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I NTRODUCTION 

Whi l e  Ed�ecl i ff reefs have been the subject of numerous studies s i nce 
the early 1 960 ' s  ( see references bel ow ) , our understa nd i ng of these reefs 
i s  sti l l  far from compl ete . They have , for the mos t  part , heen perceived 
as smal l ,  s impl e  patch reefs , wi th the d iscus s i on of the i r  devel opmental 
history genera l l y l i mi ted to two dimens i onal descri ptions of the s uccess
ion of reef bui l ders and l i thofacies . Such studi es of surface exposures 
have mai n l y  conc l uded that thes e were shal l ow water s tructures whose growth 
ceased upon entrance i nto the h i gh energy, near surface turbul ence zone 
( Bamford ,  T 966 ; t·1ecari ni , l964 ; Poore, 1 969;  Col l i n s ,  1 978;  and Wi l l i ams , 
1 980 ) .  

Cough l i n  ( 1 980) , i n  a study of subs urface pi nnac l e  reefs i n  southcentral 
New York , favored the opposing v i ew that despi te evi dence for much of reef 
deve lopment in s ha l l ow water , termina ti on of reef growth was caused by 
drowning of the reefs due to bas i na l  subs i dence. Cassa ( 1 979 , 1 980 ) , 
Cassa and Ki ss l i ng ( 1 982 ) and Ki s s l i ng ( 1 981 ) have on the other hand 
advocated a deep-water ori g i n  for many of the Edgecl i ff reefs due to the 
absence of s tromatoporoids and a l gae from these reefs . More recentl y 
Wol osz ( 1 984 , p . 268 ) has argued that the l ac k  of a well devel oped stromatb
poroi d fauna was due to reef growth i n  a sha l l ow but cool water environ
ment, whi l e  Li ndemann and Chi s i ck ( 1 984 ) have reported the presence of  
al gae in  these reefs . 

STRATI GRAPHY 

The s tratigrarhy of the Onondaga Formation has been extens i vel y • des
cri bed by Ol i ver ( 1 954 , 1 956 ) , who d i vi ded i t  i nto four members . In  the 
type area - "Onondaga County" - the basal Edgecl i ff member i s  a mass i ve ,  
coarsel y crysta l l i n e ,  biostromal l imestone;  the rledrow a th in-bedded , 
very fine grai ned and arqi l l aceous sha l ey l i mestone;  the r�oorehouse a 
fine qrai ned l i mestone wi th common chert a nd shal ey parti ngs ; whi l e  the 
Seneca ( wh ich  extends eastwards only as far as Cherry Va l l ey )  i s  di ffer
enti ated from the Moorehouse on a faunal bas i s  on ly .  For the nurposes 
of thi s  report, the most i mportant aspect of Ol i ver ' s  strati graphy i s  
h i s  i nabi l i ty to di fferentiate the Edgecl i ff ,  Nedrow and t·1oorehouse i n  
the east (where they a re ma i nl y  cri noidal  gra i nstone and/or packstone) 
on any but bi ostrati graphi c  cri teri a ( Ol i ver,  1 956 ,  p , 1 457) , wh i l e  these 
members a re qu ite l i tholog ica l l y  d i sti nct onl y 35  mi l es to the wes t i n  
the v ic in ity o f  Cobl es ki l l .  Further , Li ndho l m  ( 1 967,  p . 1 44 )  found only 
two microfaci es to be present in  the Onondaga in  the vici n i ty of Al bany 
as compared to four i n  the v i ci n i tv of Cobl eski l l .  Thi s  faci es rel a tion
ship is thought to reflect preva l ent shal l ow water condi tions in the 
east as compared to pro�res s i ve deepening of the bas i n  to the wes t .  
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FI GURE 1 .  Edgecl i ff outcrop bel t i n  New York and southwestern Onta r i o  
with reef l ocations (numbers ) .  Roberts H i l l  ( #1 )  and Al brights ( # 2 )  
Reefs are the southernmost of the eastern reefs . Arrows mark anprox
imate topograph i c  axis of bas i n .  ( After Ol i ver,  1 976) . 

In  h i s  eastern Onondaga faci es O l i ver ( 1 95 6 ,  p . l 446) d i v i des the Edge
cl i ff i nto two uni ts , the l ower Cl and upper C2 units .  The Cl unit  i s  
defi ned as  a medi um gray, rather fi ne gra ined l i mestone;  whi l e  the C2 
unit is a l i ght to medium grav ,  coarse gra i ned coral zone s i mi l ar to the 
Edgecl i ff at the type area . Whi l e  the Cl unit  reaches i ts maximum 
thi ckness of 6 to 7 feet at Cherry Va l l ey , i t  thi ns to the east and i s  
only 1 foot thick at S haron S pri ngs . Thi s  eas tward thi nn i na s uggests that 
the Cl uni t woul d not be expected i n  the Roberts Hi l l  area ; however,  at 
Leeds to the south the l ower part of the Edgec l i ff i s  s i mi l ar to the Cl 
unit  and i s  a bout 1 2 . 5  feet thick.  A fi ne gra i ned , dark l imestone at 
the base of Al bri ghts Reef may represent this  Cl  uni t .  

