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reviow of the manuscrict.
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end I're Jo e ¥iaher for tiwir es-istunice duriang thils
lavestigation,

I tiaank ell tae nezbers of tae gaolosy staff for
thelr helpful sug estlous wili speclal tasuxs to Jaue .
Szith for her iunterest in the streti rephy pnuse.
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Tae toctonlics, feeles, ad paledogeoyrsphy of Levonlan
rocss in the Jlchizan basla ere not wsll known. This study
of tue Sylvunia ssaidstone &ffords a good oppurtunity to
evaluute older concepts rolative to the addéitionel infor-
metion presanted.

Frevious worx o:n the Syilvealas suacdstone in iilenigan
and Ohio 1a briefly reviewsd, aind sone ol the concepts of
othiar workers a;yusar 1n the toxt.

7The analysls of the Zylvauls suudstone wus pertlally
caexicel and prrtlally mechaulcal, 7The results of the
anclysls ero pressnted gs coantour msps wiillch show tie dis-
tributlon of the constitucnts 1a lower lehijan.

7.0 data from the aaelysls snd the kuoowa stratigraphy
aad peleozeopresny were used to modify tue gooloical
alstory ca conceived Ly otaer writers.

The study asnowed the Iylva:la saudstone to Le marine
in oricin. 7.8 Leinciple source area suuplyliy, the sand

was soutieest of lchiai.
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It wis &lfficult to narve tre e sut res:;oasible for
cwrryla; tae Sylveula send into the Cylvsaula sea; but,
nevertineless, once the sund iua degosited in the murline
sea, wuves and currcats wesrs most faportent ia distrli-

outing, reworklng, wid sorting the asuud,
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THn NILCLE DLVAGIAS SYLVARIN SALLOTON

Loy CTICN
ruarpose of Study

This study wes conducted In wa sttexzpt to deterialne
the orizin of the Iylvauly sandslone of the ¥icnlgan kasla.
Tre provlems to bLe answered by san utnalysls of the Sylvuala
sandstone uzre: 1) the dogositionsl caviroament of the ssd-
atone, 2) tiae type and locetion of the ares aupplylng tne
sediment, cad 3) tise yeolo icsal nistory as it cen be de-
duced from tile mposition, &nd pigsical propurties of the
Sylvauia rocks, &nd from the formations position relstive
to otlier beds

Landes (1)51) stetes that:

Thoe ge onul pructlice of geclojists in des-

criving tne sudbsurfece strati rachlc sectlon

in too Nic.i.iun Lesla botweea the Lundec fore

cetion md tie &8s [slasd sac Sellna forma-

tions 1s to refer to the evaporite segue:nce

of rocss witaln the Lotroil ulver group es

tho "Detrolt ilver" a.d tue underlying cure

bonute rocas «s tas "Zylvenia formatlioa™

wilcn overllies the "Iy lvaania saudstoue™

wi.ere preseat.

S0 tho resdsr will oot vocoze cunfused, Lo use of the

terus "Uylvanla scncstone™ or "Sylveodia forumetion™ 4n this



study 1s restricted to the sandy phaeso tounded above and
below by carvenutes. I1nls sandy phaso {8 the "iSylvenla

scadstone” referred to oy Landos.
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a0 origin and age of tiue Sylvanla suadlstons have
besn under dlscusslon for umsny years., Mewverry (Li70}),
woriing in Jhio, corrcvisted a white, 20 fool bLed of
saxistone, geasrally lucsing in fossiis with the Orlskany
sandstone, the lowcst merber of the l'evonlan in Hew York.
Tnis sandstone was lster nured Sylvaila Ly hdward Orton
in 1333, State Usoloylst ¢of Jhio. Grebau snd Saerzer
(1927) presontod evicdoeuce for sn eolisn origla of the
Sylvenla sandstone. Tlhey 8poke of 8 now faune of late
Silurlic a e witiy Devonlen efflnltlies in nlgher veds.
sherger and Grobuu (1430, pp.5hl=553) placed the Sylvania
in the Silurlen aad snowed that the strate contained
up;er "Silurice" feuna with precessive "levonic" forus,
and that the iylvenla wes not tlie equivalent of the
Levonian Oriskeny sandatone. Cerman {1927, pp.lLtl=3006)
concluded that the Sylvanla was stretigrephly and feun-
&lly 80 ciosely related to the overlylng LDetroit Liver
proup tnet woatever ace is &sslined to the Detrolt Rivbr
thet the Sylvania saudstons should go with it. On fsuncl
evicdence, Cernan concluded thet the Leuse of the Sylvanla
was the levonfan=siiurien systomle bvouudry In Ciudo.

Stolla w. Alty (1732, pr.o29=330) studled the acavy
ninersl content of tie Sylvunla both suvsuriece and sur-

foce $n lchilian, a8 well as guolcerops fn Jhlo. Alty
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polated out tuat &t Syivuila Olio, a mors varied sulte

¢f henvy minerals existed, and that they were slightly
more plentiful than at the liockwood and Hteiner outerops
in lenican. Cerman (1338, pp.253-2L6) working in northe
western Jhio, felt tuat the Sylvania represented the basal
monuer of the Detroit liver group in & transgressive over-
lap Ly tlhie Sylvania sea to the southwast. le geve as
evidence tho fact that the fsuna becomes younger to the
south,.

Fnyert {1947), on the Lasis of the heavy miacrals,
concluded that the Sylvanle was & windetraansported, woter-
revorked ssnd, csrried east from the #lsoousin Hdighlands
into the Sylvacia sea. Landes (17v1) based his couclusion
of a wind-blown origin for the tylvania sandstone lergely
on "nyert's study. Landes also proposed thut Sylvania bLe
asgizned to the lower-middle Devonian and that it should
be considered the besal member the Amhersburg formation.
Lerides also states that it ia tiie gencral consensus of
most precticlng geoloists to consider the Sylvenia ss a
moxrine sand heving ea origin simliler to modern beach and
berrior sund, with curreiits selectively trunsporting the

sand to tne deposition site.



