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SIGNIFICANCE OF THE MAGNESIUM/CALCIUM RATIO
AS RELATED TO STRUCTURE IN THE
STONY LAKE OIL FIELD, MICHIGAN

Robert Thomas Young

ABSTRACT

The occurrence of secondary dolomite or dolomitic lime-
stone adjacent to zones of weakness normally found in solid
rocks has long been known to geologists, The development of
tension fractures along the apices of folds, and the exist-
ence of other fractured zones related to structure, has also
been observed, That dolomitization should occur along the
zones of weakness related to structure is a natural conclu-
sion, In order to test this hypothesis it was decided to
analyze a series of samples from a dolomitized limestone
formation in an area where a definite structure is present,

The Stony Lake 0il Field of Oceana County, Michigan,
was selected as having the requisite qualities for such an
investigation, Samples from this field were analyzed for
calcium and magnesium content by titrating the prepared
samples with versenate, This relatively new method gives .

rapid and accurate results, either on a percentage basis
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or in the form of a ratio, Results of the analyses were ex-
pressed in terms of magnesium/calcium ratios, The ratios for
various intervals were plotted on base maps of the field and
contoured in the form of lithologlc ratio maps, It was hoped
that comparison of the ratio maps with the structural map of
the field would show the existence of a definite relation-
ship or pattern such as might be expected 1f dolomitization
had occurred along zones of weakness developed in the for-
mation because of folding, This, however, was not the case
and it was concluded that, in the Stony Lake 0il Field, there
was no recognizable relationship between the structure and
the degree of dolomitization in the Traverse limestone as
reflected by the megnesium/calcium ratios. Future work with
other formations in other areas may yet establish the exist-

ence of such a relationship,

iv






TABLE OF COITENTS

INTRODUCTION eeeececccscsccccsscsccsccccscscscasnconese
SELECTION OF AN AREA ceeeecceccccccscscnscsccsccsccasce
THE STONY LAEE OIL FIZLD.eececococccasccscsccccscccce
Stratigraphy ceeeccsecccccccscccsscocsccccces
STrUCtUre ceceeecccocscocscsccsccsccccccccnnce
METIIOD OF ANALYSIS ceeecceccccccoccccscsccccccsccnce
SAMPL1eS ceececcccscssccssscscccccssccccccsosce
Reagents and SolublionsS eseeeecesccceccccccccne
Titration eecececceccccecccesccccoceccccccnsne
CalculationS ceececececcesccscccsscscaccsccccnse
RatloS ceeceecceccccccccccscsscsscscnccccsncccce
CONSIDERATION OF DATA ..cceeceecccccccsccccccccsasce
RELATIOIISHIP OF DOLOMITIZATION TO STRUCTURE eeeees
ORIGIN OF DOLOMITE IN THE STONY LAXE FIZLD eeeecee
CONCLUSIONS eeceasecsccesescocccccssocccsscsscscsse

BIBLIOGP‘APIIY 0 0600000 0000000 0000600006000 00000000000

Page



»

“° s 0



TABLES

Table Page
I. Well and sample dat@ cecceececccccssccccce 27
II. Data from lithologic ratio mMaps ceeeececese bl
ILLUSTRATIONS
Figure Page
1. Index map of Michigan
showing location Of Ar'e8 seececcccccccscese 51
2, Map of Stony Lake 01l Field seeeccsccccccce 52
3. Generallzed stratigraphic section of
the Traverse group in Stony Lake Field ... 53
L Structure contour map of Stony Lake Field
contoured on top of Traverse limestone c¢eeeee 5l
Se Mg/Ce ratio map of Traverse limestone
0!' to -2!' or "3' below tOP e000cecccscooce 55
6. Mg/Ca ratio map of Traverse limestone
0! or =1!' to =5! or =6!' beloWw tOD eecsscecss 56
Te Mg/Ca ratio map of Traverse limestone
0! or =1t to =10' or =11!' below tOD eceecee 57
8. Mg/Ca ratio map of Traverse limestone
=51 or =6t' to =10!' or =11l' beloWw tOP eeeee 58

vi



seesesaaenraan £

oo 2
A ves v
cessenes 3 .

PR =



INTRODUCTION

The occurrence of secondary dolomite or dolomitiec lime-
stone adjacent to zones of weakness has been noted by many
authors, Geikie (1882, p. 305) early recognized such occur-
rences and attributed them to the action of circulating
waters, Steidtman (1917, p. 1148) in his work on the origin
of dolomites states that secondary dolomites can be recog-
nized by their relation to faults, fissures, and other sec-
ondary openings, Hatch, Rastall, and Black (1928, p. 193)
discussed this phenomenon further:

In the most characteristie occurrences, the secondary
dolomite 1s clearly related to the planes of weakness
normally found in solid rocks, the commonest channels
of dolomitizatlion being fault plenes, joints, and minor
fractures,

In Michigan and elsewhere a considerﬁble number of pe=-
troleum fields produce from porous zones in apparently lo-
cally dolomitized limestones, In a study of the development
of porosity through dolomitization, Landes (1946, pp. 305-
318) paid perticular attention to the relationship of the
dolomitized zones to fissures, faults, and fractures, Al-
though in two of the fields which he cited as examples
(Adams and Deep River pools of Arenac County, Michigan)
the dolomitized zones extended for several miles in stralght

narrow bands not coincident wilth structure, Landes felt that



there might be more than an accidental relationship between
the position of the dolomite body and the rock structure,
In explaining the porosity that is confined to locally dolo-
mitized zones in limestones he concluded that:
eses local diastrophism has produced master fissures in
the limestone containing section; that an aertesian cir-
culation has been developed which has carried waters
through deeper dolomite and up into the limestone; and
that these waters have replaced some of the limestone
by dolomite that 1s locally porous where there was an
excess of solution over precipitation during the re-
placement process,
As a result of this study, Landes recommended that well sanm-
ples be analyzed for MgCO3 content and indicated that its
presence in more than average quantities might well be the
basis for lateral exploration in the hope of finding true
dolomite,
Jodry (1954, pp. 38 and 39) expressed the belief that
dolomitization occurs on the apices of folded structures,
as well as along faults and fissures, as the result of the
action of ascending waters, His study of dolomitized zones
in the Rogers City formation in central Michigan tends to
bear out this belief, Application of the versenate method
for determining calcium and magnesium in the Rogers City
formation, and mapping of the Mg/Ca ratios thus obtained,
resulted in a lithologic ratio map of the area which coincides
closely with a subsurface structural contour map of the for-

mation, A certain paucity of control, however, 1s indicated

by the fact that in the four townships which were studied



only lJi wells penetrated to the Rogers City formation, Even
with the date availsble from IS5 shallower wells Jodry (195,
P. 1) stated that at least five separate structural inter-
pretations were possible, |

In order to determine nore exesctly the nature of a pos-
sible relationship between the Mg/Ca retio and structure in
e dolomitized limestone formetion, it was decided to epnly
the versenate method of determining calcium and magnesium,
and subsequent mapping of the 1g/Ca ratios, to the study of
an area with well controlled structure from which plenty of

samples would be available,



SELECTION OF AN AREA

Any area selected to demonstrate the relationshlip be-
tween subsurface structure and the degree of dolomitlzation
as reflected by the lg/Ca ratio must have the following
attributes: (1) a locally dolomitized limestone formation
must be present, (2) a structure of considerable magnitude
should be reflected in this formation, (3) an abundance of
control should be available for contouring the subsurface
structure, and () good samples of the formation should be
available, distributed as evenly as possible over the lateral
and vertical extent of the structure,

