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ABSTRACT

Lower Mississippian sediments in the Grand Lake region of
West-Central Newfoundland were deposited in a downfaulted,
northeast trending, dominantly lacustrine paleobasin., Initial
deposits consisted of volcanic rock debris derived from an
igneous terrain to the east. Shortly thereafter a westerly
derived dispersal system was initiated which contributed meta-
morphic detritus. Coarse material from each of these dis-
tinct provenances formed basin marginal deposits. Finer sands
and silts were carried farther into the basin and then trans-~
rorted northeastward along the axis into deeper waters.

Sediments accunulated as three different lithologic asso-
ciations (suites), each representing a successively shallower
portion of the paleobasin. Intertonguing at suite boundaries
indicates that, at least in part, they are time-equivalents of
one another,

Primary structures are present in each of the suites but
are disproportionately distributed. Deepest water deposits
(siltstone~dolomite suite) are composed of laminated silt-
stones and ferroan dolomites, and graded graywacke beds which
display tool markings and turbidite structures., Desiccation
cracks and abundant ripple marks are also present. Crossbeds
and parting lineations are most prevalent in the shallow la-
custrine and fluvial arkoses, graywackes, and silistones of
the gray sandstone suite. The red arkose suite consists of

interbedded alluvial fan (red arkoses), paludal, and shallow



lacustrine (non-graded graywackes and gray siltstones) de-
positss The entire section represents a regressive pattern
of sedimentation. Abundant red arkoses high in the sequence
attest to the unroofing of a granite pluton to the south.
During and possibly subseguent to deposition of the over-
lying Deer Lake Group, wedge-shaped blocks of Anguille strata
were folded and upfaulted through these younger units. HMove=-
ments took place along high-angle, downward-converging re=-
verse faults. Development of these piercement structures is

probably related to strike-slip fault movements.



INTRODUCTION

Purpose and Scope

This study was undertaken in order to obtain a thor-
ough understanding of the history of a sedimentary basin
that existed in west-central Newfoundland (the present
Grand Lake-Deer Lake area) during the Early lMississippian.
The results are intended to provide some inéight into the
nature and pattern of the sedimentary fill, the inter-
relations between tectonic movements and resultant sedi-
mentation, and the type of deformation to which the basin
was subsequently subjected.

The techniques of basin analysis were applied in order
to establish: provenance, current dispersal patiterns, mode
of transpor+t, and envifonment of deposition of the sedi-
ments, as well as 1o obtain some knowledge of the config-
uration of the depositional basin. The basin lies in a
critical position along a major regional lineament, the
site of sporadic fault activity both during and subsequent
to deposition of the Lower liississippian sediments. As a
result, stratigraphic interpretation has been complicated
by structural effects and some understanding of the region-

al deformation is vital for proper interpretation of the



stratigraphy. A portion of this study was therefore de-
voted to mapping of the larger structural features of the
area,

The rocks studied have been assigned to the Lower
Mississippian by Baird (195%9a) on the basis of plant re-
mains. The designation is accepted for purposes of this
study and no attempt was made to carry out detailed corre-
lation of rocks in this region with those of similar age
elsewhere in Newfoundland (Angui}le Group at the type
locality in southwest Newfoundland and the Spear Point

Formation of White Bay).

Location

Field work was carried out in west-central Newfound-
land during the summers of 1965 and 1966. The specific
area of investigation (Figure 1) extends diagonally through
a}rectangle bounded by north latitudes 490 45°¢ and 48° 50°
and west longitudes 56° 45' and 57° 45', and is located on
portions of the following Canadian Depariment of Mines and
Technical Surveys topographic map sheets (1:50,000 series):
Hampden West, Sheffield Lake West, Cormack East, Deer Lake
East, Deer Lake West, Pasadena East, Rainy lLake West, and

Corner Brook East.
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Previous Work

Although the existence of Carboniferous basins in
western Newfoundland has been recognized since the pioneer-
ing field work of Jukes (1843), and Murray and Howley (1881,
1918), until recently little attention had been paid to
these rocks. The present study is the only one devoted
entirely to an investigation of the Lower Missiséippian of
the west-central region. Hatch (1919) filed a report with
the Newfoundland government based on information gathered
from four drill holes for coal prospects in the shales of
the Grand Lake area. Schuchert and Dunbar's classic memoir

(1934) on the Stratigravhy of Western Newfoundland includes

only a brief section on Carboniferous stratigraphy.

More recently Riley (1957), Baird (1959), and Neale
and Nash (1963) have published preliminary geological quad-
rangle maps, each of which covers a portion of the study
area, These sheets encompass large regions, are rscon-
naissance in nature and give for the most part, brief and
general accounts of rock types and structure. The report
by_Neale.and Nash (1963) is the most detailed and provides,
in addition to the map, a discussion on the structural
geology and tectonic history.

Descriptions of the oil shales {(Upper lMississippian)

in the Deer lake region are given by Landell-Mills (1922)



and Baird (1950). Snelgrove (1928) mentions +the Upper
Mississippian arkoses present on the eastern side of Grand
Lake. The geology of much of the Humber Valley is summer-
ized by Werner (1955) in a report to the Newkirk Mining
Corpvoration. His report describes some aspects of Lower
Mississippian regional geology but deals primarily with the
potentially more petroliferous younger strata and contains
the well logs of two prospects drilled into these Upper
Mississippian rocks,

Elsewhere on the island work has been done in areas of
Lower Mississippian outcrop. Geolbgic maps with accompany-
ing reports were prepared by Heyl (1937a) and Betz (1948)
for the region immediately north of the study area. Baird
(1966) and Gillis (1966) studied the geology of Conche and
Groais Island. In the region to the south, i.e., the great-
er Codroy Valley and Anguille lountains, the following
_investigators have published papers dealing wholly or in
part with the Lower Carboniferous geology: Hayes and
Johnson (1937, 1938); Bell (1948); Phair (1948); Baird
(1951); Riley (1962); Baird and Cote (1964); Utting (1965);
Belt (1966, 1967a, 1967b); Gillis (1965); Mamet (1967); and
Cumming (1967). '



Methods of Investigation

Field Work

The field work was completed over a period of two
summers, comprising some six months in total. During this.
time traverses were conducted along streams and shorelines
in order to carry out:

1, - Identification, description and study of distribu-
tion of lithologic types and primary features.

2. Collection of rock and fossil specimens for later
laboratory examination.

3« Orientation measurements bf directional features,

L, Measurement of bedding attitudes, fold geometries
and the location and nature of faults.

5. Other standard field mapping procedures, including
measurenent and description of geologic sections and deter-
mination of formation contact relations,

All field-station locations were plotted on aerial
photographs for later transference to base maps.

Laboratory Procedure

Field data were plotted in the laboratory on plani-
mefric.maps drafted from photostatic enlargements (twice
original 1:50,000) of standard topographic maps. From this
information structural and lithofacies maps, as well as

stratigraphic and structural cross sections were prepared.
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Construction of paleocurrent maps, using at first ungrouped
and then grouped data, provided an areal perspective of dis=-
persal patterns,

In order to obtain information about provenance and con-
ditions of transport, rock samples were slabbed and inspec;
ted, using a binocular microscope. Over 100 thin sections
were examined under the petrographic microscope. Modal
analyses were performed on a select group of these in order
to provide further information about provenance.

Identification of clay minerals was accomplished, using
an X-ray diffractometer unit.

The colors given 1in the text to describe some lithol-
ogies are followed by symbols such as 10YR 6/6. These
correspond to the color chips on the rock color chart
issued.by the National Research Council (1948),

Specizal Technigues and Procedure

Presentation c¢f data. In spite of the disadvantages

‘associated with sunmary graphical representations of paleo=-
current data, the current rose diagram or polar histogram
still remains one of the most effectives means of portray-
ing the orientations and variability of directional primary
features. Such diagrams are presented in this study for the

sole purpose of providing a visual representation of the

data. The general method of illustration is the same as



that used by other investigators. Here, however, a degree
of flexibility was introduced in the hopes of 1) repre-
senting the original distribution of data as accurately as
possible, 2) overcoming some of +the difficulties normally
encountered when using this type of diagram with variable |
sized samples, and 3) simplifying comparisons between
diagrams. Because this method departs somewhat from that
which is usually employed, the procedure is discussed in
some detail in Appendix 1,

Assigned names. Since much of the region under

investigation is a wilderness area many of the topographic
features have not been given formal map names. For con-
venience during field work it therefore became necessary
to assign names to the various features. These have been
maintained in the dissertation in order to facilitate the
discussion and are indicated on the accompanying maps. A
listing of these names follows: Allday Brook, Apologize
.Brook, Basement Brook, Delta Brook, Easy Plunkin' Creek,

Glide Mountains, Glide Mountains Fault, Grand lLake Basin,

10

Grand Lake Fault, Harbor Brook, Hopeless Creek, Larry Brook,

Leo Brook, HMinto Brook, Popcorn Brook, Seaplane Brock,
Shiqueé Brook, Way Out Brook, Woody Brook, and Virong Brook.

Outcrop and sample indicatcrs. Alphanumeric

symbols (e.Ze, E71A, H15) used in the text refer to outcrop
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localities indicated on the accompanying plates. Samples
taken from any one locality are denoted by the same alpha-
numeric given that locality. For the locations of all

figures and samples mentioned in the text, see Plate 1.

Physiography

Topography

The topography of the Grand Lake-(Deer Lake)-White Bay
physiographic province (Twenhofel and MacClintock, 1940)
possesses a northeasterly grain which has been accentuated
by glacial affects but in the main reflects structural
trends in the underlying bedrock. This irfegular region,
extending from the entrance of White Bay southwesterly to
the northern portion of Glover Island on Grand Lake, is a
conposite of 1) hummocky, flat-topped, discontinuous up-
lands, underlain almost exclusively by the Lower ilississip-
pian strata of this study and 2) lowlands underlain by
younger rocks. A southern upland, here called the Glide
Mountains, is divided into two parts separated by a major
fault, an eastern block approximately 70 square miles in
area and a western block of 75 square miles.

Although much of the land is mature and gently sloping
in relief, the local topogravhy in the environs of Glover
Island is spectacular. The cliffs on the west side of the

island rise extremely sharply from the lake (approximately
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300 ft. above sea level) to 1900 feet. Just over a mile to
the west, precipitous mountains rise steeply to similarly
great heights. The lake bottom between these sheer cliffs
is stated to be some 300 feet below sea level (Twenhofel
and MacClintock, 1940) and may be considerably more. As
such, the topographic profile is an impressive chasm in the
earth's crust, a mile wide and at least 2200 feet deep.
Some of this relief undoubtedly is the result of glacial

overdeepening.
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GENERAL GEOLOGY

Geologic Setting and Brief Geologic History

General Statement

Newfoundland, the northeasternmost exposed portion of
the Appalachian geosyncline, can be subdivided into a sym-
metrical tripartite system consisting of a central Paleozoic
mobile belt which is bounded both on the east and on the
west by more stable Precambrian, crystalline-cored plat-
forms (Williams, 196Lk), The western platform is separated
from the central mobile belt to the east by a2 hinge line
(Figure 2), This lineament, or trans-Newfoundland zone of
weakness, can be recognized for at least 200 miles from the
southwest tip of the island through Grand Lake and White
Bays; throughout the length it maintains a relatively un-
deviating northeasterly course (Murray and Howley, 1881).
As a structural element it has a long and significant pre-
vious history intimately tied with sedimentation throughout
" the Lower and Middle Paleozoic. Thus, it represents a per-
sistant and consequential feature of this part of the
Appalacﬁian geosyncline., In response to Early Mississip-
pian tectonism, sedimentary basins were formed adjacent to
the hinge line. Detritus was shed into these local basins
from the surrounding pre-Carboniferous basement rocks. The
basin in west-central Newfoundland (Grand Lake Basin) is

the subject of this report.
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Geologic History of Western Newfoundland

The Precambrian history of the western part of the
Appalachian geosyncline in Newfoundland is not well under=-
stood. The Paleozoic record, hoWever, can be favorably com-
pared in many respects with much of the geosyncline as it
exists further to the south. (An excellent synthesis of the
geologic evolution of the Appalachian geosyncline in the
Maritimes is given by Poole, 1967.)

Throughout the Cambrian and Early Ordovician, thick
sequences of carbonates and some sandstones were deposited
on the crystalline basement (Long Range Complex, Grenville
Age) of the western miogeosynclinal platform. In the eugeo-
syncline to the east lithologies were quite different, con-
sisting of volcanic rocks, graywackes, shales, and ultra-
mafic intrusions (Figure 3). The demarcation beiween these
facies appears to have occurred at or very close to the trans-
Newfoundland lineament (Riley, 1957; Williams, 1964; Kay and
Colbert, 1965; Kay, 1967). During the liddle Ordovician
Taconic orogeny the deep water clastics of the eugeosync-
line (Humber Arm Group, allochthonous) were uplifted and
thrust westward as gravity slides ("Paconic klippen”) onto
the platform carbonates (St. George and Table Head Groups,
autochthonous) (Rodgers and Neale, 1963). The source rocks

for the klippen probably originated in the western part of
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the central Paleczoic mobile belt, i.e., the trans-
Newfoundland lineament served as a zone of dislocation at
the western margin of the root zone (Rodgers and Neale,
1963; Bruckner, 1966; Stevens, 1967; Tuke and Baird, 1967).

Although both the Ordovician and Silurian strata of the
western part of the central mobile belt consist of assem-
blages of thick volcanic and sedimentary rocks, in detail
they are quite different. The Ordovician seguences (Lush's
Bight and Exploits Groups) are composed of pillow lavas,
greenstones, volcaniés, dark gra&wackes. siltstones and
shales, (all marine in origin). Silurian lithologies (Spring-
dale Group) are dominated by volcanics~~only rarely pil-
lowed, some containing fragments of red sandstone--and gray
and red sandstone exhibiting cross bedding, ripple marks,
and mud cracks (clearly suggestive of terrestrial origin),

Silurian rocks close to or on the western platform
(Natlins Cove Formation, Heyl, 1937a, b, Lock, 1969) are
composed of grayish clastics and volcanics, and apparently
contain much smaller percentages of red sediments than do
the equivalent units to the east., At the western edge of
the platform, on the Port au Port Peninsula, a narrow belt
of outcrop represents the stratigraphic record between the
Taconic and Acadian orogenies (Rodgers, 1965)., The uncon-

formity at the base of the Kiddle Ordovician Long Point
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Formation (dominantly greenish shales and sandstones) post
dates the arrival of the "Taconic" klippen. Overlying
these strata disconformably are red clastics of the Clam
Bank Formation (probably Upper Silurian and Lower Devonian)
the upper portion of which is possibly contemporaneous with
the beginning of the main Acadian orogeny.

Sometime after the Early Devonian and priof to the
Carboniferous, Newfoundland was affected by the Acadian
orogeny. It has been dated in many places as Middle-to-Late
Devonian (Lowdon, 1960, 1961, 1963; Neale and Lash, 1963;
Poole, et. 21., 1964; Rodgers, 1967). (Elsewhere in New-
foundland, however, stocks intrude even Upper Devonian sand-
stones and conglomerates (Ermanovics, et. al., 1967).) The
orogeny was responsible for widespread folding of the earlier
csedinentary and volcanic rocks of the eugeosyncline, mesta-
morphism, and emplacement of granitic batholiths. This em-
. placement occurred almost entirely within the central
Paleozoic mobile belt for virtually none exist outside the
westernmost limit of the itrans-Newfoundland fault zone (see
map, Williams, 1967). By the end of the Devonian, much of
the region had been raised to highlands and this portion of
the geosyncline became a stable area and permanent feature

of the continent.
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At the beginning of the Carboniferous, the third and
final phase of deformation in Newfoundland began--"Maritime
Disturbance"”, (Poole, 1967). There developed on the west-
érn part of the island (as well as throughout the Maritimes
and eastern Maine, Massachusetts, and Rhode Island), a
series of fault-bounded basins. Vertical and horizontal
displacements initiated a cycle of isostatic readjustments;
uplifted highland blocks, composed-of older Paleozoic rocks,
were rapidly eroded into the .contiguous basins and gréat
thicknesses of detritus accumulated, dominantly as terres=
trial deposits.,

The initial accumulations on the pre=Carboniferous
basement appear to have varied somewhat from place to place
though all strata of Tournasian age (Fig. 3) are terres-
trial in origin. The actual nonconformity at the base of
these deposits has not been observed in Newfoundland proper
because the contact invariably is marked by a fault, though
Baird (1966) may have seen it in relatively mildly deformed
rocks on Groais Island. For the most part, the basal
deposits in the llaritimes consist of fluvial and shallow
water, red sandstonés, and conglomerates overlain by gray
siltstbne and shale containing limy interbeds. These
darker units are interpreted by a number of authors (3ell,

1929; Greiner, 1962; and others) as being lacustrine in
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origin., Some of thcse strata are petroliferous. Though

not extensive, some local centers of volcanic activity did
exist (Schiller, 1961; Kelly and Mackasay, 1965; van de Poll,
1967).

Throughout most of the Appalachians there has been re-
corded only one widespread marine invasion during the Carbon-
iferous. The evidences for this major transgression in the
Maritimes are the deposits left behind by the shallow
Windsor seas (lMeramec, mid-Visian, Upper Lower liississip-
pian in age). In southwest Newfoundland these consist of
red and green shales, gypsum-anhydrite, fossiliferous lime-
stone and evaporites. In contrast to the older Horton
Group, which is the thickest of all Mississippian rock units,
the Windsor marine strata are the thinnest but most wide-
spread (Howie and Cumming, 1963). The seas, however, did
not extend as far north as the study area, for there, no
marine VWindsor units have been recognized.

As the Windsor seas retreated, terrestrial sedimenta-
tion resumed and Upper lississippian and Pennsylvanian
fluviolacus+trine dominantly red and gray clastics were
deposited. With the exception of Pleistocene and Holocene
sediments, these last-named strata represent the termi-

nation of the stratigraphic record in Newfoundland.
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The Basement Complex

General Statement

The Carboniferous basin in west-central Newfoundland
is surrounded on all sides by a variety of oider crystalline
rocks (Fig. 2). These dnits, which range in age from Pre-
cambrian to Devonian, constitute the provenance from which
the Lower Mississippian sediments were derived. Some know=-
ledge of these lithologies is therefore vital to this study
and a considerable number of samples were collected for pur-
poses of comparison and possible identification as source
rocks.

In the Grand Lake region the basement rocks exhibit a
distinct geographical division of contrasting lithologic
types on either side of the trans-Newfoundland lineament.,
The terrain to the east of Grand Lake, including that of
Glover Island, is underlain by igneous rocks (Fig. 2), while
that to the west is formed entirely of low to high-grade
metamorphics, Each of these areas can be further sub-
divided (on the basis of lithology) into two discrete sub-
units. The igneous terrain is composed of a western belt
of volcanic rocks and an eastern plutonic region. The meta-
morphic rocks consist of eastern gneisses and schists, and
western carbonates. This regional separation between areas

of igneous and metamorphic rocks is most opportune for con-
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siderations of provenance, since two quite different
possible source areas are thereby represented.,

Only a few summary statements and germaine facts re-
lated to the various rock types are presented here; more
detailed descriptions are given by the following authors:
Baird, (1959), Betz, (1948); Church, (1967); Heyl, (1937a,
b); Kalliokoski, (1953, 1955); Lilly, (1967); Lock, (1969);
Lowdon, (1962); Lowdon et. al., (1963); Neale, (1959); Neale
and Nash, (1963); Neale and Kennedy, (1967); Poole et, al.,
(1964); Riley, (1957); Walthier, (1949); Werner, (1955):
Williams, (1964, 196?).

Basement Rocks of the Grand Lake-Deer lalke Region

Basement lithologies exposed immediatelv east of Grand

Lake are predominantly volcanic. They include: acidic tuff
and lava; dark gray and green andesitic volcanics; basic
volcanics; agglomerate; red and purple lavas; and some minor
sedimentary rocks. Glover Island is underlain predominantly
lby the Glover Formation (Ordovician), a unit of gray, basic
and intermediate volcanic rocks.

The intrusive rocks located further to the east are
aréally far more important than the volcanics. An Early
Ordovician pluton--the "Topsails Granite"--encompasses some
2400 square miles and has been described by Neale and Nash

(1963, p. 25) as follows:
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This complex consists chiefly of granite
and quartz monzonite with lesser grano-
diorite., These rocks are mainly pale red
to pale brown, less commonly shades of
gray. Generally, they are equiangular (sic) and
medium to fine-grained, although coarse-
grained and porphyritic types are known.
Partly chloritized hornblende is commonly
the sole or dominant mafic mineral, bdbut
biotite-hornblende granite and biotite
granite are known, particularly in the
easternmost exposures (Kalliokoski, 1955).
There are rare occurrences of muscovite-
biotite granite in the northwesternmost
exposures,

A stock on the southeast side of Glover Island consists
of fine- to medium-grained red granite. In this section,
the plagioclase is very pale orange and shows excellent
zonation with alteration affecting crystal cores consider-
ably more than margins.

The basement complex west of Grand Lake consists en-
tirely of metamorphic rocks. The regional pattern is a
two-fold division between eastern gneisses and schists, and
western metamorphosed limestones and dolomites.,

Mica and quartz-mica-feldspar schists occupy an
elongate area west of Deer Lake (Baird, 1959). These rocks
continue southwestward (fount liusgrave Formation) along the
western margin of a belt of gneisses and pelitic schists
(Grand Lake Brook Group of Walthier, 1949), in which the
intensity of metamorphism increases eastward (Lilly, 1967).

The gneisses have been described as "granite-gneiss,
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garnetiferous and micaceous granite gneisses, quartz-mica,-
mica-feldspar, and hornblende-feldspar gneisses" (Riley,
1957). Lilly (1967) refers to these rocks as phyllites,
(meta) graywackes, {(meta) arkoses and marbles. Where the
rocks were observed along the margins of the outcrop belt,
their outstanding characteristic was that of a well-developed
schistosity. Generally, they are dark green, somewhat
siliceous, muscovite-chlorite schists, locally containing
pods of milky quartz and almandine garnets. In thin
section, the plagioclase shows almost no twinning; notable
accessory minerals include biotite and corundum. Williams
(1967) suggests that these rocks may be related to the Fleur
de Lys Group cropping:out east of White Bay.

The St. George®’s Limestone (Ordovician) to the west,
is one of the most extensive sedimentary units in western
Newfoundland, In this area it consists of massive buff,
white, prink, gray and blue-gray limestones and dolomites;
shaly dolomites; and crystalline black limestones. It
occurs in outcrop to the west and southwest of the study
area, and data from drill holes show it to be present also
in the subsurface beneath the Humber Valley (Werner, 1955).

Granites of the White Bay Area

For considerations of provenance, it is important to

mention two granite bodies which crop out in the White Bay
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area (Fig. 2, unit 15; see also Figures 29 and 31). The
one situated east of White Bay (most likely Devonian; 358
m.y.;'Lowden, et. al., 1963) has been described by Neale and
Nash (1963) as a pinkish-gray porphyritic biotite granite,
containing five to ten percent biotite and having potash
feldspar phenocrysts more than one -in¢h long. Near its con-
tacts the granite grades into hybrid gneisses and schists
that are characterized by large potash feldspar porphyro-
blasts. This batholith is separated from a similar body
located west of White Bay by a thin strip of Lower Missis-
sippian outecrop.

The western granite, according to Neale and Nash,
(1963) "is pale to medium red, white weathered, very coarse
grained and equiangular to sub-porphyritic. The most abun-
dant mineral is microcline, in crystals up to two inches
long." Along its western margin the granite has been de-
scribed by Baird (1959) as red, heavily sheared, with coarse
porphyritic facies,

Basement Rocks Within the Thesis Area

Basement rocks crop out at a number of localities with-
in the Carboniferous basin itself. Their occurrence is
commonly related to the appearance of faults at what would
otherwise be the Lower Mississippian-Upper Mississippian
contact. Examples are found along the central portion and
eastern and western margins of the upland area, the Glide

Mountains.
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Bagement Brook

A plug-like crystalline mass (Unit 9, Fig. 2) forms a
prominent topographic rise along the Grand Lake shore approxi-
mately one mile northeast of the mouth of Porter's Brook. It
is bqunded by distinct faults and represents a horse or slice
of the basement which has been brought up through the sedi-
mentary cover by movement along the limiting faults.
Centrally, it is guite coarse grained but it becomes finer
grained and mylonitized toward the east and west margins,

It is a diorite, consisting of hornblende and large inter-
locking laths of a twinned and well-zoned andesine (Anig)
having greatly altered cores., The feldspar presents idio-
morphic outlines to the amphibole which occurs interstitially
as crystals and fibrous crystalline clots. Chlorite is
Present with a similar appearance,

The mineralogy suggests that this rock is related to
the Glover Formation for both contain intermediate feldspar
(in the Glover Formation it has been almost entirely altered
to clinozoisite), chlorite, and hornblende. However,
differenees exist; such as the much finer-grain size and
lesser amounts of mafic minerals in the Glover Formatione.

Northern Harbor and Northeastern Extension

A narrow, elongate, crystalline mass extends north-

eastward from the head of Northern Harbor on Grand Lake,
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It is dominantly a red tc pale orange, well-jointed granite
containing very few mafic minerals; locally, it appears to
have intruded a dark green mylonitized chlorite schist
(Figure 25). In hand specimen the chlorite schist bears a
distinct resemblance to portions of the marginal chlorite
schists of the basement block to the south (discussed in
the section on gneisses and schists west of Grand Lake),

The northeast extension of the same or a closely re-
lated body crops out along strike on Way Out Brook, situ-
ated to the north of Island Pond. Near the mouth of the
brook occur schists and gneisseé which are in fault contact
with siliceous felsites of various pastel shades, dominantly
pale orange, some pale yellow-green., Bedrock of the upper
reaches of the stream is mostly a siliceous pale orange
porphyry, containing almost no mafic minerals. Phenocrysts
are preuqminantly twinned albite (An04); a few are quariz.
The presence of this crystalline mass from Northern Harbor
to Way Out Brook is clearly demonstrated by a well-defined,
northeast trending, elongzate magnetic high of isomagnetic
contour lines shown on the Geolegical Survey of Canada,
Airborne liagnetic Survey liap, 272G.

The entire area described above 1s bounded to the east

by the Glide Mountains Ffault,
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Glide Brock

An isolated outcrop of gray, porphyritic; very slightly
vesicular, volcanic rock (altered andesite?) occurs just
south of the junction of Glide Brook and the north fork of
Pynns Brook road (E71A). In thin section the phenocrysts
can be identified as plagioclase but are considerably
altered., Irregular masses of a pale green chlorite occur
as a replacement mineral and, under crossed nicols, appear
as a fine-grained mosaic of radigl aggregates with anoma-
lous blue birefringence. An amphibole and magnetite occur
interstitially within the groundmass.

West Side of the Glide liountains

As a result of fault movements, a2 linear band of
Cambrian schists (Baird, 1959) has been interposed along
much of the contact between the Lower and Upper iiississip-
pian formations cn the west side of the Glide Mountains.,

The schists are light-to-dark green, micaceous (mostly
muscovite, some chlorite), and many contain conspicuous
granules of colorless, milky white, and rarely blue quartz.
Degree of metamorphism of these rocks varies somevhat
along strike but all are of a low grade. Evidences of
cataciasis are visible both in hand specimén and thin
section.

