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Boo? pool-2 
fly 

jXm(cutts) : apparently upper tliversr~ Zone : Early Eocene : very nearshore : usually 
Dilwyn 

..- 

_- ’ 

791-97m(cutts) : upper hulmei Zone : Paleocene : marginally r~+.e ; ;rsually lower 
Pember and Pebbie Foint 

8 1 O.Stn(c~tts) : iower ~W/ntli Zone ! r:russItubufutu Dino Zone) : Paleocer,e : very 
nearshore : usually Pebble Point 

Belfast-l I 
476m(cutts), 506m(cutts) : lower aspcrtcs Zone (he/e#-cJph/krfU Dine %on~,) : Middle 
Eocene : near;hore marine : usually Nin-arlda 

93 t-SIm(.core) : upper lor~gus Zone (clnrggri Dino Zone) : Maaztiizhtian : usualiy 
topmost Paaratte 

452.6-3S. 5m(core) : kwer usperzcs Zone (lrerrr@ [\~~ru Dino Zone) : Middle Eocene * 
very nearshore marine : usually Nirranda Group 

723-33m(core) : probably middle Jivemrs Zone : Early Eocene : very neJrs!xre : 
usually upper Pember or lower Dilwyn 

Belfast- I3 
._ 

423-26m(core) : lower u.spc?rus to middle r~~berczthus Zones : Middle Eocene to _- 
Oligocene : intermediate m&rine : usually Nirranda Group 

Koreit-10 .- 

55 I-57m( core) : upper divcrsm Zone : Early Eocene : tery nearshore : usually Dikyn. 

- 
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This sample suite was submitted by Greg Parker of the ‘Victorian Depanment of 
Enewy and Wnsrals as part of a sti:c!y of the onshore Otway I3asin. 

Palynomorph occurrence data are shown as Appendix I and from the basis for the 
sssigment of the samples LV the Tertiary and Late Cretaceotls Zones. 

The Tertiary zonation is basically that of Stover and Evans ( 1973) and Stover and 
Partridge ( 1373) as modified by Pw-tritigc ( 1976 j and shown in Figure ;. 

Thr Cretaceous spore-pollen zon:.:ion is zssentiallv tia,lt c!‘Dettmann and Piavford 
I i949) combined with Stove: an d Evans ( 1973) and Stover and Partridqe ( 1553). Tii;s 
framework has been signitica;i::y modified and improved ‘oi various authors since, 
and most recently discussed in Heiby ct ;I! { i9171. and modified in the Ear!? 
Cretaceous by Morgan : 1985) for application in the Otway Basin, as showi in Figure 
7 -. 

Sampk I;rocessing usualiy involves tne following steps. 
used if required: 

(a) 
W 

iC) 

Cdi 

(k) 
(1) 

-1 \.” I 

0-d 

digest about IOgm of crushed rock in 5C% HF overnight. 
wash out several times over IO m’zron ~~~!*;e.s+c- r;#,-b~:. Acidi& :vith cone NC1 . 
if fluorosilicate gel forms. 
heavy liquid separation used concentrated ZnBr2 with SG cf ?.C:. 
wash out float fraction over IO micron polyester sieve. Acidit) ifZn(OH)l 
precipitate forms. 
mount a sieved kerogen slide. . 
oxidise in Sc. Y.&e Solution (cone 300,; l-IN03 with crystalline KCIG;). 
wash out over 10 micrc? poiyes:er siev?. 
add 5?/0 KOH to dissolve humic acids. 
wash out over IO micron polyester sieve. 
examine under microscope for satisfactoq oxidation. Repeat steps ( f, to (i) if 
required 
heavy liquid separation using ZnBr2 solution (SG of 2.0). 
wash out qoa: f:.w;r,n using polyester sir.:e. ‘\: *tlfy if Zn(OH)z prc *‘ilit& 
forms. 
dehydrate onto coverslip. 
mourlt microscope slides using Eukitt medium. 