The ba sal  contact of  the Onondaga is  al so of importance to  our  under
s tanding of the Edgecl i ff Reefs . Hestward from Ri chfi e l d  S pri ngs thi s  
contact marks a major  period o f  erosi on wi th the Onondaga s uccess i vely  
overl yi ng the Ori s ka ny Sands tone,  the Hel derberg l i mestones , and the 
S i l u ri an Manl i us Limestone. Ol i ver ( 1 956 ,  p. 1 447) states that the uncon
forma bl e contact at Richfi e l d  Snrings i s  marked by the presence of phos
phate nodul es i n  a gl auconitic  s i l tstone , a l i thol ogy more i nd icative of 
a peri od of non-depos it ion than of ero s i on .  I n  the vi c i n i ty of Roberts 
Hi l l  and Al bri ghts reefs the Onondaga di rectly overl i es the Schohari e 
Formation,  wi th the contact between the two having been i nterpreted as 
gradati ona l by Gol dri ng and Fl ower ( 1 942 ) .  Chadwi ck ( 1 944 , p .  1 53 ) , how
ever, c l a imed that the unconformi ty at the base of the Onondaga i s  
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present i n  the eas t ,  and represented by a gl auconi tic  bed wh i ch marks the 
contact and i ndi cates a d isconti nui ty of sediment depos i ti on .  

TECTONIC  S ETTI NG 

Duri ng the Devonian the Appa l achi a n  bas i n  was dominated by two major 
tectonic el ements , the mobi l e  Appal achian geosyncl i ne and the stabl e  
cratonic p latform. To the east of the geosync l i ne ,  a l and area contri 
buted sediment into the northwestern geosync l i na l  trough . The Ci nci nnati 
Al gonqui n Arch System marked the zone of minimum subsi dence to the wes t ,  
and separated the Appa l achian  bas i n  from the I l l i no i s  a n d  �1i chi ga n  bas i ns .  

Pri or to Onondaga time , the topograohic axis of the Appa lachian bas i n  
i s  bel i eved to have shi fted fi rs t  to the east ,  and then back west.  The 
�1i ddle S i l uri an Ni agara bas i n  i s  loca ted i n  Oh io ,  but by the early Devon
i an the bas i nal  axi s had shi fted approximately 200 mi l es to the ea st ,  
formi ng a northeast trend i ng di a gonal across Pennsyl vania  ( Mesol el l a ,  
1 978 ) .  Li ndhol m  ( 1 967) i nferred thi s  basi nal axis  to continue northwards 
to the v ic in ity of Al bany , New York . After the depos i tion  of the Hel der
berg, Deerpark,  and l ower and mi ddle Onesquethaw sediments i n  the bas i n ,  
two events occurred . The fi rst was a major regression  i n  the bas i n ,  
expos i ng the sediments to eros i o n ,  and resul ti ng i n  the wi despread uncon
formi ty at the base of the Onondaga . The second was the s h i fting of the 
Appal achian bas i na l  axis back towards the wes t.  Lindho l m  ( 1 967)  pl aced 
the bas i nal axis i n  the center of New York State , where the Onondaga i s  
thi n ,  w i th thickening occurri ng to both the east and west .  Mesol el l a  
( 1 978) confi rmed the pos i ti on of thi s  topograph i c  bas i nal  axis based upon 
h is  i nterpretation of extens i ve s ubsurface data . As a res u l t ,  the Onon
daga bas i n  trended i n  an approximately northeast-southwes t di rection 
( Fi gure 1 ) .  

LOCATION OF ROBERTS H ILL  AND ALBRI GHTS REEFS 

The l ocations of al l Edgec l i ff reefs known as of 1 976 are i ncl uded on 
Fi gure 1 .  Roberts H i l l and Al bri ghts reefs are l ocated i n  the Ravena 
7 . 5  mi nute Quadrangle and a re the southernmost reefs i n  the eastern 
Onondaga outcrop bel t  (numbers 1 a nd 2 on Fi gure 1 ) .  Thei r l ocation i s  
only a bout 1 2  mi l es north o f  Leeds , where Ol i ver ( 1 956) pl aced the 
boundary between hi s eastern a nd southeastern Onondaga faci es.  Thi s 
boundary appears to mark a depth rel ated fac i es change , w i th depths 
i ncrea s i ng to the south ( see Cassa  and Kissl i ng ,  1 982 , p . 73 ) .  

ALBRI GHTS REEF 

Only a sma l l  portion of the origi nal reef has been preserved at th i s  
1 oca 1 i ty.  Both the h i  1 1  ock  on the west s i de of  Roberts H i  1 1  Road (Fi  qure 
2 )  a nd the dippi ng beds to the east of i t  are ma i n l y  cri noi dal packstone/ 
grai nstone with l a rge favo s i tids  ( Emmons i a  a nd Favos i tes ) .  These exposures 
represent former l ow-angl e  ( 4  - 8 degree) cri noidal sand fl anks,  with  
most of  the present di p bei ng tectoni cal ly  deri ved. 
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FI GURE 2 .  Topograph i c  map of Al bri ghts Reef. ( n )  and ( s )  on upper part 
of map mark pos i tion of cl i ff face i l l ustrated i n  Fi gure 3 .  Al l other 
exposures are cri noi dal fl ank depos i ts .  Contour val ues rel ative to an 
a rbi trari l y  sel ected zero poi nt on Roberts Hi l l  Road.  

