SHANTY FALLS RESIFININ (WABASH, INDIANA, A.B.D.)
MIKROFASIES INCELEMESI

t, Enver ALTINLI

Fen Fakiiltesi? Tatbiki Jeoloji Enstitiisii” Istanbul

OZET. — Shanty Falls resifinin mikrofasies ve istatistik usulleriyle ince-
lenmesi, tic mikrofasiesin mevcut oldugunu ve bunlarin resif ¢ekirdegine ait iki
canlt yapimi kirectast uzantisindan resif ilerisi canli kalkarenit diline ve resif
arast havza dolosiltitine dogru bir siralanma sunduklarini agiga c¢ikarmistir. Boy-
lelikle bitevil gortuntsglu kirectaslarinin doku tiplerine ayrilmast ve ayirtlanarak
siniflanmast mumkiin olmustur. Mikroskop muayenesi ile edinilen veriler saye-
sinde sekiz saha kesidinin koreldsyonu yapilmig, mikrof asies parametrelerinin ev-
rimi tesbit edilmis ve batimetri yorumlanmistir. ince kesitlerdeki organik olan
ve olmiyan parametrelerin istatistik Ol¢clim ve sayimi, Wabash nehrinin tabii
kesidinin, devamli yarin giineyinde kalan resif cekirdegine tegetsel gectigini, c¢e-
kirdegin hentliz asinma ile aciga ¢ikmadigini, mostranin ¢ogunun resif kanadi
tabakalarina ait bulundugunu meydana koymustur« Cekirdegin iki uzantjsiyle
kanat tabakalarindaki Crinoid'lerin istatistik yoniinden ele alinmasi, resif ilerisi
tabakalarinin tiimi ile g¢ekirdegin tahribinden tiiremis olmadigini, yerinde birik-
mis organizma kalintilarina merkezdeki cekirdekten isinstyan dokuntu konilerin-
den akip gelme malzemenin karismis bulundugunu ogretmistir. Boylece bu tarz
inceleme, vaktiyle saha miisahedesiyle erisilmis sonug¢larda diizeltmelere ve ince-
liklere yol vermistir.

TESEKKUR

Yazar, Illinois Universitesi Jeoloji Boéliimii Baskani Prof. Dr* G* W,
WHITE'a, kendisini 1962 yazinda ziyaret¢i profesdr olarak kabul ettigi igin te-
sekkiirlerini sunar. Prof. Dr» A« V. CAROZZPye, yazarin resif incelemesine gos-
terdigi ilgi ve Shanty Falls resifinin (Sek* 1) istatistik petrografi tahlili yoluyla
incelemesine verdigi musaade icin mutesekkirdir. Dr. W.W. HAY laboratuvann-
da mikrofotolar1 yapmak, J« E, LAMAR, Illinois Jeoloji Idaresinde X-ism1
uygulamasina miisaade etmek, D» TEXTORIS oto ile iki sefer araziye gotiirmek
ve getirmek, E. R* PAULUS ciftliginde ¢ahgmiya imkéan vermekle yardimda
bulunmusglardir.

GIRIS

Bu makale, kiregtaslan icin A, V. GAROZZmin (1, 2) gelistir-
mis oldugu tarzda yonlu ince Kkesitlerin ayrintili petrografi incele-
mesine dayanan mikrof asies usulli ile bir resif yapisinin yeniden
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Sek* 1 * Etttd Bolgesi mevki haritasi

incelenmesine aittir. Bu istatistik yol, bitevil olsa da, bir diziyi
doku, organik olan ve olmiyan bilesenlere gore b'Olmiye, ve 0Ozel
mikrofasiesini ¢okelme ortamini da bulmiya imkan verir, Daha
taze ornek alinabilmesi i¢in dik yardaki ¢entikler gudilmus, bir
veya iki tarafindan yonli 6rnekler derlenmistir (Sek. 2 ve Sek, 6).
E ve F kesitlerinin diisey g¢eperlerinden, bir ip merdivenden fay-
dalanilarak o6rnek toplanmustir, Birer ayak ara Ile sekiz kesitten
alman Orneklerin ve dolayisiyle ince kesitlerin toplami 273 tiir.
Kesitlerin arazideki durumu (Sek, 5) tuzerinde glizel gorilur, Bu-
tiinlesmis kesit 191 ayaktir, C Ile D arasinda 2 ayak, F ile G ara-
sinda 8 ayak ve G ile H arasinda 15 ayaklik ara mesafeler hesaba
katilirsa® dizinin toplam kalinligi 216 ayaktir.

Sahada celik metre, cetvel, Brunton pusulasi kullanilmistir. Ka-
ya tiplerinin ayrintili tasviri, ardigmasi, yap1 v.s. yerinde kaydolun-
mustur. Yazarin hazirlamig oldugu yonlil ince kesitler lamelle ortiil-
meden 6nce, dolomi, ktaars ve feldspat varligim Ogrenmek gaye-
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siyle, X-isinindan gegirilmistir, 1° yankli bir bakir X-i51m tupu
kullanilmstir, 26°-33° arasinda 7° Ik bir ac1 (28) i¢in goniyometre
dakikada 2° hiza ayarlanmistir« Yansimalar otomatik olarak Gene-
ral Electric Speedomax» ta kaydolunraustur. X-isin1 verilerinden

sadece kalitatif olarak dolomit, kuars ve feldspatin varligin1 6gren-
mek yolunda faydalanilmustir. Organik ve inorganik bilesenlerin

mikroskopla istatistik tahlilinde her seferinde birisi ele alinmustir.
Mikroskop parametreleri ve doku yardimiyle ti¢c mikrofasies ayirt-
lanmustir.

TARIHSEL BILGI

VE, ZADNIK'n (17) Kuzey A,B»B, Niagarien Resiflerinin
Tarihim bahsi burada tekrarlanmiyacaktir. Kuzey indiana’daki
dom sekilli kabartilarin antiklinal yapilar olmadiklarini ilk olarak
ispatlamig bulunan E.R. GUMINGS & R R. SHROCK'un (5, s, 151)
eserinde Shanty Falls resifi bahsi soyledir :

«Wabash kasabasimin 1 mil batisindaki Wabash nehrinin gu-
ney yarisinda ve Shanty Falls deresinde kocaman bir bagka resif
agikta gozukir. Bu resif ihtimal, eyalet sinirlar icinde en ¢ok dik»
kati cekici olanidir. Koyu boz renkli resif Shanty Falls deresinin
hemen dogu agzindan batiya egimli olarak yukselir dereceli yuk-
selti kazanarak yar boyunca yarim mil kadar uzanir, bir zaman
sonra egim doguya degisir. Resife ait dik yar en ¢ok nehir yatagin»
dan 80 ayak yiiksektedir, eteginde bol dokiinti gogusliglii bulunur.
Yiiksek tabaka istifinde biliyilk magaramsi oyuklar vardir. Tabii
kesit resif cekirdegini kesmis ve bu merkeze ait tabakalanmamuis,
dev tumsegin olaganustu yekpareligini harika sekilde agiga ¢ikarmis-
tir. Tabil glizeUige malik Shanty Falls vadisi yarlarinda yatay bulu-
nan Liston Greek kirectasi Red Bridge uyesi ve alttaki Mississi-
newa seyli guzel mostralar vermistir« Bu resifin koki suphe yok
ki Mississinewa’dadir ve Liston Greek’te cok yukarilara kadar
yukselir.

GOGRAFYASAL MEVKI VE SHANTY FALLS RESIFININ
MEGASKOPIK TASVIRI

Shanty Falls resifi NW indiana'da, Wabash ilinde«, Illinois
deki Urbana'dan oto ile 235 mil uzaktadir» NE 1/4 sec. 16, T.
27N., R6E, da bulunur. Wabash nehri NNE-SSW yoniinde, cekir-
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dege tegetsel olarak bicilmistir. Blok diyagramda (Sek, 6) kubbe
sekilli yapinin bir seviyesi gosterilmistir. Asinma ile henuz agi-
ga cikmamis c¢ekirdek tabii Kkesit ¢izgisinin guneyinde bulunur.
Dik yarda cekirdegin sadece iki uzantisi vardir. 11k numune kesidi
cizgisi A ile, son numune kesidi ¢izgisi H arasinda uzaklik 1498
ayaktir ve dik yar, plato ile eteginin dokuntu arasinda ortalama
40 ayaktir« Wabash nehrinin algak taragast 660 ayak, plato 740
ayaktadir, til ile kaplidir ve bir til ovast gorunusu vardir. Tabakali
kanat tabakalar1 merkezden bashyarak dik ve 1sinsal egimlidir.
Ilksel egimler, sikilasmaz cekirdek ile sikiasir resif arasi tabaka-
larinin farkli sikilasmasi ile sonradan artmistin  Kiriklar ihtimal
«serbestleme tipi» ndedir, cunku alan, jeoloji tarihinde resiften
daha genc¢ yash bulunan tuzerindeki stratigrafi sistemlerini asinma
ile kaybetmistir.

