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Abstract

The Upper Devonian Graminia Formation ot the Mount.: - 1ot thiee
members Constituent members on the Southeésk-Ca . ' ude the
Calmar Formation (Lower Graminia Member equivalenr* T M and Upper
Graminia Member (Sassenach Formation Equivalent: . N the tlanking
Jasper Basin includes Lower Graminmia Member ("Sin - Jge Basinal
Member (upper Mount Hawk equivaient), and Upper G - e Sassenach

Formation equivalent)

Storm deposition and associated bedforms dominate the Upper and Lower Members of the
Gramimia Formaton Carbonate wackestones 10 grainstones dominate Blue Ridge Member
deposiion. Anisolated carbonate mound at Cardinal Mountan represents Blue Hudge
Basinal deposition Storm activity throughout the Blue Rigge Member depositional stage
pericdically interrupted carbonate deveiopment on the shelf and in the basin  Carbonate
deposition continued following cessation of storm activity A mixed caroonate-sHiICICLashic

system dominated basinal deposition throughout the Graminia Formation

Biological activity throughout Graminia ime destroyed much of the onginal depositional
texture of the seaiments. Hummocky cross-stratificaton and undulatory bedding dominate
the physical bedforms. Rare. low angle cross-badding within the Blue Ridge Member
carbonates on the sheit represents sediment movement following cessation of storm
activity. nterbedded bioturbated and hummocky baddad sitsionas dominate Uppar and
Lower Gramina deposition at the piatform margin  These unds represent emplacement of
storm deposits and subsequent biological reworking Praferential weathenng of the
cycically bedded and burrowed sitsiones creste the Lower Gramnia Member St
Ooublet™ visibie at North Carcinal Pass.

The remdent trace fossi sute within the Gramnia Formabon 1S 3 storm infiuenced mixed

Skouthos-Cruziana chnocoenose with a resident Cruziana \chnoCoenoss



Folykladichnus burrows associated with an opporturistin Skolithos assemblage represent
the inthal documentaton of this vertical branching trace fossil within Upper Devonian aged

beds
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1.0 INTRODUCTION

1.1 Purpose and Scope

The purpose of this study is to investigate the stratigraphy and ichnology of the
Upper Deoran Graminia Formaton in the Rocky Mountain Foothils in the area of
Mountain Park, Alberta

Secimentological data document the stratigraphic relationships between the
platform unis and the basinal equivalents of the Graminia Formation  ichnologicas data
support the st-atigraphic and sedimentological interpretations  The systematic ichnology
formally documents the ichnological framework present within the Gramisa Formation of
this area.

The study area (Figure 1) encompasses the plattorm beds of the Toma Creek area
lo the basinal beds of he Cardinal River Headwalers area. The specific oulcrop sections
measured were salected based on accesability and upon previous 1egonal work
compieted Dy lan A. Mcireath (Petro Canada)

1.2 Stratigraphic Nomencisture and Regional Geology

Two sets of stratigraphc nomencisture have been proposed for tha Upper
Devonian of the Front Ranges primarily in response to independent surface and
subsurface studies. Figure 2 is a summary of the correlation of subsurface and OUiCrop
stratigraphic terminology historically used for Upper Devonian of West-Central Alberta (after
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The Graminia Formation of the Mountain Park area consists of three platform
member units and thew basinal equivalents Figures 2 and 3 summanse the units described
in this study and their homotaxial subsurface counterparts These include Plafform Lower
Grammia Member = Lower Ronde Siltstone (Shields and Geldsetzer 1992). Biue Ridge
Member = Ronde Member. Southesk Formation, Upper Graminia Member = overlying
Sassenach Formation Bamn Lower Gramirua Member = “Silt Doublet™ (Workum and
Hedinger, 1987). Biue Ridge basinal equivalents = upper Mount Hawk Formation, (Shieids
and Geidsetzer, 1992), Upper Graminia Member = overlying Sassenach Formation.

Figure 1 summanses the palasogeographic distribution of land masses during the
Devorian The upper units of the northwest margin of the Southesk - Cawn complex and

basinal equivaients are the focus of this study

A signeficant northwest progradation of the platform margin charactensas the
Gramnia Formation which represents the final stage of growth of the Southesk-Carn
Carbonate platform (Figure 3) (Shieids and Geidsetzer, 1992)

Lower Graminia Member deposition represents the first significant sdiciclastic input
onlo the Mackenzie margn The “Silt Doubiet” and associated sits and sands represent
beds represent deposition on the Arcs/Grotio Members of the Southesk Formation at
Lower Gramwua time.

Degosition of the Blue Ridge Member completed the reelal stage of the platform
Mackennie Margen buildup
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No physical avidence was available on the shelf 10 illustrate the presence of the
Frasman-Famenman boundary Conodont studies of the area suggest a signficant change
in the iostratigraphic constituents of the sediments from the top of the Blue Ridge
Member 10 the base of the Sassenach Formation (Shieids and Geidsetzer 1992
Johnston and Mesjer Crees 1993) interpreted oncolite structures at the upper boundary
of the offbank Biue Ridge carbonate mound suggest a possibie link to the Frasnan-

Famennian extinction event (Shields and Geidsetzer 1992)

1.3 Study Area and Meesured Sections

The study asea borders Jasper National park and is within the area of NTS Map
Sheet 83 C/14 (Figure 4) Al sechons measured are withw the Rocky Mountain Front
Ranges 7-10 km southwest of the abandoned townsite of Viountan Park. Alberta

There are five areas of interest with a total of 9 oulcrop sections described
(1200m) Indmdual areas of study inciude Toma Creek Mount Mackenzie. South
Caranal Pass. North Cardinal Pass. and Carcinal Headwaters (Figure 3. 4)

The Toma Creek area inCiuces WO measured sechons at 52950 N 117°14 W

(FQwe 4. Piste 1) The wvhal section measured (Toma Creek Section 1) inciudes the
upper portion of the Arcs/Grottc Member of the Southesk Formabon. the Caimar
Formation. the platform equivalent of the Lower Gramina Member and the lower portion of
the Blue Rdge Member ( Appendix 1) The second of the two measured sechons (Toma
Creek Section 2) 1 structurally down dip from section TC - 1 and inciudes. the Lower
Grarwva. Blue Rudge. and Upper Gramsa Members of the Gramma Formation. the platform
equivalent of the Saseenach Formation. and the basal portion of the overiying Palliger
Formation (Appendix 1)
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The Mount Mackenzie area includes two measured oulcrop sactions at 5251 N

117914 30'W (Figure 4 Piate 2) The first section measured (Mount Mackenzie Section 1)

ncluded only Blue Ridge Member beds of the Graminia Formation (Appendix 1) The
second measured section (Mount Mackenzie Section 2) is structurally up dip from section
MM - 1 withun a chute on the north tace of Mount Mackenzie Units measured inciude the
Biue Ridge Member of the Graminia Formation and overtying Upper Graminia
Member/Sassenach Formation (Appendix 1) No relationship to the overlying Palliser or
underiyng beds was visible :n either section due 10 a large volume of talus obscuring

formation contacts

The South Cardnal Pass area includes a single section measured along a rocky
spur on the south side of the Cardinal River Valley at 52°51 20°'N 11791530'W (Figure 4.

Piate 3) The entire saction includes the upper portion of the Mount Hawk Formation
Lower Gramina Member. Blue Ridge Basinal Member, Upper Graminia/Sassenach
Formahion and the lower portions of the overiying Palliser Formation (Appendix 1)

The North Cardinal Pass area ncludes two measured sections directty north of the
South Carcngl Pass area (Figure 4, Plale 4 and 5) The first section (North Cardinal Pass
Section 1) 18 along the southern shouider of an east facing Mount Cardinal outcrop
contamng an inaccessible Blue Ridge equivaient carbonate mound (Plate 6) at
§2951°30°'N 117°17'W. Measured unts within tus S6CON INCILAS. LUPPSr MOUNt Hawk
Gramina/Sassenach Formation. and the Lowest portions of the overtyng Palliser Formation
(Appendix 1) Measured thcknesses of the sirata at NCP-1 represent true thicknesess
followng bed uckness corrections. The second of the two measured sections (North
Cardinal Pass Section 2) 18 wittwn a runoft channel 750m north of section NCP-1. Units
descnbed from this sechon include upper Mount Hawk Formation, Lower Graminia Member.
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and Blue Ridge Basinal Member beds (Appendix 1)

The Cardinal River Headwalters area inciudes 2 measured sechons located near the
northernmost extension of the Cardinal River Valley at 52953 30°N 117923 W (Figure 4,
Plates 7 and 8) The mwhial section measured (Cardnal River Headwaters Section 1)
includes pnmanly Mount Hawk Formation and possible Lower Graminia-aged beds
(Appendix 1) The second secton (Cardnal River Headwaters Section 2) is directly up
section of section CH -1 and includes lower Mount Hawk Formation, Lower Graminia, upper
Mount Hawk/Blue Ridge Basinal Member, and the lower portions of the overlying
Sassenach Formation (Appendix 1) Oulcrop inaccessibility prevented the measurement
of the entve Sassenach inlerval and the overlying Palliser Formation

Access to the study area was via the forestry trunk road south of Cadomin. Alberta.
Individual outcrop sections were accessed using all terran vehicies along several irails. cut
hnes and portages A single base camp was established approximately 3km South of the
Mountan Park townsie off of the forestry trunk road Subsaquaent smaller camps were
@stabished at the base of the measured sections when dauly accessibility to the outcrop
sechons was not feasible (Figure 4)

1.4.1 Outcrop Description

Approumate regional dip of the strata for individual oulcrop sections was
measwred 10 faciitate the use of a "Jacob Staff” in the estimation of ndindual bed
thickness Fieid nole deacriptions were taken for each interval of the oulcrop sections,
(Appendix 2) Generakised strip logs for each outcrop were completed Utilising the LOG X
1)
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Approximately 300 outcrop samples were collected for sedimentological,
ichnological and structural data.  Sampie collection from in situ outcrops was of prime
concern However, if no sample was obtanable from the i situoutcrop, a nearby and
obvious remnant of the outcrop was collected for sampie analysis

1.4.2 Thin Section Petrography
Approximately 75 thin sections were cut from the collected ouicrop sampies.

Compiete carbonate staining techniques were carried out on each thin section as outlined
by Dickson, (1966) Subsequent description and point counting of the stained samples
yeided detaved lithologic data discussed in Chapter 2 of this study. Individual point counts
consist of 300 counts per slide and are summarised in Appendix 3 for each of the
formations and members descnbed.

Samples were classfied based on Dunham's (1962) classiication scheme of
carbonate rocks. (Figure 3). The occurrence of a mayor proportion of silt in many of the
samples made sinct adherence (o this classification scheme problemaltic. Classification of
the sampies was compieted empioying clastic terminology (sandstione. siltstone.
mudsione) where use of the Dunham system was inappropnate

1.4.3 Scanning Electron Microscopy
Four outcrop samples from each of the dominantly clastic membaers of the Graminia

Formation were partially dissoived using 10% HCI 10 separate the constituent clastic
malerial from the carbonale matrix. The sampies were then cleaned in a 10% HC! acid wash
belore benvg mounied and goid plated in preparation for examination in the SEM
laboratory Deecription of the samples is summarised in Appendix 4.

1.4.4 X-Ray Radiegraphy
Several oulcrop sampies apPeas 10 yield Mtle or no direct bwological or physical
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structures  X-Ray radiography of selected samples was used o analyse any possible
structures present in what appear fo be homogeneous rocks under visible ight  The
techruques utilized in this study are summansed in Hambiin (1982), Boumna (1968, and Hill
of al (1979)

No new avidence was available from the X-ray (adiographs The homogeneous
nature of the samples x-rayed 1s atinbuted to a complete bwlogical churrng of the
sediments at the time of deposition or the lack of minarals with different densities in distinct

layers (WMtenberg, 1992)

1.4.5 ichnofoseil identification

ichnofossdl identification was carried out as extensively as possible al each outcrop
locality Trace fossils not «dentified in the field were photographed and sampled where
posmble. Photographs of each structure cbserved wera taken with the trace in sy
Subsequent sampiing of the structures 'n queshon often resulted \n damage o the main
portion of the sample. The photograpiuc record was utikzed n sampile dentdicaton to
supplemant the sometimes damaged siructures A detalled description of @ach sampie
structure and formal identification was completed in the laboratory

19
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2.0 STRATIGRAPHY

2.1  Introduction

The Gramwnia Formation is defined formally by Glass (1960) as the uppermost uni
N the Winterburmn Group in Central and Northemn Alberta i is subdmvded inlo thiee
constituent members These inciude 1) the Lower Siltsione Member, which is later ally
equivalent 10 the Caimar Formation. 2) the Blue Ridge Member. equivalent o the upper
Mount Hawk. and 3) the Upper Siltsione Member equivalent lo the Sassenach Formation
Piates 1-8 lustrate the measured oulcrop sections within each area and the dentried
member unds of the Grarmna Formation

Although no detasied conodont sampile identification was completed for this study.
conodom biostratigraphy 13 used by several authors 10 dehine the swahgraphe boundanes
in the Front Ranges of this area These include Johnsion and Meyer Drees, (1983).
Johnston and Chatterion (1991). Weissenberger. (1988) and Clark and Ettengion
(1965) Figure 8 Wustrates the conodont biostratigraphic posihon of the Frasnian and
Famenman members of the Gramsa Formation

22 Calmar Formation

Withen thus study area the Caimar Formation 1s defingd by a masamve 10 thickly
Southesk Formasion. The Caimar Formation s commelaine with the Lower Gramema Member
of the Gramima Formation, however no direct basnal equivalent is iIdenthable

Oetmisd samping of the Caimar Formation green claysions compisied by R 'V
Workum durng a 1908 PetroCanada feid party ywiied several X-Ray diffracthon (XRD)
sampies Table ! dustrates the results of thess tests and the resulng mineraiogy of the

21
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green shale. (pers comm . | A Mclireath. 1990)

Thin section analysis generated similar mineraiogical results with all samples
yieiding a relatively large percentage (up to 15%) of unidentifiabie opaque mineral grains.
Plate 9 13 representative of the mineraiogy of the Caimar Formation green shaie. The
opaque material represents iron, titanium and aluminum oxides and hydroxides identified in

the XRD samples

Detasied mineraiogy reveals that the Caimar of the study area 18 composed primanly
of quartz, dolomicrite, and iiC Clays wih significant percentages (up 0 15%) of opaque
iron and alumnum oxides and hydroxides Detailed heavy mineral identification or thick
sectioning 18 not inciuded in this study However, possible mineralogy may include rutile
(TiOy). imende (FeTiOy), or limonde (FeO(OH)).

Minor constituents of the green clays and silts include mixed ayer ciays (e g.
smectde). orthoclase (potassium feldspar), chiorite. and weathering derivatives of the
alorementioned minerals. These include jaroste (potassium, iron siicate hydroxide -
authugencally derived from the weathenng of feidspars and clays). goethde (iron
hydroxude formed under oxidisng condiions at the expense of iron-beanng minerails).
(Skoog and West. 1906, Berry, Mason and Dietrich, 1963). anatase (TiO2 - vhiy: nic
denvative from the wealhenng of titarwum bearing sediments)

The alleration senes producing anatase beging with the weathering of a titanium-
beanng rock (igneous or voicanic). Anatase is formed ashigenically as an early oxide of
arum under metastable sedimentary conditions such as fuctusting water chemigtry.
(Skoog and West. 1988. Berry, Mason and Dietrich. 1983) Subssquent weathening,
raneport. and conceniration of the previously deposited titarvum-beanng sediments
results in sgrdicant accumulations (up 10 8%6)of titanium cxude within the Caimar Clays.
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The quartz is most offen preserved as silt sized (<65 microns) grauns with varying
pevcentages of quarnz overgrowths The quartz grains are sub-rounded 1o angular The
overgrowths may display varying degrees of rounding due to abrasion Pittng and/or
pocking of the Quarz surfaces is common and Mmay represent gran 10 grain contact during

transport or chemical dissolution in an aqueous environment

Plates 10.11. and 12 dlustrate sCannming eiectron photography of quanz grans
separated from the green clays of the Calmar Formation Plate 10 ilustrales a quarntz grain
compietely enveioped by clay minerais Plates 11 and 12 dlustrate a set of spore casts
within a quariz overgrowth  These samples were collected from the hummocky stratified sit
layers within the Caimar and may be indicative of sikociastic depostion on the piatform
dunng siorm events.  Subsequent littrfication and development of quartz overgrowth
cement appears 10 have “rapped” the reproductive spores of a terrestrial plant.

