clinozoisite fi ll microfractures that traverse the rock, 
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and complete ly replace former ferromagnesian 
minerals. Development of calcite, chlorite, iron oxide, 
and sericite accompanies the alterat ion. Veins of 
epidote and hematite, 1 to 2 inches thick, occur in 
highly fractured zones near the base of the outcrop. 

Near the top of the cl iff.form ing outcrops, the 
trachyte porphyry contains conspicuous xenolithic 
masses of a dense, dark-gray rock. The inclusions 
range in size from a few inches to several feet and 



are freq uently twisted and contorted. They have 

sharp contacts with the enclosing rock. Traces o f 

relict bedding are faint ly d iscern ible on slabbed 

surfaces, and microscopic observations ind icate that 

the inc lusions represe nt fragmented and recrysta llized 

vi tr ic-tuff beds that were caught up in the trachyte

porphyry flow. 

The major fractu re traces on Crane Mountain 

strike northwest and are subparallel to the West 

Road Log No. 2 

Be lleview-East Sabula lineament. The combination of 

fracturing, straight-l ine re lat ionsh ip o f the mountain 

scarp and the Sabula bas in, d iffere nce in e levatio n o f 

the Precambrian sur face across the mountain-basin 

boundary, and configu ra t ion of the total magnetic

intensity map of the a rea (fig. 46) suggests that the 

northeast boundary of the Sabula basin is a normal 

fa ul t and that Crane Mountain forms part of the 
re latively upli fted northeast hlock. 

Return to cars. Descend from Crane Mountain by retracing 0.9-mi segment of Forest 

Service Road 2192 to its junction with road FH-69. 

0.5 mm 

Figure 4 5. Photomicrograph showing trachytic texture in trachyte porphyry from Crane Mountain, STOP 3. 

Large phenocryst in upper right is alkali feldspar. Crossed polars. Photo by Art Hebrank. 
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Figure 46. Total-intensity aeromagnetic map of parts of the Ironton and Des Arc 15-minute quadrangles. 
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Map covers the same area as figure 44. Adapted from U.S. Geological Survey and Missouri 

Geological Survey, 1949. Contour interval 250 gammas. 
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Junction with road FH-69. Turn left and proceed south on FH-69. The road passes 
southward through a thickly forested area in the Sabula basin. 

Residual blocks of sandstone along both sides of road. 

Chert and sandstone residuum in road ditches and banks. 

Intersection of unmarked north-south and east-west gravel roads. Turn right and proceed 
west on east-west road. 

l 
l 
l 
; 

l 
J 

j 
J 

j 

. 
J .. 
J 
J 
,I 



24.8 

2.7 

27.5 

0.2 

27.7 

0.3 

28.0 

0.1 

28.1 

0.1 

28.2 

0.1 

28.3 

0.3 

28.6 

0.3 

28.9 

0 .1 

29.0 

0.6 

29.6 

0.4 

30.0 

0.7 

30.7 

0.2 

30.9 

0.1 

31.0 

1.3 

Road Log No. 2 

Cross over Crane Pond Creek; ascend h il l. Chert and sandstone residuum in roadbanks and 
ditches along ridgetop for next 2.5 mi. 

Begin steep descent into Big Creek valley. 

Bonneterre dolomite outcrop along north side of road for next 0.1 m i . 

Cross unnamed branch of Big Creek. 

Bonneterre dolomite on north side of road. 

Cross low-water bridge on Big Creek. CAUTION: Bridge is impassable after heavy rai ns. 

M issouri Paci f ic Railroad crossing, and juncti on with Missouri H ighway 49. Turn right and 
proceed north on Highway 49. Proceed through Sabu la basin toward Precambrian rim about 
3 m i ahead. Low h ills wi t hin the basin consist of Cambrian sediments. 

Passing through the "one-house" vil lage of Ch loride. 

Smal l outcrops of Cambr ian (Bonneterre?) dolomite on west side of road. 

Cambrian (Bon neterre ?) dolomite exposed discontinuously (best along west side of road) 
for next 0.5 m i . Solution weathering has produced a wel l-developed, pinnacled su rface. 

Cross Missouri Pacific Railroad spur to lead smelter . 

Bridge over Scroggins Branch. ASARCO lncorporated's Glover lead smelter is to the 
west. The multim ill ion-dollar fac il ity started production in 1968 and has an annua l 
capacity of 110,000 tons of refined lead. The plan t processes lead-ore concentrates 
from m ines in the V iburnum Trend lead-zinc-copper deposits about 20 mi to the 
west. Cleaned gas, coo led and f ilte red to remove particu lates, is em itted through the 
610-ft concrete stack (fig. 4 7 ). 

Outcrops of Cambrian (Bon neterre?) dolom ite on west side of road . 

Bridge over Goff Cree k. 

Junct ion of Missouri Highway 49 with Missouri Highway 21 -72. Contin ue stra ight ahead 

(north) on H ighway 21 -72. 
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Figure 47. ASARCO Incorporated lead smelter and refinery (SW% SW% sec. 2, T. 32 N., R. 3 E,), 800 ft 

west of mileage point 30.0, Glover, Missouri. Photo by Jerry Vineyard. 
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V il lage of Hogan, and junction of Missouri Highway 21 -72 with State Road AA to the west. 

Turn left and proceed west on State Road AA. 

Hogan Mountain, rising to an elevation of 1639 ft above sea level, is immediately north of 
the road. Royal Gorge, another of the picturesque shu t-i ns of the St. Francois Mountain s, 

is about 2 mi north of th is junction on Highway 21-72. 

We are now re-entering the area of the proposed Taum Sauk caldera. The bulk of Hogan 

Mountain is formed of thick ash-flow tuft of the Taum Sauk Rhyolite discussed at STOP 1 

of this road log. 

Bonneterre dolomite exposed for 0 .1 m i along south side of road. 

Low cuts on south side expose Bonneterre dolomite. 

Cuts on both sides of road expose a coarse boulder conglomerate. Most boulders are Taum 

Sauk Rhyoli te and are extensively weathered. From the east, beds of Lamotte sandstone 

and siltstone interf inger w ith the boulders. 

Carver Creek Gran it e Porphyry , exposed in low cuts on both sides of the road, is 

interpreted as a ring dike along the southeastern margin of the proposed Taum Sauk 

caldera (J.E. Anderson and others, 1969). The rock contains alkali feldspar and amph ibole 

phenocrysts in an ultra fine granophyric groundmass. Bi otite , magnet ite, zircon, and 

apatite are present in small amounts. 

The gran ite porphyry is intruded by a diabase d ike near the western end of these cuts. 

The dike is deep ly weathered; its ex istence is ind icated by a yel low -green soil zone, and 

scattered exfol iated boulders. 

V ictory Baptis t Church on south side of road. Low cuts on north side of road expose 

Taum Sauk Rhyolite. 

Carver Creek Granite Porphyry forms massive outcrops on east side of road. 

Cu t on east side of road exposes deeply weathered Taum Sauk Rhyol i te. 

Small shut-ins on west side of road in Taum Sauk Rhyoli te. 

Cu t on east side of road exposes Taum Sauk Rhyolite. This ash-flow tuft exhibi ts 

excellent compaction fo l iat ion ; large, angu lar, crushed pumice fragments. some as large as 

one meter long, impart a d istinctive eutaxitic structu re (fig. 48). 

Road crosses over Carver Creek. 
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Low cuts along west side of road expose Taum Sauk Rhyol ite. 

State maintenance ends. Unmarked paved road makes a sharp turn to the southwest. The 
road straight ahead leads to Devils Toll Gate scenic feature (mentioned at STOP 2), but 
becomes rough and impassable for passenger cars. 

Follow the unmarked paved road to the left, proceeding southwestward from the end of 
State Road AA. 

Deep road cut in Paleozoic res iduum. 

Outcrop of Taum Sauk Rhyolite on south side of road. Crushed pumice fragments define a 
prom inent eutax it ic structure; compaction fo liation is nearly vertical and strikes about 
N 20° W. 

Very coarse, basal bou lder conglomerate exposed in cut on south side of road. Most 
boulders are Taum Sauk Rhyo lite. 

Cross over little Taum Sauk Creek. 

For the next 3 m i the road parallels Little Taum Sauk Creek, which has cut a narrow 
valley into the Precambrian rocks exposed on both the north and south upper hi llslopes. 

Cambrian sediment ary rock is locally exposed throughout the va ll ey floor . 

Low cuts on north side of road expose Bonneterre Formation: dark gray, fine-grained, 
medium-bedded dolom ite intercalated with siltstone and shale . The sect ion is increasingly 
shaly near the top . 

Bon neterre dolomite in north road ditch. 

Small outcrop of Bonneterre dolomite in gully on north side of road. 

