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ABSTRACT 
o 

The stratigraphy of the Upper Pennsylvanian (Westpha1ian C-D, 

Stephanian) Pictou Group, in a stud~ area at the southwest end of"the 
Cl (, f) 

_~ra1 Carboniferous'Basin, New'Brunswlck, records the development of 

largè, scale megacyclic units 150 'to 400 meters thick and smaller scale 

éycles 25 to 75 meters thiçk. The bases of the cycles are 'dominated by 

" ! a succeS'sion of grey coarse-grained sandstones and cong1omerates while', , ~ 

t~e upper pOttions are dominated by a succession of red fine-grained . 
sandstones, siltstones and sh-ales. These two major lithofacies ~ 

assemblages record coexisting f.luvial channel and flood plain deposi­

tional systems'. A study of'-the detailed vertical facles sequences in 

" drill cores indicates that the fluvial channelOsystems were charac-

terized by the chann~l deposits of large river belts with a high 

sediment charge and probably of braided pattern. The flood plain 

s~stem dev~loped as a wide flat-lying alluvial plain subject to 

seasonal flooding and drying with pedogenesis. The cyclic strati­

graphy develdped as a product of dynamic interaction b€:!tween the two 

juxtaposed depos Ui ona 1 sys tems. Actua l causes and mechan i sms of the 

cyclicity were probably multivariate. Allocyclic controls,such as 

tectonics and source area cl imate, 1 ikely triggered changes in the 

distribution pattern of the l11ajor fluvial belts. Seasonal flooding 

of the fluvial belts controll~d the more detailed facies patterns and 
• > 

sequence within each depositional system. 
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Il 

RESUME 

, 
La stratigraphie du, ~roupe de ,Pictou (Pennsylvanien Supérieur: 

Westphalien C-D, Stépha~'ien) tel qu'étudiée dans l'extrémité sud-

Dues t du Bass in Carbonifère Centra l du oNouveau-Brunswl ck a enregi stré 

la formation de grands mégacycles de 150 ~ 400 mètres d'épaisseur 
.' 

et de cycles plus petits, épâlS de 25 ~ 75 mètres. Les bases de ces 
( 

cycles sont dominées par un'e sl,JCçe'S?lon de grès grossiers et congJomérats 

Q gri~ alors que les 
, 

sommets comprennent surtout des grès fins, 5 i ltstones 
. .... 

et shales rouges. Ces deux pri nc i pa les litho l ogi es démon trent la 

coexistence de '~ystèmes sédimentaires de tyoe chenal fluviatlle et de , . ( 
, ,---

type plaine d'épandage. L'ét~de détaillée' des séq~ences verticales l' 

de faciès en carottes de forage indique que, les système~ de type ~ID' 
l , " 

P che\nal fluviat ne sont caractérisés par les dépôts de chenal de 
n 

grands en'sembles fluviatiles ~ forte charge"détritique, probablement 

A chenaux en tresses. Les systèmes de type pl aine d'épandage se 

formaient sur une large plaine alluviale sujette ~ des if1ondations 

sai sonnières sui vies d'assèchement avec pédogenèse. La strati grap~ie 

cyclique est un produit de'l'interaction dynamique de ces deux systèmes, 

sédimentaires juxtaposés. Les causes et,)mécanismes de cette cyclicité 

étaient prdbablement,multivariés. Oe
1
s contrôles allocycliques tels 

que 1 a tectoni que ou 1 e cl i mat de l a régi on-source décl enchaiént 

sans doute des variations dans la distribution de ces grands ensembles 

fl uvi atiles. Les' inondations sai sonnières de ces plaines contrôl aient 

le détail des séquences et de la di stribution '"des faciès dans chaque ., 
système sédimentaire. 
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ANNOTATION 

The author of thi s thesi s ha~ taken advantage of an option 

provided by regulations of the Faculty o4i Graduate Studies and 

Research which allows, for the lnclusion as a part of a thesis, 

the text of an original paper suitable for 'the submi>.&!on to learned 
.. .....~~ ~ 

journals for publication. 
... ~ , 

, 

,g; 

Chapter II in its entïrety is in-the process of being submitted 

for publication nder the main thesis tltle. A sep'arate abstract, 

introduction, con lusio_n and ,reference'list are included in this 
- " 

cJJapter. A full {ntrod~c~ion with connecting text, and,a.. joint 

abstract, summary, conclusions and .references are provided in the 

main text of the thesis. 
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CHAPTER 1 GENERAL INTRODUCTION 

v 

1.1 LOCATION, ACCESS AND PREVIOUS WORK 

~ 
The sediments of this study are Westphalian C-D and 

" Stephanian (Pennsylvanian) in age (Barss and Hacquebard, 1967; 

Hacquebard, 1971; Ball et al, 19~1) .. They belong to the Pictou 

Group'which underlies more than one quarter of the. province of 

New Brunswick (Figure 1.1) and dominates the sedimentary fill 

of the Central Carboniferous Basin (New Brunswick Platform) .. 

Carboniferous strata in the Central Basin were deposited uncon­

fonmably on Silurian and earlier basement rocks deformed and 
\ 

metamorphosed by the Late Devonian Acadian orogeny (Poole, 19p7J . 

The study area, is'located in southwestern New Brunswick 

within a 2000 square kilometer area extending from a short 

distance no~th of the city of Fredericton, southwest to the 

Oromocto Lake area, and east as far as the Oromocto River and 

the Camp Gagetown boundary (Figure 1.2). Road access is pro~ided 

by Highway 2 along the St. John River and hiqhways 7, 3, 101 as 

well as numerous, public and private side roads. the land in the 

area ;s principally used for farming, wood lots and residential 

purposes. 

Here the Pictou Group generally unconformably overlies 

clastic sediments of the Riversda1e Group (Westphalian A), 

r. 
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RIVERSOALE GROUP 

Sediment. WINDSOR a MISSISSIPPIAN E:::J )HOPEWELL J EIill Voleanlc. HORtOH GROuPS -

mmJ Pre"lCorbonilvou. oo.,-nt 

CENTRAL CARBONIFEROUS BASIN 

(NEW BRUNSWICK PLATFORM) 
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ST. LAWRENCE 
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Flgure 1.1. General Geoloqy of the Central Carbonlferous Basin, New Brunswick (adapte'd 
in part from Ball et al., 1981) 
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, 
and Mississippian.sedimentary and volçanic rocks Qf the Hopewell, 

Windsor and Horton Groups (Van de P~ll, 1970). Pictou strata aré 

faulted again~t Silurian m~tasediments bf the Kingsclear Series,­

just to the west of the city of Fredericton (Van de Poll, 1973b). 

Relief in the study area is slight. The highest topographie 

relief occurs in the city of Fred~ricton where the land rises,from 

near sea level on the St. John River to some 250 meters along the 

4.' 

south limits of the city. Cuesta style ridges formed by basal units 
1 

?f resistant sandstone occur along the western margin of the basin, 

southwest.~f Frederictoh .. These produce a subtle relief of 50 to 125 . . 

meters which is not readily apparent on the ~round but easily visible 

on air phot6s" and topograp~ic maps. Relief diminiShes towards the· 
") 

south and southeast. The centre of the basin is virtually flat and 

principally underlain by less resistant red shales,and siltstones. 

Outcrops within the area are limited to small, horizontal to sub-

horizontal exposures along constructed roads, excavated foundations, 
o 

ditches and river banks. Nowhere do they exceed 4 met~rs in strati- . 

graphie section or 20 meters in lateral extent. 

This lack of outcrop has precluded any previous deiailed 

study of the stfati graphy and sedimenta ti on of the Pi ctou Group 

in this area of the province. Up to the present time, speculations 

a on the stratigr~phy of the area were largely based on comparison 
. , 

with more regional and'detailed studies in better exposed areas. 

Van de Poll (1973b) summarized th~ geol09Y of the southwestern 

\) 

. 

.~---
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'Central Basin from thé limited drill hole information whïch exiÙed ) 

at the time. He recognized the essentially flat to g~ntly dipping 

geom~try of the Plctou strata and documented~the presence of a 
, 

structural trough (graben), formed b~ \~~JO~~ northeast trending' 

fault structures ln the Frede icton area. :He proposed that a 

significantly thicker suc ssion of PlctOU sediments was'preserved 

in this t'rou.gh st'ruct~r.Â.· 

The data base that ha~ recently become available consists of 

~ over 15,000 m1ters of ~ore, drill cuttings and électrlc logs: It, 
1 /' :\ __ 
is~the bà~i~ for the present study and provides new and s~iflcaht , . 

,information for the understand'ing of the Pictou Group. Most of.the 

• drill holes were undertaken by the following mlneral exploration 
J 

companies: Cominco Canada Llmi.ted (Kipling, 1980 and 1981); Imperial 
r 

Oi_~~s'anada Limited (Ha~, 1977 ',1978); Killarny 0t), and Œàs Limited 

(unreferenced data filk,oGov.ernment of New Brunswick, Mineral Branch.t,; 
, 

ucléaire (Canada) Limited (Le Gal1ais, 1980 and 1982). 

General ideas on the sedimento1ogy' of the Pittou GroJp within 1 

, 'the Central Basin previously prqposed have enconipassed the following 

models. Kelly (1967) in a study of the Carboniferpus throughout the 

Atlantic provinc~s suggested a model of 1ateral infilling by deltaic 
, 

sedimentation from the ea~ the Pictou str~ta o,f the Central 
. 

Basin. Modifications of th~s relatively simple model did not occur 

< unti 1 the work of Van de Po 11 (1970). 1 n a compreh~n; i ve s tud:y 

throughout the entire Central 'Basin,l,h,e divided the Pictou Gro4P 
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into three major 'fluvial cyclothems', each made up of several 

hundred meters of strata ,consi~tlng pf a grey r~lativêly'~oarse­

grained facles sequence at the base and an overlying finer-grained 

red facies sequence at the top. Cllmate and tectonics were seen 

as the major conttols on the development and distribution of these 

cyclothems. Van de Poll suggested that the Pictou succession at 
,) 

the southwestern end of the Central Basin comprisèd three such .,' 

cyclothems or megacycles (Figure 1.3). Van de Poll (1973a), in 

a further refinement of his cyclothemic model, suggested that the 

various sandstone and shale llthologies making up the P1Ctou Group 

are not laterally persistent but instead represent changing facies 

of recurring first.and second order fluvial cycles. 

Ball et al. (1981), in a New Brunswick Government-sponsored 

regional scale investigation mapping, spore dating and drilling, 
\ 

have added a great deal of new subsurface d~ta on the Pictou Group 

throughout New Brunswick. The program included the rotary drilling 

of sQme 294 test holes in the Central Basin averaging 1?2 met~rs . 

in depth. Several deeper holes (averaging 305 meters in depth) 

were also drilled. Ball et al. (1981) discounted the existence of 

Van de Poll 's cyclothems and suggested instead a model of mixed 

meandering, ,braided and pa1udal environments which defy any attempts 

at latera1 correlatlon on local or regional sca1es. 

Legun (1980) conducted the first detai1ed sedimentologic . 

study of Pictou strata occurring in sea cliff exposures at the 

extreme northeast end of the Central Basin. Here the vertical 

\ 
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Flgure 1.3: Fluvial Cyclothèms of Van de PolI (1970) and Sediment Dispersal 
Vectors in the Pictou Group, CentIal Carboniferaus Basin, New ' 
Brunswick (the figure i5 a rédrauqhted and slightly modified 
comblned version of figures 20, 21 and 22, fram Van de PolI, 197Û) 
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section stradd1es the transition from a lower member of a sha1e 

dominated succession over1ain by an upper member of a sandstone 
, 

domi~ated succession. Legun (1980) and Legun and Rust (1981;1982)' 

, attributed the 10wer sha1e succession' to deposition on a semi-

arid alluvial plain with thin sand bodies representing iso1ated ' 

fluvial channels. The upper sandstone succession was tentative1y' 

attributed to braided river deposition prograding over the 

alluvial plain environment. 

A miospore and megaflora1 correlation of the Pictou Group 

throughout New Brunswick is shown in Table 1.1 compiled from 

data appearing in Ball et al. (1981), and spore dating accomplished 

in' the present ~tudy ·(Barss, 1982). 

1.2 STUDY METHODS: DATA BASE, WORK OUTLINE AND OBJECTIVES 

Si~ty-four separate holes drilled into the Pictou Group and 
. ' 

representing a total of 15,749 meters are the principal samp1e 
• 

material on which this study is based. The drill hole numbers, 

depth, type of drilling (i.e. sample material availa'b1~), availab1e 

wel1 logs and drill hale location are summarized in Figure 1.4 ,and 

table 1.2. Most of the core, drill chips and well 10g5 are from 

8. 

'<f> 

ho1es drilled by the New Brunswick Government Dr by private companies, 

and are currently or will be av·a~lab1e for ex.amination at the 
~ 

Government of New Brunswick core storage faci1ities on York Street 

and Co1lege Hil~ Road, Fredericton. The drill core belonging to 
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Table 1.1: Stratigraphi~ Correlation of thé Pennsylvanian Pictou 
Group throughout the Central Carboniferous Basin, New 
Brunswick, based on Miospora and Megaf10ra Data· (after 
Hami1to~, 1962; Barss and Hacquebard, 1967; Legun, 1980; 
Ba11 et al., 1981; and the present study). 
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,f ,Comînco'€allada Ltd. will probably be released 'Sometime 'in'the 

ne~'future (personal communication, R.W. Kipling, Comin~o Ltd.). 
~ \ 

a 

Much of the drill information represerlts eHher rec,ently açquired 

~ta ~r previous1y c~nfidential material; which the aut~or was: q1ven 

permission to examine, and has never before been comp"rehe~lsively 

\ studied in detai 1. 

'" ,) 

The a.uthor personally logged more than 2000 meters at a sca1e 
c " 

, of 1: 100 .nt the cored ho'l es dr;illed- by SERU Nucléaire (Canada) Ltd. ,," . 
in 1979 and 'W9S involved in the supervision of the logging of the. 

, . 
. \ . 

remaining SERU core b-y other employees. of SERU'Nucléaire Ltée. ' , . . 
• .. ," u 

J
The author logged a11 ~dditïonal dr~l] cores in' the-'stUd~, re~.~on. 

'. at 1: 500 scale and exainfned" well logs and chi p samples from the 
• • 1 1 

Y"otary hales. The Comineo holes were logged ;n, early 1982. 

4 

. , 

.. 
, < 

Outcrop exposures a10ng roads an-d rivers were examined in 1'979. 
. " 

~detai1;d study of the faci~s 
interva 1 s from):he b~st drill cores 

in representatlve stratigraphie , . .J 
of the SERU. Imperiëll Oi 1 L td. " , 

" 
, 

and Cominco holes was untlertaken in 1982. This latter stu~y 
, , 

ç 

represents a~detaî led exami nation of,over 6500 meters of cor~d 

secti·ons. 

o 

Pa1ynologi.cal spore analy~is was undertak 

Bedferd'Institute, Dartmouth, Nova Scotia, fr 

by the' ~uthQ.r from SERU core i,n 1,979 and 

l , ' , ~ 

l, 

,.:.' 

" 

. ' 

S. Barss, 

pravi ded, 

in 1982. 
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--T~r--' --------------
DRILL NO, TOT.AL SOURCE AVAlLABLE DRILL MATERIAL AVAlLABLE WELL LOGS 

DEPTH 
(meters) Core' Cutting. 0 Gamma- Neutron Resistivity Sponta 

ray 
, , 

_poten_ _. ------1-------

C-225 122 G N.B. X X ::.-. -- X X X -C-248 ·122 G.N.B. X X X 
~-

C-249 122 -- _S!l~ __ 
1--- X 1----~-~--

__ lL. __ ._-----
C-268 122 G.N.B. --y--

X X __ _. C-ï7o-- 117 G.N B. X , X X ___ 1L __ ----C-284 122.2 G.N.B. X X X 
c-285 122 G.N.B. X X X 

--1------
-

C-286 - 122 G.N.B. X X X .- --C-287 122 G.N B. X X __ -X X -C-296 122.2 G.N B. - 1--- X X _.lL-_ -- - X X 
G-297 114 3 C N.B. X X __ _ -X-

1--
C-298 123 ~B.,~ --- - X X l-_ __ -1' ____ 

-----~ _ C-299 __ 122 C.N. B. X X ,-___ X 'c_ X 
1-- 122.2 C.N.B. 

--- r-- -------
C-300 X X _ X 
C-303 122.2 C.N.B. ) X X X X ---X-
C-30S __ 1--.122 • 2 __ G.N.B. X __ 

f---- X X t--- lC----- X 
C-306 113.4 C.N B. X X X -- X __ r=--~ 
~- 122.2 _.f~-.!I..:..._ 'X I--__ X __ 

X' --- --- ----~---1---------
C-308 105.2 G.N.B. X X 

X--C-309 93.3 G.N B. X X 
I----

X 

~- 305 G.N.B. X X X 
--1-;'---, 

C-1304 294 1 é-N. B. X t-- X X 
--- ~x----- ---î(-

------

~-- 150.9 1.0. X -- X -- JL._X __ --X-

~---- 154.5 __ 1.0. X X X ___ 
---~-

69 --zrr--- 1 O. X X ____ X ___ 
----~-

70 114 , 1.0. X X X X -
II 160.5 1 O. X X --

__ lL-_ X 
72 155 1 O. X - X X ----~-
73 146 1.0 .• X X X X 

-- -----
32 1050 K.O G. X 
32a 350 LO G X --1---

---32b 354.9 K.O.G. X 

-?2c 377.4 K.O.G X 
- 1-----

---
45 641 K.O G. X --1-' -
0-1 _.829 C.O. --4-

--
X X X--

t----.1L --0:2- ------ 1-------
64 0 C.O X X X X __ X 

0-4 65.8 C.O. X X X -- I--__ X __ 

r=-==± 0-12 79.8 C.O. X X X X 
0.13 63.1 C.O. X X X X X 
RF-I 238.1 C.O. X X - ---
RF-2 300 0 C.O. X X -- --;--RF-3 313 8 C.O. X X X 
RF-4 302.5 C.O X X 

.,.. 
""'RF-5 302 6 C.O ---- ------ ---

X X - -- -------
RF-6 300.8 C.D. X X X -- -- _..1 -- 1---, 

--rx---- X--F-I 846.5 - SNCL - --I-ïC X X -
F-2 1102 SNCL X X X 
F-3 365 SNCL X X 
F·4 273.5 SNCL X X 

'T-5 307.2 SNCL X X X 
F-6 285 SNCL X -- X--

____ X __ 
-r:7--- 304.8 SNCL X X __ -F-8 350.5 SNCL X X X X -

F-9 320.4 SNCL X X X X 
F-IO 304.2 SNCL -~ ----_._- X X ___ 
~- 367 6 SNCL X X X 

F-12 243.2 SNCL X X X 
. P-l3 365.2 SNeL X X __ 

t--,X 
F-14 257.9 - SNCL X X X 
F-15 ~ SNCL X ---- X --

X --

F-16 U8.3 SNCL X 
1--'----

F-17 296.9 SNCL X X X 
F-1S 139.6 SNCL X X X 
F-19 209.7 SNCL X X X 

15 749.1 TO'I:AL -
~-

G.N.B. 
I.O. 
K.O.G. 
SNCL 
C.O. 