The most notable  feature of Al bri qhts Reef is  the c l i ff-face exposure 
of the rugosan core at the eastern end of the outcrop ( Fi gu re 3 ) .  Here , 
a cross-sectio n  through the rugosan core d i sp lays evi dence of the rugosan 
succession  during mound development. As i l l ustrated i n  Figure 3, i n i tia l  
col oni zation of the micritic  Edgec l i ff sea-floor was carried out by the 
phacel oid  colon ia l  rugosan Aci nophyl l um ,  which was eventual l y  repl aced on 
the southern s i de of the mound by Cyl i ndrophyl l um ( a  somewhat s imi l a r  
phacelo id  col on ial ruqosan w i t h  l arger coral l i tes ) .  Cyl i ndrophyl l um 
rema i ned domi nant until  the core was covered by the flank  sands . 

The l i thology of the rugosan core i s  mai nly  a ca lc i s i l t  baffl estone . 
W i thi n the basal  Aci nophyl l um portion of the mound there i s  l i ttl e evi 
dence of damage to the cora l s ,  wi th most of  the present "fl atten i ng "  of 
the co lonies due to compaction .  The fi rst evidence of d i sturbance of  the 
reef can be seen approximately 3 feet a bove the base of the mound a t  
approximately  the l evel o f  the chert nodules o n  Figure 3 .  Here the rock 
at the southern end of the exposure i s  devo i d  of rugosans , contai ns minor 
bi osparites with a n  erosional base , and marks a temporary shri nkage of the 
area l extent of the coral thi cket , possi bl y  due to storm destructi on .  Thi s 
hori zon marks the onl y evidence of i nterfi ngering of the core with off
mound sed i ments . About 1 0  feet above the base of the mound , wi thi n the 
Cyl i ndrophyl l um domi nance zone , evi dence of s torm damage ( broken rugosan 
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FI GURE 3. I nterpretat i ve cross-section of  I nner Core exoosure at Al bri qhts Reef. Note that the contact between the 1\ci nophyl l um a nd Cyl i ndrophyl l um dominance zones s uggests repl acement over the ent i re fore-reef, a nd not a s i mp l e  verti cal success ional pattern . Al so note that rubbl y zone marks the contact between the massi ve I nner Core fac i es a nd the bedded Favosi ti d  Fl ank fac i e s .  Use ( S )  a n d  ( N )  a t  upper ends o f  fi gure to ori ent c ross-sectio n  wi th  Fi gure 2 ,  the topographic  map of  Al bri qhts Reef. 
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coral l i tes and sma l l  overturned favos i ti ds ) becomes common a l though the 
primary l i thol ogy rema ins cal ci s i l t. 

The bed wh i ch marks the contact between the core and fl anks i s  notab le  
for i ts abundant overturned favosi ti ds and  broken ruqosan s ,  which together 
give i t  a more " rubbly" appearance than i s  characteri s ti c  of the fl ank 
beds i n  general . Numerous broken Cyl i ndrophyl l um coral l i tes with l a rqe 
cl umps of mi cri te s ti l l  attached i ndi cate partial  erosion of the core . 
Thi s  suggests turbul ence condi tions of greater i ntens i ty than had rrevi ously 
exi s ted during the growth of  the rugosan mound.  

ROBERTS H I LL REEF 

In contrast to Al bri ghts Reef, Roberts H i l l  Reef i s  a l most compl etely 
preserved , havi ng l ost onl y its  crest and mi nor porti ons of  i ts eastern 
fl anks to erosi o n .  Sol ution a l ong joi nts has resul ted i n  good exposure 
of the i nterior of the reef,  a l l owing exami nation of a l most a l l  reef fa cies 
and devel opmental s tages . 

As i l l ustrated i n  Fi gures 4 ( topographic  map) and 5 ( i nterpretati ve 
cross-section ) ,  Roberts Hi l l  Reef may be divi ded i nto a number of fac ies .  
The I nner Rugosan Core , or  i ni ti a l  mound facies , cons i sts of a dense col 
oni a l  rugosan baffl estone s imi l a r  to that at Al bri ghts Reef. At Roberts 
Hi l l ,  however ,  the Inner Core i s  the resu l t  of a success i on of three 
rugosan genera , a s  opposed to the two stage s uccession  a t  Al bri ghts Reef. 
Cyathochl i ndrium, another phacel o i d  col o n i al rugosan ( with l a rger cora l 
lites t an Cyl i ndrophyl l um) , dominates the fi nal s ucces s i onal stage of  
Inner Core growth.  Wh i l e  fi el d rel ations s upport the Cyl i ndrophyl l um -
Cyathocyl i ndri um s uccession,  the presence of Aci nophyl l um as the i n i t i a l  
core bui l der i n  Fi gure 5 i s  an i n terpretation.  Th i s  i nterpretati on i s  
based upon ana logy with Al bri ghts Reef ,  and i n  consi deration of the fact 
that Aci nophyl l um i s  documented as the i ni ti a l  success i onal s tage i n  a l l 
eastern Edgec l i ff reefs studied to date ( see references i n  Introduction ) .  

