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continent oil field are discussed.

INrnoouctroN

Several thousand heavy mineral analyses, extending over a

period of some years, have been made by the writer, primarily of

brdovician sandstones encountered by wells drilled for petroleum

in the Mid-continent field, but also of ordovician sandstones which

out crop in central United States. The results of this work have

been of sufficient importance to warrant its continuance'

It seems to the writer that some workers have expected too

much of heavy minerals. Is there any one method, if used alone,

that is infallible and entirely adequate to correlate one isolated

outcrop with another, or the samples encountered by one well with

those from another well? Heavy minerals, like fossils, lithology'

sults.
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Sauprrwc

To obtain usable correlations from heavy mineral analyses, let
it be assumed that several wells are drilled near together in a sedi-
mentary basin, through a complete normal succession of beds in a

ties, and analyses made of the outcropping sandstones.

Ar.rar,ysBs

In making the analyses, it has been found advisable to take
cognizance of several factors such as position within the formation

Facrs DpoucBo Fnou ANar,ysrs

Tables of heavy mineral analyses permit correlation and inter_
pretation of geologic conditions of sedimentation such as is listed
below:

2. The first bed of an objective group encountered at one locality
is not necessarily the bed at the top of the sequence in another
locality, or some of the beds lower in the seguence may be absent
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locally. Such conditions suggest unconformities and periods of up-

Iift.
3. If, when uplift or erosion has interrupted the normal strati-

graphic relationship of the beds at two difierent localities, only a

few analyses were made at each locality, the analyses might be very

dissimilar and lead to the conclusion that the analyses were of dif-

ferent formations. If, however, many samples were taken at five

foot intervals and analyzed as described above, the membership of

the two beds in the same formation and their relationship to each

other would be entirely clear.
4. The same component minerals occur over and over again in

beds of different age; perhaps no bed has an unusual and diagnostic

mineral or suite of minerals.
5. The heavy mineral grains in one sandstone are irregular in

size and shape; in another sandstone the same minerals are very

uniform in size and shape; the two sandstones can, therefore, be

distinguished one from another in spite of the community of their

component minerals.
6. The first sandy dolomite in the group is characterized by

analyses which are similar wherever this member is present.

7. The analyses of this sandy dolomite differ from those of the

underlying pure sandstone member.
8. The analyses of the first pure sandstone member fall into a

distinct type, as do those of the other sandstones in the succession,

and each has some diagnostic difference from the other.

9. A certain lithologic type.of sandstone within the group may

always yield similar analyses, in these cases' a relationship between

the lithology of a sandstone and its heavy mineral content can be

established' 
suuuanv

The writer admits that the same minerals may be present in

each standstone analyzed, that the relative percentages are as vari-

able within any single formation as they are throughout the entire

group of formations, that those minerals which seem to be present

in a single formation occur too infrequently to be conclusively diag-

nostic, that entirely difierent heavy minerals may occur in the same

formation in different parts of a given area, and wishes to em-

phasize the fact that a few analyses made of haphazard samples

from widely separated outcrops would be of little or no value for

correlative purposes.
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The writer does not agree, for example with the statements that
it is impossible to discriminate between the Lamotte, Roubidoux,
Jefferson City, Cotter, St. Peter and Pennsylvanian sandstones by
means of heavy mineral analyses,l,2 nor with the statement that
heavy mineral analyses are valueless for long range correlations.g

Hpavy Mrxpnals rN THE Mro-CowrrNBNr RBcrorr

Experience in the Mid-continent region has shown that the
analyses of Ordovician, Mississippian and pennsylvanian sand-
stones, each have distinctive group characteristics. It is, therefore,
entirely possible to determine that even an isolated analysis is of
an Ordovician, or Mississippian, or Pennsylvanian sandstone; it is,
also, not difficult to recognize that an analysis has been made from
a sandstone derived from an older, analyzed bed.

The most notable fact that has been observed from extensive
sets of heavy mineral analyses made of Mid-continent sandstones,
laid down in one depositional province, is that the heavy mineral
zones, even within a single sandstone, are very thin (measured in
tens of feet) in a vertical direction, and remarkably persistent hori-
zontally for miles.

Onoovrcrarq SeNtsrowBs

Many analyses of buried Ordovician sandstones in the Mid-con-
tinent oil fields and of outcropping Ordovician sandstones in the
Arbuckle Mountains of northeastern Oklahoma, the Ozark region
in Arkansas and Missouri, and along the Mississippi and tributary
rivers in Illinois, Wisconsin, Iowa and Minnesota have made the
following observations possible:

1. Exact well-to-well correlations within a given oil field.
2. Formation correlations from oil-field to oil-field.
3. Correlations from the wells drilled for oil to outcrops in the

Arbuckle mountains and in northeastern Oklahoma.
4. Correlations from the outcrops in northeastern Oklahoma to

those in Arkansas, Missouri and the Mississippi River valley in-
cluding the type St. Peter sandstone in Minnesota.

I Cordry, Cletus D., Heavy minerals in the Roubidoux and other sandstones
of the Ozark region, Missouri: Journa!, oJ poleontology, Vol.3 (1929), No. 1, p.82.

2 Grawe, Oliver R. and Cullison, James S., A study of sandstone members of
the Jefierson City and Cotter formations at Rolla, l\{issouri: Journ. Geol., yol.
XXXIX, No- 4, May-June, 1931, p. 323.

