










































































Cur-Assembhlares

Sut-assemhlages are associations of facies on a scale of
single beds to several heds. Individual facies types may have
rradational or atrupt contacts, and are related twv a gradual
charge in grain size or sedimertarv stvle, or btwv srall-scale
cvelicitv, Three sub-asserhlares are recosnized in the measured
section: thick-hedded sandstones, coarsening-up - xixed sand -~

stores and coal - mixed fines seguences.

The thick-tedded sandstore suhr-assertlage is a single

fining-up unit over 5 meters thick, Facies fvpes included, in

the most common vertical sequence, are Cm, Sh, St, Sm, Sr and
F1. The hase is generally erosioral and units are locally
discontirous., Lateral accretion sets, approxirmately 3 m thick
and dipping perpendicular to the channel edge (where visitle),
are locallv present, as are rud-filled charnels. This sub-

asserhlage forms 28 percent of the measured section,

The coarsening-up-rixed sandstone sut-assemblage in-
cludes facies types Fr(a), Fl, Sr and St., Lenticular tedding,
ard small-scale scours are cormor., The contacts hetween facies
tvoes are laterallv and verticallv pradational, with local
sharp contacts. This sur-asserblage forms 20 percent of the
measured section,

The coal-mixed fines subt-assermhlage consists of thin
beds of sandstone of all facies tvves, facies tvpes Fm(a),
Fm{r) and coal. Thir fining-uv and coarsenirng-up units are
included, and the coarsest units are medium-grained sandstones.
Contacts retween units can he gradational or erosional. This
sur-assemhlage is the most arundant in the section forming
LR percent, Four percent of the section is covered.

These suh-assemtlages cormbined belong to the
Alternating Facies Assemblage described bv Rust et al., (1983)
in the Victoria Vines section measured along the eastern shore
of Svénev Harbour.
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Vascular Plant Fossils

One of the most remarkahle features of this measured
section is the abundance of large upright fossil trunks. They
are confined to one facies tvpe, Fl, and all tut one were observed

_________ ir ore unit near the top of the section. Thev are uniform in
size, about 50 cm in diameter at the tase, and tallest exposed
has a height of approximatelv 3 meters, Their upright position
over a coal seam indicates that thev are ir place., The internal
structures and mode of preservation will tre described in a later
chaoter, Comparisons retween these fossils and those in the
collection of the Nova Scotia Tuseum (Zodrow and McCandlish,
1080).indicate that thev are fossils of the artoraceous Lvcopod,

TLepidodendron.

Coals

The thickest coal unit measured in this section was
43 em, ard the comtined thickress of all four units is under
2 meters, The units are laterallv persistent and of uniform
thickness. Facquerard and Donaldson (1970) sarpled coal units
alone this section (index 103, carples GR1-17) and found ther
to he high volatile Dbituminous coals with vitrinite reflectance
retweer 0,71 ard 0,78 percert,
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Chapter 4 Petrographv

Sandstones

Two coarse-grained sandstone samples and four fine-
rrained sandstones were examined microscopically to determine
their composition and to investigate textures. Point counts
of 700 points were done to determine proportions of components,
The results of thin section aralvsis are shown in Table 2.

Sardstones were classified using Folk's (1974)
classification. Thev range ir tvope from lithic grevwacke to
quartzwacke with decreasing grain size (Fig. 8). The amount of
matrix increases with decreasing grair size. This is consistent
with the decrease in flow regirme suppested v sedimentary
structures in the units sarpled, indicating a decrease in flow
competence (Flatt et al,, 1980). ILithic erains irclude quartzite
and phvllite, and mineral rrairs are predominantlyv strained quartz,
with hiotite, muscovite ard plarioclase forming a small proportion.
The coarse-grained sandstone is moderatelv sorted, poorly cemented
ard porous, Crains are argular to sutangular, and grain contacts
are rmainly tangential. Fine-grained sandstones are less sorted.
Fands very rich in platv rinerals alternate with quartz-rich
lavers that commonlv have ovague mineral lags., Again, the grains
are argular to sub-angular ard srain contacts are long to sutured.
Fine-grained sandstones are less porous, and are well cemented,

with calcite filling insterstices.