Along the south bl uff of Little Taum Sauk Creek, just south of the road, the type section 
of Brightman's (1938) "Taum Sauk member of the Bonneterre Formation" is exposed. 
This 150-ft-thick section of finely crystalline limestone, d olom it ic limestone, and coarse 
crystalline dolomite was described by Howe (1968) as an atypical, progressively dolomitized, 
t ime-transgressive carbonate facies in the Bonneterre and younger Cambrian formations. 
The facies consists of alternating planar stromatolites and burrowed carbonate mud; its 
distribution near Precambrian h ighland areas throughout southeastern Missouri was considered 
by Howe (1968) to be supportive evidence for sedimentat ion in a protected environment, with 
min imal wave and current act ivity. The section exposed here is described in deta il by 
Howe (1968, p. 75-77). 
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Figure 48. Spectacular eutaxitic structure in Taum Sauk Rhyolite. East side of State Road AA, at mileage 
point 34.5 (NW'Jz NE'Jz NW'Jz sec. 28, T. 33 N., R. 3 E.). Photo by Art Hebrank. 
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Enter Reynolds County. For the next 2 mi, road passes between Church Mountain on 
the north and V ickery Mountain on the south. Both are Precambrian h il ls rising about 
1600 ft and 1400 ft above sea level , respectively. The Taum Sauk Rhyolite is the dominant 
rock exposed on both h i I ls. 

Very small outcrop of Bonneterre dolomite on north side of road where it intersects nose of 
hil l. 

Figure 49 

The Upper Reservoir of Union 
Electric Company's Taum Sauk 
Power Plant as seen from the valley 
of Little Taum Sauk Creek, View is 
north from mileage point 40. 1 
(NWX. NEX, SEX. sec. 27, T. 33 N., 
R. 2 E.) . Photo by Art Hebrank. 
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Figure 50. The Lower Reservoir of Union Electric Company's Taum Sauk Power Plant. View is south from 
mileage point 41.0 (NW% SW% SW% sec. 27, T. 33 N., R. 2 E.). Photo by Art Hebrank. 
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Junction with extension of State Road U from the south. Continue straight ahead to Taum 
Sauk Hydroelectric Power Plant. 

The Upper Reservoir of Union Electric Company's Taum Sauk facility is visible in the 
distance to the no rth (fig. 49). 

Low-water bridge across Taum Sauk Creek. 

CAUTION: impassable during high water. 

Small barrow pit in Paleozoic residuum on north side of road. 

The Lower Reservoi r of the Taum Sauk Power Plant is visible to the south, at the junction 

with the lake access road (fig. 50). A 75-ft -high concrete dam was constructed in 1963 to 

impound the East Fo rk of the Black River for pumped-storage electric power generation . 
Covering an area of approximately 200 acres, the average volume of water in the rese rvoi r 
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is about 2 bil lion gallons, but the maximum capacity of the reservoir is nearly twice that 
much (oral comm unicat ion, Dav id Hoffman, Missouri Depart ment of Natural Resou rces, 

Dam Safety Program). 

Road turns sharply north towards Proffi t Mountain. 

Roadcuts for the next 0.8 mi expose residuum contain ing predom inantly chert of the 
Gasconade Do lom ite and Roubidoux sandstone boulders. 

Cut on east side of road exposes a residua l bed of Roubidoux sandstone. 

Large pit on east side of road is in Gasconade and Roubidoux residuum; prom inent 
bedding is exh ibited in this clay, chert, and sandstone regolith . Material from the pit 

was used for road metal duri ng construction of the power p lant. 

Entrance gate to Union Electri c Company's Taum Sauk Pumped Storage Hydroe lectric 
Power Plant. The Taum Sauk Nature Museum and Visitor Center is immediately 

beyond the gate on the east side o f the road. A parking area, picnic tables, refreshment
and rest-facil ities are available, and visitors are welcome. A scaled-down model of the 
power plant is d isplayed on the outside wal l of the V isi tor Center . An optional stop is 

recommended to view the exhibits. 

Massive outcrops and boulders high on the hil lslope to the north are of Munger 

Granite Porphyry. 

The M unger Gran ite Porphyry is believed to be part of the ring intrusion around the 
proposed Taum Sauk caldera (see fig. 35). It is very sim ilar in chemistry and mineral
ogy to the Carver Creek Granite Porphy ry. 

Road bifurcates. Turn left and proceed downhill (west) toward power plant. Road to 

r igh t leads uph ill to the Upper Reservoi r about 1.5 mi north . 

Large boulders of Munger Gran ite Porphyry are float over Paleozoic residuum along north 

side of road . 

Paleozoic residuum is exposed in cuts for next 0 .5 m i to base of hi ll . Some sandstone 

and massive chert beds re tain a crude bedding. 

Sharp turn to right (east ). Turn again immediately into large open area to the east 

(outside of gate). 

STOP 4. Un ion El ectri c's Taum Sauk Power Plant and Precambrian-Paleozoic 
erosional unconformity (NEY,. SE% SW% sec. 21, T. 33 N ., R. 2 E. ). 
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Park and lock cars. Wal k through the gate and down the road into the cut, about 300 

ft in an easterly direction. (Passenger cars could proceed an additional 0.1 mi through 

the gate to the parki ng lot by the power station, but busses could not turn around 

in the cul·de·sac at the foot of the steep rock cuts.) 

Constructed at a cost of 50 million dol lars, the 

power plant and reservoirs were comp leted in 1963. 

It was one of the first and, at the t ime, the largest 

pumped-storage plan t in the United St at es. It has 

the capacity to generate 350 ,000 kil owatts of 

electr icity. Dur ing periods of low demand, excess 

electricity from distant steam-turbi ne generating 

plants is used to pump wate r uphi ll through a 

6600-ft-long tu nnel into t he Upper Rc,scrvoir for 

storage; at t imes of peak demand for elect ricity, 

the wate r runs back down th rough the turbines. 

generating power. Pumping is performed by 

reversi ng rotation of the generating units. The 

operation of the plant is automatic, remotely 

controlled from the Company's Osage plant and 

from the dispatcher's office in St. Louis. 

At the time of its construction, the Upper 

Reservoir was hail ed as an engineering marvel. It 

is carved out of the top of Proffi t Mountai n 1579 

f t above sea level ; i t s surface covers approx imately 

55 acres (fi g. 51). I t s concrete-lined wall s are 94 

f t high and w i ll hold 1.5 bil lion gal lons of water 

(oral commun ication, Dav id Hoffman, M issouri 

Department of Natural Resources, Dam Safety 

Program). 

Figure 51. Aerial view of the Upper Reservoir atop Proffit Moun tain (SW}4; sec. 15, T. 33 N., R. 2 E. ). Photo 

by Jerry Vineyard. 
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Figure 52. Power station of 'the Taum Sauk Hydroelectric Plant at the base of Proffit Mountain. The U
shaped cut exposes a Precambrian knob of Taum Sauk Rhyolite overlapped from the west by 

Davis and Derby-Doerun sedimentary beds. View to the nor'theast, STOP 4. Pho to by Art 
Hebrank. 

78 



The U-shaped cut at the power station exposes 

massive Precambr ian ash-fl ow tuff (Taum Sauk 

Rhyol ite) overlain by Upper Cambrian sedimentary 

rocks. It stands some 100 ft above the tail race and 
reveals a spectacu lar three-dimensional cross section 

o f the Precambrian-Paleozoic erosional unconformity 

(fig. 52 ). Weathering has produced a few tens of 

feet of relief on the rhyolite surface. In the north 

face of the cut, the rhyoli te knob is exposed at 
the ground surface, the overlying sed iments having 

been removed by erosion . In the east and south 

faces of the cut, t he knob is stil l buried by 
sediments (f ig. 53). 

Road Log No. 2 

The rhyolite is overlain by beds of shaly and 

arkosic dolomite, a sequence of alternating 

stromatol itic and bu rrowed carbonate muds assigned 
by Howe ( 1968) to the upper Davis Formation and 

the Derby-Doe Run Dolomite. The dolomite laps 

on to the Precambrian surface from the west and 
has a maximum dip of 25 degrees (f ig. 54). The 

steep dips are attributed to differentia l compaction 

of unconsol idated sediments deposited over the 
uneven rhyolite surface. Howe (1968) be lieves that 

the combined effects of carbonate soluti on, dolornit i

zat ion, and compaction of argi llaceous l ayers caused 

a loss of vo lume in the sedimentary beds, and that 

Figure 53. Rhyolite knob is exhumed in the north face of the power station cut (left), but still buried 
beneath sedimentary beds in the east face (right). Note the prominent columnar jointing 
exhibited by the rhyolite. STOP 4. Photo by Art Hebrank. 
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some re lative movement of the sed iments with 
respect to the rhyolite kn ob has occurred. The 

stratigraphic section he re is described in detai I by 
Howe (1968, p. 81 -86). 

