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

1. Enver ALTINLI
Fen Fakiiltesi, Tatbiki Jeoloji Enstitiisii, Istanbul

OZET.— Shanty Falls resifinin mikrofasies ve istatistik usulleriyle incelen-
mesi, {i¢ mikrofasiesin mevcut oldugunu ve bunlarin resif ¢ekirdegine ait iki canlt
yapimi kiregtas: uzantisindan resif ilerisi canli kalkarenit diline ve resif arasi havza
dolosiltitine dogru bir siralanma sunduklarini agiga ¢ikarmistir. Béylelikle bite-
vil goriiniislii kiregtaglarinin doku tiplerine ayrilmasi ve ayirtlanarak siniflanma-
s1 mimkiin olmugtur. Mikroskop muayenesi ile edinilen veriler sayesinde sekiz
saha kesidinin korelasyonu yapilmis, mikrofasies parametrelerinin evrimi tesbit
edilmis ve batimetri yorumlanmugtir. Ince kesitlerdeki organik olan ve olmiyan
parametrelerin istatistik 6l¢lim ve sayimi, Wabash nehrinin tabii kesidinin, de-
vamli yarin giineyinde kalan resif ¢ekirdegine tegetsel gectigini, ¢ekirdegin heniiz
aginma ile agiga ¢itkmadigini, mostranin ¢ogunun resif kanadi tabakalarina ait bu-
lundugunu meydana koymustur. Cekirdegin iki uzantisiyle kanat tabakalarindaki
Crinoidlerin istatistik yoniinden ele alinmasi, resif ilerisi tabakalarinin tiimi ile
¢ekirdegin tahribinden tiiremis olmadigini, yerinde birikmis organizma kalinti-
larina merkezdeki ¢ekirdekten 1sinsiyan dokiintii konilerinden akip gelme mal-
zemenin karismis bulundugunu 6gretmistir. Béylece bu tarz inceleme, vaktiyle

saha miisahedesiyle erisilmis sonuglarda diizeltmelere ve inceliklere yol vermistir.

TESEKKUR

Yazar, Illinois Universitesi Jeoloji Bélimii Baskani Prof. Dr. G. W.
WHITE'a, kendisini 1962 yazinda ziyaretgi profesor olarak kabul ettigi
i¢in tesekkiirlerini sunar. Prof. Dr. A. V. CAROZZTI'ye, yazarin resif incele-
mesine gosterdigi ilgi ve Shanty Falls resifinin (Sek. 1) istatistik petrografi
tahlili yoluyla incelemesine verdigi miisaade i¢in miitesekkirdir. Dr. W.W.
HAY laboratuvarinda mikrofotolar1 yapmak, J. E. LAMAR, Illinois Jeoloji
Idaresinde X-151n1 uygulamasina miisaade etmek, D. TEXTORIS oto ile iki
sefer araziye gotiirmek ve getirmek, E. R. PAULUS iftliginde galigmiya
imkan vermekle yardimda bulunmuslardur.
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Sek. 1. Etiid bolgesi mevki haritas:
GIRIS

Bu makale, kiregtaglari i¢in A, V. CAROZZI'nin (1, 2) gelistirmis oldu-
gu tarzda yonli ince kesitlerin ayrintili petrografi incelemesine dayanan
mikrofasies usulii ile bir resif yapisinin yeniden incelenmesine aittir. Bu
istatistik yol, bitevil olsa da, bir diziyi doku, organik olan ve olmiyan bile-
senlere gore bolmiye ve 6zel mikrofasiesini gokelme ortamini da bulmiya
imkan verir, Daha taze 6rnek alinabilmesi i¢in dik yardaki ¢entikler gii-
diilmis, bir veya iki tarafindan yonlii 6rnekler derlenmistir (Sek. 2 ve Sek.
6). E ve F kesitlerinin diisey ¢eperlerinden, bir ip merdivenden faydalani-
larak 6rnek toplanmuistir. Birer ayak ara ile sekiz kesitten alman 6rneklerin
ve dolayisiyle ince kesitlerin toplami 273 tiir. Kesitlerin arazideki durumu
(Sek. 5) iizerinde giizel goriiliir. Biitiinlesmis kesit 191 ayaktir, C ile D ara-
sinda 2 ayak, F ile G arasinda 8 ayak ve G ile H arasinda 15 ayaklik ara
mesafeler hesaba katilirsa, dizinin toplam kalinlig1 216 ayaktir.

Sahada gelik metre, cetvel, Brunton pusulasi kullanilmistir. Kaya tiple-
rinin ayrintili tasviri, ardigmasi, yap1 v.s. yerinde kaydolunmustur. Yazarin
hazirlamis oldugu yonli ince kesitler lamelle ortiilmeden 6nce, dolomi,
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kuars ve feldspat varligin1 6grenmek gayesiyle X- 1sinindan gegirilmistir.
1° yarikl bir bakir X- 1gin1 tiipii kullanilmistir, 26°-33° arasinda 7° Ilk bir
ac1 (20) i¢in goniyometre dakikada 2° hiza ayarlanmistir. Yansimalar oto-
matik olarak « General Electric Speedomax» ta kaydolunmustur. X-1s1n1
verilerinden sadece kalitatif olarak dolomit, kuars ve feldspatin varligin
ogrenmek yolunda faydalanilmistir. Organik ve inorganik bilesenlerin
mikroskopla istatistik tahlilinde her seferinde birisi ele alinmistir. Mikros-
kop parametreleri ve doku yardimiyle {i¢ mikrofasies ayirtlanmistir.

TARIHSEL BILGI

V.E. ZADNIK'in (17) «Kuzey A.B.D. Niagarien Resiflerinin Tarihi»
bahsi burada tekrarlanmiyacaktir. Kuzey Indianadaki dom sekilli kabar-
tilarin antiklinal yapilar olmadiklarini ilk olarak ispatlamis bulunan E.R.
CUMINGS & R. R. SHROCK'un (5, s. 151) eserinde Shanty Falls resifi
bahsi soyledir:

«Wabash kasabasinin 1 mil batisindaki Wabash nehrinin giiney yari-
sinda ve Shanty Falls deresinde kocaman bir baska resif acikta goziikiir.
Bu resif ihtimal, eyalet sinirlar1 icinde en ¢ok dikkati ¢ekici olanidir. Koyu
boz renkli resif Shanty Falls deresinin hemen dogu agzindan batiya egimli
olarak ytikselir, dereceli yiikselti kazanarak yar boyunca yarim mil kadar
uzanir, bir zaman sonra egim doguya degisir. Resife ait dik yar en ¢ok ne-
hir yatagindan 80 ayak yiiksektedir, eteginde bol dokiintii gogiisliigii bu-
lunur. Yiiksek tabaka istifinde bityiik magaramsi oyuklar vardir. Tabii kesit
resif ¢ekirdegini kesmis ve bu merkeze ait tabakalanmamis, dev tiimsegin
olagantistii yekpareligini harika sekilde aciga ¢ikarmistir. Tabii giizellige
malik Shanty Falls vadisi yarlarinda yatay bulunan Liston Greek kirectast,
Red Bridge {tiyesi ve alttaki Mississinewa seyli giizel mostralar vermistir.
Bu resifin kokii stiphe yok Mississinewadadir ve Liston Greek’te ¢cok yuka-
rilara kadar ytikselir.»

