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GEOLOGY CF THE CRYSTAL OIL & GA3 FIELD

By G. E. Eddy*

Introduction

The Crystal Ficld is locstad in Crystal and Ferris town-
ships, Montecalm Counly, cpprozim-tely “velve piles west of Tthaza,” It
is easily reached “y goor gravei 704 yaved roads, Three relirnads,
the Grand Truak Feste:n Line acd vwo »ruvchesr of the Yere VMarcuatte
Railrecad Company, are within rii miles of the wres:eat produsiig limits
of the pool and provide =xzsellent tiransportation facilities, Five pipe
line companies, the HMellanshan Pipe Line Ccmpony, the lMidwest Pipe Line
Company, the Pure Transportation Company, the 01d Dutch Rcfining
Company, and the Simrall Pipe Line Corporation l)servo the field, The
production from the field is refined at Muskegon, Alma, Mount Pleasant,
Midland, and St. Louis, Michigan, and Toledo, Ohic,

The Crystal ficld is unlike most Michigan fields:
Production is very spotty, therc is very little gas prossure, and a
strong water drive is apparent,

Dhysiography

The Crystal field lies betwcen two north-south hill
belts - the Fowler and thc Lyons moraincs of the Saginaw ice lobeazg)
The topography consists of gontly rolling till plain and sandy or
gravelly outwash plain, Surface clevations range from 730 to 850 feot,
The area lies on the watershed of two drainage systems, Thoe northeast
part of the field is draincd by Carpenter Creck which flows castward
into Pine River, a branch of the Saginow River systcom, The contral and
southern part of the fiecld is drained by Fish Creck, a branch of the
Maple River, which flows southwostward inko Grand River., The water
table is very ¢lose to the surface, being ot a depth of only a fow feet
in many- placcs, and rises above the surfoacc in Duck Lake along the edge
of thec ficld.

*Petroloum Geologist, Geol, Surv, Div,, Dept. of Comscrvation

(1) February 1936 rcport of Michigan 0il Produccrs Committecc

(2) Leverett, F,, Surfacc Geology of Michigan, Mish, Geol, and Biol,
Survey, Pub, 25, Geol, Scr, 21, Plate I, 1917,
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The Saginaw formation of Pemnsylvenian Age includes
dark and black shales, snndy shales, ond occasjional thin strings
of limestone, The black shales are usuwlly carbsnaceous, All members
of the formation wvory greetly in thickness, and in the few samples
available no stratum can be traced laterally for eny considerable
distance,

The Parma formction ot the base of the FPenmsylvanian
is generally a lipght gray to white sandstone, shoely in places, and
ronging from O to 60 feet in thicimess, The samples from the Fred
Turner - MeoConkile Yo, 1 well indicote a thic'mess »f 80 fect., A much
greater thickness is giveon in scveral drillcerst logs, but this is
doubtful, In »laccs, the Parma grades downwerd into the Bayport
(Au Gres)(4) limestonc of Uppor iississippian Age, and the contoact is
difficult to dctormine,

The Bayport formation in the Crystal arca is an im-
purc dolomitic gray limcstonc, and from the infommation available
scems to be lenticular or patchy in distribution; the thick lenscs
arc possibly old crosion rumnants, According to ths samplos available,
the thicknmess appears to runge from O to 40 feet, About 100 feet of
"lime" is ;jiven in some drillers! logs but no samples werc aveilable
to verify such a thickness, The gredational contact betwecn the
Bayport and the overlyirg Parme candstonc indieates cither a roworking
of the Beyport limestonc or continuous deposition with a slow, gradual
chonge from limy to sandy scdiments,

The Michigan Scrics, also of Upper Mississippian Age,
is similear to that found in most oi the other Michigan oil ficlds,’
From the somple records, the thicknoss ranges from 275 to 315 feot,
averaging about 290 fcet, The Michigan Scrics consists prineipally of
gray shales and gypsum with occagional thin strirngers of sandstono.
Beds of sandy buff dolomites arc somcwhot common and o rathor persistent
bed occurs but a fow foct above the top of the Marshall formetion, In
meny drillers' logs, a grocn shale is reoported ot the ton of the
Michigan scetion., This strotum is casily rccognized in the ficld be-
causc of the greenish gray color thot the motericl imparts to the wator
bailed out during the drilling operntions, This bed is the first
marker in tho field that can be uscd with any degrec of rcliability
for determining underlying structurc,