Government of New 'Brunsvick CarboniferQUs Dril1ing Program 
Impe~ia1 011 
Ki11arney Oi1 and Cas 
SERU Nucléaire (Canada) Lillitée 

! Com1nco Canada Ltd. 
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A11 drill ho1e data have been compiled to 1:500, 1:5,000 and 

1:'10,000 scales for the purpose of convenient and practical repre-

sentation in this thesis. For greater detail, the reader is referred1 

to 1:500 scale graphie 10gs :nd 1:100 s~le descriptive logs provided, 
0, 

by the author to the Government of New Brunswick and available on 

open file (Le Gallais, 1982). 

.. 
The objectives, of this study were,: 

1) To present a new body of subsurface data on,the Pictou 

Group in a porti on of the Central Basi n of New Brunswi ck. 

2) Ta document the cyclic nature of the vertical stratigraphy 

in the Pictou Group. Note that although the cyclic concept 

,is oot new, corroboratory evidence has been previously 

lacking in many areas of the Central Basin. 

, 
3) To present a regional depositional model which links the 

vertical stra~igraphy to the dynamic evolutlon of the' 

sedimentary basin. 

It is hoped that the sugge~ted model(s) can serve as a basis for 

expanded research and depositional facies study of the Pictou Group 

throughout the Central Basin as a whole. 

In the ensüing text, Chapter II will deal primarily with a 
./ 

description of the stratigraphy and correlation problems. Emphasis 

will be placed on 'the area aroun'd Fredericton where the greatest 

density of drill holes occurs. 'Other,areas will be menti'oned briefly. 

An attempt at facies subdivision will be undertaken in Chapter III. , 

, , 
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CHAPTER II BASIN GEOMETRY AND STRATIGRAPHY 

2.1 GENERAL BASIN GEOMETRY 
l 4 ( 

1 

\ 
The southwestern end of the Central Carboniferous'Basin forms 

( -
a Dowl-shaped sub-basin bounded by faulting a10ng the northwest and 

'" 
northern margins (Figure 2.1). This area has been informally named 

the Oromocto Sub-basin by the author for convenient discussion .in • 
\ 

this text. Up to lOOO meters of Pennsylvanian shales, sandstones <; 

and conglomerates of the Pictou Group were deposited in the sub-basin 

(Figure 2.1). Suboutcropping strata tren,ds which are clearly visible 
~ 

on airphotos and bedding dips measured from surface exposures" define 

the sub-basin geometry (Figure 2.2). Along the margins of the basin,' 

Pictou strata dip from 5°- to 80 towards the centre where bedding 
, 

becomes essentially horizontal. L'àrge scale very broad o'pen fold 

warping of the strata near Fredericton is clearly visible on airphotos 

of the region (Figure 2.2). The warping of the strata is likely 

fonmed in response to the major northeast trending faults forming 

the Fredericton graben structure (Figure 2.2). The re~ative fault 

displacement, sense of movement ,and structural patterns of the strata 

are also confirmed in structural contours measured on stratigraphic 

marker horizons in drill holes (discussed in Chapter III). The 

indicated fault displacement ~stimated f~om s~ructural sections 
\ 

(refer to map 1), taking into\consideration broad scale deformation 

of the strata and assuming subverti cal fault orientation, ranges 

fram 50 to 60 meters along the New Maryland, Rus'agonis and Hanwell 

faults, and fram 20 ta 40 meters alang the Tracy fault (Figure -2.2). 

.. 
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\. 

Figure 2.1: General Geology of the Central Carboniferous Basin 
showing the outline of the Pictou Group and the major 
Basin Structure. Structural lineaments are taken from 
published maps and fram studies by Chandra et al. (1982). 
Isopachs of the Pennsylvanian sediments are compiled 
and extrapolated from holes drilled to the basement (Bàll 
et al., 1981); seismic profiles (Steeves and King~ton, 
1981); estimates of other authors (Gussow, 1953); new 
drill data (presented here); and reg10na 1 geologi ca 1 
cons i derati on~ . 
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Fl gure 2.2' MaJor Structural Elements and Geometry of the Oromocto Sub-basln, South­
western Central Carbonlferous Basln, New Brunswlck Genêral strata trends, 
structural faults, foldlng and regional ,.dlP of the Plctou GrQuP strata are 
shown. 
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2.2 GENERAL STRATIGRAPHY, PETROLOGY AND STRUCTURE 

" 

(1) 

2.2. l Introducti,on 

Van de Poll (1970) suggested a v~rtical sequence of 3 
1 

megacyc1ic units or 'cyclothems' (1) from inspectlon of the 

640 meter deep drill hole No.45 (Marysville #2) at a time 
o 

when the true thi ckness of the Pi ctou Group in the Oromocto 

Sub-basin was unknown. Three megacyc1ic stratigraphie Unlts 

are redefined in this study using the more èomplete and 

deeper dril1ing data WhlCh nowexist. These megacycles can 

be corre1ated over a large area of the Oromocto Sub-basin, 

although·significant latera1 variations oecur. 

The vertical stratigraphy calJ be defined best in the 

Fredericton area where the deepest drill holes and greatest 

density of dri11ing information exist (Figure 1.4 and Table 

1. t). The reconstructed subsurface strati graphy ean then be 

traced towards the south and southwest, and final1y regionally 

throughout the sub-basin. Stratigraphie correlation is 

facilitated by the widespread deve10pment of smal1 and large 

scale cycles and the presence of a number of lateral1y 

persistent marker horizons in drill holes near Fredericton. 

The cycles are al sa characteri zed by a di stlncti ve geophysi ca l 
1 

well log signature. 

1 have referred to the term cyclothem here since .it has been used 
extens;'vely ,throughout the work of Van de Poll (1970, 1973a). 
However, 1 would suggest that it be dropped and replaced by the term 
megacycle te prevent confusion with the quite different'stratigraphie 
profile makïng up the 'classic Pennsylvanian cyclothem ' as defined by 
Duff et al. (1967) and others. 

! 
j 

j 
'1 
j 

.. 



f 

. 1 0 

·i 
l, 
1 • 

1 
1 

( ) 

. , , 
~- , ........ - - ~- - ~. -.... -._ ... --......... ..,.--" . __ .... -

.. 

2.2.2 Fredericton Area 

Fi gu(re, 2.3 shows the ~trati graphy of the Pi etou Group 
~. 

in th~ Fredericton area in terms of sandstone â~d shale 

distribution. Two drill h.oles, Nos. 32 (Killar~ey Oil and 

Gas) and F-2 (SERU), lntercept the base of the Pietou Group 

at a depth of 737 meters and 1005 meters respectively 

(Figure 2.3). In hole No.32, the Pictou Group lies direétyy· 

on MississipPlan vo1canics (Van de Poll, 1973b). Sediments 

18 . 

from- beneath the vo1canics are the pre-Pietou Canso-Riversda1e 

Grou~ of Late Visean-Ear1y Namurian age (Barss et al., 1979). 

A continuous 1102 meter cored section is availab1e for drill 

ho1e F-2. The hole is co11ared at approximate1y the same 

stratigraphie leve1 as drill hale No.32 but intereepts strata 

of the Boss POlnt Formation (Riversda1e Group, Figure 2.3) 

at 1005 meters. Boss Point strata in ho1e F-2 are composed 

large1y of quartzites and quartz pebble cong1omerates (Plate 

2.1) WhlCh are easily distin'guishable from the overlying 
, 0 

litharenite dominated Pictou, Group sediments a~d are eharac- I 

teristic of the Boss POlnt Formatlon throughout New Brunswick 
" 

(Van de Poll, 1970; personal observatlOn). A spore ana1ysls 

from 1045 meter depth gave a poorly defined Late NamurianjEar1y 
1 

Westphalian age WhlCh correlates these beds wlth the Riversda1e 

Group (Barss, personal communicatlon). 

Additional ho1es dri11ed wlthin and south of the 

Fredericton Graben range from 116 to 645 meters in depth and 

1 
.' 
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Pl ate 2.1 

Quartz pebb1e cong1omerate of the Boss Point Formatl'on. 
!> F-2, 1100 m. depth. 
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rFigure 2.3: Definition oJ Stratigraphie Interva1s and Correlation 
between Dri 11 Ho 1 es in the Frederi eton Area. The dri 11 

0, hales are hup'g on datum lines PH-l and PH-.3 marker 
horizons. The variation in collared stratigraphie level 
of<..the drill hales is mainly produced by faulting and 
t6pographie variation -in the Fredericton area. See '. 
Figure 1.'4 for location of drill holes. The stl'iatigraphic 
sections presented in this figure represent drill holes ' 
from a given area. No particular scale between drill 
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Figure 2.4: Definition of Stratigraphie Intervals and Correlation 
between Drill Holes in the Fredericton Area and South­
west toward French Lake and Oromocto River. The vari­
ation in the collared stratigraphie level of the drill 
hales' is mai nly produced by the b,as; n geometry. See 
Figure 1.4 for location of drill hales. The stratigraphie 
sections presented in this figure represent drill hales 
from é! given area. NQ particular scale between drill ' 
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all b:ttom within the Pictou Group (Figure 2:3). T~p~ermost 
stratum withln the Fredericton Graben (Figure 2,3) is dated 

as Stephanian' in age from miospores (Van de Poll, 1973b; 

Barss et al. ~ 1979; and personal communicatlon). Unfortunately, 
~ 

hig~ maturation levels preclude age determinations at intermediate 

stratigraphic levels ln the immediate viclnlty of Fredencton 

(Hacquebard and Avery, 1982; Barss, personal c~mmunlcation). 

However, the intermediate levels can be correlated by litho-

stratigraphy with drill ho1es ~n the Qromocto Rlver area to ' 

the southeast, which have produced tentatlve miospore ages of 

mixed ThynosporajPotonieisporites-zones (Figure 2.4; Barss, 

1982). The entire unirrterrupted Westphalia,n C-D,"Stephanian 

section of the Pictou Group appears to be preserved in tne 

Oromocto Sub-basin (Table 1.1). 

1 
Three megacyc1es are defined in this study by the 

deepest drill ho1es near Fredericton. The thickn~ss of the 

megacyc1es ranges from 150 to 400 meters and forms a basis 

for consistent 1atera1 1ithostratigraphic correlation throughout 

theOOromocto Sub-basin (Figures 2.3 and 2.4). 

The rnegacyc1es and sorne of the sma11er sca1e cycles 

app~ar to be sufficient1y distinct ~nd extensive to merit 

member status. 1 prefet not to impose any of the constraints 

of forma1 unit stratigraphy on the Pictou Group and accordingly 

refer to the megacyc1es with Roman numerals: 1. II, and III. 
1 
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Lithostratigrap~ic subdivision within the megacycles into 

appropriate stratigraphie intervals are designated by~rabic 
/] 

numbers'l, 2, ... etc. and letters A, B, C, ... etc. where a third 

1evel of division is warranted (Figures 2.3 and 2.4). Marker 

horizons of laterally persistent coa1y 1aminae are referred to 

by letters PH-l, PH-2, etc. Three such horizons useful for 

stratigraphic correlations have beer recognized in this study. 
ç 

Megacycles 1 and II are characterized by a thick lower succession , 
dominated by grey, coarse-grained sandstones and 'cong10merates 

over1ain by an upper succession of red sha1es and si1tstones. 

Megacycle III co~sists of repeated sma1ler scale cycles (10-

75 meters thick) of similar character, and megacycle II has 

a prominent transitional zone of small scale cycles (i.é. 
" 

interval 11-2, Figure 2.3) between its lower and upper suc-

cessions. 

ln 'more detail, the lower grey successions of the cycles 
. . 

consist predominantly of coarse-grained sandstone and cong10-

merate with minor shale. The sandstones contain abundant coaly 
1 

spar.and fine plant debris, and are characterized bY,large 

scà1e cross-bedding structures. Laye~s of fine-grained sand 

and sha1e (gene,rally dark-co1oured with abundant fine coaly . 

, plant debris) oeeur in interval~ 20 meters thiek but - , 

the$e are rare.' Sorne of these interva1s (i .e. interval 11-1-B, 

~ .' Figures 2.3, 2.4) can be corre1ated over a considerable latera1 
, 

distance. The upper red successions,on the other hand, are 

. " 
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dominated by massive mudstones, siltstones and"very,fine­

grained sandstones with small scale current and bedd~ng 

structures. Mottled root zones, ferricret~ and calcrete 

nodules are common in these successions. Coarser sandstones 

occur only as isolated bodies 0.5 to 5 meters thick. 

The lower, grey, coarse-grained successions at the base 

of the cycles always display a very sharp colour, well log; 

and lithologie contact witry underlying fine red successions 

(Plate 2.2). The upward transition from grey ta red successions r ~, 

, 
in contrast is generally more-gradational, characterized by 

a decrease in coal spar and pyrite, appearance of red claystone 
.' 

intraclasts in the grey sandstones and a gradational colour 
., 

change (Figure 2.5). No evidence for an upward coarseni~g 

in the thick- red successions indicating facies prOgradati~ 
of overlying [Icoarse sands and- conglomerates was observed in \. 

detailed logging of the core. This contrasts somewhat with 

reported observations in chip sample holes of similar cycles 

'\in other areas of the Central Basin (Legun, 1980; Ball et al., , 

1981; Lequn", and 'Rust, 1982). The lithologie and sedimentar.v 

character of the cycles suggests that the upper and ~ower 

" successions can ,be better defined in terms of "megafacies 

sequénces" rathèr than simp1y coarse grey and f,ine red 
~ 

s~ccessions. ,}n add:tion, the grey versus red rOlo~r of \he 

assemblages- is viewJti as-on1y a general, large scale guide to , . , : 

," 
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Plate 2.2:'Photographs of core showing cycle transition and 

1 , 

facies types. Typical sharp transition from the , 
'fine red succession (left). to the over1ying grey' 
coarse-grained succession (right). Lithofacies 
described in chapter III are identified on the 
transparent over1eaf. Drill hole F-13. stratigraphie 
interva1 III, 110.8 to 134.7 meter depth. Depth in 
meters ;s marked on the core. 
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Figure 2.5: 

'- -

.~ , 

Typical Colour Transition, Characteristics of the Red 
Shale Domlnated and Grey Sandsto'ne Dominated Successions 
in Large and Small Scale Cycles of Drill Hale F-2. The 
observed colour of the sediments is shown in this figure 
with reduced grey.and green coJours displayed as green, 
oxidized red col ours displayed as red and transitional 
colours as purple. 
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\, 

the.1ithostratigraphy, which in detai1 breaks down. There 

ar~ many thin horizons of grey coa1y ~ateria1 in the thick ' 

'red shale successions and likewise thick grey sand successions 

locally contain red horizons. 

The col our of bath of the successions is mainly a 

ref1ectian of the colour of their clay fraction. The colour 

of clays in sediments is commonly independent of total iron 

content but,is instead dependent on the Fe3+/Fe2+ ratio or 

oxidation state of the sediment (Tomlinson, 1916; Berner, 
. 

1971). The oxidation state of most sediments is ultimately 
\ 

controlled by the amount of organic matter present (Patter 

et.al., 1980, pages 55,56). Van Houten (1961) in a major 

s,tudy of red beds eoncluded that the colour of sediments is 

al mos t a lways depos iti ona l or di ageneti c in ori gi n. N'o , . 

evidence of any major diagenetic colour changes such as­

se~ondary colour alterations along fr~ctures or claystone 

intraelast margins was observed in detailed examination of 
• 

-drill core from the Oromocto Sub-basin. This suggests that 

the colour signature of the successions is largely a ~eposi~ 

tional or early diagenetic characteristic but it may be only . -
of signifieant stratigraphie value in relatively small areas 

of the Central Bas~n such as the Oromocto Sub-basin. The 

megacycles and stratigraphiç elements presented in Figures 

2.3 and 2.4 can therefore be best understood in terms of the 

, \ 

_J 
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varying dominance of 1 ithologies wi thin the success"ions 

(Appendix A) and facies sequences which will be discussed 

28. 

'in detai1 in Chapter III. The degree of 1ithostratigraphic o· 

correlation in the Oromocto Sub-basin indicates the con­

tinuity of the sedimentary-processesowithih the cycles. 

Thin mi1l1meter ta centimeter thick coaly laminae,ocèur 
~~* ~: • 

( in the thick upper successions of interva1s 1-2 and 11-3. 

Two such 1ayers in--s-tratigraphic interval II-3 (PH-1 and 

PH-3, Figures 2.3, 2.4) can be trâced as thin marker horizons 

in al1 the holes drilled within a 12 km radius of Frede~ictQn. 

An additiona1 ho~izon (PH-2) is observed in the Cominco drill 

holes RF-4 to RF-6, southeast of Fredericton (Figure 2.4). 

These partircular marker horizons often display a sharp gamma-

r:ay pea k on gep'phys i ca 1 we 11 1 ogs . 

· ) 2.2.·3 Geophysj-€al Well Log Signature 

() 

-~- ..... _ .. ..-.. ~ ......... ~ 

....... __ ........ ____ II..-.....-. .......... _~ ....... __ .~ 

Analysis of geophys;cal well logs on the basis of curve 

shapes and patterns have been used for many years in the oil 

nnd mineral exploration industries for 1itho10gical interpre-

tation, facies analysis and lateral correlation' (Itenberg, 

1971; Hallenburg, 1979; Pirson, 1963, 1977). Well 10gging 1S 

undertaken by lowering a narrow wire line probe down a drill 

hole and measuring various geophysical properties of the 

surrounding rock. Ofscussion of the ~umerous types of well 

- .... ~~------. --,.c,-'.::----..... _ .~~- ~~_ ... -___ .. _.~.,. ___ ~~ 

'i 
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f 
logging will be limited here to a brief description of 

resi sDti vit y (Res.), self rotential (S.P.), natural ga~~'1_ 

ray, ~nd neutron logs which are available for most ~~\ 
drill holes used in this __ study. 

\ 

Resistivity and self potential logs a~~ both geophysical 
, ~ 

electrical well logging·techniques which measure varidus 

29. 

Ph!sical p~opertie-s- of a rock (Telford. et al." i976).' The 

resistivity probe measures the electric resistance of ~ Rortion 

of the sediments adjacent ta the drill hale and between the 
\ J 

-
:electr:odes by which the current is introduced and measured. 

The actual measurement is depe~nt on the direct resistance. 

__ of theorock, its porosity an~the resistivity of formatiôn 

waters contained in the rock. Contrasting sedimentary lith9-
Q> 0 0 

'logies display different electrical resistances; and the 

resistivity curve can i~dicate approximate lithology and 

cont~ct relationships in a dri~l hole (Flgure 2.5). 

Gener~lly speaking, shales are less resistant than sandstone. 

Self potential (S.P.) 10gging i5 a-mea5ure of the distribution 
" ,J 

of unbalanced ions caused by vartous lithologically induced 

mechanisms which are particularly sensitive and useful,in 
\ 

distinguishing sand and shale contacts. Unfdrtunately, S.P. 

measurements are diffi cult to undertake Ç;--~he' "çgs are 
v " , 

~, 

often subject to technical prob1ems (Skippe~, 1976; 8a11enbufg, 

1979; p.59). 