Structures at the iop of the Caimar Formation suggest a karst setting. Overiyng
sediments from Blue Ridge Membaer infil the large structures of the Caimar Formation
created by surface weathenng and subseguent chemical dissolution Plate 13 llusirates
Biue Ridge mudsiones nfilling a 5-10 cm wide voud in the underlying ssdiments

No biological structures ave identifiable wittwn the Caimar Formation of this study
ares Two. five centimetre intervals of silt 10 fine sand are the only indications of bedding
These zones are parailel 10 sub-paraliel bedded and show indications of wavy to
hummocky siratification  The remainder of the undt is maseive with peculiar surface
weathenng structures in the form of 1-10 cm "holes® in the oulcrop surface (Plate 14).
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Quartz grain is compistely encassd in fitic cays. Section TC-1
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Plgte 11, Scanning electron microscope photograph of a Caimar Formation silt
grain. Section TC-t. Quartz grain with quartz overgrowths. a)Peculiar
round Siructures within qUartz overgrowth.



Plate 12, Scanning electron mucroscope photograph of a Caimar Formation it
gran. Cioss up of Piste 1t &) round siructures are inad wih hexagonal
pattern and repressnt moids of Spores.



2.2.2 Caimar Formation Discussion
The green claystones and sitsiones of the Caimar are widely documented and are

reported at various tratigraphic lavels within the Middie to Upper Devonian, (Machel, 1984
Wendte and Stoakes. 1982, and Leawitt. 1968) Previous studies have interpreted these
grean clays 0 be the residual 30l of palasoexposure surfaces, (Leavitt, 1988) More
recent work by Machel, (1984). and Wendte and Sioakes, (1982), suggest that the green
clays are the products of storms and that the fine grained sediments were transported to
ihe sheit from a source externai 10 the reef complex

The relatively large percentage of ilite may have at least four origins as discussed
by Velde. (1977) These include 1) matenal crystailised dunng westhering. 2)
reconsiructed degraded mica. 3) mica formed at hydrothermal temperatures, and 4)
“unaffectad” iliite redeposiled from sedimentary rocks The green illites of the Nisku
Formation are raporied 10 have formed in a medly oxidising manne anvironment. (Machel.
1984)

The sediments analysed in the discussion by Mache! (1984) have little or no quartz
of fekispatinc silt or chiorite The paucity or abssnce of these minerals is interpreted | by
Machel 10 be indicative of a marine setting, remote from any shoreling or having a
Caimas Formation discussed in thus study have an abundance of the alorementioned
minerals, (Table 1) suggesting a somewhat different environment of deposition

alts 10 fine sands within the Caimar of the study area suggests that its onigin may be a
Terresinal debrs (3pores) and won-beanng siiciciastic material is periodically deposited o
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a shaliow submarine environment dunng Major storm aevents  Buirowing manne organisms
are not able 1o populate the extremely stressful environment bacause of repealed
dessicaton FResumption of normal fax weather conditions completes the preservation ot

the physical sedimentary structures

Karshng of the upper surtace of the Calmar Formation suggesis a drop n sea level
precedad Biue Rudge deposition Exposurs of the platform and subsequent dewatenng ot
the ciay fracthon would partally ithly the Caimar sedments Partiad kthiication of the
sadiments would increase their susceptibiity t0 surface weathering and creale structures
observed in the upper surtace of the Caimar Formaton (Plate 13) Blue Ridge Member
saciments are deposited ino the vouds created by chamwcal dissolution (karst)

To summanse, the Caimar Formation conmsts of a sity green claysione wieh a
mineralogical and biclogical makeup reflecting a subaenal exposuie surface The
presence of sitsions beds in unburrowed iliite and alumino-silicate rich sediments indicates
penodic influxes of sliciclastic sediments N0 a shallow, subaenally influenced

snwonmant

23 Lower Graminia Member - Graminia Formation

Withn the study area the base of the Lower Gramina Membar is debkned by the
occurrence of a relatively thin senes of westward dipping sitsiona/sandsions bads Lower
Gramwwa Member hummaocky sirattied siisiones are absent on the Southesk-Cawm
platiorm, but are correlative with the Calmar Formason  in the Jasper Basn, (off-bank) the
Lower Gramma Member s represented by the “Sit Doublet™ and contormably overies the
caicareous shales of the lower Mount Hawk Formation

Al s base the Lower Grarmwwa Member conasts of rhythwucally bedded caicareous

33



8) Hummocky cross-siraiicahon n a Lower Grarmwea Member silsions. a)
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Pate 16. Photomicrograph of Lower Grarmensa Member caicarecus sitsione from
burrowed section of storm Ut Section SCP Lk Of NO argiacecus
matenal a) rounded QUEnZ gran with ptted surtace. b) bincky dolomie
cement. c)paliet structure Crossed polars
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Plate 17. A) Photormcrograph of Lower Gramira Member silty carbonale mudsions.

Sechon SCP  Quartz grans are rounded 10 subrounded. Crossed polare.
8) Photomicrograph of Lower Graminia Member sllly Carbonate

mudsione Section SCP Heavy minersl fracton up 10 10% Plane ight.
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sits and sands and siity carbonates (Plates 15. 16, and 17) Petrography and point count
analysis yeid: 1 hwgh percentages (10-20%) of micrite and dolomicnte matnx. and sand and
it sized quartz grans (30-40%) Additional mineralogical components include dolomite
cement (10-20%). opaque heavy minerals (10-15%). clays (5-10%). and won oxide staning
suggesting high initial amounts of iron beanng minerais. (Plates 16 and 17)

The quartz grans are rounded 0 angular with occasional Quartz overgrowths
These overgrowths are not rounded indicating lack of transport However pitting and
pocking of the surfaces is common suggesting grain 10 grain contacts and associated
chemical dissolution (Piate 16). The detrial heavy minerals are anguias and closely
associated with iron oxide staning Detased heavy mineral identificaion of thick sectoning
is not included in this study Possible mineralogy may nciude rutie (TiO,). imenite
(FeTiOq). or kmoruie (FeO(OH))

Micnite and doiomicrite are interstitial 10 the detntal grans in each thin section
analysed. High percentages of finely crysialine carbonale matnx suggests the
depositional system was predominantly carbonale External clastic detritus may have been
continuaily introduced into the system and reworked through physical (storm) and
biological (burrowng) processes

Deposition of Lower Gramenua Member/Caimar Formason sediments did not occur
on the underiying rased platiorm margen of the Southesk Formaton (Siwelds and
Geldsetzer. 1962). All Lower Gramina urets measured in the study area exhibt undulating
(hummocky) bedding on different scajes Small scale hummocky swatshcaon (S-10cm) s
the dormunant physical bediorm proximal 10 the piatform (Plate 15) However a large
percentage of the Lower Gramnia bedding structures n the area prommal o the platform
have been destroyed hwough biological activty (Plates 18, 198, and 20) The thhckness
and frequency of hummocky strabfication nCreases nio the Jaeper Basin away from the

37



Piste 18. A) intensely burrowed Lower Graminia Member sitsions. Section SCP. o)

Thelassnocies.
in oy, Techchnus.
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Plate 19. A) Lower contact of Biue Fudge Member carbonale  Secuon TC-2.
Jacoh's stalt for scale 18 1.5m. Lower Grasmmg Member is abeent ot
soctions TC-1 and TC-2 Caimar Formalion s comrelatve.

) intengsly altered Lower Graminia Member slfly carbongie Secton
SCP No race fossils vaible. Dolomite predomunates.



compiete storm cycie deposmon. 1) daposhion 2) colonizasion 3)
burrowing 4) subaaqLent MOM ApONton. a) scour surface. b)
gradational comactbetween busTowed sand and unburrowed aand, ¢)
Palaeophycus Scale bar 18 Icm
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Southesk-Cawn piatform In the Cardinal Headwaters section biological activity has
destroyad most of the physical bediorms

Large scaie Lower Graminia Member sedimeniary struciu/es in the area of the
South Cardinal Pass Section alternate between hummocky bedded strata and wghiy
burrowed sediments The highly burrowed beds are generally more recessive than the
unburrowed hummocky bedded umits Thus recessive/prominent cychicity 1S avident in

Plates 21 and 22

At a more basnward location at North Carcinal Pass, the Lower Graminia is
identified by a sat of two prominent hummocky sitsione beds  Shields and Geldsetzer
(1992), and Workum ano Hedinger (1987), dentified this set of sitstone beds as the "Silt
Doublet™ Piates 4.5. and 8 illustrate the nature and thckness of the "Sit Doublet” n the
area of North Carcdinal Pass Section 1

Detaed investigation of the “Sit Doublet” reveals it 1o be a paw of prominent
hummocky cross-bedded sitstones interbedded with at least three intensely burrowed
more recessive sitsione units (Figure 7) The lowermost unit appears antirely burrowed
and ig truncated by the overlying bedded und. The overlying undt 18 entirely burrowed in
beds is repestad in an overlying set of siltstones The result of ttus cychcity is similar fo the
weathering on the oulcrop of thess exposed siltsiones has created the prormnent and

Several authors have indicated that the ratio of bedded 10 burrowed bed
thicknesses ndicales the frequency and severtty of storm events (Howard 1975 Dot
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Piate 21. Lower Graminia Member sitsions. Section SCP. Promingnt paraiiel
larnated 10 hummooky Dedded Sistonss overiying recesanve. intenssly
burrowed siftsionss.  Sampie represents burrowed storm SiRSIONES
OVeriamn Dy YOUNQEr Siorm depoeted sltslonss. &) Thaleemoies. b)
SOOUr GUrface.
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ourrowed upper portion of storm bede. ¢) subsagquent storm beds of
8 Closs up view of Lower Graminia Mamber burrowed storm uni. &)
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1988 and Pemberton of a/ . 1992) Pemberton of A/ (1992) pointed out that the intensity
of sediment reworking has three connotatons 1) population density and rate of actwity by
the organisms, 2) degree of moditication of primary physical sedimentary structures, and 3)
rate of deposition of sediments Depositional rate 18 perhaps the most important
(Pemberton ot a/. 1992) As a result, thicker burrowed sections indicate extended penods
of time between individual storm avents in which opportunistic organisms are able o
burrow the sediments The longer the perod of me in which burfowing occurs. the
deepar the penetration by the organisms ino the sediment The tesult 1s a thinner
preserved stratified unit (Wheatcroft. 1990, Pemberton of &/ 1992)

Thicknesses for ail avalable ndividual storm beds were measured in the field
Storm frequency as caiculated by burrowed bedded thickness is vanable However no
accuraie hme frame could be caiculated for ndiwdual events because of the unavasabiity
of a deposihonal rate for the Lower Graminia Member sediments

Basinward, towards the northwest, the Lower Gramima Member becomes
increamngly more burrowed and the “Sit Doublet” 1s no longer recogrisable (Plate 23)
The Lower Graminia Member caicareous sits and sity carbonales measured al the Cardinal
Headwaters Section 2 are entrely reworked and no physical structures remamn (Plate 24)

Bioclastic sediments are common throughout the entire Lower Graminia section,
but the abundance and diversity of fossils 13 generally low EBractwopod debns. aigal
structures. cninoid ossicies and indistinguishable coral fragments are the only \sible
allochems i the basnal sections gt Cardinal River Headwalers and North Cardinal Pass
Section 2 Proxsmal 1o the exposed Arca/Grotio platform the lossd abundance nCreases
however diversily remans low Gastropods. rare solary coral debns and bivaives are
identifiable \n addition 10 brachiopod and cnnowd debris
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Fosmation 1 represersed by the Lower Greminia Membet, Bius Ridge Basinal Membex, anc

e Upper Graminia Member View is 10 the West



ichnolossis are relatively abundant throughout the entire interval  Trace 10ssils
denthed are most abundant in the burrowed interbeds of the Upper and Lower Members
Thess unils include Skohthos Thalassinodes Palaseophycus Teichichnus Planokles

Polykiacchnus Al forms are generally small with the exception of Thalassinodes
Racolonisation of newly deposited storm beds s raged 0 a reistively non-competiive
snwonment Subsequent siorm events reworked the previously burrowed sedwments and
burrows wihin the upper regions of the beds are destroyed

2.3.2 Lower Graminis Member Discussion

The caicareous siis of the Lowar Gramina appear 10 have been deposded in a
base Highly buirowed strala are reiatively thick and show excellent preservation of cychicty
The depostonal sysiem appears 10 have been Predomnantly carbonate wih a domnant

previously ktwlied sedimentary rock reworked and redeposted dunng Lower Graminia tvne
Potental areas capabis of suppinng this type of sediment inciude 1) Peace River Arch. 2)
Canadian Shieid. J) West Alberta Ridge. 4) as yet undentified weslem source




2.4 Biue Ridge Member - Graminia Formation

Wittwn the study area the Blue Ridge Member 18 present exclusively on (he
Southesk-Cairn platform  Off of the buidup the upper Mount Hawk Member of the Mount
Hawk Formaton i1s correlative 10 the Blue Ridge Basinal Member The Bilue Ridge 13 detined
by the occurrence of a prominent carbonate ndge directly overiyng the Caimar Formation
(Plate 19A) Much of the contact between the Biue Ridge Member and the underlying
Lower Grarminia Member 15 obscuied by scree

The Biue Ridge Member represents the hnal growth stage of the Southesk-Cawn
piatiorm and i1s charactensed by a significant progradaton of the platform margin
enwonment The presence of bostromal bukdup materal suggests the locus of plattorm
margin depostion dunng Blue Ridge me was at Toma Creek Subsequent progradation
of the platform margin shifted the depocentre lowards the north in the dwection ol Mount
Mackenze. (Shweiis and Geldsetzer, 1992)

2.4.1  Sedimentology and Palseontology
Mineraiogically the Blue Ridge and Biue Ridge Basnal Members consist of vanably

dolomitized grimnstones, wackesiones. and mudstones Replacement dolomie appears 10
decrease upward and bankward (Southeast) i the measwred sectons Two separate
phases of coarssly crystaling doiormve cement represents the inal phase of Mhicathon
Pelietal structures. oncoles, sheietal matenal and rounded thociasts are the predomnant
aflochemcal consttuents (Piate 27) St 5260 QUErtz and feldaper FaNS ae alEO prasent
specAic horzons on the platiorm and in the Blue Ridge Basinal Member (Plates 28 29 and
30)

Physcal structures withen the Blue Ridge Member are resincted 1o the relatively

then quartz and feidapar nch honzons depersed IYOUQNOW the und  Rpple cross-
hon and unduistory bedading predominate with these 10-50 cm thck units The
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Piste 28. Scanmng slectron microscope photograph of a Lower Gramira Member
QUArtZ overgrowih  a) Casts Of JOIOMNE CTyStale WilWN QUErZ OVergrowih.



Plgte 28. Scanning electron
mucroscope photograph of a Lower
. Grarmma
(°“S& Doublet”) st gram. Ommmmm’::’“
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remainder of the platform 1S a seres of massive bostromes interbedded with skeletal

gransiones

Tha Biue Rdge Member at Toma Creek Sechon 218 composed of interbedded
pelietal gransiones and mudstones with rare skeletal wackesiones (Piates 32 and 33)
Rare fossd debns and skeletal wackesiones are aiso recognized n asscciation with thin
(<10cm) st sized quanz nch honizons (Plate 28A B, Plates 38 and 39) These honzons
may repreasnt siorm deposiion o a dominantly low energy Carbonata piatform nterior

ichnofossils within the Blue Ridge and Basinal Blue Ridge Members are
percentage (up 10 30 *» Plale 278) of tologecally ganerated pelistal grains. Narbonne

processes greatly reduces the preservabon potental of a trace fossl sude developed
within 2 carbon.te sediment ichnolosas identified within the platform and basinal Biue
Ridge carbonates nciude Monocratenon. Bergauena. and Lockes  Escape races in
conunchon with hummaocky cross-siratified sits indicale catastrophc siorm depomstion and
the responsive behaviour of the organisms present

plafform Blue Ridge Member Bamnal sections contain sbundant biociastc detrtus  Life
encrusing Corals are also abundant on the opsn manne platiorm margin and nclude
rugose. and rare Aheokies (Plates 33A.8.348)



Piate 27. A) Typicsl westhering surieoe of & Biue Midge Member pelisted carbonate

wograph of Bue Ridge Member CardONale WACKSONS N A).
Qﬂ:mu“(ﬁiﬂnﬂw



Plate 85. A) s wihin Bius Ridge Member carbonate. Section TC-2. &) low angle
@ Phoomicrograph of & 2-3mm slstone bad within Bive Rulge Member
ﬂﬂh“hg‘mﬁmﬂ.