3.1 

46.2 

0.1 

46.3 

Return to cars. Retrace 3.1-mi segment of road to its junction with State Road U, 
about 0.2 mi east of the low-water bridge across Taum Sauk Creek . 

Junction w ith State Road U to the south. Turn right and proceed south on State 
Road U. 

Low-water bridge ac ross Little Taum Sauk Creek. CAUTION : Impassable dur ing high 
water. 

Figure 54. Steep initial dip exhibited by Davis and Derby-Doerun shaly dolomite beds resting nonconform

ably on the flank of a buried Precambrian knob of Taum Sauk Rhyolite. North face of power 
station cut, STOP 4_ Photo by Art Hebrank. 
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Figure 55. The dam of the Taum Sauk Lower Reservoir. View is north from hills/ope, just below STOP 5. 

47.1 

47.3 

48.2 

Photo bv Art Hebrank. 

0.8 

0.2 

0.9 

In the course of t he next 2 mi the road gradual ly tu rns southwest and approaches 

the south end of the Taum Sauk Lower Reservoir. Float and boulders in roadcuts 

and mantl ing hil lslopes along this 2-mi segment are sandstone and chert from the 

Roubidoux Formation and Gasconade Dolomite. 

Residual beds of Roubidoux sandstone in roadcut on south side of road. 

Residual beds of Roubidoux sandstone on north side of road. 

Begin steep descent of hi l l; Taum Sauk Rhyol ite exposed in small cut on south side 

of road. 
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Figure 56. Lithophysal ("thunder-egg") zone in Bell Mountain Rhyolite. The lithophysae are exposed in 
cross-section; note the concentric structure and vapor-phase quartz filling. South side of road, 
STOP 5. Photo by Art Hebrank. 

0. 1 

48.3 

0.1 

48.4 

0.1 

48.5 

Long cut on south side of road exposes Taum Sauk Rhyolite. 

Bell Mountain Rhyolite exposed in cuts along south side of road next 0.2 mi. 

STOP 5. Road cuts in lithophysal zone of Bell Mountain Rhyolite (NW'/. NW'/. 

SE'/. sec. 33, T. 33 N., R. 2 E.). 

Pu l I off and park at the Lower Reservoir scenic overlook on the north side of the 

road, just before a sharp curve to the south. The dam of the Taum Sauk Lower 

Reservoir is visible about 500 ft north of the road (fig. 55). 

Cuts along the south side of the road expose are near the southwestern boundary of the proposed 

Taum Sauk caldera, opposite where we saw the 

lithophysal unit on Russell Mountain at STOP 1 of 

this road log, about 10 mi northeast of here. 
Recognition of the identical stratigraphic succession 

a lithophysal ("thunder-egg") zone in the Bell Moun

tain Rhyol ite. Th is distinctive volcanic unit has also 

been mapped on Lee Mountain, just north of the 

Lower Reservoir (Anderson, 1970). These outcrops 
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of the volcanic units on Lee and Russell Mountains, 
with units dipping northeast and southwest, 
respectively, led Anderson ( 1970) to conclude that 

the volcanic rocks of the area accumulated in a 
broad depression or sag in the roof of an epizonal 

bathol ith. 

The I ithophysal ("thunder-egg") zo ne is especially 
wel I exposed on the south side of the road, about 
325 ft east (uph ill) from the scenic overlook. Sphe 
ro idal and somewhat fla ttened lithophysae (f ig. 56) 

Road Log No. 2 

are up to 2 inches in diameter and are common ly 

fil led with vapor-phase minerals among wh ich quartz 
and deep-purple fluorite are predominant. The 
lithophysae occur in very fine-grained, crystal-poor 
vitric tuft composed of devitrif ied glass shards that 
show extreme compaction. A large clast of the 
li thophysal tuff, about 2 f t by 3 f t (fig. 57), is 
visible in the middle part of the cut, about 250 ft 
east of the scenic overlook. This clast indicates the 
fragmental natu re of the unit. 

Return to cars. Continue south on State Road U . The road turns south a short 
distance beyond t his stop and parallels the East Fork of the Black River. 

0.1 

48.6 Bell Mount ain Rhyolite exposed along upland creek just east of road. 

0.5 

49.1 Bell Mountain Rhyol ite exposed in cut on east side of road. 

Figure 57. Large clast of lithophysal tuff in Bell Mountain Rhyolite. South side of road, STOP 5. Photo by 

Art Hebrank. 
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State maintenance of State Road U begins. 

Rhyolite boulders mantle lower h il lslopes of Precambrian knob on east side of road. 

Cambrian (Davisl) dolomite exposed in east roadcut and west hillslope. 

Roadcut through Paleozoic residuum. 

Cambrian dolomite ("wh ite rock"; " netted rock") exposed almost continuously along 
east side of road for next 0. 7 mi. 

Junction of State Road U and Missouri Highway 21-49-72. Turn right and proceed 
west on Highway 21-49-72. 

Low cuts along north side of road expose Derby-Doerun and Potosi Dolomites. 

Bridge over East Fork of Black River. Note bluff of Derby-Doerun and Potosi 
Dolomites northeast of bridge. 

East city limits of Lesterville. 

Outcrops of Derby-Doerun Dolomite on north side of road. West city limits of 
Lestervil le. 

Outcrops of Derby-Doe run Dolomite on north side of road. 

Precambrian crystal- li thic flow breccia exposed on north side of road. L ith ic clasts 
are trachyte and rhyolite. Cryst als are albite and relict Fe-rich pyroxene(?). Small 
ovoidal lithophysae are fi lled by coarse crystalline quartz and calcite. Under the 
microscope, the groundmass exhibits prominent flow banding. A partial chemical 
analysis of this rock is shown in table 8. This small Precambrian knob is one of 
many along the southwestern perimeter of the proposed Taum Sauk caldera. 

On north side of road, outcrop of massive, coarsely brecciated, local ly conglomeratic 
Derby-Doerun Dolomite displays cross-bedding and oolit ic texture. 

Road crosses Adams Hollow. 

Junction of Missouri H ighway 21-49-72 and State Road N. Turn right and proceed 
north on State Road N. This area is blanketed by relatively thick residuum and there 
are few outcrops of bedrock. 
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Cuts on west side of road expose Precambrian rhyolite porphyry ash-flow tuft. (There 
is a pul l-off on the east side of the road, across from the upper cut.) The rock 
contains abundant small phenocrysts of orthoclase, quartz, and rel ict mafic minerals. 
The latter amount up to 10 percent of the rock by volume and are bel ieved to be 
relict, Fe-rich pyroxenes. Their interiors are completely replaced by secondary 
minerals, but their original euhedral crystal form is outl ined by a rim of iron oxide. 
The groundmass consists of quartz, alkal i feldspar, and minute grains of iron oxide. 
It has a distinctive snowflake texture, the quartz showing an acicular habit and 
form ing a "network" in optical continuity around the phenocrysts. Lenticular patches 

of granophyre are interpreted as replaceme nts of pumiceous material in this ash-flow 
tuff. 

Table 8 

CHEMICAL ANALYSES OF VOLCANIC ROCKS 
NEAR LESTERVILLE, REYNOLDS COUNTY 

2 

Si0 2 65.50 69.20 

AJ2o 3 13.40 11 .80 

Fe2o 3 4 .50 3.90 

MgO 0.63 0.20 

Cao 2.42 0.36 

Na20 2.60 0 .95 

K20 3.13 7.62 

Ti02 0.66 0.55 

P205 0.14 0.14 

Data from Pratt and others, 1980. Sample 1 is from mileage 
point 54.7; sample 2 is from mileage point 57 .6. 

A partial chem ical analysis of this rock is shown in table 8. Note that the contents 
are relatively low in silica and alumina, very low in calcium and magnesium, and 
high in iron; also note the exceptionally low Na:K ratio. Rhyolites of similar 
composit ion and mineralogy are common among the Eminence area Precambrian 
outcrops, about 35 mi southwest of here. 

Bridge over Baker Branch, a tributary of the Middle Fork of the Black River. 

Potosi residuum along east side of road is characterized by moderately large masses 
of drusy quartz and red soil . 
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Potosi residuum. 

Cuts on west side of road expose th ick residuum. 

Arkosic dolomite of Davis Formation is exposed for 0 .3 mi along south side of road. 

Walker Branch Church to the north. 

Bridge over Walker Branch . a tributary of the East Fork of the Black River. 

Davis Formation exposed on west side of road. The rock is massively bedded 
arkosic dolomi te. wh ich is locally crossbedded. 

Roadcut in res iduum characterized by large sandstone blocks and chert masses. Cuts 
for next 0.5 mi expose sim ilar residuum . 

Junction with State Road MM to the north. 

Coarse, arkosic, fossi li fe rous Davis dolom ite exposed on south side of road. 

Junction of State Road N and Johnson Shut-ins State Park road. Turn right and 
proceed south into Johnson Shut-ins State Park. 

