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. ABSTRACT . f\_ . _f;\;,/}7
/.-' . .
| "Members A and B of the Clifton Formation (Westphalian C-D
ége, Pictou Group) exposed along the south Ghaleur Bay
-.coast between Clifton and Caraquet New Brunswick are
 _1nterpreted as, the deposits of a semi-arid alluvial plain.
R The flpdﬂgba;in sedimentq of Clifton Member A record
' flood cycles similar to.;nterdistributary bay-fills of
"_de1t§ §1aiﬁs, followed by‘progradagion of channel‘sgnds
(Clifton Member B). However, the plain was alluvial rather
" ‘than deltdic because: ‘
1) tpere is no evidence of marine influence; and
2) it was subjected to long periods of eﬁergence and

sediment denial marked by a variety of caliche features -

in seat earths and other facies.

-
]

Eventual subsidence of abandoned crevasse/distributarj
sandstone es. of each flood cyclé in Cliffon Member A is
marked-by thin cwrbonaceous laminge or thin coals capping’
seat earth profiles, many of which. reflect. a rising water
table.- Paleocurrents show less  variation than might be
expe d.for strét1graphica1Ing§stinct crevasse splay
depofsits. . Consistency of paleccurrent direction 1s probably
dué to;lﬁw levées and extensive overbank flooding, with sheet
floods moving down the fegional paleoslope.

' Coals in Clifton Member A did not reach commercial thick-

ﬁess bécause of the semi-arid cz}mate, and because ‘the rate

[
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of water rise duning_flooding'of extensive sﬁallow’besins

limited the thicknesS‘of peat accumulation.

In Clifton Member B, abundant channei shiftings into |
ovbrbank areas resulted in the dispersal of peat mats, and

the incorporation of a large quantity 'of transported plantf

litter as coal spar in the sandstones. -

This style jof alluvial sedimentation has not been

previously req gnised in aneient successions. Posgible -

' modern analogues are the extensive floodplain of the Lake

4

Eyre/Basin in Central Australia, and the Okavango River in

South Eentral Afr;pe.
/
/
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LOCATION; ACCESS, PREVIQUS WORK. o

B l\ . . :
The area of study is located. in nerthern New Brunswick

-east of the cilty- of Bathurst along the Chaleur Bay coast
‘jbetween Clifton and Caraquet (refer to map fig 1) " Road.

access is by Highway 11 which skirts the coast. Short’ )

: B . oL
'public side roads lead down to the shore (usually.tofa boat

‘1aunching area) from communities en

The sediments of this study estphalian-C-in age

(Barss and Hacquebard 1967) and £o the Pictou Group;
which underlies much of eastern’New Brunswick and cond;itutes
th& top of the New Brinswick "platform". The base .of the
.wa Brunswick platform lies on deeply weathered Devonian'
granite along'the Néoisiguit River immediately south of'

Bathurst. East of Bathurst these Unoer Carboniferous rocks a
are - first expos;d at Salmon Beach in a 2m bluff. Exposure
improves east of Cranberry_Cape'and is best deyerooed' |
between.Clifton and New Bandon where steep bluffs rise to °
40m aboveffhelsea YAt New Bandon vertical cliffs develop

Y

(sandstone dominance) and from there to Grande Anse the o
.coastline is sculptured into islets Jutting headlands and A
undercut coves. Relief diminishes eastward from New Bandon.
" By Anse Bleu the bluffs rise barely aboge high tide, Cliffs
| reappear at Haut Caraquet on the south side of Caraquet Bay
Chaleur Bay.provides the)best exposure of. the Pictou

'GrOup in northern New Brunswick. Nevertheless;these_coastal

t

- ’ . : 2 . , “
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f:b :
.exoosures'have not been studied io'detail A1¢o¢§'(19§5) '“
divided the coastal sediments east of Bathurst into the ﬂd .
Bathursg and Clifton Formations. . The grey sandstones of h ’
the Clifton gradqally sucoeed the:red sandstones and.shales
of the Bathurst.~ﬁast.offCaraqﬁet_the grey beds'themSeIVes
are gradually succeeded by puroie sandstones, shaies, and
cong;omerates.' The sediments dip very gently ﬂE»aiong:the
coast aod Alcock estimated a total thickness of about  230m,
McAlary (1952) in an unpublis?ed thesis dealtiwdth the same
formatioos-iqland, south oflthe‘?%agg/and east of the
'Nepisiguit River, He suggested a'fresh-water5origin'for
both a?d the presence of 3 oasin deepeﬁingfeaStward; Barss
.and Hacquebard (1967); BarSS‘(1979 personal commudication)-
provided dates on the rocks based .on spore contents. The
"Bathurst tends back at least to Namurian C, whereas the'
overlying Clifton Formation is Westphalian C to Stephanian.
Van de Poll (1973) in a basin analysis of the entire
New Brunswick p;atform divided the Pictou:into major
fluvial cyeles, each hundreds of ﬁetres thiok, each cycle
consisting of a red and grey megafacies.. Climate was seen
as a major deoositl nal factor, vet periods being respon- -
sible for the grey channel dominated facies-(sandstones) '
“and dry periods f;; the overbank dominated red facies
(shales). The writer's area of study straddles the‘change
from red megafaciles (top of cycle I) to.grey megafacies

(bottom of eycle II) of van de Poll (1973). Alcock (1935). and



2

McAlafy (1952) commentedﬁon-caleareeus éones within these

sediments but Rast of ADI ClQ?M) was the first to identify

them as caliche, a pedologic indication of semi arig

conditions. Coastal occurrenees-of coal are noted 1n tne

Carboniferous compilation report of Ball and Gemmell (1975).

' The best known occurrence is a thin seam at Clifton. In the

shales immediately below 1t are’ numerous well preserved plant
remains. They have been clas;ified and describei'in detail
by Bell (1962). '

The New Brunswick Department of Natural Resources 1is
presently compieting a geologic compllation of the Pictou
Groun injnerthern New Bfunswick. Part of the Bathuref
Fornatien has been assigned to the Clifton on the basie of
spore;dating?}'This includes all coastal-exposﬁres eastXOf
Bathurst up. to New Bandon. Théy constitute CIifton Member
A, At New Bendon the euceeeding érey'sandstones constituee
Clifton Memben B. e redefined Bathurst rocks, a tri-

éngular area adjacent to the Nepisiguit River, are pre-

Pictou. The Bathurst Formation has been correlated through

'a basal conglomeratic outlier near the mouth of Millstream

River (12km NNW of Bathurst) with the Bonaventure Formation
(Alcock 1935).

-Miospore cofrelation of tnese units with others of.the
Carboniferous in-New Brunswick is ‘shown in fig. 2 (Ball,

1979, personal communication).

s . X . S ' . ) f_'--y

¥This is invalid:.a Formation 1s defined on the basis of

mepability and visually discernible upper and lower contacts.;‘

' v
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- METHODS QF STUDY - OUTLINE OF WORKX DONE.-

Between _Clifton and New Bandon 13 sections within Clifton
lMember A were measured, sampled, described, photographed and
_correlated‘laterally. Vertical sandstone tliffs precluded

s . ' . E o
extending sections more than 10m vertically- into Member B. _ -

Sedimentary facles were identified and attention paid to

their spatlial organisation (lateral and vertical) for each

facles 1s exposed for hundreds of metres (much\iéﬁif} .
inaccessible) before it passes out of section e low

‘coastal ,dip also allowed an assessment of sandbodv snape

dimensions and internal structure,
.;aleocurrent measurements were taken on most of the

rocky shelves that are exnosed at low tide between Clifton

and Caraguet. It was hoped that paleocurrents would reveal -

how the coastline was sectioning the sandbodiles (tvansversely
or’ longitudinally) as well as constralning their nossible -
Avallable drill core and logs were examined in order to

extrapolate the known stratigraphy laterally .and verticall?’
and to understand the nature of the aandbody transition from

1fton Hember A to B. Drill core 1nc1uded solld core from
nuclear site investigations at Riorden, Point Caplin, Cape
Rlay, (partially intact at Matacquac dam site near St. Jonn's)". -/
and core present as chips (10ft. represented by a 5cm ;ial)

for testholes 19,'15, 7 of the Carboniferous drilling project

(Fig. 1).
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Supplemented by tnin section petrographic examination,

XRD mineral identification, analysis of paleocurrents and

facies (Markov chain statistics) interpretations were made

-

eand the environment of deposition-deduced for Clifton Members

Aand B.- The relationshio between Members A and B was
explored in the context of:

1) similarities‘and contrasts

4

2) depositional constraints
3) a discussion on crevasse splay - channel assoclations’
4) a possible model for the depositional geometry

Member A ' '

.

The formation of coal was discussed in 1igh% of the Drereouisites

A

of itu formation and the Anterpreted denositional environment
\v N L
of Clifton Members A and B.



STRATIGRAPHY . L | o

Chaleur Bay Coast

As testholes 7, 10 and 19 are chip samples, which only

. provide lithological data, Fig 3 shows the coastal strati—

graphy 1n terms of sand body distribution. In Clifton Member
A, carbonaceous laminae and thin coal Seams traceable for ..

hundreds of metres (in some cases kilometres) were used to ’

determine the coastal dip The grey sandstones of Member B ///’

'provided no markers but the basal contact can be followed to

testhold 7 near Grande Anse. Eighty metres of Clifton 4 y

*section were measured between Clifton and New Bandon (8km) .

This gives. an average dip of about 0.50. Thirty-eight metres

of Clifton Member B are exposed between New Bandon and. testhole

7 (7km). Caraquet, well to the east of testhole 7, appears,

suprisingly, to be'at about the same stratigraphic level as

testhole 7. Broadly speaking, Clifton Member A is dominated

by reddish and multi-coloured shales (silt olay size)

that can be limey and often bear traces of coal. These
alternate with sandstones that are thicker nearing the.
contact, and perhaps mére lithic. The 1lithic material includes
coal stringers and spar.

The contacét with Member B is marked by :?Eve;grey

. -
stacked sandstone units. Shales intercalate in places

above the contact but’ are usually thin'and grey. Intraformational

conglomerates include fragments of coal spar, limestone and

e’
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shale.' The transition is also marked by a decrease in

T

'calcareous content The chip samples. were well suited for

testing gross changes in calcareous content A small portlon

-

of the chips was placed in a crucible and cold dilute HC1

added. Any bubbling was_considered‘a positive reaction. The

PR T et s i e sam s T o S R,
O N A '
s

(]

results are deplcted alongside some of the sections in fig, 3.