Section TC-2 a) scow surface. D) iow angle cross-siralification ndicalne
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Piate 30. A) interbedded
o rces cajcarecus sillsions and silly carbonate of upper portion of
. Member. Section MM-2. ) ow angle cross-etrailiicalion in
8 Pholomicrograph
: of Glue Ridge Member slly crbonate. Saction MM-



Mate 31. A) Carbonate mudsions of the Bius Aidge Basinal Member Section NCP-

1. Smal percantage of foasl daling.

[} sograph of Biue Ridge Basnal Member  Section O4-2 a)
m-mmm-ﬁmumnnm
Mmabix, b) arculated Srachisped fllad with dolgmily cament
14




Matrix is paliated tme musstons. &) lsached ertiouisted Shaves
oM Norogragh of Blue Rigge Mamber CBSRSIS WRCRESIONS -
m Section TC-2. &) gastropod. bipelinta, 0) bivaive filsd with
dolgsnile coment




Mate 53. A). B) Coneprcuous articuiated AMegaiogont Bivaive bedding surface of
Siue Ridge Member Section TC-2. Marix 18 casbonate wachestons 10
packeions.



Seaward o! the platform margin 1055 debrns becomes maore disarhculated and
includes brachopods. crinowds. bryozoans. and rugose coral debns (Plate 31A) The
furasiope enviwonment of the North Cardinal Pass Sections 1 and 2 18 charactensed by a
carbonate mound approxmately 120m wide and 40m thick (Pigte ) Tha buidup 18
inaccessible. however associaled debris beds contan large stromatoporods and

disarticulated colonal corals dernved from the area of the buildup

Basinward of the buiidup at North Cardinal Pass Section 2 a CoONsSPICUOUS ONCOKte
bed is developed in the uppermast Biue Ridge Basinal Member (Appendices 1 and 2)
The oncolites range up 10 S5cm in diameter and exhibsit excelient textural preservation
Shields and Geidsetzer (1992) suggest the occurrence of the oncoite beds at the upper
contact of the Biue Ridge may be reiated to the Frasman-Famennian extinction event No

evdence s avadabie in this study 1o vakdale or refute this suggestion
biostratigraphy suggests the Frasnian-Famennian boundary is present at the lower contact
of the Sassenach/Upper Gramina with the Biue Ridge Basinal Member of the Grammia
Formation (Johnsion and Meyer Droes, 1963 Wanssenberger, 1988)

242 Biue Ridge Member Discussion
The Biue Ridge Member of the Graminia Formation represents latest Frasmaen
carbonate deposition at the Southesk-Casn piatiorm margin  Cotrelative Blue Ridge
Basinal Member sediments are equivaient 10 the upPer Mount Hawk Formation and are also
domnated by carbonate sedimentation The increased carbonale mud content and
Jdecreased abundance of skeletal allochems in the basinal sediments suggests that thees
deposds represent quiet waler off-bank depostion  The platiorm intencr 1§ represented at
the Toma Creek Section by pelietal granstones and mudsiones deposied in a restricted



A Ruler wat

Pt 34. A) Coral wackestong of Blus Ridge Mamber Cartionate Section SCP
Segton TC-2.
é1



Piate 38. A) Cartonate debrs bed of Biue Mudge Basinal Member prossmal 10 the
basnal carbonate mound a)dark IIhOCIaNts Show good rounding.
Quarter for scale
B) Photormucrograph of sampie irom oarbonate detiris (A). Rounded
hociasts contan a) calcEpheres. b) 0oids. C) pelets. and e
cemented by @) drusy dolomde cament. and @) blocky Carbionale Coment

62



Thin siciclasic dominated intervais at Toma Creek section 2 illustrate the
nterpretaton that catastrophic @vents affected the platform intenior  Rounded car vonale
ithociasts in the region of North Cardinal Pass saction 1 (Plale 35A B) dlustrate th.
nterpretabon thal these calastiophc events also alffected the deeper waler off bank
regions Carbonate deposition on the platform and in the baginal SEction was not
terminated by the nput of shciciasics and was QUICKly resumaed foNowINg cessation of

Sources of the sikciciastics . o sumiar 10 the sowrces of the Lower Graminia Member
sits The presence of quartz and leidspar grasns (Plates 36 37 38 and 39 ) and the
absence of diesoived feidepar gramns in the form of clays suggests these sednents were
not transported great distances before beng deposited Chemical dissolution and physicial
abrasion during extended transport wil generally destroy feldapar gf ans and sgmhicantly
alvace quarz grans The resulting sediments are often cClay rch and have iittle fokdso.
remaswng This suggests a proxmal source for the sdisciastic matenal

measured Blue Ridge sectons suggests a NorMmal Manne envwonment penodcally
wierrupled by storm activily Basinal deposstion includes development of off-bank

occurrence of a then senes of westward cipping Mitslone beds unconformably overtyws) the:






Plate 37, Scanming electron microscope photograph of Biue Fudge Member st
grain. Feldapar gran with heawly eiched feldspar overgrowth  a) wnning
on feidepar gran



gran &) subrounded quartz grain. b) heavily eiched and rounded quartz
overgrowth



S ckon necscope o o e e e
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Upper Gramima 1s eguivalent to the Sassenach Formation and conformably overlies the

Biue Ridge Basinal Member

2.5.1 Sedimentology and Palssontology

On the Southesk-Carn platform the Upper Graminia Member consists of
rhythmically bedded caicareous sitstones and bioturbated caicareous sitstones in the
Jasper Basin (off-bank) the ratio ol bedded siitstones to burrowed siltsiones decreases

basnward

Thin section dentiication and pont count analysis ywided high percentages of
Quanrtz (50-60%) consisting of well rounded 0 anguiar grans with abraded and euhedral
overgrowths (Plates 40.41 42, and 43) Scanming electron microscopy of the siiciciastic
portion of the Upper Gramimvia sediment aiso reveals reiatively ngh percentages (5- 10%) of
leidspar grasns with overgrowths (Plates 44 45 and 48) The remainder of the sediment is
predominantly clays (5-10%- products of the weathenng of feidspars) (Plate 47), micrite
and dolormicrite (10-20% - intershtial 0 grans). and caicle and dolomvie cement (5-10%)
(Plale 45) Opagque minerais and associated von Cxide sianing are also dentfiable n small

percontages (<5%)

Hummocky cross-stratthcaton i3 the predominant bediorm n the Upper Gramena
Member (Plates 48 49  50A) Parallel larmination 13 aiso present. but 13 only observable in
hand sampie (Plaie 518) These sampies represent only a fraction of the hummocky
bedded unt intensely burrowed siltstones are nterbedded with the hummocky bedded
sirata (Plates 508 and 51A) Preferential weathenng of these beds Clearly liustrates ghly
burtowed sirata ssrwiar 10 those descnbed n the Lower Gramima Member  The scale of the
wghly burrowed beds 18 varnable and may range from only a few contetres 10 several
melers m tnchness (Plate 508 and 51A) indimdual storm events are represented by a
lower lammnated/hummocky cross-strathied umnt with a scoured base gradually gvmng way 10



Piate 49. Scanming slectron microecope photograph of an Upper Gramena Member
QUENEZ oramn. D)YOIOMAS rNOMD CANt Wl IErger haxagonal cast



' QuUarz grain with
., mmmmdl‘m
i Quartz overgrowth and associated clay. Upper Graminia Member section

MM-2. a) priting of surface of QuErtz gramns.
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Plate 42. mmﬂmmdmm(&mm
ot grain. Sechon MM-2. mnmmwﬁm
overgrowih  a) heavy eiching pattern. b) dolorwie rhomb casts n quartz
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Piste 43. A) Protomecrograph of Upper Gramesa Member cslosrecus sit. Section
NCP-1. mmdmmnmﬂ-mm
BF , h of Uppar Graminia caioareoyus st Section Mi-1.
ﬂmmmﬁmmmﬂ-‘h“ﬁ
Wil NO OVERgrOWInG. ¢) MISrED) CEFbONEND M.
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Scanring mmum 0800pe PhOGraph of sUbENGUIAr 10 subrounded
Member sét grain. Sechon MM-2, o



Piste 48. Scanning eleciron micToscope photograph of a subroundec potassium
Member sechon MM-2
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Plate 47 gemmmmm o v materal and
m a) clay matenal. b) quarnz gran
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an overying Dicturhiated bed

The: GLLurrence ot the highly burrowed strata s most prominent in the Upper
Citarmirua Membes at both the Squth Cardinal Pass and North Cardinal Pass sections
Basinward frum these sections towards the Cardinal Headwaters section the bedded units
disappear Oniy extreme. low lrequency storm events alfected the sediments in this area
This ultimately decreases the ratio of bedded to burrowed bed thicknesses to zero
Countinuous burrowing at or below storm wave base in the area of Cardinai River Headwaters

results in the development of a completely churned sediment (Plate 50B)

Dessication or mud cracks are aiso distinguishable at Mount Mackenze Section 2
(Plate 52A B} These are attributed to penodically deveioped exposure surfaces and
represent non-deposition following storm cessation Decreasing energy ieveis on the
bank following a storm event aliows deposition of the suspended sediment load
Restncted waters will ulimately evaporate and dessicate the upper few centimetres of
mud Deposition on the sheif dunng a subsequent storm event will nfill the mud cracks and

preserve the dessication structures (Plate 538)

Skeletal matenal occurs throughout the entre Lower Graminia section, but the
abundance and diversty of fossils is generally iow Brachwopod fragments, crinowd ossicles
and coral fragments are the only wisible allochems in the basinal sections at Cardinal River
Headwaters and North Cardinal Pass Section 2

ichnofossils are reiatively abundant throughout the entire Upper Graminia interval.
Trace lossis identified in the areas proxsmai to the piatform edge are most abundant i the
highly burrowed interbeds of the storm beds The highest burrow frequency within the
Upper Grarmwma Member 13 withm the thin sitsiones deposited on the piatiorm at Mount
Mackenzie Section 2
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a)iruncabion surface. bjoveryng hummocky beddng.
8) Paralisl laminated 10 hummocky badded Uppsr Gramexa Member
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Piate §0. A)Paraliel laminated Upper Graminia Member siltsions. Section MM-2.
4) Iow angle croes STANNCENON Overiying st 1 undulaing (hummocky)
Ovariying chumad sil beds. Section MiM-2 a) scour surface.
b) Planciiss



MM-2
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Mate 52. A) Badding plane of Upper Gramnia Member sity carbonale mud  Section
MM-2. a) solitary coral. b) moids of Mud cracks Shown Dy tapenng,
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Ichnotussis identiied within the Upper Grarnima Member include Skoiithos.
Dactyloidites  escape traces Thalassinoides. Palaeophycus. Teichichnus. Aranicolites
Lockena Cruziana Chonantes FPlanoites. Palaeophycus. rare Poiykiadichnus. as well as
compietely churned beds attnbuted to intense and reiatively continuous biological activity

All forms are generally smail with the exception of Thalassinoies

2.5.2 Upper Graminia Member Discussion
The Upper Graminia Member 1s simiiar 1o the Lower Gramima Member in that both

were deposited in a shallow marine environment  Intiling of the off-bank regions and
smothenng of carbonate deposition by siiciciastic input in the Upper Graminia is indicated
by the presence of storm dominated (hummocky bedded) siits and sands on the Southesk-
Casrn-Biue Ridge platiorm  intense biological activity has destroyed most of the pnmasy
structures in this unit  Basinal deposition was above storm weather wave base and bealow

far weather wave base as IS indicated by hummocky bedding and iack of fair weather

bedforms

The Upper Graminia Member 1s shghtly difféerent from the Lower Graminia Member
'n terms of dorminant hthologies [n the Upper Graminia Member séiciclasic deposition
predominates Carbonate mudstones and wackestones were deposred intermitiently and
the entire sediment column was subsequently reworked by siorm svents and biclogical

activity

Key vanations between the Upper Gramiria Member sediments and the Lower
Gramima Member are the decreased quantities of heavy mineral grauns and the increasecd
Quantity of feidspar grans in the Upper Gramnia Member The prevaience of anguiar
feidspars in these sediments suggests relatively minimal transport before redeposition
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Pie §3. A) Masswve carbonate mudsions overian by thinly badded wltelones.
mmwmm—z a) scour suriace. b) wedge of
8) Bactng plane wew of sampis A). ) mud cracks.
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2.6 Graminia Formation Discussion

The Grarmimia Formation ol the study area 1s differentiated into three constituent
members Plattorm members include Calmar Formation/Lower Gramimia Member. Biue
Ridge Member and Upper Gramima Member/Sassenach Formation. Basinal members
include Lower Graminia/Siit Doublet”. Blue Ridge Basinal Member. and Upper Graminia

Member/Sassenach Formation

The overall deposiional environment for the Graminia Formation was a carbonate
and sikciciashc dominated mixed System and is summansed in Figure 8. Individual formation
members refiect shohtly varyng dominance of the two pnincipal lithologies. The Caimar
FormationA. ower Gramima Member was dominated by clashc input nto a carbonate
dominated basin (Jasper Basin) Calmar Formation beds represent shallow manne
deposition i a shallow marne environment penodically influenced by storm activity.
Exposure of the undertying Arcs/Grotto prevented deposition al the platform margin during
Lower Grarmwwa Member ime

The Blue Ridge and Biue Ridge Basinal Members are dominated by carbonate
depositon The Biue Ridge Basinal Member is equivalent 1 the upper Mount Hawk
Blue Ridge Member deposition are evident on the DIAIFOrm in the 1om of hummocky cross-
carbonates The influx of clashc Matenal into the basin at Biue Ridge time only interrupled

carbonate produchon but did not compietely drown carbonate depostion

The Frasnian-Famennan boundary is present at the 109 of the Blue Ridge Member
1902, and Waisaee 87, 1988). A thin (<1 m) oncolite honzon at the 1op of the Blue
Rudge Bamnal Member n the area of North Cardinal Pass is the only “macre
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DEPOSITIONAL STAGES - Graminia Formation

Toma Creek to Cordinal River Headwaters,
Mountain Pork, Alberto.

Member - Stage 3

Rgwre 8§ . Schemalic block diagram of Graminia Formation depositional stages
Stage 1 - Lower Graminia Member/Caimar Formaton, Stage 2 - Biue
Ridge Membaer, Stage 3 - Upper Graminia Member
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availabie to suggest the presence of this boundary

Upper Graminia deposfion smothers the Biue Ridge bank and represents a return
0 a siciclastic. storm dominated system Cychical hummocky cross-stratfied and
troturbated sitstones are the charactenstic sedimentary successiIon in the area of the
piatiorm margin Deposition on the drowned plattorm is charactensad by parallel laminated
to hummaocky bedded siorm deposits and inlerbedded bioturbated beds Basinal Upper
Graminia Member siisiones are predominantly bioturbated with no remnant prmary

structures

Although the provenance for the Graminia Formabon sikciclastics remans
problematic, the siiciclashc sediments were not transported a graat distance before bewng
redeposited in the study area. Source beds must have been quartz and feidspar nch with
appreciable amounts of heavy minerais. Clay material and autiwgenc substances (anatase
jarosite. and goethite) are the products of the weathering of the principal source
constituents  Sediment provenance was likely to be in the areas of the Peace River Arch.
Canackan Sheeid. West Aiberta Ridge. of from an as yet unidentihed western source
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3.0 PROCESSES AND STRUCTURES OF
STORM DEPOSITS

3.1 Introduction

The shelf and shallow manne seiting 1s a complex deposstional environment with
many sub-envwonments. each with a vast number of infernal processes Recent studies of
these environments have shown a general lack of the seaward gradation of grain s*s»
tradiionally heid to be charactenstic of a shelfal environment Studhes completed m the pas!
fiteen ysars have continued to illustrate the complexity of both bedform geometry and
sediment type and have given insight :nto the processes acting on the sheit at any one
time. (Pemberton ef al . 1992. Duke ef a/ . 1991 Hanes 1988 Duke 1985ab ¢ hiesa

1981 etc)

Four man current types are beheved 1o be operating on the shelt 1) intruding
ocean currents. 2) idal currents, 3) storm (meteorological) currents and 4) density currents
(Switt et &/ 1971) In general, sheives and shallow manne settings are subdiwded nto
intruding ocean current-dominated (5% of modern shell anvitonments. ¢ g Southwast
Atncan Shell | hde-dominated (15% of present day shelves, ¢ g Nofth Sea), and storm
domnated (80%s of modern shelves, 8.9 North Amencan Atlantic Shetf) (Swiit and
Niedoroda. 1985) Density currents. if actuaily present on sheives. are bekeved lo be
storm-induced (Walker, 1584) and consttute part of the storm-dominaled sethtng As in the
Case O! most ssthmentary systems, most sheives typically posaess charactanshcs ol saveral

environments

Cyciical. catastropihnc events such as siorms have simvdar charactenshcs (Barron,
19689 Leckie and Krystinik. 1989) The crilena used n the identhcabon of tempesiie
structwres and sediment texture (Pemberton of &/ . 1992) Mineralogcal Characternshcs