COGRAFYASAL MEVKI VE SHANTY FALLS RESIFININ
MEGASKOPIK TASVIRI
Shanty Falls resifi NW Indiana'da, Wabash ilinde, Illinois deki Urba-
na'dan oto ile 235 mil uzaktadir. NE 1/4 sec. 16, T. 27N., R6E. da bulunur.
Wabash nehri NNE-SSW yo6niinde, gekirdege tegetsel olarak bigilmistir.
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Blok diyagramda ($ek. 6) kubbe sekilli yapinin bir seviyesi gosterilmistir.
Asinma ile hentiz agiga cikmamais ¢ekirdek tabii kesit ¢izgisinin glineyinde
bulunur. Dik yarda ¢ekirdegin sadece iki uzantisi vardir. ilk numune kesidi
cizgisi A ile, son numune kesidi ¢izgisi H arasinda uzaklik 1498 ayaktir ve
dik yar, plato ile eteginin dokiintii arasinda ortalama 40 ayaktir. Wabash
nehrinin al¢ak taracasi 660 ayak, plato 740 ayaktadir, til ile kaplidir ve bir
til ovas1 goriiniisii vardir. Tabakali kanat tabakalar1 merkezden bagliyarak
dik ve 1s1nsal egimlidir. Ilksel egimler, sikilasmaz cekirdek ile sikilagir resif
arasi tabakalarinin farkli sikilasmasi ile sonradan artmigtin Kiriklar ihti-
mal «serbestleme tipi» ndedir, ¢iinkii alan, jeoloji tarihinde resiften daha
geng yash bulunan tizerindeki stratigrafi sistemlerini asinma ile kaybet-
mistir.

MIKROSKOPLA ARASTIRMA USULLERI VE TEKNIKLERI

Yonlii ince kesitlerdeki organik olan ve olmiyan bilesenler alt1 mik-
roskop alaninda miisahede olunmuglardir. Her bir mikroskop alani 10.28
mm?® dir. Ayni alanlarin korunmast i¢in mikroskoptaki hagin merkezi ¢ini
miirekkebi ile kesit iizerinde noktalanmustir. Yukardan agagiya olmak tize-
re sag sira 1, 2, 3 ve sol sira 4, 5, 6 sayilmistir. Kiigiik kesitlerde ancak iig
mikroskop alaninda tanim ve sayim yapilmus, fakat oranin korunmast i¢in
miktarlar iki ile carpilmistir. Istatistik yoniinden ele alinacak kadar ¢okga
olan bilesenler él¢iilmiistiir. Iri fosiller seyrek bulunduklarindan, varliklar
graflarla birer rumuzla gosterilmistir. Yonlii ince kesitler mikrofasieslere
gore siniflanmis ve gruplanmigtir. Organik olan ve olmiyan parametre de-
gerleri litoloji siitununun sagina ¢izilmistir. Bu degisim egrileri ile bun-
larin genellestirilmis yorumlamasini temsil eden «genel gidis egrileri» ve
korelasyonlar tek bir sekil {izerinde gosterilmistir (Levha III). Bu islemler
sayesinde ¢okelme sartlar1 ve degisimleri istidlal olunmustur. Cokelme
ortaminin mekanik sartlar1 ve derinlik, ¢cokelmedeki degisiklikleri yansi-
tan mikroskop parametrelerinin delalet ettigi tizere, zamanla degismistir.
Mekanda olan degismeyi de, stratigrafi bakimindan esdeger birimler agiga
¢ikarmustir. «Kiriklik indeksi», bir kirint1 veya billurun en biiyiik ¢apini
gosterir ve ince kesitteki alt1 alanda goriilen en biiytik goriiniir capin dl¢iil-
mesiyle elde edilir. Kiriklik indeksi, ortamda faal kuvvetlerin harekete ge-
¢irdigi en iri tanenin ¢apini gosterir ve bdylelikle suyun tagima ve harekete
gegirme yetenegini 6gretir. Bu incelemede kuars ile Crinoid igin kiriklik
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indeksi ol¢tilmistiir, Kuars, biricik inorganik parametredir ve resif alan
disindan getirilmistir. Crinoid pargalar1 kirint1 gibi hareket ettiginden,
bunlarin bolluk ve kirikliklar: l¢tilmiistiir. Bolluk (frekans), ince kesidin
alt1 alanindaki parcaciklarin sayisidir. Bu incelemede kuars, Crinaid, ki-
regli alg, Bryozoa, Ostracod ve siinger spikiillerinin frekans: tayin olmus-
tur. Frekans dalgalarla akintilarin kudreti (enerjisi) ile ilgilidir.

MIKROFASIESLERIN TASVIRI

Ince kesitlerin, mevkileri dikkate alinmaksizin, petrografi mikrosko-
punda muayenesi ile {i¢ mikrofasiesin varlig1 6grenilmistir. Her birinin
6zel dokusu organik olan ve olmiyan bilesenleri vardir. «Goriini» tortul
sartlar1 anlatir. Her ne kadar mikrofasies degisimleri esasindan derece-
li gecisli ise de, litolojilerin mikrofasiesiyle mostra arasinda oldukga bir
tutarlik vardir. Dolomilesme sonradan oldugundan ve bu olay ilk 6rnegi
silmediginden, «asboliim» ler yaptirmamuistir. Bu ayrigma diyajenez ile il-
gilidir, ayr1 bir tip viicuda getirmemistir ve 6zel bir ¢eside sebep olmustur.
Bahis konusu resif dik yar1 boyunca kilavuz tabaka yoktur.

Mikrofasies 1 (Levha III: A, B).— Canli yapiml kiregtas: beyaz ¢izgi
hafifce sarimtirak, siki, ince taneli, kirintili hamurlu, dolomilesmis veya
dolomilesmemistir. Agik boz ¢izgi sarimtirak, yer yer hafifce berrak bil-
larlu, gozenekli veya gozeneksiz, bazi yerde jeodlu, bitevil tabakali, seyrek
Stromatactis'li, beyaz, sonradan olma kalsit damarlidir. Bu mikrofasies re-
sif gekirdegi uzantilarina aittir.

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

Mikrofasies 3 (Levha III: G, H).— Dolomi miltas1 (dolosiltit), bitevil
boz veya boz ¢izgi eflatun sar1 tonludur, fakat agikta sararir. Cok iri taneli,
berrak kalsitli, seyrek olarak siki, diizensiz koseli kirikli yer yer veya bazi
seviyelerde iri gozenekli, beyaz kalsit yolludur. Bu mikrofasies, resif Gtesi
(resif aras1) tabakalarina aittir.

Baslangicta kalsit mikasindan yapilma hamur dolomite dénmiistiir. Ilk
bir yalanci oolitli yapiya delalet edecek benekli bir goriinii yoktur. Orga-
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nik kalint1 bogatalanmas ile bazi ara maddeler gozeneklilige sebep olmus-
lardir. Ufanmis organik kalintilardan bagka, seyrek Crinoid sap1 halkalari
vardir. Dolomilesme sonradandir ve bazi bazi pek ilerlemis halde ise de,
asil tortul tipi biisbiitiin silmemistir. Stratigrafi kesidi boyunca, yaygin hal-
de de olsa, kuars, feldspat, mika v.s. gibi pek az karadan tiiremis malzeme
vardir. Su derinligi salinmalari fazlaca olmadigindan, ¢okelmede devirli
ornek gelismemistir. Resif yapisinin tiirlii bolgelerindeki ¢okelme 6rnegi
zamanda ve mekinda ayn1 kalmamistir. Mikrofasieslerin diisey ardigma-
s1 ve yatay siralanmasi arazide ve dairede yapilan korelasyonlar Sekil 5 te
gosterilmistir. Azicik kuars ile yaygin killi malzeme belki de kita platfor-
munun s1§ kesimlerinden tiiremislerdir; dalga ve akintilarla resif yapisinin
farkli kesimlerine dagitilmislardir. Bir tek kesitteki tek bir sileksit diginda
sileksit bulunmayisi ¢ekirdegin yakinligina isarettir.

LEVHA I-FOTOMIKROGRAFLAR
A. Mikrofasies 1: A20-2 canli yapimu kiregtas: (dolomilesmistir). X30, pa-
ralel nikol.
Boz, mikrobilliirsel, esitli hamur kit, (0.17/0.12 mm) ufak, daginik
dolomik billtirlar1 vardir. Kuarsin boyu 0.06 mm, frekansi 1, ortala-
mast 0.16 dir. Crinoid, Bryozoa, Ostracod, Stromatactis.