- Although considerably inland (25km SSW of Clifton) =a
290m hole drilled tc basement by Jowsey Ltd in 1961 at
Allardville New Brunswick3 could have orovided much strati—
graphic detail. Unfortunately,‘the core has been destroyed
and the log is difficult po decipher. Incoherent mottled
conglomerates within shales are figured by question marks in
the’;oggér!s description. They are interpreted here as limey
éoncretionary zones, similar to those observed in coastal
exposures., . These reddish a;d mottled~shales are dominant 1in

the core. Sandstone units are thin (less than 3m) and

comprise only about 10-15% of the lithologies. Below 240m,

The basement is metamorphic: chloritic schist below a basal
breccia,. | |
According to van de Poll's division of the Pictou into
megafacies, the grey megafacies of cycle i should be present
in the core underlying the red megafacies of cycle I. 1In the
Allérdville log, however, fine grained reddish clastics are
a

dominant down to the basement. The grey megafacles is not

bresent. Furthermore, the change from cycle I red to cycle

quartz pebble conglomerate 1is present and sandstone increases.
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II‘grey in driil core along the coast reflects ‘an overall

upward coarsening. This contrasts e?mewhat with van. de :
Poll's casinwide observations-that conglomeréte et the base '
of tne grey megafacies marks tne beginning of each'cycle

Spores from testhole 4 south of Lowef'Caraquet indicate

a Westphalian D age (Thzmospor spore zone, Barss 1979,
_personal communicatign). The age of the sediments fnom
Clifton to Caraquet thus extends from Late Westphaiian:@£

to not younger than Westphelien D.

\

Clifton -to New Bandon - Measured Sections,

The 13 measured sections consist of the unper part of

oL

€lifton Member A and its transition to Member B, The
|

important stratigranhic elements are as follows: (photo 1)

“(upsection) f
‘ @ 4
9 grey ss. bodies & .
New Bandon = : PP
thin ss. bodies, red shales; seat earths
- thick ss, body .
Stonehaven )
£ thin ss. bodies, red shales, seat earths
5 . :
s ’ ~
5 thin grey ss. bodies, grey shales, coal,
Clifton = seat "earths.

These stratigraphic elements can all be understood in ‘terms of
varyling domlnance within a single set of facies types. This
bespeaks the continuity of sedimentary processes‘within the

succession. The facles gre defined andEdescribed belowi



FACIES ANALYSIS OF CLIFTON FORMATION MEMBER A.

1

Facies States. ,

A facies is a‘body of rock with soecified characteristics,
and as such should be readilv distinguishable from other rock

bodies It should ideally reflect a particular- DPOC@So or

environment of sedimentation (Reading, 1978}, Féﬁies,at

Clifton Member A were readily disdérned and include:
St. trough cross-bedded sandstone
Sr ripple ctoss-laminated sandstone
Fl alternating beds of eandetone and shale
Fsc- mudshales |

Fsc(r)

Fr seat earths

' Fr(C)’

C carbonaceous laminae, thin-coals
The symbols are after Mliall (1978) with addition of subfaci@s
Fse(r) and Fr(C) that are transitional (Fsc ‘to Fr, and Fr.'
to C, respectively).

Sandstones less-'than 1lm thick in shales were considered

as facies Fl. One metre was chosen as it is about ﬁhe lower

boundary for an inchannel denosit (Collinson 1978). How-
ever "this might not be true for very broad shallow streams

(Steel 1978},

"



Facies Descpbiptions.

St consists of tro gh-cross—bedded'sandstones of ‘medium -

to coarse sand grade thgp occasionally react to acid This:

§ -1.\;_

facies prevails in the thick sandstone body and is present

in the thicker parts of tnin‘sandbodies otherwise dominated

'by Sr. Exposed troughs are shailow (ohoto'ej Width/depth

ratios vary from a few dm X cm to a maximum measured size

of 15m x im. Basal.contact is snallow erosional scours in

the_thin sandstone bodles while the thick sandstone body-is ‘
deevnly 1ncised; ‘Set'size has a'%%ndency to decrease

upwards. Plant material can "ve present as coal spar

Iittering bedding plane surfaces. In one case thls appears

to bg due to scour erosion into allaterally adjacent coal

.seam (photo 3). : B . -

Sr consists of-lignt bluish grey rippfe cross—-laminated

~sandstones of fine grade that effervesce slivhtly in acid.

Low angle climbing rioples are very common (photos 4,5).
This faclies occurs as single or: composite sand sheets up

to sevenai metres in thickness. "Composite sandsheets are

"separated by mud drapes. The basal contact is elther

-

1) sharp; 2) planar'erQSive wlth chips of underlying muds;

or 3) marked-by r&pid coarsening upwardS’Trom climbing-
ripole lamination with laminae in-phase., The flne sand-
stones of this faciles are locally penetrated by the calcified

remains of anclent root systems with typical downward

forking.' Calcareous crusts are present on the rfaces of
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~an organic webbing or boxwork (root network?)(photo 11)

vertical cracks that can Ef a metre or more deep (Dhotos 6, A ~/
7). Plant debris-is not common.

{
It is evidenced by plant
imoressions rabher than by organic. remains (carbon films,
. etc) :

This faﬁﬁze*grades laterally and vertically to:
S -

consist ng of alternating beds of red and grey
mudshale, siltshale and sandstone

The sandstones display
climbing ripnles and commonly root features.

Tree trunk
casts as well as stigmaria were observed at two different
stratigraphic levels (photos 8,9 10)

tions are locally abundant

Calcareous concre-
-
—

Pse, consisting of laminated red muds and clays.
o
This facles is without current bedding

Tt is fissile to
blbcky, highly fractured and’ easily dislodged from slopes.
as a shower of fragments

In places, small root -fraces’
and isolated plant debris (eg fern pinnules) are,oresent

At Clifton, these sha\e% are vertically dlssectred by bluish
calcareous sheets and wedges

Small scale dessilcation
features such as mudcracks (diligently sought) were "ot
found. : '

This facies overlies and underlles thin sandstone
bodies |

into:

4

Where overlying, it shows vertical develooment

T

fr, consistingsof mottled seat earths of many colours
(blue, yellow, green, ochre,

brgﬁn

light grey).
are crumbly and clayey in texture.

Seat!earths
The mottling suggests
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Associated with it are calcareous nodular layers uith indi—

vidual nodules up- to 8Bem in diameter These nodules are

*

- Sparse to-abundant can exhibit size grading, rarely form

a semi continuous 1ayer within the seat earth and in one case'
a hardoan surface The upper nortion of many seat earthsj
is represented by a grey green stiff clay without boxwork;
or nodules (sﬁhfacies Pr(c))., A S . 5
The above facies 1% commonly, overlain-by:'a.'
C consisting of carbona?eous clay laminae and thin coals.
O

Carﬁonaceous clay laminae are very thin (a centimetre or so)

and remarkaﬁly 'continuous. Being rather imnermeable they

M

- are traceable as seepage 1ines along.the coast.until they

pasg out of section Occasionally they thicken into thin

g

4

als a few centimetres thick.

The thickest coals are found at Clifton (2 coal seams

3

30cm and 10cm thick). ‘Sediments immediately underlying are

Ty o] '

grey earths and plant- bearing underclay (subfacies Fr(C)).

The lowest coal 1s 1.5m above the continuous calcareous

4

hardpan (!hoto 12). _ i : .

In summary, the thick .sandstone body 1is deeply incised
and dominated-by facies St. Thin sandstone bodies of shallow

‘erosional to rapidly gradationai.basal contact dominated by
facles Sr and Fl are'underlain-and 0ver1ain by facles Fsc

Overlying facies Fsc grades into calcareous seat earths (Fr) \'
which are commonly caooed by carbonaceous laminae of thin coals.

-
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'1Geometric‘Elements ‘ R f'

. The thick sandstone body (photo 13; see also section

L F in fold-out) which is un to 12m thick, has a channel edge
‘_deeply incised- (photo- 14). The thinner sandbodies-(um or ~

"1essJ wedge out 1atera11y over hundreds or thousands of

¢

metres and pass by intercalation into red mudshales Where

-

the sandbodies are thickest an internal channel outline may
be present, associated with trough c;pss bedding and minor

basal erosion (photo 15; base oP section C ,I In fold-out)

’ Adjagent thin sandbodles separated by mudstenes have the X

4,

- Same base. -In some pases it appears sheet sandstones of
: Y

laterally adjacent sandbodies 1nterfinger Too surfaces can

be undulating and marked by ‘active and inactive chanpél

.fills of narrow (10m) to wide (200m) cross -section. One -

‘such inactive channel—PiLl shows ‘a seat earth orofile tHicker.
than that outside: uhe channel (photo 16, near basiqof section

.B in fold-out).

One sandbody is marged by a channel edge fdi;owed_by

mud-draped iﬁternal lateral accretion surfaces."These

-]

abruntlj end agaiﬂst sandstones that wedge out interoalating
with mudshales and siltstones This sandbody is much narrower
than usual and relatively thick (Hm)(photos 17420 -section

I in'fold-out). ' '

Facies changes

. , : _
A Markov chain analysis*was done on the vertieal Pacfxv

*method .after Miall (1977)



—
ness of the facies are used to model a.cyclothem (fig 8).

'17-“

* ' I

-

1distribution in Member A, Data from borehole A Riorden

were included with that of the 13 measured sections. The
grey colour ‘of some of the beds at Clifton was ignored in

assigning a facies state As noted before the division between

Sr and Fl is rather arbitrary Subfacies Fsc(r) is included

in the analysis as it is stratigraphically distinct from

facies Fsc.' .

The transition count‘matrix and the transition

' probability matrix are. presented in fig y, Facies relation— '

ships are shown in a probability path diagram of observed

facies relationships (fig. 6). One can note that the path.‘/r’“

" tends to be one way, lie that the development of one facies

‘is strongly dependent on the deposition of a previous facies.

A sandstone body is almostﬁhnvariably involved in each
cycle .
To separate the random element of facies transitionQT\\\
an independent .trials matrix was .constructed angd subtracted
from the transition probability matrix. Residual'prdbabi—
lities greater than 0.1 are undenlined in fig. 5, and

shown in a path diagram of preferred relationships fig. 7.