1ne Cylvealae sandatone has a licear pettern wiaich
extsnds fros the soutiawest portleon of lculpoen well 1nto
tize nortnern hell of tas lovwer geninsula wners 1t eucs in
roscomon Countye 7Tiis sandy unit talns gquite ruplidly
east sad wost aid grades leterslly 1lnto carboustes, Thore
ever the Sylvanla cen be identified 1t lies betwesn car-
bonstea. The Sylvenls [ormetlon gredes upward with di-
minisiilog sand content ead wltlout a sharp breax into the
pmnerstturg delomits of the Letrolt Hiver goup. 5She
Eylvenlas 13 considered coaformable with the overlying
prherstburg formatlon (Cerman, 193€, Landes et.zl. 1945).
The conformcble reletionshipy with tie overlyin; rLetrolit
Siver grou) caused Landes (1701) to propose tiat the
Cylvania be considerod tiic basal re.:ber of tus Letroit
itdver group., “he 2jlva.ls sendstone 48 overlsaln by the
Lunerstourg forzmection, except in (illsdale {cunty whore
the Lucas formetica rests directly on the Sylvanlia (Landes,
1351).

Taroughout most of lower uicinican the Sylvecie rests
uncenforzably on the ,ols Llanc formetion. 10 the esst
and south, it overlecps tihie Jillurlan hass Island formution
{Laades, 1951). Jccording to J. Ae Coojor oteaie (1342),

If this unconforality is followed to its fartiiest

1i-its of the iichigan pasla province, tihe base

of ths "Sylvaaia™ Lassl send wlll rise i the

coluini, tals fereout "Iylvaala" sand s probebly
to to found {n t.e reunldleton of Indiana, the

5
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Hillsboro sandstone of soutiuern Ohlo, and the

Springsvale suncstone in the reglon around

Cayuga, ontarlo.

In DOhio, where tihs Sylvaala crops out, it rests un-
conforzably on the lass Island formetion. Carman (1930)
steted:

The contuct surface has irreculsrities of aonly

a fow finches witi saadatone fitting closely

dosn over the irrecgulsrities. The contact is

s8iiary, there is no sand in the dolomite bolow

tne contact, btut ebove i3 a pure quarta ssnd-

stone, lrurtaer, thie sa.xdstone hes comonly a

basa. conglomeratae, the pebbles of which were

daerived from thie underiylng cdolorilte.

The unconlorziavle rolationsidy of base of tae 3ylvania
is shwown (Fizure 1) &8 1t exists in lower xicalgsn. hlers
(134,5), proposed tiie nazes Garden Island (Orishany age)
and B35is klano for the twa lormstions ldentified wiich
were found to be older than the 3ylveania. 7The Gardeu
Island &nd the Eols blanc have now teoen lacorporsted iu
the Michigen ltratligra.hlic Column. Tiho nomenclature of

tne ¥ichigsan formstiona eppesrs in Fizure 2.
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SO NI AnY rdALYSIS
Purpose

Iefore tne origin ol & sedimentery unit cen be as-
cortslued, ono has to exglore sid ifuvestigate the secl-
mentery &nd litholosle cuaracteristics of the uult., 7he
paleogoography at the tize of deposition must be explored
1a the 1igat of the present stretigyrapnic xuowledge and
the cuarwvcteristics of the scdimentary unit. The re-
construction cf tne puled;eogru hy, consistant with the
stratisraphy, structural, snd sedimentary data siould
lead to a Llyh dopgree of accurucy in interpretin the
over-all couditions present and governinz the sedimuntary
wilt et the tize of deyosltlion.

It 18 tie ;oal of the writer to determins the origin
of tne Jylvacdla sandstone bty & quentitative facles and
sadlrentary ae.alysis of the unit, From the results of
the siciysis and tue present geoloylcal {nformetion, it
is8 felt that the sedlaentary eondltions present during

Sylveala tine can be interpreted with a fair degree of

&CCUracy.
celection of wolls snd Intervals
The woells utilized to obtaln tus coxposite sarmples

for tals stucy were obtained from the tichizan Geological

Survey, Lausing, .lcnhiyzan. The aspselng of wells from those

10
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avallavle was cosen to zive tie rmost reurvsestatlve
coverae of tie srea (#isurs 3).

Tne Interval selected [or study 1s the sundy Sylvaniae
se ;uence bounded both avove and velow LY caroonate Ivcks.
The Sylvaanla se..dstouno grades upward iuto carbonute rocxs
crusing tne uppor coatact to be extresely difficult to
dotermine sccuraetely. acuvert lves, <lcalgun Geologlcel
Survey, guve veluuble essistance to tias aulaor in soivcting
the interval for study. 708 top of tie unit wuas picized
with tue ald of tlo tinoculsr microscope st the polnt
wiore the su.dy uilt could Le saflely difllersntiatesd from
the overlyin; carvonates of tine Ietrolt lidver group. Lle
bottom of the unlt wes sslected at the tuy of the under-
lying: Lola Llaac or the top &35 Island formation shore
the ols .lanc i3 x»issing. Tae uncouforxavie relation-
8iilps of thesw units und tlio e vroxlimete sreal distribution
of tho Sylvaala in iichigan is showa in Filzure 1., A
tavulated 1list of the wells used in this enelysls apjears

3 Table I.

Sylvenie Sendstons

The unit stucdivd has tesn discussed in the literature
and cdescribed as a "very pure” quartz sand, Csrman (1936,
p.2€Ely) stoted:

The Eylvunla is typlically & pure guartz su:ad-

stone but it suows ell pgradetions from send=-

stone tarough dolonitic sandstorie aiid sreasncecus
doloiiite to <olomite,
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In subsurface seciions the Sylvsula provutly ocontains more
duloumitic cesent thun where it is exposed to the leaching
action of surfece waters. %12e "send” of the £ylvania 1s
relatively free of impurities but in certzin wolls conaid-
eruble clhiert, silt, end shale were fowxl. inder a binosular
ricroscope tas gralas appesr to be welle-rounded with caarsc-
terlistic frosted sud jpitted surfuacos. liany of the greins
sh.ow secondury eniar;eacnt and tie developnent of sharp
crystel faoces.