B. Mikrofasies 1: B20-5 ayn1 (dolomilesmemistir), X30, paralel nikol.
Parca Crinoid, Bryozoa, kiregli alg, Stromatoporoides. Stilolitleri
killi maddeler belirtmistir. Kuarsin boyu 0.16 mm, frekansi 14, ke-
sitte ortalamasi 2,33 tiir.

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

Hamur ince taneli kittir. Cimento ile esit kristalografi yonelimli
sonradan olma kalsit biiyiimesi ile dokanakl: istifli Crinoid vardir.
Crinoid, Bryozoa, Ostracod tabakalanmaya paralel degildirler. Ku-
arsin boyu 0.1 mm, frekansi 26, kesitte ortalamasi 4.33 tiir. Yer yer
dolomit billtirlar: vardir.
D. Mikrofasies 2: A8-5 ayn1 (ayni). X30, ayni.

Parcalanmis ve yenmis Crinoid, Osracod, Bryozoa ince taneli, boz
bir hamurdadir. Kuarsin boyu 0,05 mm, frekansi 4.66, kesitte orta-
lamasi 0,66 dir. Organik olan ve olmiyan bilesenler tabakalanmaya

oldukga paraleldir. Otijen mineral yoktur. Istifte Foraminifer mev-
cut degildir.



Enver ALTINLI LEVHA -I




Enver ALTINLI LEVHA-1II




SHANTY FALLS RESIFI MIKROFASIES INCELEMESI 9
MIKROFASIES PARAMETRELERININ GENEL EVRIMI

Mikrofasieslerin parametre degerleri Tablo 1 de gosterilmistir. «Kuar-
sin kiriklik indeksi azamileri ile degisim mertebesi» «Crinoid’in kiriklik
indeksi azamileri ile degisim mertebesi» eldeki parametre degerlerine gore
yar1 logaritmik veya aritmetik olgekle grafa gecirilmislerdir (Levha III).
Farkli olgekler kullanildigindan, graflar, denestirmiye elverisli degildirler.
Mikrofasieslerin kiriklik ve bollugu degisik bulundugundan, mikrofasies
arasinda bir ilgi vardir; ayrica egrilerin degisimleri korelasyona yardimci-
dir (Sek. 3, 4).

Kuars taneleri: Tim ufak olan kuars tanelerinin ¢ap1 0,02-0.05 mm
civarindadir. Mikrofasies, A ve B kesiti (kalkarenit) istisna edilirse, mikro-
fasies 3 ten mikrofasies 1 e dogru kiigtilme istidad1 gosterir. Kuars taneleri
kabaca esit boyutlu, ¢ogu yar1 yuvarlak, araly, esitsiz dagilimlidir. Kuars

LEVHA II - FOTOMIKROGRAFLAR

E. Mikrofasies 2: G20-5 ayni (dolomilesmistir). X30, aynu.
Ufak billarsel, diyajenezle olusmus dolomilesme; kalsit hamuru
ile organizmalar1 ornatmistir. Organizmalar, daha iri unsurlu
mozayikleri sayesinde taninir. Yaygin kil maddeleri dolayisiyle
hamur sarimtiraktir. Kuarsin boyu 0.75/0.34 mm, frekansi 25, or-
talamasi 4,80 dir. Crinoid, kiregli alg, Ostracod vardur.

E Mikrofasies 2: B9-6 ayn1 (ayni1). X30, ayn.
Ufarak dolomit eskenar dértgenlerinden yapilma zeminde Cri-
noid'ler daha iri billiir mozaikleri ile taninir. Billarlanmis orga-
nizma etrafinda killi, kahverengi yabanc1 maddeler vardir.

G. Mikrofasies 3: E27-3 dolosiltit. X30, aynu.
Hamur ince tanelidir, bol diyajenetik dolomit millidir ve yaygin
killi maddelerle boyanmustir. Kuarsin boyu 0.05/0.04 mm, fre-
kans1 100, kesitte ortalamasi 16,66 dir. Crinoid, Ostraeod, kirecli
alg.

H. Mikrofasies 3: DI5-3 ayni, X30, ayn.
Daha iri billtirlu dolomilesme yiiziinden dokularini kaybetmis
ince yapil kiregli alg, Ostracod daginiktir. Mikroskopik dolomit
eskenar dortgenler de vardir. Siyah noktalar, belki de organik
maddedir. Kuarsin boyu 0.04/0.04 mm dir, frekansi 337, kesitte
ortalamasi 56.3 tiir.
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Sek. 4- Mikrofasieslerin karakteristik parametre egrileri

bollugu mikrofasies 3 ten mikrofasies 1 e dogru belirgin azalir. Ilkindeki
ortalama egri tizerinde 350 yi gegmez. Kiriklik ve bolluk egrilerinin pa-
ralel olusu bitevil biitiinlenme ve esitli dagilmaya isarettir. Mesela, ¢ekir-
dek ve kanat tabakalarinda oldugu gibi, fakat kesismelere veya (paralel
degil de) ters degisimi, havzada oldugu gibi, tersi sartlara, yani bitevil
olmiyan biitiinlenmeye ve esitsiz dagilmaya delélet eder. Kuars boyu ile
bollugu egrilerinin paralelligi bahis konusu edilen ilk halin varligina isa-
rettir.

Oteki kirint1 mineraller, mesela mika, son derece seyrek oldugundan
hesaba katilmamuislardir.

Crinoid: Crinoid pargalar1 kirint1 imis gibi hareket ederler. Kirilmis
ve asindirilmis sap halkalar1 daha boldur. Bu halkalarin, canak levhala-
rindan ayirdi giigtiir. Erimenin sebep oldugu tirtik goriilmemistir. Mik-
rofasies 3 miistesna, boy egrisi kuarstakinden daha yiiksek degerlidir.
Bolluk egrisi de benzer gidiglidir. Iki egrinin paralelligi kuarsta oldugu
gibi bitevil biitiinlenme ve esitli dagilimi gosterir. Mikrofasies 3 te ters
gidisli oluslar1 degisen biitiinlenme ve esitsiz dagilmayr anlatir.

Grinoid taneleri yeniden billirlanma ve dolomilesmeye daha daya-
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niklidir ve kalik yap1 «hayaller»i taninabilir. Crinoid'lerin tabakalanma
ile paralelligi baz:1 vakit azicik belirlidir ve bu belki de pargalarin esit
boyutlu olusu yiiziindendir. Dokanakli istiflenme sik goriinmez, basing
erimesiyle veya ¢ekirdekle esit optik yonelmeli sonradan biiytime ile ke-
netlenme goriilebilir.

Bilesenlerin her ii¢ ortamda da az ¢ok yasit stiriiklenmesi dalga ta-
bani ve dik egimi ile kontrole olur. Merkezdeki ¢ekirdek alani en sig ve
siddetli hareketli ortamdir. Egik durumdaki kanat kusag: dalga tabani
tstiindeki dalga ve akinti ile siipiiriiliir; zaman zaman da gekirdekten
isinsiyan dokiintii konilerinden gelme kum ve kiregle karigik organiz-
malar kazanir. Resif arasi alan dalga tabani altindadir ve ¢anak sekilde
havzada kire¢ camuru birikir.

Kirint: tane gibi hareket eden Crinoid kalintilari, resif ilerisi alanda
oldugu yerde birikmekle beraber, daha baska organik olan ve olmryan
tirtinlerle birlikte merkezdeki cekirdekten tiiremis olanlar1 da kazanir.
Ayni tarzda kanat uzantilarindan o6teye ve cevredeki havza kusagina
dogru daha kiigiik 6lgekte bir tasginma da vardir.

Kiregli algler: Kiregli alglerin bollugu ¢ekirdekten oteye artar; me-
sela mikrofasies 2 nin F ve G kesitleri ile mikrofasies 3 te oldugu gibi,
havza alaninda egrinin gidisi Crinoid'ininkinin tersini gdsterir; demek
ki, kiregli alg arttik¢a Crinoid azalmaktadir.