Entrance gate to Johnson Shut-ins State Park. Proceed along main road, past picnic 
areas. Outcrops along the road are dolomite of the Davis Formati on and the Derby
Doerun Dolom ite. 

Road turns sharply left into Visitors Park ing Lot. 

STOP 6. Johnson Sh ut-ins State Park (N'h $WY. sec. 16, T. 33 N ., R. 2 E.). 

Park in V isitors Parking Lot and lock cars. This stop involves approximately a 
2-hour hike. 

NOTE : ROCK COLLECTING AND HAMMERING IS PROHIBITED WITHIN THE 
BOUNDARIES OF THE PARK! 

Wa lk east from park ing lot , on we ll-marked t rail, about 1800 ft to shut-ins overlook 
(fig . 58). 

Johnson Shut -ins is one of the most picturesque 
Precambrian-rock "canyons" in M issouri and un-

questionably one of the Show-Me-State's most 
popular natural tourist attractions. The important 
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LEGEND (All units are Precambrian) 
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Figure 58. Geologic map of the Johnson Shut-ins area, STOP 6. Modified from Blades and Bickford (1976); 
formal nomenclature after Ber,y (1976). 
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Figure 59. Johnson Shut-ins. View east from the head of the upper shut-in, STOP 6. Resistant, rounded, 
potholed rock in the foreground is Johnson Shut-ins Rhyolite. Photo by Art Hebrank. 
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morphologic features of the shut-ins are described 
by Beveridge ( 1978). A one-mile-long segment of 
the East Fork of the Black River is confined within 
a narrow, steep-walled canyon, where it cuts through 
a thick sequence of erosion-resistant volcanic rocks 
(fig. 59). The same river has formed an alluvial 
flood plain more than 0.25 m i wide in sedimentary 
rocks upstream and downstream from the shut· ins. 

Within the confines of the shut-ins, stream 
erosion is controlled by vertical jointing in the 
rhyolite. Beveridge (1978) describes three important 
joint sets. The major joints trend northeast, at 
right angles to the valley; the valley drains to the 
southeast, paral lel to secondary joints; and a th ird 
set of joints trending due east has been en larged by 
erosion, making the channelways all the more 
complex. 

While technically a single geomorph ic feature, 
Johnson Shut·ins is popularly thought of as two 
tandem shut-ins: an upper and lower cascade, each 
with its own d istinctive character. The upper shut· 
in is characterized by a maze of potholes, plunge 
pools, and tortuous narrow channelways (fig. 60); 
the lower is dominated by a single, long, deep 
chute developed along a joint which parallels the 
direction of flow of the river. 

The Precambrian geology of the Johnson Shut· 
ins area has been mapped by Anderson (1970) and 

by Blades and Bickford (1976). The mile-long shut
ins expose a 650-m·thick sequence of ign imbrites 
and intercalated volcaniclastic sedimentary rocks 
(fig. 61) that dip about 15 degrees to the northeast. 

Road Log No. 2 

The upper (potholed) cascade, immed iately east 

of the overlook platform, is developed in ash-flow 
tufts of the Johnson Shut-ins Rhyoli te (fig. 58). 
This unit is described in detail by Blades and 
Bickford (1976). It is predominantly a series of ash
flow tufts, dark gray to red in color, which exh ibit 
well-preserved textures and features indicative of 
pyroclastic origin. Readily observable are fiamme 
(flame-shaped, compacted pumice fragments). lithic 
fragments, and p isolites (fig. 62). In thin section, 
the pisolites are seen to be accretionary lapil li 
composed of fine ash and'shards (fig. 63). 
Lithophysal units are also present in the sequence; 
the products of vapor-phase crystall ization within 
the individual lithophysae are anhedral quartz, 
feldspar, and muscovite. 

lnterbedded with the several ash-flow tuffs are 
a series of volcaniclastic sedimentary rock units. 

Easi ly examined - at the head of the upper shut· 
in, directly across the river from the observation 
platform - is a prominently exposed bed of water
laid tuff (fig. 58). a unit described by Blades and 
Bickford ( 1976) as a uniform, gray, fine-grained, 
water- laid tuft with ripple marks, cross-bedding 
(fig. 64), and finely graded bedding. 

It is suggested that interested groups w ith 
sufficient time exam ine the entire sequence of 
zoned ash-flow tufts and volcaniclastic sediments 
exposed at the shut-ins. Possibly the most meaning· 
ful procedure would be to walk up through the 
exposed section starting at the lower end of the 
constriction. Plan this adventure for a nice warm 
day and expect to get wet! 

Return to parking lot and cars. Retrace 0 .8-mi segment of Johnson Shut-ins State 
Park road to its junction with State Road N. 

0.8 

64.3 

0.2 

64.5 

0.2 

64.7 

Junction of Johnson Shut-ins State Park road and State Road N. Turn right and 
proceed north on State Road N. 

Bridge over Cope Hollow. 

Bridge over East Fork of the Black River. Roadcuts at northeast corner of bridge 
expose dolomites of the Davis Formation. 
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Figure 60. The upper shut-in, developed in Johnson Shut-ins Rhyolite. Note the prominent jointing and its 
effect on stream erosion. View to the northeast from near the overlook, STOP 6. Photo by 
Art Hebrank. 
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Figure 61. Measured stratigraphic section of Precambrian volcanic-rock units exposed in the Johnson Shut-ins 

area, STOP 6. Modified from Blades and Bickford (1976); formal nomenclature after Berry (1976). 
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Figure 62. Pisolites in Johnson Shut-ins Rhyolite, STOP 6. Scale in centimenters (left) and inches (right). 
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Photo from Blades and Bickford (1976). 
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State Road N fol lows the course of the East Fork of the Black River for the next 
9 mi. The valley f loor and lower hillslopes are covered wi th river alluvium and 
expose Upper Cambrian sedimentary rocks, but the hill tops along both sides of the 

valley for the next 5 mi expose Precambrian rocks. 

Davis dolomite exposed in cuts along east side of road. 

Low cuts on both sides of road expose Davis dolomite. 

Davis dolomite crops out on east hillslope. 

Good view of High Top Mountain to the north . The prominent Precambrian peak 
rises to an elevation of 1590 ft above sea level (about 600 ft above the valley floor) 
and consists mostly of Munger Granite Porphyry. The north end of Proffit Mountain. 

to the east, exposes Precambrian rhyol ites. 
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High cut on east side of road exposes med ium-crystalline Cambrian (Bonneterre?) 
dolomite and chert-free, red clay residuum. 

Prominent outcrops of Cambrian (Davis?) dolomite on distant slope to the east. 

Davis dolomite exposed on both sides of road . 

Cross unnamed branch of East Fork of Black River; Davis dolomite exposed along 
south bank of creek. 

Imm 
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Figure 63. Photomicrograph of a spherical pisolite, an accretionary mass of fine ash and shards, in Johnson 
Shut-ins Rhyolite, STOP 6. Photo from Blades and Bickford (1976). 
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0.4 

69.5 

Village of Munger (no sign) . 

Enter Iron County. 

The East Fork of the Black River and State Road N pass through a small shut-in; 
much of the east canyon wall has been cut away to make the highway right-of-way 
wider. The shut-i n is developed in the Lindsey Mountain Rhyolite of Berry (1976), 

Figure 64. Prominent cross-bedding in water-laid tuff of the Cope Hollow Formation. On north hill
s/ope above upper shut-in, STOP 6. Photo by Art Hebrank. 
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a dense, vio let-gray, blackish, or maroon ash-flow tuft with 5 to 20 percent quartz 

and alkali-feldspar phenocrysts. 

Bridge over East Fork of the Black River. 

Bridge over Womble Hol low, Indian Point area. 

Bridge over East Fork of the Black Rive r. 

Outcrops on the north h illslope, and the impressive bluff to the south expose a th ick 
sequence of basal conglomerate, sand stone, and siltstone. Clastic constituents include 
angular-to-subrounded quartz sand and silt, small weathered K -feldspar grains, and 
igneous-rock fragments up to about one inch in diameter. A very few thin beds contain 
minor dolomite cement. Beds dip about 10 degrees to the southwest. 

While distinctly a L amotte Sandstone lithology, Dake (1930) considered this particular 
occurrence to be a conglomerat ic, sandy, near-shore facies of the Bonneterre 
Formation, accumulated on the steep slopes of a Precambrian knob. A smal l isolated 
rhyol ite knob crops out about 500 ft east of the bluff. 

Giant residual chert boulders on both sides of road. Sim ilar boulders are exposed in 
roadbanks, and mant le the hi llslopes for the next two miles. Casual examination of 
numerous boulders disclosed chalky whi te, t ranslucent-gray, and gray-quartzose "rusty" 
cherts wi th virtually no relict sedimentary textures. An occasional boulder is 
conglomeratic(?) or autoclastic. 