The rugosan s uccession  i s  both a vertical and l ateral success ion on 
the south s i de of the mound ( Fi gure 5 ) .  There i s ,  however, no evi dence 
for the presence of Cyathocyl i ndri um i n  the northernmost I nner Core 
exposures where Cyl i ndrophyl l um i s  the domi nant ruqosa n .  

The l i thol ogy of  the Inner Core i s  a l so very s i mi l a r  to that at 
Al bri ghts Reef. For the most part the i nter- and i ntracorall i te . l i tho
l ogy i s  a biocl astic  calci s i l t ,  but near the edge of the core on the south 
s i de of the mound the i ni ti a l  i ntracoral l i te calc i s i l ts are often found 
to have been partial ly washed out and replaced by a cal c i s i l t  packstone 
with coarse bioc l asts . Finely commi nuted rugosan septal fragments a re 
a l so common i n  this  part of the reef. ni spite this  evidence of h i gher 
energy cond i ti ons , there i s  aga i n  l i ttle evi dence of interfi ngeri ng 
between the I nner Core and the fla nks . A " rubbly zone" a l so marks the 
core/fl ank contact a t  Roberts H i l l ,  but i t  i s  nowhere wel l  exposed . 
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Surrounding  the I nner Core are the c ri noidal packstone/grai nstone 
flank beds . On the south and west s i des of the h i l l  these flanks conta i n  
numerous l arge overturned favos iti ds . Al ong the northeas t  edge o f  the 
hi 1 1  these fl ank beds can be d1 fferenti a ted into a back-reef debris  
apron a nd normal fl ank beds ( Fi gure 5) .  The normal fl ank beds . consist  
of  cri noidal debris  and are s i mi l a r  to those found on  the s outhern and 
western s i des of the I nner Core , nut with l a rge favositi ds only rarely  
overturned . On  the other hand , the debri s fl anks are cha racteri zed by 
dense accumul ati ons of the sol i tary rugos an Cysti phyl loi des , with l arge 
overturned favos i tids and broken phacelo id  rugo sa ns . Pack i ng of the 
Cystiphyl l oides coral l a  is t ight ,  and at fi rst gl ance these depos i ts 
can easily be mi staken for masses of col oni al rugosans s i mi l a r  to the 
I nner Core facies .  This uni t i s  i nterpreted a s  a debris apron and not 
a s impl e  back-reef facies because i t  onlans the reef conformably to the 
underlying and overlyi ng normal reef fl a nks . 

To the south the flank beds are overl a i n  by a dense rugosan assembl aqe 
s i mi l ar to that whi ch formed the I nner Core , l a bel ed the Rugosan Recol on
i zation Zone i n  Fi gure 4 .  Just bel ow the contact with  the Recol oni zation 
Zone the fl anks contai n  a number of features not found previously within  
these former crinoi dal sands . Scours become commo n ,  as do  eros i onal con
tacts a l ong bedd i ng pl ane contacts . Synsedi mentary cements and associated 
framework s i l t- i n fi l l s ,  s i mi l ar to those noted by James , et al . ( 1 976) 
on the reef crest off Bel i ze ,  mark a hori zon about 1 foot bel ow the con
tact .  Thi s  hori zon has been found at both the pa l eotopographic  cres t of  
the reef and a t  i ts foot. Fi nal l y ,  wherever the exact contact between 
the fl anks and Recol onization Zone has been found , the uoper portion of 
the fl anks ( approximately 4 i nches of cri noi dal gra i ns tone) appea rs to be 
ba rren of cora l s  or other l a rge body foss i l s .  

The overlyi ng Rugosan Recol on i zation Zone i s  notable  for three reasons ; 
a )  i t  marks a recol onization of the mound by the ori gi nal core bu i l di ng 
fauna of col onial  rugosans , b )  i t  i s  characteri zed by a success ion of 
rugosan genera d i rectly opposi te to that noted in the I nner Core ( i . e . , 
Cyathoc 1 i ndri um reco 1 oni zes and i s  succeeded by Cyl i ndrophyl l um) , and , 
c i t  marks the return of abundant cal ci si l t  i n  the reef as compared to 
the wel l -washed crinoidal sands bel ow the Recol oni zation Zone, 

The uni ts which overl y the Recol onization Zone to the south ( Fi gure 5 )  
are ma i n ly the resul t of deposi ti o n  fol l owi ng the death o f  the reef ( as 
a re the exposures a l ong the wes t  s i de of Limeki l n  Road ) .  The only  ooss
i bl e  excepti on may be the fore-reef debri s deposits whi ch can be seen 
a l ong the cl i ff exposure on the east s i de of the h i l l  ( Debri s l enses i n  
Fi gure 5 ) .  Here, rubbl e deri ved from the Recol oni zation Zone cons i sts of 
both favos i ti ds and phace l o i d  col on i al rugosa ns .  The micri te whi ch fi l l s  
the intercoral l i te spaces a l so forms a rim a round these col ony fragments , 
suggesti ng that these are not s impl y  di spl aced colon ies , but are i nstead 
l arge i ntracl asts , wh ich wou l d  i nd icate eros ion of the reef at thi s  time .  
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FIGURE 4 .  Topograph i c  map of Roberts H i l l  Reef . wi th reef faci es boundari es . A - A ' , B - B '  and C - C '  
marks pos i ti on s  o f  cross-sections i l l ustrated i n  Fi gure 5 .  Contour val ues rel ative  to a n  a rbi trari l y  
se l ected zero poin t  a t  the i n tersecti on o f  Limeki l n  and Haas Hi l l  Road .  
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FIGURE 5 .  Interpretative c ross-s ections o f  Roberts Hi l l  Reef. I nner Core consi sts of  three fac i e s :  
a = Acinophyl l um domi nance zone ,  b = Cyl i ndrophtll  um dominance zone ,  and c = Cyathocyl i nd ri um 
domi nance zone. Flank fac i es i ncl ude d = norma cri noidal sand fl ank  beds and g = back-reef 
rubb l e  apro n .  e = Rugosan Recol on i zation lon e ,  and f = fore-reef rubb l e  l enses . For posit i ons 
of  cross-;sections see Fi gure 4 ,  topographi c map of Roberts Hi  1 1  Reef. 