Hanes (1988) Jacobs (1986). Grossnickie (1985). and Goldhammer (1984)

3.2 Hydrodynamic Procoases

Walker (1984) stresses that there i a signiticant ditterence between the
oceanographer's viewpoint of the processes operating on the sheif and those employed
by the geologst in accounting for the preservation of seciments  Walker attnbutes this
differance 10 the oceanographer being concermnead with those processas that operate
more of ieas continuously while the geologist takes the longer view (“thousand year
event’) Swift and Needoroda (1985) disagree and suggest that there is no real difference
between the dynamic processes of the modern storm-dominated shetfl and those
responsible for the deposits of ancient storm-dominated shelves. Duke (1985b) suggests
that the only storms that ssgndicantly affect the shelf bed are hurncanes and severe winter
slorms  In general, ttvee man hydrodynamic processes appesr 10 operate on thess storm-
dominaled sheives 1) wind-forced currents. 2) relaxation (storm-surge ebb) currents and 3)

turbeddly Currents (Walker. 1984)

wind-forced currents are generated as the wind blows across the waler surface.
gradually desturbeng deeper and desper OCan iayers until the water column is able ©© Move
Morton (1981) show that 50 km offshore, in 21 M of water. currents up to 2m/s along shore
slorm achwty in fine 10 very fine sand thess flow velocties are capable of producin

The preservabon potential of thees bediorms 18 SAUSKON SPECHic and depends on
1) the rate of iogemc reworking. 2) ihe frequency of the episodic depositonal event, 3)
the magriude of the depostional event. and 4) the nature of the faunal. burrowng
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organisms (Pemberton of /. 1992 Whealcroft 1990)

Relaxation (storm-surge ebb) currents are believed 1o be generated by siorm
surges which are unusually hwgh due to iandward-directed storm winds piing water
onshore As coastal water levels rnse. there is a boftom return flow which moves seaward of
can be detiected along shore This current type has been empiloyed as a mechanism for
consderable sediment transpon (Doft. 1988, Hayes 1967) and has aiso been shown to be
responsible for np channel deposits (Seilacher. 1982) These channel deposits are often
associated with storm sheet sands

Morton (1981) determined that the graded beds resuiting from hurricane Carla
were not the result of storm surge ebb (Hayes. 1967). but rather from wind-driven fiow
paraliel to the shoreline. suggesung that relaxanon currents are miNor components in
sediment transport. Walker (1984) suggests that In maor wave setups. such as those
produced by humcanes. flows are capabie of offshore transport of sand which is introduced

directly in quiet water conditions

Walker (1984) suggests that storm-generated turtwdity currents. driven downsiope
by grawity is 8 COMMON Process operating on the shett  Despie the low gradient of the
shell. Walker (1984) postulates that turtadity currents can ba generated and flow
downsiope cting the flow Of Matenal on the abysaal plan (extremely low grackent) as
evdence for this suggeshon. Walker (1984) proposes that twgh veloctty turtdity currents
are driven by a feedback process called aOsuSDENSON However. this Drocess requires
the achwevement of a cntical velocity 10 reach “ignvion’  Once igrvhion has been resched a
flow can travel great distances. entrarwng secwment withwn itsell  Since the slopes on the
will not take place



Swift and Niedoroda (1985) suggest that another density-driven sediment
transport mechanism may exist Loading sediment on the bottom boundary layer by storm
waves may add an additional dnving force. capabie of signdicantly affecting the velocity of
storm-generated geostrophic flows and causing them to veer offshore This process will
not achieve ignition. but will decelerate offshore. depositing sediment out of suspension
Walker (1964) makes no reference to igniion or autosuspension in his model making
companson of the two modeis difficult

3.3 Facies and Bedforme
One rather confusing charactenstc regaraing storm-dominatad sheives is that the

deposits of the modern day are not well refiected in ancient exampies, and converasly, the
bediLrm most common 10 ancient storm-dominated shelf deposits appears to be
underepresented on modern sheives Three scales Of sand bodies are presently
observed on the modem sheil 1) shoal retreat massfs, 2) inear sand ndges and J)
nppie/meganppie/ sandwave bedforms (n contrast to these features. the most
charactenstic features found on ancient storm domnated shelves are hummocky cross-
stratiied (HCS) and associated swaley cross-siratified (SCS) sandstones. which are poorly
represented on modern sheives. The bediorms and bedform compiexes found on
modern sheives do Not appear 10 be a common phenomenon in ancient sheives
merpreted as storm domnated. Walker (1984) suggests that this difference is a resuit of
the contnuous processes and associated bedforms (which may have a low preservation
yoar event”)

Hummocky cross-stratification is a bediorm which has a CONOverasl ongin 8 is
typically made up of fine 10 very fine sand. aihough coarse sand. gravels and even
conglomerates may be hummocky croes-siratitied (DeCelles. 1987). Figure 9 dusirales
the leatures by wiuch HCS 18 recognized. and is discusesd by Pemberion of al.. 1902,
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South Cardinal Pass North Cardinal Pass
Upper Graminia 7 Lower Graminia

LONG WAVELENGTH, |- M
LOW WENT, FEW W'S OF Cu i _
MUMMOCKS AND SWALES CACULAR TO CLLIPTICAL W FLAN VW

MNOWIOUAL SSTS. AVERASE
SVERAL 10'S OF CM. S

Waker. 1984)
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Duke 1991 Frey. 1390 \ossier and Pemberton, 1989 1988, Dyson, 1987 Duke.
1985b.¢c. Swift. 1984 and Dott and Bourgeois. 1982) The ongin of HCS remains
uncertain. but most workers atiribute 1t 10 some storm-induced process

Hummocky cross-strated sandstones are typically sharp based and interbedded
with highly burrowed manne mudstones and sitstones The upper portion of the HCS may
also show evidence of burrowing. These observations incicate that HCS was developed in
a quiet water environment dunng pernodic high energy states, such as storms Dot and
Bourgeois (1962) aiso suggest that HCS i1s formed by the redeposition of fine sand
delivered offshore by a vanety of possible processes below far weather wave base
Deposition 18 from suspension taliout and isteral tractive flow due to oscillatory fiow at the
sediment water interface Under intense oscilatory flow. falling graing encounter intanse
oscilalory sheet flow which drapes sand over an irregularty scoured surtace and also
moulds the sand im0 roughly crcular. unonented hummocks and swales  The overall iow 18
thought 10 correspond to upper plane bed conditons of unidirectional flow defined by Dott

and Bourgeots (1982)

Duke (1985b.c) suggests that the most efficient storms capable of producing HCS
were hurmcanes. due 10 the flow conditions present at the surface of the bed. Humcanes
appear 10 disturd the water column more effectively in terms ot multidirectional flow than
modiiying the shellf bed  If unidrectional flow is created at the expense of oacsiistory or
mulhdirectional low (as i the case of severe winter storms) flow conditions at the bed will
not be conducive 1o the formation of hummocks or swales. Thus. the inferred mechanism
for the origmn of HCS. according 10 Duke. (19850.C) 18 0SCHllatOry- OF MUlticirectionas-
dominant flow

Arguments by Swilt of a/. (1983) seem 10 contradict the idea of a muihdirectional
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fiow ongin for the formation ot HCS Swift af al . (1983) suggest that the presence of a
signiicant unidirectional component associated with winter storms 18 required 10 generate
HCS Several studies have been compieted on HCS (Duke et a/ 1991 Duke, 1990
Leckie and Krystimk. 1989. Galli. 1989 Dyson. 1987. Bose 1987 Duke. 1985a.b. and
Swift. 1984) with suggestions made for the specific tiow conditions which produce t The
storm activity postulated to be responsibie for the formation of HCS does not lend itaaif 10
active study and hence. the debate on the specihcs of formation of HCS remains open

Several structures are commonly associated with HCS beds and are
correspondingly attnbuted 1o storm activity Swaley cross-strathed sands (SCS) have been
formally defined by Leckie and Walker (1982) and shown to form at least a genetc ink with
HCS sands. SCS s defined as consistng of “a senes of supenmposed concave-upward
scours about 0.5 m 10 2 m wide and a few centimetres deep * (Lackie and Walker, 1982)
SCS and trough cross-beddng are simiar, but differ in that SCS 1s generally wider and
shaliower and i1s not normally &ss0cCiated with angle-of-repose-cross-strata (1e 35 )

Leckia and Walker (1982) aiso state that in prograding sequences.  SCS s present i
always overties the HCS beds and may in fact be overian itseif by beach sedwnents (Wright
and Walker 1981).

The formation of SCS beds 1s posiulated by Leclkie and Walker (1982) 1o be the
result of storm activity of decreassd intensity in the region at. or slightly above, 1ar weather
wave base. The lormation of the scours of SCS may occur frequantly enough (/ e
frequent storm activity) to r.work and remove structures and sedwnents deposited dunng

Sedacher (1982) suggests that thin channel il deposis are often associated with

shest sands of a tempestie depoat.  Morphologecally these channel deposts are similar 10
nearby hdal channeis. however Reneck and Singh (1980) suggest that ther size (larger
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than tidal channels) and the lack of longitudinal cross bedding distinguishes them from the
hdal deposts  During a mayor storm event water is continuaity pied up onshore and must
aventually return to its normal level  Uridirechonal currents are genarated as this water
retraats oceanward and ulimately creates channeis as the currents entrain the previousty
deposted sediment Normal sheif sedimentation (including storms) will continue following
the formation of the NP channels and ulimatety fil the scour with seciment

The surtace ot HCS bedforms 15 often observed 10 be npple laminated. Oscillation
nppie laminae are Most COmMoNn, however current npples and hemngbone cross-
statification have aiso been documented and are suggested (o represent a transition from
storm dommated (o hdally domnated envwwonments (Leckie and Walker 1982) Flame
structures. S0t sediment deformation and similar structures generally considered to
represent dewatering PReNOMeENOn are also common on the surface of HCS units and are
suggested to be the result of rapxd secimentation dunng the formaton of the HCS beds.

Brogenic sedimentary structures are a commonly observed phenomenon on the
surtace of HCS beds Deposition of igh energy sediments (sands) on the shelf in the form
ot HCS beds will normaily be followed by a penod of transtion as secimentation on the shelf
returns o quiet water deposition. [t is dunng this penod of transition that “opportunistic’
geciogist 10 postulate the frequency at which the SI0rm events occurred, and the relative
adventy of a parsculer siorm event. Depth of burrowing as well as thickness of unburrowed
contnbute 10 the development of an overall depossional model for a particular shellal
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snvironment

The mechanisms of sediment supply 10 the shelt remains an important
consideration with regard to shelt deposiionai systems Several processes have been
suggested to account for the distnibution of sand to the shel! Sediment transport seaward
by shaif processes ( storms or tides) and stranding ot sediment by transgression/shoreface
retreat are the most significant mechanisms of offshore sediment supply Offshore
transport of sediment through tidal deitas or river mouths are also possible mechanisms of
sediment supply to the shelf These processes are generally regarded as minor in
companson to the previoustly discussed cyclical manne processes. The important
congideration in terms of this discussion 18 that sediment 1s available on the sheif t0 be
reworked into the above mentioned storm deposits

3.4 Oepositionsl Model

The modeiling of a storm-dominated shelf 1s somewhat problematic  The vast
mayorty of the deposrional leatures cbserved on modern shelves are rarely seen in ancient
storm-dominated deposits. Conversely. those storm deposits most abundant in the
ancient record are not well understood nor adequately documented from modern sheit

settings

An dealised facies association for a storm dominated sheit (modern or ancient)
NCludes 1) SOrM erosion with an unduiatofy basal erosion surface. wih sole marks, and
intraciasts of pebbles shells or mudsione. 2) man storm deposstion with hummocky or
swaley cross-stratification and associated horizontal or paraiiel iamnation. 3) wanng storm
deposition with combined Now or wave nppled sand layers iNGICaling & Progressive return 1o
iower flow regeme oscilletory conditons, and 4) post-storm / tarwesather mud deposton
reflacting the final suspension fall-out of storm-derved sediment or retum 0 normal
background sedimentation (Pemberton et &/ . 1992)
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3.5 Conclusions

The sheit n a shallow manne system is a poorly understood depositional
anwronment in terms of sedwmentary processes and depositional facies. One of the mayor
problems in deveioping a specific depositional model for a storm-dominated environment,
1s that few dvect modern snwonmental anaiogs to the ancient systems exist. Processes
obsarved on modern sheivas may simply be serving as sediment distribution systems.

Bedtorm morphology for storm deposits has recently been accepted 10 Inciude a
seres of gently undulating hummocks and swales (HCS and SCS). The combination of
these bediorms with mterbedded woturbated mudsione and nppled bed tops has aliowed
the formulation of a set of general facies a3SOCIations fOF ancient tempestite systems.
However. with ittie Of NO data ON MOASMM SIOM deposits 10 be used iN CONJUNCHION with
anclent studies. the storm-dominated shaliow manne system will remain a well Studied and
relatively poorly understood environment of sadiment accumulation



4.0 ICHNOLOGY

4.1 Introduction to ichnology
ichnology 1 the study of the preservabie evidence of structures produced in rocks.

Bromiey, 1990, Ekdale ef 3/ 1984. Haentzschel 1975) Trace fossi or ichrx)'ossi. refers
1o the fossilised equivalents of these structures. (Pemberton ef a/ . 1992 Bromiey, 1990)
Traces. and resultant trace fossils iInclude tracks, trackways, trais, burrows, borings, and
miscellaneous doerosional structures such as dril holes, bite marks, and rasping traces
Also often included as bogenic sedimentary structures, are coproMes. tascal peiets, roots
and pseudofaeces (Pemberion ef a/. 1992. Ekdale ef /. 1984). Structures such as aigal
stromatoites. brogenc graded bedding. and bogemic motting are generally not
congidered trace fossis, although these are still considered wogenic secimentary
structures, (Pemberton and Frey, 1982 Ekdale af a/ . 1984) Egg sheils, aggiutinated
foram tests. worm tubes, moulds, casts. and death marks are aiso not considered trace
fossiis since they do not reflect a behavioural function, (Pemberton af &/, 1992 Ekdale of
al. 1984)

Recognition of trace fossis and the difterantiation of biogenic sedimentary
Personal expenence and prejudice in adaition 10 the objective evidence established.
(Ekdaie ot &/, 1984). Some of the critena used 10r the recogrweon of IVGEMC siructures
are 1) aressmbiance 10 an anatomical feature of a potential trace maker, 2) undorm
dimensons and/or continuity of structures; 3) uniorm size in multiple structures, 4) lack of
cusment alignment: S) reguiar and compiex pattems. 6) kmngs and dishnct walls, 7)
spreden; 8) menecate Nl 9) peliets: 10) orgamc remdue. 11) very dehcale features
12) preservasion in full relief. and 13) aseociation wih body fossds. (Ekdale of o/ . 1984)

98



The apphcation of ichnology to the study of stratigraphy is often met with senous
resarvatons Trace fossis are typically poor index fossils. Traces observed in ancient and
modern sediments are often the resuit of a particular organism performing certan Ife
activities under specric acologic condions. The resulting traces are then considersd
lacies restricted Secondly. trace fossis reflect arvmal behaviows, aid as a result. wil
typcally have iong t'me ranges since basic animal behaviour pattemns have changed little
through time (1 e feeding, resting etc ).