MIiIKROSKOPLA ARASTIRMA USULLERI VE TEKNIKLERI

Yonlu ince kesitlerdeki organik olan ve olmiyan bilesenler alti
mikroskop alaninda miusahede olunmuslardir. Her bir mikroskop
alan1 10.28 mm dir. Aym alanlarin korunmasi icin mikroskoptaki
hagin merkezi cini murekkebi ile kesit uUzerinde noktalanmustir.
Yukardan agagiya olmak tizere sag sira 1, 2, 3 ve sol sira 4, 5, 6
sayllmustir. Kicuk kesitlerde ancak u¢ mikroskop alaninda tanim
ve sayim yapilmis, fakat oranin korunmasi ic¢in miktarlar iki ile
carpilmistir« [statistik yoniinden ele almacak kadar ¢okga olan bi-
lesenler Sl¢iilmiistiin Iri fosiller seyrek bulunduklarindan, varliklar
graflarla birer rumuzla gosterilmistir. YOnli ince kesitler mikro«
fasieslere gore smiflanmis ve gruplanmistir. Organik olan ve
oimiyan parametre degerleri litoloji sitununun sagma cizilmistir.
Bu degisim egrileri ile bunlarin genellestirilmis yorumlamasini tem«
sil eden «genel gidis egrileri» ve korelasyonlar tek bir sekil uze-
rinde gosterilmistir (Levha II11). Bu islemler sayesinde c¢okelme
sartlar1 ve degisimleri istidlal olunmustur. Cokelme ortaminin me-
kanik sartlar1 ve derinlik, cokelmedeki degisiklikleri yansitan mik-
roskop parametrelerinin delalet ettigi tizere, zamanla degismistir.
Mekanda olan degismeyi de, stratigrafi bakimindan esdeger birim-
ler agiga cikarmustir, «Kiriklik indeksi», bir kirinti veya billurun
en buyuk capinmi gosterir, ve ince kesitteki alti alanda gorulen en
buylk gorunur ¢apm Olgulmesiyle elde edilir» Kiriklik indeksi, or-
tamda faal kuvvetlerin harekete gecirdigi en iri tanenin capini
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gosterir ve boylelikle suyun tasima ve harekete gecirme yetenegini
ogretir. Bu incelemede kuars ile Crinoid i¢in kiriklik indeksi olgul-
mustir, Kuars, biricik inorganik parametredir ve resif alam disin«
dan getirilmistir. Crinoid parcalart kirint1 gibi hareket ettiginden/
bunlarin bolluk ve kirikliklart Ol¢ulmustur. Bolluk (frekans), ince
kesidin alt1 alanindaki pargaciklarin sayisidir. Bu incelemede kuars,
Crinaid, kirecli alg, Bryozoa, Ostracod ve stinger spikullerinin fre-
kansi tayin olmustur. Frekans dalgalarla akintilarin kudreti (ener-
jisi) ile ilgilidir,

MIKROFASIESLERIN TASVIRI

ince kesitlerin, mevkileri dikkate alinmaksizin™ petrografi mik-
roskopunda muayenesi ile Ui¢ mikrofasiesin varligr Ogrenilmistir,.
Her birinin 0zel dokusu organik olan ve olmiyan bilesenleri var-
dir. «Gorunlt» tortul sartlar1 anlatir. Her ne kadar mikrofasies
degisimleri esasindan dereceli gegisli ise de, litolojilerin mikrofasi»
esiyle mostra arasinda oldukca bir tutarlik vardir» Dolomilesme
sonradan oldugundan ve bu olay ilk ornegi silmediginden, «asbo-
lim» ler yaptirmamustir* Bu ayrisma diyajenez ile ilgilidir® ayn
bir tip vicuda getirmemistir ve 0Ozel bir ¢eside sebep olmustur«
Bahis konusu resif dik yar1 boyunca kilavuz tabaka yoktur«

Mikrofasies 1 (Levha 111 : A, B),— Canli yapimhli kiregtasi
beyaz c¢izgi hafif¢ce sarimtirak, siki, ince taneli, kirintili hamurle,
dolomilesmis veya dolomilesmemistir. Ag¢ik boz cizgi sarimtirak,
yer yer hafifce berrak billirlu, gozenekli veya gozeneksiz, bazi
yerde jeodlu, bitevil tabakali, seyrek Stromatactis'li, beyaz, sonra-
dan olma kalsit damarhdir. Bu mikrofasies resif ¢ekirdegi uzanti-
larina aittir.

Mikrofasies 2 (Levha 111: C,D, E,F),— Canli kalkerenit, ince
unsurlu kirintili hamur, dolomilesmis veya dolomilesmemistir. Beyaz
kaba dokulu veya orta taneli veya berrak kalsitlidir; dizensiz ki-
rik ve yer yer stilolit vardir; en ¢ok yuzeye yakin olmak uzere az
veya ¢ok gozeneklidir, seyrek beyaz yolludur. Bu mikrofasies, resif
ilerisi tabakalarina aittir,

Mikrofasies 3 (Levha 111 : G, H) ,— Dolomi miltas1 (dolosil-
tit), bitevil boz veya boz cizgi eflatun sar1 tonludur, fakat acikta
sararir. Cok iri taneli, berrak Kkalsitli, seyrek olarak siki, duzensiz-
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koseli kirikli yer yer veya bazi seviyelerde iri gozenekli, beyaz kal-
sit yolludur." Bu . mikrof asies, resif oOtesi (resif arasi) tabakalarina
aittir, n

Baslangigcta kalsit mikasindan yapilma hamur dolomite don-
miistii>  Ilk bir yalanci oolitli yapiya delalet edecek benekli bir
gorunu yoktur. Organik kalinti bogatalanmas: ile baz1 ara mad-
deler gozeneklilige sebep olmuslardir» Ufanmis organik kalintilar-
dan bagkaw seyrek Grinoid sapt halkalar1 vardir. Dolomilesme
sonradandir ve baz1 bazi pek ilerlemis halde ise de, asil tortul tipi
busbutun silmemistir. Stratigrafi kesidi boyunca, yaygin halde de
olsa, kuars, feldspat, mika v*s. gibi pek az karadan turemis mal-
zeme vardir. Su derinligi salinmalan fazlaca olmadigindan, cokel-
mede devirli ornek gelismemistir. Resif yapisinin turli bolgelerin-
deki ¢okelme ornegi zamanda ve mekanda ayni kalmamistir» '"Mik-
rofasieslerin diisey ardismasi ve yatay siralanmasi arazide ve da-
irede yapilan korelasyonlar Sekil 5 te gosterilmistir. Azicik kuars
ile yaygin killi malzeme belki de kita platformunun si§ kesimle-
rinden turemislerdir; dalga ve akintilarla resif yapisimin farkli ke-
simlerine dagitilmiglardir, Bir tek kesitteki tek'bir sileksit disinda

LEVHA I-FOTOMIKROGRAFLAR

A. Mikrofasies 1 : A20-2 canli yapimi kiregtasi (dolomilesmistir). X30, paralel
nikol;
Boz, mikrobilllirsel,’ esitli hamur kit, (0.17/0«2 mm) ufak, daginik dolo
mik billurlart vardir. Kuarsm boyu 0.06 mm, frekanst 1, ortalamas: 0.16
dir, Crinoid, Bryozoa, Ostracod, Stromatactis,

B. Mikrofasies 1 : B20-5 aynmi (dolomilesmemistir), X30, paralel nikol.

Par¢a Grinoid, Bryozoa, kirecli aig, Stromatoporoides. Stilolitleri killi mad-
deler belirtmistin  Kuarsm boyu 0.16 mm, frekansi 14, kesitte ortalamasi
2,33

C. Mikrofasies 2 : F33-2 canli kalkarenit (dolomilesmemistir). X30, paralel nikol.

Hamur ince taneli kittir. Cimento ile esit kristalografi yonelimli sonradan
olma Kkalsit buiyimesi ile dokanakli istifli Grinoid vardir. Grinoid, Bryozoa,
Ostracod. tabakalanmaya paralel degildirler* Kuarsm boyu 0*1 mm, frekansi
26, kesitte ortalamasi 4.33 tiir, Yer yer dolomit billurlart vardir.

D, Mikrofasies 2 : A8-5 ayni (ayni), X30, ayni.

Parcalanmis ve yenmis Grinoid,. Osracod, Bryozoa ince taneli, boz bir ha-
murdadir, Kuarsm boyu 0,05 mm, frekansi 4.66, kesitte ortalamasi1 0,66 dir,
Organik ©lan vp olmiyan bilesenler tabakalanmaya olduk¢a paraleldir«
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sileksit bulunmayist ¢ekirdegin yakinligma isarettir» Otijen mineral
yoktur, Istifte Foraminifer mevcut degildir.

MIKROFASIES PARAMETRELERININ GENEL EVRIMI

Mikrofasieslerin parametre degerleri Tablo 1 de gosterilmis-
tir. «Kuarsm kiriklik indeksi 4zamileri ile degisim mertebesi»
«Grinoid’in kiriklik indeksi Azamileri ile degisim mertebesi» eldeki
parametre degerlerine gore yari logaritmik veya aritmetik Olgekle
grafa gecirilmiglerdir (Levha II1I). Farkli olcekler kullanildigin-
dan, graflar, denestirmiye elverisli degildirler. Mikrof asieslerin
kiriklik ve bollugu degisik bulundugundan, mikrofasies arasinda
bir ilgi vardir; ayrica egrilerin degisimleri korelasyona yardimcidir
(Sek. 3, 4).