, ' 
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Gamma'and neutron logg~ng 

0' ~,~ ,/ 

" ,-. 
d ·' t"t' 'fth\~ are ra loac lVl y me o~:>. 
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o / 

t The natural gamma probe measures the tQt~1l ra'diation of" 

natural gamma-rays emitted from the rock. The natural gamna 

curve a1so serves as an effective ,Lithologie indicator. It 
I, , 

is particularly IJse~ful in distinguishing sand and shale 

seque"nces and their contacts ~ince sha1e generally has a 
, ' .. -

higher natural radioactivity than s~ndstone (Figure 2.5). 

Neutron 10ggin9 measures, the response 'Of the roëk $ormatiorl 
, /1 

'adjacent to the drill hble to the bombardment 'by a source of , , , 
" 

neutrons i'1 the -probe. ,The amount of hydrogen and therefore 

the amount of fluid filling pore spaces in the rock can be 

n'leasured from thi 5 probe response (Telford et al., 1976). 

l ' Ir c'lasti c sequenc:s the neutron method produces a good 

( li tholo~y cur~~ because sa~~stone is gener.11y more porous 

@ than shale ,.(Figure 2.5). 
Q 

/- \ . . 
In addition to their use in 'identifying 1ithology (parti-

cularly shale-sand sequences!), geophysical wel1 logs can be . ~ 

used in 1at)pl correlation of1ayered sequences. Shales . 

g~y f~YiJ1 the ~'eferenCè or bas~ li ne in 1 atera l corr~\ at i on 
. 

of electnic and radioactivity well 10gs of clastic sections 

(Allen, 1975). Radioactiv·e shales are particularly useful. 
'~ 

Lateral ,correlation using these criteria can define the large 
\ 

scale geometry of clastic sequences. Well 10gs can also be 
1 

used to identify depOs-itional processes ,- -
sedimentâry basin~ (Busch, 1974; ~en. 

and envi ronments i n(l 
. 1 

1975). This infonnation 

\ 

,0 

, ,~ 

" ' 

'-

) 

! 

1 
f 

1 
-j 

-, 

\ 

---- --------J---,=---------- ----"--"-----_____ 11 



( 

'. 

l ' 

, f 

" 1 

1 

" 

" 

() 

31. 

'i$ generally furnished by the~)d,entification of characteristic 

'curve shapes and patterns ref1ecting the texture, fabric and 

. geometry o'f sand and shal e bodies. E1ectric and radioactivity 

we11 10gs '~~~~ure the 'degree of sha;i~e'ss ,. in a typica1 sand­

'sha1e sequen/e:. An e'xamination of the patterns produced by 

'these logs can therefore indicate internaL.kQ!!~c.t and. vertical 

profile relationships in 1ayered sequences which may be related, 

to depositi onal envi ronm~nts. Ski pper (1976) cautions that no 
, 

genera1 panacea for the identification of depositional processes 

is to be found in wel1 logs but 'that processes may be inferred 
Q 

by ana1yzing log patterns and relating them ta known sand bodies 

or vertical facies seq,~ence. 

In the,fictou Group of the study area, the cycles, indi-

, , 

" 

1 
'1 

, l 

vidual lithologies and megafacies assemblages.display a charac- , 

te'ristic well log signature. They form a particu1arly useful 

and essential 'tool in interpreting the rotary drill ho1es. 

Unfdrtunately. S.P., and resistivity logs generally display 

inconsistent or flattened profiles in many of the holes 

(Figure 2.5) due to technlcal probl.ems re1at~d to the 1ack of 

conducti v i ty between the probe and rock (persona l C;9,mmun i cati on, 

Mike Fowler" SERU Nucléaire Lt'ée). In many of the hales, the 

S.P. and resisJivity logs could not be run becau,se measurements 

were made through the dri 1.1 rods. Both the Ileutron and gamma 

lo99in9 provicle well defined lithologie contacts -and can be 

interpreted in terms of the distinctive facies' p~tterns of 

, , 

J '. , 
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LlTHOLOGICAL LOG' STR1TlGRAPtliC 
INTERVALS 

GEOPHYSICAL WELL I.OOS 

Dtpth(m) gamma neutron S P r .... ".,'y 
.( 

210 
L..r-----PH"3 

260 / 
/ 

::/'PHr 1 

270 

J'. 

280 

, , 

290 

0"2; 0 

300 t. 

310 

Con lomerol. 

Groin lin Sand 

Slit 

101 

Flgure 2.6: Geophyslcal Well Log 51gnature and Patterns of Stratigraphlc Intervals, 
~ictou Group, Ùromoc'to 5ub-basln. >. 
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" the Pictou Group '(Figure 2.6) . Sands tones in the fine red-
'1 _~, (l 

suçcess ions are genera lly iso1ated and fine upward which 
, " , -

pr:oduces a characterjstic "christmas tree" shape (Fi gure' 2. 7A). , 
! 

In cQmparison, the co'arse greiY su'cêéssions forming the base 
1 • 

of cycles àr~ dominated by sandstone and con91omer~te which 

disp1"ay overall homogeneous porosity and a vertically uniform 

gamma respo~se. Sha1e intervalfshow relatively sharp lower 
i ~ 

and upper contacts. Thi s produces a characteristi c "box-sl1~e<t" 
~ 

pattern (Figure 2.7B). The resistivity curves, when avai1ab1e 
d 

and of good qua1ity.(: can a1so be used to define fining upward 

and coarsening upward sequences. S.P. curves in the coarse 

grey successions sometimes display sharp inflexion due to 

contrasting sand and sha1e contaçts. Thln honzons of coaly 

laminae in the fine red successions commonly display a sharp 

gamma peak. The characteristic curve patterns and coaly 

laminae with gamma peaks can be used to correlate large and 

small sca1e cycles between drill holes throughout the basin. 

2.2.4 Saf'!dstone Compas itian and Provenance 

Table 2.1 documents examp1es of rep!es~n;tative 'samples 

from different atigraphic 1eve1s of the 

PictOJLGroup--iiî"the Fredericton are. No significant strati­

graphically controlled compositional variation"could be iden~ 

tified in this study from sandstone samples taken from the 

drill hales. Samp1es from different stratigraphie interva1s, 

cycles and cont~asting facies al1 have a lithic arenite 

... ./ 

,'"-,-, ,-', "-._--.--~-
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RADEOACTIVE CARBONACEOUS SHALE HORIZON 

THIN S~EET SANDSTONES 

34 

'FINNING UPWARD SANDSTONE WITH SHARP BASAL CONXACTS 

FINE GRAINED SILTSTONE AND SHALE 

TH~NLY LAMINATED CARBONACEOUS SHALES WITH SHARp 
fOP AND BASAL CONTACTS 

THICK BEDDED COARSE GRA1NED SANDSTONE5 AND CONGLOMGRATES. 

Figure 2.7: Ideal Patterns in Gamma and Neutron Geophysical Well Logs of the P'lctoU 
Group. Oromocto Sub-bas f n{ 
A) Red Fine-Gra'ined' Successions, "Christmas Tree" Pattern 
B) Grey Coarse-Grained Successions. "Box Shape" Pattern 
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composition characteristlc,of the Pictou Group in genera1 

(Van de Poll, 1970; Ball et al., 1981). 

" The framework minera10gy of the Pictou Group lithic 
, ... 

" ""---

arenites con~ists of various types of rock fragments (mos~ly 

vo1canic or vOlcanjc1astic and metamorphic with some p1utonic), 

'quartz (mainly undulosé varieties), feldspar (both potasslum 

feldspar and plagioclase), and accessory chert, muscovite and 

various heavy minerals such as tourmaline, sphene and zircon. 

Volcanic and metasedimentary rock fragments are common 

constituents of the Pictou Group (Table 2.1). The.meta­

sedimentary fragments are dominantly a quartzite rock (poly-

crystalline quartz grains) containing ~ome metamorphic m1.nerals 
1 

• such as muscovite. The individua1 quartz crystals within these 

composite. grains show strong undulose extinction and preferred 

orientation characteristic of metamorphic quartz. The volcanic 

rock fragments consist of both composite quartz rich volcani-

clastic rocks and quartz-feldspar porphyry. The -volcaniclastic 

fragments can be distinguished from the metasedimentary ,grains 

py their characteri~tic non-u~dulose extinction and broken 

shard outlines of the composite quartz grains (Plate 2.3). 

Quartz grains in the samples were all of a common type~ 

characterizea byan irregular o~tline. silica cement over-

~, growths. small fluid inclusions (with vapour bUbbles), and 

moderate to strongly undulose extinction. These characteristics 
" 
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Pl ate 2.3: 

Figure 1: 

o o. l mm 
1'-' ----', 

Photomi cro.graphs of Pi ctou ioup Sandstones. 

Lithic arenite, stratigraphi lnterval 111,40.6 meter 
depth, drill hole F-2. Note presence of metamorphic 
rock fragments (M), volcanie rock fragments (V), and 
quartz (Q), Crossed nlcols. 

1 

Figure 2:' LithlC arenite, stratigraphie lnterval II-l-B, 436.5 
meter depth, drill hole F-2. Note presence of quartz (0), 

36 

feldspar (F), metamorphic roek fragments (M), and the . 

l' 

~" 

tuffaceous and porphyritic types of volcan; c roct fragments (V). 
Crossed nicols. 
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Table 2.1: Point Counted Sèlndstone, from Different, Stratigraphie 
Intervals of the Pietou Group and Boss Point 
Formation (Riversda1e Group), Fredericton Area. All, 
percentages relate to total point eounts (over 1000) 
of all famework grains, recaleulated to 100%. Rock 
classifications ar-e after Pettijohn, 1975, page 212. 
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~ DRILL HOLE STRATIGRAPHIC DEPTH % % 

NO. INTERVAL (m) QUARTZ FELDSPAR 

F-2 PICTOU III 140 5 43.7 15.5 

... 
F-15 PICTOU III 40.6 33.5 12.3 

~ 

- F-2 PICTOU 11-3 184.3 27,7 11.7 

. 
F-2 PICTOU 11-2-0 240.8 27.9 15.9 

F-5 PICTOU 11-2-B 245.4 34.8 18.1 

, F-2 PIC10U II-1-C 365.7 32.9 19.2 
c 

F-2 PICTOU 1I-1-B 436.5 26.3 17.6 

F-2 PICTOU 1I-1-A 500.1 28.1 12.2 

F-2 . PICTOU 1-2 664,,4 33.5 11. 1 

F-2 PICTOU 1-2 808:5 29.3 13.1 

F-2 PICTOU 1-1 862.3 37.4 14.0 

F-2 RIVERSDALE 1080.2 53.3 17.9 
GROUP 

f--

F-2 - " 1099.1 62.4 5 7 . 
-~ ---'--~ 

% % % 
CHERT CALCITE VOLCANIC 

(REPLACEMENT) ROCK FRAGMENTS 

1.3 1.3 12.7 

1.2 4.4 18.0 

0.6 1.2 24.8 

0.6 0.4 17 .B 

1.0 0.9 19.6 . 
, 

0.7 1.9 16.2 
.' 

1.2 14.0 15.2 
L 

3.1 0.9 9.6 

0.8 0.1 23 7 

'4.6 1.3 14.4 

1.5 0.3 12.6 

1.7 0.8 14 1 

6.3 0.1 4.5 

'M ~ .. ,.;r.. ~. "' ... _.n 

ri-

% 
METASEDIMENTARY 
ROCK FRAGMENTS 

25.5 

30.6 

34.0 

37.4 

25.6 

29.1 

25.7 

46.1 

30.8 

~ 

37.3 1 

34.2 

12.2 

-21. 0 

_.-- ..... __ .. __ ~~""'"""f .. ,*- . ~"'_~;e 

~ 
\ 
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CLASSIFICATION 

LITHIC ARENlTE 

LITHIC ARENlTE 

LITHIC ARENITE 

LITHIC ARENlTE 

i 

LITHIC ARENITE 

LITHIC ARENITE 

LITHIC ARENITE 

. 
LITHIC ARENITE 

LITHIC ARENITE 

LITHIC ARENITE 

LITHIC ARENITE 

LI,THIC ARENlTE 

LlTHIC ARENITE 

N 

I..N 
'-lI 
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are suggestive of plutonic, vein or metamorphic origin (Folk, 

1955). Feldspars in the ~amples consi~t of both potassic and 

plagioclase varieties. Both are common1y moderate1y altered 

in appearance. -Fe1dspar replacement by calcite is a 
'0 

common feature in many ~amp1es. 

" 
/ 1 

A predominance of metamorphic rock fragments and 

undu10se quartz grains suggests that the Pictou Gro~p sand-

stones were derived main1y from the surrounding pre-Carboniferous 

metamorphic terrain under1ying most of New Brunswick((Van de 

Po 11 ,-- 1970) . The volcan i c fragments observed in (amples from 

the Fredericton area are similar in texture and composition to 
1 

the acidic tuffs and porphyry of the Mississippian Harvey 

succession which under1ies the Pictou Group to the southwest 

of Frederi cton (Kuan, 1970). 

The composition of two samples taken from the base of 

dri 11 ho le F-2 in the Boss Poi nt Formati on (Table 2.1) .' 

indicateÇthat Boss Point sandstones e'an be distinguished 
. 

from the Pi etou Group on ,the bas i s of thei r i ncreased quartz 

content, as suggested by Van de Poll (1970). 

2.2.5 French lake-Oromocto River Area 

Six drill core ho1es (RF-1 tooRF-6 inclusive)' occur in 

an area 12 ta 25 km southeast of Fredericton, in the French 

-Lake-Oromocta River area (Figure 2.4). They are all collared 

~, . 

~ i , -; 

. , -, 
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in .lateral equivalents to- stratigraphie interval II-3. The 
-

marker horizons PH-l and PH-3 do not oeeur exeept in the hole 

elosest to Fredericton (RF-4). An intermediate ~arker horizon . 
(PH-2) is observed in most of these drill holes. The most 

" important stratigraphie aspect of these holes is the apparent 
, 

lateral variation and change in stratlgraphlc intervals 11-1 

and 11-2. No differenee between the facies assemblages of 

these drill holes and those in the Fredericton area was observed. 

Wel-l logs, although ineomplete and of,poorer quality, display 
\t .... 
~ the same characteristic patterns seen in adjacent holes, and 
'~<I 

l , can be used in regional lithostratigraphic correlation. 

2.2.6 Regional Oromocto Sub-basin 

The remaining holes drilled ~hroughout the basin average 

only 122 meters in depth and are much more wide1y sp&ced 

(Figures 1.6, 2.4). Topographie expression of megaeycles 1 

and II as cuesta ridges is we11 developed a10ng the western 

margin of the Oromoeto Sub-basin but becomes less so to 

more poorly deve10ped to the east and southeast. Correlation 

in these areas beeomes uneertain, but nevertheless the general 

pattern of the megaeycles can be outlined (Map No.1). Two 
~ 

aspects of the stratigraphy appear to be indicated: 

1) The overall megaeyclie stratigraphy is lateral1y 

continuous along the western margin of the Oromoeto 

$ub-basin. 
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2) The basa, strata of megacycle II become thin and 

probably pinch,out completely ta the east and south-

east. The basal strata of JI1egacycle l, however, are 

largely continuous and correlate with outcrop samples-

dated as Westpha1ian C, Vestispora Zone (Ball et al., 

1981 ). ' 

A synthesis of all geo10gical and structural informa t ion 

the generaliied patterns of megacyc1e distribution in the 

Oromocto Sub-basiri is presented on Map 1. 
1 , 
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CHAPTER III FACIES ANALYSIS AND BASIN EVOLUTION 
J , 

ABSTRACT 

The Pictou Group Qf Upper Pennsylvanian age is a non-marine assem- , 
:",. 

blage of clastic rocks which dominate the sedimentary fill of the Central 

Carboniferous Basi n of New Brunswick. Str.atigraphy ln the southwest . 

portion of the Central Basin recotxls the deve10pment of large sca1e mega= 

cycles 150 to 400 meters thlck and smaller sca.le cycles 25 to 75 meters 

thick. Lateral facies contlnulty in the cycles varies. The bases of 

~ the cycles are dominated by a succession of grey coarse-grained sandstones 

and cong10merates wh,i1e the upper portions of the cycles are dominated 

by a succession of red fine-grained sa,ndstones, siltstones and shales. 

The cycles are largeliv the' product of dynamic sedimentary interplay 
- ( . - " 

between coexisting fluvial channel and flood plain dèpositlonal systems. 
t> 

The f1 uvi al channel sys tem i s cha racteri zed by a sequence of repeated 

con'glomerate-sandstone channel facies. Deposition of sediments rich, in 

plant 'debris occurred in abandoned channels. The fluvial channel systems 

probably represented the deposi ts of major river,s of a braid~d pattern 

and high sediment .charge. The flood plain system is dominated by a 
-

facies sequence of fine-grained sediments deposited distally on a flo~d 

plai-n. Pedogenic features are common-.oand thin isolated sandstone beds 

record minor channel deposits. Seasona1 f100ding of the major f-1uvia1 

channe1s controlled the de-tailed -1 ithostratigraphy and facies sequence 

within each depositional system. Allocyc1ic contro1s such as tectonics 

an9 source area climate 1ikely triggered changes in the distribution 

patterns of the unstab1e, highly sediment-charged fluvial belis. 
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, 3.1 I~ifRODUCTION 

l 
This report documents the evolutio'n of continental ~c1astic 

sediments of the Pennsy1vanian Pictou,G~oup (Westph~lian C-D, C 

Step~anian in age) in a portion of the Central Carboniferous Basin, 

New Brunswick (Figure 3.1). Studies of tyiitho109Y and~sedimen­

to1ogy of the Pictou Group in New Bru~khave been previous1y 
, 

carried out (Kelley, 1967; Van de Poll; 1970,,1973a, 1973b; ~egun, 

1980; Ball et al., 1981; Legun and Rust, 1982) but no examples of 

regiona1 basin evo1ution have been documented. Lack of consistent 

exposure throughout the Central Basin makes 1atera1 compari~on and: 

correlation difficult (Ball et aL, 1981). The interpretation of 
~ 

the depositional facies of the Pictou Group is also hampered by a 

poverty of lithologie variations and expression of depositiona1 

environment. As a resu1t, previous studies have ignorei or havI 

been unab1e to detennine sedimentary mechanisms by whicb the bas;:n 

has been'filled. 

Recent core and rotary dri 11 i ng infonnati on from the~outh­

western portion of the Central Ba~in now rnake it possible to 

reconstruct the facies distribution. Across most of this area, 
" 

\ two distinctive alluvial depositional systems ,are recognized and 

are observed in large and small scale cycles. The reœgnition of 
1 'i the cye1ic nature of the Pietou Group is not neW in\itself. Van 

\"... t 

de Pol1 (1970). in an analysis pf the entire Central Bçin. divided 

the Pi ctou Group into major 1 fl uvi al cycl othems 1, each 00 to 300 
\. 
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• Figure 3.1 Regional Geolagy, Structure, Location ~f Study Area, 
Drill Hales in the Oromocto Suh-basin, Fredericton 

'Area, New BrunswicK. 
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meters thick, consisting of a coarse-grained, grey-coloured mega-, 

facies at the base ana a finer-grained, red-coloured megafacies at 

the top. Van de Poll (1973a) furth~r suggested that vertical and 

lateral stratigraphy in the basin could be explained in terms. of 

ret1fFring cyclothems at different sca,les. In my own study, a 

comparis'on of the CYCllC stratlgraphy shows that the development, 
( 

44. 

relative position and migration of large and small scale cycles were 

strongly dependent on extrabasinal" contr~~ or allocyclic'mechani~ms 

as defined by Beerbower (1964) sucn as tectonlcs, source area , , 

climate, and the supply and transport of the clastic sediment into 

the basin. Smaller scale internal facies patterns within the cycles 

were largely produced by lntrabasinar energy distribution,or auto,cyclic 

,mechanisms (Beerbower, 1964l, resulting \in individual channel mi9ration 

and, avulsion. 