A solitary, large outcrop of serpentinized ultrabasic

rock occurs within the schists on Pynns Brook.
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Regional Stratigraphy of the Anguille Group

Rocks of Early Mississippian age crop out in three
distinct, aligned regions in western Newfoundland (Fige 1):
1) the Anguille Mountains on the southwest side of the
island (which give this group its name); 2) the Glide
Mountains and Birchy Ridge area of west-central Newfound-
land, and 3) the Conche-Cape Rouge Peninsulas and Groais
Island, located some 100 miles northeast of the west-central
area. FEacn of these regions has been shown to be equivalent
or quasi-equivalent to the Early lMississippian (Tour-
naisian) Horton Group of Nova Scotia; correlation is based
on plant fossils, spores and/or lithologic sequences (Heyl,
19373 Bell, 1648; Baird and Cote, 1964; Baird, 1966). With-
in the Anguille Group, however, siratigraphic relations are
complex and less than clearly defined.

The Anguille Group was naned, described and subdivided
4into two units in the type area by Hayes and Johnson (1937,
1938)s A later three-fold division, also in the type area,
was proposed by Baird (1951) and subsequentily revised
(Baird aﬁd Cote, 1964), for the "basal" sandstone member as
originally defined by Baird, was found to overlie the
middle shale unit. Unfortunately, even this newer three-
fold subdivision cammot yet be used elsewhere in Newfound-

land. On the Conche-Capes Rouge Peninsulas, for example,
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Baird (1966) resorted to distinguishing two formations; in
the west-central region a three-part differentiation is
possible but the sequence of lithologies is not the same.

Such complexities are the result of a number of
factors: paucity of invertebrate fossils (though plant re-
mains are reasonably abundant); lack of good stratigraphic-
marker horizons; local derivation of sediments, often in
response to fault activity; rapid facies changes within
units; and the time~transgressive nature of individual
facies,

Recently, red sandstones on fhe west shore of Red
Indian Lake (some 50 miles southeast of the Glide Mountains--
Fig. 2) have been dated as Early lississippian on the basis
of spores (H. Williams, personal communication). Although
the lithology is unlike that of egquivalent aged sandy units
in the thesis area, the occurrence at Red Indian Lake signi-
fies that Early lMississippian deposition was, in all likeli-
hood, more extensive than that presently preserved in the
outcrop belts,

Previously, the Anguille Group in west-central Newfound-
land was undifferentiated. As a result of this investi-
gation, it is now possible to subdivide the seguence into

three major subunits.
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Younger Carboniferous Strata

General Statement

Carboniferous strata younger than the Anguille Group
crop out in the lowland areas of the Humber Valley, and the
Codroy Valley (including a region westward to Stephenville
and the Port au Port Peninsula). These units are pre-
dominantly terrigenous and, for the most part, terrestrial
in origin. The exception is the dominantly marine Lower
Codroy Group (upper portion of the L. Mississippian,

Windsor equivalents) a transgressive sequence which was

laid down in shallow epirogenic seas with fluctuating éhore-
lines (Baird and Cote, 1964), Resultant deposits consist
of alternating beds of marine limestones and terrestrial
clastics; evaporitic conditions produced gypsum and
anhydrite. Younger strata of the Upper Mississippian
(Cansoan Age, Upper Codroy and Deer Lake Groups) and Pennsyl-

vanian (Barachois Group) again are regressive in nature.

Younzer Carboniferous Sirata of West-Central Newfoundland

In the vicinity of the thesis area itself, Baird (1959)
has described the Deer Lake Group (his Windsor Group) as a
three-fold, red-gray-red sequence.

| (3) Humber Falls Formation: red, quartzose

sandstone and conglomerate; minor
shales and siltstones. :
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(2) Rocky Brook Formation: red and gray

shales and siltstones, thin gray

and dark-gray limestone, commonly

petroliferous, red siitstones with

limy kunkers and much variegated;

some red sandstones; dominantly gray.

(1) Basal conglomerates of great variety

with calcite and hematite cements,

red siltstones and shales, red, gray

and khaki sandstones; dominantly red

except basal conglomerates and sand

stones.
By and large, these units are readily distinguishable from
rocks of the older Anguille Group on the basis of several
criteria. The younger strata contain a large proportion of
red beds, are generally poorly indurated, locally friable;
and not severely deformed (except near some major faults),
By contrast, the Anguille rocks are dominantly gray, quite
well indurated with even, sharply defined bedding planes angd
commonly are intensely folded and fracitured,

Although the Deer Lake Group is Carboniferous in age
and definitely younger than the Anguille Group, uneguivocal
correlation with other units in the iaritimes has not been
established. Baird (1959) mapped these formations as
"probably correlative with the Windsor Group of Nova Scotia®,
stating only that they overlie the older rocks of the area.

Belt (1967), on the other hand, considers them Cansoan.
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GEOLOGY OF THE GRAND LAKE-DEER LAKE REGION

General Statement

Uplift and concomitant development of fauli-bounded
basins resulted in the accumulation of Lower Nississippian
sediments as alluvial fan, fluviatile and lacustrine de-
posits in the Gfand Lake-Paleobasin. Detritus was shed
from peripheral areas into a northeast trending basin, the
sediments being transported dohinantly toward the north,
northeast, and northwest. The resultant stratigraphic
sequence represents three different environments of sedi-
mentation. Each of these environments or regimes is charac-
terized by a disfinctive suite of sedimentary-rock typszs
(facies units)., The suites are, in part, tine eguivalents,

The term “"suite" is used here intentionally, for these
units are not considered formations in the strict sense of
the word. They are not mappable lithologic units with lat-
eral continuity clearly distinguishable from units above
and below, for although some lithologies are restricted to
a particular suite, others occur repeatedly through the
section. Intertonguing is characteristic at all suite
boundaries.,

The sedimentary suites are:

1. The black siltstone-orange dolomite suite, (that

in which occur gray-to-black silisiones and orange dolomites).
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2. The gray=-sandstone suite, (that dominated by gray
sandstones, arkosic and graywacke sandstones, and gray silt-
stones).

3. The red-arkose suite, (that containing red
arkoses).

The names applied to the first and third suites are
not meant to indicate that they are dominated by that
lithology, but rather that such strata are unique to the
particular suite and serve to identify it, even if in places
they are only sparsely present. Napped and differentiated
on the basis of stratigraphic first and las% appearances,
the distinctive lithology gives the suite its names,

In addition to the three major suites; there exists a
mylonitized, voleanic and plutonic pebble conglomerate which
is of very limited surface extent. It probably represents
the basal unit to the sequence.,

The eventual filling of the basin and lithification of
the Anguille sediments was succeeded by folding and fault
activity; with this, the Lower Mississipplian-Grand Lake
Basin was converted into the existing upland area. The
foldsvwhich'were produced are of the flexural-slip type.
Large-scale regional folds and many of the smaller variety
are very low=-to-moderately steep (less than 400) in plunge,

Locally, some smaller folds have very sieep axes.
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Faults, both dip and strike-slip, exhibit a full range
of offsets, from small ones measurable in inches to regiocnal
dislocations along which miles of movement have probably |

taken place.

Facies Descriptions

Basal Cocnglomerate

The nonconformity at the base of the Anguille section
is not exposed within the thesis area, since the contact
with the basement rocks is marked invariably by a fault.

The lowest unit observed is a dark greenish-gray congloner-
ate (Plate 1, F88, E64) which very likely represents the
basal unit in the segquence. This pebble conglomerate is un-
like any other in the area and is thought %o represent the
initial accuaulation in topographic depressions of the base-

ment prior to the inception of later black siltstone-

dolomite sedimentatione.

One outcrop (F88) occurs on the drainage divide 0.6
miles north of Islaznd Pond. It is only in slabbed or thin
section that its true nature as a deformed smzll pebble con-
glomerate is revealed. Dark green volcanic (?) clasts have
a maxihum 1eﬁgth of 3 cm., and most are attenuated as a re-
sult of shearing. The matrix as well as the great majority
of clasts show evidences of mylonitization. Some fragments,
however, are unzltered or only slightly so, which peramits

identification as volcanic porphyries, fine-grained anoriho-
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sites and quartz grains which exhibit sharp extinctions,

The fact that some grains are not sheared whereas others

are, suggests that at least some of the mylonite clasts

are original and not the result of deformation which post-
dates sedimentation. If true, then these fragments were,
perhaps, derived from faults which initiated basin formation.

These rocks lie stratigraphically above pale-orange
felsite porphyry on Way Out Brook. Since no clasts of this
lzatter lithology are present in the basal conglomerate, it
is concluded that the acidic basenent was not locally ex-
posed during the Early Mississippian and that it did not
contribute detritus as an active source, The presence of
the anorthosite clasts is intriguing since bedrock outcrops
of anorithosite have not been recognized in tha Grand Lake-
Deer lLake area. The nearest known occurrence is located 40
miles to the southwest.

An outcrop (E64) of similar appearing greenish-gray,
rudely foliated conglomerate is located along strike 3.7
miles to the northeast on Easy Plunkin' Creek. The Dpebbles
consist of fine- to very fine-grained, dark green, gray, and
mafoon-brown volcanic and hypabyssal (?) rocks., It is not
mylonitized and clasts are rhyolitic porphyry, dark-red

syenite, and fine-grained sodic anorthosite.



The conglomerates undoubtedly were derived from east o
the Grand Lake Fault; that region is the 6nly one which
could have supplied shallow intrusive and volcanic debris
in any abundance.

Biaék Siltstone-0Oranze Dolomite Suite

General Statement

Rock types and associations in this suite include:
gray, fine- to medium-grained micaceous sandstone (arkose,
lithic and feldspathic graywacke) and black-and-gray
micaceous siltstone (all containing abundent plant frag-
ments and carbonaceous material); white coarse arkose and
sandy polymictic conglomerate; dolomite and sandy dolomite;
and interlaminated gray or black siltstone and orange dolo-
mite. In spite of the fact that a range of lithologies is
thus represented, 211 possess common bedding characieris-
ticse Almost without exception they are evenly bedded,

- laterally persisvant through the length of the outcrop and
have very sharply defined upper and lower contacis (even
vhere thick sequences consist of a single rock type). Thes
three féatures (evenness, persistence, and sharp contactis)
are independent of bed thickhess or surrounding lithologies
and are characteristic not only of this facies unit but of

the entire Anguille Groupe.

37
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The siltstone-dolomite suite has been delineated on
the basis of the highest stratigraphic appearance of inter=-
bedded black siltstones and orange dolomites. In the well-
exposed section along the western shore of Grand Lake, this
1imit is established 0.6 miles south of Woody Brook harbor;
it coincides with the southernmost occurrence of true black
shales. Interbedded siltstones and dolomites, along with
other lithologies, crop out at intervals throughout the
area to the east of a line originating at the point men-
tioned and trending in an arcuate northerly direction to
Allday Brook (see Plate 2). The contact with the adjoining
gray-sandstone suite to the south is not sharply defined
but rather is marked by a gradual increase in the number of
sandstone beds and decrease and eventual absence of orange
dolomiteée

Although rocks of this suite crop out dominantly in the
. northeastern portion of the Glide Iountains, their occur-
rence in the subsurface probably is considerably more ex-
tensive, Block-fragments of interbedded siltstone and dolo-
mite aré found in the fault zone near Basemeni Broox, possi-
bly having been brought up from depth. A carbonate-cobble
conglomerate located along the western 1limit of the Glide
Mountaine lies in a similar stratigraphic position to rocks

of the siltstone-dolomite suite; it may therefore represent
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the basin margin coarse equivalent of this facies, If this
is the case, then these units underlie the entire region.,

Siltstone, Sandstone, and Conglomerate - Lithologic
Description and Provenance

By far, the most abundant rock Types present in the
siltstone-dolomite suite--and the total Lower Mississippian
section for that matter--are the fine- to mediuvm-grained
gray micaceous sandstones (arkose and graywacke), and gray-
and-black micaceous siltstones, Gray or black on fresh sur-
faces, they weather to shades of gray, less commonly tan,
and rarely olive. Locally, the black siltstones are
spotted and stained rusty brown by small iron sulfide
nodules,

Beds of siltistone and gray sandstone vary in thickness
from less than one inch to several feet, with thicker layers
generally of coarser grain size., The ubiquitous, sharply
defined, even and continuous bedding mentioned previously
‘is disrupted only by post-depositional effects such as:
loading; faulting (both pre- and post-lithification); and
tectonic flowage of siltstones around more competent fine
sandstones, resulting in the formation of sandstone boudins.

In texture and composition, the sandstones are cate-
gorized as graywackes and arkoses according to Peitijohn's
(1957) classification. The graywackes, perhaps three times

more abundant than the arkoses, in many cases show evidences
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which suggest rapid and turbulent deposition. This includes
their uniformly poor degree of sorting, marked angularity of
coarser grains, and graded bedding with basal flute casts
and tool markings, e.Zes; groove casts.

Almost without exception, the dark siltstones and sand-
stones are abundantly micaceous with increasing amounts of
white mica present in the finer sizes. As Pettijohn (1957,
Ps 565) has pointed out, the excellent cleavage of the micas
accentuates the effects of sorting and sedimentary by-
passing, thereby tending to concentrate micas in the fine
sands and silts. Nevertheless, the presence of small
amounts of mica, hydrodynamically mobile, in the coarser
fraction indicates a certain lack of winnowing and further
attests to reasonably rapid deposition of {these sediments.

The omnipresence of white mica has a further and, per-
haps, greater significance, because, of the various basement
1ithologies in this region from which it might have been
derived, only the schists to the southwes? could have pro=
vided this mineral in sufficiently abundant quantities (see
Pe 23)e The orientations of sole marks tend to confirm such
an origin for they indicate that the currents which de-
posited the gray sands and silts moved toward the north-

east (see Plate 3).
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All clastic material was not derived from the meta-
morphic terraih to +the southwest. Hand-specimen identifi-
cation of clasts and thinesection modal analysis of pebbly
sandstones (see Table 1, D92, E21, H15) from within the
siltstone-dolomite suite suggests that the plutonic-
volcanic basement east of Grand lLake contributed signifi-
cantly to these deposits. (This is confirmed by direc-
tional féature orientations discussed later.) The resulis
of the analyses, based on 200 counts per slide, show that a
reasonable minimum of 15.,5~28,5% of the fragmenis were
derived from an igneous terrain. Included in this category
are grains of: 1) volecanic, granitic and other plutonic
rocks, and 2) twinned varieties of plagioclase, microcline,
and perthite. A percentage of sone other itypes of grains
(eegey varieties of quartz) should be added to these fig-
ures, but as they stand, they provide at least a minimum
value.

Sample H15 taken from Wrong Brook (see Plate 1) is a
feldspathic graywacke containing a slight amount of meta-
morphic fragments; D92, from Woody Brook Harbor is a lithic
graywacke with high feldspar content (Fig. ); E21, taken
from a point 0.3 miles to the south of D92, is an arkose,
All contain large amounts of gquartz (21-37.5%). Commonly,
these have abundant bubble trains and dust inclusions which

are characteristic of hydrothermal vein quartz (Krynine, (1940),
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PERCENT FOR FEBBLY SANDSTONES OF THE ANGUILLE GROUP
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The medium= to coarse-grained sandstones and con-
glomerates are white or buff. Febbles scattered throughout
the quartzo-feldspathic matrix of the conglomerates are pre-
doninantly angular and subangular. The most conspicuous
clasts are milky and clear quartz, and red, green, and
bright turquoise-colored jasper. Prevalent rock types ine
clude felsite porphyries of pale shades, and light and dark
green, very fine-grained volcanic rock fragments. Present
in small amounts are pale-pink granite, greenstone, and
possibly black siltstone. Cleariy, many of these fragments
are distinctly similar to rocks which crop out east of fhe
Grand Lake Fault (see p. 22).

In summary then, it appears that dual sources created
the interbedded polymictic conglomerates, pebbly sandstones,
and gray micaceous sandstones and siltstones. Abundant
mica and other associated fine-terrigenous materizl were
almost surely derived from the metamorphic area to the
southwest while the plutonic and volcanic pebbles of the
coarser sandstones and conglomerates reflect an obvidus
similarity to the igneous rocks east of Grand lake.,

Prinary Features Associated ¥With the Sandstones and
Silitstones

A more precise picture of the dispersal pattern oper-
ating in the paleobasin is indicated by the primary features

associated with the sandstones and siltstones. Iany of
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these features have often been reported from turbidite and
flysch sequences; others, however, are not common to such
horizons. Representative of the former are repeatedly
graded graywacke beds which contain a variety of sole
markings. Without exception, this characteristic bedding
is festricted to strata of the siltstone~dolomite suite.

Graded beds, tool marks, and finte casts.e Graded

beds occur at a number of localities. Those best developed
are exposed at Woody Brook harbor where the largest are two-
feet thick and contain medium-sized pebbles at their base
(see Fige ¥)s The soles of many of these beds are covered
with tool markings. Shorter varieties include skip, bounce,
and brush casts, while longer uninterrupted types (up to
three feet) are groove casts and striated-groove casts
~which extend the length of exvosed surfaces. The depth and
width of these longer groove casts (Fige 5) is approxi-
mately one-quarter to one-half of an inch, though many are
thinner and nore delicate in appearance.

The tools which created the furrows were novhere ob-
served at the ends of the casts. However, the graded beds
which exhibit these casts quite regularly contain abundant
plant fragments, less commonly vebbles, and in some ine-
stances, chips of siltstone presumably derived from the
underlying silty beds It seems reasonable to conclude that
these objects served as the tools with which the grooves were

initially carved.



Fig. 4

Graded beds at Woody
Brook harbor, siltstone-
dolomite suite, Ruler =
six inches.

Fige. 5

Groove casts on sole of
graded graywacke bed,
Woody Brook harbor,
siltstone-dolomite
suite.

L5
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Groove-cast orientations (after rotation correcting
for bedding inclination) exhibit an impressive consistency;
L9 readings on separate beds throughout this section have a
standard deviation of 33° from the vector mean sense of
31°= 211° (Plate 3). Such regularity instills confidence in
the reliability of +these features as paleocurrent indi-
cators. Also associated with the graded bedded sequences
are: 1) micro cross-laminations (less than three-quarters of
an inch in height), 2) ball and pillow, and flame struc-
tures, 3) load casts of various shapes, and &) flube casis.
ILoad casts of elongated shape have a mean sense of Luo
2240 with a standard deviation of 30° for 11 readinss
(Plate 3); thus, they are roughly parallel to the groove
casts. Flute casts (Crowell, 1955), although sparse, are
very well defined where encountered (see Figure 6)« They
are closely grouped or nested on any one bedding surface
and therefore differ from the isolated flutes in the gray-
sandstone suite., The largest are & x 13 inches (Figure 7).
These were observed along the Grand Lake shoreline near the
suite's southern limit, Flute casts are extremely useful,
for they indicate the direction of transport of depositing
currehts rather than only the line or sense of movenent as
showvn by tool markings. All flute casts denote 2 north-

ward direction of transport (toward vector mean azimuth of



Fig. 6

Nested flute casts, siltstone-dolomite suite.
Chisel points downcurrent.

large flute casts, siltstone-dolomite suite.
Hammer handle points downcurrent.

47
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17° for five readings (Plate 3)e Since they occur inter-
bedded with groove cast-bearing strata, it seems reasonable
to conclude that these latter features also have a north-
ern polarity.

The overall character of the sandy and silty beds de~
scribed above suggests that they were deposited from tur-
bidity flows which moved dovnsiope northeastward into the
relatively deeper portions of the basin. However, not all
primary features associated with these beds are especially
characteristic of turbidite sequences. In addition to those
already reporied, are parting lineztions, few crosse=beds,
abundant ripple marks, and, surprisingly enough, desic-
cation cracks,

Cross=beds. In the silistone-dolomite suite, well-

developed cross-beds are minor in number and, wvhere present,
occur only in units of sand-sized (very fine to medium)
grains. Nevertheless, those observed give relatively con-
sistent readings and display a somewhat more northerly,
overall transport direction than that indicated by the Flute,
groove, and elongate load casts (Plate &), In the northern
shore section, four readings yield a mean azimuth of 38° and
standard deviation of 7°. A single cross-bed on Allday Brook
also suggests a northeasterly direction of transport (azimuth,
52°). Near the southern limit of the suite, from Woody Brook
harbor southwestward, seven cross-beds indicate a northwest-

erly direction of transport of 341° (standard deviation of 23°),
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The information obtained from cross-beds, sparse though
it may be, suggestis therefore that south of Woody Brook har-
bor sand-Cdepositing currents entered the basin somewhat tan-
gentially, trending north-northwest. Presumably these veered
slightly clockwise as they continued deeper into the basin |
so that ultimately, near the northern limit of the outcrop
belt, they were aligned with the northeasterly groove-castA
direction. Thus, both north and northeasterly directed cur-
rent systems appear to have been active. Other directional
features substantiate this conclusion.

Parting linsations. Although parting lineations (pri-

mary current lineaztion of Stokes, 1947) occur in sandy beds
throughout the siltstone-dolomite suite, as with the other
primary features so far discussed, they are most abundant and
best developed along the Grénd Lake shorline southwest of
Woody Brook harvor. Their form is typical of parting linea-
tion surfaces as described by Potter and Pettijohn (1963,
ppe 137-138):

A thin veneer, but a millimeter or two

thick, is seen to cling in irregular

elongate patchnes to the bedding surface--

the residue of a once continuous layer

now largely removed but having plaster-

like remnants adhering to the bedding

plane., These patchy, irregular areas

are elongated in the direction of the

parting lineatioNesese

The mean sense of 34 parting lineations is 63°-243° (see

Plate 5). This orientation is at a considerable angle to that

of the cross-beds and agrees much more closely with the
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groove=-cast direction, The association of groove casts and
parting lineations is unusual, for groove casts are general-
ly thought to form in relatively deeper vaters (in associ=-
ation with rhythmically graded beds and flute casts), where-
as parting lineations are usually cited as occurring in
shallower regimes of sedimentation (in association with cross
beds). The northeasterly parting lineation trend is, how-
ever, in no way anomalous, for it is prevalent not only in
this suite but also in the red arkose suite and gray sand=-
stone suite as far south as Island Pond Brook and the upper
reaches of Porters Brook. The similarity in orientations be-
tween the groove casts and parting lineations may be a result
of the fact that both are thought to form under flow con-
ditions of relatively high intensity. Allen (196k4) has re-
ported on the hydrodynamics of pariing lineation formation
and suggests that parting lineations may be formed on sub-
merged sand bars in fresh-water river channels or tidal ebb-
.flood channels where rapid flow is persistantly unidirection-
al. Stokes (1947) also emphasizes their shallow-vater origin.

The variability of the parting lineations in the silt-
stone~dolomite suite (standard deviation of 490) is in dis-
tinct éontrast to their overall consistancy in the two other
suites,

Ripple marks. Ripple marks are by far the most abun-

dant primary feature in the Lower liississippian section.

They are particularly comnon in the siltstone-dolomite suite
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but are present also on gray fine sandstones of the other
two suites. Almost without exception, ripples are of the
oscillation type (symmetrical in cross section) and very
uniform in size; wave lengths vary from two to four inches,
with the great majority of crests three inches apart,

Oscillation ripple marks have been reported from
modern and ancient lacustrine environments (Davis, 1965;A
Greiner, 1962; and Picard, 1967) as well as modern and an-
cient marine shelves (Vause, 1959; King, 1948; and Picard
and High, 1968). There are differences of opinion, however,
in the interpretation of their environmental significance.
Pettijohn (1957, pv. 186) considers them wave-generated and
therefore related to prevailing wind direction and topo-
graphy  (shore line). Presumably they are indicative of a
standing body of water, forming only in depths affected by
wave motion. "As wave-~generated movement dies out rapidly
~with depth, oscillation ripprles are indicative of shallow
waters, generally waters bu{ a few tens of feet deep." Al-
though symmetrical ripples have been reported from waters as
deep as'4500 feet (Menard, 1952), it is considered doubtful
that profusely ripple-marked sands could form at such great
depthss These conclusions are largely supported by Davis’
study (1965) of oscillation ripples in Lake liichigan. He as-
cribes their origin to prevailing wind-generated wave action

with ripple crests forming normal to tine wave direction,

Their maximnum observed depth was 36 feet, though they may
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have extended into deeper waters., Where winds struck per-
pendicular to the shoreline, the resuitant ripples paral-
lerted the strand; where the winds were obliique, ripples near
the strand were oriented as much as 65 degrees from the
shoreline, For this reason caution must be used in estab-
lishing ancient shoreline directions from ripple data.

A different point of view, based on the study of ripple
marks on an ancient shallow marine shelf, is presented by
Picard and High (1968). They propose that

"esesSymmetric" and "asymmetric" ripple
marks are not wave-~ and current-formed
respectively. Rather, most ripole marks
possess some degree of asymmetry, either
in shape or internal structure, and are
formed by currents (including most waves
in shallow water). Truly symmetric
ripple nmarks formed by standing oscilw
latory waves are probably rare,

Since oscillation ripple marks are affected by slight
topographic variations as well as by the above-mentioned
shorelines, currents, and variable wind-driven wave systems,
a wide range in their orientations is to be expected. Ripple
marks of tThe siltstone~dclomite suite display such a disper-
sion. Nevertheless, there is a general tendency in all three
depositional regimes for the more easterly ripple marks,
those near the present Grand lake shoreline, to be oriented
in the northwest-southeast quadrants while those further in-
land occur more commonly with northeast-southwest trends.

This is well illustrated in the siltstone-dolomiie suite,

Inland, on Allday Brook, 11 ripple marks all with northeast-
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southwest orientations, have a mean sense of 58°-238° and a
standard deviation of 37.5° (Plate 6); by contrast, near the
Grand Lake shore-ripple azimuths exhibit a moderately well-
defined northwest-southeast preferred orientation. Eighty
measurements on separate beds give a standard deviation of
580 from the vector mean sense of 135°-315°. This direction
is very nearly perpendicular to the mean sense of the groove
casts (mean sense = 31°9-211°) and parting lineations (mean
sense = 63°-243°), (Picard and High, 1968, p., 413 also re-
port ripple crests normal to parting 1ineations.) Thus, the
ripple marks are orthogonally related to the groove casts ahd
parting lineations, perhaps through the influence of the
originzal basin topograpny. I paleowinds are accepied as
ultinately responsible for +the ripple-nark orientation, then
they and the resulitant waves may have been direcied along the
lenzgth of a northeast trending elongzte basin; this condition
of elongation and prevailing wind direction exists in Grand
Lake today. Northeastward deepening of +the basin would have
controlled the orientation of +turbidity currents (and the
formation of groove casts) so that sediment transport occur-
red in the same direction as elongation and dominant wind
direction. An alternative explanation is that the ripple
marks are more directly related to currents (perhaps slignt)
generated by northecasterly moving turbidity flows. If true,
then the ripwnle mariis would be parallel to,-and define, +*he

depositional strike. McIver (1961, loc. cit. Potter and
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Pettijonn, 1963, p. 97) noted ripple marks at right angles to
flute and groove casts in Upper Devonian flysch deposits of
the Central Appalachians and considered them as having been
formed parallel to the depositional strike. Greiner (1962)
found that orientations of oscillation ripple marks in the
known lacustrine Albert Formation (Lower liississippian,
Horton eguivalent in age) of New Brunswick, Canada, coin-
cided with the strand line rimming the depositional basin.
Therefore they also were formed parallel to the depositional
strike. Parallelism of ripple marks to modern lakeshore
lines has been reported by Wulf (1963) and Davis (1965). The
modal orientzation of ripple marks in the siltstone-dolomite
suite closely parallels the southern contact with the gray
sandstone suite. Their orientation thus coincides with the
depositional strike and supports the statement by Potter and
Pettijohn (1963, pe. 98), "In flysch deposits, ripple marks,
~where they have been measured, tend to parallel the deposi-
tional strike." In conclusion, the orientation of the ripple
marks used in conjunction with other primary strucitures indi-
cates a.northward or northeastward deepening of the basin.