CR ITERIA FOR REEF ZONATION 

II FORE TO BACK-REEF TRENDS 

AI RUBBL E APRON TO NORTHEAST 

B) PREFERRED RUGOSAN RECOLONIZATION 
ON SOUTH SIDE OF MOUND 

CI BREAKDOWN OF COMMUNITY STRUCTURE TO NORTH 

2) TURBULENCE INDICATORS 

A) % OVERTURNED COLONIES 

B) EVIDENCE OF RUGOSAN BREAKAGE 

C) SYNSEDIMENTARY CEMENTATION 

D) SCOURING 

E) DEGREE OF WASHING OF CRINOIDAL SANDSTONES 

FIGURE 6 .  Cri teria used to i denti fy pal eocurrent d i recti on and i ncreased 
leve l s  of envi ronmental turbul ence. 

EVI DENCE FOR CURRENT DI REC:TION DURI NG REEF GROHTH 

Both pal eoecological and sedimentary evi dence ( Fi gure 6 )  can be used 
to s upport an i nterpreted current flow from arrroximately southwest to 
northea st.  The pal eoecolog i cal  evi dence cons i s ts of the preferenti al 
�ol oni zation of the south to southwestern si des of both Al bri ghts and 
Roberts H i l l  reefs by ruqosans . Note ( Fi gure 3 )  that at Jl.l bri ghts Reef 
the rerl acement of Aci nophyl l um by Cyl i ndrophyl l um took pl ace on the 
south s i de of the mound w1 th the formerly domi nant coral �enus bei ng 
displ aced to the north s i de of the mound . At Roberts Hi l l  Reef (F i gure 
5 )  Cyathocyl i ndrium can be found to displ ace Cyl i ndrophyl l urn on the south 
s i de of the mound whi l e  the north s i de of the I nner Core exposures offer 
no evi dence for the presence of Cyathocyl i ndri um. Further , the recol on
i zation of the mound took pl ace preferenti al l v  on the southern s i de of 
the mound , with no evi dence to s uggest that the maj 6r ru9osan recol on
i zation extended to the north s i de of the reef. Final l y ,  whi l e  the south 
s i de of the mound d i sp l ays a wel l devel ored commun i ty structure i n  the 
presence of domi nance zones , no such zones exi st on the northern s i des 
of ei ther Al bri ghts or Roberts Hi l l  reefs . When rugosan col oni es a re 
found on the north si des of the mounds they arpear to be haphazard groupi ngs 
of genera . Preferential  pl acement on the up-current s i de of reefs or mounds 
i s  known to occur i n  both recent shal l ow anrl deer-water reefs ( Ha l l ace and 
Schafersma n ,  1 977 ;  Reed,  1 980 ) .  

Sedimentol ogic  evidence i n  suprort of a northeast fl owi ng current 
cons i sts of the debri.s apron wh ich  i s  found on the north s i de of the 
reef, scours and i ntercoral l i te cross-bed l i ke structures on the south 
s i de of the reef, and abundant overturned favositi d s  i n  the southern 
flanks as compared to a lmost no overturni ng i n  the normal fl anks exposed 
a l ong the c l i ff wa l l  on the northeast s i de of the h i l l .  
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U�' .reH�IL 

RISING 
SEA-LEVEL 
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INNER CORE - FLANK 

FABRIC CHANGES X X 
LACK OF CORE - FLANK INTERFINGERING X 
FORMATifl,N i;F BAji:K-REEF RU BL ZON X X 
I NC��Ij}lv8¥Ff1jb'iRN lNG X X 
TOPOGRAPHIC POSITION OF X SYNSEDIMENTARY CEMENT 

R�fflf1hllf�fb_0NcJ1
A
JJ2�R X 

CORE SUCCESSION 
CESSATION OF RUBBLE X ZONE DEPOSITION 
INCREASED CALCISILT X DEPOS ITION 

FI GURE 7 .  Li sti ng of observati ons made a t  Roberts H i l l  and Al bri ghts 
reefs versus pos s i ble  causes . Note : "Upwards Reef Growth" assumes 
static sea-l evel . See text for deta i l s .  