The major difference retween the coarse-and fine-grained

sardstoneg can re summarized as fcllows:

1) Crain types - lithic grains are lacking in the fine-grained
sandstones,

2) Yatrix abundance - fine-rrained sandstones have a higher
percentage of matrix,.

Foth these differerces can be explained bty a decrease
in flow competence, Lithic grains are too coarse to te deposited
with the fine-prairned sediments., The products from the trreak up
of the lithic grains, quartz and fine micas, account for the

arundart matrix in the fire-rrained sandstore.
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QUARTZ

Quartzwacke

FELDSPAR ROCK FRAGMENTS

MATRIX >15 %
(Matrix = less than 30 .4 fraction)

» Fine-grained sandstone X Coarse-grained sandstone

Figure 8 Classification of sandstones ( Folk, 1974)
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Tarle 2: Sandstone Petrorraphv

I N

Sample # J-6-0 J-14-0 J-20-1

Facies tvpe (sm) (f1) (sr)

Crain size vf F F

Roundness SA SA SA

7 clasts 63 68 64

- matrix + 20 &

& Z )

° cement 37 - 3

Quartz 439 - straired 539 - strained EE¢ - strained
and unstrained . and unstrained | ané¢ unstrained
graing L grains ;

Feldsvar 19 | <1 | 19
plagioclase and vlacrioclase plagioclase
k-feldspar verv fine GF very fine
(plarioclase>> hirhly altered highly altered
k-feldspar) verv | polvernthetic . polvsynthetic
fire, highlw twins twins
altered plag., has
polvsvnthetic
twins

Lithic - - -—

Other 1579 micas 129 wicas 59 micas
fire hiotite and fzne tiotite and | fine riotite and
muscovite plates |rmuscovite plates | muscovite plates
L¢ opaques €Y opaques 39 oraques in

lavers and rimming
. grains .

Yatrix 279 verv fine 209 very fine 23¢ verv fine
micas and clavs micas, clavs gueartz, micas,
minor chlorite minor chlorite clavs

Cement 107 calcite 129 calcite 139 calcite
pore filling nore filling sparry and finely

crvstalline in pores

Crain irregular to longs to sutured long to sutured

contacts sutured

Corments matrix-supported |quite porous mostly clast-
in mica-rich clast-supported supported, some
hande, calcified matrix-supported
rootlets in platy-rich

layer 3
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Table 2: Sandstone Petrologv (cont'd)
Sample # J-22-1 J=26-1-A J-26-1-F
Facies tvpe (f1) (st) (st)
Crain size F C
Foundness SA A-> SA A=> S
7 clasts 59 8L 82
. matrivy + B
g TEITLX by 16 18
‘ cement
Quartz 389 -~ strained, Whe - strained, Lé7 - strained,
unstrained and volveryvstalline, polverystalline
polvervstalline and unstrained and unstrained
Feldspar a7 39 29
plagioclase plagioclase and plagioclase
veryv fine k-feldspar fine grains
hirghlv altered (plagioclase> polvsynthetic
polvsvnthetic k-feldspar) twins
twins fine grains
plag. has
volveynthetic
twins
Lithic - 309 phvllite and 299 phvllite and
7 ; / 3
guartzite quartzite
Other 149 micas 19 micas 29 micas
fine bhiotite ragred plates ragged plates
(minor muscovite) | biotites biotites
plates muscovite muscovite
7? in lavers and 69 opagues, 37 opaques
rimming some organics and organic with
grains mineral mineral rims
"atrix 269 verv fine 169 silt-sized 189 gilt-sized
micas, clavs, guartz, fine guartz, fine
minor chlorite micas and clayvs micas and clayvs
Cement 157 caleite = A9 14
sparrv and finely
crvstalline
Crain tangential, long tangential and tangential and
contacts and sutured long long
Comments sraded bedding veryv Dorous very porous
with opague-rich, |hrown halos brown halos
quartz-rich and around opaques, around opaques,
mica-rich lavers clots of opaques opague grains
in vugs rimming organics
Kew