A preliminary investigation to determine which areas
might best fulfill these requirements was restricted to the
oll and gas fields of Michigan, It was felt that these would
not only afford the best possibilities in regard to control
and samples, but would'also, should a definite relationship
be established between lithologic ratio maps of the Mg/Ca
ratios and structure or porosity in dolomitized formations,
be the object of major application of such a relationship,

Of the dozen fields judged most suitable from the stand-
point of formation, size, structure, and structural control
few met the test of sample availability. In several instances

the samples had been destroyed., Development of some flelds



by numerous petroleum companles, large and small, made the
possibility of obtaining samples questionable in several
cases, Fortunately, excellent sample coverage of the Stony
Lake 01l Field was avallable from the Carter 0il Company,.
While not necessarily the best choice from all points
of view, this field was selected as having the best com-

bination of necessary properties for the purposes of this

study,



TiIE STONY LAKE OIL FIELD

Location and extent, The Stony Lake field is located

two to three miles southeast of the village of Benona, Clay-
banks Township (T13N-R18W), Oceana County, lichigan (see
Figure 1,). The producing area, confined to sections 9, 10,
11, 14, 15, and 16, is well delineated and extends for about
two miles northeast to southwest and one and a half miles
northwest to southeast (see Figure 2.). The total drilled

acreage 1s 1,5,0.

History of development, The Stony Lake pool was dis-

covered in December, 1946 by the Carter 0il Companyt's #1
Martin Miller well, NE-SW-SW, section 11, Subsequent devel-
opment of the field followed a 20-acre diagonal spacing
pattern, To date there have been 85 wells drilled in or
immediately adjacent to the producing area, Of these, 78
were producers and, as of the end of 1953, 71 wells were
still in production, All dry holes were drilled on fringe
locations, The field is almost entirely the property of the

Carter 0il Cormany.

Production, During the first year of development the

Carter 0il Corirany established a voluntary production rate

of 100 barrels of oil per well per day, The State of lMichigan



has since established a proration of 50 barrels of oil per
well per day or 100 barrels of oil per ljO-acre unit per day.
According to the Michigan Geological Survey (1953), cumula-
tive production to the end of 1953 amounted to 5,402,697
barrels of oil of which 608,671 were produced during 1953,
Production has been nearly the same for the last three years,
Brine production during 1953 emounted to L, 56 barrels per
day, almost all of which was handled by subsurface disposal
methods, To the end of 1953 the average recovery of oil per

acre drilled was 3,508 barrels,

Producing zones, All wells but one produce from the

Traverse limestone of Devonian age, According to Carter
geologists (195, personal communication), two separate and
distinct pay zones are encountered, The ur~per zone consists
of thin, erretically developed streaks of porosity found in
the first 0 to 10 feet of the Traverse limestone, The rock
1s characteristically a fairly dense, browm to tan limestone
exhibiting scattered pinpoint to vugular porosity., No defin-
ite oil-water contact has been found and an effective water
or gas drive is lacking., The lower producing zone is encount-
ered 15 to 30 feet below the top of the Traverse limestone
in a 1ight gray, fossiliferous limestone exhibiting good
vugular and primary coralline porosity. A definite oil-water
contact is in evidence at an aprroximate subsea denth of

-953 feet, Because of the uniform porosity development the



lower producing zone is a good water-drive reservoir, About
five-sixths of the wells produce from the lower zone, most

of them flowing naturally,

Stratigraphy, It is generally egreed that the Traverse

group includes that series of beds extending upward from the
baese of the Bell shale to the base of the Antrim formation,
Some disagreement, however, has arisen as to the lnclusion
of the gray shales and thin beds of ergillaceous limestone
near the base of the Antrim formation, Cohee (19.7) consid-
ered these to be the basal strata of the overlying Antrim
formation, Hake and lMaebius (1938, p. 457) excluded this
zone from the Traverse group and recognized it only as a
transition phase between the Traverse grouvp and the brown

to black shales of the Antrim formation, In western iiichigan
the zone consists of a series of gray shales with occasional
1limy beds resting on a characteristic limestone member of
the Traverse group, Here it generally hes been accepted by
petroleum geologists as a nenmber of that group and is refer-
red to as the "Traverse formation", The underlying limestone,
consisting of up to several nundred feet of limestone and
dolomitic limestone, is comronly rcferrcd to as the Traverse
limestone, These terms will be used in this study with the
indicated connotations, Because of the cdistinct and easily
recognized lithologic break between the Traverse limestone

and the shales of the overlying "Traverse formation" the



former 1s used as a contouring horizon by petroleum geol-
orists and others, The structural contour mep of the Stony
Lake pool (Figure l) is contoured on this horizon,

Several attermnts have been made to divide the Traverse
group into separate lithologic units and to correlate these
units, where possible, across the Michigan basin, In one of
the most recent articles dealing with the Traverse group
Cohee (19,7) states that the upper beds of the Traverse
limestone of western HMichigan are probably Thunder Bay in
age. Flgure 8 of his chart shows the southeastern part of
Oceana County to be underlain by the Thunder Bay limestone
and the rest of the county (including the Stony Lake field)
to be underlain by the Squaw Bay limestone of younger sage,
Henry (19L.9, p. 8) divided the uprer several hundred feet
of the Traverse limestone into five separate lithologic
units on the basis of an examination of samples and electric
logs from wells in the Pentwater field of lfason and Oceana
Counties, Due to lateral and basinward changes in lithology
no attempt was made to correlate these units with previously
established divisions of the Traverse, Henry mentions (199,
P. 2) that both the Pentwater and Stony Lake fields have
been termed reef-like producing pools, Because of the location
of the Pentwater field (about 18 miles north of Stony Lake
field) his investigation is of special interest,

In the Stony Lake field the Traverse limestone (from

the top downward) consists of 3 to 5 feet of brown, crystal-
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line dolomite and dolomitic lirmestone with some pinpoint

to vuguler porosity; 5 to 15 feet of brown to tan, feirly
dense limestone and dolomitic limestone with scattered pin-
point to vusular porosity; and a zone of undetermined thick-
ness, the upper part of which consists of light gray fossil-
iferous and crystalline limestone with coralline and wvugular
porosity. Since few samples extended more than 25 feet be-
low the top of the Traverse limestone a more extensive de-
scription from personsl examination of the lithology 1s

not available, For a generalized section of the Traverse

group in the Stony Lake field see Figure 3,

Structure, The general structural configuration of the
‘Stony Lake pool, as contoured on the top of the Traverse
limestone (Figure l}), resembles a dome with nearly 100 feet
of closure, Carter geologists (195l, personal corrmnicaticn)
bellieve that the structure is the result of crossfolding
with the major axis trending in a northwest-southeast direc-
tion end the minor axls in a northeast-southwest direction,
If this is the case the structural alignment is in agreement
with the general trends in western Michigan, The possibility
of a reef structure has already been mentioned,