Carmun (133(), after exaninlag muci of the su.nd with
tue &ld of the petrogre.iile mlicroscope found hundreds of
quartz graics but only e few gruins of otiaer minorals.
Alty (1)32), vhilie studing the "ylvanle, found a decrease
in the a.ount of he.vy minerals froa the southeast to the
northvest. The author's study verified Alty's work.
Several atternpts to separate hesvy minersls from the sand
produced only a few heavy minersl graiis, Decesuse of the
scereity of heuvy zinorsls end the limited suprly of sam-
ple, no heuvy mineral study wus nule, Juertz c¢rains froa
tiwo subaurfaco ere not as woll rounded as those at the
outerops. 7Tals cawsracteristic wes observed by llewcombe
(1933, p.162) and unyert (1)59)3 tlhe work of the suthor
suistantintcs tals otservation. myort (1749) found that

the Sylvi.ls contalned a muximum of LD per ceat dolomite.
This study revealed taat in places the aubsurfece Sylvanis

contsins & maximum of 33.10 per cent cartouste.
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Crort is found in larger quaentitlies in the suvsurface
Sylvanla taan in the outerops in southosstern iilckligen and
Chlo. fuch of the casrt mey be sttributed to the ercsion
of underlying cherty fols Tlsnc (Landes, 1351). Tils study
revealed that larzer aiounts of silt and clay size parti-
cles were ottelned from subsurfecoe sa ples, than from those

teken at the outerop.
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¥ethod of Sa-nliny

The well san:les utilized for tids study cumie from the
ilcligua feolovlical Survey ia triys coutalning abtout twenty-
fiveo vials of sediment representing tae drilled interval.
tach vial heold tixroe to cl ht grans of cuttlinss which repre-
sonted a five foot drilled luterval. The contents of each
vial was put througa a& microspylit, the saxple was helved or
quartered untlil & 1little uore than a one grum samylie re-
mained, 7Thnis eplit ssiplo was treated witnh an electro-
magnet to romove iron fragnouts froz the drilling tools
(mich contuminsted sost sanples). At thls time, a few
lar-e, blacit shale caviniis were roioved. The sample was
then put into a previously weijzhed and numbered 400 ml.
besiier. lach vial of sedimont was troated in the above
rancor until 8 composite sanple representing the Sylvaala
from esca well was corplled. 7The composite sauples wore

tuen dried end welihod to tho newrest tiousandth of a gras.

femoval of feld Colubles

kKith the welgat for eczcii of the co.sposite sasples knowa,
ho acld solubles could now bLe rexcoved. ach Ba.iple was
treated soversl tincs wita 3§ hydroclhilorie ecic. waen the
acld was sjpent 1t wes siplivned from the teaker aad fresh

acld sprlied. Vvihen chemicai actlion cessed, the asamples

16
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were warmed ou &n clectric plate for several hours to insure
that wll of tae solubtles were taken into solutloa. After
€ll tho carbonule had dissolved, thu scld waa siphonsd from
the bLeaker, water added, and the saasple azitsted. The
satple was allowed to settle ovoer-nlght and the water
siphoned off. The wasilng wes repested a second tiae.

The serples were then dried and weizhed. 7The loass of
welgnt from thes originel welght of the sunple was recorded

and tabulated &5 the &eld solubles (Table 1I).

Lemovel of Cley end Silt

Seversl huandred milliters of water was added to the
sa-ples frem which the curronates hed been romwved. The
saples wore tihon placed on an electric hot plate and
sllowod to boil. Approxizately 53 mle of acmnonium hy-
droxide was added to the water to help cdeflocoulate the
clay perticles. The saples were thon wete-sisved through
the 230 mesh siove to rouove the clay and silt. Ixaxina-
tion with aid of tho tinocular microscope sliowed ag rates
of cley perticles astili remaeined, The suzple was dis-
eoorated by placing it on a soft pine block and geatly
ruabting another pine block over the top. This method
probably caused less adverse effects tiun other metiods of
dlaspyregation cdeacribed 1n the literature. After the
socond atte pt to wet sieve tne sarples, examinetion re-~

voaled winoust perfoet recovel of taes clays. The sarples
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QUAITIVNTING FIALYCIS

Per Cond Per Cent Per Cent Per Cent Total
Sample  Corbonats 311t & Suale _Clent Ssnd Por Cent
77.13 Ji2 A1 &lhel9 100.21

2 73.6) hoib 6.8 15.24 99485
3 65.39 1 .05 33.70 97.15
b 78.22 1.79 5.63 14.60 100.15
S 75.82 2.8 11.92 9:46 99.89
6 53.34 9.23 3.07 3j.0 99.75
7 4647 11.21 35.07 6.95 99.70
8 €€.77 3.87 15,78 12.33 97.%2
9 27.45 L.h2 3.19 64.64 99.70
10 L6 1.07 L.l LS.EL 97.51
11 71.07 .71 .62 13.54 99.93
12 61.66 1.66 5.99 30.438 99.79
13 22.56 .26 3.65 72.97 99.44
1 83.10 3.10 5.77 7.58 99.85
15 24.32 419 22.25 52.75 29.81
16 33.13 L.78 6.72 55.00 $9.63
17 23,33 3.01 18.49 50.02 99.90
13 61.99 2.78 26.77 8.33 $9.67
19 59.45 .55 25.34 11.29 100.€63
20 £6.41 2.76 20.01 10.53 97,71