for facies tvves see Ch, 3

ocrain size

Houndness

v verv fine
i fine
C coarse

A = angular

SA = subeangular
SR~  suberounded
7 =~ rounded
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3) Crain contacts - The presence of sutured and long contacts
in the fine-grained sandstones and tanpgential and long
contacts in the coarse grained sandstones reflect
differences in compaction,

L) Cement - almost totally lacking in the coarse-grained
sandstones,

These differences mav re related to the sorting and
permeahility of the sandstones, and the historv of cementation
ard diagenesis,

A possible sequence of events leading to these differences
is: &) Early cementation of sediments - coarse, well sorted
sediments initiallv well cemented, Less perreable, fine-grained
sedirents poorlv cemented. T) Vechanical cormnaction of fine-
rsrained sediments, The coarse-grained sandstonec are protected
from mechanical corpaction tv having filled vore spaces (Schmidt
and ¥cDhonald, 1980). c¢) Dissolution of cartonate from coarse-
fFrained sandstones at sore stage in the diagenetic history., The
reduced permearility of the fine-grained sedirents due to
compaction protects much of their cement fror dissolution. The
eviderce for early cartonate cemertatior is go00d, in that there
are arundant carbonate rnodules and cartonate-replaced plant
fossils,

Yudstones

The clav mineralogv of four mudstone units and one
irtraclast-rodule lag were investirated using ¥X-rav diffraction
aralveis, The <2 micron fraction was separated from the mudstone
rv settling milled sarvles for 1€ hours and removing the top
20 ¢m of a 1000 ml graduated cvlinder. The sample was then
treated with saturated calciur chloride to flocculate the clays,
ard the excess liquid was centrifuged off. Srmear slides were
prevared using the clav raterial ortained, and were allowed to
air drv refore analveis,

The samples were run in the diffractometer using CuKa
radiation, a scarning svpeed of 1° 26 per minute over a range of
20 to 329 2e,

27/"'



Tarle 3:

-

Sample # 3-0

crev mudstone

14-0

mudstone

Carnle 7

Frev

Sarple # 10-0

red rudstorne

Ca~rle £ 10-0

Freen mudstone

17-2

Sample #

crarrnel lar

kaolinite, illite,
peak location (2€9)

kaolinite, illite,
veak location
8,70
12.30°
17.7°
24,90
2€,80

kaolinite, illite,
peak location

8.70
12 Lo
17,70
2L, 00

26,€0

kaolinite, i1llite,
neak location

8,70
12.29
17.60
2L 00
26,70

kaolinrnite, illite,

peak location
124,
Rl ®
2645°
30.7°

Clav FMineralogy of Mudstones

chlorite

chloeorite

chlorite

crlorite

chlorite

27

mireral

chlorite

i1lite

kaolinite + chlorite
illite

chlorite

chlorite

illite + kaolinite
illite

rineral

illite

kaolirnite + chlorite
illite

chlorite + kaolinite
illite + kaolinite

rineral

illite

kaolirite + chlorite
illite

kKaolirite + chlerite
11l1ite + kaclinite

mineral

illite
kaolirite +
il1lite
kaoclinite +
keolinite +

chlorite

chlorite
il1lite

, Golomrite

rineral

rgolinite @ chlorite
Kaolinite © chlorite
illite + chlorite

dolonite

n

@9}
~
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Chapter 5 Irterpretation

Denositioral Environmenrt

The criteria for determiring the environment of depo-
citior are showr in Tatle L4, The presernce of ir gitu terrestrial
plart fossils, coals, rooted horizors ard carbonate horizons
irdicates that the sectiorn was deposited ir a terrestrial

ervironmenrt,

Syr-assertlares and sedimertarv features such as lateral
accretion sets and mud-filled chanvels irdicate that the

ernvironmert was fluvial.