Plant fragments. In spite of the fact that plant

fragments are quite abundant throughout much of the Anguille
Group, their general random orientation on bedding planes
severely reduces their effectiveness as paleocurrent indi-
cators. A poor correlation between plant debris and currens

direction has been reported by others (Gradazinski et. al.,
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1959, loc. cit. Potter and Pettijohn, 1963, pe 39, ps 175;

and Sullwold, 1960). Conversely, Hopkins et. al., (1966)
noted a fair correlation between oriented plant fragments
and cross-beds. As it has been suggested by Potter and
Pettijohn (1963, p. 39), size variation may influence the
hydrodynamic properties of the fragments thus reflecting
their ability to become driented. Plant fragments have been
reported both perpendicular and parallel to paleocurrent
directions as inferred from other sedimentary features.

At the few places in the siltstone-dolomite suite
where plant debris are distinctly aligned, .the long axes of
the fragments tend to lie in the northeast-southwest quad-
rants (vector mean sense of 43°-223%-~gee Plate 7). Yet
even in these cases, grouped data does not exhibit a strong-
1y preferred orientation; the standard deviation for only
six readings is 50°. The wide range of these few measure-
ments restricvs their value as paleocurrent indicators.

Very poorly preserved plant remains are present at one
locale on Allday Brook. Their rude parallelism (sense = 55°-
235°) is similar to the average ripple-mark orientation on
this siream (sense = 58°-2389),

The abundance of plant fragments and carbonaceous re-
mains does have, however, another and perhaps greater sig-
nificance. Throughout the entire Lower liississippian sec-
tion in west~central Newfoundland, no faunal fossils were

uncovered. By contrast, floral remains and macerated car-
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bonaceous debris are present in almost all horizons and
locally are very plentiful., This abundance suggests that
deposition took place proximal to a source area profuse in
terrestrial vegetation and thus it appears quite likely to
have been a continental basin.

Desiccation crackse The most unexpected primary

features in the siltistone-dolomite éuite are desiccation
cracks. They were observed at several localities along the
Grand Lake shoreline in a somevhat sandier section of the
northern portion ¢f the regime. They occur as polygonal-
shaped sandstone fillings in green and gray fine siltstones
and black shales. At one locality the fillings are dolo-
mitic sandstones Desiccation cracks are unexpected because
further to the south this same suite contains graded gray-
wacke beds displaying sole markings, a phencomsnon considered
to be the result of turbidity current deposition., Sedimen-
tation of this type is generally thought to reguire at leaét
moderate depths of water for formation and is therefore in-
compatible with the subaerial drying conditions necessary
for the formation of desiccation cracks.

The existence of the cracks may be explained in either
of two ways.,
1, They are not desiccation cracks and have originated by
some other mechanism, Dzulynski and Walton (1967, p. 167)
have described sand polygons or pseudo-mud cracks which they

suggzest are the result of sand-like injection in a poly-
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gonal patterne. In plain view, therefore, they resemble the
desiccation features. The sand polygons are thought to be
created through earthquake shock and consequent liquifi-
cation and differential horizontal expansion of interbedded,
sand-shale sequences. The greater increase in the horizontal
extent of the sands would cause hexagonal tension cracks in
the shales into which sand could be injectsd. Such an
origin for the features described from the siltstone-dolof
mite suite seens improbable,_for no clastic dikes were ob-
served in these strata, Others who have mentioned the for-
mation of polygonal cracks probably not due to subaerial
drying conditions include Moore (1914), Twenhofel (1923,
1926), and Daley (1968). Their explanations, however, are
not applicabie here,

24 They are true desiccation cracks and have been formed
in shallow water. An origin such as this seems nore likely,
since oscillation ripple marks--interpreted as relatively
shallow water in origin--abound in the same general region
as that in which cracks occur. The sediment-water interface
is therefore considered to have been no deeper than that |
which could have been affected by surface-generated waves.
The assocliation of shallow-water desicecation cracks and tur-
bidite sequences in the same sedimentary regime may be ex-
plained in either of two ways.

(2) The strata of the sandy section in the northern

portion of the silistone-dolomite suite represent a somewhat
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later (possibly correlative with the upper portion of the

gray sandstone suite) and downfaulted sequence which repre-
sents a shallow phase of deposition during which sedimen-
tary fill and/or tectonism reduced the water depths in the
basine

| (b) The strata containing desiccation cracks are
approximately correlativé with those of the turbidite se=-
quences but were deposited in a locally shallower porition of
the basine. This interpretation would imply that either the
basin was very steep-walled, having some shallower portions,
or that turbidity deposits were formed in relatively shallow
vaters. There are precedents for both these models in the
geologic literature. Crevasse deposits have been cited by
Prentice (1962) from the continental Weald Clay Sandstone of
Sussex, England. Alternatively, DeRzaf (1964) has reporied
turbidite~type deposits in a relatively shallow~water basin.
He describes Oligocene strata of the southern Pyrenees as
containing rhythmically graded sandstone beds with flute and
groove casts; these are interpreted as having originated
from turbidity currents. In the same horizons, however,
occur: abundant oscillation-ripple marks with quite vari-
able ofientations; pseudomorpns after salt crystals and
gypsum deposts, both indicative of evaporitic and shallow-
water conditions. Mangin (1962) has reported the associ-

ation of flute casts and bird tracks from these same strata.
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It may be safely assumed, therefore, that either the basin
described was very shallow or that Oligocene birds had very
long legs.

Dolomite, Sandy Dolomite and Interlaminated Orange
Dolomite and Black Siltstone

In addition to the psammitic strata described above,
the black silitstone-orange dolomite suite contains carbon-
ate rocks; these include for the most part orange - weather-
ing dolomites and, in lesser amounts, some few gray lime-
stones. The orange delomites are unique to this deposition-
al regime and so have been used to delimit:its boundaries
as wellvas to provide the facies unit name. Throughout,
they occur interbedded with the other sedimentary rock types
alresdy described, Quantitati?ely, the carbonates are much
less abundant than the sandy units but are otherwise very
important for they provide significant clues 1o the environ-
ment of deposition.

Litholozic description and environment of devnosi-
tion - dolomites and sandy dolomites. The dolomite

beds are conspicuocus, for they weather to bright or dull
orange and so stand out in sharp contrast to the darker |
gray, black and brovn sandstongs and silistones. Also,
weathered surfaces invariably are slightly undulatory and
uneven in appearance. The distinctive orange color of the
weathered dolomite (due to the presence of iron) and the
fact that both its indices of refraction are above that of
Canada balsam indicate that it is a ferroan or ankeritic

dolomite.
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Where pure, the ferroan dolomites weather to bright
orange (dark yellowish orange, lbYR 6/6 to light brown, SYR
5/6) and are creamy white (pinkish gray, 5YR 8/1) on fresh
surfaces. However, more commonly the dolemitic beds con-
tain sandy and carbonaceous material and as a result,
weather to duller shades of tan-orange (moderate yellowish
browvn, 10YR 5/4) and are dark gray or black on fresh sur-
faces., in thin section, the sandy dolomite appears as a
crystalline-carbonate mass throughout which are scattered:
ragged, elongate, opague fragments of carbonaceous material;
equant, angular, clear quartz grains; and acicular muscovite
and biotitee.

The black color of dolomites, siltstones, and shales,
the abundant unoxidized carbonaceous debris, and the pre-
sence of ankerite and iron sulfides (presumadbly primary)
indicate that déposition Took place almost certzinly under
euxinic conditions. Such conditions are characterized by
quiet water and a reducing environment (Krumbein and Sloss,
1963, pe 565). Pettijohn (1957, pp. 305, 314, 594) men-
tions that ankerite is often associated with graywackes and
that its existence is suggestive of deposition in stagnant,
anaerobic waters where wave and current action is negligi-
ble.

Lithologic descrivntion and environment of devposi-
tion - laminites. Orange dolomites are also round

in a distinctive interlaminated association with black, car-

bonzceous~-rich siltstones and shales (Fig. 8). The lamina-
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Fig. 8

Laminated siltstones and dolomites, Woody Brook
harbor, siltstone-dolomite suite.

Pig. 9

Photomicrograph of fine-grained portion of carbonate cobble
conglomerate. Clear grains mostly quartz; carbonates ex-
hibit twinning. (F60, plane light, approx. 20X.)



tions are extremely fine, many less than 3 mm, thick, re-
markably continucus, and have sharp upper and lower cone
tactse. Preservation of this type of layering is ecritical
to paleoenvironmental interpretztions, for associated with
it are several important implications,
1, Benthic organisms, other than, perhaps, aneorcbic bac-
teria were absent; burrowing creatures ungquestionably would
have destroyed the delicate laminations. This conclusion
coincides with the lack ofvany other evidences for the exe
istence of fauna.
24 Deposition took place below wave base in still, undis-
turbed vater, and in the absence of any botitom currents
which likewise viould have disturbed the laminations. As
Pettijohn (1957, p. 163) has pointed out,

"The distinctness and degree of preser-

vation of the laminations is in part a

rovgh measure of the guietness ofi the

waters in which the sediments accunulated,

Even slight bottom currents would destroy

any previcusly formed laminations. Hence

laminations record deposition below wave

base."
Stagnation of the water and resultant oxygen deficiency in
this portion of the basin would explain wny the strata are
deveid of any signs of benthic life; again, deposition
under euxinic conditions is suggested,
3 Deposition was rhythmic or cyclic in natures The
general appearance of the laminztions is strikingly
sinilar to varves commonly associated wi

trine deposiis. No evidasnces of glaciation were uncovered
iy < ,
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however. On the other hand, varved deposits have been de-
seribed from non-glacial sequences by Nipkow (1928),
Bradley (1929, 1948), Huir and Walton (1957), Anderson and
Kirkland (1960), Van Houten (1962, 1965), and Rayner (1963);
the majority of examples are from lacustrine basins.
Pettijohn (1957, p. 163) mentions that the most perfectly
laminated shales are those purported to be lacusirine in
origin. ] :
After a review of the literature, Duff et. al. (1967,
pp. 62-63) describe the characteristics of varved lake sedi-
meﬁté from areas not affected by glaciatioﬁe The following
passage points out the remarkable similarity of such units
to the laminzated strata of the silitstone-dolomite suite;
again it is concluded that deposition took place in a lacus-
trine basin,

The smallest rhythmic unit is bipartite
like the glacial varves but the couplets
are made up of an organic (carbonaceous)-
rich layer and an organic-poor layer.

The latter often consists of carbonates
thouzh sometimes mineral material com-
prising quariz, feldspar and clay miner-
als assumes greater imporitance. The
carbonztes are commonly calcite or dolo-
mite, occasionally ferroan dcleomitesss

The thickness of ihe individual varve is
almost invariably a fraction of a milli-
meter, The lateral extent of each couplet
is difficult to judge but the thickness

of each lamina seems to be fairly constant.
Current bedding even on a small scale is
noticeably absent, as are erosional
features..othere is no disturbance of bed-
ding due to.e.burrowing organisms (ben=-
thonic life must have been at a minimumj.
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The conbtzcts of the individual layers
are usuvally sharp both top and bottonm
except in those couplets where clastic
debris instead of carbonate is pre-
dominant.

Origin of the laminites. Several theories have been

proposed to explain the origin of non-glacial varves, It
has been suggested that they may be the result ofs: bio-
chemical reactions; spasmodic storms; differential settling;
or periodic supplye. Duff et. al. (1967, p. 64) have dis-
counted each of the above as.unlikely causes except for peri-
odic supply which they deem a necessity and point to season-
al control as the most plausable explanation. Other
authors in accord with this view are Nipkow (1928), Bradley
(1929), Rubey (1930), Seibold (1955), Pettijohn (1957,
Ps 353), Kaplan and Rittenberg (1963), and Reineck (19567).
Compelling evidence for the seasonal periodic supply
of detritus in Recent lake deposits has been provided by
Nipkow (1928, loc. cit. Bradley, 1948, and Duff et. al.,
1967). In his extended study of the sediments of Lake
Zurich and Lake Baldegg, Switzerland, Nipkow found that
each year a deep-viater (greater than 90m) varve was formed
consisting of 2 light-colored, microgranular carbeonate,
summer layer and a darker, thinner, winter-layer composed of
organic nmatter. >He wvas able to deterzine that they were
annual because 1) each summer his diatom plankton nets
clogged with caleiun carbonate that had precipitated out of

the surface waters and 2) it was possible to date pre-
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cisely the individual varves due to the presence of thick,
muddy layers in the sequence which corresponded to years of
accurately known lakeshore cave-ins} at those times large
sections of the shore slid into the lake., Another such
event, which took place in Lake Zug, Switzerland, 1887, is
described by Heim (1908, loc. cive Hills, 1967, pp. 59=60).
These lakeshore landslides and their subagueous counter-
parts interrupted seasonal laminite deposition. There is
thus a striking resemblance of sediment types and associ-
ations of the Swiss Lakes with strata of the siltstone-
dolomite suite.s In both cases the turbidites account for
the presence of the coarser, graded sandstones interbedded
with the laminites,

One portion of the siltstone-dolomite depositional
regime consists solely of laninated strata to the exclusion
of any other type of bedding. This subdivision is a narrow
band of outcrop (0.3 miles wide) extending from the lake at
the head of Allday Brook directly southward to ¥Wrong Brook.
The region is characterized by: finely laminated orange
dolomites and/or black silistones and shales; an absence of
microscopic plant fragments; and an utter lack of pri-
mary Teatures. It seems likely that this was the site of
deepest~water depositions. Primary directional features indi-
cate that paleocurrents were moving downslope into this
region. Furthermore, in order to produceand preserve the

laminations, sedimentation must have talken vlace below wave
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base, exclusively by the undisturbed, slow settling of fine
particles beyond the limits of the peripheral supply of
coarse detritus. Just such origins and spatial relation-
ships between turbidites and laminites (deposited on and be-
yond the distal margins of the turbidites) is reported by
Lombard (1963). Nipkow's study of Recent lake sediments
also provides confirmation for relatively deep-water lami-
nite origin (ioc cit, Bradley, 1948); he found varved sedi-
ments only in the deepest portions of Lake Zurich (below 90
mefers) where dissolvea oxygen was absent and where no
bottom fauna could i;moil the laminations. Kaplan and
Rittenberg (1¥63, pe. 589) similarly favor stagnant-bottom
conditions as the most likely location for the preservation
of laminations.,

Laminated deposits (dblcmites) are thought, in some
instances, to be formed in tidal areas, Such an origin is
clearly not the case here; this conclusion is based on the
other characteristics associated witn these laminites,

Source of the carbonates and the carbonate-cobble
conglomerates. As it has already been mentionad,

the laminated strata in the siltstone-dolomite suite are
composed of interliayered, dark, carbonaceous siltstones and
lighter=-colored, ferrcan dolomites. IT seems most likely
that the organic matter in the silty layers was derived from
nearby terrestrial vegetation and that the ankeritic layers
are the result of carbonate precivitation from surface

waters. Zoogenic origins might also be considered for the
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carbonate, but in light of the foregoing conclusions indi-
cating a total lack of fauna, such a contention is un-

tenable., The presence of ankerite is prima facie evidence

that carbonates must have been supplied to the basin at the
time of deposition; corroborating evidence is provided by
strata exposed along the west flank of the Glide HMountains.
There, a carbonate cobble conglomerate occupies a similar
stratigraphic position to that of the siltstones-dolomites;
ieee; at least in part, the conglomerates are located below
the white weathering sandstones énd conglomerates of the
gray sandstone suite (see Plate 2). Since the carbonate con-
glomerates and siltstones-dolomites occur in similar posi-
tions, they are considered likely +to be time~equivalent
facies of one another, with the carbonate conglomerates
representing the coarse basin margin units. Bradley (1929)
has envisioned the same depositional pattern for eocene
lacustrine deposits.

The carbonate conglomerate (Iig. Y) consists oI cobbles
and pebbles of: sub-rounded, tan, buif, and pale orange,
fractured and marmorized dolomite; white, gray, and grayish-
white limestones, some containing white calcite veins; few
pink limestones; and sub-angular, milky-white quartz. All
clasts are set in a'poorly sorted, coarse sandy, calcareous
matrix. The dolomite clasts are yellowish gray (5YR 7/2)
on fresh surfaces and weather to grayish orange (10YR 7/4)

or dark yeilowish orange (10YX 6/6), The sinilarity in



color to the laminated ferroan dolomites again suggests
that the two are genetically related. The conglomerate is
also exposed at the southern 1imit of Lower Mississippian
outcrop on Grand Lake (see Plate 2)e There it consists of.
clasts much like those just described but additionally con-
tains considerable amounts of green, cloritic, schistose
fragments, some jasper, and a few green and gray, possibly
volcanic (?) clasts. Locally the conglomerates are inter-
bedded with red and green coarse siltstones and in places
contain large chunks of red siltstone twe to three feet in
width. Thin section modal analyseé for three samples fronm
the carbonate conglomerate horizon show them to be closely
alike in composition (see Table 1, samples E774, F60, F85,
and Fige. 13).

Although no directional features are assoclated with
the conglomerates and in most places even distinct bedding
is lacking, the source and approximate transport direction
can be deduced from stratigraphic scalars and attributes,.
The conglomerates constitute the overall coarsest lithology
in the area, with maximum clast size decreasing in a north-
eaéterly direction from 30 cme on Saimon Creek and Eastern
Brook in the south to 3 cm. on Lanes Brook in the north.
The cobbles must therefore have been brought into the basin
from the south and/or west. (Maxinum clast size alsy de-
creases from older to younger strata in these units,) The

coarseness and abundance of clasts further dictates that

68
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they must have been derived from a relatively nearby car-
bonate sources The only group of rocks satisfying these
qualifications is the St. George's Limestone. Since all
carbonate lithologies described as clasts within the con-
glomerate are also present in the St. George's Limestone
(see description, p. 24) and no carbonate deposit exists
proximally east of the trans-Newfoundland lineament, the
Ste. George's Limestone is taken as the source rock for the
carbonate clasts. The chlorite schist fragments in the con-
glomerate on Grand Lake quite probably were derived from
rocks of the Grand Lake Brook Group (see description, p.23).

These carbonate cobble conglomerates most likely accu-
mulated as a result of fault movemenis. As Pettijohn (1957,
Pe 257) has pointed out, carbonate conglomerates are excep-
tional in character for they

"eeerecord unusual conditions which per-
mitted the erosion of limestone as gravel
rather than the usual removal by solution
eseThis implies sharp uplift and locally
high relief-=best achieved along a fault
SCarDeee"”

A model proposed by Bradley (1948) for the origin of
the carbonates in the lacustrine Green River Formation
(Eocene) is well suited for application here,

seoStreams that drained into the lake
crossed upturned limestones or liny for-
mations in the neighboring mountains,

We have deduced that the climate of the
area vas varm and relatively moist. In
such regions the streams are character-

ized by carbonates in solution...The lake
therefore had on abtundance of carbonates
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brought to ite. Now the lake occupied so
large a portion of its hydrographic basin
and the temperature was such that each
year most of the accession of water vas
lost by evaporation rather than by over-
flow. Indeed, for long intervals the
lake had no outlet. This means that
most of the dissolved carbonates were
caught and held in the lake basin. With-
in the lake two factors tended to pre-
cipitate the calcium and magnesium car-
bonates: 1) the summer warming of the
water, which decreases the solubility

of these carbonates, and 2) the photo-
synthesis of the algae wnich takes car-
bon dioxide out of the system and thereby
raises the pH values, which increases the
concentration of normal carbonates until
the solubility product is exceeded and
the caleciuvm and magnesium carbonates

are throwvn down,

It has already been pointed out that stagnant-water
conditions existed in this part of the basin. The abundance
of organic matter indicates that here the Early llississipe-
pian lake must have been stratified, that is, seasonally
separated by a thermocline into an upper epilimnion and a
deeper hypolimnion. The thermocline acted as a seal separ-
ating oxygenated warm waters of the epilimnion from mixing
with deeper, cooler waters of the hypolimnion where decay ofu
organic matter continued to use up the dissolved oxygen and
increase the quantity of dissolved carbon dioxide. Stagna-
tion ensued and the water became charged with hydrogen sul-
fide, Dissipation of the thermocline in the fall and re-
sumption of full circulation resulted in overturn, mixing of
the deeper water with the more alkaline surface waters, a
raising of pH values, precipitation of the .carbonates, and

the resumption of a new cycle.
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Correlations The distinctive association of inter-

bedded black siltstones and orange dolomites was observed
in two other formations in western Newfoundland:

1. The Snakes Bight Formation (Baird and Cote, 1964),
exposed in cliffs along the southwest shore of the island,
northeast of the village of Codroye.

2) The.Spear Point Formation (Heyl, 1937), exposed in
cliffs along the western shore of White Bay, south of Upper
Head.

Both formations belong to the Anguille Group and on the
basis of plant remains, have been reported to be approxi-
mately equivalent in age (Lower Mississippian, see Betz,
1948 and Baird, 1959).

Gray Sandstone Suite

General Sitatement

The following section discucses the gray sandstone sulte,
the medial unit in the tripartite division of the Anguille
Group. Lithologies present in this suite include white and
gray weathering arkosic conglomerates; gray arkosic sand-
stones, micaceous sandstones, and graywackes; even-bedded,
gray, black, and brown weathering siltstones; a few black
silty shales., Psammitic strata are in far greater abundance
than carbonates, which are sparsely represented by few gray
limestones.

Rocks of the gray sandstone depositional regime are the

most widespread in surface outcrop of any of the three suites
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and extend from the environs of Leo Brook in the south,
northeasterly to Lanes Brook and Allday Brook (see Plate 2).
In the intervening area, the existence of gray sandstone
suite strata is attested to by outcroppings along brooks and
by "float" on trails in the more heavily wooded sections. No
high gradient streams cross the region immediately east of the
headwaters of Lanes Brook, an area undoubtedly supporting
thick glacial cover. As a result,; no evidence of bedrock-
"type was obtained and the underlying lithology remains inde-
terminate. However, since gray sandstone suite strataz are
exposed on Lanes Brook, it seems likely that these units.also
occur in the region to the east.,

The name applied to this suite is derived from its
abundance of gray sandstones and sandy conglomerates, -
These lithologies, however, are not restricted to this suite
and in fact are present in each of the other two suites,

- Nature of the Contacts With Other Suites

As it was mentioned at the outset of the section on
siltstones and dolomites, contacts with adjacent suites are
set by the first or laét appearance of a particular lithology.,
This technique has also been applied to the gray sandstone
suite.' Here too, lithologic change at the suite boundaries
is characterized by a gradual changejof the dominant litholo-
gy and interfingering of distinctive units. Along the west
shore of Grand Lake southwestward from Woody Brook harbor,

there is a gradual decrease and eventual absence of orange
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dolomites and black shales; this is accompanied by an in-
crease in the nunber of gray sandstone beds. The last
southerly occurrence of orange dolomites (also that strati-
graphically highest) is taken to indicate the beginning and
lower limit of the gray sandstone suite.

A gradual transition of lithologies similar to that
Just described is displayed in the section from the head-
waters westward to the base of Allday Brook. There, a change
from dominantly silty to sandy beds is coupled with a de-
crease and ultimate absence of orange dolomites. The change
again takes place through generally younger strata and again
the last occurrence of orange dolomites is taken as an indi-
cation of the onset of the gray sandstone depositional
regime.

The pattern of gradual transition is maintained within
the suite itself, for along the west shore of Grand Lake,
brown weathering siltstone beds become progressively more
scarce in a southwesterly direction. The last appearance of
black, even-bedded siltstones associated with gray fine
sandstones occurs just north of the mouth of Harbor Brook.
This is close to the first appearance of red arkose which
marks the upper limit of the gray sandstone suite.

The nature of the boundaries between regimes-—-one of
interfingering units rather than abrupt change--indicates
that portions of the gray sandstone suite must be, at least

in part, time~equivalent to rocks in thé other suites.
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Sandstone and Conglomerate - ILithologic Descripiion and
Provenance

Sandstones and sandy conglomerates ofhthe gray sand-
stone Suite are generally immature, ranging in composition
from arkose to graywacke., The arkosic units contain angular
to sub-rounded fragments of milky white or colorless quartz,
white feldspars and perthite. Present in lesser amounts in
the matrix and as rounded pebbles in the conglomeratic
strata are granitic, igneous and metamorphic rock fragments.
A few of the sandstones contain irregular pyriite nodules,
Gray siltstone is present in some cenglomerates as intra-
formational clasts (Fige. 10) or in~greater or lesser amounts
as part of the matrixe. In cases where the silt fraction ex-
ceeds 15 percent as matrix, <©the rock is classified as a feld=-
spathic graywacke (Pettijohn, 1957). Arkoses and grayvackes
are interbedded and present in approximately equal amounts,
but the relative proportion of arkoses to graywacke increases
toward the southwest,

All units are well indurated and evenly bedded. Most
sandy strata range in thickness from two inches to two and
one-half feet (though some are zs thick as 20 feet); con-
glomeratic beds range from one and one-half feet to 15 feet
(though some are as much as 50 feet thick). Where weathered
to completion, the arkoses have a distinctive stark-white
appearance (Fig. 11}, 2 result of kaolinitization of the
feldspars. Other arkoses are buif or pale gray, depending

upon: 1) the degree of wezthering, 2) the silt content, and



Intrafornational siltstone clasts in arkccic conglom~-
erate. gray sand-tonc sui te.

Wﬁitc weathering arkosic conglomerate, gray sandstone
sui te.
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3) the amount of included dark clasts such as chlorite and
rock fragments. Arkoses are buff or gray on fresh surfaces.
Weathered and fresh surfaces of graywackes are dark or light
graye. ©Sole markings and turbidite structures are much less
common in graywacke beds of this suite than those of the
siltstone~-dolomite suite.

In the conglomeratic sandstones, large, rounded clasts
are enclosed in a more angular, quartzo-feldspathic matrix.
The maximum exposed diameter of most of these clasts is three
to eight cme; a few are as large as 15 to 21 cme The types
of pebbles in the conglomerates vary somewhat according to
locations Along Grand lake, on the eastern side of the Glide
Mountains, pebbles in the sandstones are predominantly
quartz, white granite and some feldspars. Clasts present in
lesser amounis but invariably larger in size are of volcanic
origin. Pastel shades, especially pale yellow, are most
common. The concentration of volcanic clasts increases in a
-northeasterly direction (see Table 1, D47--G754--E12) as does
red jasper and prase (green jasper). These last are very con-
spicuous in the white arkosic matrix.