The preferred relationships together with ‘average thick-

The cyclothem (ie a repeating vertiecal package of

facies transitionQ is interpreted as a ﬂlood cycle spanning

thousands of years. The c¥cle begins with quiet water

sedimentation followed by the rather sudden incursien of

i ¢ . o
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flood sheet sands. These floods eveotually wane, emergence
~ follows and a soll develoos. Subsidence eovertakes .
sedimentatioo Xie submergence).aﬁd a thin swamp deposit
| forms. The eycle reoeats 1tself.
kuﬂ_\ .+ A lateral facies analysis demonstrates few changes
-.a}ong any strspigraphic level. Those that occur are s
follows. - - | : e
Sr (thins or splits)——Fl1— Fsc
'Fl—> Fs¢c —5 F1
Fpr —> Fsc(r)4—*Fr '
~» Im other words ‘ ‘the sheet sandstones wedge out into red
rmudshales and the seat earth thins or thickens. | as
A lateral'and'Veftica1~faoies analysls can serve as
! ghidegfor extrapolating oetseen sections and revealing
the depositional geometry of' Member A.
Such & composite section oP Member A 1s enclosed as a fold-
| out at the back of this report. The reader 1s refevred to
it as a quick(key to the essentlal aspects of thls stud;
Tt shows 1) a sequence of cyclothems of low lateral
veriability, and 2) bounding elements and internal aspects
of .the sandstone bodies. Together with paleocurrent data,

. interrelationsplps of various factors are revealed.
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) 0'76
g 0.24,
0.4 0.17
1o f ! {
Fsec . 0_'5,, :J;r 0'65;F1 0.43 » Fsel(r) °°51, Fr 076 > € .
— 0.5 . h .
(st note: for {St) only.
' 4 transition states
FIg. 6. PATH DIAGRAM OF OBSERVED FACIES RELATIQNSHIPS UPPER PART QF MEMBER A,
CLIFTOMN Fi. (FROK TRANSITION PROBABILITY MATRYX).
F
0.5“\
0.16 W4
Fse 235, 5p 0M1. g .28 | pse(r) 9-43 pr 9.57 L ¢
[ 4
0.37| .29
P
(st) ’
mudshale ss. body mudshale soll thin coal
PI1G. 7.

PATH DIAGRAI! OF PREFERRED PACIES RELATION

SHIPS UPPER

CLIFTON FM. (FROM RESIDUAL PEOBABILITY MATRIX),

PART OF MEMBER "4,
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PALEOCURRENTS (CLIFTON MEMBER A AND B).

\

~

Paleocurrents on rocky shelves‘exposed at 1bw tide represent
bedding plane exposurés of sandstone bodies. Because of the
low coastal dip, a set of paleocurreﬁts measured eastward
along thé coast Fepresents &4 slow rise within the sandbody.
In Member B a small number of measurements were taken on higher
shelves above tide level. .Paleocurrent data are depicted in

fig. 9.

In Member A,<only two sandhodles provided a reasonable

set ofdyﬁleocurrent data. Both showed little angular variance

over cdnslderable lateral exposure. Both at Stonehaven

-{600m exposure) and New Bandon (480m) 90% of the readings

" fell within a2 U0° range. Troughsy and ripnles gave the same

trend. The data for Clifton Member A suggests that individual
sand bodies have unidirectional paleocurrents of low variance.
As a groun the sandbodies indicate a pronounced flow direction

to the ESE. One small data set of 6 measurements indicates an

\almost reverse flow on weakly ripprled silts (backflow?).

In Member B, 70% of the readings in a 2000m exposure

fell within a HOO range. This is surprising for such a length

of exposure but 1t corresoonds to. only about lohrof section

Mean current flow was to the SE. Furthest to the east at Anse
Bleu flow directions are more variable over 400m exposure.
Flow appears to swing from SW to NW with a mean at 287°.

L]
. A reglonal analysis of paleocurrent data is hampered

laighaix 4
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because meaéurements couid %of be taken continuously at a
given spacing along the coagt_ Readihgs weré welghted to
give a unit weight per unit diséance in'calculating the
reglonal paleocurrent direction.  The result was a mean flow
direction of 120° with a vector magnitude of 56%. If the
readings werd not weighted,'the mean flow direction would

; . be essentially unchangéd and the vector magnitude increased

somewhat. The slight suggestion of bipolar flow would not

be evident.

ot

w \7,.



. . .

.MN“#urme_.A...LmE.uA 40 (w)g9) FDUVISIA LINN ¥3d IHDI3A IINN ¥V FATD O GILHD ful
FILIMLTA AGLL CTYHOIDAN NYIW DHILVINDTVY NI “Wd NHOLAITTO AHL 40 SINIHHNIOHTTd " FdHr6T4

-y

134 AJdaF FONIOYIL

3 .
w4 a2 0c St 01

4 n

cou | ¥ 12t

v a1 | fred ‘s Uyl

05 v L areys

¥ Jd ateys

L) d | Apoq "SS§ AU

aly ¥y fa‘a Lpoq ‘cs ufya

GLuz| 9 |23 *s8 Aa4d

wyhe q 1 ‘ec Aaad

{aseq [ uwelidoy (u
(aseq H uwopszaag (I

d uotaaes Jo Is{J
as8q J Uol30ag (o

d uot3dses (p

asBq » uol3dag (2
oguy epusdp Jo Mg (4
489800 Natg aIsuy (¥

J.b.

RO

AVG EATTVHD




26

NATURE OF SANDBODIES OF CLIFTON FORMATION MEMBER A.

Thin Sandbodies.

-

The wedge-like shape, dominanee of climbing fipples,
and unidirectional paleocurrents of low variance indicate
that the thin sandbodies of Member A consist°ef crevasse
solayslassociated ﬁith channels (photos 21-23). Crevasse
splay ie used here in a rather loose sense for a wedge of
sediment-ranidly washed out into a flood basin. . Mud »>
draped surfaces and shale Interbeds with casts of tree
trunks indicate significent"pauses in the sedimentation of
successive snleye as well as very shallow waters (Deotos
8,9). Indicators of waning flow %n,the sandbodies include
an.overall fining upwards with fle;tening of'the rinole
drift, ripples superimposed on froughs (falling floﬁ regime)
and a variety of chaneel f1lls. '

Three*large channel fiils'were found (section B,K,L:
5,6,10m. above base respectlively). The most accessible

channel (section B, photo 21) has an asymmetric oufline,

the deepest portion (2m) adjacent to the left bank. It is

. about 200m wide. This is a maximum as 1t is probably cut

in oblique section " The alternating beds of shale and sand
adJacent to the left bank show inelined bedding away from

the channel, strongly suggestive of a levée (photo 22).
. ™~

o ‘ e v e e e i YT



Lateral Accretion Sendbody

The narrow but relatively thick sandbody exposed on the
southwest side of Stonehaven waarf is an excellent example
"of a multiple point bar deposit. It is only aboqt 300m wide
_ but up to Um thick. It begins with a channel edge followed
by distinct-laterel acorebion surfaces (ohotos 17-19). These
end rather ebrupgly agalnst sands that ohin ocut interdigitating
with shales (photo 20). Troggh Cross beddiﬁg occufg together
with the lateral acecretion sugﬁeces and comprises the in
channel devosits, The thinqimé sands probably represent levées
and overbank deposits. ' h _ ‘ |

The height of the lateral bedding is.um, which can be
equeted with the maximum denth of water at ?he bankful
discharge. A sing;e accretio; surface extends for: 50m.
Such a surface repreéents aporoximately two-thirds of the
channel width. . He;ce the apparent width of the channel was
"about 75m, giving a width/depth faoio of about 18:1.
. ek
Thick Sandbody.

."J‘J -
The thick sandbody of Member. mrf% exoosed NE of

Stooehaven below an abandoned quarry {section F, 8m above
base). It ends_abruptl; agalnst redbeds in a double channel
outline (photo 14). Ifs base is_gather‘massive and ipversely
graded (é), very irregularly but'sharoly cut into ihe under-—
lying red shales, with pinnecles of‘red sﬁales{' Thls indicates

that deposition repidly followed erosion, otherwise the
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pinnecles %;hld have renained (photc 24). The sandstone (-
body is dominated by strucfures indicative of\upner lower

to upper fliow regime (troughs and primary current lineation: .
photo 25). The eventual waning of flow (climbing ripples)

1s not marked by €verbank deposition. Paleocurrent ‘
measurements at the top match those of the channel edge. ’ .
The channel is at leas£'1500m wide but rise of the base
before it nasses ont of . section suggests it m}ght nct have
been much wider. This is armajor channel body. it lecks
lateral accreticn bedding, so formation in. a meandering
channel is improbable, although possible. -~ Lateral accretion
| bedd*ng is not often’ present in meandering channel deposits
- (Rust, personal communication).

Unimodal paleocurrents, high flow regime (eventually

waning) sudden deposition,features such'as massive sandstones

on an irregulariy cut base, and probable low width/depth.ratio

of about 125:1 indicete the thlck sandbody represents a major

fluvial distributary. According to Collinson (in Rea&ing ..t
1978)," riuvial distributaries have low widtn/depth ratios

- compered to allnvial channels (range about 1000:1) since they

tend to be Short lived. This 1s due to avulsive events in

which ‘they seek shorter, steeper paths into a flood basin.
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‘underclays to thin coeals gé sedimentation propeeded. This 1is

NATURE OF SEAT'EARTES OF CLIFTON‘FORMATION MEMBER A.

e iam emea L R 1 e e e B gt R 2 PR LTI

29

-

Introduction.

Facies analysis

lying the sandstones
\mﬁgﬁlying-mudshale35

transition into_ seat
The seat earths

s6il 1s one in which

emap—
" -

3

-,
.

has shown that the red mudshales over-

t

of each cyclothem differ froﬁ.the

¢

The oveg&ying redshales show vertical
earths (photo 11). '

represent cumulative solls. A cumulative
A g

sedimentation accompanies pedogenesis.

Its features are partly sedimentologic and part%g pedogenic. .

3 .
The seat earths show

deveiopment from paleocol caliche to

represented by the facles.change Fsc(r) - Fr - Fr(C) which also

constitutes the cumulative soil profile.

Paleosol Caliche.

Paleosol caliche 1is formed by accumuiationé of carbonate

within ancient soils

4
under seml-arid conditions. The ideal

environment for their formation is neilther excessively arid

-

. nor excessively humid (Reeves 1976). The carbonate 1is

conquered primary, a product af the orliginal soil-forming
7 .

pCO

prbceés. This process‘probably invol#es the presence of higi
» at the top of the soil profile due to organic activity,
" and low pCO, at the base of the rodts (Birkeland 1974 N,

‘Caleium 15’ leached at the top, traméportea downwards'in

solution as bicabbonate and precipitated at the{base of the

ke 2

.g
g \
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roots as rhizSEbncretEons. ‘The carbonate ochrs in a '

variety of forms including1l) pseudomorphsg after plant roots

- C- .
- such calcified root casts are called pedotubudes; 3 ?

é)‘nodulap,'orizon;th@ nodular horizénslwith internpduiaf
fillings; ;:33&}\c lcareous crusts (Reeves 1976).

Together 1, and M,fepresent a sequential deVelepment ‘ S
ffom'b6€€g;\to top in .a caliche profile. In sim?lest .

.
teré@é'pedotubules grade into scattered nodules. These.