13
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were thon drisd and waizhoed., Tulas loss of wel ht fr
the previous welohinz represantad thie elay snd silt

fraction of tha sample,

Separation of Chert snd vsnd

with the renovel of carlbonstes, clay sad silt, from
the sanzle, only sand sid caert rexuined. It waes noted
taut in muany sarples chert was & major component. It was
furtior oLssrved that the chert varied in texture and
color., Some of the weathered eaert fragnents could proda-
bly be counsidercd witih the gquurtz sand and may have had
the sane orizin snd sedirnentary envirommont &8 the quartsz,
Sume chert could have beon prinmary and should not Le cone
sidered as a purt ol the detrital saud,

It was doclded to separate the chert from ths quarts
siice it was cobvious that wita such lurze qumatities of
caert it could very well mesk the true environmentel charsc-
ter of the sand., A sesrch of the literature to find an
acceptsblo metnod for ra; idly sepursting such closely
allled substancos wss to no svall., Experlaenting with
vuarious coucentrations of potasslum hydroxids on the
tneory tiast the differvnce 1n texture migiut cause the
chert to be more soluable than ths quarts grains proved,
for all practical purposes, unsatisfactory. It was found
that solutions of jotessium hydroxide strong enough to take

caert into solutlon also dlssodlved the quarts praius.
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A nmethod slmilar to that used to soparste and con-
coutrete ore was tried, It wes hoged thet diffursices In
the textwre and surfuce area of the chert might barlay sbhout
a soporution of ths chert from the guurtz sand in flowing
water, Essed on the assumption that woving water might
tramsport the cliert yot allow tlie quartz yraina to setile,
8 siece of gless epparatus was designed for this experli-
mont. The two substences were plseced 1n the center cof
the gliass elutrlsater whilch had the water flowing upwerd,
out tlie top, and into a catech vasin. Some degree of
Bucceds wus sccumplisihied with tihla risilag-water elulrlater,
tut it wus stlll not satisfectory.

The method for seperation utillized the differeacea
In optical ;rojerties as well as texture of the two sub-
stsices, After ths sanples were sleved, a rejpresontative
sample of ouach size was irounted on a 3lass slide ia Ceaada
balst, 20) greins were ovunted to deterulne tiis percentage
of tho quartz sand and cwrt. OLecsaude of the texture,
siepe, and aczoruhous cnert, it wes easlly distingulsned
from the quarts end other minerols with tne alid of the
petrosrensale mlicroscope., This method, of ccurse, did not
physically scperate the caert from tie guertz end soae
error fn deter.iulng tie over-wll coxposition of the
Syivanla may have beea introduced at this point. The
sexples coatalining much chert geacrally had 30 to 59 por

cont of 4t lurpger thea LJ mesh, waich could be waiyghed
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directly. 1i1nerefore, wost of the chert would nct be

suvject to any error induced by the couut metnod,
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Sisvs fnelysis

e o gn

rfter the re-ovel of tae silt 8end clay particles, the
renaining chert and quartz was sleved bty hand in & nest of
Ue8. Stondard sloves, sizes 40, (0, 8J, 102, 120, 14), end
2)). The secimont from each sleve wus wel3ziied and placed
in a small labelsd vial. From e:ch of the vials contsining
the sediment, 3)J to 520 gralins were mounted on a single
gluss slide, A fre-juency count of 20J greins of chert and
quarts was then mede. vith thie percentsa;e of chert and
quarts known, the amount by welght of each mineral was
gdotermined from the total welight of tue particulsr sleve
size. The weluyhts of tiie send fractions computed in this
ranner could then be plotted on two staye sexi-logaritnmic
psper for the purhose of coanstructing curulative curves.
The gquartlile calculstions determined from the cata oa the

cumulative curves are tabulated on Table ITI.

Cumulative Curve Analysls

In constructing the cumulstlive curves, tas (.3, sieve
sizes vere converted to Tyler sleve sizes with the aid of
a conperison tatle (lLeroy et.el. p.l137). The diansters of
tre gralns in millimetors were pivtted logarithmlcally

along the borizontal axis &:d tie cuwculative welghit

a2



Sarnols

A I > I D > AT A GRS VO I N ]

[
Q

11
12
13
!
15
16
17
13
17
29

250
275

TABLL IIX

2

.133

23

TAAATILES CALCULATINNS

a3
o147
1440
J151
147
«1231
123
052
105
145
0132
092
179
Ah2
«079
o143
«133
1.5
070
o117
036

P19
0322
330
.318
3060
254
342
W165
239
«357
259
o165
«320
267
<250
250
«300
¢330
«160
262
0253
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percentazes plctisd urlithmetically along the vertical
axis (Isble V)., =~ith the data plotted und cumulative
curves drawn, five velues were outalned: the medlan,
¥d; the first snd third quartiles, Q1 end 3 and the
terth end ninetleth perceatiles, Py5 and P30 The
medlan size, sorting, skewnoss, and xurtosis, ares widely
usod quartile meesures for descricing and comparing
su~cles, Sorting wes computed using the peometric form
introduced by Tras: (1)33)e ile called it tno sorting

coefficlent "S,", whlca is deflusd as:

S0 QI/Q3

The guartile skewness which expressss the sssyametry
of the curve was coiiuted using the geoumetrie equation
belows

sig » QY Q¥/ug?