An unusual constituent present in some of the arkoses
are clésts which most likely are amorphous hydrous aluminum
silicates. Their occurrence is unexpected because they are
extremely soft (hardness, approximately one) and possess ex-
cellent sectility. Fragments are composed of flakelike,

olive green aggregates which stand out in contrast to the
& =)
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lighter shades of the surrounding matrix. Although almost
entirely amorphous, they do display some crystallinity, In
thin section, scattered, microcrystalline, aciéular and
platy grains exhibit a low birefringence; additionally, the
X-ray diffractogram shows a broad curvature but lack of any
truly prominent peaks, except for those of weak intensity
for chlorite, bictite and quartz. Undoubtedly these clasts
are related to the clay minerals, for each of the major clay
mineral peaks (72, 103, 143) can be distinguished. Because
of their softness and lack of cohesiveness, these grains are
testimony to the rapid accumulatioh of the enclosing de-
positse. Even slight distances of transport would have
abraded these soft fragments. Alternatively, they may repre-
sent volcanic clasts which have been altered subsequentv 1o
deposition. In this case, no significance could be attached
to their physical characteristics,

The pebble association in gray sandstone suite units on
the east side of the Glide Mountains (quartz-feldspar-
granite-volcanics~few metamorphics) contrasts with that of
similar strata on the western side, where in addition to
quértz'(milky white, colorless, blue), feldspar, and some
white granite, there are carbonates (orange dolomite, pink
and white marble) and schists. Volcanic pebbles are absent.,
The regional differentiation of pebble types is further ac-
centuated by the fact that on the western side of the uplifsw,

some of +the sandy matrix is quite micaceous and in places
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calcareous; on the eastern side, carbonate is not present as
clasts or rock matrixe.

In the central part of the Glide Mountains, rock out-
croppings are limited. Where bedrock is exposed, fine sand-
stones and siltstones predominate, coarse or pebbly sand-
stdnes are generally lacking, and conglomerates are absent.
Presumably, the coarser sediments only rarely were trans-
ported to the central portions of the basin.

Modal analyses of sandstones from the gray sandstone
suite are given in Table 1. Analyses of those rocks taken
from along the Grand Lake shore (DQ?, E12, G754) show them to
be arkoses; however, graywackes are also present. Samples
from the more central portion of the Glide Mountains are
graywackes (E63, F94) and an arkose (E70). Thin sections of
the arkoses, especially the lake shore samples, show limpid
quartz containing abundant dust inclusions and bubble trains.
Genetically this has been referred to as hydrothermal veln
quartz (Krynine, 1940). DMuch of the quartz also has a com=-
posite appearance, a result of rectilinear suturing most
likely related to incipient fractures. The plagioclase
gréins whichAexhibit twinning indicate that all ére soda
rich, ranging in composition from oligoclase to andesine., In
spite of the angularity of most clasts, all of the gray sand-
stone suite arkoses along Grand Lake contain very little

matrix or pore space. In some cases the size of much of the
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original pore space appears to have been reduced as a re-
sult of brecciation. Fractures péss through the grains and
into the matrix.

Sample E70, located inland on the Glide Mountains, is
also an arkose but clearly has a greatver percentage of meta-
morphic rock fragments than that in the lake shore samples.
This is also true for the graywacke (E63) which contains
metamorphic rock fragments and a considerable amount of
minerals derived from the local metamorphic terrain. These
include garnet and large flakes of muscovite, chlorite, and
biotite.

An analysis of sample F94, a graywacke from atop the
Glide lountains, proved to be particularly enlightening, for
in it there is a distinct compositional contrast between the
larger clasts and the matrix. Framework clasts are sub-
angular to subrounded and consist primarily of strikingly
distinctive perthite grains (35%). These are white, twinned
perthites within which occur large patches of twinned and
somewhat altered plagioclase (Fig. 12).A Most of these
Plagioclase patches have clear, unaltered, more sodic rims,
Quartz, which is present in moderate amounts (17%), contains
abundaﬁt dust and bubble inclusions; microcline clasts (2%)
are elegantly twinned; metamorphic rock fragments are few
(2.5%). The nature and abundance of the perthites, the ex-~
cellent preservation of plagioclase twin lamellae and the

lack of any large metazmorphic minerals suggest that almost



Photomicrograph of feldspathic graywacke F9%. Perthite
clast (lower left) contains inclusions of twinned
plagioclase with altered cores and clear margins.
Well-preserved twinning displayed by framework clasts
(for example, oligoclase at right). Matrix contains
many metamorphic minerals. (F94, crossed nicols,
approx. 20X,)
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certainly these clasts were derived from a dominantly
igneous source (most likely plutonic) rather than a domi-
nahtly metamorphic terrain. Thin sections of the plutonic
rocks from east of the trans-Newfoundland lineament contain
crystals displaying virtually identical characteristies to
the complex perthite clasts described above. No such crys-
tals were observed in samples from the metamorphic terraine.
Such a source area cannot, however, be the provenance for
the dark matrix (23.5%) which contains, in addition %o angu-
lar feldspar (mostly untwinned) and quartz, abundant chlo=-
rite, muscovite, biotite, sphene, euhedral garnet, zircon,
epidote and magnetite. Consequently, the composition of the
matrix strongly suggests that it was derived from metanor-
phic source rocks. The reason that these contrasting miner-
al assemblages are present in one rock may be due to: 1) a
mixing of materials (at the site of deposition) derived fron
distincet provenances, 2) the effect of sedimentary sorting
and by-passing during transport from a single provenance of
ad jacent ignecus and metamorphic belts (the foliated meta-
morphic pebbles disintegrate to finer sizes more readily than
do the interlocking crystals of plutonic rocks, thus concen-
trating the metamorphic minerals in the maitrix size material),
or 3) derivation from a single provenance of mixed igneous
and metamorphic lithologies. The distribution of the base-
ment rocks in west-central Newfoundland indicates that the

Tirst alternative is the most reascnable, and an ultimate
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dual origin appears certain, Within this rock there is repre-
sented a mixing of provenances, the framework contributed by
an igneous terrain, the matrix derived from a metamorphic
one,

 Evidence supporting dual provenances can be shown even
more dramatically by plotting the results of thin-section
modal analyses of framework minerals on a ternary diagram
(Fig, 13). This diagram, devised-by Krynine (1948) for
classification purposes and revised by Folk (1961) is pre-
sented here in modified form; it shows clearly that geogra=-
phic location influences compositional variations. The
three end members are: @ constituents (all types of guartz
except stretched metaguartzite and chert); M constituents
(metamorphic rock fragments, e.g., schist, gneiss, marble,
and stretched metaguartzite; micaceous minerals coarser than
¢03 mm.); and I constituents (single grains of all types of
feldspar both twinned and untwinned; igneous rock fragments
both plutonic and extrusive). Since there is a distinct
dichotomy of possible source rocks, metamorphic versus
igneous (see pe 21),; it is presumed that almost all type M
clasts were derived from the metamorphic terrain west and
southwesf of the Glide Mountains and that the dominant pro-
portion of type I clasts (pluteonic and volcanic) were derived
from an igneous terrain such as that east of the Grand lake

Fault,
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The framework mineral percentages of 16 modal analyses
have been recalculated to 100% (see Q,M,I values, Table 1)
and plotted on the ternary diagram. As a result it can be
seen that the points representing samples from the western
limit of the previously discussed siltstone-dolomite suite
(E77A, F60, F85) fall near the left (west) margin of the
diagram, while those from the eastern limit of the same
suite (D92, E21) occur near the right (east) margin. Similar
conditions prevail for samples from the gray sandstone suite;
those from the Grand Lake shore (D47, E12, G75A) fall near
the right margin of the diagram, while samples located fur-
ther westward (E63, E70, F94) contain slightly greater per-
centages of metamorphic fragments and plot more centrally on
the diagrame. Binocular microscope examination indicates
that sandstones from the western side of the Glide Mountains
Uplift (other than E77A, F60, F85) contain, in addition to
quartz and feldspar, M type fragments of carbonate and schist
pebbles, some carbonaceous material, but almost no volecanics,
Composition plois of samples from the gray sandstone suite
occur closer to the bottom of the diagram (further south)
than those of the siltstone-dolomite suite. This resembles
the nafural éreal relationships. Samples from the next-to-
be-discussed red arkose suite (D87A, El) follow suit; they
occur still closer to the bettom (south) of the diagram.,

The significance of the sample plots on the ternary

diagramn are summarized as follows:
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1. There is a distinct correspondence between geo-
graphic location and compositional variation. The coarse,
sandy deposits on the west side of the Glide Mountains
appear to have been derived from the west and southwest
while those on the east appear to have been derived from thé
east. The mineralogy and overall composition of samples
from the east are high in I constituents; those from the
west are high in M constituents. Dual sources are thus sug-
gested. This is reflected in the location of sample plots
on the ternary diagram., In essence, the spacial relations
of samples on the diagram reflect the geographic distribu-
tion of the samples, and so the diagram may in turn be
thought of as crudely depicting a geologic map of the area.
The suggestion of duval provenénce reinforces the same con-
clusion'arrived at independently for the previously dis-
cussed silitstone-dolomite suite.

2. The more central portions of the diagram (basin of
deposition) represent a region of mixing within which vary-
ing proportions and size fractions of material have been cone
tributed by each side. {Directional-featurc data is <%oo
sparse on~the western side of the Glide Mountains to be of
interpretive.significance.)

3. Rocks such as E63, F94, H15, which plot more cen-
trally on the diagram are classified as graywackes (Petti-
john, 1957). They appear in this case to be the result of

mixing of sediments from separate source areas and not to
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have originated from a single provenance. The viewpoint
on their genesis therefore is different.in this respect from
fhat held by Folk (1961), who has suggested a single proven-
ance for some graywackes.
Siltstone

Like the more sandy units, the siltstones are well in-
durated and remarkably even-bedded (Fig. 14); most strata
are approximatély one to two inches thick but range from one-
quarter to five inches, ‘Unlike the sandstones with which
they are interbedded; the siltst&nes are darker in color,
contain more disseminated pyrite and much greater amounts of
metamorphic minerals., The color difference, in part, is due
to the significantly greater percentages of biotite contained
in the siltstones and also in part to the large amounts of
enclosed mascerated carbonaceous (plant) remains. The major-
ity of beds are some shade of gray, although black,; dark
brown, and olive brown are also common,

Thin sections of siltstones from the east side of Grand
Lake show that they are petrographically unlike the sand-
stones., Some possess large amounts of carbonate as cement
and all contvain much larger concentrations of metamorphic
minerals. Quartz and feldspars (both twinned and untwinned)
are present as angular or very angular grains; in addition,
there is abundant biotite and considerable quantities of
chlorite, muscovite, zircon, garnet, epidote, sphene, mag-

netite, and clinozoisite., Sericite is alsoc prevalent in



Even-bedded siltstones
and very fine sand-
stones of the gray
sandstone suite.

Cut and fill bifur-
cating channel on
bottom of conglomeratic
sandstone bed, gray
sandstone suite.
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some samplese. In thin section, the carbonaceous material
appears as ragged and irregularly shaped opaque masses.,

The abundant biotite present in all the siltstones may
have been derived from the granitic rocks situated east of
Grand Lake (see description, p. 22, and Neale and Nash,
1962, map unit 18d) or, equally likely, from the metamor-
phic rocks west of the lake. Whatever the source of the
biotite however, the garnét, clinozoisite, muscovite and
quite likely much of the chlorite were derived from the
metamorphic terrain,

The origin of contrasting mineralogies exhibited by the
interbedded sandstones and siltstones of the gray sandsione
suite can perhaps best be explained as follows. During peri-
ods of rapid runoff and high discharge, deposition at the
basin margins was dominated by locally derived coarse
detritus (I type fragments from the east, M type from the
southwest and west). Resultant sedimentation produced
arkoses, pebbly sandstones, and graywackes. Presumably
this pluvial period was followed by one of slow runoff, low
discharge, and temporary higher stands of shallow water.
Puring this time streams carried only fine material and car-
bonaceous matter, which were kept in suspension and dispersed
throughout the lacustrine basin, This fine material con-
tained s prepondefance of metamorphic minerals for foli-
atlon of the metamorphic source rocks increased their ten-

dency to become abraded and concentrated in the finer sizes.
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Silt from both the igneous and metamorphic source areas
along with the carbonaceous debris eventually settled out of
the water column producing dark siltstones which contain a
larger percentage of metamorphic minerals than do the sand-
stones.,

As pointed out earlier, there is an overall increase

in the proportion of siltstope beds in a northeasterly
direcvion. Apparently, this is the result of greater accu-
mulation of fine-grained strata in the more distal portions
of a northeastward deepening basin. This conclusion is -con-
firmed by primary directional features. The characteristic
evenness, persistance, and sharp upper and lower contacts of
the bedding in this suite (as well as the other two suites)
implies that conditions of deposition were intermittent
rather than continuous.

Carbonztes

Carbonate rocks are only sparsely distributed in the
gray sandsione suilte and where present they occur as gray,
silty, carbonaceous limestones rather than dolomites. They
exist in three forms: as isolated beds surrounded by sandi-
er units; as very thinly interlaminated limestones with
fine siltstones; or as small nodules or clasts in clayey
siltstones, The ultimate origin for each of these lime-
stones is most likely that of a detrital accumulation of
calcite grains. As outlined in the previous siltstone-doloﬁ

mite section, biogenic crigins appear untenable.
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Individuél beds are gray or less commonly dark brown
and contain carbonaceous material and flakes of biotite.
White mica is also present and is quite éonspicuous at some
outcrops. Carborate beds invariably are thin, most approxi-
mately one-half to two inches thick, and with one exception,
none are larger than seven inches. The unusual bed is a
brown weathering calcarenite, 18 inches thick within which
detrital (7) carbonaté pebbles occur in the form of a'tabu-
lar cross-bed (E1l4). The limestones are largely composed of
fine to coarsely crystalline calcite with abundant scatﬁered
graing of angular quartz. Muscovite, biotite, plagioclase,
and chert are also present. |

The laminated deposits are extremely finely layered,
most less than 0.2 mm. thick, and consist of cryptocrystal-
line, pale gray limestone which is interlaminated with dark-
er carbonaceous, very fine siltstone. The general appear=-
ance of these units resembles that of the laminated silt-
stones and dolomites described previously. However, in this
case, the carbonate is a gray limestone rather than an
orange dolomite, and the siltstone is more commonly gray
than black. The laminated units are not as prevalent in
this suite as they are in the siltsione-dolomite suite.

They are well developed at only two localities: along the
west shore of Grand Lake 0.8 miles southwest of the mouth of
Porters Brook and on the upper portion of Island Pond Brook

where the stream changes flow direction sharply from south-
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west to easts Even though these unite are located approxi-
mately three miles apart, they may be related because: 1)
the lithologies are distinctive, yet quite similar, and 2)
both are located along the same general tectonic trend, al-
most on strike with one another., No correlation can be
established, however, due to structural complexities and a
lack of stratigraphic control. At both localities these
units are severely contorted; situated among more competent
sandy strata, the thin limestones have yielded readily under
pressure.

Lastly, some carbonate is present as pale yellow
nodules or clasts which are scattered throughout clayey,
olive green, poorly indurated, fine sandstones. Most such
nodules are approximately one-eighth of an inch in diameter,
though some are as large as one inch across. Many are some-
what circular and some have darker central portions,

Primary Features Associated Vith the Gray Sandsione
Suite

This section describes the type, number and orienta=-
tions of primary features associated with the gray sandstone
suites The kinds of features present are, by and large,
similar to those present in the silistone-dolomite suite;
variations are described below.

Cross=-beds and pnarting linestions. Cross-beds are

the most commonly occurring primary structure in the gray
sandstone suite; they are nearly four times as prevalent

there as in the siltstone-dolomite suite, Even within the
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siltstone-dolomite suite itself, the greatest concentration
of cross-beds occurs near the transition zone with the gray
sandstone suite (south of Woody Brook harbor). Cross-beds of
the gray sandstone suite are best developed in gray matrix
arkosic sandstones in two outcrop belts along the Grand Lake
Shore: 1) between Harbor Brook énd the suite's northeastern
limit; 2) southwest of the.mouth of Porters Brook for a dis=-
tance of approximately 2.8 miles. In both areas cross-
bedded units are no more than one and one-half to two feet
thick, so they are referred to as %hinly cross—bedded (lMcKee
and Weir, 1953). Where it was possible to view cross-
bedding in three dimensions, they were readily determined to
be the trough-shaped, festoon variety.

The mean transport directions indicated by cross-bedding
varies considerably accecrding to location. From Harbor
Brook northeastward the mean azimuth for 23 readings is 10°
(standard deviation = 66°)., The distribution, however, is
orthogonally bimodal (see Plate 4) with prominent modes both
to the northeast (mean azimuth = 45°) and northwest (mean
azimuth = 360°). fThe northwest current direction is repre-
sented also on Seaplane Brook, 4.0 miles to the north-
northwest where two cross-beds have dip azimuths of 328° and
3499, (Bimodal and polymodal distributions have received
attention from a nuaber of investigators (see Selley, 1968;
also Tanner 1955, 1959; Selley 1967; Hofmann 1966; Picard
and High, 1968) who have attempted to: 1) interpret the sig-
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nificance of such distributions, and 2) point out some of the

complexities and possible errors involved in handling this
type of data, ee.g., the possible lack of significance of the
standard deviation and the danger of using only a single
measure of central tendency, the vector mean,)

The bimodal nature of cross-bedding in the gray sand-
stone suite northeast of Harbor Brook may be a result of:

1. Local preferred directional confrol in the deposit-
ing medium, or

2. The intérmittant action of two separate current
systems. |
Cross-beds formed with a bimodal distribution might be ex-
pected to develop in a regularly curving stream pattern
which only rarely flows in the actual direction of regional
dip. In this instance, the mean azimuth (10%) would indi-
cate the average direction of local slope and sediment
trangsport. As a consequence, resultant lithologies should
be relatively uniform,.

Alternatively, a bimodal distribution could develop in
a near-shore environment, the result oi two differently
oriented current systems. An example of this would be an
intermittently active stream flowing neorthwesterly into a
basin in which there exists a northeasterly directed long
shore drift. Little significance could be attached to the
mean vtransport direction under these conditions., 1In this

case, some petrologic Gifferences might be expected between
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the northeast‘and northwest cross-bed sets, Since both sets
of crosse=beds in this part of the gray sandstone suite occur
in gray arkoses of relatively uniform composition, the for-
mer interpretation is accepted as the more reasonable one,

Gray sandstone suite strata also crop out extensively
further to the southwest from Porters Brook to the entfance
of Northern Harbor. In this region 13 cross-beds indicate
a general transport direction toward the west-northwest
(mean azimuth = 2950). Despite the large‘dispersidn of the
data in this southwestern region (standard deviation = 61.50)
confidence is maintained in the significance of the Vector
mean because of its general agreement with the orientations
of other primary structures. These include parting linea-
tions, groove casts and channels.

Further to the northeast on Island Pond Brook, three

cross-beds exhibit a2 marked shifi in the sediment transport
direction (mean azimuth = 630, standard deviation = 26,7°),
Although similarly sparse, other primary features (parting
lineations and riople marks) also reflect this deviation,
As a result of the close correlation in changes of primary
feature oriéntations, it seems reasonable to conclude that
the depositing media, presumably streams and/or shallow la-
custrine currents,; shifted clockwise, from northwest to

northeast, as they proceeded in a dovncurrent direction.,
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The conclusion of a clockwise current shifi is the same as
that reached for cross-beds in the siltstone-dolomite suite
(see p. 49).

Cross-beds observed elsewhere in the gray sandstone
suite afe so few and dispersed that they lack statistical
significance. Those on Salmon Creek (azimuth = 08°), the
north fork of Pyhn's-Brook rocad (E54%, azimuth = 355°) and}
Blue Gulch Brook (azimuth = 294°) show northerly and north-
westerly transport directions. Thus they are in agreement
with cross-beds in other parts of the suite. Conversely,
on Lanes Brook and the south fork of Pynn's Brook road (E?O),
cross~bed azimuths are 233° and 177° respectively. It can
only be suggested that such deviations from the overall
trends are due to original topographic control or subsequent
structural effects.

Parting lineations of the gray sandstone suite resemble
those in the siltstone-dolomite suite; orientations of the
former, however, are decidedly more consistent (see Plate 5),
Although the overall abundance of parting lineations in
these two suites is about equal, their areal distribution
in the gray sandstone suite is qﬁite disproportionate. Only
four wére noted in the section from Harbor Brook northeast-
ward; two along the shore close to the northern facies
boundary and two on Harbor Brook; by contrast, 24 occur in
the Porters Brook ares. Orientations of the four parting

lineations in the northeacstern area agree closely with one
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another (standard deviation = 15,6°) and have a mean sense
of 34°. This is similar 4o the mean direction for the domi-
nant cross-bedding mode (mean azimuth % 459) for the same
region. As it was mentioned previously, in the Porters Brook
area cross-beds indicate a marked change of transport direc-
tion toward the northwest (mean azimuth = 2950). This too
is true of the parting lineations (18 readings) which have
gimilar orientations (mean sense = 1500-3300) and are very
closely grouped (standard deviation = 15.9°). Quite defi-
nitely, here paleocurrents moved to the northwest. The two
northwesternmost parting lineations on Porters Brook (those
furthest in the downcurrent direction) foretoken a clock-
wise change in the transport direction (mean sense = 9°)
which culminates with a distinctly northeasterly trend on
Island Pond Brook, not only of the cross~beds, but also of
the four parting lineations (mean sense = 26°2-2C6°, standard
deviation = 26,4°),

Conclusions to be drawn from the foregoing are twofold:

1, Parting lineations and cross-beds display a general
clockwise shift in orientation, from northwest to northeast,
as they enter more deeply into the basin.

2. The average parting lineation orientation is

approximately parallel to that of the cross-beds. This is
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in contrast to the siltstone-dolomite suite where, for the
most part, the two types of features maintain a greater
angular relationshipe.

Locally, however, even within the gray sandstone suite,
parallelism between cross-beds and parting lineations is not
the case. For example one-quarter mile southwest of Porters
Brook there occur several cross-bedded, gray, fine sand-
stones, the bottoms of which reveél parting lineations, Re-
liable measurements on one yield a cross=bed dip azimuth of
270° and a significantly different parting lineation sense,
1539-333°, Another bed, not as well exposed, exhibits jet
a greater disparity, a cross-bed dip azimuth of 240° and a
corresponding parting lineation sense of 1420-322°, There-
fore, although the mean directions for grouped data of these
two types of features are similar, at any one outcrop the
parting lineations probably represent the more reliable
measure of the average current direction; grouped parting
lineation data are generally more consistant, exhibiting
less dispersion, than that of cross-beds,

Accordance of parting lineation orientations is also
evident on the western side of the Glide Mountains where
two sudh features were observed on ILanes Brook and two on
Blue Gulch Brook., On both streams, parting lineations are
very closely aligned, having standard deviations of 5%, Al-
though individual readings at the respective localities are

slightly different, in btoth cases their mean senses are 820.
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2629, This forms a moderate angle to the dip azimuth (233°)

of the single cross-bed on ILanes Brook and the brush cast
sense (570-237°) on Blue Gulch Brook. In the central por-
tion of the Glide lMountains on Seaplane Brook, a single
parting lineation has an orientation (sense = 166°-3469°)
virtually parallel to the mean azimuth of two cross-beds
(338°) which are located slightly farther upstreanm.

Ripple marks. The form and size of ripple marks in

the gray sandstone suite are much like those in the silt-
stone-dolomite suite. Again, they are most prevalent in
gray fine sandstones. Unlike ripple mark orientations in
the siltstone-dolomite suite, however, these are distinctly
bimodally distributed (see Plate 6). This is true for
grouped data in both the northeastern section, northeast of
Harbor Brook, and the southern areza, in the environs of
Porters Brook. 3Because of the clearly orthogonal bimodal
relationship, in this case no significance can be attached

to the entire sample mean orientation or standard deviation.

The few ripple marks (nine) in the northern section
display a dominant, almost east-west mode (mean sense
800-260°) and a lesser, almost north-south mode (mean sense
= 169043490). The relationship of the ripple marks to other
primary features in the northern section of the gray sand-
stone suite can be assessed as follows: The dominant mode
is approximately normal to the mean azimuth of the cross-

beds (100) and obligue to the few pzrting lineations (mean
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sense = 34%). (Ripple marks perpendicular to cross-bed dip
azimuths have been reported by Fahrig, 1961; Hamblin, 1958,
loc. cit. Potter and Pettijohn, 1963, p. 96; Pelletier,
1958; and Potter and Pettijohn, 1963, pe. 95.) Neither the
dominant nor the subordinate mode, however, is parallel +to
the northwest-southeast trend of the far greater number of
ripple marks in +the siltstone-dolomite suite (80 readings
produce a unimodal distribution having a mean sense of 13505
315%), If the ripple marks outline the depositional strike,
as it has been suggested previously, then this orientation
chénge may be related to variations in the.basin topography.
Presumably it reflects a northward deepening in this part of
the gray sandstone suite and one slightly more northeast-
ward in the siltstone-dolomite suite.s Alternatively, the
average orientafion of the depositional strike could shift
somewhat through time,

As with the other primary structures in the gray sand-
stone suite, the mean orientation of ripple marks differs
considerably between the northeastern and southeastern
regions. In both places overall distributions are similarly
oriented and are bimodal with subordinate modes nearly at
right angles to the major ones. However, in the north-
eastern area the dominant mode is east-west (mean sense =
800-260°) while to the southwest at Porters Brook the domi-

nant mode is north-south (mean sense = 179°-359°), The
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change in orientation of the principal mode therefore agrees
with the pattern already described, that of a different
dominant paleocurrent direction for the southern part of the
gray sandstone suite,

In the southern region the ripple marks®' north-south
mode is oblique relative to the northwesterly local trans-
port direction indicated by the cross-beds and parting linea-
tions. As shown previously, the westernmost parting linea-
tions on Porters Brook have senses considerably different
from those further east (a mean sense clockwise shift of
39°)s Similarly on the same stream only the westernmost
ripple marks exhibit an east-west marked deviation from the
general local north-south trend; again a shift in the
current system is suggested. Ripple markings at two other
locations contrivute to the leéser east-west mode, one near
the extreme southern limit of the outcrop belt (south of Leo
Brook) and the other on the rromontory at the entrance to
Northern Harbor (the drientation of a nearby cross-bed is
almost perpendicular to it).