A mudstone:sandstore ratio of approxirately 3:2 (in Tabrle
L) voints to devositior ir the alluvial plain of a meandering
strear, Fach sub-assertlage (thick-tredded sarndstone, coarsening-
un-rixed sandstone, ard coal-rixed fines) can Te related to an

asnect of the mearderirg strear ervirornmert,

Channel deposits are represented ir the thick-redded
sandstone assemrlare, "he upward decrease in grain-size
accompanied tv the successior of sedimentarvy structures, plarnar
larination to troueh cross-reds to ripples, irndicates depcsition
or a poirt rar, Preservation of these features is due to lateral
and down strearm migratior of the point bhar (Walker ard Cant, 197%9),
ard lateral accretiorn sets, dippire perpendicular to chanrel
marcins are observed ir the section, Mud-filled chanrnels are the
result of vertical accretion of suspended-load sediments in
arandoned chanrels., Charrel cut-off could hre due to avulsion,
chute or reck cut-off, hut the high vproportior of mudstone in the
fill suppests that neck cut-off is most likelv. The creation of
2 neck cut-off causes flow to dirinish alrost immediately.
Coarser, red-load sedirents are not carried through the cut-off
mearder, ard sedirentatior is achieved orly v vertical accretion
(alker ard Cant, 1979). Charnel and scour lags corsist of
mudstorne intraclasts ard cartonate nodules eroded from the channel
marcins, The size and forrm of the carbonate nodules matches those
in irterredded fine-grained urits., 7This irdicates that thev are
of local oricsir and trat their formation was svnchronous with
gedimertation,
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Tahle L.

sub-assemrlage

thick-redded sandstone

Surmarv of Interpretatior

importart features

erosional hase
firing-un sequence of
facies tvnes

tr » (sh) > (sm) = st =
sr - {1

lateral accretion sets
rucd-filled channel

environment

point bar

atandoned channel

coarsening-up-rixed
sandstone (207)

coarserirg up sequenrce
of facieg tvpes

Fr(a) < (F1) » sm > st
lenticular Tredding
large plart fossils

levee

coal mixed-fines
(487)

coals

red and green rottled
rudstores, pedogenic
cartonate rnodules,
arurdart plant debrris

peat swamp

overhank
deposits

]

fluvial ervironment

= reanderirg
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Levees and proximal overrark deposits are represented by
the subh-assembhlage coarsening-up-mixed fines, Coarsening up
sequences are deposited in tires of high water, when the stream
carries hed load over the stream hanks. As the flood water tops
the stream banks, a sudder decrease ir turbulence decreases flow
corvetence and the suspended sediments are deposited, fining
awav from channel maregins, Coarsening up sequences result from
the progradation of the levee across the floodplain. Intertedded,
lenticular sandstones and mudstornes are deposited on the distal
varts of levees, where sands are deposited in crevasse splavs,
ard mudstones irn depressions (Reireck and Singh, 1980). Levee
deposits are fairlv abundant ir the measured section (209).

Their preservation and formatiorn car partlv te attrituted to the
arundant veretation, represented btv rooted horizons and trunks.

The vegetation prohablv aided in trappire sediment, and the roots
of plants acted to statrilize the sediments, protecting them from

erosion..

The devosits of the floodnlain and its vegetation are
reoresented bv the coal-mixed fines sutr-assemblage, NMudstones
are the result of vertical accretion of fine sediment from the
suspended load of flood waters, Compaction and subsidence of the
fire-grained sediments allowed peat swamps to form on the flood-
plain., Water tarle fluctvations mav also have teer important for
the prrowth of peat swarps, Two coal seams overlie rooted or
veretated sandv units, indicating that a rise in water level was
recessarv for swamp developmernt, Lateral and vertical color
changes in mudstone units also indicate fluctuating weter levels,
Red mudstores (indicating well drained conditions) cormonly
grade verticallv and laterallv into grev mudstones with atundant
cartonate nodules indicatinge a change frorm well drained to
poorlv drained conditions (Colemar, 1966},

Cartonate nodules, htelieved to be svngenetic, are fdund
in most of the fine-grained facies tvvpes. Nodules are formed
within the host sediment under rnear surface conditions, either
rv evaporation ard vrecivitatior of calcite in well drained areas
or tv chemicallv induced precipitation of iron cartonate in

32/!.. .