Kuars taneleri s Tum ufak olan kuars tanelerinin cap1 0,02-
0.05 mm civarindadir. Mikrofasies; A ve B kesiti (kalkarenit) is-
tisna edilirse, mikrofasies 3 ten mikrofasies 1 e dogru kiiciilme
istidad1 gosterir. Kuars taneleri kabaca esit boyutlu, cogu yari

LEVHA II - FOTOMIKROGRAFLAR

E, Mikrofasies 2 : G20-5 ayni1 (dolomilesmistir). X30, aynu.
Ufak billGrsel, diyajenezle olusmus dolomilesme; kalsit hamuru ile organiz-
malart ornatmistm Organizmalar, daha iri unsurlu mozayikleri sayesinde
tanminir. Yaygin kil maddeleri dolayisiyle hamur sarimtiraktir. Kuarsm boyu

0.75/0.34 mm, frekans: 25, ortalamas:t 4,80 dir. Crinoid, kirecli alg, Ostra-
cod vardir.

F. Mikrofasies 2 : B9-6 ayni (ayni), X30, ayni.
Ufarak dolomit eskenar dortgenlerinden yapilma zeminde Crinoid'Jer daha

iri billur mozaikleri ile tanimir» BillGrlanmis organizma etrafinda killi, kah-
verengi yabanci maddeler vardir*

G» Mikrofasies 3 : E27-3 dolosiltit. X30, ayni.

Hamur ince tanelidir, bol diyajenetik dolomit millidir ve yaygin killi mad-
delerle boyanmistir. Kuarsm boyu 0.05/0.04 mm, frekansi 100, kesitte orta-
lamasi 16,66 dir. Crinoid, Ostracod, kirecli alg.

H, Mikrofasies 3 : DI5-3 aym, X30, ayni.
Daha iri billirlu dolomilesme yiliziinden dokularim kaybetmis ince yapili
kiregli alg, Ostracod dagimiktir* Mikroskopik dolomit eskenar dortgenler de

vardir« Siyah noktalar® belki de organik maddedir, Kuarsm boyu 0.04/0.04
mm dir, frekanst 337, kesitte ortalamasi 56«3 tiir.
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Sek* 4 » Mikrofasiesleriii karakteristik parametre egrileri

yuvarlak, arali™ esitsiz dagilimlidir. Kuars bollugu mikrofasies 3
ten mikrofasies 1 e dogru belirgin azahr« 1ilkindeki ortalama egri
uzerinde 350 yi gecmez. Kiriklik ve bolluk egrilerinin paralel
olusu bitevil butunlenme ve esitli dagilmaya isarettir. Mesela, ce-
kirdek ve kanat tabakalarinda oldugu gibi, fakat kesismelere ve-
ya (paralel degil de) ters degisimi, havzada oldugu gibi, tersi sart-
lara, yani bitevil olmiyan biitinlenmeye ve esitsiz dagilmaya de-
lalet eder. Kuars boyu ile bollugu egrilerinin paralelligi bahis
konusu edilen ilk halin varligina isarettir.

Oteki kirinti mineraller, mesela mlka son derece seyrek oldu—
gundan hesaba katilmamuslardir.

Crinoid s Grinoid parcalart kirinti imis gibi hareket ederler.
Kirldmis ve asindirilmis sap halkalar1 daha boldur. Bu halkalarin,
canak levhalarindan ayirdi gilictiir» Erimenin sebep oldugu tirtik
gorulmemistir. Mikrofasies 3 miistesna, boy egrisi kuarstakinden
daha yuksek degerlidir* Bolluk egrisi de benzer gidislidir. 1iki eg-
rinin paralelligi kuarsta oldugu gibi bitevil biuitiinlenme ve esitli
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dagilimi gosterir. Mikrofasies 3 te ters gidisli oluslar1 degisen bu-
tunlenme ve esitsiz dagilmayr anlatir,

Grinoid taneleri yeniden billirlanma ve dolomilesmeye daha
dayaniklidir ve kalik yap1 <«hayaller»i taninabilir, Crinoid'lerin ta»
bakalanma ile paralelligi bazi vakit azicik belirlidir, ve bu bel-
ki de parcalarin esit boyutlu olusu yuziindendir, Dokanakl istif-
lenme sik goruinmez” basing erimesiyle veya cekirdekle esit optik
yonelmeli sonradan buiyume ile kenetlenme gorulebilir.

Bilesenlerin her ui¢ ortamda da az ¢ok yasit surtiklenmesi dal-
ga tabam ve dik egimi ile kontrole olur« Merkezdeki cekirdek ala-
m en si§ ve siddetli hareketli ortamdir. Egik durumdaki kanat
kusagi dalga tabani Ustiindeki dalga ve akinti ile supuriliur; za-
man zaman da g¢ekirdekten 1smsiyan dokiinti konilerinden gelme
kum ve kiregle karisik organizmalar kazanir. Resif arasi alan dal-
ga tabani1 altindadir ve ¢anak sekilde havzada kire¢ ¢camuru biri-
kir.

Kirint1 tane gibi hareket eden Grinoid kalintilari, resif ilerisi
alanda oldugu yerde birikmekle beraber, daha baska organik olan
ve olmiyan urunlerle birlikte merkezdeki g¢ekirdekten turemis olan-
lar1 da kazanir. Aym tarzda kanat uzantilarindan oteye ve cevre-
deki havza kusagina dogru daha kucuk olcekte bir tasinma da
vardir.

Kirecli algler s Kirecli alglerin bollugu cekirdekten oteye artar;
meseld mikrofasies 2 nin F ve G kesitleri ile mikrofasies 3 te ol-
dugu gibij havza alaninda egrinin gidisi Crinoid'ininkinin tersini
gosterir; demek ki, kirecli alg arttikgca Grinoid azalmaktadir.

Bryozoa : Bu ben tonik grupun tatli egrisi ¢ekirdege dogru bir
artis1 gosterir,

Ostraecod t Bu pelajik (?) grupun tuhaf egrisi ¢ekirdek alanin-
da bir bollanmay1 anlatir ve gidisi Oteki organizmalannkinin ter-
sidir*

Spongi spikiilleri s Yer yer ve Kesiksiz goriinen bu bentonik
organik kalintilar, egri uzerinde yorum yurutecek yeterlikte degil-
dir*

Iri fosiller s Asil ¢ekirdek alaninda makrofosiller goziikiir. Ne
bolluklart1 ve ne de boylar1 6zgul egri ¢izimine imkan vermemis-
tir* Belki de bolluklar1 hareketli ortamda artmakta ve siddetli su»
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larda, meseld Koray, Spongi, Bryozoa ve Stromatactis gibi, dalga
ve akintiya dayanikli tipler belirmektedir» Stromatactis*e yari
siddetli resif ilerisi ortaminda da elverigli sartlar bulabilmistir» Sa-
kin resif arast suda Spongi, Stromatactis daha seyrek bulunur«

KESITLERIN TASVIRI (LEVHA I1I)

Mikroskop parametreleri, resif yapisimin gelismesi sirasindaki
cokelme degisimlerini, daha sig sudaki buyume etkilerini, yorede
durulmakta olan ¢okeltiler uzerindeki tepkilerini gosterir. Bu ma-
kalede degisimlerin illetleri, sihhatli derinlik sayilari aranmamistir«
«Genel gidis egrisi» ortalamay1 belirtmesi bakimindan faydahdir.
Parametre degisiminin bu genellestirilmis ¢izgisi, ¢okelmenin top-
lam durumu daha kolay kavramak imkanimi verir, Mirofasieslerin
genel dusey ardismasi ve yanal siralamisi Sekil 5 te kabaca goste-
rilmistir.

Kesit A

Ornek kesidinin alt kesidinde kirectasi daha kaim ve daha esitli
tabakalidir, 1/2-3 in¢ arali kesiklikler (belki de serbesleme kiriklarr)
kirectasma yumrulu bir gorunu vermistir; fakat erge¢ tabakalanma
duzlemi yeniden belirli olur ve tabaka meydana cikar» Yersel 1a-
minallanma hava ile temasta cuirime ile belirir. Bir takim ufarak
erime bosluklar1 vardir. Eklemler kit degildir» Kuzeydeki A kesidi
alttaki kalkarenit (mikrofasies 2) ile ustteki canli yapimi Kkiregtasi
(mikrofasies 1) arasinda kesitlik sunmaz, A ve B kesitleri, ihtimal
resif ¢ekirdegine en yakin bulunduklarindan, ust kesimlerinde ce-
kirdegin iki uzantisitm1 sunarlar. Bunlarin ozel litolojisi, organik
olan ve olmiyan bilesenleri vardir, Kuars ile Grinoid mikrofasies
2 de en boldur, Mikrofasies 2 nin mikrofasies 1 deki arakatki du-
rumu ile de bu bolluk anlasilir. Arakatkidaki kuars ve Grinoid
egrileri bir disa sivri sunarlar. Kuars ve Grinoid boy ve bolluk
egrileri mikrofasies 2 de paralel degildir« Buna sebep, c¢ekirdekten
uzaklasildikca kuarsin hem gelisine hem de boy ile bollugunun
artmasidir» Boylece cekirdegin basladigi yerde kuars azalmiya yuz
tuttuk¢a Bryozoa, Ostracod, spikul ve hepsinden daha onemlisi iri
fosiller mikrofasies 1 de cogalma yolunu tutarlar. Kiregli algler
mikrofasies 1 in olduk¢a derin safhalarinda iyi gelismislerdir ve
bolluklar1 kalkarenit ara katkisina karsi duser«
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Kesit B

A nm 70 ayak batismdadir ve arada benzerlik vardir. Taba-
kalar oldukca ince, tabakalanma duzlemi dalgalidir. Arali derzler
yummlu bir gorunu bagislar. Kuars boy ve bollugu egrileri, her
ne kadar kesiklikler sunarlarsa da, Crinoid egrileriyle ters gidisli«
dir* Kesit A ile denestirilince, Crinoid boy ve bollugu mikrofasies
2 de daha dustiktiir«

A ve B Kkesitlerinde kuars ile Crinoid boy ve bolluk egrileri«
nin paralelligi tanelerin bitevil butunlenmesini ve esitli dagilimin
soyler. Kesit B nin ust kismindaki iki seviyede iki ters ilgi vardir«
Crinoid egrilerinin kuars egrileri ile uyumsuz ilgisi farkli biitiin-
lenme kaynaklarina isarettir.