3 Twenhofel, W. H., Personal communication,
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5. Establishment of overlaps, disconformities and erosional

periods.
6. Determination of the character of the source rock, direction

from which the sediments were derived, methods of transportation,

and the conditions and environment of deposition.

CoNcr-usroN

In conclusion, the writer calls attention to the fact that the

same component heavy mineral grains may be common to sand-

stones of different age, that the relative percentages of these min-

erals may vary as much within a given formation as between differ-

ent formations, but believes that if enough samples are properly

taken and analyzed., the community of mineral grains does not pre-

clude the use of heavy minerals as a guide in stratigraphic correla-

tions, and has proved the value of this type of analysis by work in

the Mid-continent region.

EXAMPLES

Salrlr,r 1

Heavy minerals from a sandy limestone bed near the middle of the Tulip creek

formation of Ordovician age, cropping out in section 2l,T 25, R 1E, Arbuckle

Mountains, Oklahoma.

AnalYsis: Zircon 65 Per cent

Tourmaline 13 "

Rutile 7 u tr

Garnet 5 u

Hornblende | "
Anatase
Unknown ttx" 3 

((

Grams are irregular in size and shape.

Saurr-ri 2 (Fig. 1)

Heavy minerals from a sandstone at the base of the Tulip creek formation of

Ordovician dge cropping out in section 21, T 2 S, R 1 E, Arbuckle Mountains,

Oklahoma
Analysis: Zircon 25 per cent

Tourmaline 75 " 
t(

Rutile
Garnet
Topaz

Epidote
Anatase present

Unknown ttX" present

Grains are large, uniform in size, and well rounded.

present
present
present
present



TH E AM ERICAN MIN ERALOGIST



Seupr,n 3

Heavy minerals from ordovician sandstone between 3490 and 3508 feet, en-

countered by Sinclair Oil and Gas Company's Gardner No' 1, section 6, T 4 N'

R 6 E. Oklahoma (about rtO miles northeast of Sample 2).
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Analysis: Zircon 17 per cent

Tourmaline 80 "
Garnet | "
Rutile 1 "
Fluorite | 4 t(

Grains large, even in size, and well rounded.

Saupr,n 4

Heavy minerals from ordovician sandstone between 4350 and 4360 feet, en-

countered by Gypsy OiI Company's Barkus No. 9, section 6, T 8 N, R 6 E, Greater

Seminole area, Oklahoma (24 miles nortJr of Sample 3).

Analysis: Zircon 45 per cent

Tourmaline 51 u (

Barite
RutiIe

A a a a s

present

Grains large, even in size, and well rounded.

Snupr.t 5 (Fig. 2)

Heavy minerals from outcrop of ordovician Burgen sandstone in section 11, T

20 N, R 24 E, northeastern Oklahoma (about 100 miles northeast of Sample 4)'

Analysis: Zircon 27 per cent

Tourmaline 68 "
Anatase 4 4 t'

Rutile | 4 4

Grains large, even in size, and well rounded'

S,q.urr,n 6

Heavy minerals from a sample collected 3 feet above the base of the ordovician

St. Peter sandstone outcrop at Pilot Knob, Izard County, Arkansas'

Analysis: Zircon 26 per cent
Tourmaline 7I u 4

Anatase 3 "

Grains large, even in size and well rounded.

Slupr-r 7

Heavy minerals from the ordovician st. Peter-Joachim contact zone at outcrop

on highway 69, 2 miles southeast of Mount Pleasant, Arkansas.

Analysis: Zircon 56 per cent

Tourmaline 41 " "
Rutile
Anatase
IInknown"X" I K 4

Grains mostly very small, subangular. Some larger and better rounded.

l " t '

I (  s
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Seuprn 8 (Fig. 3)
Heavy minerals from a bed in the middle of the lower half of the ordovician

St. Peter sandstone outcrop in south harf of section rz,T 30 N, R 12 E, cape Gir-
ardeau County, Missouri.

Analysis: Zircon 24 per cent
Tourmaline 73 u tl

Hornblende 2 4 4

Anatase L " 
tl

Grains large, even, well rounded.

Seupr,r 9

Heavy minerals from near the middle of the ordovician st. peter sandstone
encountered by a water well drilled at Bowling, Green, pike County, Missouri.

Analysis: Zircon 34 per cent
Tourmaline 63 u

Spinel 2 s 4

Anatase I u tl

Grains mostly large, even, well rounded. Some zircons smaller, subangurar.

Sel,llr.n 10

Heavy minerals from a bed 4 feet above the Mississippi River and 30 feet below
the top of the ordovician St. Peter sandstone outcrop of the university of Minne-
sota campus, Minneapolis, Minnesota.

Analysis: Zircon 39 per cent
Tourmaline 46 "
Ilmenite (?) 10 ( c

Staurolite 4 " 
K

Garnet | ,, <l

Grains large, fairly even, quite well rounded.

Seuprn 11 (Fig.4)

Heavy minerals from basal Kinderhookian sand encountered between 3465 and
3472 Ieet by Tatlock Oil Company,s Goldner No. 1, section 6, T 29 S, R 2 E.,
Kansas.

Analysis: Zircon

Perfect euhedral crystals.

100 per cent