The importance of trace fossils 10 the study of sedimentology. sratigraphy. and
Palsonfoiogy stems from charactenstics common 10 ail trace fossis. 1) long temporal
range. 2) narrow facies range. 3) no secondary displacemaent, 4) occurrence in otherwise
unfossiliferous rocks. and 5) creation by non-preservable soft-bodied biota. These
characteristics are common 10 all trace fossis and are useful n the reconstruction of
indivdual palasoecoiogical. sedimentological. and palaeogeographical acenancs
(Pemberton af a/. 1982; Ekdale of &/, 1984)

Trace fossis have several appications i the study of stratigraphy. One of the most
important uses of trace fossds 1s in the reconstruction of paiascenvironments as indicalors
of specific snvironmental conditions in conjunction with physical sedimentary structures.
(Exciale or a/. 1984) Arwmal behaviour 18 & GIfect respOnse 10 environmental simuii.
(Gould, 1962), and the resultant traces are often indicative of a certain set of physical and
ecologecal condilions, (Ekdale ef /. 1964). Traces may aieo be used to indirectly study the
Study of organiams which, because of morphology or ecology. are commonly not
preservad in the fosed record, (Ekdale of &/, 1964).
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4.2 Inveatigative Methods

All of the Upper Devonian sections measured measured in this study yielded at
least some indirect evidence of biological activity, (Appendices 1 and 2) ichnological data
were coliected at each outcrop section along with sedimentary and siraigraphic data
Visible trace fossiis were photographed in sifu whete possible Samples were not
collected according o any particuiar pattern. however. acceasibility of the outcrop sections,
and specimen availability were important considerations Detailed descriphon.
identification, and photography of the collected trace 1084 samples was carned out n the
laboratory upon compietion of the field work

4.3 SYSTEMATIC ICHNOLOGY

ichnotaxa are presented alphabetically by ichnogenus and ichnospecies (where
applicable). Stratigraphic ranges are given and each chnogenera 18 discussed with respect
to morphology. the most probable trace-making organisms, preservaton. ethology. and
ecology Plates 54-62 and tigures 11-17 illustrate each of the trace fossids discussed
Figure 10 is a summary of the representative trace fossi sute of the Upper Davonian

4.3 a) ichnogenus Arenicolites Salter, 1857

Arenicola carbonaria Binney, 1852, subsequent designation by Richler 1924

Diagnosis
1963 Hasntzachel, 1975) (Figure 11A, Plate 54)
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Ipresentative trace fossl suite of the Upper Devonian Graminia
mmmmummm
c)Chondries. d) Crunana, @) Dactyloidiies. 1) Monocraierion ,
g)Palascphycus, h)Planoiies. |) Polyidadichnus, |) Skolthos,

k) Tectuchnug. ) ThalSasnoies. M) SSCEPS TACE and Locken.
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7 seament. B) Sergeusna Dreserved as sand Wied casts n § mudady
wbstrate.
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Description

Generally small (2mm-4mm). vertical tubes often perpendicular to bedding. but may
also be obhque 10 bedding planes The infil is markedly dfferent from the surrounding
sediments and 1s most often coarser grained in nature Bending of *|-ing’ 18 wisible at the
bottom end ot the tubes where the tubes have weathered up trom the sample Bedding
plane expressions are in the form of weatherad up crcular 1o ethptical structures with rehet
of up to Smm._ Possible paning of these structures is visible on bedding plane surfaces

Stratigraphic Range
Arenicoltes is known from sedimentary succeasons ranging trom the Precambrian

to the Recent (Chamberiain. 1977)

Oracussion

Arenicolites is distinguished from other U-shaped tubes Dy the lack of any
branching or spreen. (Haentzachel. 1975) They are interpreted 10 be the iIntiled remains
of open. U-shaped burrows that were open 10 the surtace at both ends. (Osgood. 1970)

The (ack of sprede in an ArencoMes burrow suggests that the trace making
organem was not able to control the burmow depth or that the exact burrow depth was not
important 10 the e actvibes of the organem  Burrow depth. and the presence or lack, of a
burrow kning may have been dependent on substrate stabiity (Goodwin and Anderson,
1974). However. the anatomy of the trace Making orgarsams and thes abiity 10 succesatully
utiize the surrounding water column for 100d GaIheNNng, are Al0 IMPOrant CONMAErSNONS

ingects. and crustaceans (Chamberian. 1977) Surface depost-leeders uthang such a
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burrow system require perodic. repetitous high energy. and quiet water conditions to allow
allow regular reforaging of a small area around the burrow opening  Filter-feeders utilisng
such a burrow system must uthze specishzed body parts or a mucus trap 10 capture food
particles suspended in the water moving through the burrow

Aremcoktes 1s found In sedsmentary deposits attnbuted 1o a) shallow manne
environments, (Fillion and Pickerill, 1984), b) fresh water envwonments, (Bromiey and
Asgaard. 1979), ¢) idal fiat environments, (Cnmes et &/ . 1977). and d) deep manne
environments, (Cnmes ot a/ . 1977) Arenicoites is most commonly observed in shallow
manne enwonments. (Fikon and Pickenll, 1984) Plate 54 ilusirates Arencoiies burows
from the storm - dominated Upper Gramina Member 1n the area of Mount Mackenzie

{Section MM-2)

A recent discuss:ion by Bromiey and Asgaard (1991) introduced the Arenicoltes
ichnotacies to account for opportunistic occurrences of trace foseils in settings such as
siorm deposts  Pembenion ef &/ (1992) suggest that tivs designation is confusing and
cannot be separated from the Skosthosichnofacies aiready present. As a result.

4.3 b) ichnogenus Bergaveria Pranti, 1048

Deaon
Cyiindncal 10 hemwaphencal. veracal 15 sUDVertical DUITOws wih Smooth.
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13 essentially flat and may have racal ndges. a central dépresson. or concentne
impressions Infill 1s structureiess (Pemberton of 3/ 1990 Pemberton ot &/ 1988

Haentzachei. 1975 ) (Figure 118. Piate 55.8)

Description

Relatively shallow (15mm), vertcai to sub vertical burrow up 10 12mm in diameter
Observed in the Upper Graminia Member laminated muds and sits beneath an overlyng
sand. The overiying sand appears to infill the rounded 10 sSub-rounded impression in the

undertying mud. The sand is essentially structureless within the burrow

Stratigraphc Range
Bergauena is known from sediments of the Pracambnan to the Pleisiocene and are
most common in the lower Palaeozoc. (Pemberton of a/ 1990, Pemberton of 3/ . 1988)

Discussion

Bergauena represents a cast of the permanent or semi-permanent dwelkng burrow
of a soft-bodied organism. (Alpern. 1973) It can occur as a single trace fossl, or in large
clusters with no intersectng Ndmvduals. (Pemberton of & 1990 Pemberion of &/  1988)
Bergauena is most often found at the surface between a mud and an overiyng sand

Preservation is thought 10 have occurred when a sudden influx of sand oo a
normally Quist muddy substrate. n which the trace-maker kved. caused death and bunal
(Pemberton et &/ . 1980. Alpert. 1973) bsequent 1n sy decompostion of the
orgamem allowed siumping of the overlying sand Mo the remarng depresson  Slump
structures in the burrow and overtying sand bads. (Alpert, 1973) suppor this hypothews
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Bergaueria most kkely represents the dwelling burrow of actnanan sea anemones.
(Aipert. 1973) Anemones are known to utihze both filter-feeding and carmvorous feeding
strategies Food is scavenged from the surrounding sediment surface and hitered from the
water column, (Bames. 1980) As a result of being able to scavenge. the actinanans
responsible for Bergauena did not specficaily require penodic agitaton of the water column
to suscend food particles.

Pemberton of a/. (1990) and Pemberton et &/ (1988) report that Bargauena e
rarely found in vertical succession. and evidence that the trace maker was able 10 anchor
tseit within the burmow is lacking. As a result. the trace makers appear to have had dificulty
n adjusting themsaeives within a particular burrow. or digging new burrows as adults
Therefore. Bergauena appears 10 be representative of areas where secmentahon rate and
substrate shift remained consistently iow for extended penods of tima Plates 55 A B
Wustrate Bergauena from the storm - dominated Upper Gramunia (sectons MM-2 and NCP-
1).

4.3 c¢) ichnogenus Chondrites von Sternberg, 1833

Type Species
Fucodes antiquus Brogniart, 1882, by subsequent designabon of Andrews. 1955

O .

A system of tunneis consisting of one or more vertical 10 Near verhical man tubes
which bilurcate into lunneig Mmore paraliel 10 bedding The tunnels are uninead with well
defined walls and remain nearly consistent in diamater over the length of a tunnel systam
interpenetration of the tunnel systems is rare. (afer Kotake. 1991, \bssier and
Pemberton. 1900 Chamberiain. 1977 Haentzschel. 1975 Osgood. 1970) (Figwre 12A
Plate 56 A.8)
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8) Crunans preserved at the basal contact of & sandy unit overiying &



Fiste 88 A) Chondriles preserved on the upper bedding surface of an Upper
B8) Chondriles viewed perpendioular 10 baiing planes in a siighlly more
argiacecus sediment wedge. Lpper Graminia section MM-2.
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Dascription
Small wregularly straght to curving, unhined hornizontal burrows up to 3mm in

diameter Burrows exiitet up to two orders of branching with mdividual branches 2 mm - 25
mm in langth Burrow fraquency 1S generally high and tunneis appear to branch vertically
and honzontally (Plate 56A)

Stragraphic Range
Chondnites 1s known from sediments in the Cambnan 10 the Recent. (Osgood.

1970. Haentzschel 1975)

Discussion

Traces are presarved in convex hyporelief on bedding piane surfaces at or near
basal bedding surfaces of sandstone or sitsione beds The man structure of the
Chonarites trace consists of a central vertical to near vertical shaft that branches and curves
loward the horizontal  Several orders of branchng within an indivdual trace are common
Brancheng traces generally reman constant n tunnel diameter  Indivdual tunneis are
8 from the host rock Infill is

unbned but have very distinct walls that are clearty distinguisha
generally siructureless and slightly different in lithology to the surrounding host rock (after
Kotake. 1991, Osgood, 1970) (Piate 58 A B)

Chondrites are 1ossilised tunnel systems wiuch had free connection 1o the
sediment - water ierface and were left open upon abandonment (Kotake. 1991, Osgood.
1970) N3 imerpreted 10 be a feading structure produced by infaunal deposit-fesders
(Kotake. 1991, Osgood, 1970) The race making organism is thought 1o have remasned in
saciment (Osgood. 1970) Despee the lack of a burmow limng the onginal traces wre
thought 10 have been thinly ined with mucous  This lining would have allowed he
OTQENEM 10 MOV reely within the DuMow system and prevent seciment collapes afler

i



overlying sediments (Osgood. 1870)

Possible trace makers tor Chondrites include sipunculids. enteropneusts. and
annehds (Osgood. 1970) Each of these orgamsms 1s capable of extending a proboscis
from a fixed point near the sediment - water interface The extended body part would have
probed the surrounding sediment in a deposit feeding behaviour This behaviows 1s
adapted to systematicaily exploit buned organic rich layers while keeping the organiam in
communication with the oxygenated overlying water coiumn.  This enabled the trace maker
10 tolerate dysaerobic conditions not favourable to competitive trace makers and ulimately
be the first 10 scavenge a particular buned deposit (Vossier and Pemberton. 1988)

Chondntes 13 not indicative of any partcular enveonment  I{ 1S found n all
subsirates. but is indicative of firm 1o stff sechments (Ekdale of a/ . 1984) Several authors
have documented Chondrtes from a wide rangs of snwonments 1) shallow shell seas
(Vossier and Pemberton. 1988). 2) shallow subtidal (Filion and Pickenll. 1984). 3) marganal
marine (Hakes, 1985). 4) abyssai deposd (Bromiey and Ekdale. 1984), and 5) tdal flats
(Ekclnie of &/, 1964) Pigie 56 A B ustrates Chondrites from the Upper Gramina platiorm
Margn region at Mount Mackenzie (Section MM-2).

4.3 d) ichnogenus Cruzisnas d°'Orbigny, 1842

Type Species
Cruziana rugosa d'Ortwgny, 1842, subsequent designation by Miler 1889

Eiongate furrows bisected by a median groove The furrow may be bounded by an
ouler iobe and/or thin marginal ndges wiuch occur along the outer adge of the trace The
suriaces of the lobes are covered by strations al an angie 10 the length of the furrow.
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(Magwood and Ekdale 1993 Haentzschel. 1375 Cnmes. 1970) (Figure 12B. Plate 58A)

Descnption
Small. (2-3mm). bedding plane races that appear 10 be somewhat bi-lobed in plan

view Seciment fill is Ithologically similar to surrounding material, however the traces have
weathered up suggestng at least mnor mineralogical ditferences. Cruziana s closely
assoctated with Chondrites and 1s lustrated inFigure 128

Stratigrapiwc Range
Cruziana 1s known from sediments in the Cambnan to the Jurassic with the most

widely known specimens in the Cambrian and Devonian, (Magwood and Ekdale. 1983
Bromley and Asgaard, 1979, Haentzschel. 1975. Crimes, 1970 )

Discussion
Cruziana 1s most commonly preserved as a positive relief structure on the basal

bedding surface of a sandsione Or a siltsione overlying a shale. (Magwood and Ekdale.
1983. Goldning, 1985 Cnmes. 1970.). It is interpreted 10 be the resuit of trilobites or
arntvopods foraging. or moving along the surface of the sediment. (Cnmes. 1975). it has
also been ustrated to represent foraging or locomotion within the sediment along a
discontinuity surface. (Goldnng. 1985). In each case the resulting trace is a continuous
trough in the sediment. intilling is accomplished either by the overlying sediment
collapang o the trough. in the case of intrastratal formation, or by sediment deposition at
a later ime n the case of surface formation. The trace fossi is then formed when sediment
wihils the trough and the resultant cast is preserved

if the sediment were 10 have slumped in0 a newly created trough. as in the case of

intrastratal burrowing, ewdence in the overiying sediments would be visible, (Baidwin,
1977) Sitstones observed contaning Crunana traces 0 this study pPeRr as small
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siructureless sand bodies with no internal or external evidence 1o support an intrastratal
formation Therefore. it 18 hkely that Cruziana observed in this study are representative of
surface actvities of an arthropod However, evidence for the precise ongin of Cruziana s
somewhat inadequate The poor preservation of the trace fossiis does not alow for a
complete and detailed study of indivdual specimens

Direct evidence 10 support the assumption that Cruziana s formed by the achwities
of tniobntes appears to be somewhat vague. The best examples of Cruziana are mo often
found in high energy, siiciclastic settings where supporting data such as body fossils are
rare, (Sedacher, 1985). There i3, however. some drect endence. and an abundance of
circumstantal evidence 10 support tniobites as the trace maker lor Cruzana. (Sedacher.
1985). Ekdale of &/, (1984) and Sedacher (1985) discuss the similantes between the
abundance. diversity, and size of tniobses and Cruziana and are able 10 show a close

Caution must be cbserved when emphatcally implyng that a singuiar speces 1s
responmbie 10r & particular trace fossd.  HOwever. the data presenied Dy several authors
over the last several years (Sedacher. 1985, Goldring, 1985 Ekdale of &/, 1964), appear
10 Strongly pont 10 a tnlobrte. or at least an arthropod ONGIN for most 1omMs of Cruziana

The large number of arthropods that are thought t0 be responsible lor Cruziana
creates many problems whan the snvwonment of formation 18 conmdered  The irace fosed
Cruziana 1s most often associsted wih the Crunana ichnofacies, (Pemberion of o/, 1992,
Frey and Pemberion. 1984. Filion and Pickenll. 1984. Crimes ef &/ . 1977 Cnmes. 1970)
levels fluciuate and range om moderate 10 low (Pemberion ef &/, 1992, Frey and
Pemberton, 1984). in low 10 moderate fluctuabng energy settings. such as a storm
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above SIOITh wave bass Sedimentation rates are vanabie, bul are normally rap
(Pemberion ot &/ . 1992 Fray and Pemberton 1984)

The trace 1ossi association charactenstc of the Cruziana ichnotacies includes
Astercites. Cruziana, Rimzocorsium. Aukchnites, Thalassinoides, Chondrites.
Texchichnus. Asterosoma, Rosseka. and Planoites. This ichnofacies 1s typically found in
estuanas. bays, lagoons, haal flats, and continental sheives, (Pemberton ef &/ 1982; Frey
and Pemberton, 1984) Within these depositional settings sediment type can vary from
wol sorted sands and sits to nterbedded sands and muds, (Fray and Pemberton, 1984).
The best anvironment tor the preservation of these trace fossils appears t0 be interbedded
sands and muds. (Crimes éf a/.. 1977). Muds deposited at low energy are foraged and
subsequently burTtowed. Sands deposted dunng the higher anergy episodic events
would then fill in the surface structures and be cast as trace 0ssils

Low energy deposmion of muds. punctuated by episodic high energy influxes of
sand would allow transportation of organic debns into the environment 10 be foraged by the
surface leeding Crunana trace makers. Pradatory forms of the Cruziena trace maker would
also flounsh in such an environment, feeding on the abundant opportunistic infauna able to
trace fosmis |dentied from the siorm-dominated Upper Grammia Member shelf in the area
of Mcunt MackenZzie (Section MM-2).