Kirecli algler derin kalkarenit fasiesinde daha olagandirlar.
Bu alglerin egrisi ile Crinoid egrisinin ters gidisli olusu az cok
farkl1 biitiinlenme kaynagina delalettir; ¢iinkii, bir kissm Crinoid’ler,
cekirdekten ismsiyan konilerin oturma, kayma ve akmalariyle gel-
miglerdir. Mikrofasies 1 de Bryozoa daha olagandir. Mikrofasies
1 de iri fosil bollugu, A kesidindekine benzer.

Kesit C

Kesit B nin 75 ayak batismdadir* Mikrofasies 1 doguya dogru
incelir ve kesit cizgisi C den once son bulur. Kiregtasi 1-3 ayak
kalin tabakali dist beyaz i¢i kahverengimsi, ince dokulu, keskin -
kavkili kirikli, kirilgan, erime bosluklart hemen hemen tabakalan-
miya paralel 3/4-3 ayaklik erime boslukludur. Kuzeye bakan dik
yar bagska kesimlerde oldugu gibi yosun ve liken ile kaphdir. Ki-
rectasmda stkma ve agma olagandir, Tabakalanmaya kavusan egik
kiriklar vardir, ornek kesidinin batisindaki kuru sel yolunun sarp
kayaliginda cok ince dokulu beyaz, 16.5 - 12 inglik U¢ kuarsit
bloku vardir. Istife yabanci bu malzemenin , baska yerlerde kireg-
tasinin erime boslugunu yukardan doldurdugu ogrenilmistir,

Bitevil kesitte kuars kiriklik ve bolluk egrileri kesisir ve kesit
cizgisinin alt kismu ile ortasinda ters gidisiidir« Hemen ayni sevi-
yelerde Crinoid kiriklik ve bolluk egrileri de hemen hemen esittir;
fakat genel gidis egrisi, kuars egrisini daha asagr ve Crinoid eg-
risini daha yukar seviyede keser. Bu hal, bahis konusu paramet-
reler icin gecici ve farkli butinleme kaynaklarini ifade eder«
Dipte yasiyan organizmalarin bollugu”™ hareketli ¢okelme kusaginda
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daha da artar. Kuars bollugu disa sivrisi ben tonik kirecli organiz-
malarin nispi azalmasina karst gelir. Bu kesit boyunca Bryozoa
bulunmayist dikkati ¢eker. iri fosiller seyrektir,

Bentonitlerin bollugu ve peljjiklerin yoklugu daha si§ ortama
delalet eder. Bu sonug¢ kirinti gibi hareket eden kuars ve Grinoid
sap1 halkalarinin varlig1 ile kuvvetlenir.

Kesit D

G kesidinin 178 ayak dogusundadir. Tas basamakli bir sel
yatagim1 takibeder. Kirectasi yosun ve liken ile daha az kaplhdir;
ici ve dist kahverengimsidir; erime ile yumrulu gortiinu kazanmis-
tir; Stromatactis'e benzemiyen iri, berrak veya beyaz kalsit dolgu-
lar1 vardir, Tabakalanma dalgalidir ve kalin tabaka icerisindeki
bolinme duzlemleri kaybolur veya yeniden belirir, ve bunlar ¢u-
rume ile daha da goze carpan

Dolosiltit istifinde Grinoid bulunmayist dikkate layiktir. Kuars
cokcadir. Kiriklik ve bolluk egrileri paralelliklerini kaybeder, alt
ve orta kesimde kesisirler. Bu seviyelerde kuarsm esitsiz butunlen-
mesi ve diizensiz dagilimi bahis konusudur« Aymi seviyeler, dipte

yastyan kirecli alglerin nispi bolluguna raslar. 1iri fosil parcalan
olagan degildir.

Kesit E

D kesidinin 220 ayak batismdadir; Grinoid yoklugu, kuars
egrisinin gidisi ve kire¢li alg bollugu bakimindan D kesidini an«
dirir«  Evvelce oldugu gibi, Grinoid yoklugu dikkati ¢eker« D nin
alt kesimindeki disa sivriler, E kesidinin ust kesimindeki disa siv-
rilerle es ve esitlidir* Kirectasi kabaca tabakali, boz cizgi sarimti-
rak siki, ince taneli, yuzeyde beyaz kabukludur.

Kesit F

E kesidinin 590 ayak batismdadir« Kayalik sel yataginin bati-
sinda 1 in¢ - 1 ayaklik tabakalar daha duzenlidirler; yuzleri hemen
hemen duzlemseldir. Yapr seviyesine yakin kahverengimsi kiregta-
smda iri, duzensiz kalsit dolgulari bulunur. 4 ayak kadar kalin
diizensiz tabakalanmis kirectasimn c¢urumesiyle devamsiz ve daha
ince tabaka birimleri zuhur eder. Erime bosluklar tabakalanmayi
guder. Bu kesidin alt kismindaki egrilerin, G kesidinin ust kismin-
daki egrilerle bir dereceye kadar benzerligi vardir, Kuarsm kirik»
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[lk ve bolluk egrileri beslenmenin devamli ve yayilmanin esit
oldugunu anlatir. Grinoid'lerde ortanin ust kismi ayral, ayni du-
rumdadir« Ortanin ust kismmin ters gidisi gegici ve diuzensiz bes-
lenme ile esitli olmiyan dagilmaya isarettir» Demek ki, kuars ve
Crinoid'in kaynaklart aymi degildir. Bryozoa bollugu™ kuars ve
Crinoid azalmasiyla karsilanir. Kiregli alg azalmca Ostracod da
azalir ve bu, kabaca Crinoid'in de azalmasina karsiliktir« iri fo»
siller® istifin Ust kisminda seyrek degildir«

Kesit G

F kesidinin 190 ayak batismdadir; stratigrafi bakimindan F
den daha yukardadir« Kiregtagi orta dokuludur, tabakalanmasi
bitevil incedir; havada kahverengimsi olur, ¢urume ile bolunme
duzlemleri belirir; 1 yardadan daha genis erime mecralar1 vardir.
Kuarsm kiriklik ve bolluk egrileri paraleldir ve disa sivrileri Bryo-
zoa egrilerinin ice sivrilerine karsi gelir. Aym durum Crinoid ve
Bryozoa yuksek degerleri ile Ostracod algak degerleri igin de go-
rultur, Crinoid kiriklik ve bolluk egrileri® kesidin asagisinda bir ve
yar1 yukarisinda dort yerde ters gidiglidir, ve buralar1 Bryozoa ile
Ostracod’larm az bulundugu yerlerdir. iri fosiller istifin alt ve tist
kesiminde bulunur«

Kesit H

G kesidinin 275 ayak batismdadir ve butiunlenmis stratigrafi
sitununun en yiksek kismidir« Kirectast hafifce kaba dokulu,
coke¢a jeodlu, yer yer beyaz kalsit dokuludur. Butiin mostradaki
en iyi gelismis esitli tabakalanma bu kesittedir, Bryozoa bulunma-
yist dikkate deger« Kuarsm kiriklik ve bolluk egrileri paraleldir.
Crinoid*e ait bulunanlar kesidin Ust yarisindaki ti¢ yerde kesisirler*
Crinoid'lerin bu esitsiz butinlenme ve diizensiz dagilim safthalarin-
da alg ve Ostracod'lar daha az elverisli sartlar bulmuslardir«
Ostracod'larm c¢oklugu, Crinoid'in yuksek parametre degerine kar«
silik gelir, H kesidinde Crinoid bulunmasina karsilik D ve E kesit-
lerinde Grinoid bulunmayist belki de (Sek« 5 ve Sek, 6 blok diya-
gramda goruldugu gibi) stratigrafi konumu ile ilgilidir> H kesidi,
canh kalkareniti dili tizerinde™ D ve E kesitleri ise altinda bulunur-
lar«
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§ek. 6 - Shanty Falls resifinin ideal blok diyagram

Ideal kesit

Ayirtlanmis Ui¢ mikrofasies zaman ve mekanda karsilikli ilgili
yonle, ortam sartlarin1 ve ayni zamanda resifin yerlesmesi ve ge-
lismesiyle olusan degisiklikleri gosterirler. Merkez c¢ekirdek, resif
ilerisi kusagi ve resif arast kusagi cokelme oOrneklere girik Ornek-
tedir. Sekil 5 te goruldugu tzere, mikrofasieslerin dusey ardigmasini
ve yanal siralanmasini organik olan veya olmiyan parametre egri-
lerinin Ozelliklerinden de oOgrenmek imkani vardir. Parametre
egrilerinin diusey ve yanal yonde azalip ¢ogalmasi ¢okelmede dev-
re gostermez.