Kurtosis, unllke the first two, measures are usually
expressed in the arithmetle form, Kruabein {1933). This

measure 1s expressed ast
Kqa ® (21 = Q3) /2 (P19 = Pyo)

Xartosls 13 a measure of the Central portion of the curve

as compeared to the curve s a wiole, or more comnonly

reforred to «3 a moasure of tne peaikedness of the froquoucy
curve (Xrumbeln, 13735). The statistical measures are

tabulated in Table V.
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The medliaa s8ize, which 18 the dlaneter of the midile-~
oat pubticlo. represents an aversse of the group. 7This
vulue corregsponds to the point diréctly below whelre tue
50 psr cont line crossvs the cumulative curve (Xrumbelin,
13338).

The first juertile (here ncening the value of the
diameter whieh has 75 per cent of the distridution smaller
than ltself, &nd 25 per cont larger than itself, und whieh
corresyonds to the Intersection of the 25 por cent line of
the cumilstive curve) is used for comparing the saaples.
Krumbvein (1933) stetes: "Isopleth maps rauy bve prepuréd with

any varistble wildch shovs 8 coutinuous pgrsdationsl vaiue."

Shape Analysis

Ceveral huandred quertz jrulos Letweoun ths li.5. sleve
sizea (0 to J) were mouwnted on ;lass slides with aroclor
{n=1.G0) for the purpose of measwing rouadness and spherie
city. The slides were rlaced on & petrographie microscope
speclally adapted for projecting the il e on & wall or
otier smooth wnite surlace. All messurements were made
directly from the projected grain image. I'ifty quarts
srains from each sasiple were ruuasured for roundness and
spnericlty. The messuring of fifty grains wes sug.osted
by Krumbein (1933, pe€J)e The roundness of each yraln was
detormined by using vadell's rowidness formulat p = __§£E

(racell, 1935). Taere;
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E 8 radius of moxalrunm lascrived circla.

r s radlus of curvet.ira of 1ndividaal corners.

L 3 nunber of cornors muisused,

The aphericity of ewvch [ roln wes dotoraluud using
£iloey's formuiu 8 = é (1iley, 1ls4l). Rhere:

1 = roegius ol lerzest lascriced circlie.

¢ 2 peulus of sunliest circunserliced clircle.
Tne averte. e rouaanesy and sphericity rre comyglled

dersie {(Teuie YI).

{or sucen
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Por nresestatloa of the dute, the autiwr constructed
s ssries ¢f perconti-e maps 8.owing the distritutioa of
the conslitusernts of tne sedlrentary unlt. HJedien grain
slrve «iud tne stntical messures of tiw send &re alsd pro-
scnted 83 coatour Tups., The meps suow In & siinple aend
pracise meauer the lithologlce end sedlmw.atary chisrectere
istica orf tuae uait.

The [sochore map bhows tihe verlstlions In tne stretie
wlagnie tideraess of the forzation wnd the g proxisate
«rcal Galstricetlon of the fylveala {'ijure ). 7T:als mup
wa3 ocoustructed from tioe tlickiesses Of the drilled in-
tervals pulluvd by scesured sectlons wiere the uult crops
vute It snowes o gredual thinuing in all cirections f{ron
a ceatril tunlck esree tut tae rete of tulimlag to the
soatimest I8 cousldersily less taad in other directioas.

The struictural =u)) saows, by means of coantours, the
condisurstion of the bottom of tue letrolt iilvepr sedimeats
or tiae tu. of tre Jylve.la suwudstone wiere 1t i3 prasent
{(vizure ©)e ke .owell actlelinc, in the southvest portion
of wicnulzan, 4s the zicst lntsresting structural lfeature

1. ths el'ca.

A perceunte e contour mapy 1s siclliur to e ratio map,

eicept tast thne nunter ussd for contouring 1s tus percentoge



SOUTHERN PENINSULA
OF

MICHIGAN

~

Cor.tour Interval =C fecet.

SCALE
10 20
SRS RO |
Miles

o Well Locations



; : . . - AR B -~ [ PRV S
LIS SR ST ORI r o2 lvania.

SOUTHERN PENINSULA
OF

MICHIGAN

SCALE
0 10 20

e - L‘—_L.._.._..._J
Sortoar Intervnal 00 o=t

Miles

o Well Locations



36

valus of the lithologsy of interest (Leitoy et.sl. 1ydl).

The sand percents; s msy s:.048 cunsldersble parullelism
witihh the 1soecncre map (Fisure €Y. “here the unit is talcker,
nirner poresnta;es of sead are found. [owever, ceyoud bthrls
gonerellizetion msriked departures can Le observed. [iigher
purcente;es of sand than xight be expected sre rescourded on
the soutaewst ed e of the mup and & lesser "aigh" is notsed
in the srees eround jilisdule County, %ne higher percenta;es
ol sund in the southsast whlch doea not correspond with

tho tnlciness mep, lescs tue suthor to infer a source for
the ssdlimont liss to the southesst.

the carvoaaste and sund percentage muyrs sre very
sinilar (¥ioure 7). If only carbon&to a1d saund mede up
the forrstion, the two msps should come out exactly
ossosite, Lhe cerbonate mep shows in genesrul, the tendency
for the curuonate content to decresse where the formstion
i3 tilckur, 1t also decreeses with increecse of sand. Leas
corbonate 1s found ian Inghaz County, which is not refiected
by hlgaer sand percentece. 1inls leeck of carbonﬁto repre-
sents s, anomely waen compared with the ecud pvercentage map.