4.3 o) ichnogenus Dectyloidites Hall, 1808

Type Species
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subsirate  B) Monocratenon preserved N a Sandy 10 MuOdy SUDSFate
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Dagnoss
Star-hke frais with an slevalad central shaft that has an oblque 10 near verical

onentaton Elongate slements radiate from the central shaft and fan out over sightly more
than hait of a circle (Pckenil ef af 1993 Fursich and Bromiay. 1985 Haentzschel 1975)

{Figure 13A Plate 57A)

Dascription

Small baading plane traces with 3 sub-verhcal central tube from which sub-
honzonis tubes rachate  Veertical dwmension 13 up 10 IMM N heght with the honzontal rachal
patterns up 10 10 mm n length  Traces are weathered up from the surrounding matenal and

appear 10 be composad of a coarser griwned sediment (Plate 57A)

Strangraphic Range
Dactyiouites s known from sediments of the Devonian 10 Phocene (Pickenil ef &/

1993)

Discussion

Dactyloades 's most commonly preserved in full rekel on a weathered upper
surface of a beddng plane in sitsione 10 mecium sandstone. (PickenH of &/ . 1983 Fursich
and Bromiey, 1985) The Dactyloxes traces observed i thws study are not of excelient
quaiity However. usng the observed traces from the sampies collected and the
BQraMManc representatons given by Fursich and Bromiey (1985). a rough. overall burrow
morphology 18 presented in Plate 57A)

Dactylones 18 the result of a deposit 1eeding Orgaram mirwng the secment n a
racal paftem from a central shalt wivle sivitng the causative burrow downward. (Pickenil ef
2l 19%3. Fursch and Bromiey (1965) Figure 13A) iiusirates the ntemal sructure of
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Piste §7. A) Dactytoiciies preservad On &N UPDEr badding plans of an Upper
Membar secton TC.1
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downward dwection

Systematc foraging of the sediments Surrounding the central shaft was completed
trom 180°-270° ot & circle. (Fursich and Bromiey, 1985). Upon compietion of a fan-shaped

ot of sprens at one level wittun the sediment, the organiam would withdraw o the central
shaft and begin a new sat of sprede at a different level, (Fursich and Bromiey, 1985).

The organism responmbie for the production of Dactyloidites was most ikely a
wOorm-ike Organsm possessing a proboscis with wihuch the sediment was reworked,
(Fursich and Bromisy. 1985) The uniorm length of each group of stacked spreite may

Envronment of formagion is unknown but sadimentoiogcal data i COMDINAION
wiih the complaxty of this trace and the apparent feeding sirategy of its producer sugpeets
PONOC influnes of seciment with aseocialed organc detus.  The trace-maker s abwlity 10

Fursich and Bromiey (1985) suggest that in the case of specimens from
evidence of a iNing was VeIe N any of he SDSCIMeNs obeerved n this siudy  However,
survwal of the Yace making organiems dunng the maor catastrophic events inerpreted 10
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4.3 1) ichnogenus Lockeis James,1870

Type Species
Lockea skiquana (Haentzechel. 1975)

Diagnoms

Almond shaped. pod-ike struct.res that are generally ponled at both ends. Size
18 vanable and intill 18 generally similar 10 suitounding sedements (Maples and West. 1989
Pickerill. 1977. Haentzschel. 1975) Figure 17 and Piate 62A) lustrate Lockess in cross-
section, closely associated with an escape structure

Descnption

Shallow. concave upward struc' ure obeerved perpendicular 10 bedding n cross-
SoCtoN n 3 st to fine grained sand.  Dex th is approamately 3-5mm  WAIh 18 approximately
J3-Smm  No internal structure i¢ visible & 1 sediment wntill is sumilar 10 surrounding sits and
fine graned sands. Lockewa '8 Closely a: ;ocialed with an nerpreled eecape irace
obeerved in the underiying laminae (Plate 32A))

Stratigraphic Range
Lockesa s known from the Ordo acian 10 the Recent (Hasntzachel. 19795)

Discussion

The ichnolossil name Lockeia 1s heren used instead of Pelecypodichnus. (after
Maples and Westl. 1980). Lockem is mos! COMmMOnly preserved as conves hyporelel
struchures. (Bjerstedt, 1987). The Lockes.: in this siudy are aleo visible in cross-seclion as
CONCAavVe UPpward suCIUres within thinly -edded sitstones and fine gramned sandstones A
ongle ichnofoasil 16 880 Preserved at the sraligrapiuc 10D of an Gecape SrUCIre within the
storm-dormnated Upper Gramwsa Formaton (Plate 62A)).
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Lockens 18 generally interpreted to be the resting trace of a Pelecypod. with each
ichnolosed representing the foot impression of its producer. (Haentzechel. 1975, Osgood.
1970) However sumiiar traces have been reported 10 be formed by osiracodes and
conchostracans by Mapies and West (1989) Any organism exhibiting pencdic restng
behaviour, (cubichnia), and having similar morphological characteristics to a bivaive wouid
be capable of produceng this trace

Bromiey. (1990), reports that resting traces are made by vagie benthos digging
Gown inMo the sedment for a penod and then departing by the same route  t is also
IMEraceon can be accompiished through positioning of the organism af the secdment-water
nterface in the case of burowng trace makers this nieracton is accompiished by the
extenson of a speciakzed body part up through the sediment 1o the water column

Lockew 18 generally conmdered 10 be & poor Ndicalor of environment, (Wright and
association of these iraces with escape structures aiso suggests Catastrc b, < vents
forced 10 repossion dsell with respect 10 the sediment water interface Following
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4.3 g) lchnogenus Monocraterion Torrel, 1870

Monocraterion tentaculatum Torrel, 1870

Oiagnosis
Vertical to sub-vertical unbranched funnel shaped structures with a curved to
strasght intenor. (after Marintach and Finks, 1962) (Figure 138), Piate 578))
Reiatively shallow structures that have a wide opsrng at the bedding plane
surface. (1-2cm), tapenng downward into the sediment in the 1orm of a siIngle. sightly
curving shaft. Vertical and sub-vertcal structures are perpendicular and oblique to

Ridge Member at Toma Creek Section 2.

Strabgraphc Range
Monocratenon s known from secments of the Cambnan o the Jurassic
(Hasntzschel, 1975)

Monocraterion is most often preserved as pasavely inhiled funnel shaped
rased nMs are als0 commonly cbaerved features (Plate 578)) Sediment til 13 generally of
mmbhmmm(mud 1985) In tins study.
, cralerion is viaible as a surtace festure which is cbearved in the sity carbonates of the
Biue Ridge Member (Plate 578)). Tius specimen appeers 10 F.ave undergone removal of
he NMiing sediment. poembly hrough eroson following uphit and exposure

122



Several authors have discussed the association between Monocralenon and
Skoithos. (Eager ot al . 1985 Prenkowski. 1885 Barwms. 1985 Pemberton and Frey.
1985 Hallam and Swett, 1966) The close association between these two ichnofossils

1966), has lead most authors 1o conclude that the two traces are crested by a sngle
organism Haentzachel (1975) has attnbuted this dwelkng burrow 10 gregarious,
suspension-feeding worm-like organisms Marintach and Finks. (1982) have suggested
that the trace maker was a worm-like organiam that occuped a vertical tube and created the
funnel-ike structure in the uPPer portion of the trace by extending its food-gathenng
apparatus Mo the overlyng v ater column. Barwis. (1985). suggests that the modern
polychaste Diopara cuprea may be an analogue for the Monocralerion trace-maker

Monocratenon has been shown 10 be produced under conditions of relatively rapid
data from the study area suggest that episodic events introduced medium to coarse
occurrence of MONOCTatenon within the ity carbonates of the Toma Cresk Section may
represent the trace-makers reaponss 10 this rapid influx of sediment Mo the QuUIet waler

4.3 h) ichnogenus Palsscphycus Hell, 1847

Type Species
Palasophycus hubuians Hall. 1847, subsequent designation by Basaler, 1915

Branched or unbranched. amooth of ornamentad. lined, cylindncal.
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honzontal burrows of vanable diameter. hill is structureiess and 1s generally the same
kthology as the host rock. (Pemberton and Frey, 1982) (Figure 14A). Piate 58A))

Description

Smail, (2-4 mm), bedding plane traces which are indicaled by the presence of a
tube lining, end and cross section of the tubes 18 round 10 somewhat eliptical. generally
associated with the more abundant chnofossit Planoites (Plate 58A)

Stratigraphic Range
Palasophycus has been reported rom sadiments of Cambnian 1o Holocene age.
(Haentzschel, 1975)

Orscussion

Palseophycus is most often preserved as conspicuoualy ined traces honzontally
onented or siightly inclined 10 bedding with short. vertical segmaents Vertically compressed
buiTows and collapss structures are also common Fill is essentally sructureless and is of
smiler ithology 10 the host sedimeant with which the DuITow 13 i CONMact with Jl some pow
(Pemberton and Frey, 1982).

Palasophycus are thought 10 represent the remans of open burrows that were
passively infiled alter abandonment by the trace-maker. (Pemberton and Frey, 1982)
Pemberton and Frey. (1982). also sugQest that Paiasophycus 15 the result of the actrvibes
of sessile iInfaunal SUSPENSION-Ieaders. O Mobile, Dredacecus arvmals Smiar 10 Modern
polychastes. The burrows may have been mantaned as permanent or semi-permanent
which were ioR a8 Open Wbes afer passage of the trace-maker. (Pemberion and Frey.
1982)

Paiaeophycus occurs in a wge range of manne envronments (Filkon and Pckenil,
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ved in a sandy
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Plate §8. A) intenssly burvowed Lower Gramina Member sitsions.  Section SCP. g)
B) intanssly burrowed ailty storm bed of the Lower Gramirea Membaer.
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1984). as a result, reconstruction of an environment of «ormation for the trace must include
sechmentoiogical criena.  Paissophycus specimens observed in the storm dommated
Upper Graminia Member appear 10 be relatively smpie and thin-walled. The lack of robust
hrwngs for these burrows suggests that the dwelling organisms were 1033 involved In burrow
constructon and more involved in 100d gathernng in the penods between Major storm
events Compiete destruction of the burrow systems was accomplished during each storm
event Popuiation of the newly deposited substrate was compieted after each siorm event
and ncluded the Palasophycus trace-makers

4.3 i) ichnogenus Plano/tes Nicholson, 1873

Type Species
Planoktes wigans Nicholson and Hinde. 1875 = Paiseophycus beverieys

Bilings. 1862, subsequent demgnaton by Aipert. (1975)

Diagnosis

Unlined. rarely branched. straght 10 tortuous. smooth 1o rreguiarny walled of
annulated burrows that are circuiar 10 elliphical n cross-section and of vanable dimensions
and configurations. Fill 1s generally structureiess and differs from the host seciment.
(Pemberion and Frey. 1982) (Figure 14B). Plate 58A B))

Descnpnon

Smail. (2-3mm), relatvely abundant bedding plane structures that have been
weathered up from the surrounding sediment indicatng ithological differences n
ndaadual fubss. no linng of the walls is swdent In any cbeerved specimen and the Ubes
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Stratgraphic Range
Planolites 13 known from strata of the Pracambnan to the Qualernary, (Haentzsches,

1975)

Discussion

Planoiites is commonly preserved as unlined cylindncal to subcylindrical burrows
with varying degrees of tortuosity  Higher degrees of tortuosity are common as busrow
density increases. Crossing and nterpenetration of burrows becomes moie irequent as
population density increases (Pemberton and Frey, 1982) The burrow fill is structureless
and ditfers from the host sadiment (Pemberton and Frey, 1982)

Planoutes is nterpretad to be the actively backtiled burrow of mobie, depost-
feeders (Pemberion and Frey, 1982) The sediment is processed within the acidic gut of
the trace-maker as it moves through the sediment Procesang of the sedwnent may
inciude the consumption of organic components. ateration ol clay frachons. reduchon of
gran size in carbonate matenal. and the ganeral moung of the sediments (Pemberion and
Frey. 1962) These processes result i an allered secwnent bewg excreled from the
host rock.

Selective depost-feeding and smple passage of sediment around an orgaiams
body as & MOves may also create an allershon of the sedimentary grans wihwn a sysiem
The ultimate result would be a burrow ldhology different from the surrounding host rock as
1S 800N in PlanoiMes burrow sysiems (Pernberion and Frey, 1982)

@ensive 9eologic lime pencd. (Pemberion and Frey, 1962 Haentzachel 1975)
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common 10 its formation  Panolites 1s ndicative of brackish 10 near normal salinity,
(Prenkowsin, 1985) soupy substrates. (Ekdale of a/. 1984). and oxygenated condiions
wrthin the sediment as no connection with the water column is mantained. (Bromiey and
Ekdale. 19684) The extensive geoiogiC time range. variabie bathymetnc range and
relatively simpie structure of Planciites suggests that several biotaxa may be responsibie for
its production, (Pemberton and Frey, 1982)

4.3 |) Planociites montanus Richter, 1937

Diagnosis
Relatively smail, curved to iregularty contorted burrows, that are visible within any

verucal or honzontal plane withn a given sediment system. Burrow fill 1s structureless and s
itnologecally different from the host sediment, (Pemberton and Frey, 1982)

Descnption
Small. (2-4mm), straight t0 hughly tortuous. honzonial t0 vertical structures that

show little wdth vanabeity over the length of a single tube  Structures have been
weathered up from the surrounding sediment and show a siight lithological contrast
between burrow and host sediment.  The tubes are elliptical in cross-sechon with single
tubes cnisscroseing the bedding plane surface and occasionally interpenetrating.

Discussion

A lack of annuiabions, consigtently smaller size. and more tortuous nature
aisbhnguish P montanus from other species of this ichnogenus. Branciwng of the individual
PMents 18 rare. but Crossovers. interpenetrations and reburrowed segments can be
abundant. Burrow fill 18 consistiently cleaner and betier sorted than the surrounding matrix.
(Pemberton and Frey. 1982)
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P montanus s tound within the storm dominated beds of the Upper Graminia
Member at Mount Mackenzie and South Cardinal Pass  Specimens have also been
observed in the stratigraphically equivalent basinal sactons at Cardnal Headwaters
Sections 1 and 2 Al these locatons, silty to muddy intervals are buirowed and show
contrast between host rock and burrowed sediment intil.

4.3 k) ichnogenus Polykiadichnus Fursich, 1981

Type Species
Polykiagichnus irreguians Fursich, 1981

Diagnosis

Vertical tubes with y-shaped bifurcations usually connected 1o the bedding
surface  The number of brifurcations 13 vanable (usually £~ween 1 and 4), (Pemberton and
Jones. 1988 Fursich. 1981) (Figure 15A), Plate 59)

Description

Vertical 10 sub-vertical iubes with y-shaped bfurcations branchwng upwards close to
a bedoing surface  Burrow size 18 generally iess than 3mm n daameter and 10-15mm n
haght The burrow il is somewhat different from the surrounding laminae and consists of
shghtly coaraer gramed sands winch alliows the tubes 10 waather up rom the sLIoUNOING
setvment Internal structure is Masaive and No wng 13 visible in any of the spacynens, nor
1S Sweiling observed at the point of bdurcatton  The shape and relative size of the bedding
surtace opernig i Not disCermible due 10 a lack of wghly weathered badding surfaces

Polykiadchnus 1s prewously known only irom the Upper Jurassic 10 the
Pierstocene. (Pemberion and Jones. 1988 Fursich 1981) Deacriphon of
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briurcating near the seciment - water intertace of a sandy subsirsie. B)
Skokthos presiirvad in & sandy subairale.
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Polykiaghchnus in this study. is the first known occurrence from Upper Devonian aged

beds

Discussion
Polykiacchnus 18 presarved in full rehef within the finely laminated muddy

sitstones of the Lower Gramnia Member at South Cardinal Pass Section 1 The distinctive

Y-shaped burow is isibie as the shghtly cleaner. coarser graned burrow il weathers up

from the surrounding laminated sits (Pate 59)

Folykiadichnus has been interpreted to be the passively infilled dwelling burrow of
a suspenson-feecing polychaste worm or a cerianttwd anemone, (Pemberton and Jones.
1988. Fursich. 1981) The size and cross-cuthng nature of the burrows with respect to
sachment laminae indicates that the burrow opening at the sediment-walter interface
smasned open and that the burrow represents a dwelng trace The oblique angle of the
Y-shaped branches 10 the masn shaft. (Fursich. 1981). and the lack of sweiling at the pont
of bfurcation suggests that the junchon
stabity as sechment continually falls nio the open burrow and is pressed aganst the outer
walls. (Furach. 1981)

The samples collectxd from South Cardingl Pass all ocowrred at the 10p of a senes
of finely larwnater undulato’y bed sets Overiyng a more maseve. COrser grained
sandsione Tius senes of larwnaled and Maseive $ands appears 10 COITEEPONd 10
may represent the achvises of an OFrganam Nvoived i the repopulation of recently
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4.3 1) ichnogenus Skolithos Haldeman, 1840

Type Species
Fucodes inears Haldeman, 1840

Diagnosis

Simpie. vertical to slightly obhque. non-branching. cyindrical to sub-cykndncal,
non-branching tubes. The burrow walls may be distinct or indistinct and can be smooth o
siightly rough or annuiated Burrow diameter can vary sightly over the length of a single
tube with the burrow betng structureless (Vossier and Pemberton, 1989 Alpent. 1974)
(Figure 158). Plate 80A))