Her ti¢ mikrofasies, tipik resif buytimesiyle bagdasiktir. Ger-
cekten., ve blok diyagram uzerinde goruldugu gibi, bu fasiesler
giriktirler: Canhi yapimli kiregtasi, resif ilerisi tabakalarina diller
yollar; resif ilerisi tabakalarinin da havzadaki resif ilerisi tabaka-
lar1 arasinda uzantilar1 vardir. Arazi musahedeleri ile resif kisim-
larini tesbit etmek guc¢ oldugu yonle, ER. CUMINGS & R.R. SHROGK
(5) incelemelerinde yanilmislardir. Mikrofasies ayirdi ve istatistik
incelemeye dayanan bu etud, Shanty Falls resifinin ¢ekirdeginin
mostra vermedigini, bahis konusu edilen dik kire¢tasi yarinda sa-
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dece cekirdege ait 1sinsal egimli iki uzantinin bulundugunu” dik
kirectast yariminin kalkarenit (resif ileri tabakalari: A, B, C, F, G
kesitleri) ile dolosiltitten (resif arasi tabakalar1 : D, E, H) yapil-
mis oldugunu agmlanmustir* Blok diyagramda™ (Sek, 6) biiylime
safthalarindan birisi gosterilmistir; fakat, elbette ki, benzerleri
stratigrafi situnun daha alt ve daha st seviyelerinde mevcut ol-
muslardir«

Aragtirilan kesitlerin korelasyonlart evveld AB,G arasindaki
egrilerin ve D ile E arasmdakilerin degisimlerine dayandirilmas.,
sonra da durum (Sek. 5 de) kabaca, gosterilmistir.

Kesitlerin ayr batlmetreleris, derinlik korelasyonlari ve. butunlenmis
bilesik kesidln balimetresi

Nispi batimetri egrisi® nispi derinlik konumuna, yani ele ali«
nan mikrofasiesin c¢okelmesi sirasinda suyun nispi derinlik ve
calkanmasiyle ilgilidir« Doku tahlili® organik olan ve olmiyan
bilesenlerin kantitatif olarak ele alinmasi hem nispi derinlikleri
hem de derinliklerin dalgalanmalarint ¢cozmeye yarar. Asinma ve-
ya c¢cOkelmeme yuziinden olan kesiklikleri® egri tizerinde disa sivri-
lerin bir kisminin gozukmesi veya hi¢ gozukmemesi aciga cikartir.
Mikrofasies boyunca mikroskop bilesenlerinin degisimleri diziyi
siralar. Ele alinmis bulunan resif ortaminin bilmen ve belli olan
bir tortul Ornegi vardir» Derinlik verilmesi,» dogrudan dogruya
mikroskop muayenesi ile degildir de, istatistik tahlili” paleoekoloji,
v¥s* verilerine dayanir ve bir sayi1 ile ifade olunur. HA. LOWENSTAM
(13) baz1 organizmalarin ozgul resif ortamlarinda en cok gelis-
tigini ve belli derinligi olan kusaklarda ¢ogaldiklarini gostermistir:
meseld Stromatactis sakin kusakta”™ Bryozoa az hareketli suda, mer-
canlar dalgaya dayanikli olarak hareketli suda goriliir« Surik-
lenmis bilesenlerin kiriklik indeksi derinlikle .ters orantili fakat
calkanma ile dogru orantilidir,

Mikrofasies 1 : Cokelme dokusu sikidir. iskelet yapan ye dal-
gaya dayanan organizmalar olaganustu gelismistir« Su berrak,
suriklenmis Crinoid”lerin gosterdigi tizere ¢ok hareketlidir. Isinsal
dokiintii konilerine Cnnoid’ler biiyiik miktarlarda katilmuslardir.
Dalga ve akintilarin etkisiyle tek veya yigmak halindeki sekiller
cekirdek wuzantilarinda gevsek bir iskelet yapabilmislerdir* Killi
madde yoktur« Bu disa dogru egimli olan en sig ortama ince
kuars taneleri gecici ve gelisi guzel olarak yayilmistir»
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Mikrofasies 2 : Doku organik olan ve olmiyan bilesenler ba-
kimindan mikrofasies 1 den farkhidir« Bilesenlerde yonsuzlik ge-
neldir* Grinoid'lerin boyu ve bollugu, az sert suyun daha da us-
tun yetenegi dolayisiyle; daha yukart mertebedendir. Grinoid'lerin®
kirintt malzeme gibi hareket etmeleri yuziinden, ¢ekirdekten uzaga
tath egimli 1sinsal kamalari, Crinoid'leri ufalanan ve tasman bir
kaynak durumundadirlar«

Mikrofasies 3 : Cokelme dokusu son derece incedir, Incecik
zerrecikler veya yaygin killi maddeler sakin en derin suda durul-
mustur« Mikrofasies 2 nin mikrofasies 3 alanina dogru uzanisa
mikrofasies 3 te, yani en derin ortamda hem doku hem de orga»
nik olan ve olmiyan bilesenlerde farkblasmaya sebep olmustur«
Kalkarenit altindaki dizi (D,E) Grinoid’sizdir (daha derin safha),
oysa ki tstiindeki istif Crinoid’lidir (daha sig safha), Kuars ile
Crinoid mekanik yonden dagitildigindan, bu kirintilarin degerinde
azalma,, enerjinin resif arast havza dogrultusunda tasima guciinden
gittikge kaybettigine delalettir.

Yukardaki aciklama c¢ekirdekten (canli yapimii kiregtasi) bas»
layip, kanat tabakalarindan gecgerek (kalkarenit), havza istifine
(daha derin fasiesli Crinoid’siz dolosiltit ile daha sig fasiesli Crinoid’-
i dolosiltit) dogru olan nispi derinlikte bir artis1 belirtmistir« Bun-
larin her birine karsihk gelen kalitatif degerler, turli kalinlikta
duz cizgi halinde kesitlerin sag tarafinda gosterilmistir (Levha I11).
Sek. 5 ve Sek, 6 lzerinde ¢ekirdegin uzantilari canli kalkarenitin de
diller gibi gozukur, Kalkarenit uzantilar1 da havzadaki istif iceri
sinde kama halinde sonuclanir« Batimetri egrilerinin genel gidisi
cizgi seldir ve bu hal de resiflerin evrim Ornegi ile bagdasiktir«

SONUCLAR

Resiflerdeki islemlerin bilesmesiyle olugsmus resif Kkiregtaslan
gozle kucuk doku ve bilesim farklart sunarlar« Mikrofasies ayirdi
ve istatistik tahlili yollarindan inceleme ile Ui¢ doku tipi ortaya
konmustur« Boylelikle bitevil istifte ayirtlama ve simiflama yapil-
mustir . Boylece ele alininca, evvelce sanildiginin tersine olarak dik
yarin c¢ekirdek olmadigi, dogudaki resif ilerisi tabakalar1 arasinda
cekirdegin iki uzantisi ispatlanmistir« Resif ilerisi tabakalarinin,
resif arasi tabakalar1 igerisinde uzantisi vardir« Havza tabakalan
ayr1 organik bilesenlere maliktir. Bahis konusu canli kalkareniti
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altinda ve ustundeki ilgili parametre degerleri de mevcuttur, Dolo-
milesmenin ilerlemesi«, ¢okellerin ufalanma derecesiyle orantili ise
de, organik kalinti bilesenleriyle ilgili degildik Suyun derinligi
cekirdekten havzaya sistemli olarak artarsa da, suyun g¢alkanmasi
ters yonde bir cogalma gosterir«

Not : Bibliyografya Ingilizce makalenin sonundadir.

Negsre verildigi tarih 20 Kasim, 1963
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MICROFACIES STUDY OF THE SHANTY FALLS REEF,
WABASH, INDIANA

i. Enver ALTINLI
University of Istanbul™ Turkey

ABSTRACT« — Microfacies and statistical study of the Shanty Falls reef;
revealed that it consisted of three microfacies, ranging from bioconstructed lime-
stone (extensions of the core) to biocalcarenite (tongue of the fore-reef) and
dolosiltite (basin of the inter-reef). The microfacies study allowed subdivision into
textural typesy and permitted differentiation and classification of the uniform
limestone sequence« The data derived fro  microscope are used for correlation
of eight field sections, for tracing the evolution of the microfacies parameters”
and for the bathymetry*

The statistical measurements of the organic and inorganic parameters in
thin section disclosed that the reef system is cut through flank rocks by Wabash
River and the core, which stays hidden to the south of the outcrop, is not yet
exposed by erosion. The statistical consideration of the crinoids in the core ex-
tensions and in the flank rocks showed that the fore-reef sequence is not alto-
gether derived from the destruction of the main core, but growing in situ has
received contributions from the talus cones radiating from the central mound*

This microscopic and statistical approach has brought in corrections and
refinements to the older megascopic field observations*
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INTRODUCTION

This paper discusses a reef structure and its microfacies; based
upon the detailed pétrographie study of oriented thin sections
according to a method developed by Ay V* GAROZZI (1, 2) for
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limestones. This statistical approach permits a subdivision of an,
eventually, uniform sequence according to the differences in tex-
ture, organic and inorganic components, and also a reconstruction
of the depositional environment of the particular microfacies. To
acquire fresh samples on vertical sections, notches along the lime-
stone bluff were chosen on one or two sides of the ravine (Fig*
2 and Fig« 6), For complete recovery a rope ladder was used over
the sheer faces of sections E and F, The total of oriented samples
‘taken from eight sections at one foot intervals, is 273, which is
also the number of thin sections. The field relationships of sections
is better seen in Fig. 5. The aggregate sampled section amounts
to 191 ft, but there are unsampled intervals of 2 ft between
C and D, 8 ft between F and G; and 15 ft between G and H;
the sequence thus totals 216 fi« Steel tape, straight edges; and
Brunton compass were used for field measurements«, detailed des-"
cription of rock type, succession and structure were entered in
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the notes. The thin sections made by the author were X-rayed
before being covered with slip glass. A copper X-ray tube with
1° slit was used. Rotation through an angle (20) of 7° (26°-33°)
was adopted; goniometer speed was set 2° per minute; reflections
were automatically recorded by a General Electric Speedomax.
The X-ray data were only used quantitatively to detect the exis-
tence of dolomite, quartz, and feldspar.