Nenr the basc of the Hichigin Scrics is what is known
as the Mlchigan "Stray" gos sand., It consists of gray to white fine
sandstonce with a limy coment, The thickness is reported to be O to j
30 feot, although no scetion thicker than 25 fict was found in tho
samplcs studicd, This sandstonc is belicved to have been formed by
the crosion of old Marshall islands in the scas of carly Michigan
Seriecs timc, In many of the oil and gas ficlds in tha Statce, gas

(4) Ehlers, G, M., Reclassification of tho frlcozoic Systom of Michigan:
Prescntoed at Michigan Acsd, Sei,, March 20,
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is found on the flank of the oil strucbure, indicating that the
"stray" sand is possibly a system of off shore bars or barriers,
Usually, it is separated from the Marshall by o shale breck or
shaly limestone, although in some wells there is no visible .
separation., Several geologists believe that the "stray" sand is
part of the Marshall where there is no shale parting present,
Becouse of the different lithologic characteristics of the "stray"”
and the Upper Marshall, especially the lime cementing material,

it seems more .logical to include the Michigan "stray" in the

" Michigon Series,

The Marshall seetion, including the Napoleon and

Lower Marshall or Red Rock, has a total thickness of 132 to 266
feet, averaging about 200 fect., The Hapolcon is o white to light
gray sandstone, but in some wells it is stoined o brownish pink
near the bose, In scveral wells in the field, shale beds scparate
the formation into two or three moembers, The scnd grains arc for
thc most part angular, although well rounded and frosted groains
werc observed in small cmounts in scveral samples, The Lower Hershall
consists of red shales and brownish red and derk red forruginous
sendstoncs, The basc of the Lower Marshall, which can be uscd as o

arker in other areas, cennot be uscd with accurccy in the Crystal
field beeausc the Lower Marshall varics in thiclkness morc than 130
feet in the ficld,

The Coldwater formotion consists of gray and bluc=-
gray shales, averaging cbout 1,060 feet in thickness, A bed of red
limy shalc 10 to 20 feit thick is ncar the basc of the formation,

This bed is persistent, being prosent in cvery sot of samples examinod
and notcd in most driller's logs,

The Sunbury-Boroca-Bedford scetion is not well dofined
in the Crystal arca, From samplos awvailable, it aupears to consist
of gray shales, gray limy shalcs, and thin limcstone stringors,
Study of drillers! logs and Ticld rcports indicates that thoe beds
reported as Sunbury arc the red limy shales at the basc of the
Coldwater, In a fow wells, o typical brownish black Sunbury shale
is found, No typical Berca sundstonc has boun obscrved, o1though
according to scveral drillorst logs, "grit" occurs below the Cold=
water. shale, "Grit" iz a tem uscd by drillers and has little to
do with tho composition of the rocit.

The Antrim formrtion consists of brovnish black to
black shalecs, averaging 440 fcet in thickmess, Pyrite and celeite
yrere noted in o vory fow samples, indienting the possiblc presonce
of concrotions. Formotions reported by drillers os "shell" scem
to support this possibility.

The Troverse Group includes gray and white limcstones,
gray shales, and gradotions bebwoen shaly limestoncs and 1liwmy shalcs,
with limcstonc predominant, The top of the group is usually & gray
shale or shaly limestonc, Thoe thickness of tho group is varinble,
ranging from 350 foot on the cast side of the ficld to 493 feet in
the Caldwell - Bailecy Hoe 1 well on the west fleank of the ficld,
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The Bell formation is a dark gray, or blue to-black- ~
shale, ranging in thiclness from 12 feet to over 100 feet in the
Mammoth Petroleum Company - Graham No, 1 well in section 31, Sumner
township, Gratiot County. In some wells the formation is split into
two or three members by thin limestone or shaly limestone stringers,

The "Dundee" formation is represented by a light and
dark brown dolomite or dolomitic limestone, and some grayish buff
dolomite, In only one well within the producing limits of the field
has a typical Dundee limestone section been found, This was in the
Snowden and McSweeney Company - Wight Heirs No, 1 well in section
10, Crystal township, In this well, the "Dundec" section is a light
buff to light gray purc limestone from the bottom of the Bell shale
to the total depth, The thickness of the Dundee ranges from O to 38
feet, A 38-foot section was found in a dry hole in section 17,
Crystal township, on the southwest flank of the structure., This
variation in thickness is thought to bc causcd by crosional uncon-
formitics at the basc of the Bell shalc and also at the top of the
Detroit River (Upper Monroc) formation; however, very little dircet
informetion is available to prove an uncorformity at the top of the
Detroit River (Upper Monroc), Scveral veory porous zonces which were
obscrved in the Monroc tests drilled near the cdge of the ficld may
b suggestive of such an urconformity. Thesc wells arc in scetion
34 of Ferris township on the Martin - Strait leasc and in scction 22,
Crystal township, on thc Van Keurcn - ivans lcasce