As a check on the nature of the structure of the Stony
Lake pool, a structural plat was constructed using the top
of the "Traverse formation" as the contouring horizon. When

compared with the structural vlat contructed on the top of
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the Traverse limestone, the contours of the two were found

to be nearly concentric with a dlfference of about 70 feet

in the depths of corresponding contour lines, No flattened
effect or drape folding was evident in the upper horizon,

in fact a slight steepening was indicated on the extreme

eest and west flanks of the structure (in sections 8 and 12).
If the major relief of the structure was due to a reef for-
mation it seems likely that the structure as reflected 1n the
overlylng shale section would be considersbly flattened,
Since this is not the case it is considercd that the structure
is primarily of a tectonic nature and probably due to cross-
folding in agreement with the general structural trend in

the area, This does not obviate the possibility that a reef
structure is present in the lower producing zone of the

Stony Lake pool, Such a structure msy have been of low re-
lief or graded laterally into normal limestone thus present-
ing a nearly flat surface vrior to the folding, Because the
structure in the Traverse limestone 1s alrost perfectly re-
flected in the overlying Coldwater formation of Mississippian
age, the age of folding is considered to be post-lMississip-

pian ,



METHOD OF ANALYSIS

Until recently the methods available for the analysis
of calcium and magnesium in limestones and dolomites involv-
ed either the time-consuming precipitation and separation
of the two in solution, or staining of the sample with Lem-
bergt!s solution, silver chromate, or potassium ferricyanide,
The latter methods often required the preparation of polish-
ed slabs or thin sections and, upon staining, careful and
detailed examination was necessary to determine the amounts
of calcite and dolomite present,

In Helvetica Chimica Acta for 19,7 and 1948 Schwartz-
enbach and co-workers of the University of Zurich reported
the results of a series of investigations of the complex
ions of the alkaline-earth and other metals with aminopoly-
carboxylic acids, and suggested the use of ethylenediamine-
tetraacetic acid (commonly called versene) as a titrant for
the sum of calcium and magnesium in water, using a dye, Erio-
chrome black T (F-2),1), as an indicator, This usage is based
on the fact that both versene and F-241 form slightly ion-
ized compounds with calcium and magnesium, One of the salts
formed by the neutralization of versene with sodium hydrox-
ide, disodium dihydrogen versenate, is used in preparing
the titrating solution, As the titration progresses the

12
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versenate first combines with the free celcium ions, then
with the free magnesium ions, and finally, at the end point,
extracts the magnesium from the soluble, wine-red dye com-
pound formed by magnesium and F-24j1, At this point the color
changes sharply from wine-red to clear blue,

The versenate method for obtaining total calcium and
magnesium has been successfully arnlied to' the analysis of
limestone by J, J. Banewicz and C., T. Kenner (1952, p. 1186)
who used this method in analyzing 500 feet of core from an
0il well, They, however, combined the versenate method with
the calcium oxylate separation in order to obtain separate
values for cealcium and magnesium, In a later article Cheng,
Kurtz, and Brsy (1952, p. 1€LO) of_the University of Illinois
elaborated upon the vse of the versenate method for deter-
mining total calcium and magnesium in limestones and supple=-
mented 1t by describing a simple method of titrating for
celcium alone by using ammonium purpurate (murexide) as
en indicator with the versenate, Results obtained with the
versenate titration in enelyzing standard samples were in
excellent agreement with results obtained by conventional
procedures,

Since the versenate method has not yet been described
in any of the publications generally available to geologists,
it is outlined here in some detail, with such modifications
as have been found convenlent by the author. The techniques

described by Cheng, Xurtz, and Bray were used as a guide,
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Of special importance in the following procedures 1s the
use of distilled water in the vpreparation of all aqueous

solutions and In washing equipment,

Samples

Source, Carefully selected core chips or pieces of out-
crop offer perhaps the best type of sample for analysis,
Cable tool samples are usually satisfactory and unless the
sample is very finely ground a representative portion can
often be selected megascopically, Semples obtained with
rotary tools (except cores) are cdifficult to work with for
the following reasons: (1) the necessary gquantity of sample
is not often available in the first shows, (2) it 1s diffi-
cult to locate the sample correctly as to depth, and (3)
separation of a suitable sample must often be made microscop-
icelly, at least from the earlier shows, If the stratigrephy,
lithology, and drilling practices of an area are well known
to the analyst foreign meterial in the samples is quite eas-
ily determined, either frcm empirical data or from the spas-

modiec occurrence of such material in the section.

Preparation. Sampnles must first be thoroughly washed

end dried, Pieces of caving and other foreign material should
be removed and a magnet passed through the sample to pick
up any vieces of "junk" iron which may be present, If only

a ratio of calcium and magnesium, instead of exact percent-
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ages, 1s desired, cherts and other relatively inert mater-
ials of a non=-limy nature need not be separated from the
sample, Crushing ofthe larger fragments will 2id 1n rapid

and complete digestion,

guantity. Samples of 1.00 gram were recormended by
Banewicz and Kenner (1952, p. 1186) and Cheng, Kurtz, and
Bray (1952, p. 16/,0) as being of optimum size, Satisfactory
results were obtained by the author with samples as small
as 0,25 grem, Unless only small samples are available, how-
ever, it is recommended that, for convenience in handling
and calculating, 0.50 gram or 1,00 gram samoles be used

throughout any one series of analyses,

Digestion, Weigh 1.00 gram of properly prepered sample
into a 250-milliliter beaker and add 10 milliliters of hy-
drochloric acid (1 to 1)1 and 15 milliliters of water (dis-
tilled), T“vaporate to dryness, bake residue for a short time
(10 to 30 minutes), and allow to cool, Take up residue by
adding 3 milliliters of hydrochloric acid (1 to 1) and 10
milliliters of water, Filter the solution and make un to
250 milliliters with water (a 250-milliliter volumetric

flask is convenient for this purpose),

1Cheng, Kurtz, and Bray (1952) recomnended the use of
perchloric acid for digesting samples, Because of the dan-
gerous fumes evolved hydrochloric acid was substituted and
proved to be satisfactory,
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Laboratory Equipment

The following equiprient was utilized during the analyses:

Balance and weights

5-gallon carboy with siphon (for cdistilled water)

l'ortar and pestle

50-milliliter burette (gracduated)

250-milliliter beakers (2)%

100-milliliter beaker (1)%

200-milliliter porcelain dish (1)1

50-milliliter glass funnel (1)1

200-milliliter volumetric flask

l-1liter gracduate

S0-milliliter graduate

10-milliliter volumetric pipette

S5-milliliter volumetric pipette

Assorted tweezers, stirring rods, spatulas, etc,

In addition to the above equipment it was found con-

venient to have, besides the original large containers, -
small dropper bottles and a 0.10 gram measuring spoon from
which to dispense the indicators aml other reagents during
titration, A large Erienmeyer flask equipped with a spout

of tubing was used to replenish the burgtte between titrations,

11r samnles are run in batches the quantity of equip-
ment indicated 1n parentheses will be required for each
sample in the batch,
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All standard solutions, reagents, and indicators were kept
tightly stoppered when not in use, Small quantities of sol-
utions remaining in dispensing bottles after a series of
determinations were throwm out and the survly replenished
fromn the original containers, All pieces of equipment were
washed in distilled water and the volumetric flasks and pi-

pettes were rinsed after each usage,

Rezgents and Solutions

Required for Calcium Determination

Versenate solution, Place lt,00 grams of disodiun dihy-

drogen ethylenecdiaminetetraacetate dihydratel in about 100
milliliters of distilled water and, when thoroughly dissolved,
dilute to exactly 1 liter., Standardize this solution against