The slides were run successively for each individual statistical
analysis of organic and inorganic components. Three microfacies

gveg[e differentiated by variations of microscopic parameters and
exture.

HISTORICAL ASPECT

The historical review of the Niagaran reefs of northern In-
diana by v.E. ZADNIK (17), will not be repeated here. The fol-
lowing is an excerpt from ER. CUMINGS & R.R. SHROCK (5, p.
151) for Shanty Falls reef, who first demonstrated that the dome-
like features of northern Indiana were not anticlinal structures :

«Shanty Falls. — Another reef of enormous dimension is ex-
posed in the high south bluff of the Wabash River and Shanty
Falls, a mile west of Wabash. This is probably the most specta-
cular reef outcrop in the State. The grim gray reef raises with
westerly dip, just east of the mouth of Shanty Falls, and extends
with gradually culminating grandeur for nearly half a mile along
the bluff, the dip finally shifting to easterly. At their maximum,
their rugged cliffs rise 80 feet above the river bottoms, fringed
by a heavy talus at their feet. Great cavernous holes are eaten
out of the towering mass. The section cuts the core and brings
out wonderfully well the extraordinary massiveness of these im-
bedded, gigantic mounds of rock. In the bluffs of the creek at
the picturesque Shanty Falls the horizontal beds of Liston Creek
limestone, Red Bridge member and underlying Mississinewa shale
are beautifully exposed. This reef undoubtedly has its roots in
the Mississinewa and extends far up into the Liston Creek.»

Since the discovery of oil in 1943 in a Silurian reef of Illi-
nois, the reef structures became subject to a sustained and detail-
ed study. Among the recent investigations at the nearby Wabash
reef (4) are included an elaborate study of a Silurian reef and
its sedimentary development reflected by microscopic parameters.
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GEOGRAPHICAL LOCATION AND MEGASCOPIC DESCRIPTION
OF THE SHANTY FALLS REEF

The Shanty Falls reef is located in Wabash Gounty in north-
eastern Indiana, in the NE 1/4 sec. 16, T. 27 N* R6E, It is
dissected by the Wabash River in NNE-SSW direction, tangenti-
ally to the core. The block diagram (Fig. 6) shows one horizon of
the dome-shaped structure; the uncovered core lies south of the
natural section line; only two of its prolongations occur at the
bluff, which averages 40 ft in height over a distance of 1498 ft
between the first (A) and last (H) sections. The river's lower
terrace lies at 660 ft, and the plateau at 740 ft elevation«

The stratified flank beds dip steeply and radially from the
center. The initial dips were subsequently increased by differen-
tial compaction between the non-compactible core and the com-
pactible intersreef beds. The cracks are possibly of release frac-
ture type, as the area in the geologic past has been stripped from
younger stratigraphie systems.

METHODS AND TECHNIQUES OF MICROSCOPIC INVESTIGATION

The inorganic and organic components were observed with a
microscope in six random view areas, and for consistency the
center of the cross-hair was marked with a dot of India ink on
each slide. From top to bottom the right row was considered to
be 1, 2, 3, and the left one 4, 5, 6« For sections with smaller area
only three were considered and the counts were doubled to keep
the scale« The size and frequency measurements and reckonings
involved an area of 10,28 mm’ in each view* The components
which were abundant enough for "statistical consideration were
measured. Megafossil fragments were not considered statistically
but their presence is indicated by symbols on Plate II1. The thin
sections were classified and grouped into three microfacies® The
inorganic and organic parameter values were plotted to the right
of the lithologie column. These variation curves” and also the
main trend curves representing a generalized interpretation of the
former are shown on Plate III, together with the correlations.
From these the conditions of deposition™ as well as their fluctu-
ations are deduced» The mechanical conditions of the environment
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of deposition and the bathymetry varied in time as indicated by
the microscopic parameters reflecting the variances in sedimenta-
tion, and also in space, as shown by the presence of stratigraphi-
cally equivalent units. The «index of elasticity» representing the
maximum diameter of a given detritus is found by measuring the
largest apparent diameter in each of the six areas of view of the
slide. It indicates the diameter of the largest grain set in motion
by the active forces of the environment/ and so the transporta-
tion and agitation power of the water. In the present investigation
those of the quartz and crinoids are entered. Quartz is the only
inorganic parameter, and it is known to be of outside source in re-
gard with the reef structure. Because the crinoid fragments behave
as detrital, elasticity and frequency determinations are applicable
to them. The frequency is the number of particles present in the
six areas of view of thin section, and this is shown for quartz,
crinoid, calcareous algae™ bryozoan, ostracod and sponge spicules.

The frequency is related to the competency (energy) of the
waves and currents,

DESCRIPTION OF THE MICROFACIES

The examination of the slides under the pétrographie micro-
scope, without consideration of location, revealed the existence
of three microfacies, each being recognizable through a particular
texture, organic and inorganic content. Sedimentary conditions are
deduced by the «look». Although the microfacies changes are
mainly gradational, there exists fairly close agreement between
microfacies and the outcrop lithologies. The dolomitization is of
secondary nature, and has not obliterated the original character,
so it does not enter into the microfacies subdivision or classifica-
tion. This alteration is diagenetic, and does not make a separate
type, but rather a special variety» No key bed exists along the
bluff under -consideration«

Micro fades 1 (Plate 111, sections A and B).— Bioconstructed
limestone, white to slightly yellowish, compact, fine-grained, de-
trital matrix, dolomitized or not; light gray to yellowish, slightly
spathic at places, porous or not; but eventually vuggy, evenly
bedded, with occasional stromatactis, and also white secondary

calcite veinlets. It makes up the reef core and its protruding
fingers.
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Micro fades 2 (Plate I1I, sections C,D,E,F). — Biocélcarenite,
fine-grained detrital matrix, dolomitized or not; white or gray;
when gray and becoming buff by exposure, coarser textured or
medium-grained or spathic, irregular break, stylolitic at places,
more or less porous, especially near ‘"¢ surface, occasional white
streaks. It makes up the fore-reef beds.

Micro fades 3 (Plate III, sections G,H).-~ Dolosiltite, even
gray or grayish-purplish-yellowish, becoming buff by exposure,
very fine-grained, spathic, rarely compact, irregular-angular frac-
tures, large pores in places or at horizons, white calcite veinlets,
It makes up the off-reef (inter-reef) beds.

The calcilutite groundmass is diagenetically changed into
dolosiltite. There is not a specked appearance which would sug”
gest a former pellitoidal structure. The leaching of organic remains
and some interstitial material have made the porosity. Besides the
finely-ground organic remains there are scarce large columnals;
The dolomitization is secondary, and although it is eventually
well advanced, it has not obliterated the original sedimentary

PLATE I - PHOTOMICROGRAPHS

A Microfacies 1 : A20-2 bioconstructed limestone (dolomitized). X3«, parallel
nieols.
Gray, microcrystalline, even matrix is scarce. There are small (0.17/0.12
mm), scattered dolomite rhombs. Quartz size 0.06 ram., frequency 1,
average per slide 0J6, Crinoid, bryozoah, ostracod, stromatactis.

B Microfacies 1 : B20-5 id. (non-dolomitized). X 30, parallel nicois.

Fragmental crinoid; ostracod, bryozoan, calcareous algae, stromatoporoides.
Stylolites are conspicuous through argiilaeceous matter. Quartz size 0.18
mm, frequency 14, average per slide 2.33.

C Microfacies 2 : F33-2 biocilcarenite (non-dolomitized). x 30, parallel nieols.
Matrix is fine-grained, scarce. Contact packed crinoids with secondary
calcite growth in the same crystallographic orientation with cement. There
are local dolomite crystals. Crinoids, bryozoan, ostracod do not parallel
the bedding. Quartz size 0.1 mm, frequency 26, average per slide 4.33.

D. Microfacies 2 : A8-5 id. (id.). X 30, id.
Fragmented and abraded crinoid, ostracod (crinoid, ostracod, bryozoan)
are in a gray, fine-grained matrix. Quartz size 0.05 mm, frequency 4.66,
average per slide 0.66. The organic and inorganic fragments are aligned
roughly parallel to bedding.
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type« There are small amounts of terrigenous materials all through
the column in the form of diffused materials® and fine clastic
particles® such as quartz, feldspar and mica. No cyclical pattern
was evolved 3 because oscillations of the water depth were slight«
The pattern of sedimentation in the respective zones of the reef
structure did not remain constant in time and in space. The
vertical succession of the microf aciess together with the correlations
in the field and in the office are shown in Fig. 5. A little quartz
and diffused clay materials possibly originated from the shallow
portions of the continental platform.» being transported by waves
and currents to become a part of the reef structure. The general
absence of chert«, with only a single occurrence in one thin section®
indicates the proximity of the core. Authigenic minerals are
lacking, Foraminifera are absent in the sequences.