~ 
The object of this report is to develop a regional model for 

the evolution of the Pictou Group. To accomplish this goal requir~s 

an ïdentification of the major depositional systems and a discussion 

of their interrelation and impact on basin evolution. More than 

15,000 meters of drill core, drill chips and geophysical ~~Lo~. 

~ in 64 separate hole~ served as the data base from which this report 
• 

/ was prepared. For an area measu'ring ipproximately· 2,000 km2,. this 

represents only a moderate density of drill hales but the majority 

of the holes have continu9usly cored sections which were examined in 

great detail. In addition, almast half of the hales were drilled in 

and around the city of Fredericton which permits a more detailed 
. .., 
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subSurface picture ta ~e assemb1ed in this area. Numerous strati-
( r 

graphie eross-seGtions~were eonstructed ta dejermine the framework 
: 

of the facies distributlon. l'ltegration of chip samp1es ana core 

10gs with geophysica1 ~e1l 10gs aided the interpretation of strati­

graphy and constructia:h of facies maps. 
-: 
f 
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3.2 REGIONAL BASIN GEOMET~Y 
,-

,.' , ' 

The southwestern-'end of the. Central Carboniferous Basin' forms 

a bowl-shaped sub-vasin up to 1000 meters th~ck and bounded by fau1ts 

t and the Fredericton graben structure a10ng the northwest and northern 

margins (Figure 3.1). For convenience, the author has ,named t,his area 

the Oromocto Sub-basin. Suboutcropping strata trends which are c1ea~ly 

visible as topographie variations on airphotùs, and bedding dips 

measu red from surface exposures defi ne the sub-bas i n' s tructu re. ',Pi ctou 

strata along the margins of the sub-basin dip from 50 to 80 towards the 

centre where bedding becomes essentia11y horizontal. targe sca1e 
)l:/ 
1 broad open warp fo1ds within and on the south éOge of the Fredericton 
\ 

graben are like1y formed in resPQnse to the major northeast' trending 
"-

fau1ts. The relative fau1t disp1acement and fo1d pattern is eonfirmed 

in structural contours measured frpm marker horizons identified in 

drill holes. str,ata in the Fredericton graben have~been down-faulted 

approximate1y 50 to 150 meters in Post-Pennsy1vanian time, 'as revea1ea 

by the disp1acem,ent of roarker horizons. 
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( .. 
j------r----i--------------------- I ----------- j---------------------~, 

: AGE : ': STAGES : GROUP : MIOSPORE ZONE : 
1 1 1 1 
1 (Ma) l' ..9 1 1 ' 1 
1 1 1 - '- - 1 1 1 

I--------~--~---------------------+-----------+---------------------~ 
1 280 l, 1 1 1 1 1 1 
: -: 1 : : <>: 1 : 
1 1 1 1 1 1 1 
~ 1 1 1 1 1 

l' 1 1 ln 1 
1 1 Stephanian' 1 1 Po~onieMpolVUe6 1 
1 1 1 1 1 

1 l ,1 1 
, ~I 1 1 1 

, 1 l ' 1 1 

290- ! ~i------------------~--l Pictou r--r------------------l 
1 ._:11 , :n 1 1 C 1 Tl.fI7IOllpOl1.11 1 

: 'Gl: I--~ ~--L-----------------~ 

ffi
' 1 1 l , T . 
1 IC liB 1 OlUhpOM 1 
1 1 1 l ' 1 

P-.I IliA 1 Ve6WpOM , :! Westphalian :--.~----------------~----111' 
U): , / lB ~ , 
8: : 1 __ 1 , l, 

0:: 1 l ' 1 1 
Ul' 1 1 l ' 1 
~I 1 - '"" lA 1. da ' 
HI 1 .--4 1 IRIvers le 1 

310- ir--'---------------------~l -
, 
1 , 
1 
1 
1 
1 
1 

Narnurian 
Hopewell 

1 325-... 1 
1 

~, r-z.z.. ..E 
~l---------------------l ~ 
HI 1 
U)I 1 
Uli 1 

~: Visean : Windsor 
Uli 1 
HI 1 
~I ,1 1 _____________________ : - - -- ? - ---1 

1 1 • 1 
1 l ' 

335-

1 l ' 

: Tournaisian : Horton : 
1 1 1 
1 1 1 

1 1 1 1 1 
, 1 1 1" 1 

345-~·_L __ ~ _____________________ ~-----------~---------------------1 
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The Or-omoeto Sub-basin is fi lled mdrt1Y with el'asti c 

sediments of the Pietou Group of Westphalian C-B and Stephanian 

age (Table 3.1): Stephanian strata are preserved on1y in the 

upper stratigraphie succession within the Fredericton graben. 

Pre-Pietou (mostly Mississippian) elastic and voleanie rocks 

of the Riversdale, Hopewell and Windsor groups oecur along ~he 

margins of the basin (Figure ~.l). 

3.3 PICTOU GROUP DEPOSITIONAL SYSTEMS 

\ 

1 .) ~ 

The Pietou Group has hitherto not been satisfactorily 

subdivided into regional lithostratigraphic units. Stratigraphie 

units and nomenclature previously suggested by various authors 

(Alcoek, 1935;r-Muller, 1952; Gussow,'1953; Carr, 1964) are only 

of local value (Van de Poll, 1973a). 1 will make no attempt here 

ta establish formal stratigraphie nomenclaturè, although various 

stratigraphie intervals defined by the examination and correlation 

of drill hole 10g5 appear to be sufficient1y distinct and extenslve 

to merit member status. The major stratigraphie intervals have 

been assigned numerals with letter subseripts for referenee (Figures 

2.3 and 2.4). Coaly laminae whieh are used as marker hor~zons are 

identified by labels PH-l, PH-2, etc. 
t 

,.J''\.. 
, The'basin fill will be diseussed and reviewed ih terms of 

genetieally-related depo~itional systems. A depositional system 

is made up of an association of genetiea11y linked depositional 

, , 
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'environments inferred from an assemblage ,of lithofaeies 

(Fisher an~CGowen, 1967). 

Two major depositional systems are recognized in the 

,Pennsylvanian Pietou strata of the Oromocto Sub-basin. They 
.f 

are: 1) a fluvlal channel system, and 2) a flood plain system. 

Each of these depositional systems is eharacterized by a distinc­

tive assemblage and sequence of facies, spatial and lateral distri-
, ! 

bution within the basin, and geophysical well log signature (Figure 

3.2). In addition, the depositional systems occur in repetitiVe 

150 to 450 meter thick megacycles and smaller scale, 25 to 75 meter 
(0 

thlck cycles. The fluvial channel system forms the base of the 

/, cycles while the flood, plain system oecurs at the top. In the 

study area, the fluvial channel system is dominated by grey, 

~ . ,coarse-grained sandstones and organic matter-rich mudstones. The 
"-

~"--,__ flood' plain ~ystem is dominated by very fine-grained sandstones, 
..1 

siltstones and mudstones w;th thin isolated beds of coarser 

~" " sandstone. Stratigraphie and facies cross-sections indicate 
~-

that the two depositional systems co-existed in time within the 
\" 

basin and that the fluvial channel systems developed in major 

belts up to 15 kilometers wide. 

._--~----------
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Figure 3_2: Typical Geophysical Well Log Signature and Patterns of 
Natural Gamma and Neutron Curves of Facies making up the 
Flood Plain and Fluvial Channel Depositional Systems. 
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3.4 FLUVIAL CHANNEL SYSTEM 

3.4.1 Facies Description 

Seven distinctive facies were recognized in the 

fluvial channel system'f~om detailed studies of core 

sections (symbols after Hiall, 1978a, with sorne modi­

fi cati ons): 

Gill pebble and granule conglomerates 

Se intraformational clay chip canglamerate 

Si medium to very coarse-grained crass-bedded sandstone 

Sr very fine to medium-grained ripple cross-laminated 

sandstone 

Sb 1 fine ta coarse-grained sandstone, either massive : 

or horizontally layered 

~ thinly 'laminated siltstone and mudstone 

Em massive mudstone. 

Cong,tome;uue. Faci..'e6 (Gm ) 

Facies Gm consists of massive to paQrly-bedded, clast­

supported conglamerates (Plat~3.l, Figure 1). They range 

fram granule microconglamerates ta pebble conglomerates with 

.. 
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Plate 3.1 

Figure 1: Typical massive pebble conglomerate {facies Gm) in f{uvial 
channel system. Stratigraphie interval III, drill hole F-:13, 
91.3 m. depth. 

Figure"2: Intr?formational eonglomerate (facies Se) truncating lami­
nated black mudstone (facies Fsc). Stratigraphie inter­
val 11-2-0, drill hole F-ll, 303.6 m. depth. 

'Ligure 3: Flattened mudstone intraclasts in facies Se of fluvial 
th channel system. Stratigraphie interval II-2-0, drill hole 

F-12, 150.5 m. depth. 

Figure 4: Typieai cross-bedded sandstone (facies St) of fluvial chan- 1 

nel system, str.a\tigraphic interval II-l-A, drill hole F-l, 
492.7 m. depth. 

Figure 5: 
\ 

large coal spàr~Jfragment in course sandstone of facies St, 
fluvial channel system. Stratigraphie interval'rr-II-l-C, 
dr111 hole F-4, 199 m. depth. 

Figure 6: Coalified plant stem fil1ed with sand, in coarse channel 
sands of the fluvial channel system. Stratigraphie inter­
val 11-2-B, drill hole F-3, 86.5 m. depth. 

Figure 7: Pebble conglomerate lag at base of a cross-bed set. Bedding 
is outlined with chalk marks in photo. Stratigraphie in­
terval III, drill hole F-l, 75 m. depth. 

t'· 

l'IfI,,''f, 
Figure 8: Typical conglomerate - sandstone cy~es in the fluvial ~ 

channel depositional system. TheocJëles are fining upward 
sequences of j Gm + St + Sr facies. Stratigraphie interval 
11-2-C, 172-184 m. depth, hole F-7. Box length in photo is 

)1. 5 m. 

Figure 9: ,Ripple cross-laminations, climbing rippleus' in, bar top sands 
, (facies Sr) of the fluvial channel system. Stratigraphic ~ 

interval 11-2-D, drill hole F-18, 109 m. depth • 
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an interstitial matrix of coarse sand. Cement is silica ~ith 

are calcite. Conqlomerate beds generally range in 

thi ness from 5 cm to 2 to 3 meters. Beds up to 6 meters 

tnick a~rare. The basal contacts are sharp and erosiv~ 

Coalspar a~ coalified plant debris are abundant and clay 

, : 

1 

chip intraclasts re common. The conglomerates generallY'~ ; 

-grade upwards i nto s uences of cross-be'dded sands\tdne beds . '~ 
(facies .s1). \ 

Facies Se consists of al cong1omerates 
i 

occurring with sharp erosional bases. \>las are predominantly 1 j 

~ 
~ 

green to black mudstone chips which often show ~epositional~~ 

deformation (Plate 3.1, Figure 2), slump features, ~<i j 
~ 1 

flattening of clasts by compaction (Plate 3. l, Figure 3). l 
The intraclasts generally float with coalspar in a matrix of ~ 

./ ! 
mixed coarse sand and pebbly conglomerate. Shale intraclasts 

c'an exceed the'thickness of the core (i.e. >5.7 cm). Facies 

Se generally oécurs at the base of thick conglomerate-san,dstone 

sequences or overlying thick sections of Fsc facies. The 

presence of the intraformational clasts indicates that the 

~ facies developed scour channels which eroded finer grained 

deposits, or incorporated clay drapes formed in previous flood 

events. 

. . , i' 
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C4o~~-Bedded Sand6tone Facie6 (St) 

Facies St consists of medium to very c'earse-grained 

cross-bedded sandstone (Plate 3.1, Figure 4). A distinction 

between types of cross-bedding could not be made in the thin 

core samples. This facies is generally grey to g:een in colour. 

The matrix is generally cla .. yey, calcite cement is rare. Coalspar 

and plant litter (Plate 3.1, Figures 5 and 6) with associated 

pyrite are common. Individual cross-bed sets range in thickness 

------from 10 centimetersto-a-maximum,of.2 or 3 meters. Pebble 

lenses (lag deposits) can occur at the base of cross-bedded 

sets (Plate 3.1, Figure 7). Stacked sequence~ of facies St, 

2 to 40 meters in thickness, often display an overall 

fining upward trend in grain size along with a decrease in the 

thickness of individual cross-bed sets. Along with the con- ,t 

glomerate facies Gm and Se, the St facies comprises 80% or 
-~ - -

more of the vertical sections that characterize the fluvial 

channel system. The current oriented structures, coarse 

grained nature and fining upward conglomerate-sandstone 
-

sequences (Plate 3.1, Figure 8) suggest relatively,high energy 

bed load dep~sits of channel deposition. 

1Upple C4o.6.6-LamÙtM:ed Sand Faue6 (Ste.) 

Facies Sr consists of very fine to medium-grained sandstone, 

coloured generally dark green to grey/green. These sandstones 

contain very fine-grained plant debris which outlines bedding , 

surface. Normal asymmetric ripples as well aS'climbing ripples 
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and ,comp l ex ripple c~oss-lamination structures are prominent 

(Plate 3. l , Figure 9). This facies generally occurs in 10 . ' 
I( 

centimeter to 3 meter thick sequences associated with facies 

Sh ,at the top of fining upward St sandstone successions. The 

fine grained ripple laminations and vertical sequence indicates 

lateral accretion under lower flow regime conditions. 

Lamirta:Cêd to MMÛVe. Sand6torte. Fauv.. (Sh) 

Facies Sh consists ~f fine to coarse grained sanàstone, 

similar in appearance to the sandstones of St except that 

Jamination is either absent or horizontal. It is often rich 

in very fine organic debris and is generally thinly la~inated 

on a millimeter ta centimeter scale, and fissile. Fine~rained, 
) 

horizontally bedded sandstanes occur as 0.5 to 3 meter(thick 
.../J 

sequences associ a ted with Sr san<ÎS tones a t the top"-G.f fi ni ng 
1 

upward St sequences (Plate 3.2, Figur'e 1). M 
• f ass l vel coa rser 

grained sandstones in l to 4~meter thick 9~ds occur throughout 

stacked St sequences. 

Lam.<.nOle.d S-i..U.6tpne. and Mud6tone. Fauv.. (F6c.) 

Facies Fsc consists of black to green c~ured, thinly 

_ laminated siltstone, mudstone and very fine grained sandstone. 

Lamination is typically on a millimeter scale. Leaf and plant 

stem imprints are present on fissile bed partings (Plat~ 3.2, 

Figures 2 and 3). This fine grained facies commonly occurs at 
, 

the top of fining upward sandstone sequences, and sharp lower 
\ 

\ 
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Figure 1: Typiea1 horizonta11y laminated medium to fine grained sandstone 
of bar top facies (Sh) in the fluvial channel system. 
Stratigraphie interval II-2-B, drill hole F-2, 278.6'm.' depth'

Q 

Figure 2: Leaf imprint, probably of Neurooteris genus (identified after 
Bell, 1962) in laminated b'latk mudstone (faeies'FsC). ~ 
Stratigraphie interval II-l-C, drill hole F-l, 468.2 m. depth. 

" 

Figuré 3: Laminated 'black mudstone (facies Fse) with thin rhythmites 
of sanq. Abundant plant fragments on bed partings (top) in 
fine laminated layers. Stratigraphie level 11-2-D, drill 
hole F-9, 140 m. depth, 

Scoured channel of facies (Se) overlain by black mudstone 
of facies Fsc in a thick interval of cross-bedded sandstone 
(facies St). Note the sharp basal and top truncations. 
Stratigraphie, interval II-l-C, 208-214 m. depth, ho..le .F-7. 
Box l eng~h in photo i s 1.5 m .. 

Figure 5: Loading feature of sand (A) in laminated mudstooe (facies 
Fsc). Banding ~ the cor~ is from scotch tape. SUati­
graphie interval II-l-A~ drill hole F-3, 269.5 m. depth. 

Figure 6: Black finely laminated mudstone (facies Fsc) with pebble 
horizons. Stratigraphie level 1I-2-B, drill hole F-10, 
289 m. depth. 

Figure 7: 

Figure 8: 

Dark green coloured massive claystone with sorne caleareous 
nodules, facies Fm in flfvial channel system .• Base of 
stratigraphie interval II-l-A, drill hole F-l, 626.5 m. 
dep~-

Typ; cal trans it ion from fl ood pla; n sys tem fac; es' Fl, 'Fm 
(left) to fluvial channel system facies St (right). Base 
of stratigraphie interval 1I-2-B, 296-301 m. depth, drill 
~hole F-10. Box length in photo is 1.5 m. 

\ ù 

\ 

Figure 9: Crudelybedded conglomerate (facies Gm) in flood plain system. 
Stratigraphie interval 11-3, drill hole F-15, 180.4 m: depth. 
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and upper contacts are common (Pl ate, 3.2, Figure 4). Loadi ng 

features from overlying truncating sands or conglomerates are 

-
> a 19'0 conmon (Pl a te 3.2, Fig ure 5). In thicker bedded (1-10 m) 

~sequences, centimeter thick sandstone horizons or laminae --- --

display well developed graded bedding profiles. The Fsc 

facies generally c,omprises less than lœ& of the vertical 

sequence in the fluvial belt system. The fine grained laminated 

bedding structure with well preserved plant stems and leaves 

along bed partings indicates low energy d'eposition in res"tricted, 
c 

ponded water . .Thin horizons of ~and~tO}1~ and conglomerate 

ïndicfte frequent flood incurSlons of 'c~~rser material depo­
\) 

sited as possible small overbank flows (Plate 3.2, Figure 6). 

,The presence of Fsc material as intraclasts in Se facies 

suggests frequent erosion of these very low energy deposits 

by mi grati ng chan ne l s. 
C\ 

1 

MaM-tve Mud6.t'one. FacieA (rm) 

Facies Fm consists of a massive, green to grey coloured 

muds':Wne. No current generated sedil1\entary~structures are 
• J l 

present. Calcareous nodules ranging from ~!.9.,lO mm iJl size, 
~ """'-

carbonaceous films, and slikenslide surfidces are common (Plate 

3.2, Figure 7). The'Fm facies occurs only as 10 centimeter to 

2 mé'ter thick beds at the transition between the two contrasting 
~ 1 

depositional systems (Plate 3.2, Figure 8). 
~ 
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Facies transitions were defined with Markov chain 

anàlysis (Appendix A) using methods suggested by Miall 

(1977a). No distinction could be made between the 
(\ 

vertical facies p.atterns of the fluvi a l channel system 
... 
in the megacyclic sequences from those in sma-ller cycles. 