- the standard calcium and standard magnesium solutions as

described hereafter,

Standard calcium solution, Dissolve 2,195 grams of cal-

cium carbonate in about 5 milliliters of hydrochloric acid
(1 to 1) and ¢ilute to 1 liter with water, This solution

contains 1,000 milligram of calcium per nilliliter,

1Available from the Hach Chemical Company of Ames, Iowa
as "Titraver",

2Standard calcium solutions wcre prepared with both re-
agent grade calcium carbonate and Iceland spar, Identical
results were obtained when the versenate solution was stand-
~ardized against the two .
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Potassium hydroxide, Prepare a 20 percent aqueous sol-

ution, This solution serves to adjust the pH value of the

sample for titration,

Calcium indicator powder, Thorouchly mix powdrred potas-

sium sulfate and murexide in a ratio of 99 to 1, This item
may be obtained in prepared form as "CalVer" from the Illach
Chemical Company, Several mixtures of potassium sulfate and
murexide were tried and the quantity of indicator powder
used in successive determinations of a single sample was
varied, Results were essentially the same but it was found
that the best colors and color changes were obtained using

aporoximately 0,10 gram of the 99 to 1 nixture,

- Required for lagnesium Determinstion

Versenate solution, As previously described,

Standard megnesium solution, Dissolve 3.L.7 grams of

reagent grade megnesium carbonate or 1,66 grams of magnesium
oxide in 5 milliliters of hydrochloric acid (1 to 1) and
dilute to 1 liter with distilled water, This solutlon con-

tains 1 milligram of magnesium per milliliter.l

1Standardization of the versenate solution with the
original standard magnesium solutions prepared as above did
not give results agreeable with those calculeted from the
molality of the versenate solution as found with the stand-
ard calcium solution, A new standard magnesium solution was
prepared using magnesium oxide obtained by heating reagent
grade magnesium carbonate to a temperature of 1500 degrees

centigrade for seversl hours in an electric oven. Excellent
correlation was achieved with this solution,
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Buffer solution, Dissolve 67,5 grams of ammonium chlor-

ide and 5§ grams of the magnesium salt of versenatel (obtain-
able from the Hach Chemical Company) in about 200 milliliters
of water, add 570 milliliters of concentrated ammonium hy-
droxide, and dilute to 1 liter with water, This solution
serves to adjust the pH of the sample being titrated to a
suitable value (about 10).

Potassium cyanide, Prepare a 10 percent aqueous solution.

The addition of this solution to the sample largely over-
comes Interference with the end point occasioned by the

presence of iron, copper, cobealt, or nickel,

F-241 indicator. Dissolve 0,15 gram of Eriochrome black
T (F-241, available from the Hach Chemical Company) and 0.50
gram of sodium borate in 25 milliliters of methanol, In sol-
ution this indicator was found to be stable for several weeks,
Since the methanol evaporates readily, the container should
be kept stoppered except when actually dispensing the
indicator,

Quantities Required

The following quantities of materlial were necessary

to prepare and make a complete calcium and magnesium deter-

1l

The addition of the magnesium salt of versenate is
necessitated by recent refinements in the versenate obtain-
able (Hach, 195}, personal communication).



20

mination for one samnple, The figures are based on the use of
a 1,00 gram sample made up to 250 milliliters in solution,
of which a 10 milliliter aliquot wes tested,

Distilled water 310 milliliters

Hydrochloric acid (1 to 1) 13 milliliters

Filter paper (number 1) 1 each

Versenate solution n millilitersl

Potassium hydroxide solution 1 milliliter
Calcium indicator powder 0,10 granm

Buffer solution 2 milliliters

Potassium cyanide solution 0.10 milliliter
P-2l11 indicator 0,40 milliliter

These figures are given as a guide in estimating the
quantities of the various materials which might be required
for a scries of analyses, Plenty of additional distilled
water should be available for washing equinnent and an
extra 20 percent of all material should be a2llowed to cover

standardizing, re-titrations, and similar items,

Standardization of Versenate Solution

With standard celcium solution, Take a 10 milliliter

aliquot of the standard solution and proceed as described

for the titration of celcium, using murexide as the indicator,

Average quantity required for calcium and total calcium
and magnesium determinations per sample, Based on average
for 20 sarmples,
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With standard magnesium solution, Teke a 10 milliliter

aliquot of the standard solution and proceed as described
for the titration of total calcium and magnesium, using

F-2lj1 as the indicator,

A}

Titration

For calcium, Pipette a 10 milliliter aliquot of the

solution to be analyzed inﬁo a 200-milliliter porcelain

dish, then add about 20 nilliliters of water, 1 milliliter

of potassium hydroxide solution, and approximately 0.10

gram of calcium indicator powder, Stir, and titrate wlth

the standardized versenate solution, The end point is reached
when the color changes from pink to violet, The sample should
- be titrated immediately after the addition of the calcium
indicator powder as the latter 18 not stable in solution,

A series of determinations of the'same sample was made
immediately following the addition of the indicator powder
end ten, twenty, and forty minutes later. Negative errors

of up to 12 percent were noted in the delayed determinations,

For total calcium and magnesium, Pipette a 10 milliliter

aliquot of the solution to be analyzed into a 100-milliliter
beaker, then add about 25 milliliters of weter, 2 milliliters
of buffer solution, several drops of potassium cyanide sol-
ution, and 8 drops of F=-2!i1 indicator, Stir, and titraote

with the standardized versenate solution, The end point is
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reached when the color changes from wine-red to clear blue,
Care should be taken to add the reagents in the order indi-
cated, If the indicator 1s acdded before the buffer solution
or potassium cyanide solution, interference by iron is likely
to be encountered, This will give 2 pink tinge to the blue
color beyond the end point, A series of determinations of
the sane sample, made irmediately after, and at ten, twenty,
and forty minutes following, the addition of the indicator,
gave identical results, For convenience and speed in carry-
ing out the.determinations it is recormended that the titra-
tion for calcium be made first, It is then possible to add
swiftly at least the same amount of versenate solution to

the sample when titrating for total calcium and magnesium,

Color Standards

Since the colors involved in the titrations are not
stable for more than a short time it is not possible to
establish permanent comparative color standards, Further-
more, the end point obtained with the calcium indicator
powder (pink to violet) is not as sharp as that obtained
with the F-2lj1 indicator (wine-red to blue)., In order to
check the end point obtained with the calcium indicator,
titrations of the standard calcium solutlon were made with
both the calcium indicator and F-241, The sharp end point

obtalned wlth the latter was used as a reference
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when‘titrating with the calcium indicator and, with a little
practice, it was possible to obtain excellent agreement be-

tween the two end points,

Calculations

For Stendardizing Versenate Solution

With standard calcium solution, 25.2 milliliters of

versenate solution were required to titrate, to the end
point, 10 milliliters of the standard csleciwa solution,
Since this solution contained 1.00 milligram of caleium
per milliliter, 0,397 milligraem of calcium was titrated
by each milliliter of versenate solution (10/25.2 = 0.397).