32

acidic, poorlv drained conditions (Reireck and Singh, 1980).

The association of nodules with rootlets and organic material
indicates that the majoritv of the nodules are of the latter

tvpe,

Provenance of Clastic Sedirents

The artundance of retamorphic rock fragments, strained
ard polvervstalline quartz grains in the sandstones of the
measured section indicate that the sediments were derived from
a metamorphic source area., A sirgle source rock tvpe is possitrle
as the quartzite and phvllite oraire are related in tvpe and are
orserved to form phvllite-quartzite clasts,

Some of the clav mirerals coulé also te derived from
such a source, Illite and chlorite car Tre derived from the
weathering of phvllites, ¥Kaolinite could also re of detrital
origin (as in the Amazon, where it forms a larse proportion of
the suspended load (Cirhs, 1968)), or it could re formed in
soils as the result of ir gitu leaching b plante.

The structural srain of the Svdnev Fasin runs northeast-
southwest (Kepvie, 1082) and vzleocurrent reasurerents (Dilles
and Fust, 1983; Duff et al., 1982) indicate a rean northeast
transport direction for the uvner Yorien. T“he socurce of these
sediments probrably lies to the southwest, witkh sore local input
from trasement highs, Possitle source rocks are remters of the
Forchu and Ceorgeville Crouvs, The rock tvpes represented in
the sandstone are rot distinctive, and a rore exact determination
of provenance is tevond the scope of tris studv,
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Chapter 6 Descrintion of Fossil Trees

The abundart fossil trees preserved in unit 22 of the
measured section were identified by examining Ybark" impressions
and fossil form., Comparisons of the collected data with 1lit-
erature descriptions (Tavlor, 1981; Zodrow and McCandlish, 1980)
irdicate that these trunks are the remains of Lepidodendron.

These aboraceous Lvcopods were woodv seedless vascular plants, and
were one of the most atundant plant species of the Cartoniferous
(Taylor, 1980). Thev may have grown to heirshts of 38 rmeters, with
trunks up to 2 meters in diareter at their rase, The general

form of lLevpidodendron is shown in Figure ¢, The plant differs

creatlyv from modern trees, It was suvoported tv a massive cortex
which surrounded a relativelwv small amount of vascular tissue.

As it prew it shed its epiderris and outer cortex, leaving the
older parts of the plant without the distinctive leaf scars.

When the plant had attained about one half of its heipght it
tranched dichotomously, and contirued Yrranching until the branches
could divide no further, ard growth stopped. The rocts or
Stigwaria were shallow and also Yranched dichotorously. Theyv were
covered with tubular appendares that prorably acted like rootlets.
These were absciwed during erowth leaving circular scars. The

irterral organization of Levnidodendron varies with plant species

and olant are (Tavlor, 1980),

It is interesting to note that one of the nearest living
relatives of this large tree-like vlant is the tinv clur moss,

Fourteen fossil trurks were otserved in the strata near
Tarle Head.(Figure 10), Onlv half of these are actual trunks,
the other half teing imprints onlv, In the detris at the btase
of the ¢liffs can be found what the author hrelieves to he the
partial remains of fossil trunks. This interpretation is based
orn orservations of the internal structures both in hand specimen
ard thin section and on corparisor with in place fossil trees,

A1l Yrut two of the trunks are positioned directly abvove
the underlving coal seam, and these fossils terminate sharply

arove this sear (Ficure 11). Theyv range in height from 70
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centimeters to 3 meters, with an averape exposed height of
1.5 meters, The heights mav be underestimated, as the upper

termination of the trunk is rarelv exposed. Diameters at the
tase of trunks range from 30 to €0 centimeters with an average
of 50 centimeters. Attached Stigraria were not otserved. The

trunks were rooted in the underlvings peat rat so that the

Stigrmaria were vrohablr coalified with the peat., Some trunks are

disrupted (Firure 11), The shearins of the trunks and the
contiruityv of strata along these disruptiors mav indicate tedding
vlare 51ip during folding after litrification.