.Sample examination usually involves the following steps: 

scan two traverses at ;Y 10 to log the bulk of the asscrablage and get some idea 
of age. 
scan at x 40 and count the first 100 specimens to get percentage contents for 
each species. From this, “S4ir.z Micro@ktr;n Content” (?G) can be 
deve!orxA to provide an index of nla;ine in!luence. Where the sample is too 
lean to proGde 100 specimens, fr eqcency is estimated from the specimens seen 

-1 

-_ 

Ah A=abundaat, C=commo% F=frequei:t. R=rxe. 
return to s 10 to scan a: kst two large covsrsli+ ;.TI log rare species, and 
fkalise age coxI~k5Ions. Log more AiGs if required. 
exzmine sieved kerogen slide for specimens of C~wtlrick~ to establish snore 
colclur :br Spore Co/our ‘nIs.tuiiQ’ Index. 
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l-4 BOOTHAPOOL-2 

524m(cutts) : app.3 ;ently upper diversus Zone 

Assignment to tr,e upper Md~~cipolli.~ &erszr.y Zone of Early Eocene age is 
indicated at the top by youngesr ltlrrtrrrt-p(~,-opol;enite.s nr~rabrlis, .\4ulva~tpollis 
Jtvcrstts, ,~l~~rrc;c~rthres tcnuis, Prorrucitiires grundis and Spltlolonocol~lles 

promrtutrus without ?-olzucirliles us~~r+tol~~.~ znd common Hdctrugucidiles 
hnrrrsii. At the bns::, o’dcst i’roleucidiizs puch~pol~~s and &f. rerrtci.~ are 
diagnostic. but could conceivably be caved into lower or middle di\*c’rszLT Zone 
from any overlying upper ~li~~lX;v or U.~,7’l’i~jlOilLY Zone. Since multiple 
specimens were seen, they are likely to be in place. Younger caved elements 
are sesn, including .-tlisocysru c,rnu~a and .ircosphueridttrm urcuuttcm, caving 
from the lower uspetx~ Zone Nirranda Group. H. harrrsrr IS common with 
Xorhoj~gitlrres c*murcidtcs very frequent and Ddwynires grunulurus and 
Profeuctdittis frequent. Rare elements include .-lnucolositli~cs ucur~dlw, 
3unksicucitirtes urcuulus, ~‘upuniedires orrhcirctch~rs, I. notubilis, -11. rcnuis, 
P. pu~~I~~~pd~.v and S. promrnu~us. 

Dinoflagel!ates are rare but include ,-I. ornulum and .A. urcuulum diagnostic of 
the Middle Eocene lower usperus Zone. In view of the spore-pollen evidence, 
these are consicfered caved. Longranging ta..a include Aprcrotlit;ttrm 

hontomctrphutn and Thukussiphoru pelugicu with frequent Sptnij2ri~e.s rumcxu.y 

probably caved. 

Very nearshore marine environments are indicated by the low dinoflagellate 
diversity and content ! 12?6) much of which 
pollen are abundant and diverse and cuticle 

ir probably caved. Spores and 
fraLrnents are vev common. 

These features are normally seen in the Di1wF-n Formation. 

2 791-97m(core) : upper balnrei Zone 

Assignment to the upper Lygisrepollenrres bultnei Zone of Paleocene age ic, 
indicated at the top by youngest Gamtiertna nrduta and L. bdmei and at the 
base by oldest Proreucidires grundrs. Common Proleucidires, Dily~nt~es and 
Fulci.vporrrcas \\iith frequent C~vuthidi~cs. Gumhierinc: and Luev.r,~fZotosp~?rttcs. 

--- -- 



Dinoflagellates are rare and ncndescript. 

Marginally marine environments are indicated by the very rare low diversin- 
dinoflagellates, common spiny acritarchs ( I 1% .\lfcrlt)slric(izutt) and 
freshwater alsat: (5 0; f?o~~~~~occtr.s) and dominanr and diverse spores and 
pollen. 

--. 

These features are normally seen in the lolvcr Pember Member and Pebble 
Point Formation. 

3 810,Sm(cutts) : lower bnltrrei Zone (cmssiinbulata Dino Zone) 

Assignment to the lolver I.. htrl:ner Zone of Paleocene age is indicated by 
consistent G. rdutu and I,. hulmer ivithout younger or older markers. and 
confirmed by the dinoflagellates. lIi1y~wt~e.s spp are very common with 
frequent Fu1ctsporirc.s and Prorcacrdtres. Rare elements include Azorru1opo11i.s 

ob.scwu.s, .4mo.sopollr.s crttctl;wtnt.s and S(c~rcr.sport~w puncrurus. 

Dinotlagellates arc very rare but include I>c~~luntlrea .sp~~~~~~~u, Ewwuckiu 

ctYJ.wll~Jhlh~U and ~strb~~rdinrrrm huk~r~ indicating the mid Paleocene 
crussrrubulu~c; Dinollagellate Zone. 