These results 'indicate the continuity of the s'edimentary 

processes opera-èing in the system through time. An ideal 
< 

sy,nthetic 'profile (Figure 3.3) constructed from the facies 
. 

pa\thway, measured bed thicknesses, and contact relation-
~ 

ships, compares favourably'with actual observed sequences v 
f' 

in the bore holes. ; 
The coarser sandstones and cong1omerates of faci es 

, 1 
1 

1 

·1 
-'1 , 

Gm and St make up more th an 80% of the vertical section . 1 

\ 

t 

i ri the fl uv; al channel system. These usually Qccur as 

overall fining up\tftrd sequences consisting of a basal 

conglomerate, followed by thick cross-bedded sandstone 

sets. The congl omera~.~ne seque~ces vary in the 

range of l meter to over 20 ~t~rs in thickness. Rare 
t. 

coarsening upward sequences a"~ occur. The Hning 

up~ard sequences locally grade into finer grained ~and­

stones of facies Sh and Sr or display a;sharp transition 

to very fine grained organic matter-rich mudstones of 

facies Fsc . 
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Figure 3.3: Fluvial Channel Depositional System. Lower Succession' 
" of the Cycles: 

A) Synthetic or ideal vertical facies sequence 

B) Facies transition pathways dérived from Markov 
analY$is. The percentage of e~ch façies type in 
the typical vertical profile is marked. 

) 

, ,~ 

'" 

'" -

1 • 

l' \ r 

l ' 

Il. 
i 
1 
1 
l , , 
1 , 

1 
1 

1 

~ 

- 1 
, 1 

j . 
j 
1 
1 

( _ )' 
-- j 

" li ----..;...,. __ J 0 



, / 

\ 
\ 

{ 

SCALE(m) LITHOLOGY 

(,j 

(A) 

() 

FACIES 

Gm 

SI 

Gm 

SI 

Gm' 

SI 

Se 

F$c' 

Sr 

FIC 

Sh,Sr 

SI 

Gm 

SI 

Gm 

SI 

Conglomera le 

.a 

INTERPRETATION 

channel Icour and "II 

,nl,rchannel 
land ,"c:ur"o~=amp w.th thm 

ehonne' bar top 

chonnel land bail 

orovel bar. and channl' 101/ 

• 

ct)annel sand b \ 
and chonnel 10 ail w,lh grave' If o de pOli" bor}., te' 

11. 

• - cio Y ct1l0 .ntracl _ Olts 

- halllonlo' la 

58 

__ m'nohons 
"pple ero • />0--. IS - lam"oloons 
croSl-bldd,ng 

~ 
Sand 

Clay,s,lt 

chonnel scour 

channel floor ~se_ 
Gm (70-800/:~an<2n., .#'S~ o~naoned __ -!..St~ bor ~FSC 1 chonnelond 

~5-25%)/ / ./ /' (5-10%) 

(8) ,~Sh~-

bOCk , .. amp 

'1 



, 
1 

1 
~ 
! 

, 

1 /~;,_./ 
1 

i 

,.1 

) 

------

59. 

The conglomerate-sandstone sequences and associated 

finer grained facles are interpreted as the deposits of 

braided rather than meandering rivers for the following 

reasons: the vertical st~atigraphic profile in the f...lu,vial 

channel system is characterized by thick intervals of çross-

" bedded,sandstone~,'with horizontally laminated sands and gravels 

dis~ributed throughout, and the very high proportion of coarse 

sandstones and conglomerates comparefl to shale strongly suggests 

a braided rather than meandering fluvial environment (Miall, . 
.. 1 ~~ 

1977a,b; Fisher, 1982). The fining upward sequences with con-
/) 

glomeratic basal units require initial high energy currents 

waning to lower energy regimes which are characteristic of 

braided rivers (Col1inson, 1978; Fisher, 1982). The presence 

of thin finer grairyed si1t and mudstone sediments with abrupt 

basal and upper facies contacts is a1so a characteristic feature 

of braided systems la~ely caused by flashy discharge in flow 

regime and a predomina,nee of bedload deposition over suspension 

load (Fisher. 1982). 'Unfortunately. many distinguishing criteria 

of braided river systems, such as exact channel mprphol'ogy, 

sand body geometry, the presence of tabular cross-bedding structures 
~ . 

~ (impossible to' distinguish from trough cross-beddlng because 

of the thin core samples), and th~ degree of variation in 

paleocur\ents vectors cannot be fu11y examined because ot 

the lack of surface outcrops. Van de Poll (1970) found a 

'. very low variance in predom1nantly north to northeast trending 

paleocurrents throughout the sub-basin area (Figure 1.3). 
, 
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However, hi s data are based on' outcrop samp l i.ng in the 

basin which is severely biased in favour of certain area~ 

and stratigraphie layers. The data derived from drill ho)e 

cores do n6t preclude a hybrid of both braided and coarsè 

~ine~_meandering models for the fluvial channel deposi-: 

tional syste~Cant and Walker, 1976). 
.. . 

In braided rivers, sandstones and conglomerates are 
\ 

deposited mostly as longitudinal and transverse bars by ~he 

migration of large scale, foresetted or horizontal bedfor.ms 
.' 
'. 

(Leopold and Wolman. 1957; Niall, 1977a). During the deposition ," . 

of each succeeding bar, erosion of underlying sand occurs and 

may develop a basal scour fil1ed with a' conglomerate 1ag 
o 

containing targe plant fragments. Waning currents deposit. 
J 

finer grained sandstones with ripple laminations at the top 

of the conglomerate-sandstone bar sequences. 
j~ 

Much of the very fine grained mudstones and siltstones 
- .. 

of facies Fsc appear to have been deposited in interchannel 
, ~ - . 

areas of ponded waters. Accumulations of very fine grained . 
plant materia1 and l~yers of leaves and small tree stems are 

common in facies Fsc: Deposition probab1y took place in 
'7 

abandoned channels although Williams and Rust (1969) show 

t~at si1ts can be a1so preserved as dr?pes at the top of bars 

in modern braided rivers. The sharp basal and upper truncations 

general1y seen in the Fsc facies indicate that channel bar 

migration was rapid. Common incursions of coarser sandstone 

,."..\ 
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-

deposited as thin graded horizons in Fsc facies indicate that 

adjacent. acti ve channel s flooded over bars through sma 11 

'crevasse-splays into the abandoned water filled channels. 

The quiet water sediments of faèies Fsc are generally of 

~ 1 imited extent and cannot be traced from one drill hole to the 

next. An exception to this occurs in the fluvial system making 

up the base of megacycle II where a 10 to 20 meter thick interval 

of carbonaceQus mudstones can be traced between holes drilled 

throughout the" Fredericton graben area of several tens of square 
~ 

kilometers. This probably indicates the development of a so~e-

what more latera~ly extensive interchannel backswamp environment 

which has been interpreted as occurring adjacent to channels of 

large fluvial systems in l)1ajor coal .basins (Horne et al., ,1978) . 

. The vertical facies sequence in the' fluvial channel system 

is S'imilar to that described by Millians and Rust (1969). and 
/ 1 

,ff 

Miall (1978a), in the gravel- and sand-dominated Donjek River. 

In contrast to. the Donjek example, however, the Pictou is 

characterized by the absence of evidence for exposure or vege­

tation of interchannel bars. On the other hand, frequent 

flooding and erosion of abandoned channel systems is evident 

and suggests seasonal w'l~er lev~\l fluctuations. This may 
. '. 

indicate that water levels in the main channels ne ver droppep 
1 \ 

to extremely l~vels during interflood stages or it may \, 
o 

indicate a low preservation potential for th~ exposed inter-

ctkô'ne1 bars (Miall, 1980, p.72). 
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. 8raided channel patterns can occ.ur in river systems having 

a relatively steep slope, an overabundance of bedload or a 

combination of the two (Coleman, 1969; Fisher, 1982)" In 

small high gradient streams, slope is the dominant factor 

causing ~raiding but in large scale rivers characterized by 

extensive flood plains, bedload and seasonal discharge must be 

considered as the controlling factor. The sca1e of t1're-fluvial--

belt systems conside~ed for the Pictou Group in this study 

suggests the development of "big river" systems (Potter, 1978), 

with extensive flood plains:' Physical constraints on such 

river systems suggest high bed and suspen~ion load and extremely • 

unstable hydrology caused by extreme seasonal discharge. çr 

3.5 FLOOD PLAI N SYSTEM 
.. 

3.5. l Facies Descri pti on 

Eight distinctive facies were recognized in the flood 

plain system and are described as follows, again using symbols 

with modifications after Miall (1978a). In addition to the 

facies listed in the discussion of the fluvial ,channel system, 

the following symbols are used: 

/ Il : laminated mudstone, siltstone and very fine , 

î grained sandstone 

Ir mottled seat earths 

carbonaceous organic matter laminae. 

, " 
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Ma.6.6.ive Bedded Conglome.Jr.ate Fauu (Gml 
; 

Facies Gm consists of a red to greyish red clast 

,supported conglomerate made up of subrounded small pebbles 

63. 

and granule-sized clasts. Clasts are often imbricated or 

crudely beddèd (Plate 3.2, Figure 9). Matrix and cement charac-

teristics re similar to those describe in the fluvial channel 
j 

system. This acies almost everywhere contai1ns abundant red 

shale intraclas s. The basal contacts are generally. sharp but 

the conglomerate occurs as thin (10 to 50 centimeter thick1 

beds grading within a ~ew centimeters upwards into coarse 

cros5-bedded sand of facies St. This facies is relatively 

uncommon in the flood plain system and nowhere accounts for 

more than several percent of the vertical sequence. 

Cllo.6.6-Bedde.d Sand6tone. Fauu (St)\ 

Facies St consists of medium to coarse grained silty 

S'andstone with clay matric or calcareous cement. The colour 

1s generally dark maroon. The facies is generally compose~ 

of stacked cross-bed séts from 10 to 20 centimeters (Plpte 
~, 

3.3, Figure 1). Outlines of large plant fragments preserved 

by hematite are common (Plate 3.3, Figure 2) and carbonaceous 

~lant 'trash' 1s occasionally observed in sorne of the thicker 

seq~ences. Basal contacts are either'sharp and erosive with 

abundant shale intraclasts or grade upwards from a basal, 

pebble conglomerate. The sandstones generally occur in fining 
" 

upward profiles l to 5 meters thick (Plate 3.3, Figure 3). 

These can be top truncated by so1.l profiles (Plate 3.3, Figure 
1 
\ ' 
',) 
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Figure 1: Cross-bedded sandstone of facies St in the flood plain system, 
~stratigraphie ,interval II-3, drill hole F-13, 236 m. depth. 

Figure 2: Plant stem preserved as ~ hematized cast or halo in a thin 
sandstone bed in the flood plain system. Stratiqraphic 
interval 11-3, drill hole F-10, 174.8 m. depth. 

Figure 3: 

Fi gure 4: 

Typical fining upward channel sequence / Gm; St ~ Fl, Fm 
in the flood plain system (to the left of photo). Strati­
graphie interval 11-3, 249-255 m. depth, drill hole F-ll. 
Box length in .photo i~ 1.5 m. 

Top of fining upward crlss-bedded sandstone sequence (fa­
cies St) in flood plain system. The sandstone is top trun­
cated by a rootlet horizon (Fr). Stratigraphie interval 
11-3, drill hole F-14, 119 m: depth. 

Figure 5: Cl{mbing ripple lamination in fine sand of facies Fl, flood 
plain system. Stratigraphie interval II-3, drill hole F-18, 
38.5 m. depth. 

Figure 6: Calerete (a) and claystone (b) f,' tracl~st~ in distal flood 
sheet sands of facies Fl, flood plain system. Stratigra­
ph'ie level II-3, drill hole F-l , 221 m. depth. 

Figure 7: Typieal sheet sand in the flood plain system with elaystone 
intraclasts. Strati'graphic level II<-3, drill hole F-12, 
108.5 m. depth. 

Figure 8: Rain drop imprints (bottom) and casts ftop) in fine mudstone 
of the flood plain system. Stratigraphie interval 11-3, 
drill hole F-:13, 220 m. depth. 

Figure 9: 
\ 

Typieal massive mudstone (Fm) of the flood plain system. 
Sorne plant traces are visible and produce the "bloeky te,x­
ture". Stratigraphie interval II-2-C, dr,ill hole F-ll,! 
330 m. depth. j 
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4) or gr:adational with overlying fine rippled sandstone. 

Along wi th the other sand facies, they account for less than 

15% (in vertical section) of the typical flood plain system, 

occurring as isolated bodies within a mud-dominated sequence. 

Sharp basal contacts, coarse grain size and fining upward 

sequences in the St facies suggest an isolated channel 
~. 

deposition although on alluvlal plains actual fluvial channels 

ma'y be difficult to distinguish fram deposits fonned from 

crevasse splay sheets (Reineck and Singh, 1980, p.29l~ 292). 
4 

Ripple. CIWM-Larrtina.:te.d SancUtone. Facie.6 (SIL) 

Facies Sr consists of deep maroon colaured, fine to medium 

grained silty sandsto(le. Centimeter-scale asyrrvnetric ripple 

laminations and climbing ripples are common (Plate 3.3, Figure 

5). The Sr facies o,ccurs at the top of thin fining upward 

sandstone sequences or a~ 0.5 to l meter thiÇk isolated beds 
" 

within the mu~ and silt-dominated sections. 

Lamùta;Ce.d Sanc:l.6tone. Faue6 (Sh) 

Facies Sh consists of a fine to medium grained silty red 

sandstone. The facies contains both massive and harizontally ., 

laminared. varieties, closely associated with rippled sandstones 
" ' 

atp the top of fining upward s8quences. 
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La.m1.nate.d S~tone., and Mudo:tone.. Facie.h (Fl J 

The Fl facies consists oflam~nated mudstone, siltstone 

•. and very fine grained sandstone. l'nterbeddi,ng of sand, silt 
. 

and mud on a mtl1imeter to centimeter scale is commbn. Small 

scale ripple laminations and climbing/lriPPles are ~bserved in 

sands tone. !runcati on surfaces at the base of thi n sandy \ ' 

1aminae are· common and often contain rip-up mudstone intra-
-
c1asts and/or calcrete clasts (Plate 3.3, Figures 6,7). Plant 

debris preserved on1y as imprint casts a10ng bed partings are 

very common. Desiccation features were nct observed but these 
, 

may be difficult to distinguish in the ,core. We11 preserved 

rain drop impri nts, were observed in several ~ori zons (Pl ate 

3.3, Figure 8). The massive mudstone facies and the Fl facies 

accoun ts for 80 ta 90% of the flood plain system. The th in 

laminated texture of interbedded claystone, siltstone and very 

fine grained sandstone indicates conditions fluctuating between 

lateral current transport and vertical accretion. Fine,' small 

scale ripp1e lamination indicates lower energy waning currents. 

The currents were frequently strong enough to brea~ op and 

transport calcrete crusts and' shale thtps -as intraclasts. 

Redeposition of the intraclasts must have been rapid ta preser~e 

the delicate calcrete materia1~ Organic material in the F1 
. . 1 1 1 J \ . -

faQes was probab y 1 rafted by tt)e food waters and~ subse-

quently destroyed by subaeri a l exposure and oxidation or by 1 

oxidizi ng groundwater after burial. 
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Ma.6.6ive. Mud.6,tone. Fa.u'U (Fm) 

The Fm facies consists" of a massive mudstone (Plate 3.3, 
. , 

Figure 9). Current-oriented structures are not present. Plant 
; 

traces are common as itnp~ints or rare carbon films (Plate 3.4" 

Figure 1). Pedogénic calcrete (calcite identified from XRO pattern)" .. 
and'ferricrete structures are the most distiBctive feature of tht~ 

. \ 

-=r-----tf'-l'la-rc+.1 es. Concentri c or massive calea-reottS and "Ferri crete nodul es 

, 

or piso1ites are common1y found ip the same bed. The calcareous 
\ 

~t 

nodules have diameters of 1 to 10 millimeters. In section, calcite 
c 

is mixed wjth clay and the nodules often ~how concentric rings 

(Plate 3.4, Figure 2). 
o 

• (1 

Calcretes a1so occur as honeycomb veinlet 

structures (Plate 3.4, Figure. 3). The cà1careous struètures show 

characteristics common1y found in immature near surface calcrete 

horizons formed by the downward percolation of surface water under 
"" \ ... 

conditions of tlÎigh PC02 and low pH (Leeder, 1975; Reeves, 1976). 

The presence of the ca}cretes as eroded and redeposit~d intrac1asts 
(,.'r 

in th;n sandstones of the F1 facies also indicates that they were 

forming near the surface. Ferricretes occur as irregu1arly shaped 

nodules and coated pisolites 2 to 10 mill,imeters in diameter 

(Plate 3.4, Figure 4). They are composed of both yellow and ,red 
, 

iron oxide minerals. The piso1ites are made up of concentric 

layers around a massive ferricrete nodule. Rarely ca1crete nodules 

or fragments form the nuclei of piso1ites (Pl,ate 3.4. Figure 5). 

The ferricretes are typica1 of pisolitic 1aterites and pedogenic' 

iron nodules formed by a f1uctuating groundwater tab01e (McFa'rlane, 

1976) . 
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Pl ate :aA 

Figure 1: Plant fragment preserved as a carbon film on a beddi'ng plane 
in massjve mudstone (facies Fm) of the flood plain system. 

'StratigLaphie interval 1I-2-A, drill hale F-l, 356.8 m. 
". depth. 

-
Pigure 2: Calcr~te nodul€s in massive red mudstone (facies Fm) of 

the ,flood plain systeill. The nodules are marly and show 
sorne eancentric layering. Stratigraphie l~vel III, drill . 
hale F-2, 12.0 m. depth. 

figure 3: Honeycomb calcrete structure and isolated' nodules in mas­
sive mudstohe of the flood plain system.~ Stratigraphie 
interval 11-3, drill hG-l-e-p:.l, 256.5 m. depth. 

Figure4: 

Figure 5: 

Spaced lateritic ferricrete pisolites developed in the 
flood plain system. Cross-section (right) and bedding pla­
ne view (left). Stratigraphie ipterval 1-2, drill hale 
F-2, 739.4 m. depth. 

Ferricrete nodules (a) forming eoncentric layers around 
a core of calcrete (b). In Fm facies of the flood plain 
system. Stratigraphie interval II-3, drill hale F-13, 
252.2 m. depth. /-', 

Figure 6:e Mottled soil horizon interpreted as representing root net­
works. Facies Fr, flood plain system. StratfgraplïTeln­
terval II-2-C, drill hole F-ll, 330 m. depth. 