The snsle and silt porcentege map (igure &), btrings
cut several fnterevsting feasturvs. The snallest purcontage
velue for the fine sires was obtsained frou é well ia ionroe
County. This is consistant with otner workers (Carmen, 1936,
snd "nyert, 1¥.3) who fowd very little shale or silt in
their stuay et the outcrons in iorroe County. There 1is a

definite tenaency for tae [iner sizes to form &n &rch saround
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“onrce Counily porhaps indicsting that the transportating
arent was elforded betler orportunlty for wi.mowing out
of tho fl.es in thls replon. If tae Cylvsiala sandatone
w3 dorosited under murine coaditiona, the Homroe County
Lred was prouably hesr siwre. 1hls zhore fewture iiey Le
t.w nortuern nose of the Viadlay sarca, Jjust south of the
Chatasn saz. 1ine largest perceats. s of flne slzes occur
in Tughenm County wilcia shows goue evidence for a source
of clestics to 113 wsat,

Tne chert porcenteage map, ln geanerel, reveuls a rela-
tively low pepcontu-e ocn the souliwest side (Figure v).
are szain the lowest ciwrt valus 1s recorded in ¥onroe
County. Inghan County hes the highest percentsze of chert
fclloved by the erea around lsabells and liecoesta Countlies
aud tue Sazinew ay rezlon. Landes (1751) states that
most of the cuert 1n the Sylvanla res probably derived
fron the underlylng: cherty lols Elunce formation,

Couciuslons drawn Iroa percentee mepa:

1) tae percentuce of send bocsomes less in ell
dlrectiony awsy from its maximua in the
soulisast; tals indlcctes & source from
tae scutneast.

ine cursunate psrcentaje mup mMey stow two

rn
-~

tniaga: &) it could supLort dewcombe's
conciusion (1733) thst czrbonates were de~

rosited Ly pwurcoleting waters in tus wind
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2

depoalted sandstone, or b) the car-
Loactes mey have deposited simultuncously
under narine conditions with the Sylvanla
sancs.

The elay und 81llt were derived froa e
w2atern rac & soutasuistern source. ihe
low Lercentase of clay snd silt in lonros
County cea best ve ex;lelined by & wlniowing
out ¢f the fines due to wave action neear

8 beuzen, provebly on the west flang of the
Findlay erch,.

The low percents e velue observed in “t,
Cislipr County moy also be etirituted to
wive uetlon slong a besch, 1Thils area of
low vilue corresponds with tiie northern
nose of the indlay arcn. The isoluted
hisn a Saglnew Cousity 18 dirfficult to
ex;lsain but 13 ~ore liiely tha result of
current wction then wind. Tne high va ues
in vecoste County could be contoured to
orpen out to the west inferring a source
froa tnet ¢lrection.

The cuert in the Sylveaias 13 primurily
uerived frum tha rewxorxed hols Llanc

formation,
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Taonleth Yuna

The sieve snulysis duata, computed L{rom the cumulative
curves, is presented In tae fora of isopleth neps. 4n 1so-
ploth hes bLeen defined by Arustein (1733, pe2dl) "&s a line
of egual abundance or mszaltude", Isopletiy maps &re useful
for deplecting the areuvl variation of sevdimentery charucters-
istiecs and for compuretive purposes,

Fecause the velues for sorting and siewnsss were
exgressed in the goometrle fora e3 shown on paze 2, the
numters do not lend themyeclves directly to a visualization
of whet thoy sipnily in terus of the actuul suoread of the
curve {Xrusbeln, 1333). Lefore the geometrie sorting may
te compnred directly &s on an lsopleth map, the logs of
the sorting velues ers used to form ea arlthmetic saries
80 that all sorting values mey be compared (Arumbein, 1933).

The Yedian size isonleth me,y shows lar;er median aslzes
to the southaest; tiese larser sizes exteund into the Sazlnaw
ey srea (rizure 12), fThe median 31ze3 ilancresse in Jsceola
County, revealing periLeys & new influx of sediments from
the west, It snould be polinted out that the distribution
of the medien sizes opposes Lendes'! idea of & northwest
source for & wind vlown Sylvanla sundstone.

The first quartile l1sopleth map, here resresenting
the lurgest 25 por ceount of the sizes of tie samples (Fizure
11), follows the medlen size mup quite closely. Iiere azain

a new source of sedliment muy be lnterpreted for the well
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snowl in Osceocls County. Tae mejlor portion of ths largest
greins occur t2 tne aoutneest,

Tie sorting isopleth map (iFigure 1), soows the best
sorting slong ti:e edges of the unit end the "poorest”
sorting gfenerally wiare the seliment 18 thickest. The
senple witn the poorest sorting was from Qsceoia County.
It 1s poussitle to countour thls well sinmilar to the mup
srowing medinn sizes sad hare e rin this mey be an indi-
cutlon ol sedimcnt veln; derived from a westwerd source.
“hae better sortia: vealues on the edpes of the unit probably
«ro tae resuit of wave action, waich selected and winnowed
the sediment. ote too, the hlgh sorting veluo nesr tae
lndiay are'l 1a ZXoaroe County,.

Tne skewness may 18 1ncluded with but limitsd inter-
pretation (rigure 13). Krumteln (1)33) stsates:

licletively few studiea have besn :nde of the

areel varistlion of sxewness within pgiven de-

3081ts, €.l the cdeta ere perhups €20 mesger

for pmnoralizetions. 4The alaost universi

preaence of siswness in sedinents, especially

in torza of dlaretor 83 the lndependent varia-
Lla, sugrests tiiabl there 1s a genetic relstion

between sount end sxkewnsss, end that tahe skew-

ness mey vary ereslly in eccordence with

definlte lews.
There exists some relestionghlip Letweun tho nositive vaslues
of sixoviess aud the laryer sizes.