GENERAL EVOLUTION OF THE MIGROFAGIES PARAMETERS

The «Characteristic parameter values for microfacies» are
shown in Table L «Position of maxima and range of variation
of the index of elasticity of quartz» and «Position of maxima

PLATE Il - PHOTOMICROGRAPHS

E, Microfacies 2 : G20-5 id. (dolomitized)* x30, id.
Small crystalline diagenetic dolomitization has replaced the calcitic ground-
mass and organisms, although the latter is still recognizable through the
larger dolomite crystals. The matrix is yellowish due to diffused clay
matter« Quartz size 0.75/0,34 mmy frequency 25, average per slide 4;80«
Crinoid, calcareous algae, ostracod*

F« Microfacies 2 : B9 6 id. (id*). X30,-W.
Grinoids are recognizable by larger dolomite crystals in smaller dolomite
thombs« There are clayey, brownish impurities around the crystallized
organisms«

*G. Microfacies 3 : E27-3 dolosiltite. X 30, id.

The groundmass is fine-grained, with abundant diagenetic dolomite -silt,"
and stained by diffuse argillaceous materials. Quartz size 0,05/0.04 mmy
frequency 100, average per slide 16%66* Crinoid, ostracod; calcareous algae«

BOT. Microfacies 3 :.D15-3 id. X30, id.

There are scattered delicate algae, ostracod, which have lost their texture
through larger crystallized dolomitization. There are also microscopic
rhombohedra of dolomite. The black specks are possibly organic matter,
Qjuartz size 0.04/0,04 mm, frequency 337, average per slide 56s3*
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and range of variation of the index of elasticity of Crinoid»
in the eight sections are replotted graphically (Plate III), either
in semi-log or arithmetic scale according to the parameter values
at hand. As dissimilar scales had to be used the graphs are not
of comparable nature. The microfacies differ in their -elasticity
and frequency ; so that there is a relationship between the micro-
facies and the curves; also variations in the latter are helpful in
correlations (Fig, 3; 4),

Quartz grains s Quartz grains are small,, being dominantly in
the range 0.02-0.05 mm; with a tendency of decrease in size from
microfacies 3 to microfacies 1, with exception of section A and B
(calcarenite) ; they are roughly equidimensional, mostly sub-rounded,
distant, unevenly distributed. Quartz frequency displays an obvious
decrease from microfacies 3 to microfacies 1, not exceeding 350
for the average of the former. The parallelism of the elasticity
and frequency curves denotes a uniform supply and an even
distribution (as is the case in the core and flank beds); while the
reverse relationship discloses an opposite condition (as the case is
with the basin). The parallelism of elasticity and frequency curves
is for a regular supply and even distribution.

Other detrital minerals, such as mica, being rare; are not
considered.

Conoids % The stem fragments behave as detritals; broken and
abraded columnals are more abundant; they are hard to differen-
tiate from calyx plates; denticulation due to dissolution is not
observable. The crinoid size curve; except for microfacies 353 is
much higher in value than the quartz. The frequency curve
exhibits a similar trend. The parallelism of the two crinoid curves,
like those of the quartzy indicates uniform supply and even dis-
tribution. Their variable trends in microfacies 3 express for quartz
and crinoid a changeable supply and uneven distribution.

The crinoid grains resist recrystallization and dolomitization,
so their «ghosts» are recognizable as relic structures. Their paral-
lelism with bedding is scarcely noticeable; possibly because of
equidimensional shape. Contact packing is not frequent. Interlock-
ing by pressure solution or overgrowth in optical continuity with
the nuclei are observable.
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- The penecontemporaneous re vorking of the components in all
three environments™ is controlled by wave base and slope» The
central core area is shallowest, most energetic. The inclined flank
zone is wave and current-swept above wave base; occasionally it
receives sand and lime mixed with organisms from the talus
cones radiating from the core. The inter-reef area lies beneath the
wave base, and accumulates lime mud in the bas inal depression.

The crinoid remains behaving as grains have accumulated
mainly in sifu over the fore-reef area, which has also received
those derived from the core center together with other organic and
inorganic fragments. Similarly, transportation on a much smaller
scale took place along the flank digitations allowing only a
reduced export of material to the peripheral basin zone«

Calcareous algae 1 Its frequency increases away from the core;
such as in sections F and G in microfacies 2 and those in micro-
facies 3* In the latter area its trend is the reverse of the crinoid,
which decreases while algae increases« '
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Bryozoa % The subdued curve of this benthonic group shows
an increase toward the core,

Ostracod s The peculiar curve of this pelagic group displays
an abundance in the core zone, and its trend is reverse to that
of other organisms.

Sponge spicuSes ¢ Being of sporadic or discontinuous occurrence,
this benthonic group has not yielded enough data to be inter-
preted by means of a curve,

Megafossils ¢ Belong mainly to the core area« Neither their
frequency nor their size permit a plot in specific curves. Possibly
their frequency rises with agitation., as in rough waters the wave-
resistant types would dominate«, such as coral, sponge, bryozoan
and also stromatactis« The latter also found optimum conditions
in semkrough fore-reef environment. In quiet inter-reef water
stromatactis and sponges are less common«

DESCRIPTION OF THE SECTIONS (PLATE III)

The microscopic parameters indicate the variations of sedi-
mentation during the development of the reef structure, its
growth effect in shallower water, and its impact upon the
surrounding depositing sediments. Here, the causes of changes,
and also precise depth assignment are not taken into considéra»
tion* The «main trend curve» is helpful in that it refers to the
average, and this generalized parameter variation permits an
easier grasp of the general sedimentation. General evolution of the
microfacies parameters reflects the evolvement of the environmen-
tal conditions. A rough picture of the vertical succession and ho-
rizontal juxtaposition of the microf acies is given in Fig* 5*

Section A

In the lower part, limestone is thickly and more evenly bedded
with a few., 1/2-3 discontinuities (possibly relief fractures) giving
a nodular aspect, but upon the resumption of the divisional
plane bedding is reassumed. Local lamination is rendered conspi-
cuous by weathering. There are some small dissolution cavities.
The joints are infrequent« This easternmost A section affords no
break in the transition from the lower calcarenite (microfacies 2)
to the upper bioconstructed limestone (microfacies 1). Sections A
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and B, possibly being nearest to the core of the reef, exhibit two
prolongations of it in their upper part, through specific lithologys;
organic and inorganic content« Quartz and crinoid are more com-
mon in microfacies 2* This is also witnessed by an intercalation of
micro facies 1. Section A being somewhat further away from the
core carries less crinoids. There quartz and crinoid curves are
marked by peaks« The size and frequency curves of these compo»
nents are not parallel in microfacies 2, and this is due to the advent
and increase of quartz both in size and frequency with distance
from the core, as quartz goes down where core begins bryozoanyg
ostracod, spicule and still more the megafossils are abundant in
microfacies 1, Calcareous algae thrived in relatively deeper episodes
of microfacies, 1, which do correspond to the intercalation of cal-
carenite.

Section B

Lies 70 ft to the west of section A, and is similar to it. The
beds are rather thin, the bedding planes wavy« Widely spaced
partings impress a nodular aspect. Quartz size and frequencyy
although of discontinuous pattern, are of opposite trend to those
of the conoid* Compared with section A, the size and frequency
of crinoid 1s lower in microfacies 2,

In sections A and B the parallelism of quartz and crinoid
size and frequency curves mean uniform supply and even distri-
bution of the grains. There are two inverse relationships at two
horizons in the upper part of section B. There, the nonconform-
able relationship of crinoid curves with those of the quartz de-
notes unlike sources of supply«

The calcareous algae are more common in deeper calcarenite
microfacies; rather reverse trend of its curve with that of the
crinoid means slightly unlike source of supply, as part of the cri-
noids are originated by reworking through the slumps of the cones
radiating from the core. Bryozoan is more common in micro-
facies 1, The abundance of megafossils in microfacies 1 is similar
to that of section A,

Section C

Lies 75 ft west of section B, Microfacies 1 tapers eastward
and ends before reaching the section line C. The limestone is 1-3
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ft thick; white outside but brownish inside; finely textured, sharp-
conchoidal breaking, brittle® 3/4-10 ft solution cavities nearly
parallel to the bedding. The northerly facing bluff is covered with
moss and lichen® as usual» Lateral thinning and thickening of
limestone is common« There are also slant breaks which merge
with bedding. At a steep rocky gully ¢ west of the section-line.»
there are three blocks (16,5"-12") of very fine-graineds white
quartzite blocks. This occurrence is strange to the sequence, as it
is a late filling of a limestone dissolution cavity.