Very few ripple marks were observed in the central por-
tions of the depositional basin. On Seaplane Brook, a
single set of ripple marks has a northeast orientation
(sense = 62°-242°) which is perpendicular to the mean azi-
muth of close by cross~beds (338°) and parallel to the mean

sense (58°-238°) of 11 ripple marks on 4llday Brook in the
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siltstone=dolomite suite. Another set at E73 (on the norih
fork of Pynns Brook road) shows a'sense of 168°-3u8°,

Channels. Only four erosion channels were observed
in the Anguille Group of the Grand Lake-Deer Lake region (see
Plate 7). All occur within or at the margin of the gray
sandstone suite, presumably localization is due to greater
effectiveness of the forces of stream érosion in this facies.
One channel occurs on the Grand Lake shore just north of
Harbor Brook and is associated with abundant festoon cross-
beds. Its orientation (sense = 69°-2490) is similar to that
of another channel (sense = 39°-219°) exposed on Harbor Brook
a short distance to the southwest, just within the limit of
the predominantly subaerial red arkose suite. The mean sense
for these channels (54°9-234°) coincides closely with the
northeast transport direction suggested by the other local
primary features. For the same reason, a quite different
current orientation is again evident in the southwestern
section. There, one channel on the peninsular at the en-
trance to Northern Harbor has a northwest-southeast orienta-
tion (sense = 130°-310°). The transport polarity can be
ascertained from another channel with very nearly the same
sense (140°-320°) situated just southwest of the mouth of
Porters Brook. There, large (five feet long by six-to-twelve
inches across) bifurcating lobes which coalesce toward the
northwest (Fig. 15) are weatheredd out in relief on the bottom

of a rusty (limonite?} congloneratic sandstone bed. In alil likeli-
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hood, these are cut and fill runnels, a result of northe-
westerly flowing currents,

Plant fragments. Plant fragments and carbonaceous

debris are present in abundance throughout the eastern part
of the gray sandstone sulte; they are truly ubiquitous in
the southwest section between Island Pond Brook and the
suite's southern limit. There, they occur within and on a
great many bedding planes, both as recognizable fossils and
as small irregular carbonaceous fragments. Some are partly
coalized. Floral remains in this facies differ from those
of the siltstone-dolomite suite in the greater maximum size
observed, and for some, the better state of preservation.
The tear-shaped leaf scars (Fig. 16) suggest that they are

conspecific with Lepidodendron corrucatum or Le elegans de-

picted by Dawson (1859, p. 68; 1868, pp. 253, 451, 486) and
Lepidendrovsis corrugata (Bell, 1960, 1966, p. &), A

Tournaisian (Early ilississippian) age is therefore suggested
for these strata. The best specimens were collected a%t
G23 and G56.

Although most plant remains are small, some approach
the size of small trees. Approximately 0.64 miles north of
Harbor Brook at H76, six trees, aligned on a bedding plane,
are four-to-five inches wide and five-to-seven feet long.
Their orientation (sense = 899-26%°) closely parallels the
dominant ripple mark mode (80°-260°) and is nearly perpen-
dicular to the general cross-bedding transport direction

(azimuth = 10°),



Pig. 16
Plant fragments from the gray sandstone suite.
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Clastic dike at _
Northern Harbor, gray
sandstone suite.,

Penknife = 24 inches.
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In the southern section cof the gray sandstone suite,
oriented plant fragments are bimodally distributed. Oﬁ
Island Pond Brook, this relationship can be seen even on
one bedding surface (G52) where small plant fragments are
roughly parallel to the direction of parting lineations and
larger material is more nearly perpendicular. The sense of
the primary mode for aligned plant stems (340—2140) is sig-~
nificantiy different from that in the northern region.
Again, the mean sense is almost normal to the average direc-
tion of cross-bed azimuths (2950). Limited information sug-
gests, therefore, that in the gray sandstone suite, plant
fragments tend to be deposited both perpendicular to the
current indicated by primary structures and, to a lesser
extent, varallel to it. This is unlike the siltstone-dolo-
mite suite where plant orientations are more closely paral-
lel to the groove cast direction.

The prcfusion of plant material implies again that
deposition took place in the presence of nearby terresirial
vegetation. This is less the case for sitrata on the western
side of the Glide bdountains where plant fossils were dis-
covered only on Blue Gulch Breook and ancther locality some
2.15 miles to the north-northeast., DMore striking yet is the
total absence of even small recognizable Ifragments on Sea—.
Plane Brook and the rare presence of only very poor remains
on Allday Brook (siltstone-doleomite suite). Since these

streams occur in the region which has been interpreted as
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the more central portion of the paleobasin, (on the evidence
of primary directional features as well as the predominance
of fine sediments) large plant fragments apparently were not
transported to these sites.

Groove casts, graded beds and flute casts, Typical

turbidite primary features such as those described for the
siltstone~dolomite suite are by and large absent from the
gray sandstone suite. VWhere they do exist, most are of a
different character,

For example, groove casts were observed at two out-
crops on Grand Lake in the vicinity of Porters Brooks. They
are longer (four to nine feet), broader (two to three
inches), and deeper (ones inch) than the more delicate
features in the siltstone-dolomite suite, Nor are any
striated, Groove casts occur as pronounced ridges on the
soles of massive (10-feet thick), non-graded arkoses; they
give the appearance of a large tool (perhaps a small tree)
having been dragged through the sediments rather than one
carried partly in suspensions Such an origin is suggested
by Kuenen (1957) for structures which he refers to as "drag
marks." *"The frequency of drag marks in the German Kulm
graywadkes with their profuse plant remains may indicate
that water-logged stumps and sticks are also suitable plows
for making such grooves." As Crowell (1958) points out,
"+eesuch (drag) marks are found on rocks other than graded

graywackes (and) even occur on ungraded grayvackes,"



The mean orientation for the two sets of groove-cast
readings along the Grand Lake shore (senses = 1389-3189,
141°-321°%) is 139°-319° and therefore; similar to that of
the local cross-beds (azimuth = 295°) and parting lineations
(sense = 150°-330°), and almost perpendicular to the domi-
nant mode of plant fragments (34°-2140), On the western
side of the Glide Mountains, a single brush cast.(sense =
579-237°) on Blue Gulch Brook is delicate and therefore more
closely resembles the tool markings of the silitstone-dolo-
mite suite.

Graded bedding is present in éome units but it is not
nearly so commox as in the siltstone-dolomite suite, Where
it does occur it is confined to individual, thinly-bedded
fine-grained graywackes and siltstoncs,

In the entire gray sandstone suite, only two sets of
flute casts were observed, both in the northern section.

The one at the base of a coarse pebble qonglomerate bed

(E15) is very poorly defined but indicates a transport direc-
tion toward azimuth 349°. By contrast, very prominent and
excellently formed flutes (current movement toward azimuth
37°) occur at H81, near the transition zone to the siltsione-
dolomite suite. They are displayed on the sole of a thick-~
bedded coarse arkose, are clearly isolated from one another
and are nuch larger (up to six inches wide and three feet
long) than any in the siltstone-dolomite suite. In that

facies, the flutes are smaller, more closely nested, and
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assoclated with graded graywackes and elongate load casts,
the latter primary feature being a type absent from the gray
sandstone suite. It seems likely that the gray sandstone
éuite flutes were formed under different environmental con-
ditions. Perhaps they are the result of shallow-water
current scour rather than the action of relatively deeper
water turbidites. Flutes from non-turbidite basins, shallow
water, or those not necessarily defived from turbidity flows
have been reported by Dottt and Howard (1962), Glaessner
(1958), Cummins (1958, Sen (1967), Eastler (1969), Pryor and
Barr (1968), and Klein (1965). Potter and Pettijohn (1963,
PP 120-121) mention that although flute casts are most
characteristic of the flysch facies, they do occur in other
facies and in some cases, even on the soles of limestones.
"eselt would be erroneous to attribute them solely to
turbidity currents.”

Desiccation cracks and other structures. All desic-

cation cracks (five localities) in the gray sandstone suite
occur in its southern portion between Island Pond Brock and
the Lower Carboniferous-basement contact. They are mosily
small, approximately one to four inches across, and are
formed in beds of gray or black silitstone or shaley silt-
stone into which has been filled a fine micaceous sand. On
Island Pond Brook (H3) the cracks occur in a gray silty

limestone,
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Presumably the southern area represents the shallowest |
part of this depositional regime for in addition to the
desiccation cracks, primary directional features indicate
that currents generally moved outward from this region to-
ward the west and northwest, veering clockwise as they pro-
ceeded deeper into the basin. Additionally, the existence
of small-scale, finely lenticular bedding and intraforma-
tional shale-chip conglomerates (Fig. 10) is consistent with
an interpretation of shallow-water conditions. Reineck (1967)
points out that finely lenticular bedding (his flazer bed-
ding) is best developed in areas subject to intermittent
subaerial exposure. Pettijohn'(1957. P. 367) describes
similar bedding as "e...typical of a zone of intermittent
turbulence,"”

Several related sedimentary injection structures are
present in this same part of the suite. These include sand
polygons, clastic dikes and sand volcanoes; all are inter-
preted as early-formed and shallow in origin.

Sand polygons superficially resemble desiccation cracks
and occur in association with small clastic dikes on the tip
of the peninsula at the entrance to Northern Harbor. They
appear as polygonal, rounded ridges of medium sandstone, each
several feet across, which p?btrude above the bedding surface,
These polygons bear a réﬁarkable resemblance to Recent ones
formed in Libya and depicted by Oomkins (1966, Fig. 2).

There, alluvial fans rim a hard-crusted playa lake basin
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which contains subjacent water-saturated sands and clsys,
Oomkins attributes the origin of the polygons to upward flow-
age of a sandy slurry, through previously formed desiccation
cracks, as a result of density differences between the dry
and watery sediments., Sands intruded along the escape
avenues so0lidify in the subsurface as clastic dikes and
above ground as sand polygons. He also mentions that the
cracks can be generated by earthquakes which, in addition to
rupturing the hard surface bed, also increase the pressure
of the formation water. Thus;, mﬁdspouts and perhaps
smaller sand volcanoes can be associated with polygonal
cracks. This very phenomenon wvas observed on the mud flats
of Cordova, Alaska, subsequent toc the 1964 Good Friday
earthquake (Reimnitz and lMarshall, 1965); the authors, hov-
ever, judge the formation of the cracks to have taken place
after the earthquake and resultant mudspouts.

An alternative explanation for the genesis of sand
polygons is given by Dzulynski and Walton (1965, p. 167).
They propose that in a sand-shale seguence, polygons can be
created (through compaction?) by the greater lateral expan-
sion of liquified sandy layers relative to the shales., It
is suggested that This will form hexagonal tension cracks in
the finer sediments. If true, however, sand polygons ought
to be a much more commonly occurring primary feature in

sedimentary rocks,
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One of the clastic dikes at Northern Harbor is illus-
trated in Fig. 17; its sinuosities are reminiscent of
igneous ptygmatic veins. As Potter and Pettijohn (1963,

Pe 163) have pointed out, if this is attributable to com-
paction and thickness reduction of the host siltstones and
shales with consequent adjustment of the enclosed dikes
(Dzulynski and Radomski, 1956), then early, pre-compaction
injéction is implied. The inclusion of siltstone fragments
within the dike also tends to indicate early emplacement.,

Potter and Pettijohn (1963, p. 165) suamarize the pre-
vailing thoughts on the genesis of sand dikes as follows:

- "The mechanism most commonly invoked is
earthquake shock, momentary liquefaction
of water-saturated sand, and injection
into fissures ovened by the shock. The
driving force is the pressure of the over-
lying strata. The formation of sills suz-
gests that the injected material is capa-
ble of making space for itself."

Clastic dikes have been reported as being derived from
both overlying and underlying strata., In the Northern
Harbor area, the three sand dikes all taper downward to
narrower widths. Therefore they appear to have been injected
from above, though not necessarily from the directly over-
lying bed,

A small mound structure (D57, Fige. 18) was discovered
approximately 3.2 miles northeast of the mouth of Northern
Harbor., Hemispheric in shape, it is widest at the flat

base (diameter = 12 cm.) and highest in the center, 7.5 che.

A central, more sandy core is surrounded on all sidss by
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Pig. 18
Mound structure, gray sandstone suite.

Piso 19

Fossil trees, red
arkose suite. Dip of
bedding is toward
left,
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finely interlaminated creamy gray limestone and black‘shale.
Contortion of these extremély-fine layers increases toward
the core. Under cursory examination it might be tempting to
suggest a bioturbate origin, perhaps the construction of
some burrowing organism. However, this is most improbable
in light of the lack of any other evidence of fauna, Thin-
section analysis establishes rather that the structure is
injective in nature, likely akin ito sand volcanoes
(Dzulynski and Walton, ppe. 163-165). Interlaminated layers
consist of cryptocrystalline carbonate and thinner, darker
portions abundant in biotite. The central "pipe" contains a
large percentage of more coarsely crystalline carbonate
along with angular quartz, feldspar and laths of biotite

and muscovite., Close fo the core walls there is a dis-
tinct preferred orientation; alignment of micas and long
axes of gquartz and feldspar grains parallel the walls, demone
strating that the material of the central core was force-
fully injected under hydrostatic pressure.

In summary, it appears likely that all these injective
primary features were emplaced under shallow-water con-
ditions relatively early in the depositional history; at least
some of the sediments were still water saturated. Injec-
tion as a result of earthquake sheck seems reasonable as an

ultimate cause for each type of structure described.
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Summary of the Gray Sandstone Suite Envircnment of
Deposition

Based on the foregoing discussion; it appears likely
that rocks of the gray sandstone suite are fluviatile and
shallow lacustrine in origin. The environments of depési-
tion, therefore, are transitional between the relatively
deeper water deposits of the siltstone-dolomite suite and
the predominantly subaerial units of the red arkose suite.

Correlation

Rocks of the gray sandstone sﬁite are correlative with
a portibn of the Anguille sequence exposed in the Birchy -
Ridge area. This is attested to by plant remains as well as
the distinct similarity of lithologies in outcrop, appear-
ance in thin section, and overall compositicn. Point counts
of two samples from Birchy Ridge (E84, EB87) plot on the
ternary diagram (Fig. 13) within the same general region as
that outlined for the gray sandstone suite on the eastern
side of +the Glide Mountains.

The Red Arkose Suite

General Statement

Rocks of the red arkose suite constitute a seguence
of very thickly-bedded red arkoses and arkosic conglomerates
(weathering to pastel shades) alternating with gray or black,
even, thinly-bedded argillaceous siltstones and graywackes.
The graywackes are guantitatively much less important than
the arkoses. Whers present, they are generally similar 1o

those described praviouvsly. The one exception is that in
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this suite, graywackes do not exhibit turbidite structures.
Plant material is present in much of the section. The vari-
ous rocks represent several different environments of depo-
sition; these include alluvial fan, paludal, and shallow-
water Jacustrine,

The suite exists solely on the eastern side of the
Glide Mountains (see Plate 2). There it has been delineavted
on the presence of red arkosé, which occurs in large amounts
and provides the suite name. The suite is areally smallest
and persists stratigraphically highest (youngest). The
lowermost portion is interbedded with, and therefore time
equivalent with, at least the upper part of the gray sand-
stone faciese.

Concslonmerate and Sandstone

The most distinctive rock type in this suite is the red
arkose, or conglomeratic arkose. Its characteristic color
is due primarily to the presence of reddish-orange potash
feldspar (mocderate reddish orange 10YR 6/6 or moderate
orange pink 10 YR 7/4). However, as a result of weathering
and staining, outcrop surfaces are colored white, buff,
rose, yellow-orange, and pale blue-green. In most cases
these coatings mask the true nature of the rock texture,

Beds are well indurated and massive with the majority
of units 30 to 70 feet thick yet lacking noticeable in-
ternal stratification. Although other types of clasts are

present, feldspars and quartz are overwielmingly predomi-
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nant (see Table 1) and in many places the arkose truly
fepresents what has been described as a "granite waéh"
(Levorsen, 1958, ppe 55-56)« The feldspars are fresh and
unweathered. Both quartz and feldspars are quite angular,
showing very little or no evidence of rounding as a result
of'transport; in fact, euhedral crystals and fresh cleavage
faces are common in hand specimen and outcrop. In thin
section some clasts even exhibit re-entrant angles.

The red arkoses generally are composed of large, angu-
lar particles with smaller grains in the medium-to-coarse
sand 6r granule size ranges., The largest individual potash
feldspar clasts on Popcorn and Shi@uee Brooks are up %o
20 mm. in diameter. This contrasts with the 5 mm. maximum
diameter of potash feldspars in the few red arkose outcrop-
rings on Harboxr Brock to the northeast (D73, D93, E35, E37).

Sorting is uniformly poor., Within the conglomerates
very coarse pebbles (50 mm.) and small cobbles (75 mm,) are
prevalents The largest cobbles (125-130 mm.) occur along
the Grand lLake shore near Shiquee Brook. For the most part,
these clasts are more rounded and of a different mineralogy
than the angular arkose matriz within which they are set,
(The single largest clast observed is a boulder with a maxi-
mum exposed diameter of 40 cm.s It occurs at the margin of
the red arkose suite in a gray polymictic conglomerate (D68)
at the base of an ancient stiream channel on Harbor Brook.,)

Largest and most abundant clasts invariably. are fragments of
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green-brown or dark gray intraformaticnal siltstone. Pre-
sent in addition to pebbles of red and white granite and sub-
rounded quartz are: plutonic rocks of intermediate compo-
sition; dark fine-grained volcanics; Jasper and prase; and
possibly some fine-grained quartzite,

Analysis of red arkose thin sections reveals that the
characteristic color primarily is duvue to the presence of
red perthitic microcline. To a lesser extent it is atitribu-
table to small amounts of hematite staining apparently de-
rived from the weathering of iron oxides in the volcanic
clasts. The perthites are very distinctive and, except.for
color, are identical to those described for graywacke
sample F94 (p. 79). Small, twinned and zoned plagioclase
crystals with altered cores and clear margins are enclosed
in larger crystals of patch and veined microcline perthites
(Fige. 28). The plagioclase cores are altered to a éericite
or fine muscovite. Individual grains of plagioclase that
are twinned range in composition from albite to oligoclase,
In these same thin sections, especially <the lake shore
samples, the quartz is laced throughout with bubble trains
and inclusions. Almost all types of grains have very irreg-
ular mérgins. This is a result of: preserved original angu-
larity (grains entirely surrounded by matrix are quite angu-
lar); pressure solution at grain boundary contacts; and
fracturing. This last is likely also responsible for the

rectilinear suturing (rather than irregular, elongate meta-



117
morphic suturing) which results in the composite nature of
quartz grains. In spite of the marked grain angularity com-
paction is so complete that porosity is very low.

Not all portions of these feldspathic units may be
classified as arkoses. For example, using the system pro-.
posed by Pettijohn (1957), some parts of a single thick
unit conﬁain almost no matrix (arkose) while others contain
a gray-green fine sandy matrix in proportions greater than
15% (feldspathic graywacke). These two classically differ-
ent lithologies often have been interpreted as indicating
deposition in contrasting sedimentary environments, yet
here is an example in which both were deposited under virtu-
ally identical conditions of sedimentation. Similar re-
lations are present in gray sandstones of the red arkose
suite. | |

Euhedralism of the feldspars and the marked angularity
of other clasts suggests that deposition must have taken
place close to the source area; i.e., the transport history
mnust have been of short duration. This can also be inferred
from fact that feldspar clasts are more abundant than quartz
(see Table 1), On experimental grounds and by comparison
with naturaliy occurring sediments, Morris and Fan (1962)
suggest that a ratio of feldspar greater than quartz in
sediments derived from acid igneous rocks will be retained
only for the first 30 miles of transport (primarily a result

of abrasion, selective scrting notwitnstanding). The re-
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lationship, quartz greater than feldspar, is the proportion
expected in the average sand-sized sediment. Since here re-
verse conditions exist, it is concluded again that deposi-
tion took place relatively close to the source area,

The freshness and unweathered appearance of the feld-
spars is further testimony to their rapid deposition and
burial. This conclusion is substantiated by the fact that
fossilized tree trunks stand upright across the layers of
red arkose bedding. Hills (1963, p. 42) comments upon such
conditions,

One of the most striking evidences of rapid
deposition in a non-marine environment is
afforded by the burial in erect position of
growth, of large trees of the Carboniferous
coal measures of Europe and Great Britain,
which must have rotted had the enclosing de-
posits of sandstonz been slowly laid dovmnees

In the Ruhr the sandstones were deposited
chiefly from turbidity currents (Teichmuller,

1955) .

Plainly, deposition was so rapid that trees were entombed
in the growth position, The lack of internal stratifica-
tion in these units suggests that sedimentation took place
during a single phase of deposition. Additionally, the
burial of trees in situ establishes that the depositional
environment most definitely was a subaerial one.

On the basis of the characteristics described above
it seems likely that the red arkose strata represent an-
cient alluvial fan deposits. Such an environment would
account for: the short distance of sedimen? transport prior

to deposition; the rapid deposition and burial of unweather-
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ed feldspars in a subaerial environment; the great thick-
ness of the fed arkoses as measured on Popcorn Brook
(minimum thickness of 3200 feet); and the decrease in maxi-
mum size of feldspar clasts (from 20 mm. on Shiguee Brook
to 5 mm. on Harbor Brook) in the general direction of sedi-
ment transport as inferred from directional features,

The combined weight of several lines of evidence indi-
cates that the red arkoses definitely were deirived from +the
granitic-type rocks exposed gast of the trans-Newfoundland
lineament. The evidence is summarized as follows:

1. The excellently developed and well preserved twin-
ning of plagioclase and perthite is suggestive of a plutonic
(or hydrothermal) provenance (rather than one composed of
medium to high grade metamorphic rocks). See Turner (1951);
Coombs et. 21, (1958).

2. The complex and distinctive perthite which occurs
as clasts in the red arkoses is also present as crystals
in red granite on Glover Island (p. 23) and in the granites
of the White Bay areas (It was not possible to obtain sam-
ples of granites from the intervening area, therefore no
statement concerning their nature can be made.)

3+ Cross-bed orientations (seven) in the red arkoses
suggest that these sedimenits were transported from a south-
erly direction (mean dip azimuth = 4°),

The only red coarse crystalline rocks in west-central

Newfoundland from which the arkoses could have been derived
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are the granites and associated igneous rocks almost a2ll of
which are located east of the trans-Newfoundland lineament
(see pe 18). According to Riley (1957)

"The granitic upland between Grand Lake

and Red Indian Lake is composed of fine-

to coarse-grained red granites and associ-

ated porphyry, syenite, and granodiorite,

and these evidently provided much of the

red arkosic material found in the Carbon-

iferous sedimentary rocks to the west.”

5. The granite pluton east of the trans=Newfoundland
lineament is rimmed by a belt of volcanic rocks. The large
volcanic pebbles associated with the red arkoses could have
been derived from the proximal portions of this terrain.

Siltstone

Siltstones of the red arkose suite are similar to silt-
stones in the other suite, Even-bedded, with a maximwa thick-
ness of seven inches, they are shades of gray or black on
fresh surfaces. Those somewhat sandier are classified as
graywacke sandstones. Some, especially those located on the
lower portion of Popcorn Brook, are slightly calcareous and
interbedded with sandy gray limestones. Thin sections show
that siltstones of the red arkose suite contain lesser
amounts of metamorphic minerals than similar rocks of other
suites, yet present in noticeable quantities are scme miner-
als possibly derived from a metamorphic terrain. These in-
kclude abundant biotite, muscovite, zircon, chlorite, and a

few garnets. llegascopic characteristics serve to distinzuish

these argillaceous units from those of the other suites,
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Most notable are the lack of graded bedding and the absence
of tool or other sole markings in gray siltstones or the red
arkose suite. This contrasts with the relative abundance of
such features in the fine clastic units of the siltstone-
dolomite suite,

Weathered surfaces tend to be gray, black or brown.

In places, however, gray siltstones associated with arkoses
are stained maroon or pastel red, 2 characteristic not ob-
served elsewhere. The distinctive coloring appears to be g
result of weathering and oxidation of spe01flc iron~bearing
mlnera1s in these silistones.

Plant fragments are espeéially abundant on bedding
planes in the siltstones. ILocally, they form =z thin, coaly
horizon or solid mat of black carbonaceous debris. The
siltstones and coaly horizons are interpreted as represent-
ing deposits of a dominantly reducing, paludal environment
which flourished at the margin of the red arkose alluvial
fan,

Since +the nature of the depositional environment to
some extent controls the type of clay mineral species pre-
sent, a number of authors have proposed that these minerals
might be used as paleoenvironmental indicators (Adams, et.
ale, (1965); Walker, 1968); Parry and Reeves, (1968; and
'Dickson, (1968). X-ray analyses show, howaver, that there
are no recognizable differences in the clay-mineral portion

of siltstones from the various suites.



Carbonates

The few carbonate rocks present in the red arkose suite
are thin-bedded, silty, gray limestones (calcarenites).
They resemble somewhat the limestones of the gray sandstone
éuite, however weathered surfaces have large irregular
"vesicles" which give the rock a striking spongy appearance.
This characteristic, not noted in 1imestones of the other
suites, is a result of the slightly greater resistance to
weathering of irregular concentrations of silt and sand with
in the limestones.

By analogy with the carbonates of the other suites, it
seems likely that these too are ultimately detrital in
origin,

Primarv Features Associzted With the Red Arkose Suite

In comparison with the other suites, primary structures
are.least abundant within the dominantly subaerial deposits
of the red arkose suite (see Table 2). Those present are
similar in appearance to primary features already described.

Cross-beds of this suite were observed only in red
arkoses along the Grand Lake shore near the suite's north-
eastern 1limit. Orientations of the few dip azimuths (seven)
indicate that the arkoses were derived from the south or
south-southeast (mean azimuth = 4°, standard deviation =

75%, see Plate 4). This transport direction correlates

122



123
closely with that of cross-beds in the northeastern portion
of the gray sandstone suite (mean azimuth of 23 readings =
10°).,

Lithologic type also coﬁtrols the occurrence of part-
ing lineations in this suite for they are found only on
micaceous, gray siltstones and fine sandy beds. MNost were
observed on Shiquee Brooke Their disitribution is concen=-
trated (standard deviation of 26° for nine readings) and the
mean azimuth (36°) agrees closely with northeast-southwest
parting lineation trends in the gray sandstone (northern
sedtion) and siltstone-dolomite suites. Since parting linea-
tions in each of these suites occur in the fine-grained
psammitic units (as opposed to the coarser, cross-~bedded
sandstones) and mean azimuths are consistently more north-
easterly oriented than the aVefage northerly cross-bed
trends, it seems likely that here these two types of pri-
mary features are related to different current systems; the
coarser sandstones belonging to the more competent one.

Roughly parallel to the parting lineation trend is one
groove cast or drag merk (sense = 550-2350), and one flute
cast (transport toward #1°), Another flute cast indicates
a northwest transport direction (azimuth = 307°). It is
located on Shiquee Brook at the base of a gray conglomeratic
bed; its orientation may reasonably be related to the cross-
bed direction. The axis of the large channel on Harbor

Brook (D68) has a gense of 39°-219°, This compares moderate-
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ly well with the sense of the nearby channel in the gray

sandstone suite (70°-250°)., Elongate load casts are absent
from this suite just as they were from the gray sandstone
suite.s Ripple marks, present only on fine-grained gray
strata are too few, too dispersed, and too poorly developed
to allow for interpretations having statistical significance.
The limited sample size (four) yields an obligque bimodal
distribution. No desiccation features were observed. This
is unusual for a depositional environment which certainly
was dominantly subaerial, Possibly this can be attributgd to
the general coarseness of the strata,

Fossil Trees

As it was pointed out, floral fossils occur as coaly
plant debris in the plane of the bedding, and as molds and
internal casts of individual trees in the growth position
perpendicular to bedding. In spite of their abundance, the
fallen and flattened plant fragments exhibit some alignment
(sense = 380-2180) at only one outcrop, a micaceous, gray
fine sandstone on Shiguee Brooke.