The kKurtusis values do not lend theniselves to luter-
pretaution in the form of an 1sopleth mapr. Thne values ure

vrregeated nuwierically wita laterpretetioun left to the

reeder (Tatle ViI)., rrunvein (1)33) stutos:
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not muelh 13 known ebout the slynlficunce

of kurtrsls ia sedlments. It z;;eara to

be relsted to the solectiva sctlion of the

zeolosicss sroat, but the swn totul of tue

tectors enterling 1Into the selective process

&ére novt known,

S'ne sreal varistion in roundnoss end aphericity are
shown s 1sopleth wmess {iiures Lo ead 15). These two
cens Will Le covusldared together lecause thsy represen
tna cheprecteristic s:ivne of the sand. Th8 roundasss map
8w the send to Le rmore rounded to tihe southwest., (his
may be e function of the distence of travel or the result
of cherdic¢el activity., There soecns to ve some correlation
Letweoir the Litter rounding and the larper slzes. 1IThe
guestion 13, would wind trensport luarjsr, more rounded
perticles furtner then sneller more sagular perticles?
Tnls would have to be true to support Lundes tiwory. The
spiericity map seems to add little to the history. Taere
see-3 to be little or no rclationshiip tetween roundness
snd spnerlcity veluess, If the sphericelity 1s connected in
any way with the mode of traunsport it 1s not apperent.
The spucerieity mep has the tendency to show highor values
where tie sad 1s thickost,

A westwerd influencs 1s s:parent from tne well sarple
in Osceola County,

Concluslonsg drauwn froam isopletl: weps are:

1) 'Tue evera:e size of the ssad grelins is

greater in the soutieast portion of

¥ilchlgen, indicating a scource from that
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2)

3)

h)

5)

6)

direction. 3 large gvoruse sizs3
shiova In Jgcsdla County may show tho
1nflux af some sand from the wost.
The largest 25 per ceabt of the saple
(first gusrtile isi3pleta map) snowa
gsaorally a concsatration to thn syuthe
euasbt, al azaln ghows sudimeat may have
b2en derived from the west in Jacoeola
County.
The better sorting geawrd ly confined
to tha edzsa of the sedimentary unit 1s
tolisved to Le the result of wave actlon.
The more "pourly” sorted material in the
central portion of the Iylvanla Sea was
not crectly effectead by wave actlion.
Tha sizewniess snd kurtosls valuss are
srobably a reault of the traasporting
azent, ard coiclusions as to cdirection
nd wode of transrort are left to the
readar.
Tnes bLest rounding 18 confined to the
soutwast section of [iichigan.
The apherlelity distrlibution 1s errstic
ai:d mey Le nezative evideunce for a wind
tlown origin, for wind is more selective

than water as &n sjent of transport.



TLCT2UIC PRANZIONEL OF LAla SILJURIAA

The toctonte fenturss, La enrly Csjyuger {Talina time)
waleh wore effvetlve Lo scatricling the Miciiisan “asin

pursliated but were less promineal during Lasa Islw.d tine,
Thoe Ciacimauti areh, or Piadlay urel, sxteadlng fronm
central Jalo to soutawvest Juturio lay to the exst of the
¥lchigaa Luala. 2rilor to Zaszs Isluad depositlioua, a sag
dovelopad in the ['iandlay area (Chathan sag) walch pere-
sisted durla; Las3s Island tize. Tae despest portlion of
the Cliuthanm sass duaria; Treitoa tlae waa nssr Chetlian,
2ntarlo, aad tho Lage St. Clalr raglon of Michizsn snd
datario. /4t the soatiera end of the lchigan basia another

tectonic fsature existed, nost frogientiy refurred to as
the Kenikakod arsi. Zresa (1757) pointz out thust the
Krnkegeo arch =i:oht belter be called the Iidlaanejnlo
platfora wilch oxtonda fron esust-ceatrdl Zhild tlrough
nortnera Ialdicna into Illinols,

To tne weat, La cuatrasl “lsconsia, a poaltive festurs
referred to &s the Wisconsla domo prevaliled durln late
Silurian a:nd sccording to Lerdley (1)51) wus uplifted
followlng tie deposition of Sillurles beds, ‘ppsreutly,
tie regloas to the nortih of ilchigun were flet, low-lying

stable &ress.

53
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The ,crtlinent llotery of the Lylveale seidstone be-

gins with Liesg Zelend tice, Jfter Lie Zass Zzlone dolo=-

g

zite wes Cu.03lted cver g 6re4 muea prestoer Lien tas present
z&chigen Lesln, withdrowel of the ses ex_ oscl the newly
formed prucis to ercsione fbkout tids tlie, sccording to
Turdley (1721), tue Uisconuin doae wis Gy iifted. Luring

he perloc cf energence, come of toe upper=-root Lcrs Island
seilrents vere reoved. The first Levonina ses saterod
lewer ulehi cn durlng crisueny tloe (Zenvensrt, 17500,
This moa g reed wostwerd frem the rllegsnny trougn iato lowur
Yieidpen.  The Cfeardlern Ioleal forseillon eus Ceposlitad,
pecbebly coverlog e auch wlder eres then It resect exteunt
("hlers, 1703). ifost Irieieny ecrosion roevoveld resarly sll
of the lerdesn Igsleud forrystica, Tle Znondeza &8¢ followed
end sorecd over lower llcilizen coverlag toe ercisl Carden
island and the twlce erscec Less Lglend sedircuts and ln 890
doing cepcslted the beols Ulene foraelion. MNinor downe

werping took plilece et this tlze witz the result thet the

1~

thicxest Lcols Llene 3cediments wors cepcelited lrrecdlately

nertha of Sryxinew Ley cres (Lencdes, 1351).

warins &1tu_ranal followed the ceposition of the Lols
Flane dolonite, Jubsejuent erousion of conaslderstle megni-
tude cou.letely rendved the Dois Zlaac from tas flanxs of

the Mludley erch snd the Indisne--h1o Jletfora (Loaxdss, 1y51).
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The puleo.ecloyy prior ta the eincroachment of the
Sylvanie sca 1s s:zown on Migure 1.