Figure 7: 

Figure 8: 

Thick mottled sail horizon (facies Fr) developed in the 
flood plain depositional system (left hand box) overlain 
by siltstones of facies Fl and a 2 m. thick interval of 
erass-bedded sand~tones of facies St (right hand box). <f' 

Stratigraphie interval II-2-C, 314-326 m. depth, drill hole 
F-13 .. Box 1ength in photo is 1.5 m. 

c \ 

Thin orgàn';e eoaly laminae d'eveloped'at top of a prominenf­
seat earth in the flood p,lain system. Stratigraphie inter­
va1 PH-2, II-3, drill hole F-13, 210 m. depth. 
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The' Fr facies consists of mottled seat earth. Colours 
-

range through yel1ow, green, red, blue and grey. The mottled 

pattern is generally anastomosing or branching, suggesting a 

complex ~oot network (Plate 3.4. Figure 6). The seat earths 

are highly crumbly in tex~ure. They are almost alw~ys top 

truncated by the .El or Fm facies, but are locally marked ~by 
'.' 

an upper layer of coaly laminae (( facies). The seat earths 

range in thlckness from'10 or 20 centimeters to as much a~ 5 

.. 
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meters, and grade downwar~ into massive muds~one (Plate 3.4, 

Figure 7). Ironstone nodules and ferricrete pisolites commonly 

occur within the se~t earths but calcretes are relatively rare. 

Facies Fr does not correlate from'one hole to the next which 

indicates limited sporadic vègetation.in the flood plain~ 

CaJt..bonac.eoUJ.J Lam-tn.ae Fauv." (Cl 

This facies consists of carbonaceous laminae or thin coals 

up to 10 centimet~rs in thickness. They are 'in places associated 

with~fine rippled sandstones, and can occur as isolated laminae 

or horizons at the top of seat earths (Plate 3.4, Figure 8) 

laterally continuous over hundreds of square kilometers. Three 
, " 

such horizons (labelled.PH-l, PH-2 and PH-3) can be used as 

effective marker horizons in structural studies of the basin 
~ 
(Figùres 2.3 and 2.4). The cbaly, thin laminated structure 

of this facies and'widespread occurrence at the top of seat 

earth profiles (facies Fr) suggests organic accumulation in , -
laterally extensive paludal environments. 
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3.5.2 Facies Sequence 

oi-

A similarly derived synthetic facies sequence for the 

flood plain system,contrasts sharp1y with that of the fluvial 

channel' system (Figure 3.4). Co'arser grained sandstone and 

congll!lOmerate make up less thàn 20% of the typical vertical 

sequence in the flood plain' system. In sorne thick intervals, 

they are altogether ab~ent. They form 1 to 5 meter thick 
--

fining upward sequences, typically consisting of a thin basal 

" interval of p.ebble and clay chi'P (iritraclâst) conglomerate 

(facies Gm), followed by",_c~oss-bedded silty sandstone (facier 

St). These sequences occur as isolated bodies in thi:k mud \ 

and silt-dominated successions CEl and Fm facies) and are 

nowhere traceable from one drill hole to the next. These 

characteristics suggest srnall iso1ated channels developing 

in a finer grained flood plain system. Very abrupt top 

truncation by soil and root zones may indicate that sorne of 

the channe1s were ephemeral (Picard and High, 1973, p.181). 

Exact definition of cHannel geometries and processes of 

deposition is impossible from the drill hole data. Channel 

deposits associated with crevasse-splay sheet sands are of tenD 
~ 

difficult to distinguish from small fluvial channels in modern 

. alluvial plains (McKee et al., 1967). Similarly. channels may" 

commonly form from both active fluvial systems and from post­

flood drainage in alluvial plains (Allen 1965). In the flood 

plain system of the Pictou Group a broad category of channel 

sequences can be distinguished from sheet sands from the wel\ 

log patterns (Figure 3.2). 
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Figure 3.4: Flood Plain Depositional System, Upper Succession o~ 
~he Cycl es: 

A) Synthetic or ideal vertical facies 5equence. 

B) Facies transition pathways derived from Markov 
analysis. The percentage of each, facies type in 
the typical vertical profile is marked. 
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Flood basin deposits of alluvial plains typically 

72. 

. represent accumulation of fine grained .materia1 suspended in 

flood waters that became still after flood periods (Allen, 
, 

1965). $omewhat coarser materia1 can be transported in 

sheet deposits k,i1ometers frOrrî' ~ajor fluvial channels (Allen, 
1 \\ 

1965; McKee et al., 1967). Th~ fine ~rained deposits of 

facies F1 and Fm whjch make up over 80% of the vertical 

sections in the flood plain system contain low energy current 
," 

features and pedogenic structures whiçh are characteristic 

of frequently flooded alluvial plains (Allen, 1965; McKee et 

al., 1967; Collinson, 1978). Rapid and waning flow,~nowed 

by deposition of b1anketing mudstone, is indicated by c1imbing 

ripp1e 1aminated and the paral1el laminated ~l facies inter-
.\ .) \,-

bedded with massive mudstone (Fm). The abundance of these 

fine!" grained deposits ,indicates that they must have originated 

from the flooding of major fluvial systems rather than the thin 
l ," 

isolated ch~nnel p~ofiles seen in the flood plain system itself. ( 
1 

A significant feàture of these fine alluvial deposits is the 

presence pf vari ous pedogeni c features s'uch as soi 1 profi 1 es 

and duricrusts. 

~In the fine grained domi~~it1y red co1oyred sediments of 

the flood plain system, \~al'ci~te and f;~ricrete nodul~s 
""--"----_/ \' 

ane found togethér in fades Fm. Thick soi1 horizons wi~h 
.... " 1 

mbttled rootlet zones and ferricrete nodules (Fr facies) occur 
~ , 

throughout the sequence. This would appear to present a 
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confl ictlng cl imatÎ'c regime since red bed sequences and 

; ca1cretes are conrnonly associated with arid to semi-arid 

climates (Walker, 1967; Allen, 1974; Reeves, 1976, p.84) 

whi le 1eached soil zones and ferricrete nodules are more ~ 
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characteristic of laterites deve10ped in humid vegetated 

environments (McFarlane, 1976). Duricrusts and as~ated 

soil horizons are, however, more dependent on the l~l soi1 

climate than general atmospheric c.limate (Go~die, 1973). The 

equatorial palaeolatitude reconstruction for the Carboniferous 

i 
i 

j 
i 

1 
~ 
~ 

of New Brunswick (Scotese et al., 1979) can accômodate various ' 

more specifie pa1aeoclimatic types ranging from arid to humid 

conditions. The contrasting ferricrete and calcrete features 

observed in the core can be reconciled by considering instead 

a seasonally semi-arid climatic interpretation. In the 

suggested model (Figure 3.5), the flood plain would be composed 

,of: ~) vegetated soil areas (faci es Fr); and b) non-vegetated 

areas (facies ..El 'and Fm). Humid conditi ons in vegetated soi 1 
Q 

areas could'be maintained by the plants themselves or by 

locally ponded waters.- Organic material in the remaining 

areas of the plain would be restricted to rafted material 
/~r r. 

.' transported and depôsitèd during f100ds ,and preserved only 

as imprints in the mudstones of the Fm facies. Immature 

~ ca1cretes would form near the surface in fine grained 

alluvial plain sediments during prolonged dry·periods. 

They would be susceptible to .erosi~n, transport and redepo­

sition during brief seasonal flood periods, depending on the 

proximity of the flood platn with .respéct to a major fluvial 
/ 

ch~nnel system. Fl~ctuating groundwate~ du?ing flood stages 
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would produc. brief changes in Eh-pH conditions favouring pr~ 
cipitation of coated ferrierete pisolite; near the surface and . 
at depth (Baas Becking et al., 1960; Collins and Buo1, 1970). 

/ 

- In eontrast, adjacent vegetated areas wou1d maintain a more 

constant redue;ng environment in their soJ1 cl imate due to 
, ' 

more humid conditions and production of organic acids (Leeper. 

1964; Meek et al., 1968). This would favour the 1eaching of 
'-
these soils and production of ferricrete nodules during the 

seasona1 groundwater fluctuations (Leeper, 1964; McFar1ane, 

1976, p.42-43). Sustained periods of,high water table caused 

~ by eithe~etter climatic conditions or a change in hydrologie 

conditions would 1ead to the lateral1y extensive coaly horizons 

(fac; es ~) deposi ted in peat swamps (Huddl,e and Patterson, 

1961; Fa1ini, 1965). This seasona11y semi-ar;d climatic 

interpretati on) contrasts somewhat with the sem; -ari/d 
\ -

interpretation suggeste~un (1980) and Legun and Rust 

(1982) from Pictou sediments of the same age and simi1ar 

eharacter in the northwest Central Basin. This may suggest 

local climatie variations throughout the basin. 

3.6 REGIONAL BASIN EVOLUTION 

The facies sequences of the t fluv1al channel and flood plain 
( 

depositional systems occur as large and sma11 sca1e cyclic repeti-

ticns in the vertical stratigraphy of the Oromocto Sub-basin. This 
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Figure 3:5: Schematic Model for the Oevelopment of Calcrete and Ferricrete 
Nodules in the Flood Plain Depositional System. 
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Figure 3.6: Structural ContoJrs of PH-l Marke~ ~or~zon in the 
Fredericton Graben ~d SurrQUnding Area. 
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stratigraphy is best defined in the Fredericton area where three , ' , 

150 to 400 meter thick megacycles are recagnize? (Figure 2.3). 

Cycle III,'"'found only in the Fredericton graben, consists of repeated', 
, 

smaller scale cycles (10 ta 75 meters thick) of sjmilar char~cter 

and megacycle 'II is marked by a prominent transitional zone of small 

cycles (II-2 interval) between its upper and lower successions. An 

examination of regional cross-sections and isopach maps, using coaly 

marker horizons PH-l, PH-2 and PH-3 (facies f) recognized in the flood 

plain system of interval 11-3 (Figures 2.3 and 2.4), reveals maJor 
• If.} v 

, as the basins' sedimentaryevolution. 

,Structural contours on the PH-l marker horizon reveal the post-

depositional (present day) structure of the Pictou strata in the 

vicinity of Fredericton. Structural displacement of marker horizons 
'("j • \. \G 

confirm large scale warping and faulting in and around the Fredericton 

graben structure {Figure 3.6). Relative fàult displacement range 
Q 

from SO to 60 meters alo~g the New Mar~land, Rusagonis and Hanwell 

faults and 20 meters along the Tracy Fault (Figure 3.7). 

Isopachs of the interval between the PH-l and PH-3 markers show 

a variation in thickness of only 4 meters over an area of approxi-

mat~ly 300 km2 near Fredericton. This limited regional va~iation 
{', 

" 

indicates that differential subsidence during flOOd, plain depos\ion 

was slight and palaèOrelï'ef was small. Isopachs of the interval 

between the cycle III base and PH-3 vary by the same magnitude. 
~ 

This indicates that the development of the fluvial channel systems 
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was not accompanied by extensive erosion and ravining of the ,under-

lying flood plain deposits. A rapid change in~stratigraphic thickness , 
, 

of megacyc1e l 'between drill holes 32 and F~2 (Figure 2.3) suggests 

that differential subsidence played a role,in the development of 

megacycle I. This cannot bé fully substantiated because of the lack 

of other deeR holes in the Oromocto Sub-basin. 

Thi ckness of the major sand i nterva 1 between the n'-2-0 base 

and PH-l va'ry as mu ch as 12 meters throughout the same area and the 

isopachs therefore form an asymmetric curvilinear pattern of maximum 

thickness (Figure 3.7). A comparison between isopachs and the 11-2-0 

fâcies profile indicates the development of at least one major channel 

system surrounded by the flood plain system for the Upper 11-2-0 sand 
o 

interval, ,although it is cut off to the northwest by faulting (Figure 
1 

3.7). The juxtaposition of the two depositional systems can also be 

observed in regionai cross-sections through the Fredericton graben 

and across the Oromocto Sub-basin (Figures 3.8,3.9,3.10). Unfor­

tunately, holes drilled near the centre of the basin are only deep 

enoug,h to reveal the lateral change in the transitional smaller scale 

cycles of megacycle II. The thicker fluvial channel systems making 

up the base of the megacycles can be expecteq to behave tn a similar , 

fashion.' The regional sections (Figures 3.8, 3.9 and 3.l0) define a 

geometry of linear sand bodies of lefiticular cross-section compr;sing 

the fluvial channel depositional systems. 
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Figure 3.7: Isopach Map of PH-l Marker Horizon to the ·Base of the, 
Upper Sand Interval II-2-D,(Figures 3.8, and 3.9), and 
Comparative Stratigraphie Logs . 
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Figure 3.8: Northwest to Southeast Cross-Section Showing the 
Stratigraphie Framework, Cycles and Sandstone 
Geometry of the Pictou Group across the Oromocto 
Sub-basin. Marker horizons of coaly facies C are 
used as datum. 
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Figure 3.9: North'to South Cross-Section Showing the Stratigraphie 
Framework, Cycles and Sandstone Geometry of the Pictou 
Group aeross the Oromocto Sub-basin. Marker horizons of 
coaly facies C are used as datum. 

, ' 

,', 

.. 
i 



81 

f. 

d . 

\ 
! 

l 
i 
\ 
1 
1 

î' . ' 
~ 
J 
! 
l 



, 
" 

\ 
~ \ 
/ i 

1 

Figure 3.10: Cross-Section along the Structural Axis of- the 
Frederïcton Graben Show1ng the Stràtigraphic Frame­
work and Depositional Systems, and Cyclicity of the 
'Pictou Group. Marker hori:zons of coaly facies Car' 
used as datum. 
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of the regional cyclic stratigraphy (Figure 3.11). The model 

illustrates one or more wide rivers (2 to 15 km wide) flowing across 

an extensive flat-1ying alluvial plain at any given time during the 

Pennsylvanian. 'Vertical and lateral stratigraphie patterns would 
, , 

clearly be a product of the dynamic 1nterreaction'between the two 

depositional syst:ms and 1atera1 migration of the fluvial be1ts . 
. ' 

The actual causes of stratigraphie repetition in the form of small 

and large seale cycles are less clear. The vertical and lateral 

sca1e of ~he cycles suggests that the major controls were likel~ 

allocr,elie meehanisms of extrabasina1 origin (Beerbower. 1964; 

Miall, 1977a, 1980). These contro1s cou1d include climatic, ~ectonic 

and base level changes. The dynamics of basin evolution over long 

periods of time may be 50 complex that more than one meehanism must 

be cons i dered (Be,erbower, 1964). 

Base level changes (rise, in sea level) ean cause alluviation 

and-aggradation i~ adjacent paralic or de1taic environments if 

they are of sufficient magnitude (McCave,'1969). Base 1evel changes 

could conceivably be an influencing factor in the cyclicity of the 

Pictou ~roup since the P~nnsylvanian is wel1 known as a time of 
" 

widespread eustatic sea level variation (Wanless, 1967; Duff et al., 

1967), but specifie evidenee is 1aeking and oânnot.be demonstrated 

without regionally adjacent and correlatable marine or paralic 

sequences, wllich are not present in' the Central Basin (Bal1 et al;, 

'" 1981)v Tectonic and elimatic eontrols are likely more applicable 

to the Central Basin but are neverthaless difficult to assess because 
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Figure 3.11: 
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Sc,hem~ic Model for the Evolution of the Pictou Group, 
Oromocto Sub-basin, New Brunswick: 

(1) wide fluvial belt system, dominated by coarse sand 
and gravel .' 

(2) abandoned channel with deposition of fine organic 
ma teri al 

(3,4) ephemeral lakes and swamps forming coaly marker 
hori zons. 

(5) exposea alluvial plain subject to seasonal flooding 
and with (6) thin ephemeral alluvial chçnnels 

(7) previous fluvial channel system 
(8) alluvial fans forming near the basin edge 
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of the di ff; cul ti es in evaluating extreme contrasts in source and 

sedimentation environments inherent in large sca1e river systems 

(Garner, 1959; Mia11, 1978b). The Brahmaputra~Ganges basin of Indja 

(Cole'man, 1969) represents a modern alluvial basin composed of several 

major fluvial belt systems surrounded by a much larger flood plain, 

comparable to the model presented for the Pictou Group in the Oromocto 

Sub-basin area. Coleman documents essentially autocyclic variations 

within t~ajor river belts as ~roduced by seasonal floodin~, but . 

imPli~S that major Cha~ges in the position of the river belts, although 

representing river avulsion, are initiat'ed by tectonic and/or unusual 

extremes in flooding (i.e. source area climate). Miall (1980) discusses 

sorne of the complex interrelationships between allocyclic triggering 

mechanisms of fluvial avulsion. The facies characteristics of'the 
... 

fluvial belt systems in the Pictou Group indicate an extremely high 

sediment charge and extensive seasonal fl~oding. Such river systems 

would be extremely unstable and subject to periodic migrations of 

the major river course initiated by climatic and/or tectonic controls 

originating in source areas. 

3.7 CONCLUSIONS 

, 

In this study, two major depositional systems which can be 

used to characterize and define the stratigraphyCin the Pictou Group 

of the study area were describ~d and compared." Evidence for th~ 

'lateral juxtaposition of these depositional ~ystems through time 

and acroSs the basin was proposed. \11 a suggested depositional . 
'l 
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, 

model for the basin evolu~ion, evidence from this study suggests 

deyelopment of wide fluvial belts (of probable braided channel pattern) 

w.ith a heavy sediment charge cutt~ng across a flat alluvial flood 

plain. Intrabasinal and extraba'sinal teetonie and climatic eontrols 

have been considered to aeeount for regional facies patterns 'and 
Il 

depositional cycles. The scale of the çycl icity and a comparison 

with possible mopern day analogues suggest that allocyclic controls, 
"" \ 

particularly source area climate, may have dominated althoug~ no 

conclusive evidence can be used to favour one mechanism over another. 

Documentation of regional Pennsylvanian depositional history 

in the Oromocto Sub-basin was made easier by the lack of fonnal 

stratigraphiç units whi ch allowed for ,,~,he definition of facies 

related depositional systems unenGumpered by the constraints of 

stratigraphie nomenclature. The author's suggested model remains 
, ~ . 

to be tested in other areas of the Central Basin. It remains "open 

q 

\ 
Q , 

~.' tq others to add and define additianal deposit,ianal systems whi.ch ~ 
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likely existed in other areas of the basin. These might include· 

eX,tensive coal swamps, alluvia,1 fans, and meandering belt systems. 
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CHAPTER IV : JOINT SUMMARY AND CONCLUSIONS 

Strata of the Pictou Group in the southwestern end of the Central 

Carboniferous Basin in New Bruns~ick (Oromocto SUb-basin) are arranged 

in" large and small scale cycles. These cycles form the basis for strati-
, 

graphJc correlation at different scales. Three large scale megacycles 

(150 to 400 meters thick) are recognized in the regional examination 

of drill holes. Megacycles r and II are characterized by a thick basal 

succession dominated by grey, coarse grained sandstones and conglomerates 

overlain by a red succession, dominated by shales and siltstones. Mega-

cycle III consists of repeated smaller scale cycles (10 ta 75 meters 

thick) of similar character to the megacycles. Megacycle III is preserved 

only in a large scale post-sedimentary graben structure in the Fredericton 

area. Megacyclei 1 and II can be correlated with a high degree of con­

fidence throughout the study area qlthough they are characterized by 

major latera1 fpcies changes and variations in thickness. The most 
1 
1 

prominent large( scale latera1 facies change is a thining and lateral 

pinching-out of the basal coarse grained successions into the fine 

grained successions. Characteristic geophysical well log signature 

facilitates latera1 correlation and recognition of the cycles and their 

internal facies sequences. 