Very nearshore environments are indicated by rhe low dinotlagellate content 
( lo//o) and diversity, very frequent freshwater algae (9% Hor~~~occzs) and 
abundant and diverse spores and pollen. 

These features arc normally seen in the Pebble Point Formation. 

.-.....e . . -, *  I- B,- BELFAST- 11 c ‘Ic 

1 476m(cutts), 506m(cutts) : lower mperus Zone (heferap/r[wta Dino Zone) 

Assismment to the Middle Eocene Norho~itgitirks usperus Zone is indicated by 
dominant Norho/;rgtdi~e.s spp (470,/o) without older markers. At 476m, 
(Ij:uiheucdiles c~tvttr/ulus suggests the Oligocene l%teccitiire.s rubwxdurus 
Zone, but is considered caved given the dinotlagellate data. Norho$giJires 
totally dominate with ,V. cicnlrnu~us and A! fulcara frequent and LV. usperuv rare 
but consistent. !)il\s:\*nt/e.s, C\~uthitlircs arid /I. hurrisli are also frequent. 
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Amongst the dinotlagel!ates, A. ornutum. Arcr@xx!riu’ium multhrnutum, 

Dej~unu’rea heterophl~ctu and D. plrosphoritica indicate the D. Iretervphl~ctu 

Zone of Middle Eocene age, correlative with the lower A! usperrrs Spore- 

Pollen Subzone. Spinlfirites and Alicri~~~srridium spp are frequent to common. 
Pentudinium luticinctum at 506m is considered caved rrom the Oligocene. 

Environments are nearzhore marine with subordinate dinoflagellates of 
moderate divers@ and dominant and diverse spores and pollen. Marine 
influence increases upsection. with increasing dinoflagellate content, and 
decreasing freshwater algal content. 

These features are normally seen in the Nirranda Subgroup. 

2 331-41m(core) : upper longus Zone (drug@ Dine Zone) 

Assignment to the upper Tricolpites longzrs Zone of Maastrichtian age is 
indicated a; the top by youngest Quudrupiunus brossus, 11 longus. ‘I: 
waipawuensis, liicolporites lillrei and liiporopollenites sectilis, and at the 

’ y oldest Stereisporites punctures and common G. rdatu. Protcucdites 

+ are totally dominant (~6%) with G. rrrclatu common (ZOO//). Other rare 
elements not already mentioned include Stereisporites regium and 
Not,$ofagitlites cnhrw. 

Amongst the rare dinotlagellates, C’unninginopsis bretonica, lsubelidinium 
bakeri and ~Clunumirllu tfruggii indicate the M drqggii Dinotlagellate Zone. 
C btetonica is the most frequent. 

These features are normally seen in the topmost Paaratte Formation and 
equivalents. It frequently occurs as a thin terminal Cretaceous claystone. 

C BELFAST-12 

2 432.638,5m(core) : lower asperus Zone 

Assignment to the N. usperus Zone of Middle Eocene age is indicated by 
abundant Not/lofagidites spp without other markers. The lower Subzone is 
indicated by the dinoUagellates. Nuthfagidites totally dominate (63?/,) with 
frequent Cyathidites and Fdcizporites. Rare elements include Seaupreudites 
verrucosus and Kuylispo.*ites waterbolkii. Clearly caved is the middle 
Miocene and younger Acacmpoiienites myriosporites. 
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-. 
Amongst the Ctnoflagellates are D~~~lunJreu lwteropl~lwtu and 9. 
pl;o.~phrit~cu. indicating the middle Eocene I). heteroohlyctu Dinotlagellate 
Zone, correlative with the toiver ,\‘. uspcrzrs “:wre-Pollen Zone. 

. ..s 

Very nearshore marine environments are indicated by the tow dinotlageilate 
diversity and content (,-I%), abundant spores and pollen and consistent 
freshwater at gae. 

. 

.-_ 

These features are normally seen in the Nirranda Subgroup, so the Mepunga 
Fomwtion is quite likely. 