Dake (1930) described this chert as Gasconade residuum, but advanced the theory that 

much of it was secondary, a product of massive silicif ication of dolomite, possibly 
related to chemical weathering. The enormous volume of chert , the abnormal size of 
the blocks (some exceed 20 ft in diameter). and the lack of primary sedimentary 
textu res (ooli tes, pe llets, cryptozoon structures, etc.) typical of diagenetic(?) Gasconade 
cherts, certa inly support the theory o f a late secondary origin . 

Cambrian (Bonneterre?) dolomite crops out in woods on south side of road. 

Pass under high-voltage electric line. Th is is the main transmission line from Un ion 
Elect ric's Taum Sauk Pumped Storage Power Plant into the St. Louis area power net. 

Road tops small rise; arkosic Davis dolomite exposed in north roadban k . 

Granitevil le Granite bou lders and outcrops on both sides of road. We have now 
returned to the southeastern part of the Belleview Valley area; the granite exposed 
here is part of the Grani tevi l le central pluton described at STOP 8 in Road Log 

No. 1. 
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Figure 65. Entrance to Iron Mountain Trap Rock Company. Headframe, water tanks, and buildings are 
remnants of the old Iron Mountain iron-mine facilities. North side of Highway W, at mileage 
point 81.9 (S% SE% NW'ls sec. 31, T. 35 N., R. 4 E.). Photo by Art Hebrank. 

0.1 

75.8 

0.1 

75.9 

0.9 

76.8 

0.7 

77.5 

0.5 

78.0 

96 

Old road to south (by smal l granite bui lding) leads to abandoned quarries in the 
Graniteville Granite. 

Small "elephants" of Granitevil le Granite crop out prominently on the near-distant 
hillslope to the north. 

Road to the south leads to Snow Hollow Lake. 

Junction of State Road N with Missouri Highway 21. Turn right and proceed east on 
Highway 21. 

Junction of Missouri Highway 21 with State Road W. Turn left and proceed north on 
State Road W. 
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Good view to the north of Middlebrook Hi ll, a rhyolite knob (elevation 1568 ft above 

sea level). 

0.2 

78.2 Rai lroad crossing : se ldom-used spur of Missour i Pacific Railroad leads west to 

Gran itevil le. 

0.1 

78.3 Road crosses M iddlebrook Creek. 

0.3 

78.6 Road to northeast leads to vil lage of Middlebrook. 

0.9 

79.5 Rai lroad overpass above Missouri Pacific tracks. 

0.3 

79.8 Road to southeast leads to vill age of Middlebrook. Enter St. Francois County. 

0.4 

80.2 King School Road to the east. 

0 .5 

80.7 Good view of Reservoir Hill to the northeast. Prom inent outcrops near top of hill 
are Precambrian rhyol ite. 

0.7 

81.4 South city limits of Iron Mountain. 

0.5 

81.9 Iron Mountain Trap Rock Company facil ities on north side of road (fig. 65). 

The Iron Mountain Trap Rock Company crushes, 
screens, and markets dense Precambrian volcanic 
rock (mostly rhyolite) for use as a hard, wear
resistant, non-skid paving aggregate, and for other 
high-quality aggregate uses. Production is from iron· 
mine waste rock stockpiled on the property, or 
transported from the nearby Pilot Knob Pel let 
Company. The property is leased from the Hanna 
Mining Company, which, unt il 1966, operated the 
historic Iron Mountain mine and mill on this site. 

The town of Iron Mountain is at the foot of 
the Precambrian knob of the same name. Specular 
hematite admixed with minor magnetite was 
discovered here in the early 1800's, and the site 
soon ach ieved wide acclaim as "a moun tain of 
nearly pure iron"! The Missouri Iron Company was 
incorporated in 1836 (fig. 66) to mine the rich ore, 
but failed a few years later, due to litigation over 
property ownership. The American Iron Mountain 
Mining Company commenced operations in 1843, 

and ore production by a succession of companies 
was almost conti nuous until 1966. During its 123 
years of operation, the property yielded nearly 9 
million long tons of concentrates, and was the 
largest and most productive of the Precambrian 
iron-ore deposits of the region. 

According to Crane ( 1912), three types of ore 
occurred at Iron Mountain: boulder ore, vein ore, 
and conglomerate ore. The bou lder ore, the first 
type to be discovered and mined, consisted of 
hematite boulders embedded in surface residual 
clays. The vein ore occurred as several massive veins 
in Precambrian volcanic rocks, and was mined at 
first by open-pit methods from the Big Cut (fig. 
67) and Hayes Cut. Later, when magnetic surveys 
and exploratory dril l ing d isclosed the deeper, vein
type ore bodies (Main Ore Body, Northwest Ore 
Body), underground methods were also employed. 
The conglomerate ore, worked mostly by under

ground methods, occurred in the basal conglomerate 
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Figure 66. Historic document: certificate for 1000 shares ($100,000) of capital stock in the Missouri Iron 
Company, incorporated in 1836 to mine the rich ores of Iron Mountain and Pilot Knob. Property 

of Art Hebrank. 

between the Precambrian rocks and the overlying 
Upper Cambrian sediments. By far the greatest 
production was from the vein deposits. Both the 

boulder ore and the conglomerate ore were derived 
from erosion of a primary, vein-type ore body. 

The geology of the Iron Mountain deposit is 
discussed in detail by Murphy and Ohle (1968). 
They contend that the deposit received an 
inordinately large amount of scholarly investigation 
for its size. Th is is understandable, however, as the 
vein deposits display some features which can be 
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interpreted as the result of ore-magma in jections, 
whereas other features favor a hydrothermal origin. 

Kisvarsanyi and Proctor (1967) concluded, on the 
basis of trace e lement data, that the deposit was 

formed by ore-magma injections that developed 

pegmatitic and hydrothermal end phases. 

It is interesting to note that both the Iron 
Mountain and the Pilot Knob (surface) deposits 
were vis ited by participants of the 16th International 
Geological Congress and that both deposits are 
feat ured in I.G.C. Guidebook No. 2 (Lake, 1933; 

Steidtmann, 1933 ). 



At the t ime of th is writing, not much can be 

seen of the famous deposit . The underground 

workings are inaccessible and the lower levels of 

the open cuts are interm ittently flooded by water. 

In the face of the open cuts, however, hematite 

seams are stil l exposed and can be seen in associa· 
tion w ith the high-temperature mineral assemblage 

Road Log No. 2 

(actinoli te, apat ite, garnet) wh ich characterized 

the deposit. I f an optional stop is p lanned at the 

Iron Mountain mine, prospective visitors are 

advised to make advance arrangements with Mr . 
John Malloy, Iron Mountain T rap Rock Company, 

P.O. Box 35, Iron Mountain, Missouri 63649. 

Figure 67. Big Cut of the Iron Mountain mine, early 1900's. The large abandoned open pit (NE% 
NW% and NW% NE% sec. 31, T. 35 N., R. 4 E.) is located 1800 ft northeast of mileage 
point 81.9. Division of Geology and Land Survey archives. 
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North city limits of Iron Mountain . 

Road south leads to Iron Mountain Lake. The 70-acre lake, about 0.75 mi distant 
from State Road W, is the oldest of Missouri's numerous man-made lakes. Reportedly 

using prison labor, the 1200-ft-long, 22-ft-high, earth and rock-fill dam was 
constructed in 1869 to impound Indi an Creek. The lake is owned by the Iron 
Mountain Lake Association and is for recreat ional use (oral comm un ication, David 
Hoffman, Missouri Department of Natural Resources, Dam Safety Program). 

Junction with State Road N to the north . 

Road descends through narrow valley between Pine Mountain on th e north and an 
unnamed hi ll on the south. Th ick ledges of Lamotte Sandstone crop out on both 
sides of the road along the val ley bottom. The upper slopes of both h il ls expose 

Grassy Mountain lgnimbrite. 

Bridge over Indian Creek. Pale-pinkish -gray (bleached?) Grassy Mountain lgnimbrite 

crops out on southeast hil lslope. 

Bou lde rs and outcrops of Grassy Mountain lgnimbr ite on south h ill slope. 

Bridge over White Cree k . Scattered small outcrops and boulders of Grassy Mountain 

lgn imbrite. 

Low cuts along north side of road expose Lamotte Sandstone; Breadtray Granite 
boulders mantle the gentle h illslope immediately above the sandstone . 

The contact of the Breadtray Granite and overlying Grassy Mountain lgnimbrite is 
not exposed along the road, but is mapped just west of these outcrops. A detailed 
description of the Butler Hill-Breadtray Grani te massif is presented at m ileage point 
57.2 in Road Log No. 1 of this Guidebook. 

Breadtray Granite on north hillslope. 

Breadtray Granite along north side of road. 