With standard mognesium solution, 1.3 milliliters of

versenate soluticn were required to titrate, to the end point,
10 milliliters of the standard macnesium soluticn, Since

this solution contained 1,00 milligram of marnesium per
milliliter, 0,212 milligram of magnesium was titrated by

each millil?ter of versenate solution, As a check the milli-
grams of magnesium per milliliter of versenate solution were
calculated from the results obteined with the standard cel-
cium solution as follows:

Atomic weight of magnesium _ 2,32
Atomic weight of calcium- L0,08

= 0,607

0,607 X 0.397 = 0,241
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This calculated value agrees closely with that obtained
using the standard magnesium solution. Since any impurities
present in ﬁhe riegnesium compound used in preparing the
standard solution would have the effect of raising the fig-
ure, the calculated value (0,241, the lower of the two) was

accepted as being most nearly correct,

Calculations for successive batches, Eight secparate

batches of versenate solution were prepared and standard-
ized with the standard calcium and magnesium solutions,

The results were essentially the same with each batch and
the original calculations were thus validated for the entire

series of analyses,

Calculations for Calcium and llagnesium

Given:

A = milligrams of calcium per milliliter of versenate
solution, A

B = milliliters of versenate solution used in titration
with murexide as indicator (for calcium),

C = milligrams of rma gnesium per milliliter of versenate
solution,

D = milliliters of versenate solutlon used in tltration
with F-2l11 as indicator (for total calcium and

magnesium,
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Then the quantities of calcium and megnesium present

in the sample can be calculated as follows:

Ax B
Calcium = (Weight of sample titrated)

Megnesium = Cx (D-B)
' (#7elght of sample titrated)

If a 1,00 gram sample 1s made up to a 250 milliliter
solution and a 10 milliliter aliquot is teken for titration,
the percentages of calcium and magnesium can be calculated

as follows:

o7 - A x B =
7 Ca % T 000 meE. C 0 T ARBX 2.5
G Mg = ¢x (D~ B) x 100 = C x (D - B) x 2.5

1/25 g. x 1000 mg./5.

Ratios

Selection, On a molecular basis the ratio of calcium
to magnesium varies from 1,000 in ﬁ normal dolomite
(CaMg(COB)g) to infinity in a pure limestone (CaCO3) while
he magnesium/calcium ratio varies from 1,000 to zero.
Since the results of much recent quantitative work have
been expressed in terms of weight 1t was thought desirable
to express the ratios used herein on that basis, The ratio
of caleium to megnesium thus will vary from 1,6Ll. (in a nor-

mal dolomite) to infinity (in a pure limestone) and the
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magnesium/calcium ratio will vary from 0,607 to zero, Ob-
viously, the use of the macnesium/calcium ratio on either
basis will give results within well defined limits which
can easily be appnlied to the construction of charts, graphs,
and maps regardless of the relative quantitlies of calcium

and megnesium present,

Calculations, The ratio of magnesium to calcium can be

calculated from the relative percentages of each as previous-
ly determined. A riore direct method of calculating the ratio
1s as follows:

Mg - Cx (D=-B)x 2,5 _ C(D =~ B)
% Ca AX Bx 2.5 - AB

Since C and A bear a constant relationship to each other
as determined by the respective atomic weights of magnesium
and calcium, the ratio can be even more simply expressed,

Thus:

e o D - B
a = 00607 X B

To obtain the magnesium/calcium ratio with this formula
neither the welght of the sample nor the strength of the
versenate sclution is required, The formula thus lends itself
readily to use in mass analyses or field work where the ratio

elone is sufficient,
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TABLE I

WELL AND SAMPLE DATA

Top of Top of
"Trave Trav-
Permit # Well Namel Location erse erse
Forme- Lime~
etion" stone
12742 #A M, H, Miller NE-SW-SW-11 -8L5 -913
1302l #1 Schiller Unit NE-NE-NE=-15 -850 =910
13077 #1 Je. Schiller NE-NE=SE=10 -839 -910
13096  #1 E. Eilers NE-NW-NE-15 x2 -89
13106 #1 L., Eilers NE-SE-SE-10 X =906
131.8 #1 K., Schiller NE-SW-SE=-10 -837 -897
13180 #1 H., Weber SE-SW-NE-8 -918 - -98)4.
(ROWIMER CORPORATION)
13191 NE-SW-NE-15

#1 E. Hoffmen

lunless otherwise noted all wells belong to the Carter
011 Company and are named on that basls,

2The symbol "X" 1is used where information is unavail-
able or highly questionable,
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TABLE I (Continued)

WELL AND SAMPLE DATA

Sample
Interval Per- Per- 1Mz/Ca Mg/Ca Ratio for 1
Below cent cent Ratio Indicated Interval
Traverse Mg Ca
Limestone 0-2% 0-5 0-10 5-10
0=l 2.6 23,5 0.087 X X X X
L-7 1.0 21,7 0.04l
7=-16 0.6 35,8 0.017
16-22 0.8 38.2 0,022
22-2}.‘. 0.8 39.1 00021
0-3 2.8 29,8 0.093 0,093 0,111 0,100 0.091
3-5 3. 2h.3 0,138
5"11 2.6 29.0 OO091
11-20 1,3 3L,0 0.039
20-214’. 1.9 3“-. 0 0.057
0-2 10.% 19,1 0.545 0.545 X 0.16l X
2-11 2e 35.0 0.079
3-6 8.0 2L.7 0.325 X X X 0,096
6-9 3.7 30.0 0.124
9-11 109 36.2 0.053
11-16 2,5 35,4, o0.071
0-3 3.1 21,6 0,145 0.145 X X X
3-7 Le6 2.9 0.184
7-16 2.3 34.0 0,067
0-3 11,8 23.3 0.505 0.505 0.315 X X
3-6 3.9 30,8 0.125
0-2 8,5 15.6 0.54T7 0.547 X X X

1 :
Intervals are generalized, For complete explanation
"Consideration of Data - Selection of inter-

see text under
vals to be mapped",



29

TABLE I (Continued)
e e e e

Top of Top of
"Tragve Trave
Permit # Well Name Location erse erse
Form- Lime-
ation" stone
13197 #2 Jo Fo Miller NE-NE=-SW=-11 -857 -928
13243 #2 E. Ellers NE-SE-NW=-15 X -906
13267 #1 Full james et al NW=SE=SW-12 -92 =976
(NEIL WAGENAAR)
13286 # L. Stevens NE=-SwW=NW=-15 -829 -901
13334 21 R, Schiller NE-NE=-SW=10 -832- =909
13348 #1 v, Schiller NE-SW-SW-10 X -899
13419 i# J. V. Schiller NE-NW=SE=-10 -837 =904
1345 #1 S, J., Schiller NE-SE=-SE=9 -836 =907
13499 # W, Miller NE=-SE-NE-16 -8L6 =911
13500 #1 E, Friday NE-NW-SW-10 =841 =909
13530 #2 S, J. Schiller NE-NE-SE-9 -858 =929
13550 #3 S, J. Schiller NE-SW=SE-9 -853 =923
13567 #1 M., B. Hunt NE-NW-NE=-16 -853 =922
13622 #3 E. Eilers NE-NE-SW-15 -850 =929
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Sample
Interval Per- Fer- 1g/Ca lg/Ca Ratio for
Below cent cent Ratio Indicated Interval
Traverse g Ca
Limestone 0-2% 0-5 0-10 5-10
0-2 11.5 2242 0.521 0,521 X X X
0-3 2.3 33.h 0,066 0,066 X X X
0-5 5.5 31, 0.177 X 0.177 0.197 0,217
5-10 6.5 29. 0.217
0-10 2., 35,2 0,068 X X 0.068 X
10“15 007 38-9 Oo 019
0-5 11,2 21.8 0.515 X 0.515 X X
0=l 8. 2%.5 0.343 X X 0,163 X
L-11 1.7 28,0 0.060
0-6 12,2 20.h  0.59 X  0.596 0.359 0.07h
6-11 2.7 35.8 0.074
0-3 11,0 22.2 0,494 o0.h9L X 0.197 X
3-10 263 32.8 0.070
-9 lte5 32.2 0.139
9"10 1.6 3’4—0 00 OL'»E
0-6 12.1 20.2 0,595 X 0.595 X X
0-3 12,1 20,6 0.567 0.587 X X X
0-2 5.2 28,4, 0.182 0,182 X X X
0-5 7.9 9.5 0.)h19 X 0.L19 o0.254 0,151
5-11 heo2 26,6 0.161
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TABLE I (Continued)