2 723-33m(corc) : probably middle divrrsus Zone 

This awxblnge is unusual in that zone markers are exceptionally rare. A 
middle .\/. tiivcrst~s Zone assi~gnment is most likely with very rare 4dest B. 
arcuutus, P. kopiensls and Protctrcrditcs clurus seen. A lower dIversus Zone 
or younger is indicated by oldest l*. vrtltoteichus and P~riporopollenites 
hnurcutrr.*. Rare specimens transitional to P. pucl~ypc~l~r.~ suggcct the upper 
diI’ver-s~~.s Zone. Many of the usual DilwywPember taxa were not seen. A 
single I,. bulmer is considered relvorked. 

Amongst the dinoflagellates, ll~jluntircu pucl~~*ceros and I>. ohliyurpes with 
. ipectodiniwn spp are consistent. Ah-ltwtrrditmm spp are frequent. 

Very nearshore marine environments are indicated by the rare low diversity 
dinotlagellates and dominant and diverse spores and pollen. 

These features are normally seen in the uppe: Pernber Formation or lower 
Dilwyn Formatton. 

D BELFAST-13 

1  J23-26m(core) : lower asperur Zone to middle P. tuberculatics Zones 
L  - =i 
m 

This sample is estremely leati and cannct be confidently assigned. Dominance 
of ,‘VotltofagditeJ and Spin#rites clearly indicates a post Dilwyn age. Spores 
and pollen are extremely rare and not very age dia&wostic, but common 
Notlrr,lugici~tes with rare N. Jlcmrrrgli and ?I. fulcatu indicate a iower usperus to 
middle tub~~.dutw interval (mid Eocene to Late Oligocene). 
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Amongst the dinotlagellates, a single S~~hrmutrqdtoru speciosu sug_gests a 
.Middle Eocene age, while I~?tpI~to.~pho~~rlJiflm spX and Pentudiniunt 

lutlcincttim suggest Oligocene ages. 

Environments are intermediate marine as shown by the dominant 
dinoflagellates (800//o) and their high diversity, and the lean yields with very 
restricted spores and pollen. 

These features are certainly more typical of the Nirranda Subgroup than the 
Dilwyn Formation. 

E KOROIT-10 

1 %I-57m(core) : upper diversus Zone 

Assignment to the upper ,tfaivacipollis diverstds Zone of Early Eocene a_ge is 
indicated at the top by youngest rM titverst~~, M ~enuis. P. grundis, P. ornufus 
and S. prommuttcs with common H. hurrisii and without younger markers, and 
at the base by oldest ,%% lentds and P. pucl~rpolu~. H. hurrisii and 
Proteacidiles are common, with frequent Cyuthidites, M diverstL~ and 
L~vgiis/epollenitesflorinii. Rare elements include C. orthoteichrrs, A/. tenuis, P. 
demurcatus and P. kopiensis. 

Dinoflagellates are very rare and not age &agnostic. Apec!od’ptium 
homomorphtrm is present. 

Very near-shore marine environments are indicated by the extremely rare 
dinoflagellates (- ‘0,/o) and their low diversity, frequent freshwater algae (7%) 
and the common and ci;-;erse spores and pollen. 

These features are no,-mally seen in the Dilwyn Formation and occur in the 
Burmn~uie Member. 
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MORGAN PALAEO ASSOCIATES : Palynological Cmsultants 
Box 161, Maitland, South Australia, 5573. 
Phone (088) 322795 . . . Fax (088) 322798 

C L I E N T: GEOLOGICAL SURVEY OF VICTORIA -----_------------------------------------------------------ 
WELL: BCOT.HAPOOL-2, SELFAST-11, BELFAST-12, BELFAST-13 AiiD KCROIT-10 ___________------_-_-------.------------------------------------- 

I 

"I ELD/AREA: -----____------------------------------------------- 

_ _ -. 
KB E LEVAT ION: TOTAL DEPTH: ------------- -------a_- 

' ANALYST:ROGERMORGAN DATE: NOVEMBER 1994 ------------------------ ----e-e------___ 
N 0 T E S: ALL DEPTHS ARE IN METRES -----.---______------------------------------------------------ 

ALL FIGURES ARE PERCENTAGES BASED ON 100 SPECIMEN COUNT AND ----_____-___-------------------------------------------------- 
"X" REPRESENTS RARE PRESENCE OUTSIDE THE COUNT -----_-_--_---__---------------------------------------------- 
"X"=ABUNDANT, "C"=COMMON, "F"=FEW, "F"=RARE ___-_-__________---------------------------------------------- e- - 

1 \NGE CHART OF OCCURRENCES BY ALPHABETICAL LIST WITHIN GROUP 
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