Structurec

The Crystal Ficld is on onc of the principal northwest-
southeast structural trends commen to the Michigan Basin, The gas
ficlds in Belviderc tovmship, Montealn Counbty, the gos fields in Austin,
Hinton, and Millbrook townships, Meccoota County, and the oil ficld in
Home township, Montealm County arc all on this samce trend,

) .

The local fold of the Crystal Field is a flat-topped
-anticline with the steeper dip on the northeast basinvard side. The
southwest flank has a very gentle slone and wells drilled for a distance
of six miles in this direction show but a few feet of dip in the forme=-
tions, No definite elcngntion of the fiecld in any direction 1s apparent,
although.small closures on structure apparently huve a northwest elonga-
tion,  This lack of extensions or elongations characteristic aof other
Michigan fields might be explained in two ways:

First, that a cross fold exists between the major trend
through the Crystal Field and the Jetter 0il Company - Long Wo, 1 well"
in Section 1, Bushnell tovmship., Second, that this comperatively flat,
broad surfacc is due to & widespreoad disconformity on the top of the
"Dundce" bheds. Both hypothescs may be corrcct, but the crosional factor
apparently ig of the greater importance, The rogional dip of the forma-
tions is gentle, both in its northwest and in its northoast components,
The broad level Dundece surface on the sorthwest flank of the field seams
to be a structurel terrace or flat nose, cextocnding northecastorly into
the field and culminating in steep dips on the basinwerd side of the
pool, 1If a land surface similar to this existed st the end of "Dundec"
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time, it would have lent itself readily to the action of ground and sur-
face waters, with the resulting dissolving of the more soluble minerals
in the limestone and the alteration of calcite to doclomite,

The presence of an erosional unconformity is shown con-
clusively in wells drilled by the Gull- Refining Company on the Rule(5)
lease in the E% NE% St section 2, Crystal township, The operators
attempted to increase production in their Rule No, 1 well by acid treat-
ment, but the acid could not be pumped into tho well except under very
high pressure while their No, 2 well directly north was shut in, When
the No. 2 well was opened up and put on the pump, the No. 1 well took
acid very readily, This indicates that there was a continuous passage,
probably a solution channel or fissure, betwcen the two wells,

A contour map, drawn on top of the "Dundee", closely
resembles a topographic map., Conditions and expressions strikingly
similar to those formed by running surface and ground waters are apparent,
(Sce Pig, 1), Featurecs similar to those existing in regions of Kerst
topography are present, as, for example, a possible sink hele at the
Caldwoll - Beiley No. 1 well in the NE: NW- S section 33, Ferris town-
ship, This fcaturc might also be a deep crosional velley, opening north-
westward, instcad of a sink holo, as no other wwells have boen drilled
north of the Bailey Mo, 1, which might provide more definite cvidcnee as
to its origin.,

The thickening of the Bell shule over theso sinks or de-
pressions would also indicate the possibility of a disconformity, 6 Con-
siderable structure is showm on the top of the Bell shale, but this may
be duc in part to scttling over buricd crosional romnants of the "Dundce”
surfacc,

Figure 2 shows a cross section of theé Crystal Field from
the southwest corner of sectisn 17, Crystal township, northeast to the
Meammoth Petroleum Corporation, Graham Yo, 1 well in section 31, Sumner
township, Gratiot County, thence east to the Crystal 0il and Gas Company,
Shever No, 1 well in section 4, New Haven township, Grotiot County, All
formations ifrom the top of the Michigan Series to and including the
Detroit River (Upper Monroe) are shown., The relationship between the
"highs" in the Michipan Serics and those in the "Dundee" arc clearly
shown, It is also apparcent that shallow drilling, using the Marshall as
a marker, would load to incorrect interpretution of the drcper structure
in this ficld, The so0lid vlock shows what is believed to be rcmnants of
tho old "Dundee" surface, Tho scquence of cvents advanced to cxplain the
stratigraphic and structural foaturcs of the ficld is:

1., Doposition of Dundee limostonc on a slightly arched
Detroit River (Uppcr Monroc) surfocc,