—
——

Top of Top of
"Trav- Trave-
Permit # - Well Name Location erse erse
Form~ Lime-
ation" stone
1364l #1 S, Jacob NE-SE-NE-10 -863 -93L
13703 # M., Miller NE-SW-NE-16 ~-860 -925
13723 # A, Schiller NE=-SE=-NE-15 -869 =934
14138 M G. Schmiedeknecht NE-NE-SE-16 -857 -933
1,328 #L R, O, Hamill SE-NW=-SE=9 862 -929
11,502 #1 State-Claybanks NE-SE-NW-16 -868 -9L2
(MERCER OIL COMPANY)
15065 #1 C. Eilers SW=SE-NW=10 X -918
15110 L S, J. Schiller SW=-NE=-SE=-9 X -921
15190 #2 S, Jacob SW=-SE-NE-10 X -919
15191 #3 J. Fo Miller SW=SH~NW-11 X -927
15235 A J. F. Miller SW=NW=-SH=11 X -909
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TABLE I (Continued)

—
s —————

Sample

Interval ©Per- Per- lg/Ca lg/Ca Ratio for
Below cent cent Ratio Indicated Interval
Traverse
Limestone 0-2% 0=5 0-10 5-10
0-5 7.4 21,0 0,350 X 0.350 X X
5-9 2.3 30,8 o0.074
9"1’-]. 007 38.7 00019
0-5 12,5 22,1 0,567 X 0,567 0.321 0.116
5-9 b,.% 3L,2 0,130
9-11 2. 3106 00087
11-18 006 38.0 Oo 016
18-21 1.2 38,6 0,031
0-5 6.5 21.,2 0,307 X 0,307 0.263 0,219
5=10 6 29,2 0.219
10-1% 1.3 31.8 o0.,042
l,-[-"l 1.0 3308 00029
1-L 6.7 19,9 0.33L X X X X
0-1 S 22, o.,242 X X X X
0-1 St 19,5  0.279 X 0.253 0.,172 o0.0L49
1-6 7.0 28,6 0.248
6-10 1.8 37.0 0,049
10-15 1.0 38, 0.025
0-3 2.9 34.6 0,08, 0,084 X 0.082 X
3=10 2.l 29.8 0,081
0-5 he2 28.L.  0.1L9 X 0.1L9 X X
0-3 3 09 9.1 0014‘23 0.”-23 00333
3-6 5¢3 21,8 0,243
0=2% 7.1 20.8 0.342 0.32 X 0.328 X
%5=9 7.5 21.3 0,346
9-11 6.0 23,8 0.253
0-2 2,7 22, 0,109 0,109 X 0.16l X
2-8 L6 26,2 0,175
8-11 303 18.1 00180
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TABLE I (Continued)

ﬂi

Top of Top of

"Trav- Trave
Permit # Well llame Location erse erse
Form- Lime~

ation" stone
15256 #2 E. Friday SW=NW=SW=10 X =906
15275 #3 M., He Miller SW=SW~SW-11 X -916
15351 #2 J. Schiller SW=NE=SE-10 X -905
15359 #3 L. Stevens SW=SW-NW-15 X -911
15415 #2 Eo Blohm SW-NE-NE=-16 X =912
15)471 #h M. Schiller . SW=SE-SW=10 X -898
151491}, #2 Ko Schiller SW=SW-SE=10 X -888
15527 #5 E, Eillers SW=-NW-NE=-15 X -902
15570 #2 C, Eilers NE=-SE-NW=10 X -928
15593 #1 W, Nichols SW-NE-NE-10 -886 -949

(R, T, JONES)
15626 M J, E. & A, M., SWe=NW=NW=-11 -868 -95l
Eillers .

15666 #1 Jonseek=-Schiller SW=SW=NE=-10 X -909



TABLE I (Continued)

3l

—
——

——

Sample

—

Interval ©Per- Per- 1lg/Ca lg/Ca Ratio for
Below cent cent Ratio Indicated Interval
Traverse e Ca
Limestone 0-2% 0-5 0-10 5-10
0-6 6., 20.2 0.316 X 0.216 0.239 0.114
6=-10% 3.3 28,6 0.1l .
0-2 1.9 25.4, 0.076 0.076 X X X
0-2 7.6 20,2 0,375 0,375 X 0,258
2-10 5.5 2lLe2 0.229
0-8 7.2 22,0 0,328 X X 0.332 X
8-10 6.3 18,0 0.347
13-3 h.9 2h.6 0.202 X X X 0.045
3=-6 2.3 33.2 0.069
6-9 2.0 30,8 0,067
9-11 0,5 38.0 0,013
1-4 11.8 21,4 0,550 X X 0.255 X
L-11 3.6 28,0 0,129
1-4 9 21,9 0,426 X X X X
-9 2,0 33.8 0,060
9-15 0.6 39.9 0,015
15-21 1,0 Lo.,1 o0.024
0-3 5.9 21,6 0,272 0.272 X X X
0-5% 11,7 20.6 0.567 X 0,567 X X
0-2° 3,9 31,2 0.124 0.124 0.162 X
2-5 5.7 28.4 0,199
0-1 10,1 20,0 0.506 X° 0457 X X
1-5 8.0 17.9 0.5
5"9 6.0 23.’-’- 00258
9-15 LL.B 2702 00177
1-5 1.6 36.6 0,03 X 0.043 X X
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TABLE I (Continued)
—r e