The cycles can be defined in terms of depositional systems 

composed of assemblages of genetica1ly linked lithofacies. Two con­

trasting depositional systems, a fluvial channel and a flood plain 

system are recognized in the stratigraphy fram detailed facies ana1ysis. 
" 
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Thf! fluvial channel system dominates the basal portions of cycles, 

ana the flood plain system the upper part. The fluvial channel system 

is mostly made up of stacked conglomerate-sandstone facies sequences 

representing high energy channel deposition. Low energy fine grained 
1 

l bar top deposits and organic matter-rich mud deposited. in abandonep 

channel s r\COrd cycles of wani ng flow withi n the fl uvi al system. The 

fluvial channel system is interpreted as representing the development 

of major riJfr belts of a braided eharacter. Physical characteristics 

of similar modern day rivers suggest high bed and suspension load and 

an unstable hydrology for the fluvial channel systems of the Pictou. 

The flood plain system is dominated by fine grained sediments 

with small scale low energy current features and massive mudstones 

indicating distal flood deposits. These fine grained flood deposits 

are more likely derived from the flooding of the major fluvial channel 

systems, rather than the thin channel sequences contained within the 

flood plain system itself. Calcrete and ferricrete nodules found 

throughout the flood plain deposits indicate both a wet and semi-arid 

soil climate controlled by fluctuating groundwater initiated by flooding 

from the major rivers (fluvial channel systems). The ferricrete nodules 

were deposited in soi1s where groundwater levels f1uctuated during 

flooding and in pedogenic seat earths where local vegetation maintained 

a humid soil cl imate throughout the dry season,. A seasonal lowering 

of the groundwater table during post-flood run-off created semi-arid 

soil conditions favouring the development of immature ca1cretes. 

Areas of the flood plain distal to the major channels, which would 

escape seasonal flooding, developed calcretes which were subject to 
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erosion during a following flood phase. Periodic and local rises in 

the water table for longer periods of time developed, laterally extensive 

swamp environments on the alluvial plain which favoured pre?ervation 

of organic material as thin coaly laminae. These formed marker horizons 

that can be used in ~tructural studies and in the correlation of drill 

holes. These marker horizons indicate an extremely low topography 

during flood plain deposition and delineate curvilinear cha'nnel patterns 

in sorne of the smaller sc~le fluvial channel systems. Varying degrees 

of differential synsedimentary subsidence are indicated. 

Regional cross-sections through the basin indicate the lateral 

equ;valence of the flood plain and fluvial channel systems. Detailed 

facies patterns within each depositional system can be explained by 

autocyclic migration of individual channels, controlled by seasonal 

flooding of major rivers. Although the larger scale cyclicity is 

clearly a result of the mutual development of the two major deposi­

tional systems, specifie mechanisms of control are less clear. The 

vertical and lateral scale of the cycles suggests major allocyclic 

or extrabasinal controls such as tectonic or source area climate. 

Major avulsion ev~nts accompanied by lateral migration of the fluvial 

belts may have been triggered by tectonic or source area climate 

fluctuations. Similar mechanisms have been suggested in studies of 

the Brahmap~tra-Ganges alluvial plain, which may represent a modern day 

analogue to the Pictou depositional models. 

( 

\ J 



( 

( 

ALCOCK, F.J. (1935) 

ALLEN, J.R.L. (1965) 

ALLEN" J.R.L. (1974) 

ALLEN, D.R. (1975) 

BAAS BECKING, L.G.M., 
KAPLAN, I.R., MOORE, D. 
( 1960) 

96. 

REFERENCES 

Geology of Chaleur Bay Region: 
Geological Survey of Canada, Memoir No. 183, 
146 p. 

A Review of the Origin and Characteristics 
of Recent Alluvial Sediments: 
Sedimentology, v.5, p.89-19l 

Studies in Fluviatile Sediments: Implications 
of Pedogenlc Carbonate Units~ Lower Red 
Sandstone, Anglo-Welsh Outcrop: 
Geological Journal, Vo1.9, pt.2, pp.181-208 

Identification of Sediments - their depositional 
environment and degree of compactlon from well 
l ogs, 
in: Chilingarian, G.V., and Wolf, K.H., (ed.), 

, Compaction of coarse grained sediments: 
DevelQpments in Sedimentology, v.18A, Elsevier, 
New York, p.349-402 

Limits of the Natural Environment in'Terms of 
pH and Oxidation-Reduction Potentials: 
Journal '{)f Geology, v.68, No.3, p.243-284 

BALL, F.O., SULLIVAN, R.M., , 
and PEACH, A.R. (1981) Càrboniferous Drilling Project, Report of 

Investigations 18, Department of Natural 
Resources, New Brunswick, 109 p. 

BARSS, M.S., and 
HACQUEBARD, P.A. (1967) 

BARSS, M.S., BAJAK, J.P., 
and WILLIAMS, G.L. (1979) 

BARSS, M.S. (1982) 

Age and the Stratigraphy of the Pictou Group 
in the Maritime Provinces as Revealed by Fossil 

,Spores: 
Geological Association of Canada, Special Paper 
No.4, pp.267-283 

Palynological Zonations and Correlation of 
Sixty-Seven Wells, Eastern Canada: 
Geological Survey of Canada, Paper 78-24, 118 p. 
~ ! , 

Palynological Analysis of Samples for Age 
Determinations from Cominco Drill Holes 
South of Fredericton: 
Report No.' EPGS-PAL. 16-82~1SB, New Brunswi ck 
Department of Natural Resources in cooperation 
with the Eastern Petroleum Geology Subdi vision, 
Bedford Institute, Dartmouth, Nova Scotia, 4 p. 

.. 

1 
, J 



<. ' BEERB0\4E R, J. R. (1964) 

BELL, W.A .• (1962) 

BERNER, R.A. (1971) 

"BUSCH, D.iL (1974) 

CANT, D.J., and 
WALKER" R.G. (1976) 

1 
1 
1 

\ 

CARR, P. A . (1964 ) 

CHAN DRA , J. J., FIfE, ,L., 
RUITENBERG, A.A., and) 
WALLACE, J.W. (1982) 

COLEMAN, J.M. (1969) 

COLLINS, J.F., BUOL, S.W. 
(1970) 

97. 

Cyelothems and Cyelie Depositional 
Meehanisrns in Alluvial Plain Sedimentation, 
in: Merriam. D.F. (ed.). Symposium on 
Cyelie Sedimentation: State Geological 
Survey of Kansas, Bulletin 169, v.l. p.31-42 

Flora of Pennsylvanian Ptctou Group of 
New Brunswick: \ ' 
Geo1ogical Survey of Canada, Bulletin 
No.S7, 71 p. 

Principles of Chemical Sedimentology: 
McGraw Hill Co., New York, p.197. 198 

Stratigraphic Traps in Sandstones -
Exploration Techniques: 
American Association of Petroleum 
-Geologists, Memoir \21, Tulsa, Oklahoma, 
174 p. 

Development of a Braided-Fluvia1 Facies 
Model for the D'evonian Battery Point 
Sandstone, Quebec: 
Canadian Journal of Earth Science, v.13, 
p.102-1l9 

Geology and Hydrology of the Moncton Map-
Area, New Brunswick, Canada: 1 

Unpublished Ph.D. Thesis, University of 
III i no i s, USA, 104 p. 

Structural Map of New Brunswick - eompiled 
from geologie~ gravimetric, aeromagnetic 
and Landsat data: 
New Brunswick Department of Natural Resources, 
Geophysies Branch, Plate 82-178 

Brahmaputra River Channel Processes and 
Sedi men ta ti on: 
Sedimentary Geology, 3, pp.129-239 

Effects of Fluctuations in Eh-pH Environment 
on Iron and Magnesium Equilibrium: 
Soi1 Science, v.110, p.111-1l8 

~ 
g 
'\ 
i 

1 



,1 

.' 

\ 

COLlINSON, J.O. (1978) 

DUFF, P. MeL. D., HALlAM, 
and WAlTON (1967) 

FALINI, F. (1965) 

FISHER, W.L., and 
MCGOWEN, J. H. (1967) 

FISHER, W. L. (1982) 

FOLK, R.l. (1959) 

GARNER, H.F. (1959) 

GOUDIE, A. (1973) 

GUSSOW, W.C. (1953) 

, 
" 

Alluvial Sediments: ,-VJ 
in:Reading, H.G. (ed.), Sedimentary 
Environments and Facies, Elsevier, New York, 
p.15-64 

A., 1 

Chapter 4. Transitiona1 Regimes, - North 
America: 
in: Cyclic Sedimentation, Deve10pments in 
Sediméntology 10, Elsevier Publ ishing Co., 
New York, p.81-104 

On the ~ormation of Coal Deposits of " 
, 1 

Lacustrlne Origin: 
Geological Society of America Bulletin, 
v.76, p.1317-1346 

Depositional Systems in the Wllcox Group of 
Texas and their Relationship to Occurrence of 
Oi l and Gas: 
Gulf Coast Assoc;"ation, Geological Society 
Transactions, v.17, p.105-125 

Terri genous Depos i t i ona 1- Sys tems - a Genet i c 
Approach to Facies Analysis in Petroleum 
Exploration, Texas Bureau of Economie Geology: 

98. 

Canadian Society of Petroleum Geology Short 
Course, Calgary, Alberta, October 21, 22~ 1982, 
409 p. 

Petrology of Sedimentary Rocks: 
Hemphill Publishing Co., 154 p. 

Stratiqraphic-Sedimentary Significance of 
Contemporary Climate and Relief in Four Regions 
of the Andes Mountains: 
Geological Society of America Bulletin, 

" v. 70, p. 1327 -1368 

Duricrusts in Tropical and Subtropical 
Landscapes: 
Clarendon Press, Oxford, 175 p. 

Carboniferous Stratigraphy and Structural 
Geology of New Brunswick, Canada: 
Bulletin of the American Association of 
Petrole~m Geologists, v.37, p.17l3-l8l6 

\ 

1 , 
J , 



( 

, 

HACQUEBARD, P.A. (1971) 

HACQUEBARD, P. A., and 
AVERY, M.P. (1982) 

HALLENBURG. J. K,. (1979) 

HAM! L TON, J. B. (1962) 

HASAN, Z. (1977) 

HASAN, Z. (1978 ) 

HORNE, J.C., FERM, J. C., 
CARUCCIO, F. T ., and 
BAGANTZ, B.P. (1978) 

HUDDLE, J.W., PATTERSON, 
S.H. (1961) 

\ 

ITENB'ERG, S.S. (1971) 

99. 

The Ca rbon if erous of Eas te rn Canada: 
Compte Rendu, Septième Congrès International 
de Stratigraphie et de Géologie du~Carbonifère, 
pp.69-69 

Geological and Geothermal Effects on Coal 
Rank' Variations in the Pennsylvanian Basin 
of New Brunswick: 
Abstract, Atlantic Geoscience Society \ 
Colloquium on Current Research in the 
Atlantic Provinces~ Amherst, Nova Scotia, 
January 23rd, 1982 

Geophysical Logglng for Mineral and Non­
Petroleum Exploration and Development: 
Unpub li shed Manua l Short Course, Mi nera 1 
Logging, O'il and Gas Consultants International, 
Inc., Tulsa, Oklahoma 

Correlation of the Pennsylvanian Rocks in 
the Western Part of the Central Pennsylvanian 
Basin of New Brunswick by Means of Fossil 
Spores: ' 
Unpublished M.Sc, The~is. Univ~rsity of New 
Brunswick, Fredericton, 118 p. 

New Maryland Claim Group Assessment Report, 
Impera il ail (Canada) L td. : 
New Brunswi ck Mi nera l Resources Branch Assess­
ment Files, Assessment Report No.472125 

New Maryland Claim Group Assessment \eport, 
Imperial Oil (Canada) Ltd.: 
New Brunswick Mineral Resources Branch 
Assessment Files, Assessment Report No.472235 

Deposjtional Models in Coal Exploration and 
Mine Planning in Appalachian Region: 
Ameri cano Association of Petroleum Geologi sts 
Bulletin, V.62, No,'12, p.2379-2411 

Origin of Pennsylvanian Underclay and Rela'ted 
Seat Rocks: 
Geological Society of America Bulletin, v.72, 
p.1643-l660 

Study of ail and Gas Seri es from We 11 Logs: 
Mir Publishers, Moscow, 268 p. 

I~ 

l • l 
f 

li 

., 
1 
~ 

1 , 
\ 
! 



-l . , 
ï 
t 

" \, 
, .1 

1 " 
! 
1 • 

1 

\ 
1 " , 1 , 

i ( 
!, ' 

t ' 
! 

<>, , 

, ! 

r 
l'. 

./' 

a 

. 
KEllEY, D.G. ( 1967) 

1 

: 
" 

KIPLING, R.W. (-1980) 

KIPLING, R.W. (1~) 
~ 

KUAN, 500ng (1970) 

lEEDER, M.B~ (1975) 

LEEPER, G.W. (1964) 
. , 1 

LEGAllAIS, C.J. (19~O) 

'~ 

LEGAllAIS, C.J. ,(1982'" 

-
LEGUN, A. (1980 J.­

I 

• 

100 . 

Sorne Aspects of Carboniferous Stratigraphy 
and Depositional History in'the Atlantic 
Provinces: 
Geological Association of Canada, Special 
Paper No.4, p.213-229 

Qro Project Assessment Report, Comineo 
Canada Limited: New Brunswick Department of 
Natu~a l Resources, Assessment Report Nos. 
47244 and 472563 

Rustigonis Property Assessment Report, 
Comlnco Canada Limited: ~ 
New Brunswick Department of Natural Resources, 
Assessment Report No.472759 

The Geology of Carb6niferous Volcanic Rocks 
'in thè Harvey Ar~a, New Brunswick: 
Unpublished M.Se. Thesis, University of 
New Brunswi ck, 78 pages . i 

, 
Pedogenic Carbonate and 'Flood Sediment 
Accretion Rates: a Quantitative Model for 
Alluvial Arid Zone Lithofacies: 
Geological Magazine, v.112, p.257-270 

Introduction to Soil Science: 
Melbourne University Press, Melbourne, 353 p. 

F~edericton Claim Group Assessment Report~ 
SERU Nucléai re (Canada), Limitée: 
New Bruhswick Mi~eral Resources Branch 
Assessment Fi l es, Asse~sment Report 472474. 

Frederi cton Dri 11 i ng Project - unoffi ci al 
assessment report submitted on open file by 
permission bf 5ERU Nucléaire (Canada)' Limitée: 
New Brunswick Mineral Resources Branch 
Assessment Fil es, Assessment Report 472919." 

Sedimentology of the Ctifton Formation 
(Upper Carboniferous) of Northern New 
Brunswick:~id depositi6nal setting 
for coa lI!: ~ 
Unpubl is~ed.M.Sc. Thesis, Unrversity of 

, Ottawa, 97 p. 

li 

, , 



f 
'1 , 

·1 
l 
1 , 

1 
"1 
t 

1 
1 
'! 

, , 
f , 

'f 
! 
l 
t. 

-- -~ , 

(. 

,: 

LEGUN, A., and 
RUST, ~.R. (1981) 

LEGUN, A.S., and 
RUS!, B.R. i1982) 

LEOPOLD, L.B., and 
WOLMAN, M.G. (1957) 

MCCAVE, 1. N. (1969) 

MCFARLANE, M.J. (1976) 

/ 

MCKEE, LD., 'CROSBY, E.J., 
and BERRYHILL, H.L~ Jr. 
(1967) < 

~-------------~,------- - -----

~Coal Ac,cumulation on a 'Semi-Arid Alluvial 
Plain: the Carboniferous Clifton Formation 
of Northern New Brunswick: 
Abstract, Geo1ogical Association of Canada 
Mineralogical Association of Canada Annual 
Conventi on:--Ea 1 gary , Alberta 0 

The Upper Carbonlferous Cllfton Formation of 
Northern New Brunswick: Coal-Bearing Deposits 
of a Semi-Arid Alluvial Plain: 
Canadian Journal of Earth Sciences, v.19, 
p. 1775-1785 

River Channel Patterns, Braided, Meandering . 
and Str;a i ght: 
United States Geological Survey Professiona1 

- Paper 282B, p.39-73 

Correlation of Marine and Non-Marine Strata 
with Example from Devonian of New York State: 
American Association of Petroleum Geologists 
Bulletin, v.53, No.l, p.155-162 

Laterite and Landscape: 
Academie Press, New York, 151 p. 

Flood Deposits, Bijou Creek, Colorado, 
June 1965: 
Jourrial of Sedimêntary Petrology, v.37, 
p.829-851 

MEEK, B.D., MACKENZIE, A.J., 
and GRASS, L.B. (1.968) Effects of Organic Matter, Flooding Time 

and Temperature on the Dissolution of Iron 
and Manganese from Soil in Situ: 
Soi1 Science Society of America Proceed'ings, 
v.32, p.634-638 

. 1 
~l'" 

MIALL, ·A.D. (1977a) Fluvi~l Sedimentology, Short Course Notes: 

MIALL. A.D. (1977b) 

MIALL, A.D. (1978a) 

" . 

Stacs Data Service Ltd., Calgary, Alberta 

A Review of the Braided River Depositional 
Env·;ronment: . 
Earth Science Reviews, v.13, p.l~62 

Lithofacies·Types and Vertical Profile 
Models in Braided Rivers; a Summary': 
in Mia11, A.D. (ed.), Fluvipl Sedimentology: 
Canadian Society of Petroleum Geologists, 
Memoir 5, p.597-604 

\ , \ 

1: 



1 ' .. 
j 
i 
1 

1 
1" 
1 
f 
t , 
\ 

MIALL, A.O. (1978b) 

MIALL, A.D. 1980') 

MULLER, 

, ' 

Tectonic Setting and Syndepositiona1 
Oeformati on of Mol asse and Other 'Non': 
Marine-Paralic Sedimentary Basins: 
Canadian Journal of Earth Sciences, 
v.15, p.16l3-l632 

Cyclicity and the Facies Model Concept 
in Fluvial Deposits: 
Bulletin of Canadian Petroleum Geology, 
v.28, No. l, p.5~-80 

102. 

Geology and Coal Deposits of Minto and 
Chipman Map-Areas, New Brunswick: 
Geological Survey of Canada, Memoir NO.260 

PETTIJOHN, F.J. (1975) 
1 

PICARD, M.D., HIGH Jr., 
L.R. (1973) 

PIRSON, S.J. (1963) 

PIRSON, S.J. (1977) 
'" 

POOLE, W.H. (1967) 

POTTER, P.E. (1978) 

Sedimentary Rocks: 
Harper and' Row Publishers, New York, 628 p. 

Sedimentary Structures of \'Phemeral o 

Streams: ' ' 
" c 

Elsevier, ~msterdam, 223 P{ 
i 

Handbook of Well Log Analysis: 
Prentice-Hall, New Jersey, 326 p. 

Geological Well Log Analysis: 
Gulf Publishing Co., Houston, 377 p~ 

Tectonic Evolution of Appalachina Region 
of Canada: 
Geological Association of Canada, Special 
Publication No.4, p.9-51 

Significance and Origin of Big Rivers: 
Journal of Geo10gy" v.86, p.13-33 

.. 
POTTER, P.E., MAYNARD, J.B., Sedimento1ogy of Shale: 1 

and PRYOR, W.A. (1980) Springer Verlag, New York, 306 p. 

