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Depositional and Diagenetic History o f  the Edgecliff Reefs 
(Middle Devonian Onondaga Formation of New York and Ontario) 

Dr. Thomas H. Wolosz, Center for Earth 61 Environmental. Science, 
SUNY College at Plattsburgh, Plattsburgh, N.U. 12901. 

F i n a l  Report. 

T h e  study of t h e  depositional h i s t o r y  of the Edgecliff reefs 

is complete. Ma] o r  results include : 

A 

A) Identification of the Edgecliff and its reefs as t he  p r o d u c t  

of c a r b o n a t e  deposition i n  a temperate water environment. 

trend of i nc reas ing  number and s i z e  of stromatoporoids westwards 

from the vicinity of Albany, N.Y. (where they are r a r e  and small) 

t o  Hagarsville, Ontario,  Canada (where they are common and l a r g e )  

due to the assumed solar warming of coas ta l  currents flowing from 

e a s t  to west supports this hypothesis (Wolosz, 19902;s) . F u r t h e r  

evidence of this warming includes the first appearance of algae 

(Rothpletzella) i n  the vicinity o f  t h e  LeRoy bioherm, LeRoy, N . Y .  

Carbon and oxygen i s o t o p i c  analyses ~f brachiopods from the 

Edgeeliff f u r t h e r  suppor t  a cool. water model. f o r  reef deposition 

(see attached F i g u r e  1 f o r  graphical representation of isotope 

data and comparison t o  Middle Devonian 0l8 range  from Popp, et 

ala , 1986, Journ. Sedimentary Pet ro l . .  ,, v.56 ,  pp.715-728) . 
F u r t h e r ,  shallow water facies have now been identified i n  t h e  

Edgecliff nea r  P o r t  Colborne, Ontaric (Wolosz,  199la), p u t t i n g  to 

rest the argument that no p e r i t i d a l  fac i e s  exist i n  t h e  
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B) D e s c r i p t i s n  of the various modes of Edgec l i f f  reef growth and 

their c o n t r o l l i n g  f a c t o r s .  The Edgecliff reefs  have been 

subdiv ided  i n t o  f i v e  d i s t i n c t  growth p a t t e r n s  , each r e p r e s e n t i n g  

growth under  d i s t i n c t  c o n d i t i o n s  of water  dep th ,  which f i t  h t o  a 

d i s t i n c t  paleogeographic  framework (Wolosz, 1 9 9 2 ) .  Recogni t ion  

of these reef growth p a t t e r n s ,  i n  conjunct ion w i t h  unde r s t and ing  

of  t h e  s u c c e s s i o n a l  p a t t e r n s  of t h e  mound b u i l d i n g  organisms 

(Wolosz, in press a ,  i n  revis ion)  , allows for t h e  use  o€ the 

reefs in the i n t e r p r e t a t i o n  of basinal. dynamics du r ing  reef 

growth . 

C) Nature of  t h e  Ilpinnacle ree&slL A model based upon the one 

a v a i l a b l e  p i n n a c l e  reef c o r e ,  arid t h e  M t .  Tom exposure w h k h  has 

been identified as a I1 l i t t l e  pinnacle reef" i n d i c a t e s  that these 

s t r u c t u r e s  wauld be bet ter  termed llmicro-bankslv t h a n  p i n n a c l e  

reefs (Wolosz, et a l . ,  1991). While coral growth i s  t h e  most 

v i s i b l y  impressive f e a t u r e  o f  these reefs, cr inoi ,dal  

y ra ins tone /packs tone  is by far t h e  most important  f e a t u r e  

v o l u m e t r i c a l l y .  The f l a t  top topography (based on seismic data) 

of these s t r u c t u r e s  , i n  c o n j u n c t i o n  wi th  the vo lumet r i c  

importance of the  c r i n o i d a l  sed iments  (especially as matrix 

sur rounding  c o r a l  co lon ie s  in a l l  bu t  the early stage of fifreeflt 

growth) s t r o n g l y  suggests c o r a l  thickets capping a l a r g e  bank, 

with lateral growth due t o  sed iment  being shed off-bank into 

deeper su r round ing  waters .  