Top of Top of
' "Trav- Trav-
Permit # Well Name Location erse erse
Form- Lime-
ation" stone
15667 #2 Jonseek-Schiller NE-SW=-NE-10 X =93l
15683 #1 F. Osborn NW=-NW=-SE-15 -855 =92l
15689 #2 R. 0., Hamill NE-NW-SE=9 -87 -945
15751 #1 Kelley NE-NE-NW-22 =900 - -970
(0OIL PRODUCERS)
15799 #6 S, Je Schiller SW=-SW-3%-9 X -936
15805 “ M. He Miller SW=-NW=-Nw-1l -86l =935
15890 #5 J. F, Miller SW=NE=-SW-11 =846 -912
15935 /1 Esther Friday NE~S7-SW-9 X =947
16059 #2 We Miller SW-SE-NE-16 =861 -931
161,46 #2 M, B, Hunt SW=NW=-N=-16 -859 -926
16147 #1 H, P. Schneider SA=-SW-NE=9 -290 -957
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TABLE I (Continued)

en———
a—

Sample
Interval Per- Per- 1ig/Ca 1g/Ca Ratlo for
Below cent cent Ratio Indicated Interval
Traverse g Ca
Limestone 0-2% 0-5 0-10 5=10
0-6 5.5 28,8 0,192 X 0,192 0,235 0,239
6"8 8.1 26.8 00301
8-11 5.9 30,0 0,197
11-13 1.1 36.8 0,030
13-1l 1,8 24,8 0,073
1,-15 1.3 35.0 0.038
1-6 hle3 29,0 0,149 X 0.149 0.115 0,081
6"11 208 3’4,.2 0.0 1
0-2 6,8 25,0 0,270 0.270 X X X
0-2 6,6 20,2 0.328 0,328 X X X
0-5 8,8 2h,6 0,358 X 0,358 X
0-6% Le3 27.0 0,161 X X 0.1L6 X
2’?"9 306 25014- 0011-'-2
9-11 2.6 26, 0,100
11-15 1.7 3he 0.049
0-1 8.8 22, 0,389 X 0.308 X X
1-5 7.6 261 0,288
0-6 L.7 26,8 0.175 X 0,175 0,127 0,070
6-11 21 34.6 0,070
0-2 11,3 22,2 0,510 0,510 0,300 0.,186 0,013
2-6 5.7 29.0 0,195
6-10 005 37.8 00013
10-15 005 3708 00013
0-3 10,1 25.2 0,402 0,402 0,456 0.363 0,270
3-5 11,0 20,4 0,536
5-7 11,7 22.2 0.526
7-10 3.0 34 0,099
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TABLE I (Continued)

Top of Top of

"Trave Trav-

Permit # Well Name Location erse erse
Form- Lime-
ation" stone

16185 45 M, H, Miller SW=SE-SW-11 -860 =927
16620 #2 A, Schiller SW=SE=-NE-15 -863 -93L
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TABLE I (Continued)
W

Sample

Interval Per- Per- 1g/Ca 14g/Ca Ratio for
Below cent cent Ratlo Indicated Interval
Traverse

Limestone 0-2% 0-5 0-10 5-10
o-1-%~ 3.7 30,6 0,122 X 0,065 X X
13-5; 1.6 36,7 0.04.3

0-1 3.9 27.8 0,139 X X 0.038 X
l-h- 102 3707 00032

li=7 0.8 38.3 0,022

7-10 1,0 37.9 0.025



CCNSIDERATION OF DATA

Selection of Intervals to be mavped, Preliminary anal-

yses of samples from several wells loceted across the struc-
ture indicated that very little dolomitization had occurred
at depths of more than 12 feet below the top of the Traverse
limestone, Highest ratio values were confined to the top

few feet,

A chart was prepared which showed sample intervals be-
low the top of the Traverse limestone in the variouvs wells,
Distribution of the sample intervals was noted to be high
at depths of about 5, 10, and 15 feet, In order to have as
rmuch control as possible for mapving, and to show the de-
gree of colomitizetion in the upper few feet of the formation,
the following sample intervals were selected (given in feet

below the top of the Traverse limestone):

0 to -2 or -3 (Figure 5.)

0 or -1 to =5 or =6 (Figure 6,)

0 or -1 to =10 or -11 (Figure 7.)
-5 or -6 to =10 or =11 (Fifure 8.)
0 or -1 to.-15 or =16

-10 or =11 to -15 or =156

39
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Ratios for these intervals were calculated from the
results of the analyses of the well sampnles, These were
plotted areally on base maps of the Stony Lake fileld and
the respective values were utilized in constructing a series
of lithologic ratio riaps, Although ratio maps were con-
structed for the last two intervals listed, control was so
lacking end results so anomalous that inclusion of these
maps was consicdered superfluous, The lateral extent of dol-
omitization of the different intervals can be seen by exam-
instion of the map of a particular interval and the derree
of vertical dolomitization can be seen in part, by corpar-
ison of the mavs of the different intervals, Comparison of
the various lithologic maops to a subsurface structural con-
tour map of the field (Figure ly.) should indicate whether
or not there is any positive relationship between the degree
of dolomitization, as reflected by the lig/Ca ratios, and

the structure,

Vertical extent of dolomitization. iig/Ca ratios of the

samples tested ranged from 0,013 to 0,596. The general pat-
tern of vertical distribution within the Traverse limestone
seermed to be from a high value in the upper 5 or 6 feet to
a low value at a depth of about 13 feet and then a very
slight increase in the ratio below that depth, Some rather
low ratios were noted in the top few feet of the formation

and in nine of these instances a slight increase in the
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ratio was observed in the second sample, In four cases this
increzse may have been due to the inclusion of some of the
overlying shale in the finely grouﬁd top samples, Previously,
several enalyses had shown this shale to be somewhat limy
with an average liz/Ca ratio of 0,053, In the other five in-
stances the samples were free of shale, and lower ratios in
the top samnles may have been due to failure to get a rep-
resentative sample, The possibility also exlsts that the ex-
treme upper part of the formation may not have been as heav-
1ly dolomitized in places as a zone slightly below the top,
Inspection of the lithologic ratio maps revealed the

following information:

# Sample Interval (in feet Average Range of
below top of Traverse 1s.) 1fg/Ca Ratio Mg/Ca Ratio
1 0 to =2 or =3 0.321 0.066 to 0.587
2 0 or -1 to -5 or =6 0.321 0.043 to 0.59
3 0O or =1 to =10 or =11 0.208 0.038 to 0,363
L 0 or =1 to =15 or -16 0.145 0.0l.0 to 0,292
5 -5 or =6 to =10 or -11 0.124 0.013 to 0,270
6 -10 or =11 to =15 or =16 0.0L6 0.013 to 0,111

TABLE II




The similarity in ratios between intervals 1 and 2
would seem to indicate that the first six feet of the for-
mation were dolomitized equally throughout, Comparison of
successive values obtained for small sample intervals neer
the top of the formation, however, showed that a steady de-
crease in the ratio often can be expected from the top dowm-
werd, Similarity of the two retios may be due to the occasion-
al presence of a less heavily doloniitized gone at the very
top of the formation, The decrease in the average ratios at
successively lower intervals, as illustrated by intervals
2, 5, and 6 (Table II), indicates that dolomitization de-
creascs with depth, rather sharply at first and then more
slowly. Inspection of values obtained from samples of indi-
vidual wells showed this to be generally true with a very
small increase in the ratio occurring below depths of about
13 feet in some wells, The decrease in the ratios shown in
intervals 2, 3, and li also indicates a decrease in dolomit-
i1zation or magnesium content with depth, The flattening
effect of the overlarping intervals is arvarent when com-

rared to ratios obtained for intervals 2, 5, and 6,

Dolomitization in producing zones, Sarples through the

producing zones were available from some wells, Analyses of
six of these wells did not reveal any significant chenge in
the Mg/Ca ratio in these samples, Both hirh and low ratios

were encountered depending largcely on the depth of the pro-

ducing zones below the top of the formaticn,
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Lateral extent of dolomitization., Exramination of the

lithologic ratio maps and individual well anslyses indicates
that sorme dolomitization was present across most of the
Stony Lake pool, The presence of both high and low ratios
distributed over the field would further indicate that the
cegree of dolonitizetion or quantity of magnesium present
varied considerably and that development of the dolomitized
zones was rether irregular., Dry holes located on the flanks
of the pool in sections 8, 12, and 22 did not have iig/Ca
ratios significantly different from those obtained in wells

nearer the center of the pool,



RELATIONIITIF OF DCLCITITIZATIOXN TO STRUCTURE

If the assumption holds true that dolomitizetion occurs
alons tension fractures developed on the apices of folds, a
comparison of the lithologic ratio meps and the structural
contour riap of the Traverse limestone in the Stony Lake pool
should show the existance of a definite relationship or
rattern,