Oescription

Simple. singular. vertical to sub-vertical shafts where sedwnent infill i1s mark edty
different from the host sedkments The bedding piane exprassion may be represented by
a sngle weathered - up ccular to elptical structure  Burrow length is generally less than 2
CM and wdth 18 lees than Smm  The lmings of iIndmdual burrows were Afhcult 10 ascentan
due 10 the smail specimen size (Piste 60A)

Stratigraphic Range
Skoithosis known from sirata of the Precambrian 10 the Quaternary. (Crimes,

1987)

Oiscuseion
Skokthos 1s generaily preserved as straght. cykndncal 10 subcyendrical. vertical
from 1-30 mm in width and up 10 1 Metre ofr More in length. (Haetzechel. 1975) Burrow e
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1S generally structureiess. but may show concave upward. passive infil structures

Skouthos 1s interpreted to be the passively infilled dwelhing Duftows of Suspenson.
feeding orgamisms, possibly phoroniis of annehds. (Alpert, 1974) Many worm-like animals
ncluding modern deposit-teeding maidamd polychaetes also proguce similar verical
burrows. (Miller and Knox. 1985)

Burrow morphoiogy may offer several clues as 10 the environment of formation for
the Skokthos burrows observed in this study Most Skothos obeerved were reiatively small
N size with 3@ maxmum length of 2cm  Ties ndicates that the condibons within the water
column were sulficiently stable 0 allow the trace-maker to live within the upper few
centmetres of the substrate If the salrwty and temperature withwn the water column vary
widely, the organisms may be forced to burrow deeper to utiize the buNenng effects of the
sediment (Ekdale of a/. 1984) The storm dommated nature of the sediments where the
Skolthos are observed suggests that there would have been prolonged perods of low
energy condrions punciuated by penodic influnes of orgame debns. Thus scenano serves
as an «deal snvwonment {or the deposit feeding Skoshos race maker  The continual
evenis effectively destroys any organsms inhabsting the substrate. Immediately followsing
any storm event there s ktlle or No e witwn the sediment  Thes aliows several
oppOrtuNIstic trace-makers. Nciuding Skolthos. to fliounsh in a predator-free envwonmaent

of Skokthos within the heawly burrowed upper portions of storm beds suggest a storm
treely wih the overiyng waler column
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4.3 m) Ichnogenus Teichichnue Seilacher, 1968

Type Species
Texchichnus rectus Sellacher. 1955

Diagrosis

Horizontal spresten structures resembiing U-shaped gutters. stacked vertical to
bedding with a promment upper cykndncal burrow Burrows are strasght 10 sightly sInuous
and may curve upward (Haentzschel. 1975) (Figure 16A). Plate 608))

Description

Tecchichnus consist of a stacked senes of concentnc lobes 5-10 mm across and up
to 6 cm niength  The structures run obhque to bedding surtace and are most visible on
the weathered surface where concave upward iaminae are most visible (Plate 608)) This
trace is aiso visibie on fresh surfaces as a shghly convex ndge deectly correiatable with the
visible weathered surface structure

Stratgraphic Range
Texcinchnus i1s known from Cambnan 10 Tertiary strata (Haentzschel, 1975)

Discussion

Teschichnus s preserved as straght, unkned vertically stacked exichrna withun the
Prss Section 1. The burrow fill 1s slightly cleaner and coarser grained than the suroundng
heavily burrowed host ssdiment at the South Carchnal Pass Sechor (Plate 18B))

Teicthuchnug s interpreted 10 be the product of a hined postion depout-feeder
foraging for 100d within a single burrow beneath the sedvmnent-waler :nterface (Jordan

136



'l ,—c
L .

Dlock

137

e B) T



Piate 80. A) Sty carbonale of the Uipper Graminis Member  Section MMM-2. a)

Sholithos. b) Arerscolites.
Tascteonnus.
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1985) Possbie trace makers inClude anncids and arthropods, but Texchichnus may aiso
be produced by a skghtty larger arwmal (Filkon and Pickenil, 1984).

Filhon and Pickenil. (1984). suggest that the trace results from the trace-maker
scrapng matenal off the 10p of the burrow and processing the avariabie nutnents before
deposting the waste sediment onto the bottom This behaviour of MiNNg buried organic
matenal appears 10 be Ncicatve of iow energy, fluctusting cConAIions with Penoadic Nfluxes
of orgamnc debns and subsequent clastc depostion. Deposrtion of sand and silt beds
immechkately following the setthng out of organic debns bunes the newly deposited organic
matenal Thes serves 10 protect it from surface depoet-feeders allowing 1 10 be mined at a
shghtly iater date by the Teichchnus trace maker

Specrhc snvwonmental associabons for Tescinchnus are extremely difficult to
formuiate. Several snwonmentally distinct deposits have been ilustrated for the
Texctwchnus trace-maker. These include nterbedded biack shales (Jordan. 1985).
brackish water depoets (Hakes. 1985. Pienkowski, 1985). abyssal deposts (Filion and
Pckenil, 1984) and more commonly, shallow. normal manne ilertidal 10 subtidal deposts
(Filion and Pickenll. 1984). The Terchichnus traces obeerved in this study are present
withn an apparent shallow shell. normal manne environment that i dormnated by storm
processss (@.g. Lower Grarrerwa Member).

4.3 n) chnogenue Theleeeinocides Ehrenberg, 1944

Type Species
Thalssanodies calianasae (Hasntzschel, 1975).

Owagnose
Large burrow systems conmeing of smooth-walled. essentially cylindncal
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components. Branches are Y - 10 T-shaped and are enlarged at the ponts of bifurcation
Burrow dimensions May vary within a grven burrow system and systems can be honzoma
or ireguiarty inclined. (Pemberton and Frey, 1984) (Figure 18B). Plate 81A B))

Burrows are robust 1-2 cm n diameter. crcular 10 ovate in cross-section. with
length varying 1 cm 10 10 cm Trmcutmmmnammam
mmmmmmmmwm Surface ornamentation 1s
Upper and Lower Graminia Members at South Cardinal Pass and North Cardnal Pass
Section 1 (Piate 61B))

Thalassnoides s known from Devoruan 10 Quaternary strata (Haentzschel, 1975)

Discussion

Thalagsnodes 18 preserved as dOmichneon and/or focichruon in full reket and in
convex hyporeliel. (Pemberton and Frey, 1984). The most spectacular spsomens were
preserved as the only visble traces wilwn an otherweae compistely churned secwment in
the Upper and Lower Graminia sits and sands (Piste 618)) NoO burrow imung was vimbie

Thaisssinoides i3 generally regarded 10 be the dweling and/or leedng burrow of
decapod crusiaceans. particulany calianassd or thaisasmdean shnmp, (Pembenon and
_ tonighics of the trace and on COMPANSONS DEESN recent and ancient examples
Several authors have reported the Dressnce of Crustaceans witin Thaiesnoides DUITOW
syslams. Theee nciude: Fursch, (1974). Bromiey and Asgaard. (1972). and Sellwood
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Piste 1. A) inenssly burrowed Upper Graminia Member siltsions. Section SCP. o)
Thalsemnouxies.
8) imenasly burrowsd LUpper Gramwmg Membar sitsions. Section SCP. a)
Mgh rehet Thelssenouies Durow.
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(1971). In modern settings. calianassid ShMp Create buTows simiiar 10 the
Thalassinoides ichnotoss, (Bromiey, 1990. Howard and Frey, 1975)

Individual Y-junctions of the Thalassnoides burow system are eniarged at the point
of bfurcation. These swellings correspond 10 the point within the burrow sysiem where the
trace-making organiam was able to tum around, (Boter, 1985, Haentzachel, 1975)

Burrow morphology of the collected specimens does not unequivocally suggest
suspension feeding and deposit feeding are both utiized by modern shnmp, analogous to
the Thalassinoides trace-maker. (Botthyer. 1985). in the case of suspenmon feeders the
burrow system is utilized for protection and as a dwelling structure from which food

Whaen taken in ¢ iction with sedimentoiogical evidence. the envronment of
formasion for Thaiasemoides. i Yws study appears 10 be within a storm-domnated shaliow

Several biclogic structures and idures not asmgned 10 an ichnogenus have

chnogenu
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4.5 Escape Traces
Escape traces (fugichnia) e commonly presarved in the complete form. especially

within rapidly aggraded substrates (Figure 17. Plate 62A)) Recognition of a singuiar
escape structure includes several NEcessary cnteria which inciude: Intemal IAMINas erther
N echeion or as nested funneis or chevrons. nternal U-n-U spreite and any structures
refiecting the dispiacement of segiment by an organism as it moves upward or downward
with respect 10 the ongenal substrate surtace. down-warped lamnas with a uniorm dip
(Frey and Pemberton, 1964).

Escape structures are ordinanly made by orgarnsms that iive at speciic
depths within the substrate. The orgamsms must thersfore mantan a constant spatial
oromonal svents (storms), rapnd envwwonmental changes. or abrupt movement of the
organism 10 a hoshie envwronment, (Frey and Pemberton, 1984). in an eNort 10 mantan

Rapudly aggrading siofm deposts common 10 the Upper and Lower Graminia
ndications of escape Yaces. Plate 62A) Musirates an eecape siructure gradabonally
thus exampie the probable producer of the eSCADe race was a bivaive. However. the
maonty of the fugichnia cbeerved had no assocated traces. The absance of any
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Figure 17. Schematic biock Giagram Of an &SCape irace presarvad in an
interbedded sandy and muaddy substrate The resting trace LOcke: &
present at or near the t0p of the SICAPE Sructre.
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Piee 2. A) Trn Biue Fudge Member sty siorm Ded willhn & MESene Cartonate
mud Sechon MM-2 a) escape Face and asscaaied Lookeis
8) intensgely burrowed Lower Gramwxa Member silflstons. Secton SCP.
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associated ichnofossds may reflect the inabity of the escaping organsms to overcome the
sechment nfluxes. uhmately resulting m the organism s demise

The formanon of escape structures withwn the Graminia Formation appears 10 have
been N response 10 rapid iNfluxes of sediment dunng catastrophic events Lie activibes n

4.6 Bioturbate Texture

Compiete churning of the sethments through the achon of infauna is common
upper portions of the storm beds were burrowed and all se
several groups of tiota populsted each s1orM Bad betwesn Ma! Calasirophic events As a
result of the actrvibes of burrowing orgarsams within relstively thin storm bads. several
recognisable traces (Plate 628) (Frey and Pembenon. 1991)

4.7 Polisted Mude
The Biue Ridge Member of the Gramina Formaton 1s predomnantly carbonale
Mmudeinne with rare body foswils and a relatively small percentage (< 10%) of st sized clashc

ORICIAW Cartionals. winch range up ©© 5 mm N caameler  ~ (Brooks and Wiwlien 1975)
They are generally conaidenad 10 represant losasisad tascal matenal resulling from the
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QXCIel0ry Process of a wide vanety of nverebrale anmais. As a representaton of this ife
activity. most peliets are considered trace fossiis, (Pemberion ef /. 1992 Ekdale of &/,

1964, Pemberton and Frey, 1982)

Peliet-like structures were visible throughout the Biue Ridge Member as discreet
sInguiar peliets and groups or paiches of densely packed peliets up 10 30 mMm N diameter
(Plate 278)) Incividuai peliets were generally iess than Smm and averaged approximately
1-2mm n diameter. NO SPECHIC Siructures were visible within indindual peliats, nor N any of
the areas where the concentration of peliets was hgh These areas of high peliet
concentration may represent areas of high infaunal densty. However. thus remans
problematc due 10 the lack of any body fosesl or ichnofosell evidence.

4.8 (ndistinct Structures

1o any of the previously identified biologscal or sedimentoiogical features. Thees structures
The morphoiogical characienstics Of theee 10atures vary widely and nciuds indeinct.
“trough-ike * Siruciures up 10 Scm in length and 1CM in depth with N0 APPATeNt repatition.
They may represent surface SiruCiures as storm induced currents dragged Material over a
seme-consoldated surtace. in hus case. theee would be classified as 100! marks and are not
conmdered race fosmis.

4.9 Summery

The chnotacies concept Nvoives the grouping of characteristic
recumng «chnotaties. ichnotacies refiect adaptahons of racemaking Organams 10
envronmantsl sCenancs 10 winch resdent tota must adapt. Nine ichnolaces are
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recognized and are named 10r & representative ichnogenus (Pemberion of &/, 1992)
Recogrzed ichnotacies include: Scoyenia. Trypantes. Teredoies. Glossitungres
Pasorichnus. Skomnos. Cruniana, Zoophycos. and Nereiles

The race foasl sune withn the Gramwna Formaton of the study area 1s 8 storm
influenced mixed Skokthos-Cruziana chnocoenose with a remdent Cruziana
ichnocosnose (Pemberton ef &/, 1992; Frey, 1990, Vossier and Pemberton. 19688)
Pemberton of &/ (1992) suggest that these two ichnolacies are distnbuted according 10
‘W NErous environmental conditions and the representative trace fossds may occur n other
envwwonments. Conversely, hese two ichnofacies may conam trace 10ssis not typcaily

The Skolthos ichnofacies develops within shohtly muddy 10 clean. well-sorted.
loose or siwiting particulate subsirates. Formation of the Skokthos ichnocoenose

(Pemberion of &/. 1982). Figure 18 18 representative of the Skolhos IChNOIAcIes which 5
charactenised by. 1) predominantly verical, cylinancal. or U-shaped burrows. 2) protrusnve
and reirusive spreden n 20mMe burrows. which develop N responss 10 seciment
2ggradation or degradetion. 3) few horzontal structures, 4) few struckures produced by
mabile organiems. 5) low diversty, and 6) moslly dwelling burrows construcied by
SUSPENSION 19SCErs Of DESEIVE CAMvoOres (Pemberion of &/ . 1962)

ichnotacies. Formation of the Cruzena iChnOCOSNOSE represtnts modersle energy levels
below far weather wave Dase DIt Above SIOM™ Wave Dals 10 IOW eNErgy vels N desper
found within the Crusena chnotacies. Figure 19 i3 representatve of the Crueng
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Figure 18. Schematic Diock diagram iiustrating the trace foss:! association

characiensuc o! the Skolithos nnolaces (afet Fempberion ¢ ai

1992)
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ichnofacies which 1s charactensed by 1) mixed associatons of verical, inchned and
horzontal structures. 2) the presence ot structures constnuited by mobde ofgamiams, 3)
generally igh diverasity and abundance. and 4) mostly feeding and grazing structures
constructed by deposit feeders (Pemberion ef a/ . 1982)

Skoithos. Aremcoies. and rare Polyxiaaichnus charactense the upper portions of
Slorm deposied sitstiones withen the Upper and Lower Gramima Members (Plate 54)
These trace fossils represent the dweling burrows of the suspension feeding organisms

reeponmble for recolonaation of the substrate folowng a storm event (Frey. 1990. Vossler

trace fossis on the opportunistic suite (Piates 60B) and 628))
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Figure 19. Schematc block diagram illustrating the trace fossi association
chatactensic of the Cruiana chnofacies  (after Pembernon ¢! al
1992)
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5.0 Conclusions

Figure 8 schematicaily represents the depostional stages of the Gramwwa
Formation and associated facies.

1) The Gramirua Formaton in the Mountan Park region consists of tivee piatiom
Lower Graminia Member (“Silt Doublet™), Blue Ridge Basinal Basnal Member. and Upper
Gramirsa Member

2) Caimar Formation clays contan thin nterbeds of cross-strathed sitsions that
represent storm depostion on the piatiorm at Lower Grarmwa Member sme  Siceous sills
dominate the sikciciashic portion of the the Cross- srathied Merdeds with MINOT aMounts
represents basnal Lower Grarmima Member deposmon and 18 correlasive wih the Caimar
Formason.

3) The Lower Grasmima Member “Sit Doubiet® 13 a paed set of siorm daposts A
sitsiones characterise basnal Lower Gramuwa Member deposton i the North Carcnal
actwiy following storm ceasation.  Rglief and exposure of the Arcs/Grott '
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4) Biue Ridge Member deposition on the platform is carbonate-dominated with
penodic inundations of storm-drniven siciciastic material. Carbonate deposmon on the
platiorm was not drowned by siiciciashic Input and resumaed folowINg Cessation of storm
activity  Sikceous and feldspathic sits dominate the siciciasnc portion of the the storm
deposited interbeds Fossiiferous and pelieted packstones to gransiones dominate
carbonate depostion on the piatform  Blue Ridge Basinal Member deposrtion 1s
charactensed by CaiCareous mudsiones (10 Wackesiones and is correlative with upper
Mount Hawk Formation deposion. Biue Ridge Basinal Member depostion Includes
development of an off-bank carbonate mound that was partially kithtied shortly after

deposition

5) Storm-dominated sitstones charactense the Upper Gramwsa Member whuch is
cofrelative with the Sassenach Formation. Clasic nput onto the piatiorm at Upper Grammua
tme drowned carbonale depostion  interbedded hummocky Cross-stratiied and
reguonsg of the study area.