' I I 'Ill 1 I t ( l  I1 'Ill ' ( 1 1 '  ' I 1  ' I IJ"' 
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I, , 

D )  Bas.inal dynamics and d i s t r i b u t i o n  of P i n n a c l e  r e e f s .  As 

mentioned above, reef growth patterns f a l low d i s t i n c t  r e g i o n a l  

t r e n d s  (WoXosz, 1 9 9 2 )  . Reef growth s t a r t e d  i n  t h e  e a s t e r n  haLf 

of  New York State, rimming t h e  basinal axis .  A low4andmass o r  

series of i s l a n d s  (ev idenced  by s u b a e r i a l  e r o s i o n  of t h e  

u n d e r l y i n g  rock u n i t s )  separated t h e  e a s t e r n  b a s i n  from a shallow 

water embayment ( a m  of the Appalachian sea) in which quiet water 

c a l c i s i l t  mounds grew (Wolosz, 1 9 8 8 ) .  A westwards s h i f t i r l g  of  

the b a s i n a l  a x i s  resulted i n  subsidence i n  t h e  c e n t e r  of  t h e  

s t a t e  and t h e  formation of p i n n a c l e  l1reeefs". T h e  low cen t r a l  

landmass was submerged, r e s u l t i n g  i n  t h e  E d g e c l i f f  

trans g r  e s s i on If , and t h e  e r o s i o n  Of t h e  calcisilt mounds under  

higher energy  c o n d i t i o n s .  At t h i s  p o i n t  i n  t i m e  t h e  E d g e c l i f f  t o  

t h e  west a €  t h e  string of p i n n a c l e  reefs was deposited on a 

broad,  shal low s h e l f ,  which produced only  low,  shield-shaped 

buildups. Further t o  the w e s t ,  i n  the v i c i n i t y  of P o r t  Colborne ,  

Ontario, Canada, on ly  very shallow water s t r u c t u r e s  a r e  found 

(Wolosz, 1990a). 

A q u e s t i o n  commonly asked by e x p l o r a t k m i s t s  has been W h y  

a r e  there no pinnacle reefs along t h e  eastern s ide  of t h e  basinal 

awis?If  The answer l i e s  i n  an unders tanding  o f  t h e  asymmet.ric 

dynamics of t h e  bas in  and the n a t u r e  of these reefs (Wolasz, in 

press b) . 
Vltf facies of t h e  E d g e d - i f f ,  all reefs appear t o  have had their 

While some reefs are r o o t e d  i n  t h e  under ly ing  micri.tic 

growth i n i t i a t e d  either w i t h i n  o r  extremely close t o  t h e  boundary 

w i t h  typical E d g e c l i f f  g ra ins tone /packs tones .  Hence, the water 

depth of the f a c i e s  t r a n s i t i o n  between I r C P  deposition and 

l\l)11 ' ' I  ' I l l  " 
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gra ins tone /packs tone  d e p o s i t i o n  would a l s o  be t h e  c r i t i c a l  d e p t h  

far reef i n i t i a t i o n .  T h e  subsurface p i n n a c l e  reefs o r i g i n a t e d  

well above t h i s  depth,  i n  shallow water  on,  o r  near, t h e  

d i s c o n f o r m i t y  at. t h e  base  of t h e  E d g e c l i f f ,  wi th  upwards growth 

c o n t r o l l e d  by subsidence i n  t h e  a r e a  a s  t h e  b a s i n  a x i s  shifted t o  

the w e s t .  A l l  l a r g e  eastern reefs ( M t .  Tom, Roberts H i l l )  a r e  

p o s i t i o n e d  w e l l  up the ramp (see M e s s l e l l a ,  1 9 7 8 ,  mer. Assoc. 