Road curves sharply left (to the east ) around massive outcrop of Breadtray Gran ite 
on north side of road. Coarse-grained, ferruginous Lamotte Sandstone is almost in 
contact with the granite in the north roadbank at the east end of the curve. 

Breadtray Granite exposed on h illslope and in bank along south side of road. 
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0.3 

86.9 Lighthouse Tabernac le Church on south side of road; outcrops and bou lders of 
Breadt ray Granite on both sides of road for next 0.3 mi . 

0.5 

87.4 Stono Mountain (elevation 1644 f t above sea level ) and lookout-t ower access road 
(barred by gate) to the north. Relationships between the Stono Granite, Breadtray 
Granite, and Grassy Mountain lgnimbrite - all exposed on Stono Mountain - are 
discussed briefly at mi leage point 61.5 in Road Log No. 1 of this Guidebook. 

0.2 

87.6 Junction of State Road W with State Road V to the south. 

Th is junction is at mileage point 6 1.5 in Road 
Log No. 1 of t his Guidebook. To return to Flat 
River, follow Road Log No. 1 from mileage point 

61.5 and proceed northeastward on State Road W 
for 7.2 mi to the U.S. Highway 67 overpass, then 
go north on H ighway 67 for about 5 more m i to 
Flat River (refer to figure 1). 

To reach the start ing point for Road Log No. 2, 
in Arcadia, about 11 mi southwest of the junction 
of State Roads V and W, turn right and proceed 

southwest on State Road V to Pilot Knob, then 
go south on Missouri Highway 21 to Ironton and 

Arcad ia. 

Sources referred to in this road log are l isted 
in the combined bibliography at the end of t his 

Guidebook . 

T RAVEL ON SAFEL Y ! 

END OF ROAD LOG NO. 2 
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Road Log No. 3 

ROAD LOG NO. 3 - AN IRON-ORE DEPOSIT 

This route features one of the h istoric Precam
brian iron-ore deposits, the Pilot Knob Mine (surface). 
It involves approximately a 3-hour hike, consisting 
of a moderate ly steep climb from the base of Pilot 
Knob to its top, a difference in elevat ion of about 
500 ft. Because the property is privately owned, 
individuals, schools, or other groups desiring to use 
this road log are advised to obtai n permission and 
make advance arrangements by contacting Mrs. 
Merly Friedland, Pi lot Knob Ore Company, c/o St. 

Louis Un ion Trust Company, 510 Locust St., St. 
Louis, Missouri 63101 (phone: 31 4-231-9300). 

To reach the start ing point w ith refe rence to 
this Guidebook, proceed south on U .S. Highway 67 
to its intersect ion w ith State Road W. Turn west 
on State Road W and follow it until its junction 
with State Road V. Turn south on State Road V 

STARTING POINT (fig. 68) : 

and follow it until t he town of Pilot Knob is 
reached. This 16-mi segment of road on State Roads 
W and V constitutes the latter part of Road Log 
No. 1 followed backwards (see fig. 3). From other 
directions the town of Pilot Knob may be reached 
via M issou r i Highway 21. 

Distances given in this road log are measured in 
feet, because it is essentially a walkirig tour. The 
different Precambrian rock units encountered along 
the way have been defined by Mejia (1959) and 

the informal names app lied to them conform to 
the nomenclature used by Pilot Knob Pellet 
Company geologists. Fol lowing this road log is a 
description of the history and geology of the Pilot 
Knob hematite deposit, by Richard F. Ryan, former 
mine geologist of the Pilot Knob Pellet Company. 

Ford Davidson State Histo rical Site on State Road V (NWY. NW% SE% sec. 30, 
T. 34 N., R. 4 E.). To the west, Pilot Knob looms prominently 500 ft above the 
val ley of Knob Creek. Figure 69 is a ch ronologic sequence of Pilot Knob views, 
including one from this point. 

Distance in feet 
Cum. Diff. 

0.0 

1600 

From the starti ng point, drive south on State Road V for 0.1 mi, turn left and 

proceed 2000 ft east along mine road. Cross Missouri Pacific Railroad tracks and 
turn north immediately after the tracks. Fol low road for about 250 ft to the guard 
house (N% SWY. N EY. SE% sec. 30, T. 34 N ., R. 4 E.) by the fence at the entrance 
of the Pilot Knob Pellet Company parking lot. Park and Jock cars. 

Walk northeast along the fence to the old pit by the old t ramway leading to the 
top of Pilot Knob. 
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Figure 69. Views of Pilot Knob as seen from the northwest, ca. 1855 (top), and ca. 1890 (center), and from 
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the west in 1981 (bottom). Visible in both photographs is the large open cut (STOP 2, Road Log 
No. 3) "notching" the mountain top and indicating the extent of ore removed by open-pit 
mining. Note also the artistic exaggeration in the old illustration. Engraving from Swallow (1855); 
photos from Crane (1912) and by Art Hebrank. 
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STOP 1. Old pit (NE% N E% SE'!.. sec. 30, T. 34 N ., R. 4 E.). 

The "Lower Red Rhyolite," a fine-grained, red to reddish-brown ash-flow tuft, is 

exposed on the northwest slope of Pi lot Knob. It may be observed in contact w ith 
a purple mineralized rhyolite mapped by company geolog ists and shown in figure 
68 as the "Volcanic Agglomerate." However, we believe the purple rhyol ite to be 
part of the "Lower Red Rhyolite" unit, and its darker color is due to its higher 
iron content. 

In this old pit, northeast-strik ing ore veins and breccia were prospected and there 
was an attempt to m ine them in the past (STOP 1 A, f ig. 68). 

Three hundred feet east of the old cut (STOP 1 B, fig. 68), is a large outcrop of 
the " Lower Red Rhyolite." It di splays abundant li thic clasts, col lapsed pumice, and 
spheru I iti c structures . 

Figure 70. The old cut at the top of Pilot Knob, as seen from STOP 2. Photo by Dick Ryan. 
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Figure 71 

The "Upper Ore Bed," a mineral
ized bedded tuff, in the face of the 
old cut at the top of Pilot Knob, 
STOP 2. Photo by Dick Ryan. 

Proceed uphill southeast along the old tramway to the old cut on the top of Pilot 
Knob. Walk along the edge of the cut to STOP 2 (fig. 68). 

STOP 2. Old cut on top of Pilot Knob (NE% SW% sec. 29, T. 34 N., R. 4 E.). 

This o ld cut was the site of the open-pit m ining operations and the source of most 
iron-ore production from this hematite deposit (fig. 70) . The face of the cut and 

the large blocks within it are assigned to the "Upper Ore Bed," a m ineralized, bedded 
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tuff. Th is unit displays many sedimentary features: bedding (fig. 71), ripp le marks 

(fig. 72). mud cracks (fig. 73), and raindrop prints(?). 

The "Upper Ore Bed" is underlain by the "Clay Seam," which separates it from the 

"Lower Ore Bed." This contact is obscured by talus in these cuts. The sharp footwall 
contact of the ore beds is exposed about 250 ft and 500 ft south of here, at STOP 
2A and STOP 28, respectively (fig. 68). 

From STOP 2A cl imb westward up to the peak of Pi lot Knob. 

Figure 72. Ripple marks on the surface of a large block of the bedded tuff on Pilot Knob, STOP 2. 
Photo by Dick Ryan. 
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Figure 73. Mud cracks on the surface of a block of the bedded tuff on Pilot Knob, STOP 2. Photo by Dick 

Ryan. 

4100 

800 

4900 
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STOP 3. Top of Pi lot Knob (NE% SW% sec. 29, T. 34 N., R. 4 E.). 

The "Volcanic Agglomerate" unit is exposed at the crest of the hill. Large cracks in 

the rock are due to caving in of old underground workings. 

Begin descent down the western slope of Pi lot Knob. 

STOP 4. "Ice Cave" (NW% SW% sec. 29, T. 34 N., R. 4 E.). 

CAUTION: LOOSE ROCK! 

There were two adits here, now blocked by rock slumped from the wal ls of the 

upper cut. Cold air used to blow from the adits, giving r ise to the early m iners' 

name for this locality, the " Ice Cave." Large blocks of the "Volcanic Agglomerate" 

(fig. 74) are not in place, but are scaled off the southern wall of the upper cut. 



1500 

6400 

At STOP 4A and STOP 48 (fig. 68), the "Lower Ore Bed" is seen in gradational 
contact with the foot-wal l rhyolite. 

Proceed downh ill on the western slope of Pilot Knob along the t rail leading from 
the " Ice Cave" to the starting point. 

End of trail by the entrance to Pil ot Knob Pel let Company. Resume tr ip by car. 

Sources referred to in th is road log are l isted 
in the comb ined bibliography at the end of this 
Guidebook. 

TRAVEL ON SAFELY! 