hecordéing to Leades (1751):

A Gownwer) alons a northwest-southeosst

axis fron ceutrul %uichigan into northern

Chlo peralttod the entraice of marine

waters.,
Lendes e¢sutinues Ly saying, toat it was {ato this shallow
trough thut wiad transported senc, wiich hed drifted east-
werd from “lsconsin socross the intsrvening emerjeat land,
was deposited end preserved in the Sylvanla sea,

Lancdoes! thoory presupposes two concdltions, 1) there
was tut scent vegetatlion due to near deaert conditicns,
and 2) durlng the Devonlsn the prevalling wind wss froa
tine west &g today.

ihe writer's date does aot support Landea' views. The
data ootained from the analysis indlcetes s water laid
secliment with the ma jor sowrce ares to tie southesst,

7he writer Lelleves, the Sylva.la sea moved into the
lower penliisula of ichigan from tae easzt turoagh the
Chathax sag w:lch exlisted tirouiout Tetrolt ilver time,
The rindlsay srch wes & well-dsfined ridzslike feature wnich
oxtenced sortn and soubh swsy from the Cnetham sag. Durding
Sylvania tize It sctod &3 a physlicual barrier allowing the
Sylvaada sea to oacroscan over lower #lecLlgan only thnrough
u depression wituin the sren since called the Chataan seg.
The Sylvenla sea eatering lciiljgun wus tuus gquite restricted
with ft's only opealng to tne soutzeust tirough the

Chatham sag.






S€

The desoaition of the Lylvoeanla saidstone ended
graduslly es the sea encruuched further over the land

end the lower [otrolt hiver sodiments were deposited.



STEMARL ARD COuCLUSTI NS

The orizgin and gie of tho tylvanle ssndstone have
been discussed for reny yewurs. Two raedieslly different
schoola of thought huwve developed. Zumie writers favor an
evlien origin for the tollowing ressons:

1) The surface charescteristics of the sand

gralns ere lile present deoy wini-ilown
sands,

2) The apperent isolation of the sand from
poasible source uross.

3) %he smuell saocunt of riner clastics {(rmds
or clays) usually associated with current
troaeposrted zanus.
An egolian orijsin witu mwelne reworidng of ths sund
we3 receatly postulsted by several writers.

Stiil, otaer geologlsts stick to a sireigsht marine

erizln for the Oylvanim seying, that ¢ 1y e trensirceilve

ectlion zuchi a3z wodery beegi: sad Larrier sanda.

The writcr's data Lluclicatss {20 ume jor source area for
tae Sylvanic sandstone wou to Lhe southesst ol lowsr xleaiygan,.
Thais does notl excluds tae fact that sume sedlirent wves dae
rived from tne west for thils, too, 1s epparent {rom the
cata. 'lhe Sylverla sa.udstone is probably a marlne asaud
where both weve sction and current influenced 1it's dlstri-
bution la lower lchigan. The jercente;s maps cculd te ine-
toerpreted s evidence tust current sctiv:n wes the most in-
fluentlel force governing tie cdeposition of the send,

%hile the Sylvania ses was restrlicted with its one opening
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tiarough the Chetham sa, strong curreata could have de-
veioped aixzller to those plessat et tlhie stralts of ul-
vreltar today, Zhe weler, asracd in the Sylvania ses
mey have oved tack Into the sllezany trough carrving away
muea of tie finer sediuent, wiaile culdsr dousper curreats
moved sand Into lover ¥lculgaue T1dul actlon mey Lave
pleyed an imzortsint role.

A scutneast gource 1s 1aferred from the analysis,

Tae saixd wus probubly of svecond or third gencration; per-
hens the gralans were modified chemically.

70 speculste on a sovurce srea for tue Sylveala sund-
stone, In light of tie present govlorde wuowledge, 13 a
cifficalt task, It moy be thet the Sylvunia 1s reworked
Splaieny saaiy 16 s siso poasiile that the upser Lols
Tlaic Leds, now eroded, ware saady esougt to supply the
Zylveda sce witli gand,

pAltiwugin Shierzer snd oblur geslozlists belleve tuat
the Iyivailas sond rocelved 1ts unusuel sas .o aad surfsace
cisrsctoristics es a result of wind ectlvity, tials writer
would ot exclude Lie 2ossiolilty that the surfsce textures
origiactad from chealcesl activity, It 88 to Le resiexbered
that lerge quantitles of ciert were degoslted during Devonian
tine, xuny woriers bellieve tihat tropical conditions are
necegaery to iuaduce such lerge guantities of silica iato

sclution or the colioldel stato. Troplcal conditions
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would also sup.ort the idea postuleted hiere that thermal
curreints and tidea were geuersated in the restricted
Sylveuia sea, thus producing strong surrents through

tine Chathiam s83.

The cuncept of currouts as a meaaa of transporting
the send of the 3ylvenia saadatone to ita site of deposi-
tion mey seca objectlonsble to the reader. A similer
explanation for sands occuring in the Powder Hilver Dasin
of syoring was ziven by rartridge (1957), who stestess

The sand peatterus of tue lat 7&ll Creek

and Parikaan sands indilcate & "Cinannel” in

tne area of the Casper srch through wolch

curreats brought sa:uds {rom the soutlivest

ald spresd then eaustward across the rowder

flver baslin.

The 13t "all Creex and rurkmsa swads compure in alze and
thlcikness to the Sylvanla. The "channel" reflerred to is
sl-4ler to the Chetaas sug In sizo.

In coaclusglon, the author velleves the Sylvaule
sandstone to Le murine 1a origln witii the wajor source
to tae soutneast, that current action was the most im-

sortaat factor governing the transportstion anéd deposition

of the sand,
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