,en%;gge and coalesce (honeycomb texture) eveﬂtually forming

a continuous calcareous crust, a_ "plugged" horizon, imper-
. . i Ay

“meable to water. This seauence of brogressive calcification

X

also means orogressive induration of the soil into a
"hardpan" It 1z impertant to note that'1) both age and
exﬂ!%ure cause induratibn’of the‘brofile; and 2) induration
occurs above the water table. periods of the order of 103
-105 years may be.lnvolv#&d in the development of mature’
caliche profiles (Gardner 1972)

~The pal 080l caliches of the nresent study. éprresnond
mainly to stigeo 1) and 2) of the caliche profile - nedo-
tubules follohed by nodules. Often the-pedotubule stage

Fse(r) may'eng abruptly,

thout vertical gradation into the

nodules of facies Fr./ An interpretation as péleosol calighe
1s justifiable on th¢ folldwing grounds: |

1) Carbonat ’ragments are found in'overlying sands,
tﬁerefdre thie carbgpafh\musé be primary (photo 26)ff

~ o
Z)FT e calcified-layers contain root casts and .
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assoclated nodules (rhizoconcretions). E

3)lThe'nodules consist of calcite aﬁd not siderite,.
(Siderite 1s ﬁypical of calcareous seat earths that underlie
SOome Appalachian coals.) \ '

4) In thin sgction the nodules exhlbit the caliche
microstracture callad soil peds and crystallaria (photo 27)
in which multiple generations of calcite veins bind angular
to round areas made of calcite microspar and red mdﬁ
(Hubert 1978). C
. 5) The calcareous hardpan at Clifton has a thin rego-

1

lithie cover indicating subaerial exposure (photo 28).
, Within facies Fr, red colouration passes.through -
¢ mottling (yellow, brown, dlue, etc.) into grey and _green.
Nodules seem ‘to be associated with the mottllng Occasion-
ally however, there is mottling but Yo nodules. Colour

mottling ig modern:soils 1s commonly ascribed to a -
: e

- fluctuating water table, the presence of iron in boFh

oxidiseg and reduced states, and various organic complexes

(Birkeland 1974). ~ The rcpeated‘wetting and drying due to a
fluctuafing water table may explain the many generations of
calclte veining found in soil peds;'zﬁith each drying a .

different set of s¢il and root assoclated fracturés and voids -

would become avallable %o carbonate rich groundwaters

-4
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Leached Paleosocol.

The question arises as té what the grey-grgen non-
nodula;.top (subfacies Fr(C{) of the cumulative soil profile
represents. Sincé these paleosols are capned by cgrbonaceous
laminae or'thin coals, tﬁ? water table must have risen between
the time of caliche f%?mation and peatldeposition. _Tﬁis is
particularly clear at Clifton ;here the caliche hardpan is
liﬁm below a 10cm coal.seam. Subfacies Fr(C) may renresent
léached sails. These greyish fine earthé may be soft and
vlelding or stiff and sllckensided. In the latter case they
are semi-flinty, brééking into irregular pélyhedra. Close
examina&ion reveals that slickgnsiding ocecurs aleng carbon
films: It is probaﬁle that with compression, compaction
and dewatering,‘plant remaiAs form carbqpacéous films along
whiéh sliding occurF (Huddle and Patterson, 196i). The

flinty (leached?) nature of some c;ays is confirmed by

X-ray diffraction wﬁich revealed no ciay mineral neaks,

but only those of quartz and perhaps a mica. Carbonate .

peaks are also absent. 3

If 1s worth focgsinglon the.palebsol—cdal association
at Clifton té confirm the nature of the cumulative soil
profile; -Severalnsquare metfes of caliche hardban sufface
ére\gxposed at Clifton. The surface is abruptly overlain
by fime grey earth which is devoid of calcificatlon features,

but does have plant &arbon compressions. As mentioned

previously, there is evlidence that the hardpan was subaerilally
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exposed. This is evident in an examination of the surface
of the crust, whichlis bumoy and”¥odular (photo 28), with-

the nodules partly wr d in mud shale. JImbedded in mud- -

rich matrix are roundeé pebbles of micritic limestone -
obviously derived from the weathering of the ha?dﬁan crust.
- This thin regolith_means that-~ghe hardpan must héve been a
'surface feature; an dir-exposed crust of .limestone that was
part of the local topography. This tonography (perhgbs a
shallow depression) was'flboded for a period of time suffi-
cient tb form a poorly dréﬁned soll facies Fr(C)and a peat
swamp. | ' o

1l

Lateral Variétion in Seat Earths.;

There is sbtme thickeﬁing and thinning of seat earths
latérally (sections A-E, fold-cut). This is most pronounced

in the ‘large channel fill previously described (phot5;'16,

21).+ Within this channel the soil profile is: W
Few cm C
! - -
30cme -?r(C) P
60cm Fr (mottled but no nodules) *

jﬁhile outside C with a thin underclay Fr(C) abruptly overlies

Fsc(r), ie: .
few em C
T ) ' ~1
few em ?r(C) '

Fscl{r)

The d&fference in_thickness outside and within the channel

1)
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is proﬁably a function of sedimentation Pate. The higher

rate ﬁithin the channel resulted in a thicker profile,'as

well as preventing formation of caliche nodules. The reader
1s referred to Leeder (1975) who has tried to quantify the
relatignsh%p between sedimentation rate, gnickness of

paleosql celiche‘profilé and the type of profile that '
develﬂpsT\ With eventuallf;oéding and the growth of vegetation,
more poorly drained conditions would prevall in the abandoned
channel; hence the presence of subfacies Fr(C) at the top of
ghe channel fill profile.” The soil profile at other strati-
graphlec levels salso varies laterally but its felationship

to underlying sandstone bodies or structures is uncertain
(particuiarly as many profiles need to be dug out with a
shovel from under scree). Cverlying carbonaceous laminae do
not seem to be'particularly influenced by the local changes in

ta

underlying soil profile thickness.

“‘\
Caliche Peatures in Other Faecles.  f* R

Featurés attributable to caliche are found in most other
facles. -They include calcifiedq root networks and rhizo-
concretions in the sandbodies underlying the paleosol. 1In
one case a sandbody is hardly recognisable as induration and
soll develooment extendi through it destroyiqg original
textures and sedimentary structures.

% The hardpan caliche at Cliftoﬁ is a key for interpreting

calcareous crusts on fissure walls, These fissures cut thr?ugh
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various facies. Photo 29 shows part of a vertical wedge

of calcrete extending from the hardpan. This is in a fallen
block. Photo 30 shows clearly the outline of a wedge

against the exposed fissure wall. The bedding of the hardpan
to which it extends and connects‘®is clearly visible.

Similar vertical wedges are abundant in the red and/greenish

mudshales between Clifton and Stonehaven and in th

sandbody between Sectlons A and B (photo 6). The wedges_ in
mudshales are undulating and smooth surfaces, like the folds
of a drape. The crusts on sandbody fissgres are rough and
pisolithic (photo 7). ' Pisoliths (ie small calcareous
nodules = lem) show concentrfc growth and'vague radial
fabric, as observed through a binocular micqpscope. Shaley
material wraps about the pisoliths.. Some c;%yite veins cut:
across occasionally. This is all reminiscent of soll peds
and cr&stallaria. These wedges or caliche "roof pendants"
bear testimony to exposure and deep desiccation, with
precipitation.of carbonafe groundwaters. Similar structures
are briefly mentioned by Reeves (1976) who”refers to caliche
Mstalactics" hanging down into soil (ibid. pl09).

The base of some sheet sands has abundant calcareous
chips. This 1s the case for the sanﬁstone overlying the
upper coal seam at sect;ons K and ¥ (Clifton: photo 26) and
'the thick sandstone body at section‘G, as well as others.

These chips are interpretéd as originating from the erosion

of floodplain caliche. Certainly their angulaﬁity suggests
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an intraformational origin. Occasionally thin sand .sheets

(dm or so) are full of caliche fragments. Thls suggests a

sheet flodd advancing over a dry surface.

Thin sections of variols sandstones show that carbonate.

.

is present in the matrix rarely. to abdndanﬁﬁy. It is

bresent as: (see appendiceQJ S “

- solitary interstifial pétchesggou ded by detrital

grains; _ W L

- connected interstitial patéhes;

- continuous areas of cartdpate with "floating™

grains enclosed within. ... j@'
LR idf ~

s’
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CLIFTON MEMBER B “

Al

Facles States.

Facies of Clifton Member B include:

St, Sp ‘frough .and plénar crossbedded sands
Sr rippie ceross—-laminated sanas
Sh '- ' horizonkally lami;ated'sands and siltshales
rare Fsc - mudshales ‘
Se intraformational coriglomerate in erosional
scours

Faciles Descriptions..

St,5pP consists of trough-and planar cross-bedded sand-
stones. This facies 13 similar to ehat found in Mémber A but .
it forms much thicker sandbodies (up to 10m) (photo 31). Planar
créss;bedding is s1ightly more in ?vidénce. The sandstones.are
darker toned, coarser_(medium grade) and m&re"poorly cemented

‘ i\ Coal épar litter 1s
common. Calcite cement }s rare. Trough set thickness appears
to decrease upward from a maximum of about 2m. Troughs can
be up to 15m wide, * \

Sr consists of.riéple cross—laminated sandstones of
fine grade. This facles 1is minor relative to St, and less
than a metre thick where observed overlying (and underlying)
St. It Includes some good eXposures of lunate ripbles, but

is more commonly réﬁfesented by low angle climbing ripples.

b
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It 13 occasionally top truncated.

Sh consists of grey horizontally laminated sandstones,
and siltshales. Thls facles shows a progressive fining
-upward from fine sand to silt. Fissile throughout, it 1is
similar to facles Fl1 of Member A but 1t lacké the élter—
nations, and the mudshales. It i1s up to a metre thick.

Plant litter is again common. Against this facies, broad
erosive éhannel outlines of the overlying facles St are méde
‘distinct by cutting down (photo 32). These channel outlines
Ean be hun&reds of metres thick, 7

. Fsc consists of mudshales. Isolated clay seams a few
centimetres thick within sandstones are mentioned in the
logs from Riorden and Cape Play: A red mudshale unit -
actually_a channel fill - is pfesent at the mouth of the
Little Pokeshaw River (photo 33). Several metres of reddish
mudshéle are also logged in testhole 10 at Caraquet well
above the estimated base of Member B. T

Se consists of Intraformational congiomerate In erosional
scours, Fragmenté include coalspar, shale, calcareo%s shale,
micritic limestone and tﬁe local sandstone. The matrix is
rich in recrystallised calcite,‘in which grains and fragments
float. Several expo%ﬁres are present between New Bandon
and Caraquet; é hedding plane‘exposure of conglomerate can
be seen at the rocky ‘tidal flats below.Maisonette lighthouse .
(photo 34). The conglomerate forms a surface patch,
enclosed by trough cross-bedded sands, and consiéts of

A
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angular carbonate chips, closely snaced. XRD analysis

of the chips revealed diffraction peaks matching calcite.

Nature of Sandbodies. : : ’ o

. Markovian facies énalysis of the sandbodies was
not possible since very few sections suitable for-
measuring were found (vertical undercut cliffs with no
beach are common)(phato 35). However, some examples

of vertical change are:

channel f£ill (photo 33)

4 St St ; St Fm
Se Se Se Sh
Sh Sr - Sp(Sr) decreasing set size
— upward
St St{3p) St St | ;

Top truncated, channel outlined, fining uﬁward
sandstone units suggest deposits.df a fluvial system,
The thick channel member consisting of St, Sp, Sr,
Sh? is preserved while %the overbank deposit’s are not.
This is probably due to channel shifts, for many
chénnel outiines (requiring sharp eyes!) are present.