The upright trees are exceptionally profuse and well

exposed at H71 (see Fig. 19). They are mostly small, four

to eight inches across and three to five feet high., In situ
they stand one to fouf feet apart. The exhumed base of one
is slightly larger (30 cm. in diameter) +than the rest of
the tree and has carbonaceous and sandy layers near the base

which parallel the concave downward lower surface. At least
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nine trees occur standing upright; disregarding tectonic
tilt, while hore than 31 others are inclined at steep angles
to the bedding. Many exhibit learl scars which are arranged
in a linear vertical pattern as small protruding dots regu-
larly spaced five mme. apart and set within shallow furrows
one cm, apart. A portion of one small tree was identified
by Dr. Francis Hueber of the U.S. National Museum as a
lycopcd arborescent with Sigillaria affinities (Fig. 20).
These fossil casts are composed of gray and red arkosic
sandstones and granule sandstones which are present also be-
tween the trees. Within some, carbanaceous remains are pre-
servéd; nany are coated with a hematite staining. No soil
horizons are a?parent.

Sumnaryv of the Red Arkose Suite Envirornment of
Devposition

A sequence of alternating massive red arkeses and even-
bedded gray fine-grained sandstones and silistones is ex-
posed along the Grand Lake shore between Harbor and Shiguee
Brookse. These deposits apparently represent a transition
zone at the margin of the thick alluvial fan arkoses, so well
displayed on Popcorn Brook, and the gray, finer sandstones
and siltstones of the paludal-shallow lacustrine environ-
ments further to the northeast. The contrasting lithologies
represent interfingering, time-eguivalent facies, dominated
by oxidizing and reducing conditions respsctively. The
different facies displaced one another in response to

tectonic uplift and/or internittent flash flooding, and fluc-
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tuations in lake water depth levels. Trees fossilized up-
right attest to extremely rapid deposition of the red
arkoses; they further confirm that these sediments were laid
down in the subaerial, shallowest portion of the basine. The
arkoses undoubtedly originated from a granitic source and
were transported only very short distances, thus preserving
their angular crystal and cleavage»faces and unweathered
appearance. The direction of sediment transport across the
alluvial cone was toward the north, northwest and northeast
as determined by cross-bed azimuths and (decrease) in maxi-
mum grain size. Deeper in the basin the +transport direc-
tion of gray fine sands and silts was primarily northeasterly.
This is deduced from parting lineation orientations and the
presence of several mineral types mosi likely derived from
the southwestern mevamorphic source area.

The cyclic recurrence of these different facies suggests
that intermittent uplift took place concomitantly with basin
subsidence, If basin formation occurred without accompany-
ing uplift and development of local relief, the resultant de-
posits would resemble those of a starved basin (characterized
by a lack of detrital material, Krumbein and Sloss, 1963, p.
230), which they do not., Alternatively, if uplift took place
without basin development, the resultant alluvial fan sedi-
ments would prograde continuously into the basin. Interdigi-
tation of units demonsitrates that this also is not the case.

Therefore the two processes nust have been active concurrently
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and basin filling must have been discontinuous. A model
could be fashioned in which the alluvial fan coarse clastic
debris derived from spasmodic uplifts is covered with
paludal-lacusirine deposits in response to periodic rises in
lake level., This requires that the original basin be of
considerable relief, as a consegquence of which coarsest de-
posits would be present near the base of the sequence,
Rather, the reverse is true, for the Lower Mississippian
section is a regressive one in which youngest strata (Popcorn
Brook arkoses) are also coarseste

Seismic disturbances responsible for the outpouring of
coarse arkoses may also have been the mechanism which initi-
ated slumping of unstable deposits and turbidity flows deep-
er in_ the basin as well as the injection-type structures of
the gray sandstone suite. Others who have implied or indi-
cated that Carboniferous deposition in Newfoundland was re-
lated to fault activity include: Twenhofel and MacClintock
(1940, p. 1722); Neale and Nash (1963, p. 33); Baird and Cote
(1964); Baird (1966); and Belt (1967a),

. The picture thus emerges of a basin in which alluvial
fan and paludal-lacustrine conditions existed simultaneously.
After.fault uplift of the source area, terrigenous material
was iransported farther into the basin., This encroachment
covered trees at the fan margins as well as the fine sand-
stones and silistones of the more reducing paludal-lacusirine

environment. Denudation continued until temporary deepening
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of the lake level reestablished the paludal environment
over the distal portions of the alluvial fan. With uplift
resulting from renewed tectonic activity, the cycle began
again. Eventually basin development halted. As deposition
of coarse detritus completed the regressive cycle, a more
uniformly shallow basin was created and Upper Mississippian
(Rocky Brook Formatien) sedimentation began.

Correlation

Baird and Cote'(196@) refer to the Seacliffs Formation
(youngest in the Anguille Group of southwestern Newfound-
land) as massive, coarse red and gray arkesic and friable
sandstones and silty shales. The rocks vary according 1o
location within the basin and are also described as in-
durated ¢.."thickly bedded; medium- to coarse-grained, feld-
spathic, gray sandstone and graywacke, with mcre thinly
bedded, gray silistones and minor gray, thinly bedded to
fissile argillaceous siltstones...However, thickly bedded,
cross-bedded, fissile, micaceous, red and gray arkoses and
red silty shales outcrop (sic) along the outer coastees"
(For a complete description, see Baird, 1951.) In part they
arelthought to represent channels of o0ld rivers that wandered
across broad alluvial plains and deltas. Based on their
highest stratigraphic position within the Anguille Group and
some lithologic similarity, strata of the red arkose suite
appear to Dbe correlative with those of the Seacliffs

Formation.,.
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In the White Bay region no lithologies closely resemble
those of the red arkose suite. Nevertheless a steeply in-
clined sequence of subaerially deposited (desiccation poly=-
gons are present in abundance) reddish fine-grained sand- )
stones and siltstones of uncertain age crop out west of
Saltwater Cove. If they are Lower liississippian, as Heyl
(1937) believes then they could represent a fine-grained
facies, time-equivalent ‘to the red arkoses of the Grand
Lake areas. These red fine sandstones and siltstones bear a
distinct resemblance to: 1) the Cape Rouge Formation, known
to be youngest in the Lower Mississippian section of the
Conche area 90 miles to the north (Baird, 1966), and 2} the
Rocky Brook Formation exposed on the western shore of Grand
Lake between Island Pond and Popcorn Brooks and presuned 1o
be oldest in the Upper iississippian sequence (Belt, pers,
comme )s Correlation of the red arkoses with either of these
sections therefore remains tentative at best.

Stratigravhy - Summary and Conclusions

The Sedimentary Suites as Facies

| The' conmbined weight of several lines of evidence strong-
ly suggests that the individual sedimentary suites ére sepa-
rate lithofacies (Fig. 21) which are in part, time egquivalents:
1, fTransitions betwéen suites are marked by inter-
tonguing of distinctive units rather than_sharp lithologic

breaks,
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2. Time equivalency of the alluvial-fan red arkoses and
sediments of the gray sandstone suite is suggested by the
fact that the stratigraphic limit of the red arkoses (the
contact between the different sedimentary suites) does not
. coincide with form line contours (Badgley, 1959 p. 81) de-
fined by the bedding.

The various interrelations possible between lithosomes
in a non-félded, inclined sequence are illustrated in Fig.
22, Figure 22-A shows a simple layered sequence in which
deposition of gray sandstones is succeeded by deposition of
red arkoses. In this case the lower stratigraphic limit.of
the red arkoses (A-A') coincides with the bedding surface.
Antithetical conditions are shown in Fig. 22-B. Here the
red arkose alluvizl fan persists vertically adjacent to gray
sandstones for the duration of the sequence and +the limit of
the fan margin (B-B') remains relatively constant. In this
case the surface representing the intertonguing contact be-
tween the red arkose and gray sandstone suites is normal to
bedding surfaces. Intermediate facies relationships are de-
picted in Figs. 22-C and 22-D, 1In each case the line repre-
senting the contact surface befween sedimentary suites is
oblique-to the bedding planes. Figure 22-D, which most
closely approximates the conditions on Harbor Brook, show
the fan enlarging through time, with red arkoses laterally

replacing gray sandstone strata.
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3. Due to structural complexities and lack of control

in covered sections, thickness estimates of the Anguille

Group are tenuous. Nevertheless, considerations of reason=-

able total accunmulation indicate that +the three suites can-

\/

not represent a simple stratigraphic succession. The thick-

ness of the sequence shown in cross-section B-B' (see Plate
8) is on the order of 12,000 feet. In computing this figure
an attenpt was made to account for facies changes as well as
duplication of some units due to thrust faulving. If the
concept of a2 facies relationship between suites is neglected,

then this already sizeable estimate must be more than doubled.
Unquestionably, such a sum is excessive. The maximum bore-
hole thicknass for the entire Horton Group of the Southern
Canadian Maritimas is 92,4580 feet (Howie and Cumming, 1963).
Published values for lowsr Mississippian deposits in New=-
foundland range from 2,600+ feet along the southwest coas?d
(Riley, 1962), to 8,000+ feet in the
1937).

area (Baird, 1966).

White Bay region (Heyl,
Approximately 5,000 feet are exposed in the Conche

The Anguille sceciion cropping out on the

West Hampden River is calculated to be some 5,700 feet thick,

4, A facies change is suggested by the fact that a

progressive
is apparent
and Harbor
nous, parts

verse to th

decrease in the red arkosg/gray sandstone ratio
in three successive sections (Popcorn, Shiquee,

ate, pcssibly synchro-

Brooks) which cross separ

The tlraverses are irans-—

d-

ranspoxr® direction.

——
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5. In a terrestrial environment it seems very likely
that relatively deeper water turbidite deposits should have
shallow-water counterparts.,

Elsewhere in the Maritimes, authors have noted
facies relationships for deposits of Carboniferous basins
(Belt, 1964, 1965; Carr, 1968),

In conclusion, the distribution of lithic fill in the
Grand Laké basin may be 1likened to either of two strati-
graphic models. Both are presented by Dunbar and Rodgers
(1957, pe 139) in their discussion of the liiddle and Upper
Devonian units of New York. One emphasizes the superposi-
tion of strata representing various sedimentary environ-
ments; in this case, time planes parallel lithologic bound-
aries. The other (based on the work of Chadwick, 1924 and
Cooper, 1942) siresses %the tine equivalence of dirferent
lithologies with time planes cutting diagonally across litho-
logic boundaries., In this interpretation, the one generally
accepted today, Catskill red sandstones were deposited in the
east coeval with the Mafcellus black shales further west,
Although the basins are not comparable in size, this last
pattern_of sedimentation is the one envisioned for the Lower
Mississippian of the Grand Lake Basin.

Environment of Deposition and Provenance

Deposition of Anguille sirata took place during the
Lower Iiississippian in a siructurally controlled, dominant-

1y lacustrine basin in west-central Newfounilland. Detritus
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was supplied from the south, southeast, and southwest
flanks and then transported axially along a generally northe-
eastward deepening lake. Reasons for concluding that the
environment of deposition was primarily lacustrine are as
follows:

1, In spite of the fact that thousands of feet of
section were examined in detail both in the Grand Lake and
‘White Bay areas, no faunal fossils were uncovered, Even in
an inhospitable marine environment some evidences of a de-
pauvperate fauna might be expected.

2. By contrast, terrestrial floral remains abound,‘
therefore indicating that the basin must have been adjacent
to an area capable of supporting and supplying abundant
terrestrial plants.

3« The major portion of the red arkose suite definitely
was deposited uncder terrestrial, subaerial conditions.
Attesting to this are trees buried in situ by rapidly de-
posited arkoses at the margins of what is interpreted as an
ancient aliluvial fan. Strata of the other suites, which are
in part equivalent in age to the red arkoses, were deposited
in relatively deeper waters,

L, Varved laminites occur within the siltstone-dolo-
nite suite, This stratification, common in lacustrine de-

posits, is comparable to descriptions of other such units

which have been ascribed a limnclogical origin.
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5. Equivalent aged strata have been interpreted as
lacustrine by Dawson (1868, p. 239), Wright (1922), Bell
(1929), Gussow (1935), and Greiner (1962).

Sedimentation rates undoubtedly responded to variable
seasonal supply of detritus. Where unstable, the deposits
were subject to intermittant resedimentation as a result of:
earthquake shocks; through reduction of support due to low-
ering of lake water level; and the affect of storm floods,

In all likelihood the fault activity respoensible for creat-
ing the paleobasin may also have accounted for several of the
sedimentary features Produced therein. These features,
Possibly contemporaneous in origin, include graded-bsd tur-
bidites initiated by subaqueous slunping in the siltstone=- |
dolomite suite, clastic dikes and injection phenomena of the
gray sandstone suite, and massive beds of rapidly deposited
arkose in the red arkose suite.

Although local variations are apparent, the lake gener-
ally deepened toward the northeast. This conclusion is based
upon the mean dovmcurrent orientation of rolar directional
features as well as a northeasterly decreasing average sedi-
ment size of synchronous strata,

Inlspite of the fact that the respective suites contain
deposits laid down under essentially different conditions,
most of the common types of primary sitructures are present
in each. There is, however, a definite predominance of one

or more primary feature types within any one suite. It is
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not so much the presence or absence of particular sedi=-
mentary features that serve to distinguish the different
sedimentary regimes; rather, it is the relative frequzncy of
their occurrence. This observation has been stated by
Potter and Pettijohn (1963, pPe 115)s "eeefew, if any, pri-
mary sedimentary structures only occur in a specific environ-
ment. In general, environmental cdntrasts are expressed by
the differences in abundance rather than in kinds of primary
sedimentary structures."” These relations are displared in
Table 2. For example, although most types of primary fea-
tures are present in beth the siltsfone-dolomite ané sray
sandstone suites, there are far fewer ripple marks, zroove
casts, and flute casts in the gray sandstone suite; szlongate
load casts are absent. 3By contrast, cross-beds occcur in
greater abundance, and stream or erosion channels, a-sent
from the silistone-dolemite suite are present in the zray
sandstone suite., Desiccation cracks occur in both suites
with about equal frequency, but those in the siltstorz-

dolomite suite are present only locally in the northzzstern,

3

w
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sandier (and presumably shallower) section, The dis

in the number of observations in the two different
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tional regimes canret be attributed to the anount o ex-
posure available, for although the siltstone-dolomitz suite
is much smaller in areal extent, it contains a far grzater

number of primary features. In praleoenvironmnental ir<erpre-
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tations therefeore, the relative abundance of a particular
primary feature is of greater significance than its mere
presence or absence.

The predominance of a particular type of feature or
assemblage of features in one suite or +the other reflects
a classic distinction made by Baily (1936) tetween current
bedding and graded bedding as "the distinguishing marks of
two different sands{one facies.” Presunably, the gray sand-
stone suite with its preponderance of cross-beds and channels
would belong to the currenw-bedded facies, wnile characteris-
tics of the siltstone-~dolomite suite assign it more closely
to the graded-bedded facies., Further, Bailey's conclusions
concerning water depth of formation are also applicable.,
That is, the current-~bedded sandsitones are deposited in

relatively shallow water (or subaerially), and the graded-

bedded sandstones in relatively deeper water. In conclusion,

it appears that a complex interplay of water depth, sediment
size, type and velocity of currents, availability of sole-
marking tools, and inclination of the depositional slope com-
bine to preduce a distinct environmental control on the
relative abundance of the various primary features,

Interpretations of provenance and sediment transport
directions are based on primary directional feature orienta-
tions and recognition of distinctive minerals and lithologies,
As a result, it is concluded that the earliest (basal con-

glomerate) and latest (red arkose) deposits ¢f the Anguille
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Group were derived dominantly from the east, southeast, or
souths Through the remainder of the depositional seguence,
the Grand Lake Basin acted as the mixing site for detritus
derived from two pfimarily different source areas. The one
to the southwest consisted ﬁrimarily of low to high grade
metamorphic rocks; the other, comprising an eastern or
southern source, was composed of volcanic and plutonic
rocks. The granite presently exposed in the south-central
part of the basin (north of Northern Harbor) in all likeli-
hood represents a later feature, for it did not actively
shed sediments during the Early liississippian. As the sedi-
ments which originated in the eastern igneous terrain were
carried deeper into the basin, their direction of transport
veered clock-wise, eventually paralleling the northeast
trending basin axis. Interrelations of these various trans-
rort trends are portrayed in Fig., 23, a summary paleocurrent
diagram for the Anguille Group. With some modifications,
this model approximates that suggested by Potter and Petti-
john (1963, p. 194, Fig, 8-1-4),
Structure

General Statement

The following section discusses the large structural
features in Anguille Group and adjacent rocks of the Crand
Lake-Deer Lake region. Previous to this study practically
nothing was known about the structural geology of the Glide

liountains. DMore detailed analyses yet remain as avenues for
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further research., Folds and favlts described below are
illustrated on Plates 2 and 9.

Folds

Folds in Anguille strata are, almost without exception,
of the flexural slip type. The relative intensity of de-
formation apparently is lithologically controlled. Within
competent,; sandy and conglomeratic beds of the red arkose
suite and parts of the gray sandstone suite, folds are brozd
and open; by contrast, toward the northeast, in the less com-
petent siltstones, carbonates, and fine sandstones of the
siltstone~dolonite suite, small-scaie folds tend to be tight,
even, and isoclinal and often are associated with fractures
and faulting. This condition of disharmonic folding in
strata of differing competencies is similar to that observed
by Currie et., 2l. (1962).

Folds with axial plan cleavage do occur however, in
gray and black argillites on Seaplane Brook. This locale
near the center of the paleobasin is the only place in the
Grand Lake-Deer Lake area where such folding was observed,

As Poole (1967) has pointed out, the development of cleavage
is a rare phenomenon in Carboniferous rocks of the Atlantic
Provinces., It has, however also been reported by Schiller
(1962), Stevenson (1964%), and Fyson (19567).

Present in each of the three suites are sections of
vertical or overturnasd beds. They are of interpretive sig-

nificance, for the overturning is locally consistent, and



consequently these segquences can be used to establish the
direction of local tectonic transport.

Folds range from small structures several feet wide
with varying attitudes to 1arge, gently plunging features
more than a mile across. Thé shallow plunge of these
majof structures can be established by the fact that, in
most cases, dips measured close to or at the fold axes are
low. By contrast, some small foldsAexhibit exceptionally
steep plunges (i.es, ?3°). On both sides of the Glide
Mountains Fault, large folds are oriented northeast-south-
west except in the northeastern part of the Glide Mountains.
where axes bear more closely north-south (see Plate 2). .
Almost all of these large folds trend en echelon to the
ma jor bounding faults.

Tectonic tilt correction of paleocurrent features ié
simplified by the fact that the large folds have shallow
plunges, This being the case, application of the standard
correction--rotation of beds about the strike through an
angle equal to the amount of dip--sufficiently restores
features to their originzl orientations to permit paleo-
current interpretations. As demonstrated by ten Haff (1959,
loc. cif. Potter and Pettijohn, 1963, p. 262}, neglecting
fold plunges as great as 30° results in only a 10o angular
error for linear features on bads of 450 structural dip.
Planar directional features are,; however, significantly more

sensitive,
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For convenience, the following discussion of folds is
divided into two regional groups, those southeast and those
northwest of the Glide lountains Faulit.

Folds southeast of the Glide llountains Fault. The

predominant southwesterly dip of the lake shore section be-
tween Shiquee and Wrong Brooks (see Plate 2) reflects thé
fact that these strata represent the eastern limb of a large,
south-plunging syncline, Bedding attitudes can be projected
and traced inland on the basis of stream bed outcrops and
photolinears. Such linears are exceptionally well defined be-
tween. Popcorn and Harbor Brooks where individual beds of
resistant arkose can be outlined fof the length of the verti-
cal western limb, around the synclinal trough, and through
minor flexures on the more gently dipping eastern limb to
the Grand Iake shore. The axizal trace of this prominent
syncline continues in a north-northeast direction, thereby
governing the structure for much of this northeastern por-
tion of the Glide lMountains,

The syncline's northwest limb is a truly remarkable
structural featuwre. Indurated beds of arkose are upturned
to vertical for 0.6 miles on Popcorn Brook. These steep dips
appear to be maintained for 2.2 miles to the west where the
arkoses terminate against the Glide Mountains Fault. This
limb therefore represents a section,; perhaps 13,000 feet

thick, standing virtually upright.
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The shore section description of the gray sandstone

suite (p. 73) mentions the southwestward (Wocdy Brook to

Harbor Brook) increase in the number of sandstone beds and
the overall coarsening of sediment particle size. (This
sequence represents the northeast limb of the aforementioned
syncline.) Repetition of the same general conditions in-a

southeastward direction on Seaplane Brook establishes that

these strata represent the northwest limb of the same syn-
cline., It can be concluded therefore, that the fold's axial
trace lies east of the Seaplane Brook section even thougb in
this region its exact position is somewhat poorly defined,

On Allday Brook there is a definite northwestward pro-
gression from siltstone-dolomite suite strata to those of
the gray sandstone suite. Bedding attitudes confirm that for
the most part, this sequence forms the southeast limb of a
northeast pluﬁéing syncline. It is separated from the pre-
viously described syncline either by a narrow anticline or
by a fault associated with a narrow anticline,

Currie et. al. (1962) have suggested that the wave
length between major regional folds is approximately 27 times
the thickness of the most competent unit in the strati-
graphic sequence. If this is indeed the case then here the
controlling competent member is more than 320 feet thick for
the fold wave length is a minimum of 1.6 miles,

In addition to these regional north-south trending

folds, there exist in each of the suites along the Grand
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Lake shore smaller folds (wave lengths measurable in tens of

feet) which are oriented approximately eastnortheast-west-
southwest., Their axes are close to horizontal, and the
folds are asymmetrical toward the south.,

Further to the south, in the gray sandstone suite be-
tween Leo and Island Pond Brooks, +the large-scale anti-
clines and synclines have a more northeast-southwest orien-
tation. This trend is reflected by the parallelism of
smaller associated folds. The majority of their axes plunge
gently northeast (angles less than 11°), and although the
actual plunge direction of the larger folds could not be
ascertained, presumably it is similar to that of the smaller
folds.

Folds northwest of the Glide Mountains Fault. Two

broad folds can be outlined on the northwest side of the
Glide Mountains Fault (Plate 2). These consist of a re-
lated anticline and syncline, both having northeast axial
strikes and plunges. Beds on the southeast limb of the anti-
cline strike obliquely into the fault and are truncated by
it; across the fault to the southeast, the regional north-
easterly structural grain resumes.,

The anticline provides an excellent example for use of
the dowvm-plunge method of viewing structure. That is, in
plan view the plunging structure tends to duplicate the
cross-sectional view. The presence of the granite body at
depth in section A-A' {(Plate 10) represents its projection

in a down-plunge direction.
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Located northwest of the anticline is the compli-
mentary syncline., Bedding attitudes indicate that the
curvature of this flexure becomes increasingly sharp
southwestward, and the fold quite likely is faulted in the
trough. The presence of a small outcrop of volcanic base-
ment rocks (E71A) directly on the axis tends to support such
a conclusion.

Faults

The succeeding discussion is a description'of the char-
acteristics, nature and ages of movement of the large faults
in west-central Newfoundland, Within the area studied
these faults comprise one segment of a remarkable zone of
structural dislocation which extends for at least 200 miles
through the western side of the island. This feature, first
recognizéd by Alexander Lurray in 1881 (kurray and Howley,
1881, p. 90), was described as a "great faulte.o.(which) in-
tersects the island diagonally from shore to shore, running
in an almost perfectly straight line from near the entrance
of the Little Codroy River to White Bay." lore recently
the importance of Murray's discovery has been re-emphasized
by Betz (1943), Wilson (1962), Rodgers and Neale (1963),
Williams (1964), Kay (1966, 1967), Kay and Colbert (1965),
Belt (1967a), Webb (1967, 1968), and Popper (1968), as well
as others. The northern portion actuzally consists of a
series of subparallel faults and, perhaps because of this,

no general agreement exists on the name assigned to the
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entire structure. In whole or in part,; it has been re-
ferred to as the transinsular zone of weakness, Cabot Fault,
Long Range Fault, White Bay Fault, or Hampden Fault. Here,
in order to avoid confusion, it is termed the trans-New-
foundland lineament. It may be thought of as being com-
posed of two sections. The southern portion, following the
western edge of the Long Range Mountains and Glover 1Island,
forms a single, continuous feature 110 miles long. The
northern section begins at the southern margin of the area
studied, some two miles southwest of Northern Harbor (see
Plates 2, 9). There the single fault bifurcates into the
first of a series of "horsetail” splays which become in-
creasingly more numerous northeastward. The westernmost of
these splays (South Brook-Deer Lake-Doucers Brook Faults)
coincides with Newfoundland's westernmost extent of granitic
batholith intrusions., This fault, along with others in the
same system (Birchy Ridge Fault, Spear Point Fault, White
Bay and Hampden Faulis), represents the main branch of the
trans-Newfoundland lineament. There is, however, another
series of faults which diverge more sharply northeastward
(Grand Lake-Birchy Lake Faults). The easternmost splay of
this brénch may be continuous with the Lobster Cove and
Luke's Arm Faults in Notre Dame Bay.

Regions adjacent to the southern portion of the trans-
Newfoundland lineament and within the northern area were

sites of Carboniferous deposition. Fauvlt activity in the



149

north was responsible for Early Mississippian basin de-
velopment and localized aqcumulation of Anguille sediments.
Subsequent movements, very likely along +the same faults
which created the basins, uplifted two separate blocks of
Anguille strata, the Glide Mountains and Birchy Ridge with
its northeast extension. Significantly enough, all exposed
contacts of Anguille rocks with +those adjacent, both older
and younger, are marked by faults. Noteworthy in this re-
spect is the fact that in the Grand ILake-Humber Valley-

White Bay region, Anguille rocks invariably occupy higher

topographic positions than Upper Mississippian and Recent
strata. These younger units are found in the valleys and
lowiands.,.

The cross-section of the Glide Iiountains uplift (Plate
10) is one of a wedge-shaped block. Nine and one-half miles
across at the widest point on top, its steeply dipping
marginzl faults converge in a downward direciion. As such,
it does not resemble the classical upfaulted horst,; a struc-
ture flanked by downward diverging normal faults, Although
the exact amount of dip of the fault planes is still un-
certain,_their attitudes must be steep because they cross
significant variations in topography, yet maintain relative-
ly undeviating trends. The inclination direction of the
bounding faults is indicated by the direction of é6verturn-
ing of adjacent strata. This differs on either side of the

Glide Mountains, On the southeast, overturning is dominantl
NG N
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in an easterly direction; reverse conditions exist on the
northwest side. The assumption that folding is related to
fault movements seems reasonable, for the intensity of de-
formation decreases away from the faults. This is especial-
ly +true for Upper Mississippian strata, which are upturned
and overturned adjacent to the faults but possess what are
very likely original dips over most of the remainihg area.