Petrol. Geol. B u l l , ,  v.62, pp.1640-1641), and u n d e r l a i n  by t h e  

micr i t ic  I r C l 1 !  Edgecliff fac ies ,  indicating shallowing i n  the  area 

p r i o r  to t h e  onse t  of  reef growth, fol lowed either by subs idence  

d u r i n g  reef growth ( M t .  Torn - a ?minl -p innac le  reef" )  o r  

predominant ly  shal low water c o n d i t i o n s  (Roberts Hill) . However , 
shallowing in t he  e a s t  n e v e r  proceeded f a r  enough down ramp t o  

allow reef i n i t i a t i o n  i n  areas of maximum subs idence ,  As a 

r e s u l t ,  e a s t e r n  r e e f s  were l i m i t e d  t o  areas of only moderate 

subsidence and t h e r e f o r e  never achieved  l a r g e  s i z e .  

E )  D i a g e n e s i s  

Cementat ion patterns wi th in  t h e  Edgec l i f f  reefs are for the  

most p a r t  simple. Cathodoluminescence reveals t h a t  almost a l l  

po re  f i l l i n g  cements follow a s tandard dark  non-luminescent , 
b r i g h t  luminescen t ,  dull luminescent cement sequence from the 

edge t o  t h e  center of the pore w i t h  r e p e t i t i v e  c y c l e s  be ing  

ex t r eme ly  rare. Late ,  d u l l  luminescent cements g e n e r a l l y  make up 

t h e  b u l k  of t h e  cement i n  any p o r e ,  w i t h  dark  non-luminescent 

cements common a s  i n i t i a l  cement crystals, b u t  w i t h  only thin 

rims of b r i g h t  cement a long  t h e  edges of t h e  da rk  crystals. 
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Early cement crusts are extremely rare and limited t o  the 

shallowest water grainstone/packstones or to lining of 

stromatactis-like structures within c a l c i s i l t  mounds (LeRoy 

Bioherm) . 
those described by James and Bone (1989, Jour. of Sedimentary 

Petrology, v. 59, p .  191-203) f o r  temperate water calcarenites 

from southern Australia . 

These patterns of cementation are very  similar to 

Examination of all. s u r f  ace exposures indicates that p o r o s i t y  

preservation within the Edgecliff reefs is a function of the 

later draping of t h e  reef structure by shaley limestones or 

shales. This conclusion is based on excellent porosity 

preservation within both the largest h o w n  surface exposure (Mt. 

Tom) and one of the smallest and shallowest water structures 

(Ridgemount Bioherm), At Mt, Tom, the base of the reef is 

tightly cemented, but primary p o r o s i t y  i s  preserved i n  t h e  upper 

p a r k s  of the s t r u c t u r e  - a pattern characteristic of the 

subsurface pinnacle reefs (personal  communication, Jerold 

Bastedo, formerly sf Empire Exploration, Buffah, N . Y . )  Mt, Tom 

was draped by the shaley Nedrow Member of the Onondaga. Near 

Fort Erie, Ontario, Canada, the Ridgemount Bioherm i s  capped by a 

shaley limestone and preserves excellent primary porosity, while 

an overlying grainstone/packstone bed (approximately 3 meters 

stratigraphically above the biohem) is tightly cemented. Reefs  

entirely enclosed within the basal packstone grainstone o f  t h e  

Edgecliff generally are tightly cemented or exhibit only minor 

and patchy pr imary porosity a 

I s o t o p i c  analysis of the dull cements from seven surface 
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exposures indicate that pore-occluding cements %ormed under 

different conditions from t hose  which r i m  preserved pores. 

Figure  2 illustrates a l l  data f o r  dull cements. Note that a l l  

eastern reef values clump between 018 va lues  oE roughly -6 to -10 

and CL3 values of 1.5 to 3 . 5 ;  while analyses from Mt. Tom and 

western reefs range much more widely. Figure 3 illustrates data  

from just Mt. Tom and t h e  western r e e f s .  Nota that Mt. Tom and 

western reef dull, cement samples can be divided into two groups: 

pore-filling cements and pore-lining cements (lining a p r e s e r v e d  

primary pore) In both cases the Mt. Tom and western reef pore- 

filling cements have an i s o t o p i c  signature nearly identical to 

those of the tightly cemented eastern reefs; while pore-lining 

cements from Mt. Tom are isotopically heavier and those from t h e  

west isotopically lighter than the pore-filling cements 

indicating significantly different pore-water chemistries, 
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