END OF ROAD LOG NO. 3 

Road Log No. 3 

Figure 7 4. "Volcanic Agglomerate," consisting of angular to subangular fragments of rhyolite porphyry 
cemented by fine-grained siliceous hematite, STOP 4. This large block is not in place, but scaled 
off the south wall of the old cut atop Pilot Knob. Photo by Dick Ryan. 
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Figure 75. Historic photograph of the iron works at the northwest base of Pilot Knob, ca. 1880. Source: The 
Hanna Mining Company. 
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THE PILOT KNOB HEMATITE DEPOSIT 

Richard F. Ryan 

INTRODUCTION 

The Pi lot Knob hematite deposit, at the top of 
Pilot Knob, SW'!. sec. 29. T. 34 N., R. 4 E., Iron 
County, is part of the southeast Missou ri iron 
metallogenic province, a major Precambrian iron -ore 
district, approximately 70 mi by 40 mi. containing 
six major and numerous smaller deposits (K isvarsany i 
and Proctor, 1967). A subsurface magnetite· 
hematite deposit near the western base of the 
mountain was mined between 1968 and 1980 by 
the Pi lot Knob Pe I let Company. a joint ventu re of 
The Hanna Mining Company and Granite City Steel 
Company. Both historical ly and currentl y, iron ore 
is by far the most important mineral resource of 
the Precambrian of southeastern M issouri. 

HISTORY 

Precambr ian iron ore in Missouri was first mined 
in 1815, from vein deposits on Shepherd Mountain, 
one mile southwest of Pilot Knob. A total of 
75,000 tons o f ore were produced and smelted at 
the Tong-Ashebran furnace near Stouts Creek Shut 
ins, about 4 mi southeast of Pilot Knob (Crane, 

1912). With development of the Iron Mountain and 
Pilot Knob deposits, Missouri became a major iron
ore producer by the 1840's. By the time of the 
discovery of the large deposits of the Lake Superior 
region in the late 1880's, Missouri's higher grade 
deposits we re nearly depleted and could not compete 
with the lower min ing costs of the high-grade Lake 
Superior deposits. 

The Iron Mountain deposit, 7 mi north of Pilot 
Knob, became an active pit in 1843. Production 
declined after 1892 and was intermittent until the 
discovery. in the late 1940's, of subsurface ore· 
bodies. which were depleted in 1966. Total 
production from the Iron Mountain deposit 
amounted to about 14 mi llion tons of hematite 
and magnetite ore. Unti l 1858, when the St. Louis
Iron Mountain Railroad was <"-1mpleted, the ore was 
hauled to Ste. Genevieve on the Mississippi River 
by wagons via a plank road. 

The Pilot Knob (surface) hematite deposit was 
first mined in 1835. Large scale product ion started 
in 1848, when a furnace was built at the base of 
the mounta in by the Madison Min ing Company 
(Crane, 1912). Remnants of a furnace built in 1880 

(fig. 75) still stand near the pel let-loading depot of 
the Pilot Knob Pellet Company. The mine was 
operated by several compan ies unti l about 1890, 
when the St. Louis Ore and Steel Company dis
continued underground operations. Around 1910 
the Puxico Iron Company mined conglomerate ore 
from the northern slope of Pi lot Knob. The Big 
Muddy Coal and Iron Company mined the deposit 
in the ea rly 1920's. The rhyoli te host rock was 
quarried for road metal. Total production from 
the Pilot Knob hematite deposit was more than 
1.6 million tons of ore (Hayes, 1951). 

A small deposit near the crest of Cedar Hi JI, 
one mile northwest of Pilot Knob, was opened 
in 1872 and produced about 25,000 tons of 
hematite from vein and breccia ore . 

111 



THE GEOLOGY A N D ORE DEPOSITS OF 

THE ST. FRANCOIS MOUNTA INS 

Aeromagnetic surveys in t he 1950's led to 

subsequent discover ies of severa l major magnetite 
deposits at depth . One of these, the Pilot Knob 

(subsurface) magnetite orebody in the valley just 

west of Pil ot Knob, was discovered in 1957 by 

dri ll ing on a magnetic high on the f lank of a major 

magnetic anomaly. The m ine went into full 

production in 1968 and closed down permanently 

in November 1980. Its total production amounted 

to about 22 mill ion tons of magneti te ore. 

GEOLOGY 

Pilot Knob is near the northeastern boundary 

of the proposed Taum Sauk caldera (Anderson and 

others, 1969). The hematite deposit is w ithin a 

series of ash-flow tufts, bedded air-fa ll tuffs, and 

lava flows cut by mafic dikes and sills. The volcanic 
rocks comprising Pilot Knob were mapped in detail 

by Mejia ( 1959). In ascending stratigraphic order 

the following five units are distinguished: 

1. "Lower Red Rhyolite." This, the oldest mapped 

unit, exposed at the base of the mountain, is a 

f ine-grained, dense, red to reddish-brown, frag

mental ash-flow tuff w ith fa int ly d iscern ible 

flow lines, spherulitic structures, cont orted 
pumice fragments, and phenocrysts of feldspar. 

Its lower contact is not exposed . The best 

outcrops are on t he northwestern fl ank of Pilot 

Knob, about 1225 f t above sea level (STOP 1 B, 

fig. 68, Road Log No. 3), and on the eastern 

slope of the h i 11, about 1300 ft above sea level. 

2. "Purple Rhyolite." Th is is an aphaniti c f low 

containing on ly a few small phenocrysts and 
d issem inated hematite. Its purple color is caused 

by iron oxide. In the lower part of the unit, 
prominent spherul itic st ructure can be seen in 

several outcrops. Near the top of the un it there 

is a brecciated in terval that forms th e footwall 

of the ore. The contact of the breccia w ith the 

ore is well exposed in several places on Pi lot 

Knob (STOP 4, fig. 68, Road Log No. 3). 

3. "Ore Beds." The ore deposit consists of fine

grained, lam inated hematite possessing sedimentary 

feat ures (ripple marks, mud cracks, graded 

bedding, cross bedding, ra indrop p rin ts) . Th is 
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unit also contains quartz and feldspar bands and 

lithic fragments. Its contact w ith the "Purp le 

Rhyoli te" is sharp or gradational ; the ore often 

encloses rhyolite clasts near the contact. The 

upper contact of the o re grades into the 
"Volcanic Agglomerate"; the number of l ith ic 

fragme nts increases towards the upper contact 
of the ore. 

4. " Volcanic Agglomerate." This uni t consists of 

angular to subangular fragments of red to reddish

brown rhyolite porphyry cemented by fine

grained si liceous hematite . The fragments vary 

from a few mm to 30 cm in diameter . Local ly, 
the fragmen ts are orien ted w ith their longest 
dimension parallel to the bedding. Because of 

its iron content , this unit is considered to be 

part of t he ore. The contact of th e "Volcanic 

Agglome rate" w ith the overly ing "Upper Red 

Rhyolite" is not exposed. 

5. "Upper Red Rhyolite." This is a fi ne-grained, 

red ash-flow t uff with sparse phenocrysts of 

quartz and fe ldspar, and minor hemati te and 

magnetite. The unit is light gray in outcrops on 

the south side of the mountain. Shard structures 

and coll apsed pum ice fragment s were reported 

in it by Anderson (1976). 

A breccia, cemented by hematite and magneti te, 

is exposed on the nor thwestern flank of Pilot Knob 

(STOP 1, fig. 68, Road Log No. 3). Hematite 

apparent ly replaces magnet ite. Like the veins on 

Shepherd Mountain , the breccia st rikes northeast· 

southwest . It is sim il ar to breccias on Cedar Hi ll 
and has some of the characteristics of t he " Volcani c 

Agglomerate." Howeve r, as it apparently cuts the 

"Lower Red Rhyoli te," I be lieve it to be a d istinct 

mineralized unit. Several small p its indicate an 

attempt to mine it. 

THE HEMATITE DEPOSIT 

The hematite deposit has been subdivided into 

four units. In ascend ing stratigraphic order these 

are as follows: 

1. The lower ore bed, 6 to 30 ft thick 

2. The clay seam, 1 to 3 ft thick 



3. The upper ore bed, 10 to 30 ft th ick 

4. The "Volcanic Agglomerate," approximately 
100 f t thick 

The lower ore bed consists of fine-grained, hard, 
dense, steel-gray, thinly laminated specular hematite. 
Its lower portion has ripple marks and raindrop 
prints (STOP 2, fig. 68, Road Log No. 3). Gangue 
minerals include quartz, fe ldspar, barite, and trace 
amounts of zoisite, sphene, and apatite. In the big 
cut area the ore is 30 ft thick, but it thins along 
its strike and dip. To the north and northeast, the 
ore is cut off by the outcrop; to the east, south, 
and west, it thins and grades into volcanic rock 
(Crane, 1912). At the "Ice Cave" (STOP 4, f ig. 68, 
Road Log No. 3), the ore is about 10 ft thick 
and grades late rally eastward through a breccia into 
the "Purple Rhyol ite." The contact of the lower 
ore bed with the footwall is gradational and 
irregular (STOP 4, fig. 68, Road Log No. 3). A 
transitional contact consisting of alternating beds 
of banded iron-bearing rock and breccia occurs 
over an interval of 2 to 3 ft at STOP 2 (fig. 68, 
Road Log No. 3). The average grade of the lower 
ore bed is 58 percent iron and 17 percent silica. 