2, Uplift with o slight upwarping along the crest of the
prcsent structure, his vns followed by o period of cztensive crosion dur-
ing which time the Dundec surfacc wes deooply cub, in places entirely croded
away, and the limestonu altercd to dolomite with the resulting developmont
of porosity, That the crosion s oxtensive is indicoted by tho prescnce of
soveral vory porous zoncs in the upper 200 feet of the Detroit River
(Uppcr Monroc) formations

(5) Yacbius, J, B,, Gulf Refining Co,, Personal cormunication
(6) Nevrcombe, R, B., Middle Devonian Uncornformity in Michigan,, Bull,
Gco, Soe¢, Amcrica, Vol, 41, P, 734-35, 1530
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3. Submergence and deposition of shale over ‘the sroded
Dundee surface, The undulations in the top of the Bell shile reflsct
the buried valleys and hills, erd possibly form zones of weaknecc, In
these areas it seems reasonable that folding would be more preonouncad
because of the tendency of rocks to buckle or fold adjacent to old
structures.(7) It is believed that these zones of wealmess were an
important factor in determining the position and degree of later folding,

Production

0il is produccd from both the dolomitized limestone and
from the underlying purc dolomite, Thc "pay™ horizon conforms but
roughly with the "Dundece" surface, indicating that the porosity was
developed prior to the folding,

Production is spotty with several dry holes offsetting
commercial viells within the producing limits of the field, Initial
production ranges from approximatcly ten barrcls to 8,000 barrcls per
day, as estimated from hourly gauges, The best wells arc found in the
SE* NE> section 3, Crystal township, This 40=-acre lcasc with four pro-
ducing wells has yiclded over 500,000 barrcls of oil, This is also the
highost part of the field structurally, and for this rcason would have
the thickest "pay" scetion above the water level, ™ater drive is the
principal sourcc of cneorgy causing thoe wells to flow naturally, very
littlc gas pressure being presont, Almost all wells in the ficld producc
considerable wator with the oil, This brings up the problem of brinc
disposal,

Becausc of the dangor of contamination of fresh water
supplics, the damaging of property of riparian ovmers along tho strcams
that drain the Crystcl wros, wnd becaucc of the danger to fishing and other
rcercationsl “interests, beine carnot be dumned inte the streems, However,
somc mothod of disposal must be uscde To datc, much of the brine has boen
confined to ponds, but this hos rroved unsatisfectory becausc of the
rorous nature of the soil, ‘Tumcrous tost holes drilled show the soil to
be principally sand and gravel, Any wator put into ponds rcadily sccps
through tho wells and bottom of thn pond and mingles with the ground
watcer, EBEventually it would find its way to the Grand and Pinc rivers and
many communitics downstrcam,

Receontly, cxperiments hove been made in putting the brine
back into the watcr horizon below the productive zone, Ccensiderable
success has been obtained in two wolls on the odges of the ficld, one
well taking brine at the rate of 120 barrcls an hour cnd the other at a
much higher rate, In fact, the wator beoring stratum absorbed the brine
faster than the pumps could fill the hole, At the present time, this
mcthod of brinc dispesal secms to be the most satisfactory for this arce,

Ln inturcsting method of drilling in wells has been
pionecred by the Gordon 0il Comrany, Drilling is stopped when the top of
the "pay" is rcached, At this voint, the well docs not usually flow and
acid is then pumped in through tubing and is forcud oub laterally into
the "pay", rather than downward into the water lovel,  Using this

Edition, pp. 260-275, 1923,
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method, more oil per barrel of brine is recovered, and_the ultimate en-—
ercachment of bottom and edge weter is retarded, This practice is moro
successful than drilling into water and plugging back because in plugging
off bottom hole watcr, it is wery difficult to avoid scaling off all or a
part of the thin oil "puy",

Summary

In summary, prosent evidence indicates that:

1. Folding in the Crystal TFiceld is important, chiefly in controlling
accumulation fron ncighboring arcas, Structure in the upper for-
mations is beliecved to be due to (2) sluaping over irregular
topographic surfaccs, and (b) folding along thesc zoncs of weakness,

2¢ A widesprcad disconformity is precscent at the base of the Bell shale
with the resulting devclopment of scecondary porosity in the limo-
stone,

3, Production is obtained from beds of doubtful "Dundec" age and
possibly from dolomitc beds of the Detroit Rivor (Upper Monroe)
formation, This quostion is unsettled beeause the contact be-
tween the "Dundoc" and the Dotroit River apparcntly cannot be
detormined from the magnesia content of the limestonc.
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