Bryozoa: Bu bentonik grupun tatl egrisi ¢ekirdege dogru bir artist
gosterir.

Ostracod: Bu pelgjik (?) grupun tuhaf egrisi ¢ekirdek alaninda bir
bollanmay1 anlatir ve gidisi 6teki organizmalarinkinin tersidir.

Spongi spikiilleri: Yer yer ve kesiksiz goriinen bu bentonik organik
kalintilar, egri izerinde yorum yiiriitecek yeterlikte degildir.

Iri fosiller: Asil gekirdek alaninda makrofosiller goziikiir. Ne bolluk-
lar1 ve ne de boylar: 6zgiil egri ¢izimine imkan vermemistir. Belki de
bolluklar: hareketli ortamda artmakta ve siddetli sularda, mesela Koray,
Spongi, Bryozoa ve Stromatactis gibi, dalga ve akintiya dayanikl tipler
belirmektedir. Stromatactise yar1 siddetli resif ilerisi ortaminda da el-
verisli sartlar bulabilmistir. Sakin resif arasi suda Spongi, Stromatactis
daha seyrek bulunur.
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KESITLERIN TASVIRI (LEVHA III)

Mikroskop parametreleri, resif yapisinin gelismesi sirasindaki ¢okel-
me degisimlerini, daha s1g sudaki biiytime etkilerini, ydrede durulmakta
olan ¢okeltiler tizerindeki tepkilerini gosterir. Bu makalede degisimlerin
illetleri, sthhatli derinlik sayilar1 aranmamustir. «Genel gidis egrisi» orta-
lamay1 belirtmesi bakimindan faydalidir. Parametre degisiminin bu ge-
nellestirilmis ¢izgisi, ¢okelmenin toplam durumu daha kolay kavramak
imkanini verir. Mirofasieslerin genel diisey ardismasi ve yanal siralanis
Sekil 5 te kabaca gosterilmistir.

Kesit A

Ornek kesidinin alt kesidinde kirectasi daha kalin ve daha esitli ta-
bakalidir, 1/2-3 ing arali kesiklikler (belki de serbesleme kiriklar1) kirec-
tagina yumrulu bir goriinti vermistir; fakat erge¢ tabakalanma diizlemi
yeniden belirli olur ve tabaka meydana ¢ikar. Yersel laminallanma hava
ile temasta ciiriime ile belirir. Bir takim ufarak erime bosluklar: vardir.
Eklemler kit degildir. Kuzeydeki A kesidi alttaki kalkarenit (mikrofasies
2) ile tistteki canli yapimi kirectasi (mikrofasies 1) arasinda kesitlik sun-
maz, A ve B kesitleri, ihtimal resif ¢ekirdegine en yakin bulunduklarin-
dan, st kesimlerinde ¢ekirdegin iki uzantisini sunarlar. Bunlarin 6zel
litolojisi, organik olan ve olmiyan bilesenleri vardir. Kuars ile Crinoid
mikrofasies 2 de en boldur. Mikrofasies 2 nin mikrofasies 1 deki ara-
katki durumu ile de bu bolluk anlasilir. Arakatkidaki kuars ve Crinoid
egrileri bir disa sivri sunarlar. Kuars ve Crinoid boy ve bolluk egrileri
mikrofasies 2 de paralel degildir. Buna sebep, ¢ekirdekten uzaklasildik-
¢a kuarsin hem gelisine hem de boy ile bollugunun artmasidir. Béylece
cekirdegin basladig1 yerde kuars azalmiya yiiz tuttuk¢a Bryozoa, Ost-
racod, spikiil ve hepsinden daha 6nemlisi iri fosiller mikrofasies 1 de
¢ogalma yolunu tutarlar. Kiregli algler mikrofasies 1 in olduk¢a derin
safhalarinda iyi gelismislerdir ve bolluklar: kalkarenit ara katkisina kar-
st diiger.

Kesit B

A nin 70 ayak batisindadir ve arada benzerlik vardir. Tabakalar ol-
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dukga ince, tabakalanma diizlemi dalgalidir. Arali derzler yumrulu bir
goriinii bagislar. Kuars boy ve bollugu egrileri, her ne kadar kesiklikler
sunarlarsa da, Crinoid egrileriyle ters gidislidir. Kesit A ile denestirilin-
ce, Crinoid boy ve bollugu mikrofasies 2 de daha duisiiktiir.

A ve B kesitlerinde kuars ile Crinoid boy ve bolluk egrilerinin para-
lelligi tanelerin bitevil biitiinlenmesini ve esitli dagilimini soyler. Kesit
B nin tist kismindaki iki seviyede iki ters ilgi vardir. Crinoid egrilerinin
kuars egrileri ile uyumsuz ilgisi farkli biitiinlenme kaynaklarina isaret-
tir.

Kiregli algler derin kalkarenit fasiesinde daha olagandirlar. Bu alg-
lerin egrisi ile Crinoid egrisinin ters gidisli olusu az ¢ok farkl: biitiin-
lenme kaynagina delélettir; ¢iinki, bir kisim Crinoid’ler, gekirdekten
1sinstyan konilerin oturma, kayma ve akmalariyle gelmislerdir. Mikro-
tasies 1 de Bryozoa daha olagandir. Mikrofasies 1 de iri fosil bollugu, A
kesidindekine benzer.

Kesit C

Kesit B nin 75 ayak batisindadir. Mikrofasies 1 doguya dogru incelir
ve kesit ¢izgisi C den 6nce son bulur. Kirectas: 1-3 ayak kalin tabakali
dis1 beyaz i¢i kahverengimsi, ince dokulu, keskin kavkili kirikls, kirilgan,
erime bosluklar1 hemen hemen tabakalanmiya paralel 3/4-3 ayaklik eri-
me boslukludur. Kuzeye bakan dik yar bagka kesimlerde oldugu gibi
yosun ve liken ile kaphdir. Kiregtasinda sikma ve agma olagandir. Ta-
bakalanmaya kavusan egik kiriklar vardir, 6rnek kesidinin batisindaki
kuru sel yolunun sarp kayaliginda ¢ok ince dokulu beyaz, 16.5-12 inglik
ti¢ kuarsit bloku vardir. Istife yabanci bu malzemenin, baska yerlerde
kiregtaginin erime boslugunu yukardan doldurdugu 6grenilmistir.

Bitevil kesitte kuars kiriklik ve bolluk egrileri kesisir ve kesit ¢izgi-
sinin alt kismu ile ortasinda ters gidislidir. Hemen ayni seviyelerde Cri-
noid kiriklik ve bolluk egrileri de hemen hemen esittir; fakat genel gidis
egrisi, kuars egrisini daha asag1 ve Crinoid egrisini daha yukar1 seviyede
keser. Bu hal, bahis konusu parametreler i¢in gegici ve farkli biitiinleme
kaynaklarini ifade eder. Dipte yasiyan organizmalarin bollugu, hareket-
li ¢6kelme kusaginda daha da artar. Kuars bollugu disa sivrisi bentonik
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kiregli organizmalarin nispi azalmasina kars1 gelir. Bu kesit boyunca Br-
yozoa bulunmayisi dikkati ceker. Iri fosiller seyrektir.

Bentonitlerin bollugu ve pelajiklerin yoklugu daha sig ortama dela-
let eder. Bu sonug kirint1 gibi hareket eden kuars ve Crinoid sap1 halka-

larinin varligi ile kuvvetlenir.

Kesit D

C kesidinin 178 ayak dogusundadir. Tas basamakli bir sel yatagini
takibeder. Kiregtas1 yosun ve liken ile daha az kaplidir; ici ve dis1 kah-
verengimsidir; erime ile yumrulu goriinii kazanmistir; Stromatactis'e
benzemiyen iri, berrak veya beyaz kalsit dolgular1 vardir. Tabakalanma
dalgalidir ve kalin tabaka igerisindeki boliinme diizlemleri kaybolur
veya yeniden belirir ve bunlar ¢iirtime ile daha da goze carpar.