EVI DENCE FOR AN ONONDAGA SE/1.-LEVEL FLUCTUATION 

As mentioned in the I ntroduction , most previous studies of Edqecl i ff 
reefs have concl uded that evi dence of i ncreased turbul ence found near the 
tops of these reefs is due s imp l v  to upwards reef qrowth under static sea
l evel cond i ti on s .  Whi le  numerous observations made at  these reefs do 
suqqest i ncrea s i ng turbul ence throu�h in i tial  ( I nner Core ) growth , an 
al ternative hypothesis - that qrowth took pl ace duri ng a peri od of fal l i ng 
sea-l evel - may better exp l a i n  these observa ti ons . I n  order to test 
these two hypotheses , Figure 7 l i sts observations made at these reefs 
wi th poss i b l e  i nterpretations of the i r  cause. 

Three observations appear to be tota l l y  neutral wi th regard to ei ther 
fa l l i ng s ea-l evel or upwards reef growth wi th static  sea-l evel . Sedi ment
ary fabri c c ha nges across the core/ fl ank boundary a re suggesti ve of 
i ncreased turbul ence and occur both a t  the reef crest and at i ts foot ,  
but s i nce breakage products from the reef crest may eas i l y  be transpo rted 
down the reef as sand and s i l t  s i zed s ediment , thi s observati on i s  
neutral . The same argument ho lds  for the percentage of  overturned favo
s i ti d s  i n  ei ther h i g h  or l ow fore-reef posi tions ; and a back-reef rubbl e 
zone woul d be expected to form behind a h i gh energy reef crest regardl ess 
of how the reef had managed to enter the high energy zone. 

The ruqosan succession in the I nner Core may be consi dered neutra l 
i f  i t  i s  a purely vertical succes s i o n ,  s i nce reef crest commun i ti es i n  
the Carri bbea n ,  for i nstance , are known to be control l ed by turbul ence 
l evel ( Gei ster, 1 977 ) .  The succession  i n  the I nner Core and Recol oni zat
i on Zone at  Roberts H i l l  and Al bri ghts reefs are ,  however, not onl y  
verti cal but a l so l ateral , and hence,  i f  control l ed b y  the l evel of 
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F IGURE 8 .  Model for the deve l opment of  Roberts Hi l l  and Al bri qhts reefs . Vertical  l i nes a t  l eft mark 
extent of preserved reef deve l o pment .  Growth of  I nner Core i s  control l ed by a success i on of  three 
rugosan genera wi th fal l i ng sea-l evel . Note that earl y s tage qenera a re d i sp l aced to back-reef 
area ( Cyathocyl i ndr i um of onl y mi nor i mportance at Al bri qhts Reef ) . At l owest sea-l evel Roberts 
Hi l l  Reef was a cri noi dal  s and bank wi th  some favos i ti d s .  Recol oni zati on Zone marks return o f  
rugosans  ( i n  reversed s uccessi onal o rder) due to rise  i n  sea-l evel . Fi nal  drop i n  sea -l evel 
ends reef growth.  
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turbul ence , must refl ect uni formly chanqing condi tions over the enti re 
fore-reef s i nce the rugosan domi nance zones extend from the crest to the 
foot of the mound . Therefore , the l ateral ruqosan succession can only 
be expl ai ned by fal l i ng sea-l evel , s i nce s imn le  uoward reef growth wou l d  
not cause such a uniform change i n  turbul ence cond i ti ons . 

The above argument may a 1 so be app 1 i ed for the topograph i c  pos i ti on 
of the synsed imentary cements bel ow the Reco l oni zation Zone/fl ank contact. 
Synsedi mentary cements occur only below thi s contact,  fol l owing i t  from 
reef crest to foot, over a verti ca l ran�e of about 35 feet . S i nce the 
l ower boundary of the Recoloni zati on .Zone i s  assumed to mark a b io logica l  
event - a time l i ne - the assumed h igh  turbul ence cond i ti ons requi red to 
form these cement fabri cs wou l d  have had to affect the enti re reef at the 
same ti me - a requi rement whi ch reef growth i nto a h i gh  energy zone cou l d  
not meet. 