To this end the various lithologic ratio maps were con-
toured in several patterns, In orcder to develop any possible
relationship each map wes contoured individually several
times, An attempt was also made to develop patterns which
would be corrion to all ratlio maps. Where control was lack-
ing the 1g/Ca ratios of intermediate sample intervals were
used as guldes, PBecause most dolomitization epnarently

occurred in the urper six feet of the formation and because

of the greater control available, emphasis was placed on
ratio maps of the upper part of the formation, The ratio
contours as shovn in Figures 5, 6, 7, and 8 represent but
a few of many possible interpretations,

The subsurface structural contour map of the Traverse
limestone was constructed from data secured from the liich-
igan Ceological Survey and the Carter 0il Company. In sever-

2l cases of conflicting data the samples were checked and

i
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those values taken which best coincided with the lithologic
change from shale to limestone, The density of control and
logical pattern left 1little necessity for questionable
contouring of the structure,

Direct comparison of the lithologic ratio maps and the
structural contour map failed to disclose the existence of
any recognizable relationship or pattern.between them, Exam-
"ination of the individual well analyses also failed to es-
tablish any definite relationship between the structure and
the lateral or vertical extent of dolomitization., No recog-
nizable pattern such as might be expected in the case of cross-
folding, folding, or doming was apparent in any reasonable
interpretation of the lithologic ratio maps.






ORICIYN OF DOLOIITE I THZ STOIY LAKE FIZLD

Several possibilitles exist as to the origin of the
dolomite near the top of the Traverse limestone, Although
none of the individual well analyses showed a significant
increase in, or sustalned high value for, the Mg/Ca ratio
at depths down to 2l feet, it 1s entirely possible that a
number of irregularly spaced fractures extend down into
the formation and that, at one time, magnesium-bcaring
waters circulated through these fractures from below., The
relatively impervious beds of overlying shale would, in this
case, tend to direct the waters laterally at the contact
wlth the limestone, Interruption or discontinuance of the
circulation could account for the irregular pattern of dol-
omitization, Because of the age (post-lississippian) assign-
ed to the folding, it seens unlikely that dolomitization
could be due to the circulation of ground waters through
tension fractures developed as a result of uplift and expos-
ure following the folding,

If unrelated to fracturing developed during folding,
the dolomitization might be due to the replacement of lime-
stone beneath warm, shallow seas or lakes sometime after
partiel lithification of the limestone, The circulation of

mnagnesium-bearing sea waters through borings or openings

16
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due to marine vecgetation nmight then account for the irregu-
lar distribution of the dolomitized areas, Occasional re-
cession of the unstable seas and subsequent non-deposition
1s also a possibility, It is not improbable that the Trav-
erse limestcone underwent uplift without appreciable folding
on one or more occasions, In such a situation the dolomite
could be due to dolomitization of the limestone by downward
circulating groundwaters or to leaching of calcium from a
dclomitie limestone, In the latter case subsequent cormpaction
and re-dissolution and replacement may have served to impart
to the dolomitized zone its present relatively non-vorous

condition,



CONCLUSIONS

The versenate method for determining calcium and mag-
nesium in limestones and dolomites has proved to be rapid,
simple, and accurate, The preparation of lithologie ratio
maps based on Mg/Ca ratios appears to be a simple and log-
ical way of presenting information obtained by eprplying the
versenate method to analyzing a series of samples from a
dolomitized zone in a particular area,

Although comparison of structural and ratio maps of the
Traverse limestone in the Stony Lake pool did not reveal any
significant relationship between the structure and the de-
gree of dolomitization as indicated by the lig/Ca ratio, the
possibility of such a relationship existinzg in other for-
mations and in other areas i1s not precluded, Only after ex-
tenslive comparison of many structures and formations by
means of structural and lithologic ratio maps can the value
of this method of locating structural features and dolomit-
ized zones be evaluated, The combinstion of the versenate
method for determining calcium and magnesium and mepping of
the results as a lMg/Ca ratio may yet prove to be a useful

tool for the geologist,

L&
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FORMATION, |THICK-
SYSTII | GROUP MIMBER, NESS LITHOLOGIC DESCRIPTION
OR STAGE |(FFET)
1
I
S Antrin
S 210 Brown to dark brown
Shale shele
D
B
\
T 15| Light gray, crystalline
"Traverse N\ limestone
- " 60 Cray shale w/ streaks of
| | Formation gray limestone
Brown, crysta ne
L , talll
.dolomite
30 Brown to tan limestone
D & dolomitic limestone
T Tan to light gray, foss-
E R iliferous and/or crys-
A 190 talline limestone w/
v ' vugular and coralline
0 E Traverse porosity
R
s Limestone Light gray, crystalline
N E limestone
I G
R —10—\ Brown, dolomitic lime-
A 0 35 \\ stone w/ anhydrite
U |15 NAnhydrite and dolomite
N P 15
Sucrosic dolomite
80 Sucrosic dolomite and
anhydrite
Sucrosic dolomite
Bell
Shale [0 | Gray shale
Dundee 50 Light brown, crystalline
Limestone to granular limestone
FIGURE 3,

G*II"RALIZID STP?ATIGHRAPHIC SECTION OF TIE
TRAVIERSE GROUP 1N THE STONY LAKE OIL FIVLD
SCALIl: 1 INCH « 100 FrET
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FIGURE 4.
STRUCTURE CONTOUR MAP OF
STONY LAKE OIL FIELD
DATUM IS TOP OF TRAVERSE LIMESTONE
CONTOUR INTERVAL 10 FEET
SCALE: 4 INGHES = | MILE
LEGEND: s OIL WELL - DRY HOLE
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FIGURE 5.
MG/CA RATIO MAP

TRAVERSE LIMESTONE

0'TO -2' OR -3’
STONY LAKE OIL FIELD

C.1.=.100
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FIGURE 6
MG/CA RATIO MAP
TRAVERSE LIMESTONE

0'OR -I' TO -5' OR -6'
STONY LAKE OIL FIELD
SCALE: 4 IN.= I Mi. G.1.=.100
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FIGURE 7.
MG/CA RATIO MAP
TRAVERSE LIMESTONE

0'OR-1'TO -10"' OR -II'
STONY LAKE OIL FIELD
SCALE: 4 IN.= | MI. C.l.= .100
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FIGURE 8.
MG/CA RATIO MAP
TRAVERSE LIMESTONE

-5'0R -6' TO -10' OR -II'
STONY LAKE OIL FIELD
SCALE: 4 IN.= | M. GC.l.=.050
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