Dolosiltit istifinde Crinoid bulunmayis1 dikkate layiktir. Kuars ¢ok-
¢adir. Kiriklik ve bolluk egrileri paralelliklerini kaybeder, alt ve orta ke-
simde kesisirler. Bu seviyelerde kuars esitsiz biitiinlenmesi ve diizensiz
dagilimi bahis konusudur. Ayni seviyeler, dipte yasiyan kiregli alglerin
nispi bolluguna raslar. iri fosil parcalar1 olagan degildir.

Kesit E

D kesidinin 220 ayak batisindadir. Crinoid yoklugu, kuars egrisi-
nin gidisi ve kiregli alg bollugu bakimindan D kesidini andirir. Evvelce
oldugu gibi, Crinoid yoklugu dikkati ¢eker. D nin alt kesimindeki diga
sivriler, E kesidinin iist kesimindeki disa sivrilerle es ve esitlidir. Kireg-
tas1 kabaca tabakali, boz ¢izgi sarimtirak siki, ince taneli, yiizeyde beyaz
kabukludur.

Kesit F

E kesidinin 590 ayak batisindadir. Kayalik sel yataginin batisinda 1
ing-1 ayaklik tabakalar daha diizenlidirler; ytizleri hemen hemen diiz-
lemseldir. Yapr seviyesine yakin kahverengimsi kiregtasinda iri, diizen-
siz kalsit dolgular1 bulunur. 4 ayak kadar kalin diizensiz tabakalanmis
kiregtasinin ¢iliriimesiyle devamsiz ve daha ince tabaka birimleri zuhur
eder. Erime bosluklar1 tabakalanmay1 giider. Bu kesidin alt kismindaki
egrilerin, C kesidinin tist kismindaki egrilerle bir dereceye kadar ben-
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zerligi vardir, Kuarsin kiriklik ve bolluk egrileri beslenmenin devaml
ve yayllmanin esit oldugunu anlatir. Crinoid'lerde ortanin iist kismi ay-
ral, ayn1 durumdadir. Ortanin Gst kisminin ters gidisi gegici ve diizen-
siz beslenme ile esitli olmiyan dagilmaya isarettir. Demek ki, kuars ve
Crinoid'in kaynaklar1 ayn1 degildir. Bryozoa bollugu, kuars ve Crinoid
azalmasiyla karsilanir. Kiregli alg azalmca Ostracod da azalir ve bu, ka-
baca Crinoid'in de azalmasina karsiliktir. Iri fosiller, istifin tist kisminda
seyrek degildir.

Kesit G

F kesidinin 190 ayak batisindadir; stratigrafi bakimindan F den
daha yukardadir. Kiregtas: orta dokuludur, tabakalanmasi bitevil ince-
dir; havada kahverengimsi olur, ¢iiriime ile boliinme diizlemleri belirir;
1 yardadan daha genis erime mecralar1 vardir. Kuarsin kiriklik ve bol-
luk egrileri paraleldir ve disa sivrileri Bryozoa egrilerinin ige sivrilerine
kars1 gelir. Ayn1 durum Crinoid ve Bryozoa yiiksek degerleri ile Ostra-
cod algak degerleri i¢in de goriiliir. Crinoid kiriklik ve bolluk egrileri
kesidin asagisinda bir ve yar1 yukarisinda dort yerde ters gidislidir ve
buralar1 Bryozoa ile Ostracod’larin az bulundugu yerlerdir. Iri fosiller
istifin alt ve iist kesiminde bulunur.

Kesit H

G kesidinin 275 ayak batisindadir ve biitiinlenmis stratigrafi siitu-
nunun en yiiksek kismidir. Kiregtas: hafifce kaba dokulu, ¢okga jeodlu,
yer yer beyaz kalsit dokuludur. Biitiin mostradaki en iyi gelismis esitli
tabakalanma bu kesittedir. Bryozoa bulunmayisi dikkate deger. Kuarsin
kiriklik ve bolluk egrileri paraleldir. Crinoide ait bulunanlar kesidin tist
yarisindaki ii¢ yerde kesisirler. Crinoid'lerin bu esitsiz biitiinlenme ve
diizensiz dagilim sathalarinda alg ve Ostracod'lar daha az elverisli sart-
lar bulmuslardir. Ostracod'larin ¢oklugu, Crinoid'in yiiksek parametre
degerine karsilik gelir. H kesidinde Crinoid bulunmasina karsilik D ve
E kesitlerinde Crinoid bulunmayis: belki de (Sek. 5 ve Sek. 6 blok di-
yagramda goriildigi gibi) stratigrafi konumu ile ilgilidir. H kesidi, canl
kalkareniti dili tizerinde, D ve E kesitleri ise altinda bulunurlar.



18 I. Enver ALINTILI

H30 -
Youngest sompled bed
Hi
Interval not sampled
[qE}]
G48
R R —_HI5
Intervol nol sampled
st S Gsl g
A20
Beo
A9 c3g
ar B9y R<C
:]]
Fi
] o3 Interval not sampled -
C'ng.,.,..........‘._CZI - (2)
i E36
L Relative bathymetry:
ol Microfocias 3 | peeper
s 2 l Medium
ik e ' | shallower
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Sek. 6 - Shanty Falls resifinin ideal blok diyagrami

ideal kesit

Ayirtlanmais i¢ mikrofasies zaman ve mekanda karsilikli ilgili yonle,
ortam sartlarini ve ayn1 zamanda resifin yerlesmesi ve gelismesiyle olu-
san degisiklikleri gosterirler. Merkez gekirdek, resif ilerisi kusagi ve resif
aras1 kusag1 ¢okelme Orneklere girik ornektedir. Sekil 5 te goruldigi
tizere, mikrofasieslerin diisey ardigmasini ve yanal siralanmasini orga-
nik olan veya olmiyan parametre egrilerinin 6zelliklerinden de 6gren-
mek imkan1 vardir. Parametre egrilerinin diisey ve yanal yonde azalip
¢ogalmasi ¢okelmede devre gostermez.

Her ti¢ mikrofasies, tipik resif biiyiimesiyle bagdasiktir. Gergekten,
blok diyagram iizerinde goriildiigii gibi, bu fasiesler giriktirler: Canli
yapimli kiregtas, resif ilerisi tabakalarina diller yollar; resif ilerisi taba-
kalarinin da havzadaki resif ilerisi tabakalar1 arasinda uzantilar: vardir.
Arazi miigahedeleri ile resif kisimlarini tesbit etmek gii¢ oldugu yonle,
E. R. CUMINGS & R. R. SHROCK (5) incelemelerinde yanilmislardir.
Mikrofasies ayird1 ve istatistik incelemeye dayanan bu etiid, Shanty Fal-
Is resifinin ¢ekirdeginin mostra vermedigini, bahis konusu edilen dik
kiregtas: yarinda sadece ¢ekirdege ait 151nsal egimli iki uzantinin bulun-
dugunu, dik kiregtas1 yarininin kalkarenit (resif ileri tabakalar1: A, B, C,
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E, G kesitleri) ile dolosiltitten (resif aras1 tabakalar: : D, E, H) yapilmuis
oldugunu agmlamistir. Blok diyagramda, (Sek. 6) biiyiime sathalarin-
dan birisi gosterilmistir; fakat, elbette ki, benzerleri stratigrafi stitunun
daha alt ve daha iist seviyelerinde mevcut olmuslardir.

Arastirilan kesitlerin korelasyonlar: evvela A, B, C arasindaki egri-
lerin ve D ile E arasindakilerin degisimlerine dayandirilmis, sonra da
durum ($ek. 5 de) kabaca gosterilmistir.