The l ac k  of core/fl ank i nterfi ngeri ng a l so s uggests fal l i ng sea-l evel . 
Roberts H i l l  may be consi dered as a preserved sequence of three consecut
i ve communi ti es :  a rugos an mound fol l owed by a favos i ti d/cri noid sand 
ban k ,  and l as tly ,  a new rugosan mound . That the I nner Rugosan Core 
ori gina l l y  cons i s ted of a l a roe mound wi thout flanks i s  supported by the 
compl ete l ateral rugosan  success ion wi th i n  the core . I f  the core and 
flanks had been devel opi ng s imul taneous l y  we wou l d  expect to fi nd both 
extensi ve i nterfi ngeri ng of the core wi th fl ank sands , and overqrowth of  
the flanks by l ater rugosan s uccess ional stages . At poi nt X on the Roberts 
H i l l  map ( Fi gure 4 )  the Cyathocyl i ndri um ( fi nal ) stage of core devel opment 
may be seen near the topographic base of the reef underl yinq the fl ank  
sands . A second cons i deration is  s i mp l y  the concept of "fl ank" beds . 
General l y ,  fl ank  beds are cons i dered to have been deri ved from the acti ve-
1 y growi nq reef, but i n  the case of A 1 bri ghts and Roberts Hi 1 1  reefs the 
cores cou l d  not have a cted as the source for the cri noidal flank s ands 
s i nce thev cons i s t  of ca l ci s i l t  baffl estone.  Hence, the fl anks must be 
cons i dered a separate , i n-p 1 ace bui l dup of " norma 1 "  Edgecl i ff qra i nstone/ 
packstone around the al ready extant rugosan core. S uc h  a rel ationship 
woul d  expl a i n  the di fference i n  turbul ence l evel s suggested by compari son 
of the I nner Core fa brics w i th those of the flank beds with thei r l arqe 
overturned favos i ti d s .  Th i s  wou l d  al so fi t a model of fa l l i ng sea-level , 
wi th the rugos an core being  a l ow eneroy commun i ty and the favos i t i d  fl anks 
devel oping under hi gher energy condit ions . Fi na l l y ,  the rubbl e zone on 
the north s i de of Roberts H i l l  supnorts th i s  three commun i ty concept. I f  
a n  acti vely growi ng col oni al  rugosan commun i ty had , i n  fact ,  reached the 
high turbul ence zone , then the rubble  apron wou l d  be expected to be . heavi l v  
dominated by fragments of these co 1 oni es . Instead ,  the rubb 1 e zone ori 
mari ly  cons i s ts of tho $ma l l  sol i ta ry rugosan Cysti phyl l o i des and over
turned favos i ti ds - both characteri stic of the fl ank deposi ts on the south 
s i de of the mound - with only mi nor contri buti ons from col oni al  rugosans.  
Thi s  simi l ari ty of rubb l e  zone fauna to that of the normal fl anks , i ns tead 
of the ·rugosan core , s ul)gests that at the time the rubbl e apron began to 
form the normal flanks were a l ready wel l devel oped and pos s i b l y  the mai n  
reef faci es , S i nce i t  i s  doubtful  that either the sol i tary rugosans or 
the wi dely  spaced favos i ti ds could account for active or rapid upwards 

· growth of the mound , fal l i no sea-l evel appears to be the l og ical answer.  
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Fi gure 9.  Cross section showi ng Ol i ver ' s  ( 1 954 , 1 956)  stratigraph ic  uni ts 
( E=Edgecl i ff,  N=Nedrow, M=Moorehouse,  and S=Senec a )  and Li ndhol m ' s  ( 1 967)  
l i thofacies ( ! =fossi l i ferous cal c i si l ti te wi th about 25%  c:l ay and less  
than 1 011. fos s il s ,  I I=fos si l i ferous ca l ci s i l ti te wi th about 5%  c lay  and 
l ess than 1 0% fossi l s ,  I I I=bioca l c i si l ti te wi th 1 0 - 50% fossi l s ,  and 
IV=biospari te and biocal c i si l ti te wi th greater than 50% foss i l s ) .  From 
Li ndhol m  ( 1 967 ,  p . l 44) . 

A revers a 1 of thi s fa 1 1  i ng sea-l eve 1 trend i s  cl earl y i ndicated by the 
cessation of rubbl e zone deoos i ti on wi th a return to normal fl ank condi t
i ons , the formation of the Rugosan Recol onization Zone wi th i ts reversal 
of the ori ginal  Inner Core success ion ,  and the s imi l arity of Recol oni zat
ion Zone sedi mentary fabri cs to those of the I n ner Core. Thi s  reversal 
i n  s ea-l evel trend was probabl y short l i ven ,  wi th return to fal l i nq s ea
l evel resul ti ng i n  the fi nal  death o f  Roberts Hi l l  Reef.  F igu re !l 
summari zes the res u l tant model for the devel opment of Roberts H i l l  and 
Al bri ghts reefs under these fl uctuati ng sea-l evel condi ti ons . 

BAS I NAL EVI DENCE 

The stratigraphy of the Onondaga Formation l ends further support to 
the assumed s ea-l evel fluctuati on .  As mentioned earl i er ,  the basal  
contact of the  Onondaga in  the east i ndi cates at  mos t a d i sconti nuity i n  
sediment deposi tion as compared to major erosion  to the west .  Further, 
the basal Cl uni t in the eastern Edgecl i ff i s  s i mi l a r  to the assumed 
deeper water wackestones to the south and passes upwards i nto the shal l ow 
water packstone/grai nstone fac i es of  the C2 uni t .  From that poi nt on the 
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eastern Onondaga l i thol ogy undergoes l i ttle  change , rema 1 n 1 nq a ma i n ly  
shal low water faci es , whi l e  to the west i n  the center of the bas i n  at 
l east four faci es a re present ( Fi gure 9 ) .  Th i s  suggests that Edqecl i ff 
depos i ti on began i n  the east ,  hut water depth gradual l y  decreased there 
as the bas i nal  axi s sh ifted westward wi th the major 1�estward tra nsgress
; on.  Fol l owing the stabi 1 i zati on of the basi  na 1 axi s in  i ts centra 1 New 
York pos i tion , a sea-l evel fluctua tion took pl ace . Thi s  fl uctuation may 
be noted i n  Fi gure 9 ,  taken from Li ndhol m ' s  ( 1 967)  study of Onondaga 
mi crofaci es . Note the c lass ic  trans gres s i ve/regress i ve shi ft of the 
deeper water fac i es fi rst to the east and then back to the wes t .  Thi s  
pattern marks the sea- level fl uctuation recorded s o  wel l  i n  Roberts Hi l l  
Reef. 