The following features suggest a braided rather
than meandering origin for these deposits - based
largely on the comparative summary of Miall (1977):

- - lenticular rather than rectangular channel

outlines,
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-_chanpél bases are erosive scour surfaces in lower
pérts of sandstone seguence;

T presence of Sp faciésr(advancing sand bars) which
1s rare in meandering rivers (this waé-disputed by
.Jacks;n, 1976);

= thin overbank member relative to channel member

(ratio 1s 1:5 or less); |
- lack of lateral accretion surfaces (not very
diagnostic);

-~ low variance in paleﬁcurrents..

An appropriate braided model 1s,possibly Facles Assemblage
SII: Distal Braiéed Rivers and Alluvial Plains (Rust 1978a).

Tpé'channei £111 at thq_mouth of Little Pokeshaw River
(photo 33) is probably about 5m a‘bo've the base of Clifton
~B. It is 120m wide and Y4.5m deep., The nature of the fill
lies somewhere petween a fiﬁing upward cyclé (progressive
aﬁandonﬁent cf braided cﬁannel) and an abrupt fine—graiged
fill characteris%ic of neck cut-offs in meandering syskems.
A ﬁixed-braided»meamdering origip thus chQEy be ruled out
for this sandﬁody sequence.

The -presence of Q}srupted coal seams enclosed in -
sandstone at Haut Caraquet wharf is enigmatic (photo 36).
Such coél cannot be in situ. It 1s surrounded by coalified
plant litter. Coal seams of several'metres length terminate
abruptly, without wedging. 1In somé cases they are strung. -

. together, suggesting a stratigraphic horizon; in others'they

’
L e bt )
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are pilvoted at odd angles to local'cross¥bedding. Abrupt‘
terminations at first s?ght-éuggest tree trunks, bu phis is
not tenable for the following-reason5°
- the coal appears to consist of a variety of matted plant
spar rather than a single phase;
~ it is,improbable that most tfunks are exposéa in
longitudinai section.
A'better explanation is that these are beat rafts, which
floated, degassed, and fin?liy sank durlng transport. Some
may not have remained coherent bug had their contents dispersed
.by the currents. More difficult to explain is the inclined
:'attifude of somé against the current. The writer would suggest
"that this is a form of Imbricatipn, in which a semi- -buoyant mat
was flipned by the’ current so it dioned upstream. The process
1s analogous to that affecting flat pebbles in stream beds

*

(Rust 1972). ‘ .

Nature of Intraformational Congiomefaﬁes.' ' : -
. The nature of the unfossiliferous mieritic limestone

.fragments in the intraformational conglomerates (photo 34) is

oroblematié A straightforward internretaéion is that they were
. derived from overbank caliche, eroded ang deposited as channg}

lag. However, microsgructure 501l peds and crystallaria are

not apparent. Furthermore,,éguld channel shiftings of a braided

system allow sufficient‘éxposure in interflgves for caliche

formation? It would seem 50, gilven thelr presence in some
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' modern day alluvial fans (eg Williams 1973).
. N .

If the miéritic-limestone fragments are caliche there is

: v
little need to invoke climat;;}change as responsible for the

change in deposition from red to grey megafacies (Clifton A
. _

-

to'B) as proposed by van de Poll (1973). Alternpatively,- the

caliche which is_alﬁéys fragmented could be interpreted as a

- reworked fossil caliche. The importance of climdtic lag in

fluvial systems has been notedc(Rust 197§5.'

The micritic limestbne fragments might also represent
marlst Marls include algal, nodulér, nseudobrecciated forms
(Pettijohn 1975) that are ﬁot unlike caliche. In fact, marl
and caliche may‘be found together (Wheeler‘énd Textoris
1978). In the absence of faunal remains (eg oétracods) or

of other sediments of possibly lacustrine origid, it seems

unlikely that this 1s marl.
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DEPOSITiONAL RELATIONSHIPS OF CLIFTON MEMBERS A, B.
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Contrasts. . ' | '
To demonstrate the'relationships between the sediments

of the lower (Member A) and upper (Member B) sequence, their

contrasts are listed beléw:"

‘ g . _
Lower Sequence (Member A) Upper Sequence (Member B)
‘dominated by red muds . dominated by olivi@eﬁgrey

‘ ' eross~bedded sands
shallow ponded water : r
deposition - : . fluvial deposition
sandbodies. thin - dominated . sandbodies thick - dominated
by elimbing ripples- (c evasse by trough cross-bedding
splay deposits) (channel deposits)
plants as impressions except - pPlants as coal spar

: wher9 beds grey . - .. ‘ '
R P . calcareous 3ement uncommon
calcareous cement in *" - 1n sandston o
sandstones : . . ‘ ) '
: .caliche fragmented - pre®ent
caliche 1n situ within paleosol as. intraformational
’ conglomerate -
. ' ]
seat earth (paleosol) common seat parths not observed
coél'in,sﬁtu | ' ' . transporfed coal spar, ™
: . disrupted coal seams enclosed:

e ' ' . in sandstone

-
L

.fine grained sandstones ' medium to coarse grained
: sandstone

deposition  from suspénsion deposition ma
and mixed ZYoad . bedload .
base of‘saﬁdstones gradational irregular erosive base to

or planar erosive sandstones

L7}
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_ Depositional Constraints. .
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The constraints on aisz;} to integrate depositional

features ofs Members A and B afe as follows:

' 1) Both‘thin-sandbo&ies of A and thicly sandbodies of B
derived their sedé;;;é*from the,same source{h\sitrog?aphically
the “sands are similar, consisfing‘mostly'df'éréins of quartz,

quartzite (micaceous) and volcanics (see appendix). However

‘the composite sheet sands of A show more evidence of

. [} )
diagenesls as they are be{g;; cemented. , -

2) In Member A, large portions of t flood basin-

- received virtually no sediment for long verig¢ds of time. Z{

During such times (lasting thousands of yeaws?) emergence

"~ and pedbgenesis'occurred.

3) Flood events dominate both sequences. Sedimentary
structures indicate repéﬁted waning flow conditions.
However, the lithic content, gralh size and structures of
the upper sequence éqggest that*it had greater;transporting
and erosive power. R *

| 4) Relatively late in the deposition of Member A there
was a period at which major fluvial distributaries briefly

encroached into the fl@.basin.

Crevasse Splays and Channels*- A Biscussion.

. We may distipguish two.types of majbr overbank f4dood

sheets: those tha

represent wedges of sediment washed out

through the side

f

of channel bodies and tha§$ that represent

N
]

- .

L o
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outwash from the ends of channels, An example of the fbrmer

is creva;a}ng of levées in raised channels such as that of

the Brahmaputra River (Coleman 1969; figs. 10,11). An

. exkampley of the latter 1s the channel itself splitting into

distributaries, eg the shoal water .deltas of Fisk (1961)

(fig. 12). The flood basin that

wedges may be represented by the

recelves these sediment

alluvial plain of g river,

an interdistributary bay of a delta, a coastal lagoohl, an

inland swamp, etﬁ.

In the first case it 1s the

height of the levée that

determines the type of splay deposits. Extensive levée

bulld-up devends 6n repeated bankful discharge. As.a

result the chapffel May become elevated with respect to the

.flood plain. With hmajor flooding the flood waters tend to
fx\\ﬁ_ifave the main.river‘system vié'a single channel, down a

steep levée gradient and terminate in a radiating delta-like

fan consisting of multiple channels (fig._10). Proximally

the crevasse channels scour a few feet into underlying

sediment, distally they do not.

Such i1s the casé*for the

where levée gradlents are low, the water leaves the main

!

river system through a multi-channeled system characterised

by anastomosing pattern (fig. 11)

. Basal erosion iS‘

lacking; the splay is thinner andg cut and fiil'structures

are present besides ripple drift.

"\

Brahmaputra River as described by Coleman (1969) Downstreém,
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LEFT: TIGURE 10, STIGLE CHANNEL CREVASSE SPLAY IN THE

BRAHMAPUTRA RIVER.

RIGHT: FIGURE 11. MULTICHAHNEL CREVASSE SPLAY TN THE

BRAHMAPUTRA ATVER. THIS TYPE IS MORE COMMON IN THE
. ‘LOWER REACHES OF THE RIVER.

(AFTER COLEMAN 1969).

’ *

FIGUPE 32, SH% WATER DEITA OF !TSSICSIFPT RIVER
WITE A DISTRIZUTIVE METUORK OF CZEVASSE CHATIELS
DEPCSITTHG MINOR MOUTH BZR SADS (STIPPLED).
AFTER GAGLIANO AND VA BES¥, 1970, .

4
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”Therqfore,-in a section cut parallel to main channel,
the levée deposits appear as a serfes of overlapping
and interfingering lenses of coarse, well-sorted sands
which are Separated by finer grained deposits. The
lateral extent of the lenses varies considerably, from
a few hundred feet to over 3,000ft. 1In a-transverse
section sands predominate near the channel. From

) these sandbodies long, thin stringers extend into the

+ finer grained basin deposits. These thin sand units
represent the maximum extent of the crevasse splay
deposits into the, adjacent basin,"

(Coleman, 1969, p242)
Elliot (1974) has used the principle of levée or /
alluvial ridge build—dp followed by crévassing to develop

2 model of Interdistributary béy sedimentation. 1In this

case, the channel is a disEribu_ar within thé lower deltaic

plain adjgcent to an integ@istributar, bay. Eﬂliot
envisages the following sediﬁentatioﬁ events:
- levée prograding (Phase I, fig. 13)
= levée breached by.crevaése sﬁlay lobes (Phase II)
- channel migration over crevasse splay (Phase IIT)
- avulsioﬁ of distributary chanrel (Phase IV)

The resulting. y rticaI‘sequence (fiéi'l33 compare with

cyclothem if lg. 8) begins with alternating sandstones
and mudstores dgarsening upwafds (levée orogradation;
Phase I). This is followed by a sheet erosive contact
(proximally) énd cross-stratified sandstonéé of the crevasse
splay with an internal channel outline(s). According to
~Elliot, the net effect of tha Crevasse splay was to diverf

flood waters into the flood basin and to lessen the local

gradient. Subsequent floodings can be dlscharged through
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a Chaﬁnel network on top of the splay.
| ‘Comparison of Elliott's vertical sequences (fig 3)
with the facies model of Clifton Formation, Member A (fig 8)
reveals the following contrasts:, __,J
1. There 1s a lack.of evidence of levée progradation in

the cyclothems of Member A. Facles ‘analysis shows fhat

‘the vertical transition F1-Sr does not show more than a

random probability. This does ndt megn, hOWever, that the
ﬁraneition E&-Sr where‘oeserved is necessarily colncidental.
2. With respect to the base of the cyclothem, red muds,
coarsen@abruptly into sandstones but this is followed by
either no change in grain size or g grédual fining upward
within the sandstoneibody itself. This suggests that the

emergent phase (ghannels) is domfnant with respect to the

'initial subaqueous (shallow?) outbuilding phase..It should

be remembered that some flood water appears to have advanced
\

oﬁer dry surfaces (thin sands rich in caliche; lithic
frbgments):
3;IThe laminated red.muds are not iﬁterdistributary-bay

L) - - . /
sediments. Theretis no burrowlng, and no evidence of

marine organisms.
However, the eyclothems of Member A do seem to
represent {1lling of a portion of the figg;\;esin, with

gradigat lessening and eventual abandonment.