Kesitlerin ayr1 batimetreleri, derinlik korelasyonlar1 ve biitiinlenmis
bilesik kesidin batimetresi

Nispi batimetri egrisi, nispi derinlik konumuna, yani ele alinan
mikrofasiesin ¢okelmesi sirasinda suyun nispi derinlik ve ¢alkanma-
siyle ilgilidir. Doku tahlili, organik olan ve olmiyan bilesenlerin kan-
titatif olarak ele alinmasi hem nispi derinlikleri hem de derinliklerin
dalgalanmalarini ¢6zmeye yarar. Asinma veya ¢okelmeme yiiziinden
olan kesiklikleri, egri tizerinde disa sivrilerin bir kisminin goéziikmesi
veya hi¢ goziitkmemesi a¢iga ¢ikartir. Mikrofasies boyunca mikroskop
bilesenlerinin degisimleri diziyi siralar. Ele alinmis bulunan resif orta-
minin bilmen ve belli olan bir tortul 6rnegi vardir. Derinlik verilmesi,
dogrudan dogruya mikroskop muayenesi ile degildir de, istatistik tah-
lili, paleoekoloji, v. s. verilerine dayanir ve bir say1 ile ifade olunur. H.
A. LOWENSTAM (13) baz1 organizmalarin 6zgil resif ortamlarinda
en c¢ok gelistigini ve belli derinligi olan kusaklarda ¢ogaldiklarini gos-
termistir: meseld Stromatactis sakin kusakta, Bryozoa az hareketli suda,
mercanlar dalgaya dayanikli olarak hareketli suda goriiliir. Siiritklenmis
bilesenlerin kiriklik indeksi derinlikle ters orantili fakat ¢alkanma ile
dogru orantilidir.

Mikrofasies 1: Cokelme dokusu sikidir. Iskelet yapan ye dalgaya
dayanan organizmalar olaganiistii gelismistir. Su berrak, siiritklenmis
Crinoid’lerin gosterdigi tizere ¢ok hareketlidir. Isinsal dokiintii koni-
lerine Crinoid’ler biiyiik miktarlarda katilmislardir. Dalga ve akintila-
rin etkisiyle tek veya yiginak halindeki sekiller ¢ekirdek uzantilarinda
gevsek bir iskelet yapabilmislerdir. Killi madde yoktur. Bu disa dogru
egimli olan en s1§ ortama ince kuars taneleri gegici ve gelisi giizel olarak
yayilmistir.
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Mikrofasies 2: Doku organik olan ve olmiyan bilesenler bakimindan
mikrofasies 1 den farklidir. Bilesenlerde yonsiizlitk geneldir. Crinoid'le-
rin boyu ve bollugu, az sert suyun daha da iistiin yetenegi dolayisiyle,
daha yukar1 mertebedendir. Crinoid'lerin kirinti malzeme gibi hareket
etmeleri yiiziinden, ¢ekirdekten uzaga tathi egimli 151nsal kamalari, Cri-
noid'leri ufalanan ve tasinan bir kaynak durumundadirlar.

Mikrofasies 3: Cokelme dokusu son derece incedir. Incecik zer-
recikler veya yaygin killi maddeler sakin en derin suda durulmustur.
Mikrofasies 2 nin mikrofasies 3 alanina dogru uzanisa mikrofasies 3 te,
yani en derin ortamda hem doku hem de organik olan ve olmryan bile-
senlerde farklilagmaya sebep olmustur. Kalkarenit altindaki dizi (D ,E)
Crinoid’sizdir (daha derin satha), oysa ki iistiindeki istif Crinoid’lidir
(daha s1g satha). Kuars ile Crinoid mekanik yonden dagitildigindan, bu
kirintilarin degerinde azalma, enerjinin resif aras1 havza dogrultusunda
tasima giictinden gittikge kaybettigine delalettir.

Yukardaki agiklama ¢ekirdekten (canli yapiml kiregtasi) baslayip,
kanat tabakalarindan gegerek (kalkarenit), havza istifine (daha derin fa-
siesli Crinoid’siz dolosiltit ile daha s1§ fasiesli Crinoid’li dolosiltit) dogru
olan nispi derinlikte bir artig1 belirtmistir. Bunlarin her birine karsilik
gelen kalitatif degerler, tiirlii kalinlikta diiz ¢izgi halinde kesitlerin sag
tarafinda gosterilmistir (Levha III). Sek. 5 ve $ek. 6 iizerinde ¢ekirdegin
uzantilari canli kalkarenitin de diller gibi géziikiir. Kalkarenit uzantilar
da havzadaki istif igerisinde kama halinde sonuglanir. Batimetri egri-
lerinin genel gidisi ¢izgi seldir ve bu hal de resiflerin evrim 6rnegi ile
bagdasiktr.

SONUCLAR

Resiflerdeki islemlerin bilesmesiyle olugsmus resif kiregtaslar1 gozle
kii¢iik doku ve bilesim farklar1 sunarlar. Mikrofasies ayird: ve istatistik
tahlili yollarindan inceleme ile ti¢ doku tipi ortaya konmustur. Boylelik-
le bitevil istifte ayirtlama ve siniflama yapilmistir. Boylece ele alininca,
evvelce sanildiginin tersine olarak dik yarin ¢ekirdek olmadigi, dogu-
daki resif ilerisi tabakalar1 arasinda ¢ekirdegin iki uzantisi ispatlanmis-
tir. Resif ilerisi tabakalarinin, resif aras1 tabakalar1 icerisinde uzantis
vardir. Havza tabakalar1 ayr1 organik bilesenlere maliktir. Bahis konu-
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su canli kalkareniti altinda ve tistiindeki ilgili parametre degerleri de
mevcuttur. Dolomilesmenin ilerlemesi, ¢okellerin ufalanma derecesiyle
orantili ise de, organik kalint1 bilesenleriyle ilgili degildir. Suyun derin-
ligi ¢ekirdekten havzaya sistemli olarak artarsa da, suyun ¢alkanmasi
ters yonde bir ¢ogalma gosterir.

Not : Bibliyografya Ingilizce makalenin sonundadir.

Nesre 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, re-
vealed that it consisted of three microfacies, ranging from bioconstructed lime-
stone (extensions of the core) to biocalcarenite (tongue of the fore-reef) and do-
losiltite (basin of the inter-reef). The microfacies study allowed subdivision into
textural types and permitted differentiation and classification of the uniform lime-
stone sequence. The data derived from 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 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 received contributions
from the talus cones radiating from the central mound.

This microscopic and statistical approach has brought in corrections and re-

finements to the older megascopic field observations.
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INTRODUCTION

This paper discusses a reef structure and its microfacies, based upon
the detailed petrographic study of oriented thin sections according to a
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method developed by A. V. CAROZZI (1, 2) for limestones. This stati-
scal approach permits a subdivision of an, eventually, uniform sequence
according to the differences in texture, organic and inorganic compo-
nents and also a reconstruction of the depositional environment of the
particular microfacies. To acquire fresh samples on vertical sections,
notches along the limestone 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 ft. Steel tape,
straight edge and Brunton compass were used for field measurements,
detailed des cription of rock type, succession and structure were entered
in the notes. The thin sections made by the author were X-rayed before
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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 quantita-
tively to detect the existence of dolomite, quartz, and feldspar.

The slides were run successively for each individual statistical analy-
sis of organic and inorganic components. Three microfacies were difter-
entiated by variations of microscopic parameters and texture.

HISTORICAL ASPECT

The historical review of the Niagaran reefs of northern Indiana by V.
E. ZADNIK (17), will not be repeated here. The following is an excerpt
from E. R. CUMINGS & R. R. SHROCK (5, p. 151) for Shanty Falls reef,
who first demonstrated that the domelike features of northern Indiana
were not anticlinal structures:

«Shanty Falls.— Another reef of enormous dimension is exposed in
the high south bluff of the Wabash River and Shanty Falls, a mile west
of Wabash. This is probably the most spectacular 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 won-
derfully well the extraordinary massiveness of these imbedded, gigantic
mounds of rock. In the blufts 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 un-
doubtedly 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 Illinois, the
reef structures became subject to a sustained and detailed study. Among
the recent investigations at the nearby Wabash reef (4) are included an
elaborate study of a Silurian reef and its sedimentary development re-
flected 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 County in northeast-
ern Indiana, in the NE 1/4 sec. 16, T. 27 N., R6E. It is dissected by the
Wabash River in NNE-SSW direction, tangentially to the core. The
block diagram (Fig. 6) shows one horizon of the dome-shaped struc-
ture; 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 differential compaction
between the non-compactible core and the compactible inter-reef beds.
The cracks are possibly of release fracture type, as the area in the geolog-
ic past has been stripped from younger stratigraphie systems.