ROBERTS H I LL AND ALBRI GHTS REEFS - A r�ODEL FOR E"DGECLI FF REEF GROWTH ? 

Fi gure B ,  the model for the sequenti al  devel opment of Al bri ghts and 
Roberts H i l l  reefs may be used as a qeneral model for Edgecl i ff reef 
growth , but only wi th caution . The i n i ti al Inner Core rugosan succes s i on 
from Aci nophyl l urn to Cya thocyl i ndri tl"l with the 1 ate deve l opment of cri noid
al fl anks may be used as  a fi rst aprroximation of an " average" Edgec l i ff 
reef; however, we may wel l  ask  whether there i s  i n  fact any such th i ng a s  
an "average" Edgecl i ff reef.  Development o f  Roberts H i l l  and Al bri qhts 
reefs was strongl y affected by sea-l evel change , pos s i b l y  caused by a 
s h i ft i n  the pos it ion of the basinal  axi s .  S i nce these are the two most 
eastern of the Edgecl i ff reefs wha t miqht we expect to find i n  the reefs 
to the west? 

Paquette ( 1 982 ) has presented evi dence for the presence of a storm 
disturbance hori zon at the base of the �1t . Tom reef near Richfi e ld  Spri ngs . 
Si nce the enti re exposed core of r�t . Tom 1 ies a bove thi s  hori zon and i s  
made up a lmost excl usively of Aci nophyl l um ,· Paquette has suggested that 
reef growth may have begun i n  shallow water but conti nued under cond i tions  
of i ncreas i ng water depth due to subsi dence in  the ba si n .  The presence of 
Mt . Tom near the edge of the eros i onal unconformi ty that marks the base 
of the Onondaga and i ts cl oseness to the fi nal topographic bas i nal  axi s 
may support thi s hypothes i s .  

Coughl i n  ( 1 980,  p . l 41 )  descri bes a rep i ti ti on of coral domi nance zones (Cyl i ndro�hyl l um/Aci nophyl l um - Ac i nohhyl l um/Cladopora - Cyl i n drophyl l um )  
1 n  a dril -core from the subsurface T omas Corners reef i n  Steuben Countv. 
Thi s may be due to epi sodi c sea-l evel changes during bas i nal  subs i dence . 

Final l y ,  Poore ( 1 969)  i n  hi s study of the Leroy bioherm descri bes an 
Inner Core domi nated by Cvs ti phyl l oi des a nd C ladopora - a s i tuati on 
appa rently unknown in the eastern Edqecl i ff reefs .  

These studi es i ndi cate that there i s  much di versi ty in  the patterns of  
deve l opment d isp layed by the Edgecl i ff reefs , but there is  a l so  much i n  
common among them. S ince i t  appears probable that major chanqes were 
occurri ng i n  the Onondaga bas i n  duri nq ree·f growth Figure 8 may be used 
as a model only i f  di fferences in bas i nal condi tions based upon geographic 
l ocation a re kept i n  mind . Whether or not an "average" Edqecl i ff reef 
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trul y  exi s ts , Figure 8 may then be a useful fi rs t  approxi mation of a model 
for Edgecl iff reef devel opment.  
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Brook , 39l p .  

0 . 0  

2 . 2  
0 . 7  
0 . 8  
o .  1 5  

1 . 5 
0 . 7  
0 . 3  

1 . 1  
1 . 4 
0 . 6  

0 . 0  

2 . 2  
2 . 9  
3 . 7  
3 . 85 

5 . 35 
6 . 05 
6 . 35 

7 . 45 
8 . 8 5  
9 . 45 

MI LAGE LOG : 
Tol l booth at Exi t 2 l b  of  N . Y .  S tate Thruway , Coxsackie  exi t .  
Make ri ght turn onto Rt . 9W north . 
Left turn onto County Rt . 51 . 
Bear l eft onto County Rt . 54 .  
Right turn onto Roberts H i l l Road . 
STOP I .  ALBRIGHTS REE F .  Park cars a l ong shou lder of road . Ma i n  
part of reef l i es to the ri ght ( east ) . Exposures a l ong road 
a re crinoidal sand/favos i ti d  fl ank depo s i ts .  Cl i ff face about 
1 30 feet to east exposes rugosan constructed Inner Core . 
Turn cars around and  proceed south on Roberts Hi l l  Road . 
Ri ght turn onto Reservoir  Road . 
Left turn onto Limeki l n  Road . 
STOP I I .  ROBERTS H ILL  REEF . Reef l i es to the east of the road 
a nd makes up the ent i re northern portion of the h i l l .  Ol d 
l ogging road ma rks approxi mate southern end of reef . Exposures 
to the west of the road a nd south of the l oggi ng road con s i st 
of post-reef growth fl anks . CAUTION : SOLUTION EXPANDED JOI NTS 
ARE COMMON ON THE TOP OF THE H I L L  AND ARE COMMONLY FI L LE D  \4I TH 
LEAVES . PLEASE WATCH YOUR STEP . 
Continue south on L imek i l n  Roa d .  
Left turn onto Schi l l er Park Road . 
Left turn onto Rt. 9W .  
Right turn for Thruway entrance . 
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