REEVES, c.e. (1976) 

REINECK, H.E., and 
SINGH, I.B. (1980) 

v 

Caliche: 
Estacado Books, Texas, )33 p. 

~ 

Depositio~al Sedimentary Environments: 
Springer Verlag, New York, 549 p. 

SCOTESE, C.R., BAMBACH, R.K., Paleozoic Base Maps: 
BARTON, C., VAN DER VOO, R., Jo~rnal of Geo10gy, v.87, p.217-277 
and eEIGLER, A.M. (1979 

...~ ; , 

, , 
" 



( 

, . 

,-

SKIPPER, K. (1976) 

1 
STEEVES, B.;, and 
KINGSTON, P:W. (1981) 

TELFORD, W.M., GELDART, L.P., 
SHERIFF, R.E., and KEYS, D.A., 
(1976 ) 

TOM LI N'SON, C . W . (1 916) , 

VAN DE POLL, H.W. (1970) 

VAN DE POLL, H.W. (1973a) 

VAN DE POLL, H.W. J(1973b) 

VAN HOUTEN, F.B. 

WALKER, T.R, (1967) 

103. 

Use of Geop~ysical Wire1ine Logs for 
Interpreting nepositiona1 Processes: 
Geoscience Canada, v.3, p.279-280 

Carboniferous Seismic Survey: 
New Brunswick Department of Natura1 
Resources, Open File 81-1,83 p. 

App1ied Geophysics: Chapter II, 
Geophysica1 We11 Logging: 
Cambridge University Press, London, 
p.771-818 

Origin of Red Beds: 
American Journal of Science, v.24, 
p.153-179 

Stratigraphical and Sedimentological 
Aspects of PeJinsylvanian Strata in 
Souther~Brunswick: 
Unpublished Ph.D. Tnesis, University of 
Wales, 140 p. 

Stratigraphy, Sediment pispersal and 
Facies Analysis of the rennsy1vanian 
Pictou Group in New ,Brunswick: 
Maritime Sediments, v.9, No.3, p.72-77 

Feasibi1ity Report Concerning the 
Hydrocarbon and Coal Potential of the 
Fredericton Area: 
New Brunswick Department of Natural 
Resources, Mineral Resources Branch, 
Report No. 35 

Climatic Significance of Red Beds: 
in: Nairn, A.E.M. (ed.), Descriptive 
Palaeoclimatology: Wiley Interscience, 
New York, p.89-l39 -

Formation of Red Beds in Modern and 
Ancient Deserts: 
Geologïcal Society of America Bulletin, 
v.78, p.353-368 ---~ 

" 

! 
1 



(. 

Jo' 

, 

(} 

lT 

1 

.WANLESS, H.R. (1967) 

WILLIAMS,. P.F., and 
RUST, B.R. (1969) 

, 

\ 
I 
\ 
1 

, 

Marine and Non-Marine Facies of the 
Upper Carboniferous of North America: 
Compte Rendu,.Sixième Congrès Interna­
tional de Stratigraphie et de Géologie 
du Carbonifère, p.293-336 

The Sedimentology of a 8raided River: 
Journal of SedimeRtary Petrology, 
v.39, p.649~679 ~ 

- ~ 

\ 

'" 
r-

l '., 1 
~ 
,] 

104. 

~ 
1 
1 
! 

~ 
) 

1 

J-

/ 

1 
.t 
~ 

ri 



( 

.( " -

1 

( 

APPENDIX A 

MARKOV CHAIN ANALYSIS 
ÀND LITHOLQGIES OF REPRESENTATIVE 

STRATIGRAPHIe INTERVALS 
(from facies analysis study of drill core, 

Fredericton area) 
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MARKOV ANALYSIS 

Markov chain analysis (after Mia11, 1977a) was performed on the 
'-' 

vertical faèies sequence in three stratigraphie intervals of drill 

hole F-2 (SERU): 

1) Stratigraphie interva1 1-1 (fluvial channel system) 
, 

2) Stratigraplllc interval II-l (fluvial channel system) 

3) Stratigraphic interval 11-3 (flood plain system) 

The Markov analysls constructs a number of probability matrices 
1 

from the initial data matrix fij. 

a) Transitional count matrix (data matrix) 

fij - number of facies transitions, 

lower beds are row numbers, 

upper beds column numbers. 

b) 1ndependent trials matrix which represents the 

probability of a given transition occurring randomly 

rij = Sj/(t-Si) 

where Sj = column totais 

Si = row totals 

t = total number of transitions·, 

c) Transitional probability matrix which represents the 

actual probability of the facies transition 

Pi] = fij /Si 

106. 
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c d) Difference matrix substracts the random element of 

the facies transitions from the observed probability 

dij t:: P ij - rij. 

Path diagrams showing the principal facies relationships can he 

constructed from the difference matrix. Posi~ive entries in dij 

indicate which transitions occur with greater than random frequency. 

107. 

" 

1 

l 

,f 
i 

.. 
1 



,1 
'1 

108. 1 
1 

( 
l 
1 
, 1) Stratigraphie interva1 I-l"drill hole F-2 

a) Transitional count matrix (fij) 

Gm St i Sr "Sh Se 'Fse 

! 3' 0 Gm 0 27 1 1 n 0 
1 

r' 
1 s 

St 27 0 1 9 7 0 2 
i " _. 

--: 
Sr 4 6 1 0 '2 4 4 

1 

~ 
~' 
Jl 
l 

Sh 0 4 3 0 1 1 l 

~ 
10 . 

Se 1 0 2 0 a 0 

" 
/ 

î 
1 
; 

'Fsc 0 5 2 a a 0 1 , , 
,] 

1 b) Independent trials matrix (rij) 

Cm St Sr Sb Se Fsc 

Cm .38 ,50 .23 .12 .18 .06 

" 

St .45 .60 .27 .14 .21 .07 

Sr .34 ,44 .20 .10 .16 .05 

Sb .30 .40 .12 .09 .14 J . 05 

Se .29 .37 .17 .09 .13 .04 

Fsc .30 .39 .,18 .09 .14 .05 

L~ 1 
1 
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c) Transition probabi1ity matrix (Pij? 

Gm St Sr Sh Se 

Gm 0 .87 .10 .03 0 

St .60 0 .20 .15 0 

Sr .20 .30 0 .10 .20 
< 

Sh 0 .44 .33 - 0 .11 

Se .33 0 .66 0 0 
--

Fsc 0 .71 .28 0 0 
--'----.-

d) Difference matrix (dij) 

Cm St Sr Sh Se 

- - - -Cm .38 .37 .13 , .09 .18 

. - - -
St .15 .60 .07 .01 .21 

- - - 0 : 04 Sr .14 .14 .20 

- - -
Sh .30 .04 .21 .09 .Q3 

, - - -Se .04 .37 .49 .09 .13 

- - -Fsc .30 .32 .10 .09 .14 

l 

--
Fsc 

0 

.04 

.20 
--

.11 

0 
--

0 

.J;sc 
\ ... 

- .06 

- .03 

.15 

.06 

- .04 

- .05 
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Path diagram of preferred facies relatianships 
(fram difference matrix dif) 
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2) Stratigraphie interva1 II-l, drill hole F-2 

a) Transitional count matrix (fij) 

., 

--
\ 

\ Cm ' St Sr Sh Se Fse 

Cm a 43 1 1 a 0 

St 32 '0 15 23 3 3 
1---

Sr 4 11 0 3 
( a 5 

- '--

Sh 5 13 1 0 5 :1 

\ 

Se a 10 1 2 0 0 

~sc a 2 5 0 3 0 

b) Independent trials ,matrix (rij) 

Gm St Sr . Sh Se Fsc 

Gm .28 .54 .16 .20 .07 .06 
-

St .35 .68 .20 ~ 25 .09 .08 

Sr .24 .47 .14 .17 .06 .05 

Sh .24 .47 .14 .17 .06 .05 

Se .23 .44 .13 .16 .06 .05 
--

Fsc .22 .43 .13 .16 .06 .05 
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c) Transition probabi1ity matrix (Pij) 

Gm St Sr Sh Se 

\ 

dm a .95 .02 .02 0 

St .42 a .20 .30 .04 

Sr .17 .48 a .13 0 

Sh .20 .52 .04 a . .20 

Se 0 .77 .08 .15 0 

IFsc 0 .20 .50 0 .30 

d) Difference matrix (dij) 

" 

Gm St Sr Sh Se 

- - -
Gm .28 .41 .14 0 .07 

- -St .07 .68 a .OS .05 

0 

" - - - -Sr .07 .01 .14 .04 .06 

" c 

- - -Sh .04 .05 .10 .17 .14 

- - - -Se .23 .33 .05 .01 .06 

- - -
Fsc .22, .23 .37 .16 .24 

Fsc 

a 

.04 

.22 

.04 

0 

0 

Fsc 

-
.06 

-,.04 

.17 

- .01 

-.05 

\ 
-.05 

\ 
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e) Path diagram of pre'ferred facies relationship.s 

(from difference mdtrix dij) 
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'. 
Stratigraphie interval 11-3, drill hole F-2 

• 
,a) Transitional count matrix (fij) 

Cm. St Sr Sh 
, 

Gm 0 l 0 0" 

1 

-~-,-- 0 0 3 l 
\ ~ ---- -

Sr 0 l 0 0 
t' 

S'h 0 0 0 0 

FJ 0 0 0 0 
, 

Fm l 3 0 0 

--Fr 0 0 0 0 

l"~ 

\ 

" Independent trials matrix (rij) 

Gm St Sr .Sh 

Cm .02 .12 .07' .02 

St .03 .14' .09 . 03 

Sr .03 .13 .08 .03 

Sh .02 .12 .07 .02 

FI .03 .17 .10 .03 

·Fm .04 .20 .12 • 04 . 
, 

Fr .03 .13 .08 .03 

Q 

r 

Pl 

0 

l 

0 

0 

0 

9 

l 

1 

Fi 

.,27 

.31 

.29 

.27 

.37 

.44 

.29 

, 
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J 

,Fm Fr 

t 0 0 

1 0 
\. 

2 0 

l 0 
, 

II 0 

0 3 

2 0 

Fm Fr 

.42 • 07 

.49 .09 

.45 · 08 

.42 • 07 

.57 .10 
"{ 

, 

.68 .12 

.45 .08 
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c) Tra~sitional probabi1ity matrix (Pij) 

Gm St Sr 1) Sh F1 

Gm 0 l 0 o ~ 0 

St 0 0 .5 .17 .17 

Sr 0 .33 0 0 0 

S-h 0 0 0 0 0 
r 

,FI 0 0 0 0 0 

Fm .06 .19 0 0 .56 , 

Fr 0 0 0 0 .33 r , 
d) Difference matrix (dij) 

Gm St Sr Sh FI 

- .02 :.07 - -Gm .88 .02 .27 

- .03 - - .14 St .14 .41 .14 
, 

- - - -Sr .03 .20 .08 .03 .29 

- - - - -Sh .02 .12 .07 .02 .27 . 
- .03 - .17 - - 1- .37 FI' .10 .03 . , 

- - -Fm .02 .01 .12 .04 .12 

- - - -Fr .03 .13 .08 .03 .04 

, , 
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Fm Fr 

0 0 

.17 0 

.66 0 

l' 0 

1 0 

0 .19 , 

, 

.66 0 

t 

1 
t 

Fm Fr 
/ 

- .42 ·.07 
, 

- -.32 .09 

-.21 .08 

" -.58 .O~ 

-.43 .10 

- .68. .07 

-.21 .08 
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e) Path diagram of'preferred facies re1ationships 

(from difference matrix dij) 
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LITHOLOGIES DF REPRESENTATIVE STRATIGRAPHIe INTERVALS 

r>' 
Percentages of different lIthologies in "repres.entative stratigraphie 

intervals were ealeulated to facilltate inte,rpretation of the Markov 

" analysis and facIes modelling. 

2) 

a) Drill hole F-2 Ç27% 
73%t46% 

Ç23% 
27% t 4% 

conglomerate 
sandstone - coarse 

sands tone - fine 
silt. mud and clay 

Stratigraphie interval 1-2 

a) Drill hole F-l ~ 1% conglomerate 

(' 1) 12% 11% coarse sandstone 
lncomp ete 

~4l7o fine sandstone 
88% 4 li. silt. mud and clay 

b) Drill conglomerate 
coarse sand 

41 m 
70.5 (11 

36 m 
4.5 m -------

152 m 

3 m 
23 m 
88 m 

101 m - - .. -.------
215 m 

6.5 m 
31. 5 m 

m 
m 

1 117.1 
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3) Stratigraphie interval 11-1 

4) 

~ , 
a) Drill hole F-l 

74% 

26% 

b) Drill hale F-2 
69% 

31% 

c) Drill hale F-3 
88% 

16% 

Ç22% conglomerate 
t52% coarse sandstone 

Çl4l. fine sandstone 
t12%' silt and clay 

~27% conglomerate 
t42% coarse sandstone 

Ç2l% fine sandstone 
tlO% silt and clay 

~40% conglomerate 
44% coarse sand 

f12% fine sand 
4% silt and clay 

Stratigraphie interval II-3 

a) Drill hole F-1 
12% 

88% 

b) Drill hole F-13 
21% 

79% 

e) Drill hale F-2 
12% 

<1 
88% 

~ 1% conglome,Fa te 
tU% coarse sand 

p9'Z very fine sand 
t 9% clay and silt 

ç 2% conglomerate 
t19% coarse sands 

~40% very fine sands 
t39% clay and sUt 

~ li. conglomerate 
11% coarse sand-

~31% very fine sand 
57% clay and sUt 

7 

118. 

57 m 
135.5 m 

35.5 m 
33 m 

261 m 

58 
94 

m 
m 

46 m 
23 m 
~-;--

96.5 m 
1:07.5 m 

30 m 
10 m 

244 m 

1.5 m 
9.5 m 

70 m 
8 m 

89 m 

2 m 
17 m 

36 ID-

35 'ID 

90 m. 

1 m 
9.5 m 

26 m 
48.5 m 
85 m , 
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( d) Drill ho1e F-5 ~ 3% co~glomerate 2.5 m 
15% 127.'coars~ sand- 10 m 

- I, 
~4770 hne s and ~. 40.5 m very 1 

85% 38% clay and silt 32.5 m 1 

85.5 m i 
1 

,~ 

e) Drill ho1e (-6 ~ 0% cong1omerate i 
0 m 1 

\ 1% 1% coarse sand 1 m 

\ ' 
'j 

~4570 very fine sand 38.5 m 1 
A 

99% 54% clay and si 1 t 46 m ~ 

--- î 

f) Drill ho le F,8 ~ 1% conglomera,te 1. m 1 

t 
10% 9% coarse sand 8 m ,~ 

~19% very fine s.,md 16.5 1]1 ; 
90% 71% clay and silt 62 m ~ 

87.5 m " 
.~ 

g) Drill hole F-9 ~ 0% conglomerate 
,,' 0 ,m 

5% 5% coarse sand ()4.5 m 
# 

~13% very fine sand 11 m 

95% 82% clay and silt 69.5 m 
85 m 

l 
h) F-10 f 1% 1 Drill hole conglomerate m 1 

8% 7% coarse sand 6 m 1 

~58% very fine sand 52 m 

92% 34% clay and silt 31 m 
90 m 

\ 
i) Drill hole F-ll ~ 1% con,glomerate 1 m 

5% 4% coarse sand 3 m 

~16% very fine sand - 13 m 

95% 79% clay and silt 66 m 
83 m ~ 

j) Drill hole F-12 ~ 7% cdnzlomerate 6 m 1 
12% 5% coarse slind 4 m ~ 

<: 
~2870 fine sand . 22.5 very ml 

88% 60% clay and silt 49 m\ 
81. 5 m, 

'( 
l . 

( 
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k) Drill hale F-14 ~ 6% conglomerate 
9.5% 3.5% coarse sand 

~12% very fine sand 
90.5% 78.'5% clay and sUt 

. 1) Drill hole F-15 
~ 

3% canglomerate 

m) Drill hale 

n) Drill hale 

0) Drill hale 

Average from aIl 
drill holes ± one 
standard deviatian 

8% 5% coa rse sand 

~18% very fine sand 
92% 74% clay and silt 

F-17 
~ 

2% conglomera te. 
, 7% 5% coarse sand • 

~15% very fine sand 
93% 77% silt and clay . 

F-18 
~ 

1% conglomera te 
6.5% 5.5% caarse sand 

93.5% 
f16% very fine sand 
77.5% silt and clay 

F-19 
~ 

7% canglomerate 
14% " 7% coarse sand 

~22"10 very fine sand 
86% 64% clay and silt 

il' 

9. 7 ± 5. -4% conglomera te and sand 
90.3 ± 4.9% very fine sand, clay and silt . ' 

" ,\ 

, " 

'J 

14. ,\ 
" f 
<l 

120·. 

5.5 m 
3 m 

10 m' 
67.5 m ---
86 m 

2.5 m 
4 m 

14 m 
59.5 m 
80 m 

2 m ~ 
11 

4.5 m ~ 
~ 

13 m 
66.5 m 

~ 
86 m 

1 m 
5 m 

15 m 
72.5 m 
93.5 

, 
J 

6 m ~ 
l 6 rn 

20 m 
~ 

57 rn' 
89 m 
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APPE.NDIX B 

GLOSSARY OF TERMS USED 
THROUGHOÛT THE TEXT 
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The following is a glossary of the most important strat-

igraphic and depositional terms and how they have been used in 

the thesis text. The glossary is arranged in a hierarehal fashion. 

A) Stratigraphie Terms: 

Stratigraphie Interval: informaI terminology for a member, 

bed or formation defined by a distinctdve stratigraphie 

horizon on upper and lower boundaries. 

Cycle: a sequ~nce of related facies (interpreted in 

relation to depositional processes) repeated in the same 

order as recorded in the sedimentary deposit. Used in the 

t~esis in this sense, large scale cycles are referred ta as~ 

"megacycles", the smallér scale cycles as simply "cycles". 

Each cycle is made up of a lower succession and and upper 
! 

succession. 

Succession: a number of rock units or a mass of strata 

that succeeds one another in chronologieal arder. Used in 

the'thesis in this sense to denote a 'succession' of 

charaeteristic strata th~t make up the lower parts of the 

cycles. 

122. 
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B) Depositional Terms: 

n 
Depositional Syste~: & depositional system is made up of 

an ~ssoci~tion of genetically linked depositional environments 

inferred from an assemblage of lithofacies. 

- Facies: aspect, nature or manifestation of character of 

rock strata. Used in the thesis as lithofacies charac-

teristics. 'Megafacies' ia used to denote a large scale 

genetically related sequence of facies. 

Sequence: a discrete collection of rock units deposited 

under related environmental conditions. Used in the thesis 

i~ the context of litho facies description. 

Allocyclic: Controls on sedimentation which result in 

variations in dischar~e, load and slope, which originate 

externally from the sedimentary basin. These are ultimately 

tectonic or climatic causes. 

AutQcyclic: Controls which are produced from hydrologie 

energy distribution within the sedimentary basin. Examples 

of these include crevassing, avulsion, chute and neck cutoff, 

etc. 
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Und,ffllrent,oted, predommontly mallc 

volconJc rocks aider roc~s) 

HORTON GROUP 
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yaunosr rocks) 
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