METHODS AND TECHNIQUES OF MICROSCOPIC
INVESTIGATION

The inorganic and organic components were observed with a mi-
croscope 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 III. 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 interpre-
tation of the former are shown on Plate III, together with the correlations.
From these the conditions of deposition, as well as their fluctuations are
deduced. The mechanical conditions of the environment of deposition and
the bathymetry varied in time as indicated by the microscopic parameters
reflecting the variances in sedimentation, and also in space, as shown by
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the presence of stratigraphically equivalent units. The «index of elastic-
ity» 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 transportation and agitation
power of the water. In the present investigation those of the quartz and cri-
noids are entered. Quartz is the only inorganic parameter, and it is known
to be of outside source in regard with the reef structure. Because the cri-
noid 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 petrographic microscope,
without consideration of location, revealed the existence of three micro-
facies, each being recognizable through a particular texture, organic and
inorganic content. Sedimentary conditions are deduced by the «look». Al-
though the microfacies changes are mainly gradational, there exists fair-
ly 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 classifi-
cation. This alteration is diagenetic, and does not make a separate type, but
rather a special variety. No key bed exists along the bluff under consider-
ation.

Micro facies 1 (Plate III, sections A and B).— Bioconstructed lime-
stone, white to slightly yellowish, compact, fine-grained, detrital matrix,
dolomitized or not; light gray to yellowish, slightly spathic at places, po-
rous or not; but eventually vuggy, evenly bedded, with occasional stromat-
actis, and also white secondary calcite veinlets. It makes up the reef core
and its protruding fingers.

Micro facies 2 (Plate III, sections C, D, E, F). — Biocalcarenite, fine-
grained detrital matrix, dolomitized or not; white or gray; when gray and
becoming buff by exposure, coarser textured or medium-grained or spath-
ic, irregular break, stylolitic at places, more or less porous, especially near
the surface, occasional white streaks. It makes up the fore-reef beds.
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Micro facies 3 (Plate III, sections G, H).— Dolosiltite, even gray or
grayish-purplish-yellowish, becoming buft by exposure, very fine-grained,
spathic, rarely compact, irregular-angular fractures, 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 suggest a former pellitoi-
dal structure. The leaching of organic remains and some interstitial ma-
terial have made the porosity. Besides the finely-ground organic remains
there are scarce large columnals; The dolomitization is secondary, and al-
though it is eventually well advanced, it has not obliterated the original

PLATE I - PHOTOMICROGRAPHS

A Microfacies 1: A20-2 bioconstructed limestone (dolomitized). X30,
parallel nicols.
Gray,microcrystalline,evenmatrixisscarce. Therearesmall (0.17/0.12
mm), scattered dolomite rhombs. Quartz size 0.06 ram., frequen-
cy 1, average per slide 0.16. Crinoid, bryozoah, ostracod, stromat-
actis.

B Microfacies 1: B20-5 id. (non-dolomitized). X 30, parallel nicols.
Fragmental crinoid, ostracod, bryozoan, calcareous algae, stro-
matoporoides. Stylolites are conspicuous through argiilaeeous
matter. Quartz size 0.18 mm, frequency 14, average per slide 2.33.

C Microfacies 2: F33-2 biocdlcarenite (non-dolomitized). X 30, parallel
nicols.
Matrix is fine-grained, scarce. Contact packed crinoids with sec-
ondary calcite growth in the same crystallographic orientation
with cement. There are local dolomite crystals. Crinoids, bryozo-
an, 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 inor-
ganic fragments are aligned roughly parallel to bedding.



Enver ALTINLI LEVHA-I




Enver ALTINLI LEVHA-II




MICROFACIES STUDY OF THE SHANTY FALLS REEF 31

sedimentary Type. There are small amounts of terrigenous materials all
through the column in the form of diffused materials and fine clastic par-
ticles, such as quartz, feldspar and mica. No cyclical pattern was evolved,
because oscillations of the water depth were slight. The pattern of sedimen-
tation in the respective zones of the reef structure did not remain constant
in time and in space. The vertical succession of the microf acies, 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 por-
tions 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 MICROFACIES PARAMETERS

The «Characteristic parameter values for microfacies» are shown in Ta-
ble 1. «Position of maxima and range of variation of the index of elasticity

of quartz» and «Position of maxima and range of variation of and range of

PLATE IT - PHOTOMICROGRAPHS

E. Microfacies 2: G20-5 id. (dolomitized). X30, id.
Small crystalline diagenetic dolomitization has replaced the calcitic
groundmass and organisms, although the latter is still recognizable
through the larger dolomite crystals. The matrix is yellowish due to dif-
fused clay matter. Quartz size 0.75/0,34 mm, frequency 25, average per
slide 4;80. Crinoid, calcareous algae, ostracod.

E Microfacies 2: B9-6 id. (id.). X30,W.
Crinoids are recognizable by larger dolomite crystals in smaller dolo-
mite rhombs. There are clayey, brownish impurities around the crystal-
lized 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
mm, frequency 100, average per slide 16.66. Crinoid, ostracodf calcare-
ous algae.

H. Microfacies 3: D15-3 id. X30, id.
There are scattered delicate algae, ostracod, which have lost their tex-
ture through larger crystallized dolomitization. There are also micro-
scopic rhombohedra of dolomite. The black specks are possibly organic
matter. Quartz size 0.04/0,04 mm, frequency 337, average per slide 56.3.
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variation of the index of elasticity of Crinoid» in the indexof 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 com-
parable 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: 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 mi-
crofacies 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 con-
dition (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 raref are not considered.

Conoids: The stem fragments behave as detritals; broken and abraded
columnals are more abundant; they are hard to differentiate from calyx
plates; denticulation due to dissolution is not observable. The crinoid
size curve, except for microfacies 3, 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 quartz, indicates uniform sup-
ply and even distribution. 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 parallelism with bed-
ding is scarcely noticeable, possibly because of equidimensional shape.
Contact packing is not frequent. Interlocking by pressure solution or
overgrowth in optical continuity with the nuclei are observable.



1saqo1rowm USIGAp ofr MNA(IMEZE UIMISIENSTy 94 1SYOPW{ WYY UL PIOUIL) 04 SIB0Y OPULNISIY SIISTJOIYUY - € "8

~
=
<
o = pr— \\ﬂ m >
" P ]
o ——
— w
E] [ e H
[
L >
s to g
5 |= g
g L« g
a [° w
uansnll\‘lll||||l\|.|hfv
R — N 03 G5
o001 002 005 Oi .0z 05 10 .2mm
] [
Q 5 s
2 m.. o igE S E LA et s
gl = ﬁa ST T iy
v 2 TeSIIizoee :
© L ppin LSO
) e R ammr— P
S f. - b} T - gl
- '
Fofu ] Moo - 7 .
o z 7T TEme- ,.————_— <o e
L - M et P T . Y
5 < g S e T el 5
3 (o 4
<
i i R TP e B S i e e
T 03 o5 10 ~- W T TTTEssEEEEEES BT s = == =~ 000

02 03 04050607 OK 2 A 45678910 20mm




MICROFACIES STUDY OF THE SHANTY FALLS REEF 35

-8 { X
4 | /
: ’
A i /
\ t
& = |
— i
£ T~ i
D s
¢ 7
z o /
c - !
/ i
[¢] f' '
i i
] ,
A { \
S . i
.\‘\ i
° N {
2 i
. ¢
3 £ ~, ]
s 1
o |
7 i [
H . o \
[+] 10 20 30
Quartz and 0 5 10
Crinoid freq y 9 W0 200230 400 Calcareous apdt B"'—‘o———'m 4] © 20
Quartz and 350 ©  -Ostraced

0.50 1.00 1.50

vl
Crinoid size s LN

Fig. 4. Characteristic parameter eurves for microfacies

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
situ 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 pe-
ripheral basin zone.