The clay seam is a soft, ligh t-gray to yel low clay 
identified by Anderson (1976) as a sericit ized tuff. 
Crane (1912) described it as a shear zone consisting 
of talcose, thinly lam inated rock. Local ly, it en
croaches on the thin beds of the overlying banded 
ore and may be gradational into it both above and 
below. This gradational zone is 6 to 10 in. thick. 
At the " Ice Cave," the clay seam pinches out to 
the west, in the "Purple R hyol ite" footwal I. 

The upper ore bed is thinly banded, fine-grained, 
bluish -gray hematite characterized by uniform bands 

of quartz and feldspar parallel to the bedding. 
Ripple marks and mud cracks are found in th is 
zone (STOP 2, fig. 68, Road Log No. 3). Th in 
layers of lithic clasts parallel to the bedding 
become prominent upward near the contact w ith 
the "Volcanic Agglomerate." The upper ore bed 
is absent in the "Ice Cave," but is well exposed in 
the old cut, where it is about 30 ft thick. The 
average grade of the upper ore bed is between 40 
and 50 percent iron, and between 15 and 20 
percent silica. Ore grade decreases toward the 
"Volcanic Agglomerate." 

The Pi lot Knob Hematite Deposit 

The "Volcanic Agglomerate" is exposed in the 
upper face of the old cut and at the crest of Pi lot 
Knob (STOP 3, fig. 68, Road Log No. 3). The 
average grade of this unit is about 20 to 23 percent 
iron. Drillholes indicate that the "Volcanic 
Agglomerate" grades laterally into slightly brecciated 
rhyolite porphyry believed to be equivalent to the 
hanging wall "Upper Red Rhyolite." 

The ore body is L-shaped, forming a plunging 

syncl ine that pitches southwest about 20 degrees. 
Conglomerate ore was once mined in the north 
cut, near the base of Pi lot Knob (fig. 68, Road 
Log No. 3). It is a talus deposit on the Pre
cambrian surface, derived by weathering of the 
bedded ore, and partly covered by Upper Cambrian 
sedimentary rocks. The average grade of hand· 
picked, soft ore was reported to be 56 percent 

iron and 10 percent silica (Crane, 1912). 

ORIGIN OF THE HEMATITE : HYDROTHERMAL 
REPLACEMENT OR SEDIMENTARY DEPOSITION 

The origin of the Pil ot Knob hematite deposit 

has been and wil l probably continue to be a 
subject o f controversy . Many geologists have studied 
the deposit, the best contributions having been 
made by Crane (1912), Singewald and Milton (1929). 
Geijer (1931 ), Ste idtman (1933), Meyer (1939), 
Mejia (1959), K isvarsanyi (1966). Anderson (1976), 
and Panno (1978). 

Singewald and Milton (1929) described hand 
specimens and thin sections that show that hematite 
replaces quartz-sericite felsite near the contact of 
the ore with the footwall. They noted that the 
quartz phenocrysts are more resistant to replacement 
than the felsite. Hematite was found to intrude the 
footwall rock 25 ft below the ore bed and to fill 
voids around breccia clasts. Singewald and Mi lton 
(1929) concluded that the ore was introduced as 
an iron- and sil ica-rich end product of a deep-seated 
granitic magma and that the fine-grained pyroclastic 
tuff was more thoroughly replaced by the ore-bearing 
solutions. The grade of m ineralization is proportion· 
ate ly higher as the grain size of the tufts decreases. 

Gei jer (1931) noted similarities between 
agglomerates at Pilot Knob and the Kiruna district 
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of Sweden in that t hey are hydrothermally altered 

and impregnated with hematite. 

Steidtman ( 1933) studied th in sections from the 
upper and lower ore beds and noted that angular 

fragments at certa in horizons are sil icified and 

sericit ized. The margins of fragments are often embayed 
and replaced by crystal line hematite. The agglomerate 

d isplays similar replacement characteristics, and the 

clasts a re cu t by hematite vein lets. Steidtman (1933) 

suggested that the host rock was deposited in shallow 

wat er as a volcanic ash a nd that ore-bearing solu t io ns 
replaced and altered it ; the fine r grained sedimen ts 

were replaced more extensive ly than the coarser 

grained sediments. 

Meyer (1939) mapped the lithologic units on Pilot 

Knob and studied polished sections of the ore. He 

suggested that the deposit is the resu lt of hyd rothermal 

replacement of water-l aid pyroclastic rocks. Mejia (1959) 
established the stratigraphic succession on Pi lot Knob 

and the informal nomenclatu re of the different 

lithologic uni ts, which have remained in use by Pi lot 
Kn ob Pelle t Company geologists. 

Kisvarsanyi (1966) investigated the trace-element 

c haracteristics of t he deposit and supported t he hydro· 
t he rmal replacement origin, on the basis of the 

geochemistry a nd textural re lationsh ips of the ore and 

gangue m ine rals. Features such as recrystallization , 
random orientation of hematite grains, and var ia ti ons 

in grain size, as wel l as the trace-element data resemble 

those in hydrothermal replacement deposit s. Veinlets 
and cavities fil led by barite, fl uorite, quartz, and 

calcite also suggest a late hydrothermal ph ase. 
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Anderson (1976) emphasized the sedimentary 

characterist ics of the deposit and suggested that t he 

iron minerals were deposited syngenet ically as 

particulates with pyroclastic materials in a shal low· 

lake environment. He considered rep lacement to be 

minor and d ue to remobilization of iron after t h e 
deposition o f the hematite and also suggested t ha t 

t he iron was de rived from f luids related to the injection 

of the Pilot Knob (subsurface) magnetite deposit. 

The syngenetic t heory does not account for the 

gradational contacts o f the footwal l with the ore. The 
iron content grad ually decreases away from t he ore 

over a distance of several feet, a re lationship that 

cannot be explained by sedimentation. Also, if the 
hematite deposit is re lated to the injection of the 

magnetite o re body a t depth , it wou ld be younger than 

the host rock of the latter, ye t t he hanging wal l of t he 

magnetite ore body has not been encountered in dril l· 

holes o n Pi lot Knob. Instead, the hematite deposit is 
emplaced in rocks that appear to be corre lative with 

t he foo twal l rh yolite of the magnetite deposit; he nce, 

t he Pi lot Knob (surface) hematite deposit is apparently 

o lder than t he Pilot Knob (su bsurface) magnetite 

deposit, or possibly, t hey are the same age. 

Alt h o ugh evidence fo r both h ydrotherma l and 

syngenetic t heories can be found in the deposit, neither 

ful ly accounts for all the obse rved features. I favor a 

theory of a hydrothermal fluid partly replacing, and 

fi lling voids of a porous and permeable tuft. However, 
replacement was not extensive enough to dest roy the 

sedimentary features o f the tuff. 

Sou rces referred to in t h is paper are listed in the 
combined b ibliography at the end o f th is Guidebook. 



EPILOGUE 

The St. Francois Mountains constitute a "window" 
thro ugh wh ich a segment of the Late Precambrian 
continental crust - its evolution, structure, and 
potential for mineral and energy resources - can be 
investigated. Basic geologic studies of the area are 
important in determ ining the types of natural resources 
that may occur in th is particular type of igneous 
terrane. With the help of direct data from dri llho les, 
and geophysical maps, the knowledge thus gained can 
be extrapolated to characterize the buried Precambrian 

terrane. 

Studies of the continental basement have both 
scientifi c and practical objectives, but the latter cannot 
be ach ieved w ithout the former. In mineral resources 
research, the ulti mate goal of locat ing ore deposits 
cannot be accompl ished without a basic underst anding 

of ore-forming processes. As surface and shallow deposits 
become depleted, the search fo r ever deeper resources 
wil l intensify, and the vast resources inherent in the 
ancient c rystalline rocks of the basement wil l become 
val id exploration targets . In earthquake studies, bette r 
defini tion of basement structures and fau lt zones, and 
their possible relation to recent fa ult ing, are essential 
in siting industri es, dams, and hazardous-waste d isposal 
facilities. Because the St. Francois Mount;i ins represent 
an easi ly accessible exposed "sample" of continent al 
c rust, past, present, and future geologic research here 
have long-range societal implicatons. 

We hope that you have enjoyed your tour and that 
we have succeeded in better acquainting you with the 
geology of this scenic and picturesque region. 
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