The internal structure of in situ trunks was cobserved at
one location, Vost of the fossil trunks are inaccessitle, teing
exposed onlv near the tops of steev, high c¢liffs, The trunk was
infilled with medium-grained sandstone ané greern mudstone similar
in appearance and compositior to the surrounding strata. The
epiderris and vascular tundles were coalified, Fased on the
orservations on fallen trunk remairs, an additional mode of
preservation is vroposed. A sketch of sample examined is shown
in Fipure 12, Thin section examination reveals delicate cell
structures vpreserved ir calcite, with a radial structure
characteristic of the verideum cells of the cortex (Tavlor, 1980).
Inward from this is a relativelv structureless zone that is cut
Tt vascular hundles., This sarple represents a fragment from
near the core of a larrer trunk., Petrifivation of plant material
indicates tkat cartonate-rich fluid was present in the sediments
soon after deposition, Ground water and river waters with a high
sclution load of calciur and ricarronate are supgested as the
source for this fluid. This hvvothesis is supported tv in sgitu
vedorenic nodules, the presence of carbonate nodules in channel
lags (indicating that thev were eroded, readv formed, from the
gsurrounding sediments) and b+ the presence of calcite cements
in sandstornes, Earlv calcification proravrlyv plaved an important
role in preserving the trunks, The plant irmersed in cartonate-
rich eround water would rot slowlv, allowing parts to hTe
revlaced tv calcite (Tavlor, 1980). The cemented sediments
svrrourding the trunk would support it, preventing it from teing
crushred or overturred,



caicite vsiniet

vascular bundle

periderm cell structure

FIGURE 12

Petrified (calcified) trunk fragment
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A sumrmary of the sequence of events leading to the
preservation of the fossil trunks is shown in Figure 13.
As shown, the lower portion of the trunk is more likely to be
calcified, as it is immersed first and has less chance to rot.

Lhz/. ..
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a) Lepidodendron  growing in peat swomp

b) killed by an infiux of sediment
from prograding ievee —top of

c) filled plant blown off

S

FIGURE 13

Mode of preservation of
upright trunks in upper Morien
strata near Table Head.

infilled

facies Fi:
fine-grained sandstone
and mudstone

d) burial, coalification,
uplift and exposure

\)}< roots coalified
with peat
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Chapter 7 Conclusions

From the preceding data and discussion the following
conclusions are drawn:

1) The strata at Tatle Head were devosited in an alluvial plain
with meandering channels, Major phvsiograpric features of
alluvial plains are represented in the sub-assemtlages defined:
channel (thick-tedded sandstones), levee (coarseﬁing-up—mixed
csandstone), and flood plain (coal-rixed finres),

2) The clastic sediments were derived frorm a metamorphic source
terrain. Paleocurrents irdicate a source to the southwest, with
possible input from local taserent highs,

3) The coal seams near Tavtle Yead are continuous, tut thin and
of poor gualitv, "Shalev partings commorly comprise 50 percent of
seams, Thev are vpresently uneconcoric,

L) Fossil trunks of Lepidodendror were preserved b+ infilling with
sediment and v calcificatiorn of vplant partz. Farlyr cerentation
of sediments mav have aided preservation,

bu/. ..
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Recommendations for Future Work
A closer examination of the fossil trunks mav reveal

the extent of each tvvoe of preservation. Features such as bark
scours and sediment drapes mar reveal the timing of preservation,

bs/...
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