Duff and Walton (1973) used observed relationships -

~ between channel and sheet sands in the Joggins section of

-

Nova Scotia to suggest an overall situation of a basin

4
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‘a single unit but more commonly~were oacsosite (termed

multileaf by Duff and Walton, 1973). Th multileaf bodies
conslsted of a series of *50em thick sandstones separated
by shale or mudstone Dartings The basal contact of this
single or multileaf body was usually conformable but sharp.
Thicknéss was. maintained from the body laterally into the
chahnel;.however, the channel.sand on occaslon protruded
below the level of the assoclated sheet sand. Channel
sands seemed “to affect the number of adjacent sheets.' More
"leaves" were present in the vicinity of the'chamnel. In
the succession as a‘whole'the sandstooes with channels hag
an average thilckness of Ym whereas those without averaged
2m. . ) - *
Channels reported by Duff and Walton were up to 36m wide
and 3m deep. Fl&l included occasional conglomerate
(1ntraf rmatio 19) at. the base followed by sandstone+
siltstoi s e, mudstone, Trough cross-bedding was
common in bhannels. Ripple drift Q+‘§heet sands was minor
relative to a larger current structure called mounds and °
troughs (present also in channels) interpreted onsisting
of suspension lamina draped over dunes. Dire%éionalf
structures were highly variable in. orientation. They include

ripples superimposed on larger structures (dunesﬁ?indicating

.: - N V4
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a secondary flow that at tlmes was opposité'to the primary

 ("counter" ripples)é/,,——-* ' B
Thé sandstone bodies were related to the othey facies

as part of the following facles sequence:

séat earth

= ' ’ - shale —— sandstone
L >1 imestone :::::::;: 4
coal

> F

Duff and Walton (1973) interpret these cyclées as

"due to major channel migrations in an area undergoing
overall and continuous subsidence".

Tﬁ% channel sandstones were formed in asscciation with'
crevassing of the major distributaries and bedload sediment
vas carriediéeriodically and only during high—wéter stages.
Mixed sedimeﬁt fills are therefore common. Sheet sands
were spread from the channels. As the distributary moved
away (afuision?), sediment supply decreased a&g the general
subslidence of the area‘produced waterlogged gréund on which
peat formation was possibile, bontinued subsidénce ailowed
marine flooding, in whilch bivalve—bearing limestones were

formed. ¢ With tﬁe eventual rgturn of a major distributary.

channel, the sequence was repeated. ' ‘ (“-\

The description of the siﬁgle to multl-leaf sandbodiles
fits well with the composlte sand sheets of Member A

consisting of facies St(Sp), Sr and F1. The two sandbodies
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with channel sandstone (base of sectlons C, Ilin fold-out;
photo 15) happen to be the thickest of the cyclotheﬁ |
sandbodies, Basal éontacts.and lateral Vafiations are
similar to those described by Duff and Walton(1973). Cdmpared
with Jogglns, these are the significant differences in the
sandbodies:

e‘the two potentiél major active channels mentioned
above are much Wider (several hundred metres) compared with
a maximum of ¥*36m for Joggins;

- directional structures are much less variable than
at Joggins. ‘Where ripples are superimposed on a larger
structure (troughs) they show the same paleocurrent
direction; |

lack of trough and mound structure.* .

Compa on of the facles cycles .shows a basic similarity

- except for t %‘1ack of bivalve limestones at New Brunswiék.

‘Evidently no'mrackish'or marinelwaters ever reached the

flood basin of Member A during maximuffﬁﬁbsid§nge.

Duff and Walton (1973) and Eliiott(lb?ﬂ) in ﬁheir
models conslder the channels associated with splajs to bge
crevasse channels origlnating from a major distributary.
Duff‘and Walton do not give direct evidence of such a

distributary's existence (eg the presence of a very thick

¥Similar structures are interpreted as representing the
Interaction between river discharge,-waves, and bay
sedimentation in distributary mouth bars (Elliot, 1974).



" sandbody). The channels of Member A assoclated with splays

are too wide to be considered crevasse channels; more
probably théy are distributaries. The crevasse channel/
distributary distinction 1s.one of scale - a crevasse
channel that remains open 1s in effect a small distributary.-
COnsideripg the overall stratigraphy and changes in
sandstone body thlckness as indiéating and changes in
channels and as sources of crevasse sediment, it is'apparent

that the signifﬁcant thickness change 1In the stratigraphy = -

1is not lateral but vertical. A proximal-distal relationship

is suggested, with eventual progradation of channel sands

of B over the flgod plain of A. : o
In this context the writer would like to consider the “

A

second case of channel-crevasse splay assoclation - that
of crevasse splays as outwash (or sheet floods) from the
ends of fluvial systems where they assume a distributive

pattern. In ﬁhis case crevasse splays need not be related

to some large but non-evidenced distributary sandstone.

The fluviai distributary splits‘and resplits into smaller
channels. Depending on which M"order" of distributive

network we focuslupon, we look at shaller to larger channel-
crevasse splay -systems. Successive distributary netwqus~

are common on delta platforms, coastal plains and semi-arid

VAN
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‘
flood basins. On dplla.platforms-they'are cailed shoél
water deltas (fig. 12), and are formed when sand, carried to
the mouth of an enlarging pass, forms a bar that divides the
stream into branghes. Figureiru depicté a model of a |
hypothetical diétributary iobe. .

z Examples of distributary networks in semifdry‘flood
basins ineclude the Kosl of India,-fhe Okavango of Botswana
and the channel country of _Australia. In many caéeé the
distfibutafies fork and rejéin,“and include some meaﬁdering.
segments. The distributive network is more nroperly tepméé”
anastomosing (Schumm 1968; Rust 1978b). A good examnle of a

dry interior and locally.distributive network is the flood

plain of oper Creek in Central Australia, whilch consists of
a chanqelis ne and marginal or intervening backplains.
It has been tudied.by Mabbutt (19675; Rust (1979); and
éeevers and Rundle (1979).

The'channelised zone is anastomosingj; channels locally

in wildth ‘ ‘

exceeding 60m/fork and rejoin. Migration of any meandering
segments 1s unimpertant. The channels havﬁ‘short stretches 9‘
of levée, up to 100m wide that rise very 1ittle above the

plain. Thé backplains consist of a variety of depressions

that are connected with the channeled zone, fill up during

major floods %;d act as lateral storage basins.. With low‘
water they slowly drain out. The depressions consist of
clay pans with limestone crusts that are strongly ecracked

or "gilgaid" during drought (Mabbutt 1967). With shallow
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'inundation they form sump basins of disintegrated drainage.

‘Distributary channels feeding into such sumps show reti-
. | 4

.,culate'anagtomosing patterns. The largest qf .the sumps, .

¢ Yamma Yamma (at the confluence of the Wilson and Cooper),

P L | e i e e

,pas in the past been a lake (Mabbutt 1967).

omaage s,

In Member A the association pf crevasse splays: small
“‘ and “large active and abandoned channel fills, meandering
segments, and eXtensive rooting may be compatible with an
anastomosing system. Rust (1978b) has noted that anastomosing
channel sediments should be distinctive in the ancient record
on account of abundant‘suspended load deposits and evidence
of intense plant activity. Hpwever, paleocurrentsﬁskow 1ess
dispersion than might be expected in Clifton Member A in
. such a proposed high sinuosity system Persistence of
paleocurrent .direction might be expected with extensive
overbank flooding during major floods. Floodplains would
f1l1, and low levées be submerged. Sheet sands would be
! ) "_ deposited under a continuous expanse of‘flowing‘water.
| .The caicareous pans of the ohannegxfodﬁt;;7of Central
Australia, wlth cracked reticulate surfaces that undergo
lbng-term flooding or draining seem analogous to the
hardpan overlain by sLat earth and Qdél at Clifton. If a
5 major avulsion occurred in the channel country such that
backplains developed over a previous channelised zo d, one

. X ‘ . . ] . b
might expect a vertical sequence of sheet-and scour poute

[

*sands.oferlain by calcareous rooted seat earths, hard pans

s

and loess. ' ?

However, local stratigraphy in the Lake Eyre basin



-

suggests a.more arid situatﬂon than that which prevailed for
)

Clifton Member A and B. Lake Eyre basin sediments include
gypsite, dolomitic clays and aeolian sands thatwar lacking'
in the Clifton Formation.% Also, facles ﬁgzﬁgt\théjbqssuaf )
eacﬁ.f;ood ‘eycle in Clifton A, indicating sgfif::tat on in
quiet shallow ponded waters, does not seen tox ve an_
equivalent in the channel country of Australia Nevertheleisi////’
vegetated inland distributive networks such as the Cooper in

Central Australia, the Okavango in S. .Central Africa (fig.'lSl'.

and the Il1l in Kazakhstan USSR, demenstrate that peat can

develop in a sem rid climate. ’
AN _ . :
. Al
L i 9_
' ! T A *
l "ti':.
. . . - l'
. . ;) . P i % n
L 4 A
. E ) Q . q
Kl } ‘ : ‘
' .f
. N |
) )



e

({LT 4TSSV JIV [OSM0OL <Ay,  "DMNILINS CTHV-THES GRVINT XY
‘ AR EE SYITEG OOIFATIC SHL ST Hdnoid

T T8

FIRLIM AHOATHEN TEINHED dATINdTeIsTd QHLVII0EA T

.
.
-
‘\I -
!“a )
L4 .
3:33”:\”
. -
5T \..._..c“_.wmmm et e
t‘ sa /,
s ~ Il_
v~
. @
1]
?Ed_.cMs R STHHWY |
A .ﬂ.f..f e i
: el R

“BUTPOOTS 03 '

waﬁﬁﬂ BaTe

JOJBM L.
quasueuLrad . ; .

ey a0 Lomprey : -1 .
: - ‘ . P swrys
L
. el !