From the foregoing discussion it is evident that fault
activity occurred prior to, during; and after deposition of
Anguille strata. Baird (1966) reached similar conclusions
for the time-equivalent Conche basin further to the north.
Although sporadic fault movements and resultant uplift con-
tinued into the Upper Mississippian, the rate of basin for-
mation decreased relative {to that of uplift; Lower Mississip-
pian deposits represent a regressive sequence, whereas
younger sediments were deposited almost entirely under sub-
aerial and shallow-water conditions.,

Grand Take Fault (southern portion). The fault or

series of faults which constitute the northeastern extension
of the Long Range Fault occurs in Grand Lake, west of Glover
Island. Although direct evidence of faulting is lacking,

a rift approximately a mile wide and one-half a mile deep

is present in this area. Such a precipitous profile un- |
doubtedly has been accentuated by glacial affects., Yet it
seems most unlikely that this represents simply an eroded

contact zone, for resistant crystalline rocks crop out on
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either side. Expression of the fault is also evident as a
series of magnetic "lows" which are situated along the length
of fhis portion of Grand Lake (see Geological Survey of
Canada, Magnetic Survey Map 272G, 1956).

A series of faults, in all likelihood related to the
major one, occur in the uplands to the weste There Riley
(1957) has reported vertical or stegply dipping fault zones
in the schists of the Grand Lake Brook Groupe.

The Grand Lake Fault bifurcates just southwest of North-
ern Harbor. One branch (the northern portion of the Grand
Lake Fault) continues with a northeasterly Sirike intersec--
ting the Glide Mountains ezast of Porters Brook; further along
strike; it forms the eastern border of the uplift., The
other branch trends more north-northeasterly, and within a
short distance splays into a series of faults which include
the Leo Brook and Glide Mountains Faults, South Brook Fault,
and Deer Lake Fault,

Leo Brook Fault. The best exposure of a fauvlt zone

in the entire region occuxrs at the Lower lMississippian base-
ment contact on the Grand Lake shore approximately two miles
southwest of Northern Harbor. Bedrock is pulverized to a
one-quarter mile wide gouge or inctherent fault pug (Reed,
1964) which ranges in color from pale yellow-green to dark
or light gray. .pontained within the fine powder are iso-
lated, rounded, more competent nodules whiéh apparently are
remnants of country rock. A thin section of one of these

shows it to be an anorthcsite composed of fractured and
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altered, twinned plagioclase grains (An = 32) liberally
interspersed with an opague mineral, most likely magnetite.
Some portions are so intensely mylonitized that they are
glassy and appear isotropic under crossed nicols (Fig. 24).
Alteration products present in moderate quantities include
chlorite and epidote; secondary veins of calcite are abundant,

Adjacent to the fault zone on its eastern side is an
intensely deformed and fractured pebble conglomerate, Clasts
of dolomite (marble), foliated metamorphic rocks, and a few
volcanics (?) are markedly attenuated; somewhat less so are
white quartz and red jasper, but these in turn are abundantly
fractured. The matrix is composed predominantly of frag-
mental material derived from a dark green chlorite schist,
Poorly sorted, the maximum size clasts are six to seven
inches except for large chunks of red siltstone (argillite)
which are two to three feet across, Slickensides and calcite
veins are present throughout.

The fault can be traced as a topographic lineation cross-
ing Leo and lLarry Brooks. Further northeastward it is con-
tinuous and on strike with the Glide Mountains Fault. At its
intersection with Leo Brook, the existence of the fault is
'confirméd by fhe presence ofs poorly indurated, pale gray-
green cataclasite; well foliated mylonite; gray or orange
irregular weathering ("rotten appearance") quartz veins; and
dark-green highly silicified schist containing veins of cal-
cite, “Floaf" bloclks of a remarkably flattened carbonate

cobble conglomerate cccur near the base of Larry Brook
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Photomicrograph of fault pug near Leo Brook. Calcite veins
in glass (dark area). (D50, crossed nicols, approx. 20X,)

Pig. 25

Photomicrograph of mylonite on Apologize Brook, Glide
Mountains Fault. Sheared feldspars in chlorite. (G30A,
crossed nicols, approx. 20X.)
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(Figse 26, 27). 1In all respecis except for its deformed
appearance, the conglcmerate is identical to the one observed
on Salomon Creek (see pe. 67). Stretching and flattening is
so marked that the gray, orange, white pink, and buff carbon-
ate clasts are pancake-like in shape. White quartz pebbles
are fractured and attenuated,

South Brook Fault. The occurrence of a prominent

fault in the South Brook Valley has been indicated by Baird
(195%), Riley (1957), and Williams (1967). Its presence is
perhaps the least well documented of any of the major faulte
and must be inferred on the basis of a linear topographié de-
pression and the discontinuity of dissimilar lithologies to
the north of Northern Harbor. Masking by glacial deposits in
the South Brook Valley may largely account for its very poor
exposure, There is also no direct evidence for a southward
extension of the fault into Northern Harbor. The youngest
Possible age of movement along the fault is at the end of the
Early Mississippiane This is based on the lack of deforma-
tion in Upper Mississippian s+trata which, as Williams (1967)
has shown, overlap the fault.

Deer Lake Fault. The Deer Lake Fault, located east

of the iake itself, forms the western margin of the Glide
Mountzins Uplift. It can be traced on air photos as an
intermittantly well-defined topographic lineanent from South
Brook to a point southeast of the town of Deer lake. For
the most part, deformed Anguille strata strike obliguely in-

to the fault and are truncated by it. Upper Mississippian
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FPig. 26

Deformed carbonate cobble conglomerate (side view). Light

colored quartz pebbles more resistant. Penknife = 2%
inches.

Deformed carbonate cobble conglomerate (top view).
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redbeds on the western side ¢f the lake and those near
South Brook on the eastern side are practically undeformed.
However, adjacent to the fault itself, these same units are
severely folded, upturned, and overturned. Since 1) in all
1ikelihood the fault is steeply inclined, 2) older strata are
upraised on the eastern side of the fault, 3) folding appears
to be related to fault movements, 4) overturning, where nofed
in Upper Mississippian strata on Eastern Brook and east of
Deer Lake Village is consistently toward the west, and 5)
fold morphology of Anguille sitrata on Blue Gulch Brook sug-
gestis westward movement along a reverse fault, it seems
reasonable to conclude that: 1) the Deer Lake Fault dips
steeply eastward, 2) it clearly has at least sone component
of reverse fzault novement, 2nd 3) the local tectonic transport
is toward the west.

A large mass of crystalline rock has bzen enplaced along
a portion of the fauli's length (from Eastern to Lanes Brooks)
and is interposed between the Lower and Upper Mississippian
strata. Structures of this type have been referrecd +to as
pressure ridges by Wallace (1949, p. 793) and as fault-slice
ridges by Sharp (1954). The emplacement must have taken
Place during the Upper lMississippian. This conclusion is
based upon the presence of distinctive cobbles in an Upper
Mississippian conglomerate on Lanes Brook. Quite definitely,
these were derived from the phyllite, schist, and white
quartz of the immediately adjacent basement 5lock (Compara-

ble relaticnships exist on the eastern side of the Uplif+ at
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Basemgnt Brook. There, however, the Tfaulted horse is smaller
and the major fault dips westward.) The western crystalline
elongate fault slice has been described by Baird (1959).as
being composed of crenulated, quartz-mica-feldspar-chlorite
schists and gneises, minor guartzite, and minor amphibolite
layers. On Pynn's Brook, the schists contain grains of blue-
tinted quartz and are associated with massive veins (up to
eight feet thick) of white bull quartz. A thin section of
the schist shows that the large quartz and feldspar grains
are attenuated, brecciated and sutured; they are set within
a matrix of finer, irregular quartz, feldspar, chlorite,‘and
muscovite-sericite., Decidedly not a simple schist, the rock
exhibits mylonitic characteristics. Where the eastern seg-
ment of the fault crosses Pynmn's Brook, the crystalline
basement has been mapped as a serpentinized ultrabasic rock
(Baird, 1959); the occurrence of this lithclogy is quite in
keeping with the localization of the fault. The boundaries
of this body have been approximated by deiineating the area
lacking vegetation. In part, these rocks are composed of a
strikingly light or dark blue, highly fibrous mineral, which
.is'very likely crocidolite. Deer, Howie and Zussman (1966,
Pe 183).mention that the development of this asbestiform
variety of riebeckite may be related to shearing stresses.,

The Deer Lake Fauli (and/or the South Brook Fault) may
be continuous in the subsurface with the Doucers Brook Fault
(see Plate 9); roughly on strike with each other, the two

possibly are uninterrupted beneath the Upper Mississippian
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cover of the Humber Valley. Some surface expression of
this continuity apparently exists at John's Falls on the
Humber River where normally flat lying Upper Mississippian
strata are mildly deformed (see Betz, 1943, p. 692).

Sinée blanket-like Upper Mississippian sediments appear
to overlap and therefore to postdate fault movements in the
Humber Valley, it must be concluded that the age of activity
varies according to location along the fault or that there is
local variability in the vertical. throw along the fault., Un-
deformed strata imply quiescence, whereas crustal instability
is indicated by the severe deformation of Upper Mississippian
strata on the western side of the Glide Mountains and the de-
position of Upper Mississippian coarse "faul? scarp" conglom-
erates on Lanes BrooXk.

Glide lNountains Fault. The Glide Mountains Uplift is

bisected by a major but previously unrecognized fault, one
quite likely continuous to the southwest with the Leo Brook
Fault. In many respects, the Glide Mountains Fault resembles
the Deer Lake Fault just described, Similarities includes

1. The truncation of Anguille strata by the fault and
upturning of Upper lMississippian strat® adjacent'to it,

2. The presence of mylonites.

3. The steep inclinations of the fault zone which, in
the case of the Glide Mountains Fault; may be close to verti-

cal for its linearity is virtuzlly die-straight.



_ 159

b, The eastward dip of the fault plane and the west-
ward directed tectonic transport along at least a portion of
the fault,

5. The disappearance of the fault toward the northeast
beneath a blanket of Upper Mississippian clastic deposits.

The Glide Mountains Fault, hdwever, differs in its over-
all scissors-like nature. This becomes apparent by noting
" the relative ages of rocks on either side of the fault along
its length. Between Apologize and Way-Out Brooks, basement
rocks on the west are juxtaposed with Lower Mississippian
strata, indicating that the VWestern side represents the ﬁp-
thrown block. Further to the northeast conditions are re-
versed and Anguille units on the east have been brought up
in fault cbntact against Upper Mississippian strata on the
dowvnthrown western side,

Either in outicrop or as a tonographic lineament, the
Glide Mountains Fault zone can be traced with relatively un-
deviating trend from Apologize Brook northeastward to Allday
Brook. A bright orange-red granite, exposed on Apologize
Brook; is exceptionally well jointed and fractures with ease.
.In thin section the quartz is sheared, sutured and greatly
elongatéd; pPlagioclase crystals are uniformly sericitized,

A mylonitized schistose rock is intimately associated with
the granite and is possibly intruded by it. Petrographic
examination of the mylonite shows it to be composed of in-
tensely altered and very irregularly shaped Teldspar crystals

which are set within a sheared chlorite and magnetite pasty
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matrix (Fig. 25). The chlorite, most likely pennine, exhibits
a very deep anomalous blue interference color and virtually
no birefringence. In addition, the rock contains considerable
secondary carbonate and epidote.

The fault zone is distinctly displayed as an isomag-
netic lineament from Apologize Brook to Way Out Brook (see
Geologic Survey of Canada, Airborne Magnetic Survey lMap
272 G). Its topographic reflection can be traced over this
same interval with varying degreeé of ease. Cataclasite
with abundant fractures which have opened and been partially
resealed with secondary gquartz can be found at the base 6f
Way Out Brook. To the northeast the fault continues along
the same trend, again following a topographic lineament, and
at Easy Plunkin' Creek dark gray, thinly bedded siltstones
are sheared, slickensided, veined with calcite, and folded
into vertical. The stream itself is a subsequent one, nmuch
of it following along the trace of the fault. Projected
farther along strike, the fault is present on Seaplane Brook
at its anticipated locality. Upper llississippian red sand-
stones to the west are separated froﬁ Lower Mississippian
- black argillites on the east by an ultramylonite and fault
gouge. .In thin section this rock is almost entirely iso-
tropic except for the small, very angular fragmental grains
of quartz and veins of ragged carbonate which permeate
throughout. Dips of Upper lMississippian strata are low near
the mouth of the strezam but become steadily steeper to verti-

cal as the fault is approached. The implication, therefore,
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is that the fault plane, although steep, is inclined some-
what toward the east and that the hanging wall moved west-
ward, deformingvthe Upper Mississippian beds. This conclu-
sion is supported by the presence of folded Lower lississip-
pian argillites on the east side of the fault which display
eastward dipping axial planes; the fold morphology is con-
sistent with the transpbrt direction of the proposed defor-
mation. |

On Allday Brook, relationships are somewvhat similar.
Upper Mississippian strata are almost flat-lying on the.
stream flowing out of‘Glide‘Lake while equivalent units are
vertical where they abut the fault (see Baird, 1959). To
the east, Lower Mississippian white and gray sandstones are
vertical or very steeply inclined toward the west,

Latest movements on the Glide Mountains Fault must have
taken place after the deposition of Upper Mississippian
strata. As noted on Seaplane and Allday Brooks, these de-
posits have been deformed by the fault activity.

Grand Iake Fault (northern portion). Southern and

northern portions of the Grand Lake Fault are directly con-
tinuous with one ancther, the subdivision being strictly for
convenience of the discussion. The northern portion is well
exposed in the environs of Basemenit Brook. There, as a
double fault, it forms the bounding surfaces of a diorite
block which underlies a small, steep-sided hill located one
mile east of the brook. The diorite is coarsely phanero-

crystalline near the core, somewhat brecciated, and contains
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abundant white quartsz Qeins. 1 is mylonitized at the
marginal faults, both of which are exposed clearly along
shore; additionally, Mississippian strata on either side of
the diorite are upturned., Thus, it seems reasonable that
this block represents a sliver of basement rock or horst,
caught between faults and brought up as a result of move-
ments along them. As such, it is akin to the much larger
crystalline mass éxposed on the western flank of the uplift
along the Deer Lake Fault.

The greater part of Basement Brook is a subsequent
stream flowing along the Grand Lake Fault. Where the brook
emerges at the shoreline, the rocks, although very dense and
well indurated, are foliated, sheared and contorted, and con-
tain abundant chlorite, calcite veins, and flattened nodules
composed predomirantly of calcite. Small folds within these
pale-to-dark green mylonites are asymmeitrical toward the
southeast and plunge northeastward at approximately‘25°.
Large blocks of interbedded black shale and orange dolomite
occur at the western margin of this fault zone; still farther
to the west, Lower lMississippian coaly black shales are de-
formed and small folds plunge northeastward at approximately
31°, These strata give the overall appearance of having been
"turned up"” toward the west as a result of upfaulting of the
crystalline basement. The same is true of the Upper Missis=-
sippian red, sandy-matrix conglomerates adjacent to the
eastern splay of the fault except that there the strata are

steeply inclined toward the east, Deformation of these con-
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glomerates fixes the age of emplacement of the horst as Late

Mississippian or younger. In summary, the diorite block
appears to have been uplifted along steep, downward con-
verging faults as a result of activity which took place dur-
ing or subsequent to the Iate Mississippian.

Between Basement Brook and Island Pond Brook the Grand
Lake Fault is expressed as a moderately well defined topo-
graphic lineament. Still farther to the noxrtheast (from
Island Pond Brook to Popcorn Brook), the fault can be dise-
cerned only as a weak photolinear even though its Presence
is clearly established in rocks along the lake shore norfh-
east of Popcorn Brook. The reappearance of the fault at
this latter locality is directly on strike with its last
noted prominent trend southwest of Island Pond Brook. Pro-
ceeding with only a slight deviation in strike, the fault
extends northeastward from Shiques Brook and presumably is
continuous with the Birchy Lake Fault. At the projeéted lo-
cation of the fault on Island Pond Brook there is a covered
zone, on opposite sides of which crop out Lower and Upper
Mississippian strata. They dip into the proposed fault at
76° SE and 50° Nw, respectively. No disconformable relation-
ships wére observed between the younger and older rocks.

The existence of the Grand Lake Fault at Popcorn Brook
"and northeastward is confirmed by the following evidence:

1, At the base of Popcorn Brook occurs a gray arkose
which in thin section exhibits a pronounced cataclastic

texture.,
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2. Northeast of Popcorn Brook the shoreline is marked
by steep banks and a rectilinear character; for a distance of
some 1.3 miles a zone of shearing is clearly displayed. 1In
the southern part, bedding is almost totally vnrecognizable
and all lithologies are deeply stained with hematite. Nearly
all exposed surfaces have a greasy luster, a result of fauld
polishing. Fresh surfaces resemble Lower Mississippian
red arkoses and Upper Mississippian red siltstones, howviever,
the rocks are so intensely fractured, sheared and stained
that identification is most tenuous. Associated lithologies
include red fault breccias containing white calcite and éuartz
veins, as well as gray-green pervasively fractured mylonites.
At a gouge zone near H65, thoroughly fractured Lower Missis-
sippian arkoses appear to overlie sheared Upper Mississippian
red siltstones. From this point to Shiquee Brook only pastel
weathering, pale orange, red, and green cataclasites (former-
ly Anguille red arkoses?) are present. Unlike the sequence
immediately to the southwest, the thick or massive bedding
is still recognizable in these units even thouzh they are
pervasively fractured and slickensided.

3« Along the shoreline, both north and south of Popcorn
Brook, Upper Mississippian red sandstones have been over-
turned toward the easte It seems reasonable that their up-
turning is directly related to fault activity, for correla-
tive beds on the east side of Grand lake are unaffected and

relatively flat lyinz.
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Eastward overturning of the Upper Mississippian units
combined with the linearity of the fault implies that the
Grand Iake Fault plane dips steeply westward and that move-
ment on it has at least some reverse component. The same
sense of movement is also suggested by a) the redbeds east
of the diorite block at Basement Brook and b) some of the
shallow-plunging, asymmetrical folds~~tens of feet acfoss--
in Anguille strata which have very sieep eastern limbs and
almost horizontal western limbs. Thus, it appears that ‘
local tectonic transport along the Grand Lake Fault was to-
ward the east and as such opposite to the westerly movemént
inferred for the Deer Lake Fault. |

The resulting morphology of the Glide Mountains Uplift
is therefore one of a wedge-shaped block, bounded by steeply
dipping faults which converge in a downward direction (Plate
10). Reverse movements along the faults must have occurred
during or after deposition of Upper Mississippian sirata.
This is concluded because: 1) along both flanks these units
have been deformed by the uplifting process; 2) nearly flat-
lying Upper Mississippian beds (Rocky Brook Formation) are
found atop the Glide Mountains, northwest of Allday Brook.
In all-likelihood these strata were deposited contiguous
with correlative units which crop out in the lowlands; upliff
must therefore have taken place subsequent to their deposi-
tion,

Otheyr Fzults, 1In the northeast part of the Glide

~ Mountains there are several smaller faults which trend
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approximately north-south (Plate 2); as such they are rough-

ly parallel to the large local folds and en echelon to the
Grand Lake Failt. Two of the more obvious faults--one cross-
ing Woody Brook and the other crossing Virong Brook--are well
exposed at the shoreline and clearly traceable as photo-
linears. Deformation of Anguille strata adjacent to the
Woody Brook Fault suggests that it dips westward and is large-
ly a thrust or high-angle reverse fault. By the same reason-
ing the Wrong Brook Fault also appears to be a high-angle re-
verse fault, but one dipping eastwérd. Since the predominant
dip of strata in this region is toward the southwest, dis-~
Placements on the Woody Brook Fault tend to increase the
thickness of the exposed section, perhaps significantly so;
opposite conditions prevail for the VWrong Brook Fault.

At individual outcrops small normal faults are visible
which have displacements measurable in less than tens of feet.
Fault planes are undeformed and therefore appear to postdate
the episodes of folding., It seems likely that these faults
and the resultant "horsts and grabens" are related to uplift
of the Glide Mountains (slickensides indicate that latest
movements were obligque-slip in nature) or possibly are a
later feature,; a consequence of post-tectonic relaxation of
stresses.

Strike~Slip Faulting

Up to this point only the dip-slip component of move-

ment on the major faults has been emphasized. However,

these large structures display a number of features which are
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similar tc¢ prominent faults known to be dominated by strike-
slip offsets. The occurrence of such transcurrent faulting
not only explains the observed geological relationships (see
p. 178), but also provides the basis for an inclusive tec-
tonic synthesis and geologic history. A listing of strike-
slip fault characteristics with some comments relating the
applicability of these characteristics to the faulis of
western Newfoundland follows.

1, The traces of strike-slip faulis are most often re-
markably long, continuous and rectilinear. The presence of
these elements in western Newfoundland has already been dis-
cussed in the preceeding section. Also see Plate 9 and
Fig. 2.

2. Strike-slip fault planes dip very steeply. The
constant trend of major faults through uneven tovography
demonstrates that they are indeed very steeply inclined.

3+ Topographic expression of strike-slip faults is
generally excellent. All of the major faulis are traceable
with rélative ease as alr photo topographic lineaments or
depressions. This is true except fér the region of the
Humber Valley where faults are overlapped by younger strata.

L, Cataélastic rocks such as mylonite, cataclasite,
and fault pug are present along fault lines. The occurrence
and local excellent development of these lithologies has
already been described. _

5¢ "The vertical throw along the fault varies greatl

either because synclines abut upon anticlines and vice=-versa,
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or because some independent vertical warping occurred,"
(deSitter, 1964, p., 160)., It was pointed out (pp. 158, 159)
that along the length of the Deer Iake Fault and Glide- Moun-
téins Fault, Upper Mississippian strata both overlap and are
truncated by the faults. ILocal variability in the vertical
thréw of the fault is thus indicated.

6. "Very often (strike-slip faults)...merge into thrust
faults, making (an) oblique angle ﬁith their own strike at
their extremities, or thrust-faults merge into the wrench-
fault along their course," (deSitter, 1964, p. 160), Ex=-
amples of thrust faults oriented obliquely to the Grand Lake
Fault include the Woody Brook Fault, the fault north of Minto
Brook and possibly the Lobster Cove Fault of north-central
Newfoundland.

7. The splaying nature at the extremities of strike-
slip faults has been commented upon by deSitter, (1964),

E. Popper (1966), and Chinnery (1966). Excellent examples of
this characteristic include the West Bay Fault in the Yellow-
knife District (Brown, 1955), the Philippine Fault (allen,
1962; Rutand, 1968), the Denali Fault (St. Amand, 1957), the
San Andreas Fault (Reed and Hollister; 1936; Hill and
Dibblee, 1953) and the Atacama Fault (Allen, 1962). 1In
these cases, the large translational movements on the main
faults presumably have been accomodated at the terminus by
lesser offsets along the branching series of subparallel
splays. The splaying or "horsetail"™ nature of the Newfound-

land fault system is shown in Fig. 2.
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8. Eg éggg;gg structures are commonly reported in
association with strike-slip faults (Moody and Hill, 1956;
‘Reed and Hollister, 1936; Campbell, 1958; Badgley, 1965, Do
108; Heine, 1962; Bishop, 1968; Baltz, 1967; and Smith,
1968)+ The presence of such features cannot by itself be
used as evidence to support strike-slip faulting unless it
can be shown separately that they are a direct result of the
same deformation which caused the faults. If the en echelon
structures located west of the Grand ILake Fault (Plate 2) are
in fact related to movements on the fault, then their orien-
tations signify thaet faulting was dominated by right-lateral
- strike-slip offsetss This type of movement along the large
Newfourdland faults has been suggested by Webb (1967, 1968),
Heyl (1966, 1967), Belt (19567, 1968), and Lock (196%),

9. Laterally offset features are Perhaps the only type
of evidence capable of unequivocally substantiating the
strike-slip nature of a particular fault. Beczuse of the
character of these faults, however, recognition of such
features and establishment of their common origin is usually
difficult. Nevertheless, four possible such indicators ére
present in the Grand Lake-Deer Lake region.

(2) The deformed carbonate cobble conglomerate
whiéh crops out southwest of Leo Brook and at the base of
Larry Brook is conpositionally very much like the one exposed
along the western flank of the Glide Mounizins Uplift., Since
no other examples of this conglomerate occeur on the Grand

Lake side of the Uplift, the presence of this lithology
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southwest of Northern Harbor appears to be anomalous. Inas-
much as the cobbles quite definitely have been derived from
the Ordovician carbonates, their occurrence on Grand Lake can
be explained in three ways:

i. These sediments might have been transported
to their present site by southeasterly directed currents
blowing along the length of the present South Brook valley.
Such an origin seems most unlikely because 1) virtually no
primary features in the entire Anguille seguence indicate
southeastward transport, and 2) the coarseness of the de-
posit suggests derivation from a much closér source,

ii. The crystalline rocks west of Leo and Delta
Brooks (Grand Lazke Brook Group, p. 23 ) may once have besn
covered by Ordovician carbonates which were subsequently re-
moved by erosion. This genesis for the cobble conglomerate
seems likewise untenable because 1) such extensive denuda-
tion ought to leave behind a more substantial rebord than
this thin band of conglomerate, and 2) the former presence of
carbonates in this area would be confirmed if some vestiges
of this lithology could be shown to overlie the Grand Lake
Brook Group; Riley (1957) and Baird (1959) show none.

iii. The conglemerate on Grand Lake is situated
ad jacent to a major fault, and cobbles in it are markedly de~-
formed (see Figs. 26 and 27). Undoubtedly they have been
affected by movements along this fault. The "anomalous"
position of these rocks can then perhaps best be explained if

they are thought of as reonresenting the truncated, onetime
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southern continuation of the thin belt of carbonate con-
glomerate which presently crops out on the western sidg of
the Glide Mountains (Plate 2). A cumulative left-lateral
strike-slip offset of some three or four miles is thus sug-
gested for the Leo Brook-South Brook Faults. Deformation of
the cobbles appears to be directly associated with movements
along the fault. Therefore, more precise determinations of
the direction of net slip might be accomplished through
strain measurements of the flattened carbonate clasts, and
fracture orientation studies in the more brittle quartz and
Jjasper pebbles. | |

(b) The alluvial fan red arkoses were derived
from a nearby granitic source situated south or southeast of
the Popcorn Brook-Harbor Brook area. Immediately suspect as
the most likely provenance is the large pluton located south
and east of the trans-Newfoundland lineament in the region
between Grahd Lake and Red Indian Lake (Fig. 23 Riley, 1957,
unit 15; Williams, 1967, unit 8). At its closest point, how-
ever, this pluton is located more than five miles to the
southeast of the fan arkoses, a transport distance far too
greét to preserve the characteristic euhedralism of the feld-
spars. Since the provenance must have been closer, this
batholith could not have acted as the source for the detritus,
at least not in its present location. Separation of the fan
arkoses from their source area may have been accomplished

either by tensional rifting or strike-slip movements,
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In addition, provenance rocks must be composed of the
distinctive feldspars described on page 116. Unfortunately,
the petrclogy of the batholith has not yet been investigated,
and so until further research is undertaken no definite state-
ment can be made about the location of the source rocks,. |

Very few samples of granites were obtained from east of
the trans-Newfoundland lineament. Nevertheless, under petro-
graphic examination, the feldspars in one granite show a
degree of similarity to thosein the arkoses. Compare Figs, 28
and 29, This particular red granite is located at the north
end of Sandy Lake (F51, Plate 9). If this does eventually
prove to be the source rock, then it indicates a left-
lateral strike-slip offset of more than 30 miles. It must,
however, be reiterated that the sampling is far too small to
draw definite conclusions, Similar comparisons can be made
for a lithic graywacke (Fige. 30) at VWoody Brook harbor (D92)
and a granite (Fig. 31) on the western side of Birchy Ridge
(E96, Plate 9). In each rock there occur perthites which
contain piagioclase inclusions with altered cores and clear
rims.