Calcareous algae: Its frequency increases away from the core; such
as in sections F and G in microfacies 2 and those in microfacies 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 in-
crease toward the core.

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

Sponge spicules: Being of sporadic or discontinuous occurrence, this
benthonic group has not yielded enough data to be interpreted 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 waveresistant types would
dominate, such as coral, sponge, bryozoan and also stromatactis. The lat-
ter 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 sedimentation
during the development of the reef structure, its growth effect in shal-
lower water, and its impact upon the surrounding depositing sediments.
Here, the causes of changes, and also precise depth assignment are not
taken into consideration. The «main trend curve» is helpful in that it re-
fers to the average, and this generalized parameter variation permits an
easier grasp of the general sedimentation. General evolution of the mi-
crofacies parameters reflects the evolvement of the environmental condi-
tions. A rough picture of the vertical succession and horizontal juxtapo-
sition 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 reas-
sumed. Local lamination is rendered conspicuous by weathering. There
are some small dissolution cavities. The joints are infrequent. This east-
ernmost A section affords no break in the transition from the lower cal-
carenite (microfacies 2) to the upper bioconstructed limestone (micro-
facies 1). Sections A and B, possibly being nearest to the core of the reef,
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exhibit two prolongations of it in their upper part, through specific lithol-
ogy, 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 components are not parallel in micro-
facies 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 bryozoan, 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
calcarenite.

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 frequency, although of discontinuous
pattern, are of opposite trend to those of the conoid. Compared with sec-
tion A, the size and frequency of crinoid is lower in microfacies 2.

In sections A and B the parallelism of quartz and crinoid size and fre-
quency curves mean uniform supply and even distribution of the grains.
There are two inverse relationships at two horizons in the upper part of
section B. There, the nonconformable relationship of crinoid curves with
those of the quartz denotes unlike sources of supply.

The calcareous algae are more common in deeper calcarenite micro-
facies; rather reverse trend of its curve with that of the crinoid means
slightly unlike source of supply, as part of the crinoids are originated by
reworking through the slumps of the cones radiating from the core. Bry-
ozoan 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 ft thick,White
outside but brownish inside, finely textured, sharpconchoidal breaking,
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brittle, 3/4-10 ft solution cavities nearly parallel to the bedding. The
northerly facing bluff is covered with moss and lichen, as usual. Lat-
eral 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-grained,
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 in-
tersect 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 fre-
quency at nearly the same horizons. But the main trend curve inter-
sects 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 depo-
sition. The peaks of quartz frequency correspond to a relative decrease
of benthonic calcareous algae. It is noteworthy that no bryozoans exist
along this section, Megafossils are rare.

The abundance of benthonics and the absence of pelagics indicate
shallower environment and this is stressed by quartz and crinoid co-
lumnals 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 dissolution. There are large, clear
or white calcite fillings which do not look like stromatactis. The bedding
is wavy, and inside the thick bedding divisional planes may appear and
disappear, rendered conspicuous through weathering.

The absence of crinoid is noteworthy in the dolosiltite. Quartz is
prominent; its size and frequency curves lose their parallelism and in-
tersect near the base and near the middle of the column. These horizons
disclose uneven supply and irregular distribution of quartz grains. The
same also correspond to relative abundance of benthonic calcareous al-
gae. Fragments of megafossils 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 ab-
sence 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 limestone 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 up-
per ones in section C. The parallelism of quartz size and frequency curves
stress uniform source of supply and even distribution. It is same with cri-
noids, except at the upper middle part, which reverse trends disclose tem-
porary irregular contribution and uneven allotment. This also suggests
unlike sources for quartz and crinoid. The occurrence of ostracod is con-
comitant 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, divisional planes are enhanced by weather-
ing 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 sali-
ents and Bryozoan and even ostracod recesses. Crinoid size and frequency
curves are of reverse trend at one horizon in the lower half and four hori-
zons in the upper half of the section; to them correspond lows for bryozoan
and ostracod. Megafossils are present in the bottom and top of the column.
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Section H

Lies at 275 ft west of section G and it is the highest sector of the inte-
grated stratigraphic 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 distri-
bution of crinoid, the calcareous algae and ostracod found less favored
conditions. The abundance of the latter also coincides with higher pa-
rameter values of crinoid. The presence of crinoid in section H is in
contrast to its absence in sections D and E. This is possibly related to
the stratigraphic 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.

ldealized 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 pat-
tern. The vertical succession and the horizontal juxtaposition of microf
acies, as shown in Fig. 5, is also noticeable by the peculiarities of the
curves of inorganic and organic parameters. Their increase and de-

crease, 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 forereef tongue, and
the latter within the inter-reef basinal sequence. As a distinction be-
tween parts of the reef in the field, i e. megascopically, is difficult it is
believed that the former study by E. R. CUMINGS & R. R. SHROCK
(5) should be reappraised. The present investigation based upon micro-
facies differentiation and statistical approach reveals that no core body
is exposed, but that there are two subsidiary radially dipping prolonga-
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Fig. 6 - Idealized block diagram of Shanty Falls reef

tions of it over the bluff, which are made up in part by calcarenite (fore-
reef beds: sections A, B, C, E 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 preceeded 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, C and D, E; then they are
very roughly sketched on Fig. 5.

Bathymetry of the individual sections, their correlation and the in-
tegrated bathymetry of the superposed composite section

The «relative bathymetric curve» is related to the «relative bathym-
etric position», i.e. the relative depth and agitation of the water during
the deposition of the microfacies under consideration. Textural anal-
ysis 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 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
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assignment is not derived from direct microscopic examination; basi-
cally it is quantitative, it is based upon the data of statistical analysis,
paleoecology, etc. It has been shown by H. A. LOWENSTAM, et al. (13)
that certain organisms had their maximum expansion at specific bio-
hermal environments; 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 reworked com-
ponents are inversely related with depth, but directly with agitation.

Microfacies1: The depositional texture is compact. There is an over-
whelming growth of frame-building and wave-resisting organisms. The
water was clear and rough as indicated by reworked crinoidsf which
contributed largely to the radiating talus cones. The agitation of waves
and currents induced a loose framework 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 tex-
ture in both organic and inorganic content. The components are not
oriented as a rule. Size and frequency of crinoid fragments are of a
higher rank, because of the greater competency of the semi-rough wa-
ter. Disintegrated and transported crinoids 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 particles,
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 inorganic components
of this deepest environment: the sequence 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 dis-
tributed, a decrease in the value of these detritals indicates a decrease
in the energy of the agent of transportation in the direction of the in-
ter-reef basin.
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The above discussion sets forth an increase in relative depth from
the core (bioconstructed limestone), through flank beds (calcarenite),
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 biocalcarenite tongue, which itself wedges into
the basinal sequence. The general trend of the bathymetrical curves fol-
lows straight lines, and this is compatible with the pattern and evolution
of the reefs.

CONCLUSIONS

The reef limestone, megascopically, affords slight variations of tex-
ture and composition; it originated through the combination of the
biohermal processes. Study by microfacies differentiation and statisti-
cal analysis of the parameters allowed a subdivision into three textur-
al types, and so permitted differentiation and classification of a uni-
form 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 intertonguing relationship with the inter-reef
strata, which displays a distinct organic content and related parameter
values above and below the biocalcarenite wedge. The statistical con-
sideration 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 received contri-
butions 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 re-
mains. The depth of water increases systematically from core to basin,
while the wave or kinetic energy decreases.

Manuscript received November 20, 1963
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