L} L]




[l T

A Possible Model for the Debositional Geometry of Clifton "
Member A. el S

Y

' In the léght of the above discussion, a model can be

p——
-

[
presented to explain the cross-sectional depggi&}ona%/geometry
of Member A (Fig. 16). This model is based on a migrating
distrlibutary lobe that sweeps;from side to side of the distal,
shallow-flooded portion ofy an tal plain., Migration
would probabiy not be. continuous (as 1llustrated in the

?igure) but 1in short'avhisive steps. The distributary avulses

‘because i fills 1ts local basin with sediment. \ﬁﬁe distribu-

migrating towards undsrgoes‘jlooding, whhte the area it

leaves undergoes emergence. The lateral distribution of

lithologies is thus coal-mud-sand-soil-caliche.* 'Note that

coal and caliche prefefentially form at the edge of the piain
whére distance from sediment soupces is maxi;ised. Coal can
follow caliche at one ed result of subsidence to base
level (rising waﬁer table) 1 the distributaryris at the
~other. edge of the_plain. Neit coal.nor calliche is pfefar—
entially developed in the midportion of -the plain, which'is

never far .from sedimentation input.

-

¥Allen (1974) has commented that.known migration rates over

an alluvial plain are rather high for a paleosol caliche to
form.
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N ‘
A variety of fabtors, including balance between sedi-
mentation and subsidencé, rate of distributary migration,
’ -

climate, slope and position on the alluvial plain .will

determine whether coal and caliche will form.

—
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13

Prerequisites for Deposition of Peat.

o’

Prerequisites for the development of a peat deposit
and consequently for the formation of coal include:
' * 1) fresh clear.water (marine influx would.kill the
| .vogetation);
" 2) protection of swamp ffom clastic Input (barriers,
low reglonal relief);

3) a slow continuous rise of the water table to match

the growth of peat (le subsidence): 1f the water table rises

too quickly the swamp will drown; if it rises too slowly,

plant material on the surface will rot and peat already

formed will be eroded; “\\\\\“r/ﬂd

4) favourable climate;

5) porsiste:}é‘%f conditions in time and space.

Prerequisites as Related to Depositional Environment of

-

Members A and’ B. ﬂ

.,
1

A. The climate was not favourable. Paleosol caliche in8icates
L a climate in whicﬁ the.annugl evaporation exceeded rainfall..\
; : B The SOOmm isohyet‘és coﬁmonly cited in the literatore as an
: app ximate upperx, boundary of caliche formation. However,

" | in low lpkftudes (eg Tanzania) caliche occurs up to 750mm
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iseh (Goudie‘1973). Higher raihfall is compensated b§
e en higher evaporative losses. During the Carboniferous,
New Brunswick lay on the equator according to the
reconstr%ction of Scotese et al. (1979: fig. 17). It is
thus_possible ;het though the climate was effectivei&
semi-arid, the rainfall was significant.

One might expect that a semi-arid cliﬁate would restrict
the number and type of plant species as well as their
characteristics (eg narrow-leaves, thickcutlielesto reduce
evaporative losses. Bell (1962) painstakingly described
the flora from the Clifton Formation and the Pictou group

of New Brunswick. The flora included tree ferns such as

Lepldodendron and Caiamites and their various componentiP (‘FH/
(whorled leaves, branchlets,roots) which are.given separatei

"form" genus names as well as a 'variety of smaller fern- 1ike

4 herbaceous and arborescent vegetation. Some of the larger

Lepidondendron remains found during the course of this

study are illustrated in photos 37-39. Nowhere does Bell
suggest any variation in form due to possible environmentall
differences between the Pictou in New Brunswick and Nova . .
Scotia. Swamp vegetation of course can create its own shady
microclimate, conserﬁing moisture, 4n contrast to a much
earlier, exppsed surreunding. This may have been alfactor.
Alkaline groundwaters from underlyigg or adjacent
caliche zones flowing into Swampy areas eould reduce ﬁhe Q&\;
acidity of the peat, hence acceleratimg mﬁa’giai activity

N

l
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4

and the destruction of peat.

- »

Stack et al. (1975) note that peat may occasionally:

form even in a steppe climate if the groundwaier table
remains sufficiently high over a long period.

"A condition for the formation of such a peat is a
depression in the ground surface." :
(Stack et al. 1975)

- B. The basins in which peat‘deposition did occur were very

shallow. The water level could only rise very slowly and
- o . / } N
peat could not form to any appreciable thickness.

It is worth exp%aining in some detall how the shape

of an inland basin controls the thickness of coal that can

!

form in it, for this aupiies to all coal seams in the Pictou
Group of New Brunswick. S

Falini (1965) in a most illuminating paper determined

the rate of water rise for various shapes of limnic basins,.

. Tor it is the rate of water rise that controls the growth of

peat, 1ts thickness and the naturg of 1t$ constituents
(arborescent or herbaceoﬁs); Thisjis clear from the - ’
following: |

< if peat growth rate cannot matech the‘rate of'wafer rise
then the peat drowns; - A\

—- 1f peat growth can match the rate of water rise then

the peat is maintained;

4

* = 1f the water rise 1s very slow or stops, surface degrad-

* .

ation of the peat will occur. -
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In simplest terms the rate of water rise for a limnic

basin equals:

volume inflow - volume evaporated |
) ) surface area .
. ' As the water level rises the surface area of the lake wi}l %

increase, therefore the rate Of rise of Ehe water will
decrease with time. The shape of all lacdstrine.basihs Is
v , between two extremes - a graben or rift with vertiéal-walls;
' and a Uigcked, extremely flat'yalley ﬁhich'widens. In the
ﬁirst cése the rate of water rise does not change with time
uzf€§s a spillway 1is reached. 1In the second'case, evapor-
atdon losses balance out inflaw for even a small increment
N An thé'watér level (since the surface area'increasgs S0
:_ N | rapidly). The height at which this balance occurs is called
‘ the equilzbrium helght. In all interﬁediatewcages the water
figst rapldly rises,_then‘tﬁg rate diminishes tili the final
equilibrium helght is reaéhed.

"In a graben or rift, the thickness of coal that ctan be
déposited is eq@al to the depth of the basin provided that
the water rise is sufficiently slow - 2 rate that the peat

- can match. In an extremely flat valley the water_leyel may
risé oniy a few centimetres beforé‘equiliﬁrium (between
evaporaéﬁon and inflow) is.reached. A swamp deV%}OpS but

P J‘ _, does not persist, for silting rais;s the basin floor,-

' {/F//’ﬁh\? ' "Only occaslonal accumulations of vegetable matter may

=i- . form, always of limited thickness and e§pent, in the °

ponds left here and there between alluval cones




P Mebn TR I S S S e Sy g ey LR ey e e A e ey e R 3 ey B ¥ PR TR T RN T O Y HESTY "

a

.

formed at the mouth of the tributaries."
(Falinil 1965)

In 1ntermediete cases there 1is gz lim}ted‘range ﬁithin
which the rate of rise of the‘weter level can be matched by -
the growth ef the bog. The thickness of peat’.that can form
lies between the two extremes of graben and flat vallex e
(and can be calculated if the.ge;graphic characteristics,
shape, inflow, specific evaporative loss, etc. of the basin
. are known).
Félini deriveé several "1awe” relevant to prerequisites
of c%imate and water rise and coal thicknesses in New Brunswick-
(particularly the Minto seai). ‘
| 1) Total peat thiékness is proportional-to <“inflow (basins
* supplied by larger rivers can produce'thicker peats.
2) For a given inflow the thickness, of peat deposited -
is smaller,the lower the inelination of the sides of the
basin.
3) Fer a gilven inflow and any basiln shape the,thickness

is inveprsely proportional to the specifiec yearly evéporation.

C.- Peats were not protected from clastic input. Abundant
coal spar and even disrupted coal seams in Member B suggest h
that overbank peat swamps did develop. However, shifting
channels dispersed any accumulation of plant remains before

they were sufficiently buried.* ' ' ‘

¥A non-commercial coal seam, presumably of autochthonous origin
(1e in situ peat) is present in the Caraquet area in Clifton

Member B. (Ball et'al, personal communication)
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CONCLUSIONS.

+

The depositional environment of Mémber A is interpreted
to be that of a majorlsemi-arid flood basin fed by the disﬁal
waters of a braided fluvial sysfem. Cyciee in the flood basin
fepreeent beriodic progradapicn gnd abandonment of distrihutany

lobes. During progradation, flow was channelized proximally,

but distally spread as sheet flow as successive distributaries--

biqgfcated Time breaks in flooding were of sufficient length

‘that trees grew in emergent levées adjacent to channels
Abundant mudshale partings and intercalations in crevasse snlay

sands thest to the varlability in discharge and climbing
riooles to, the snreading—of sediment- cnarged flood water flow

. In each cycle, the 1oca1 gradient decreased as a result of
vy 4
distributarﬁ sedimentation’ and water was ponded between

§

emergent crgqvasse splays. An aziiiiiyfewitebed sedimentation
to an adjace It subsided portion o he flood basin. In the

abandoned distributary lobe, the drainage dlsintegrated,

followed by extensive rooting an aliehe soll formation.

Thicker_soil profiles -« r in abandoned -channels where
N .

the sedimentation r was a little higher and thefe_was greater
variation in the groundwater table. Given sufficient.exposure

during abandonment, calcareous hardpans formed in depressions.

Deep desiccation led to caliche soil”?;;% pendants extending

several metres downward. These penetrated underlying channel

and crevasse splay sands.

et g -
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ae the sedimentation rate during pedogenesiS'was very - o
1ew, eventual nei subsidence occurred This had two e{fects :

water tabE% rosehhnd the fluvial system migrated back
tolthe subsiding lobe. The rise- in water tab;e was marked by : %
the top of the soiIJpgofile being leached and capped by thin
peat denosi%s ‘A caleareous @ardpan'with thin regolith
overlaln by soil and 30 cﬁs of ,coal is the best documented

-/

evidence of long term exposure being followed by long term
Yo

Renewed sedimentation began as flovd waters of the fluvial .
/ . .

-system once again-encroached into this part of the flood basin,

distally .depositing réd mud shales that buried thin peats.

. This marked thekfeginning of the next flood cycle.

"o

.under a significant rainfng, of as much as 750mm per year. ’

Over a period of many flood cycles the fluvial system

prograded over fhelq;ood‘baein. Thick fluvial dist ibutary
channel units near the top of Member A mark this y
massive,sandstone‘at the base of Member B probably marks an
avulsive event'in'whach a_prinafy distributary began deposition.
Ehe presence of paleOSOl.calicne In each distributary

flood cycle of Clifton Member A indicates that nedogenesis-
occurred over a period of theusanQS of years under a ciimate . \\_
where yearly evagoratiqn‘exceeded rainfall. Due to New

Brunswick's gosition on the paleo~egquator during Pennsylvanian

times (1e high evaporation rates), caliche may have formed

The superimposition of dis ributary flood ecycles might be

Ll
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explained by a model based on side to side sweep of ‘

" .
dlstributaries on a shallowly flooded alluvial plain. This

LY

model'predicts an association of coal and caliche on the

margins of the plain where sedimentation is potenttially '

the least. ' - . o

P Coal did not ‘form commercial seams in Member A since

'a) thevclimate was mot favourable (semi-arid ), i
b) the basins of deposition were very -shallow, (With
'flooding, the surface area increased rapidly and the water‘
level rose only a few centimetres before reaq%}ng evapor-
atlon equilibrium Any peat growth during water rise thus
underwent surfaceée degradation during stillstand).
i ) ' . Coal did not form commerclal seams in Member B due to
| abundant channel shiftings and erosion of overbank sediments.