(¢) Primary feature orientations indicate that
the coarse Anguille strata.which crop out southwest of
Porters Brook were derived from the east and southeast. This
is a region where at present there are extensive exposures of
the Glover Island Formation and other associated volcanic
rocks. If no strike-slip movements took place along the

Grand Lake Fault, one should expect te find considerablie
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Photomicrograph of arkose, red arkose suite. Angular
perthite clast containing plagioclase inclusions with -al-
tered core and clear margin, (D87A, crossed nicols,
approx. 20X.)

FPig. 29

Photomicrograph of granite located east of Birchy
Ridge., (F51, crossed nicols, approx. 20X.)
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Photomicrograph of lithic graywacke, siltstone-dolomite
suite. (D92, crossed nicols, approx. 20X.,)

o

Photomicrograph of granite located on west side of
Birchy Ridge. (E96, crossed nicols, approx. 20X.)
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quantities of these volcanic fragmenis in the Anguille
strata. This in fact is not the case;, and in sample D47
(located at the mouth of Northern Harbor) such expected
clasts are conspicuous by their absence (see Table 1). A
reasonable explanation is that the presumed source rocks
were not in their present position at the time of Anguille
deposition; rather they have subsequently been transported
to this lbcation along transcurrent faults.

(d) The presence of anorthosite clasts (see p. 36
and p. 151 )also suggests that strike-slip movements have
taken place. An anorthosite body which could have acted as
the source rock has not been reported anywhere in the immedi-
ate vicinity. & large anorthosite mass is, however, loecated
over 35 miles to the southwest,.

10. The existence and tectonic significance of wedge-
shaped blocks in a sirike-slip fault zone was recognized as
early as 1938 by Willis, yet until recently (Kingma, 1955;
Lensen, 1958; Popper, 1968) such structures have received |
little further attention. These blocks, apparently charac-
teristic of strike-slip fault zones, are bounded by dovnward
converging, high-angle reverse faulits., In plan view, they
are elongate, possibly as much as 20 miles wide, and tapered
at either or both ends. The resultant overall morphology
thus resembles that of a steep-hulled boat, A number of
these structufes have been recorded by Crowell (1952) and
Wallace (1949) along the San Andreas and related faults,

Webb (1963) and Cameron (19466, p. 129) indicate *hat wedge-
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uplifts occur in association with major faults in the
Canadian Maritimes,‘and Kingma (1958) and Lensen (1958) note
their importancé in association with strike-slip faults in
Néw Zealand. As it was pointed out earlier (p. 163), the
cross-sectional profile of the Glide Mountains Uplift is one
of a wedge -shaped block.

The formation of wedge-blecks in transcurrent fault
zones is supported by experimental.studies which, although
not adhering to the principles of scale-model theory, do
offer some intriguing comparisons. Experiments performed by
Riedel (1929, loc. cit. deSitter, 1964, p., 158) and Baltz
(1967, pp. 70, 71) are similar. In each case, two adjoining
flat base-plates of competent material such as wood or card-
board were covered with a more plastic substance such as
clay, parafin or flour batter. One plate was then moved
laterally past the other, In both examples there developed
1) steep wedge-faulted uplifts immediately above the base-
plate.joint. and 2)'33 echelon structures adjacent to the
high-angle faults. Furthermore, in Baltz’s study, folds pro-
duced on the downthrown side of the block were overturned in
the direction of local transport away from the upthrown block.
This is comparable to the natural conditions adjacent to the
Glide Mountains Uplift. _

11, Other geologists have suggested that significant
strike=-slip movements took place along Canadian Maritime
faults. Although certainly not offered as confirmation,

their interpretations do lend support to the validity of the
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strike-slip hypothesis. Some of these people include Belt
(1967 a, 1968); Cameron (1966); Fletcher (1883, loc. cit.
Cameron, 1966); Fyson (1966, 1967); Goldthwait (1924, loc.
cit, Cameron, 1966); Heyl (1966, 1967); Kay (1967); Lock
(1969)1 Neale (1963, loc. cite Fyson, 1967); Neale and Nash
(1963); Popper (1965, 1968); Webb (1963, 1967, 1968); and
Wilson (1962), ’

It should be pointed out, however,’ that there are
others who do not agree with these conclusions. .Helmstaedt's
(1968) study of pebble fractures along the presumed strike-
slip Beaver Harbouvr fault indicates that the maximum com;
preséive stress was oriented nearly perpendicular to the
fault., If this is representative of the entire stress field,
it would be most unfavorable for the creation of a sirike-
slip fault. His analysis is based on the perhaps debatable
assunption that:

(2) The pebble fractures are tensional in origin.

(v) Fracturing of pebbles was caused by the same
stresses responsible for the faulting.,

(¢c) The fractures have not been rotated.

(d) The orientation of the strain ellipse at the
surface:is the same as that at depth. On experimental
grounds, Tanner (1962) has suggested that this need not nec-
essarily be so. |

Summarizing then, it seems reasonable, or even very
likely, that west-central Newfoundland represents a zone of

former strike-slip faulting within which considerable dip-
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slip movements have also taken place. Although lacking the

direct evidence created by the dip-slip component of move-
ment, it appears that strike-slip offsets played at least
an equally important role in the deformation. Conclusive
proof of these movements, however, awaits further investi-
gations. ’

Tectonic Synthesis

Any tectonic synthesis will have to account for the
following geological relationships:

1. The conversion of the paleobasin into a present
region of uplift. .

2. The topographic-stratigraphic inversion, in which
outcroppings of Lowér Missis&ippian rocks are situated every-
where topographically higher than adjacent Upper lMississippian
unitse.

3. Contacts between Lower and Upper llississippian
strata invariably are marked by faults.

b, The late or post-Mississippian age of uplift.

5« The origin of thé wedge-shaped blocks and mechanism
of uplift,.

6. The overturning of strata on both sides away from
the uplift.

7. The discontinuity of the Lower Mississippian out-
crop belt between the Glide Mountains and Birchy Ridge. The
origin cf this lowland is perhaps the most difficult to ex-
plain for +two reasons. First, Lewer Missigelipprian litholo-

gies in both uplifts are similarly well indurated and there-
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fore approximately equally resistant to erosion., Second,
fold axes in the two regions are roughly on strike with each
other. This being the case, why then is there a low land
between the uplifts rather than a continuous ridge as might
be expected?

As a result of his work along transcurrent fault zones
in New Zealand, Kingma (1958) has proposed a tectonic model
for the development of piercement structures. (A prelimi-
nary statement of this concept is mentioned by Davis (1927.)
This model is remarkably well suited to west-central New-
foundland., Along with'the work of Lensen (1958), and another
concept presented here, it provides the foundation for a
unifying theory which accounts for the geological observa-
tions outlined above,

The general conditions as described by Kingma so close-
ly parallel those in the Anguille basin that it seem worth-
while outlining them here. Kingma reports fhat deposits of
great thickness (15,000 feet) were laid down in small fault-
bounded basins. These basins, termed geosynclineﬁtes, are
6-10 miles wide and 15-20 miles long. They are particularly
common where transcurrent fault zones die out, occurring be-
tween two parallel systems of faults or a2long a single trans-~
current fault zone., Presently, rocks from within these
basins are recognized as large isolated blocks surrounded by
younger deposits and bounded on all sides by faults. Kingma
proposes thét the horst-like blocks have beén upraised and

pierced through the younger beds., Since the piercements,
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like the basins, are commonly associated with transcurrent
fault zones, +.."It seems that there is some casual re-
lation between transcurrent faulting and the differential
elevation of troughs and highs." The piercement bodies are
wedge=-shaped, bounded by very steep faults which probably
merge downward into a single crush zone. ' (For an alterna-
tive viewpoint see Cotton, 1957.) Creation of the wedge-
blocks and formation of the horsts'and grabens is viewed as
follows (see Fige. 32).

In Fig. (32) the development of a trans-
current crush-zone from an originally
straight, transcurrent fault is illus-
trated (the curvature of the faults is
exaggerated for emphasis). It is argued
that with an originally straight, trans-
current fault, any differences in litho-
leogy on opposite gides of the Tfault will
give rise to frictional differences and
uneven mnovements along the fault plane,
The original, linear fault will in places
change direction because of this friction,
and undulations and widening of the zone
will result. With continued movement
along an undulating fault alternating
areas of tension and compression muss
result, and corresponding to these sink-
ing and rising areas are created--that is,
small lensoid grabens and horsts, or fault
angle depressions and tilted blockSe e

On continued movement past the stage
illustrated in Fig. 32A, e. it is possi-
ble that another fault will be initiated
and that this in turn may adopt an undula-
tion. If the newer undulations are appre-
ciably offset from the earlier, then it
becomes possible for the original horsts
to subside and for the basins to be
everted. In a transcurrent fault zone,
therefore, large and small blocks can
move up and down individually and thus
cause radical changes in lithology in
place and +time,

(Kingma, 1958)



Fige 32 Development of piercement structures W1th1n a
transcurrent fault zone. :

Development of a transcurrent braided Continued movement gives rise to alternating areas
fault zone. Differences in lithology on opposite sides of tension and compression. (After J. T. Kingma
of the fault give rise to frictional differences and [1958], New Zealand Jour..Geol. and Geophys., 1.)
uneven movements, thus creating undulations. (After Kingma as redrown by Bodgley, 1965.)
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Fig. 33

Formation of a pitching horst and graben in a
strike-slip fault zone (after Lensen, 1958).,
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It should be pointed out, however, that unlike the New-
foundland blocks, those in New Zealand have suffered little
‘internal folding. Those in California were uplifted without
appreciable tilting (Willis, 1938).

In a complimentary study, Lensen (1958) has attacked
the same p.oblem on purely geometrical considerations. His
theory of transcurrént horst and graben formation does not
require that rocks on either side of the fault differ in
nature or degree of induration. Rather it is "based on the
assumption that the friction along the plane of a reverse
fault (compressional) is greater than that along the plane of
a normal faul:t (tensional)." He shows that, in a bifurcating
fault system dominated by strike-slip movements, displace-~
ments occurring within the fault zones must be accommodated
by the raising or lowering of the wedge-sharad central block,
Figure 33 shows the development ¢f a pitching horst and
graben., Note that, as strike~slip movements take place,
local stresses at the northern end of the central block are
tensional and as a result it will subside. Reverse con-
ditions exist at The southern end. In an open-ended system,
one in which the splaying branch does not rejoin the main
fault, gijggf a tilted horst or tilted graben will be formed,
The actual dip of the fault planes is for most cases im-
material (except for cases where the intersection of the
planes is above the ground surface, although Lensen does
not seem to‘acknowledge this)., Limiting conditions exist

only where the faults are parallel in strike and have a con-
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stant difference in dip,; or dip by the same amount in the
same direction. In-these cases no vertical movement results.

An interesting extension of Lensen's theory is that
within a single strike-slip zone grabens cén be everted to
form horsts and vice versa without any change in direction of
movement on the bounding faults or orientation of the overall
stress field. This can occur where bifurcating faults inter-
sect beneath the surface and where initial strike-slip move-
ments take place along one of the splays in preference to
the other. The fault along wﬁich the initial movements take

place is here called the active fault. In response to move-

ments along this fault, offsets can then occur along the

reacfive fault., In Fig. 34-I, the eastern fault is the

active fault. As movement occurs along this fault (tending
Yo serarate block C from blocks A-B) an extensional environe
ment is created in block B., As a result, normal faulting
occurs along the western reactive fault and block B drops
down to form a basin or graben, Conversion of this block
into an area of uplift occurs by a simple change in the ac-
tive fault from the eastern to the western one (Fig. 35-I1).
With movement along a western active fauit, a compressional
environment is created in block B and high-angle reverse
faulting takes place along the reactive eastern fault, If a
regional sedimenfary cover had been deposited in the interin
between the shift in the active faults, block B would then
have been pushed as a wedge-shaped uplift through the rela-

tively flat-lying sirata.
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As in the case of the formation of wedge-blocks, here
again the plausibility of the foregoing theories is rein-
forced by sitructural model studies. Tanner's experiments
(1962) scmewhat resemble those mentioned earlier but in his,
a partial attempt was made to adhere to the principles of
scale-model theory. The faulted, rigid basement consisted of
diamond-shaped plywood plates over which was spread a “"sedi-
mentary cover" of soft, wet clay. in a number of trials
Vaseline was placed between the basement blocks. A few of
the general results are summarized as follows.

1. Surface movements were almost entirely vertiecal,
even when the purely horizontal displacements of the base-
ment blocks were at a maximum - (scaled to approximately
60 km.). This suggests that actual strike-élip offsets
need not be observed at the surface and in some cases may
perhaps be demonsiratable only in deeply eroded terrains,

2. The effects of strike-slip movements along a narrow
line in the basement were spread out toward the surface.

3. Resultant surface patterns (see Fig. 35) included:

(a) The formation of end-on-end chains of uplifts
and depressed areas (as shown by Kingma).
E (b) The development of en echelon fault zones above
the basement shear.
(c) The development of scissor-type faulting (com-
pare Fig. 35 with the Glide Mountains Fault on Plate 2).
From the foregoing considerations it seems reasonzble to

conclude that the wesit-central Newfoundland former Grand Lake
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basin was everted into a wedge-shaped, keystone uplift,
having been squeezed upward under pressure and out of a bi-
furcating or anastomosing strike-slip {ap;ﬁ zone. In this
region, therefore, both strike and dip-slip components of
movement are present. Blocks rose through a cover of Upper
Mississippian strata which was thrown aside during ascent of
the piercement structures. These tectonic features may re-
present only the surface expression of sub-crustal movements
along a deep geosuture,

Geologic Historv of the Grand Lake Basin, West-Central
Newfoundland

1. Prior to the formation of fhe Mississippian basins,
granite plutons were emplaced within the Newfoundland Central
Mobile Belt. One of these intruded crystalline rocks at the
site of the future Grand Lake Basin.

2. With the beginning of the Miésissippian, a north-
eastviard trending, elongate graben-basin vas formed in west-
central Newfoundland, Bordered by steep, downvard ¢onverging
faults it was produced either as a purely tensional gravity
featgre or as the result{ of shearing stresses related to
movements in a transcurrent fault zone. (Fyson, 196? nen-
tions that the occurrence of strike-slip faults of approxi-
mately this age in Nova Scotia.) The basin was created along
the trans-Newfoundland lineament at the boundary between an

igneous provenance to the east and south, and a metamorphic

one to the west and southwest,
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3., Earliest sediments supplied to the basin consisted
primarily of volcanic rock debris from an igneous terrain to
the east. Shortly thereafter a western dispersal system de-
véloped which transported metamorphic detritus into the
basin. Coarse material derived from each of these distinctly
différent areas was deposited at fhe basin margins as pebble
and cobble conglomerates. Finer particles from both sources
were carried farther into the basin>forming strata of mixed
origin: Directional features indicate that paleocurrents
originated in the south and east and then turned northeast-
ward following the long axis of the basin into relatively
deeper waters. Taken as a whole then, the baéin closely re-
- sembles an ideal current dispersal system depicted by FPoiter
and Pettijohn (1963, p. 194, Fig. 8-1-%),

Vithin this depositional framework Early lississippian
sediments accunmulated under both subagueous (lacustrine) and
subaerial conditions. Differing lithologic associations,
formed in three successively shallower portiocns of the
basin; have here been referred to as: the siltstone-dolomite
suite; the gray sandstone suite; and the red arkcse suite.
In the relatively deepest lake waters (characterized by stag-
nant, réducing and anaerobicconditions) formation of lami=-
nated siltstones, shales and dolomites was interrupted oc-
casionally by turbidity flows (siltstone-dolomite suite).
These bore sands wvhich had been previously deposited by

streams entering ihe shallow waters (gray sandstone suite).,
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In the subaerial environment the lake was flanked by allu-
vial fans which emerged from the nearby uplands. Periodic
northward progradation of an arkosic fan entombed trees in
the growth position; simultaneously, the coarse sediments
covered swamps which flourished in the near-shore areas (red
arkose suite)o

Although most of the commnon types of primary features
are present in each of the suites, their proportionate dis-~
tributions are not equal. For example, cross-beds and part-
ing lineations predominate in strata of relatively shallow-
water origin (red arkose and gray sandstone suvites) while.
groove casts, flute casts, elongate load casts and ripple
marks are more prevalent in units deposited in deeper waters
(siltstone-dolomite suite).

Deposition in the Grand Lake paleobasin was inter-
mittant, This sporadic sedimentation was controlled by:
periodic fluctuations in the seasonal supply of detritus;
seismic disturbances which were responsible for resedimenta-
tion within the basin as well as the rejuvenation of relief
in the source areas; and perhaps also flash flooding accom-
panied by high runoff,

Summarizing, it has been possible to recognize the fol-
lowing envircnments of deposition: relatively deep lacustrine,
shalleow lacustrine, fluvial, paludal, and terrestrial allu-
vial fan. The three suites, like the composite environmnents
which they répresent, are at least in part; time-cguivalent

and therefore facies of one another,
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Rainfall in the region was sufficient to support abun-

dant plant life and even large plant fragments were often
enclosed in the sediments. There are no perceptible faunal
remains.,

Uplift of the source areas took place concomitantly
with basin formation. This resulted in the formation of
interdigitated cyclic deposits. Subsidence eventually
ceased and coarse arkoses filled the basin, thus completing
the overall regressive pattern of sedimentation. The abun-
dance of arkoses high in the stratigraphic succession atﬁeéts
to the unroofinz of a granite plutoh in the source area to
the south.

The Grand Lake paleobasin probably was isolated from the
time-equivalent Anguille basin in the type area to the south-
west. The presence of coarse deposits at the southwes?t end
of the Grand Lake Basin suggest a basin margin or terminus,

Furthermore, the Anguille basin (sensu stricto) was shallower

at its northeast end (Baird, 1951). On the other hand, it
seems likely that the Grand Lake basin was at one time con=-
tinuous (and perhaps still is today in the subsurface) with
the Birchy Ridge-White Bay basin to the north. This is based
on the persistent orientaticn of north-northeast directed
polar paleocurrent indicators in both areas, and the lack of
any obvious coarsening of detritus where Lower Mississippian
strata were last observed (in the downcurrent direction of

transport) in ithe Grand Lzke basin, Former continuity of the
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two outcrop belts also is suggested by their lithologic
similarities and corresponding stratigraphic sequences. The
present separation is most likely due to downfaulting and
infilling by younger sediments.

4, The Upper Mississippian Canso strata are signifi-
cantiy less deformed than those of the Anguille Group. This
suggests a post-Anguille, pre-Canso deformation. The dis-
conformity expected between the twd groups, however, is no-
where observed in the thesis area. Instead, contacts in-
variably are marked by faults.

An alternative interpretation is that during a single
later period of deformation and uplift, Anguille strata-=
having been deposited in a fault-bounded basin--were subjec-
ted to more intense deformation than the Canso units over-
lying the platform areas to either side. The difference in
degree of deformation could not be lithologically controiled
because many of the rock types present in both groups are
similar and Anguille s+trata are the much better indurated of
the two.

5. Canso deposition was blanket-like (except near
major faults) and covered the region with a sequence of sub-
aerial redbeds and shalilow lacustrine gray shales. The pre-
sence of Canso red sandstones atop the central portion of the
Glide Mountains indicates that the Grand Lake paleobasin was
covercd by these deposits.

6. During and possibly a2fter Canso derosition, wedge-

shaped blocks of Anguille.stréta were upfaulied through the
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overlying units. Movements took place along high-angle,
downward converging, reverse faults which, in all likelihood,
were pre-existing planes of fracture. As a result of the
faulting, strata were overturned away from the uplift flanks.

The development of these piércement structures probably
is related to strike-slip fault movements. The existence bf
strike~slip faults has been inferred on the basis of: the
linearity, steepness, and splaying nature of the faults; the
keystone Wedge morphology of blocks within the fauvlt zone;
the character of the faults themselvés as observed in out-
crop; the pattern of the overall deformation plan; and the
suggested occurrence of laterally offset geologic features,
Dislocations at depth along a geosuture may have been re-
sponsible for creation of the strike-slip fault zone.

At this same time fault slices of crystalline basement
were exposed. These acted as source rocks for some of the
Canso strata (such as the very coarse conglomerates}on Lanes
Brook). Uplift along the Glide Mountains Fault uncovered
the granite and associated pale volcanic rocks. The age of
unroofing (and movement along the fault) can be fixed because
thié crystalline mass provided pale orange volcanic clasts
for the Canso conglomerates to the north, yet such fragments

are not present in the underlying Anguille gray sandstones.
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APPENDIX

1. The orientation of each feature was corrected for
- bedding inclination by rotation about the tectonic strike
(Bucher, 1944; Potter and Pettijohn, 1963),

2. Either the azimuths of individual readings, or the
vector mean direction for grouped similar features at any one
outcrop, were plotted on base maps at their proper locations.
A preliminary overall view of dispersal patterns was thus
provided,

3 Primary features of any one type were grouped to-
gether within subregions, the limits of which are based upon
stratigraphic considerations.

L, Vector mean azimuths and standard deviations from
the means were calculated for groupings of each type of
feature (within subregions), using a CDC 6400 computer and a
program written by Dr. J.M. Parks. Calculations were based
on individual readings, not grouped data.

5« For any one subregion, the vector mean and all indi-
vidual readings of a single type of directional feature were
pPlotted on the periphery of a polar co~ordinate graph. This
showed the general distribution of readings and tended to
disclose polymodality, if present.

6. Since current orientation may change according to
location within a basin, each grouping (rose diagram) of
directional data is thought of and treated as belonging to a

new population of normally distributed directional features.
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The assumptvion of normality seems warranted at least for uni-
modal data (Potter and Pettijohn, 1963, p. 226),

The sector size (e«.ge, 15°, 30°, 45°) for each rose
diagram was then chosen such that, (a) it be evenly divisi-
ble into 3600. (b) the limits of the modal class encompass
a large proportion or distinet clustering of the readings,
and (c) if possible, the vector mean fall near the center of
the modal sector. In this way natural groupings are enclosed
within a single sector rather than possibly being split
through use of a pre-set arbitrary sector size (e.g., with
point of origin at zero). Thus, the size of the modal sec-
tor will vary among the individual diagrams (though not with-
in a diagram), for it is based upon the distribution of paleo-
current directions for that diagfam and not on some predeter-
mined interval which may or may not be appropriate for subse-
quent sets of readings.

Furthermore, varying the sector size among the diagrams
also conveys more accurately the degree of dispersion of the
data than does the pre-set method. A number of readings dis-
persed throughout a quadrant is not shown in the same fashion
-as_an identical number of readings which are tightly clustered
within a.portién of a2 quadrant.,

7. A correlary to varying the sector size is varying
the point of origin. Since current dispersal systems may be
oriented in any direction of the compass, there is no vaiid

reason or special significance to choosing the sectors' point



21L

of origin at 0° azimuth (due north) rather then 10°, or i3i°,
etce (Krumbein and Sloss, 1963, p. 115 and Tanner, 1955,
p. 2472, establish the class interval point of origin at
other than 00,) A poor choice of point of origin, one split-
ting.a modal class, will give the impression that directional
readings are considerably more dispersed than they actually
are.

8« The radial scale of the rose diagrams has been varied
within limitse That is, the diameter of one based on three
to ten readings is 3.9 cm.; 11 to 31 readings is £.7 cm; 32
to 51'readinﬂs is 5.4 cm., more than 51 readings is 6.2 cm,
Allen (1960, p. 199) shows cne example using this technique.

(2) The significance of few, closely spaced directional
readings is exaggerated and undue visual emphacsic is given
these readings when they are presented in circular graphical
forme That is, the "pie-shaped wedge" would be enormous when
compared with that of rose diagrams containing greater numbers
of readings which, as may be expected, show greater
variations,

(b) The size of the rose diagram for few closely
spaced readings will depend upon the size and pecint of origin
of +the class sector used,

(c) When rose diagrams with large numbers of somewhat
dispersed readings are reduced to map size those class sectors

containing small numbers of readings virtually disappear.,
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In order that comparisons among diagrams may still
be made, the percentage of total readings in the modal classg
has been indicated for that sector on the rose diagram. In
this way current roses can be returned to the original size
by simple comparison with a unit circle.

9. The total number of readings upon which any current
rose is based is a most important feature of that diagram.

In this thesis the number of readings is indicated in the
small central circle of the current rose.

10, The vector mean direction for grouped data is shown
as a line (for sense of current movement features) or an
arrow (for direction of movement features) extending outward
from the margin of the diagram. One standard deviation from
the mean is indicated by dashed lines.,

11, A rose by any other name is a confusing graph.
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Plate 2 Geologlec Map of the Glide lMountains,
West-Central Newfoundland
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Groove Casts and Flute Casts of the

lle Group, West=Central Newfoundland
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PLATE 3

GROOVE CASTS AND FLUTE CASTS
OF THE .

ANGUILLE GROUP, WEST-CENTRAL NEWFOUNDLAND

Numbar in center of ross diagrem indicates somple size
Sohd line indicates orientetion vof vector megon.

Deshed lines indicate one ﬂond;fd devistion from the meen.
9% - mdicetes % of semple in modal cless .
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Cross~Beds of the Angullle Group,

West-Central Newfoundland
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PLATE 4

CROSS - BEDS
OF THE
ANGUILLE GROUP, WEST - CENTRAL NEWFOUNDLAND

Number in center of rose dicgram indicates sample size
Sohid line indicetes orientation of vector meon.
Dashed lines indicate one stondord deviation from the mean.
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PLATE 5

PARTING LINEATIONS
OF THE
ANGUILLE GROUP,_WEST-CENTRAL NEWFOUNDLAND

Number in center of rose diagrom indicates sample size.
Sohd line indicatss orientation of vector meon.
Deshed fines indicate one stonderd deviation from the mean.

% — indicates % of semple in modal class.
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Cross-Section B-B', Glide Mountailns,

West~-Central Newfoundland
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Plate 9 Generalized Geologic Map of Grand Lake-
White Bay Region, West-Central Newfoundland
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Plate 10 Cross-Section A-A', Glide Mountalns,
West-Central Newfoundland
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