In the uniform sequence quartz elasticity and frequency curves
intersect and are of reverse trend near the bottom and near
the middle of the section line; it is almost the same with crinoid
elasticity and frequency at nearly the same horizons, But the
main trend curve intersects for quartz at a lower, and for crinoid
at an upper horizon. This denotes transitory unlike sources of
supply for respective parameters, Benthonic organisms® frequency
increases in the agitated zone of deposition. The peaks of quartz
frequency correspond to a relative decrease of benthonic calcare-
ous algae. It is noteworthy that no bryozoans exist along this sec-
tion, Megafossils are rare«

The abundance of benthonics and the absence of pelagics
indicate shallower environment™ and this is stressed by quartz and
crinoid columnals which have acted as detritals*

Section D

Lies at 178 ft west of section C. It follows a stony gully in
steps. The limestone is less covered with moss and lichen; it is
brownish inside and outside; it has a nodular look through disso«?
lution* There are large, clear or white calcite fillings which do
not look like stromatactisy The bedding is wavy, and inside the
thick bedding divisional planes may appear and disappear, ren-
dered conspicuous through weathering.

The absence of crinoid is noteworthy in the dolosiltite.
Quartz is prominent; its size and frequency curves lose their paral-
lelism and intersect near the base and near the middle of the
column. These horizons disclose uneven supply and irregular dis-
tribution of quartz grains. The same also correspond to relative
abundance of benthonic calcareous algae» Fragments of megafos-
sils are unusual,
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Section E

Lies at 220 ft west of section D; it is similar to the latter in
absence of crinoid, behavior of quartz curves and abundance of
algae; likewise absence of crinoid is characteristic. The peaks at
the lower part of section D are correlative with those at the
upper sector of section E. The Ilimestone is crudely bedded,
gray-yellowish, dense, fine-grained, with white patina at the
exposure.

Section F

Lies 590 ft to the west of section E* To the west of the
rocky gully 1 inch -1 ft beds are more regularly bedded with nearly
planar surfaces. Near the plateau the brownish limestone possesses
large, irregular calcite fillings. Along with the irregularly bedded
(+ 4 ft) limestone the weathering sets up discontinuous, thinner
units. Dissolution cavities follow the bedding. There is some
similarity of curves in the lower sector with those in the upper
ones in section CL The parallelism of quartz size and frequency
curves stress uniform source of supply and even distribution« It
1s same with crinoids, except at the upper middle part, which
reverse trends disclose temporary irregular contribution and un-
even allotment. This also suggests unlike sources for quartz and
crinoid* The occurrence of ostracod is concomitant with decrease
in calcareous algae, which decrease also coincides roughly with
the increase of crinoid, Megafossils are not uncommon in the
upper portion of the column.

Section G

Lies 190 ft to the west of section F, and its sequence is
stratigraphically higher. The limestone is medium-textured, the
bedding is evenly thin; it becomes brownish by exposure-, divisi-
onal planes are enhanced by weathering and there exist solution
channels more than one yard wide. Quartz size and frequency
curves are parallel, and their peaks correspond to the lows of
bryozoan curve. A similar coincidence is found between crinoid
salients and Bryozoan and even ostracod recesses, Crinoid size and
frequency curves are of reverse trend at one horizon in the lower
half and four horizons in the upper half of the section; to them
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correspond lows for bryozoan and ostracod» Megafossils are pres-
ent in the bottom and top of the column.

Section H

Lies at 275 ft west of section G; and it is the highest sector
of the integrated stratigraphie column. The limestone is slightly
coarser textured™ more vuggy; with occasional white calcite fillings.
The even bedding is the most persistent of the whole outcrop«
The absence of bryozoan is noteworthy. Quartz size and frequency
curves are parallel* Those of the crinoid intersect each other at
three horizons in the upper half of the section. During these
episodes of unsteady supply and uneven distribution of crinoid;
the calcareous algae and ostracod found less favored conditions.
The abundance ©f the latter also coincides with higher parameter
values of crinoid« The presence of crinoid in section H is in
contrast to its absence in sections D and E. This 1s possibly re-
lated to the stratigraphie position, as observed on the chart (Fig. 5)
and also over the block diagram (Fig, 6). Section H lies over the
biocalcarenite tongue, while D and E sections are located below
the same«

liealizei section

As the three differentiated microfacies are naturally related in
time and space, they reflect the environmental features and the
departures found with the establishment and evolution of the reef.
The core, fore-reef and inter-reef zones of deposition evolved in
an intertonguing pattern. The vertical succession and the horizon-
tal juxtaposition of microf acies, as shown in Fig. 5, is also no-
ticeable by the peculiarities of the curves of inorganic and organic
parameters. Their increase and decrease; laterally and vertically,
express non-cyclic sedimentation«

The three microf acies are in accord with typical bioherm
growth; they are mutually intertonguing as shown over the block
diagram (Fig 6). Bioconstructed limestone extends within the fore»
reef tongue, and the latter within the inter-reef basinal sequence»
As a distinction between parts of the reef in the field. Le.
megascopically, is difficult it is believed that the former study by
K R* CUMINGS & Ry R. SHROGK (5) should be reappraised. The
present investigation based upon microf acies differentiation and
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statistical approach reveals that no core body is exposed, but that
there are two subsidiary radially dipping prolongations of it over
the bluff, which are made up in part by calcarenite (fore-reef
beds : sections A, B, G, F, G) and in part of dolosiltite (inter-reef
beds : sections D,E and H). The block diagram (Fig. 6) displays one
of the overgrowth phases, but certainly similar ones have pre-
ceeded and succeeded along the local stratigraphie column.

The correlations of the investigated sections are run first with
the aid of the changes of the curves between A, B, G and D, E;
then they are very roughly sketched on Fig. 5.

Bathymetry of the individual sections, their correlation and the
integrated bathymetry of the superposed composite section

The «relative bathymétrie curve» is related to the «relative
bathymétrie position», i.e. the relative depth and agitation of the
water during the deposition of the microfacies under considera-
tion. Textural analysis and quantitative methods for mineral and
organic constituents help to decipher the relative depths and their
fluctuations. Erosional or non-depositional gaps are shown by partial
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or total absence of the peaks of the curves, and the variations of
microscopic components through the facies delimit the sequences.
The reef environment under consideration has a known and definite
sedimentary pattern. The depth assignment is not derived from
direct microscopic examination; basically it is quantitative, it is
based upon the data of statistical analysis, paleoecology, etc. It
has been shown by HA. LOWENSTAM, et ah (13) that certain or-
ganisms had their maximum expansion at specific biohermal en-
vironments; especially they thrived at specific depth zones, such as
stromatactis in quiet zone, bryozoan in semi-rough water, wave -
resistant corals in rough water. The index of elasticity of re-
worked components are inversely related with depth, but directly
with agitation.

Microfacies 1 : The depositional texture is compact. There is
an overwhelming growth of frame-building and wave-resisting or-
ganisms. The water was clear and rough as indicated by re«
worked crinoidsy which contributed largely to the radiating talus
cones. The agitation of waves and currents induced a loose frame-
work of separate or colonial forms. Argillaceous materials are
lacking in the core digitations. There is a transitory and sporadic
invasion of fine quartz grains to this outward sloping shallowest
environment.

Microfacies 2 : This differs from microfacies 1 in having a
finer texture in both organic and inorganic content. The compo-
nents are not oriented as a rule. Size and frequency of crinoid
fragments are of a higher rank, because of the greater compe-
tency of the semi-rough water. Disintegrated. and transported cri-
noids behaving as clastic particles were a source of supply to
build radial wedges dipping away from the core, and over the
gently sloping surface of the core,

Microfacies 3 » The depositional texture is finest. Tiniest par-
ticles, as well as diffused clay materials, accumulated quietly in
deepest water. The large scale outflanking of facies 2 over the
environment of 3 has caused a differentiation in texture, organic
and 1norganic components of this deepest environment : the se-
quence below calcarenite (D, E) is without crinoid (deeper phase),
while the suite above it is admixed with crinoid (shallower phase)«
As quartz and crinoid are mechanically distributed, a decrease in
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the value of these detritals indicates a decrease in the energy of
the agent of transportation in the direction of the inter-reef basin.

The above discussion sets forth an increase in relative depth
from the core (bioconstructed limestone), through flank beds (cal-
carenite), to the basin sequence (deeper dolosiltite without crinoid
and shallower dolosiltite with crinoid). Their respective qualitative
values are plotted as lines of varying thickness along the right side
of the sections (Plate IIT). Over the Fig. 5 and block diagram
(Fig. 6) extensions of the core seem to be embedded in biocal-
carenite tongue, which itself wedges into the basinal sequence. The
general trend of the bathymetrical curves follows straight lines,
and this i1s compatible with the pattern and evolution of the reefs.

CONCLUSIONS

The reef limestone, megascopically, affords slight wvariations
of texture and composition; it originated through the combina-
tion of the biohermal processes. Study by microfacies differenti-
ation and statistical analysis of the parameters allowed a subdi-
vision into three textural types, and so permitted differentiation
and classification of a uniform sequence. This approach, contrary
to the earlier conception, has definitely established two extensions
of the core in the fore-reef beds. The latter, in turn, has an in-
tertonguing relationship with the inter-reef strata, which displays
a distinct organic content and related parameter values above
and below the biocalcarenite wedge. The statistical consideration
of the crinoids in the core extensions and in the flank rocks
showed that the fore-reef sequence is not altogether derived from
the destruction of the main core, but growing in situ, has re-
ceived contributions from the talus cones radiating from the central
mound. The amount of dolomitization seems to be proportional
with the degree of comminution of the particles, but not so much
related with organic remains. The depth of water increases syste-

matically from core to basin, while the wave or kinetic energy
decreases.

Manuscript received November 20, 1963
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