\Coal is mostly present as transported plant debris and peat

mats in various stages of dispersal by ‘current activities.

R b s S T,
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PHOTO 6.

y

Caliche encfusted vertical fissuré‘in facles Sr.

Note contrast in,ahpefrance of joint surface

\ -~ ‘ ‘
behind 2.4m-rod and fisgure wall to right of rod.
(See also photos 29,30)

LOCATION: betiween Section A-and Section B, New

Bandon. ‘be

PHOTO 7. o ‘ . -

Close up of fissure wall in photo'6, with pisolithic

che erust. ~ ; ;3

—
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" PHOTO 15a- - 3 )

78 : -

- PHOTO 14, . ’

Thick sand body of Clifton M%Pber A: incised'channel

_edge. Cliffs 25m high. Sharp horizontal line 0,80m

above channel top in photo isa carbonaceous clay

marker horizon. Compare photo with Sectlon F in’

fold-out. - . o

LOCATION: immediately to left of Section. F.

View of Section I from Section J Thickening of .
sandbody results in formation of a resistant
headland. Thickened sandbody may represent

dep 1%s of an active distributary channel Cliffs
ab 15m high e

PHOTO 15b, | - L ‘

T

Close-up of headland sandbody in photo 15a showing
trough 5%oss-bedding Rod 2.4m- long

]

LOCATION near Section I.

O )



v



PHOTO .16.

.lélrfton Member B'ovérlying-" K

79
Al K
. ) “‘ )
. ‘ ’ g ,
- . 3 -
- '\ ) ’
. - L4

. ' 2

b .

Clifton Membér A. . =

'hotéfcﬁahnél £111 in saﬁdbéE; P .

¢

‘to right and above 2.4m'rod. .

Carbanac¥

Qgéf marker
.- horizon dis®inet ‘as seepage

line above sandbody. (see .-‘..TJI-

"photo 21 for ‘close-up; see . '$

also Section B in"fold-out.) .' ¢

LOCATION: Section B, New Bandon.~ 4. -
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PHOTOS 21-23 (tob to bottom)

Lateral variation in the denosits of a

4
crevasse splay or distributary lobe.

The sandstones of the lobe thin and

snlit laterally. Where thiclest

L

(photo 21) an abandoned channel is ,

present with adjacent levée. Hote

the nersistant seepape line of

carbonaceous clay above the lole.

LOCATION: between 3Sections A and B.

(approx. 190m bétween seections)






PHOTO 24. - N

Thick sand body of Clifton Member A:-

Pinnacle of red shale at base. s
LOCATION: near Section F. _ Ve \\
PHOTO 25.

Parting lineatilon: inditcator of upper

low regime deposition.

ION: as above:

PHOTO 26
Caliche interclasts as lag deposit at base
of sheet sandstone: Shget\sandstone in
sharp contact ﬁith'underlying grey
carbonacéous shale.

LOCATION: Clifton.

- »

P e
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THOTO 27. . . P
Calichelmicrostructure, soil‘géds and
crystallaria: multinie renerations of
célcite veins bind angular éo round
areas made of caleite microépar and |
red mud. MNote radial fabrie of calecite

microsnar surrounding mud cores, Photo
S

taken under crossed nicels. Séaleyunden'.;

.photo = I1mm.
2
“PHOLO 2 8.
Caliche hardpan nodule with ‘embedded
pebbles (regolithic). The nebbles
demonstrate that the caliche hardpan

was subaerdally exposed, Secale in com.

e
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PHOTC 29.

Caliche hardpan and adioining vertical
wedpe exnosed %n féllen block at Clifton.
Scale {32cm x 25?m) ¢livbgard leahs against

vergical wedge. .

PHOTO 30.

L]

" Qutline of eprsed vertical wedge'(paﬁallel,'

to plane of nhoto) to right of rod witﬂ
connection to hardpan surface above.

-~ A

Hardﬁan‘

forms a ledge in the photo.
1

'/ LOGATION: CIifton.

& Lt
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" PHOTO 34

86
.,\\%l : R

Intraformational conglomerate consisping'oﬁ cali

fragments. Bedding plane €Xposure near Malsonette-

lighthouse.

PHOTO 35

Sculptured coastline of Clifton Meﬁber'B between Grandé

'Anée and Pokeshaw.

.
b

<

PHOTO 36 ..
- MR
Piscontinucus thin coals enclosed in Clifton Member B
sandstone with associated abundant plant 1itter and
—— .
wood trash on bedding and¢cross-bed surfaces. Thin
coals interpréted asrrafted peat mats. Dipping coal
may represent an imbriéapezpeat mat. Cross-bedding
suggests flow from left to right.

LOCATION: cIiffs by Lower Caraquet Wharf.
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PHOTO 37. . PHOTO 38.

Lepidodendron stem

Lepidodendron stem.

LOCATION: Clifton. . with needle-like foliare.

LOCATIQN: Clifton.

PHOTO 39, .

- Current éligned Lepidodendron? .

1

leaf needles,

LOCABION: Clifton
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"APPENDIX II

REPORT ON THE THIN SECTION ANALYSIS OF
SAMPLES -EROM POINT CAPLIN A.D.I. Ltd. 197h.

: ' s P
'PURPOSE OF EXAMINATION - ”

Specimens of sandstone have 'been selected to consider their
permeability and porosity, to examine their matrix and to

suggest possible variations in the properties of these rocks
when subjectdd to diverse conditions of loading and weather-

ing. . .
o B

GENERAL PETROGRAPHY OF SPECIMENS= FROM POINT CAPLIN

’ ’ " 3

‘The Point Caplin sandstones are medium to coarse grain with
~-the major part of the sediment gpains being quartz and felds-
par with a substantial proportfxn consisting of chips of

volcanic rock. The dverage grain size of the sandstone varies
from diameter 0.2 mm.to diameter 0.4 mm. Occasional coarser
grains;‘chip and fragments are present. The sandstones are :
normally well-sort and the grains vary from distinctly
ahgular to sub-rounded.

In general there are two principal types of sandstone in the
cores: (1) the fine grained buff uniform sandstone, (2) coarse
reddish sandstone with white patches and fragments of carbonate
bearing shales. As an example of the first series the speci-
men from Point®Caplin borehole A taken at the depth of 73.5°,
while Point Caplin borehole B at the depth of 66'6" has fur-
nished an example of the second type.

~Point Caplin BH A 73.5°
Fragments: quartz (50%), fragments of 1ava,'(15%). granite

o
*

/



L~

95 -

»

fragments (10%), feldspar, both potassic and sodic (&1),
quartzite (2%). The fragments of lava are h#ghly altered
and chioritized. They represent the weak constituent grains
in the aggregate, -

5% oif;atrix ts present; 1t 1s 1in part shaley
and in papt fdlcareous. Thefimplication is that the grains
are vell pagked and the rocg is relatively strong with respect
to n eatharing and ip position of loads, ‘However, the
Prescence of larger proporti&ns of altered Tavas would render
it much weaker with respect to freeze and thaw.* The pbrosity
is so low that it is unlikely that the Eock would have any

P <
pore~space graund water and only joint space water 1e™expected.
. p 4 ‘

Matrix:

Point Caplin BH B8 66.5"

Fragments: quartz (50%), microcline (102}, plagioclase (12%),
volcanic and chloritised fragments (20%), fine grained quart-
zite (6%). The quartz fragments are angular, some are broken
into sharp fragments with calcite crystallized in between.

The matrix as a whole is recrystallized into a coarse mosaijc

+ of calcite with 10 to 12 grains of fragments often being in-

cluded inm the recrystallized limestone. The récrystal]ized

matrix is abundant forming up'to 20% of the rock. The grains

of quartz and other fragmerfts look “"suspended" in the matrix
and do not touch each other (the wacke texture). There {s

Jot much .obvious porosity; but since the calcite (CaCO3) s

hfgh]x soluble in acid golutions (e.g. rdinwater)it is cer-
tain that caTcargous sandstones of this type owing to inter-
nal solubflity will be porous or wiil soon become porous, under
near-surface conditions. Rocks of this tyﬁe are susceptible
to rapid.weathering and under prolonged, unconfined loading
are likely to yield plastically, since calcite easily develops
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glide twins: The origin of this rock is assess to be due
to development of caliche at the time of deposifion and there-~

fore for constructi' al purposes it should be avoided. - By
caliche one means auﬁche4£ous crust .of weathering formed

during the deposition of the SandStQEf;%E’,______
o : f -

Point Caplin BHiA 35‘5"

-

For comparison with-other rock types a random specimen of
- pale buff sandstones Krom Point Caplin was selected at the depth
of.35!5", It turned out tonbe’ composed of highly packed
grains of quartz (50%), feldipars (20%) and miscellaneous rock
% fragments including acid and basic lavas (30%) with some shaley‘
and -calcareous cement, which does nob orm more than 2 to 4%
of the bulk of the rock. '

5

6', BH B 56"

Point Cap]in - BH A 44', BH B

From Point Caplin the damples o>\neddish buff sandstone’ (depth
44'.0, Bpvrehole A and-depth 46', 0, Borehole. B}, The sand-

stones fti coarse with grains. of up to kmm across. The sample
‘from 44' has been analysed in detail and yielded the following

results: - - .
Fragments and grains - qiNrtz 50% subangular grains
. feldgpar 15% both potasic
‘plagiaclase
rock frygments' 15% quartzite
' and slate
Tava fragdments '10-15% mainly acid
matrix - rare calcite.
T

There are some quartz fragments whioh are deformed and there
~are some muscovite flakes. The sediment is sorted as to the
grain size, but it is very immature. Aithough thfs rock is
formally a sandstone, because of/the presence of large number

of rock fragments etc., it will/weather retatively easily.
. d .

L)
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Under construction conditions 1t will behave as a competent
rock. The texture §s packite and the rock has a- re1at1ve]y
low porosity (1ess Jthan lﬁ%) . ,

The 46'.0 sample s compositionally similar, but the rock
fragmentScmre flatter and have an overall. dimensionaI orfenta-
tion. Again the rock will be competent.

The 56'.0 sample from Point Caplin on the other hand is a
' calcareous sandstone of wackite texture with large fragments
and nodules. It is‘a typical caliche type sediment. It will"
weather and crumble -easily and is basically incompetent., 1Its
bearing capacity will-be Tow since some of the'fragﬁhres in :
the rock have undergone solution. The permeability of the rock - */5
is quite h1gh | A T ,

N\
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'#\ COMPOSITE SECTION CLIFTON FORMATION
'UPPER PART OF MEMBER A.
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