6) Trace fossis are common throughout the Graminia Formaton and are wably
abundant wilhun the ioturbated nterdeds of the Upper and Lower Graminsa Members. The
remdent trace fossl sue wihun the Grasrwria Formation of the study area s & Slom
nfluenced Mmxed Skokihos-Cruziana ichnocoencse with a ressdent Cruzana
ichnocoencse

7} Polykiadchnus 18 described wihn the Famenman aged Upper Gramiva

Member winch represents the siragrapiucally oidest documented occurrence of thes trace
foes (0 date
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rootlets
Skolithos
Monocraterion
Planoiites
Palasophycus
Polykladichnus
Escape Trace
Arenicolites
Bergaveria
Dactylioidites
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Bryozoans
Calcispheres
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Gastropods
Bivaives
Rudists, unaift
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Section TC-1

Toma Creek
Mountain Park, Alberta
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Section TC-2
Toma Creek
Mountain Park, Alberta
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Section MM-1

Mount Mackenzie
Mountain Park, Alberta
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Section MM-2
Mount Mackenzie
Mountain Park, Alberta
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Section SCP
South Cardinal Pass
Mountain Park, Alberta
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Section NCP-1

North Cardinal Pass
Mountain Park, Alberta
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Section NCP-2
North Cardinal Pass
Mountain Park, Alberta
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Nigku Formation

Section CH-1

Cardinal Headwaters
Mountain Park, Alberta
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Section CH-2
Cardinal Headwaters
Mountain Park, Alberta
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Appendix 2
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oOm =13 m: Cairmn Prominent

dark grey to black, medium to fine crystalline dolomite.
quarter sized vugs.

banding st 4.5 m

stromatoporoid-like material at 7.5-8.5.

highly fossiiferous 120 m - large % of stromatoporoids.

13 m - 88§ m: Pesches Prominem

while to light cream dolomite limesione limey dolomite.
5-10% large vugs.
rusty (imonite) at approximately 50 m - 10-15 m basinward.

S8 m - 102 m: Prominent

dark/black weathered rock - brown - cream on fresh limey dolomite.

15% vugs near lower contact (up 10 30 cm).

2-3% vugs up section.

rusty (limonitic) zones or peiches throughout.

basinwerd st S0 m - Peachee appears (0 retum as contact wanders.

large paiches of crysialiine caicite roughly paraliel 10 bedding at 75 m.
paiches of kghtly (more coarsely crystalline) colored 10 rusty woughout (<2%)

12m-1018m

-»

-

$ o thick breccisted zone al comact.
highly fossillerous wechssione/packesiona near contact (1-15 m) dolomde
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matrix of derk mud - dolomite, limestones/imey dolomite.
vugs 1-2%.
at 104 m - 20 cm zone whare vugs are up 1o 40% of rock.

108 m - 116 m: Scree

stoly 30% - 5-10 cm thick.

distinct zones where vugs increass 10 approxim
foasil percentage decreases (0 spproximately 5% st 120 m - vugs and cosrse ceaicite
fossil perceniage incresses al 126 m to 10-15% - vugs decrease to 1-2%.

126 m - 134 m - several lighter colored zones without vugs - crosscut bedding.

138 m - retum to vuggy darker westhered rock.

151.8 m - 152.8 m: Prominent

fragments of corals, brachiopods, crinoids, etc.
breccia fragmented from 1-2 mm - 10-20 mm.

1828 m - 168 m: Rel. Prominent

foasil percantage may be higher but GiFCUR tO 308 ON SNTECe.
o 1564 m - 156 M - dark fossilferous mud wackestiones.
peiches up 10 1 m x 3 m of this material common throughout.
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168 m - 160.6 m: Relatively

. prominent.
- light cream colored weathering, lightly silty limey sandstones.
- no fossils.

169.86 m - 170.7 m: Prominent

. cream colored.

- reistively high percentage of silt.
- many small (2-3 mm) vugs.

- Hmonitic stain (<5%).

- finely laminated (1-2 mm).

170.7 m - 176.8 m: Less Prominent

- shightly silty limey mudsione.

- thin 2-3 cm lenses (beds) of grey limey mudsione.

- mud bands completely destroyed by weathering (very recessive).

176.5 m - 175.9 m: Recossive
. 40 cm band of fine grained silty carbonale mud.

. kmey.

176.9 m - 176.3 m: Prominent

- structures on surface?

- red/pink staining in rock.
- unit “sinks” into lower mud.

1763 m-1768m
- recessive mud.
- imey.

1766 m - 170.0 m: Prominent
- fossilferous lime mudsions.
. rusty swiface - from above unit.
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- imey.
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Base Lower Sit Member=0 m

Om-2m: Scree
. at O m (base of Scree) - Arca/Grotto/Members - Sov**east Formation

2.-m - 3.8 m: Reilatively Prominent

- rusty limonite stain on weathered surface.
- cream - brown on fresh suiface.

. finely laminated imestone.

- silt - fine sand.

- minor secondary carbonate.

3ISm-42m

fairly prominent.

- no laminae - dolomitic imestone.

no visible foseils.

at 3.5 m - then (1/2 cm) recessiva rusty shaly unit.

42m-60m
- silt/sand as above wrust.
- grain size of sand changes rhythmically every 10-15 cm.
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7.0 m - 9.0 m: Relatively Prominent
- lsminated silty carbonate mud (2-3.5 m).

2.0 m-94 m: Prominent
- hgit weathersd carbonate unit.
rough weathered surface.

8.4 m - 0.8 m: Relstively Recessive
. no laminae.

9.6 m - 10.0 m: Relatively Recessive

10.0 m - 12.8 m: More Recessive

12.8 m - 50.5 m: Blueridge Member

- ﬁliﬂmhm

- Nght weathering material with sharp weathered up material.

. 14.5 m - 15.3 m - unkt becomes dense and siliceous IOOKING.

. 15.3 m - 15.7 m- rusty surface weathering (monite) red, hematitic stain on fresh,
. 15.7 m - 18.2 m - retum 10 sharply weathersd materisl as above.

. 16.2 - 17.5 m - silty carbonste unit retums 28 15.3m - 15.7 m.

- ﬂvwhmmmmmw

- I,'I.ssznémmi

. 20.5 - 21.0 m . silty unit wilth imonile and hematite stein.
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. slightly recessive pinches - swells basinward.

. 21.0 - 23.5 m - massive grey, evenly weathering unit with sandy/grainy beds up to
3.0 cm thick.

- with white/cream colored specks (pellets?).

- grainy/sandy beds recessive.

. areas with reiatively high percentage of foasils - corals, brachiopods.

. upper contact of this zone marked by 3 cm sity/sandy beds (continuous up and
down strike) - just above fossilferous zone.

. 23.5 - 29.7 m - light grey - sharply weathering up limey material - prominent.

. 29.0 - 20.4 m - finer grained/dense unit - gradalional.

- 20.7 - 34.5 m - light medium grey roughly (sharply) weathered surface - organisms
and possible bioturbeation shows up on weathered surface.

. siightly less prominent.

. 34.5 - 53.5 m - lighter - slightly more prominent unit.

- visible evidence of biological aliteration decreased.

- large megelodont and bivaives on bedding surface at approximately 37.0 m.

- ot spproximately 38.5 - 40.0 m, biological structures in zones approximately 10 cm
thick sitemating with more massive matenial. Reilatively prominent.

- at 46.0 - 48 m - 10-20 cm zones of biclogicaily altered material.

. at 54 m - 54.1 m unit has 10 cm bed of finely laminated silty/sandy material.

. 54.5 - 5.5 - silty unit.

. bedding/laminae - cross-bedding.

. no visible biologicel activity.

- rusty (limonite) stain on westhered surface.

. §5.5 - 50.5 m - incressed biciogical activity of fossils.

. rare (<5%) thin (2-5 cm) silty bedded materisl.

. slight incresse in biclogical activity.

- fossils and biclogicsl evidence decresse and nearly disappear within 1/2 m on lop.

- 10-15 m besinward unit becomes more silty and muddier and decreases in biological

achivity.
0.5 -00.0 m

- generally Quile recessive and diSappears up Section into scree.
- brownish imey mud.
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vugs - 5% - stylolites (with rust) (top Biue Ridge Membsr) or base Sassenach
Formation.

60.0-680m
- Scree and snow.

68.0-¢0.0m
. relatively recessive compared to Blue Ridge Member bul more prominent than
previous scree zone.

- sii/sandstone - only secondary limestone.

- rusty weathering surface.
- minor laminae and/or bedding visible - otherwise generally massive.
. 10-15 cm zones where grain size of iarge fragments increases at 69.0 m rock

becomes fine sand with biological activity.
- good Sharp upper contact with Palliser - contact meander.

Palliser ot 69.5 m
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Graminia has been faulted and foided in this area making measurement of a full,
true thickness section difficult.

The NW shouider of Mt. MacKenzie was inaccessibie (0 the Biue Riige Member and
lower Graminia silts.

The section shown here is a rough work of what was present.

A wedge of sand was mapped for the lower sit member the foided Biue Ridge
member along a scree pile was measured; then the Sassenach was measured as
seversl meters of scree just beneath the cliff forming rocks of the Palliser Formation.

0-1986m

sharp contact with Arcs = 0 m.

tan and black mottied carbonate mudstone - dark on fresh.

up to § cm of fine laminse.

remainder of unit appears massive except for prominent biological activi

At approximately 3.0 m

unit becomes bedded - shown by light and dark material.

bedding planes not distinct due to biological activity.

lower silt unit resembies biclogical altered unit at NCP Saction 1 and upper unit
resembies silty unit st NCP.

these 2 units allemate on a scale of 1-2 m of 5-8 m.

bryozoens in dark rock st approximately $.5 m

increase caicite content a8 MOve up section - little or none at 1-2 m sample etc.
Quile noticesble at spproximalely 8.0 m.

recessive.

MI10Em

bryozoans, bivaives.
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At approximately 13 m
unit begins to resembie siit unit at NCP.

At 168 m
run into 1aull running approximately persiiel to bed.
upsirike st 16.5 m unit appears biologically altered as shown by fine sand/silt as light
materisl within dark carbonate matrix.

At23.0m

fault ran up rigit side of section line.

cliff face veers upwerd and becomes nearly vertical.
. estimate total thickness 10 be 28 m to top of ciiff face.

Moved downstrike approximately §0-78 m
bsese (0.0 m) is Biue Ridge base.
approximately 10.0 m of sity carbonate mudstone beneath contact (0.0 m).
Bive Ridge is intensely altered (foided and faulted) here.

o0m
- corals.
. several (approximately 8) pan photos of Mt. MaciKenzie show structural complexity.



first 1/2 meter is silty/sandy.

15.7 m . 16.2 m - retum 10 sharply weathered material as above.

16.2 - 17.5 m - silty carbonate unit retums a8 153 m - 15.7 m.

organism at 16.5 m - shows large vertical and smaller horizontal structures.
17.5 - 20.5 m prominent.

20.5 - 21.0 m - silty unit with imonite and hematile stain.

21.0 - 23.5 m - massive grey, evenly westhering unit with sandy/grainy beds up to

3.0 om thick.

areas with relatively high peroentage of fossils - corals, brachiopods.

down sirike) - just above fossilferous zone.
23.5 - 20.7 m - light grey - sharply westhering up limey material - prominent.
20.0 - 29.4 m - finar grained/denas uUnit - gradational.

20.7 - 34.5 m - NGt medium Orey roughly (sherply) westhered surface - organisms

and possible bickurbation Shows up on weathered surface.
visible evidence of biological siteration decreased.



ot approximately 38.5 - 40.0 m, biological structures in zones approximately 10 cm
ot 38.2 - 41.0 m - 10-20 cm zones of biologicailly altered material.

ot 41.1 m - 43.0 m unit has 10 cm bed of finely laminated silty/sandy material.

43.4 M. 44.4 m - silty unit.

10-15 m basinward unit becomes more Sity and muddier and decreases in bioilogical

20m-830m

FG m7 i0 .

reistively recessive compared 10 Blue Ridge Member but more prominent than
rusty weathering swrface.
10-15 om z20nes where grain size of lerge fragments incresses at 00.0 m rock



hummocky cross siratification.

Palliser at 102.3 m
. after approximately 10 m of scree.



O m -48.8 m: Prominent

- silty zones of bedding (2-3 cm) up t0 20 cm thick.

- Nghter colored material (silt) in beds 2-5 cm thick.

oblong patches of light colored sit 5-10 cm long, 2-5 cm wide.

'iOQ'ai.n
- More massive, increased grain size 10 sand - datrital.

Wom-22m

of 3ndy unit.

DIm-B4Am
MOre Mastive dus 10 Jecrease in grain size.

Bim-239m

8 24.5 - 28.0 m unit becomes motiied with lighter patches of biological material.
. fine laminsted rock relums st 28.0 and sand bed retums ot 29.5 m - 36 m.



BOm-Mim
- fine dolomitic mudstone with silt layers up to 2 cm.

BEMm-38m

. inerbedded sand-silt-mud on scale of 5-10 cm.

42Emasim
- mud predominates wasand beds up to 10 cm.

44.5 m to approximately 73 m: Prominent

- gradational contact into overtying massive sandy/sity dolomite.

. silty dolomite beds in this unit reach up to 10 cm thick.

. sand and silt present as 2-3 cm beds - approximately 10% of total unit.
- vugs in 10 cm zones - 63-85 m.

. at 65 m - retum 10 finely laminated silty dolomite for 1.0 m.

. 67.0 m - recessive muddy limey dolomile for 10 cm.

TIM-TEm: Scree

T8 m - 81 m: Recessive
paiches of westhered up rock, very fine grained materisl.
8 78.0 m - rock has holes (vugs) snd ight snd derk paiches.



ot 80.5 m - weathered up material becomes tan colored.
- fissile character decreases after 80.5 m.

1.0 m - 89.80 m Sharp Contact

- highly foasiiferous imestone - crinoids, byozoans.

fossiie-cream colored - matrix medium to gt grey.
83.0 m - 89 m - 10-20 cm bed repeated approximately 10 times.

8.0 m-93.0 m Scree

NVOm-Mim

. appears 10 be similar 10 recessive malerial at 83.0 m.
- ie. whole unit is same as recessive unit below.

- small vugs - <1%.

- possibly biological activity.

MEm-1020m

. this unit has lerge vugs making up approximately 10-15% of surface - aiso present -

. gredationsl boundery has non-vuggy Mmeterial in 10 Overlying slightty vuggy material
in 10 overlying very vuggy malerial.

102 m - 100 m: Prominont



richly fossiiferous zones throughout - up to wackestone, packstones.
reefal in appesrance.
dolomitic mud with fossils up to packstons/wackestones.

1248 m - 127.8 m: Scree - Receasive

laminae gives rock cleavage planes (3ilt) and one unit approximately 20 cm thick
surface is pitted and pocked (small vugs) in zones approximat~ly 30 cm.

within this unit there are peiches and beds (with no fossils) of medium 1o coarsiey
light patches have areas whare amall vugs (1-3 cm) are up t0 10% of rock,
unils appesr 10 iInterfinger batween gt and derk fossiNerous material.

143 m - 144.5 m: Beree - Recansive

144.8m - 101.5 »: Praminont



fossiis <5% - corals and large patches of caicite, vugs approximately 5%.
aiso smal bends of previous unit 10-20 cm thick.

ot 145.5 m - bands of previous unit disappear.

149 m - rock becomes somewhat mottied - light and dark patches.

161.6 m - 167.6 m: Scree - Recassive

157.6m-160.0 m:

-

-

160.6 m - 196 m: Scree - Recessive

1% m-202m: Prominent

190-202 m retum 0 allered Mmuditone as below 198 m, same moltied appearance.

Hém-2M70m

areas appronimately 30% of unit where fine laminae predominale.



sity?

217.0m -220m: Scree

220 m - 222 m: Prominent

220-220.5 - 1/2 meter weathered smooth with fine laminae - limestone with oblong
rocks sbove this unit (je. 220.5-222) sppear 10 be the same composition but more

22m-2232m

ond/side view of bedding plane shows oblong nature of sediments.
unit is more prominent up section.

2232m-IT2m

most prominent with 1.0 m overhang.
similar overhang 10 basal contact st Toma Creek.



234.0 m - 239 m: Prominent
. ridge sfier spproximately 3 m of spotty outcrop and Scree mottied appearance on

- unit approximately 30 cm thick at 238 m shows no fossiis and is very massive black

AL approximataly 239 m
- black weathered up material decreases upward but is still present at 259.5 m.

M2m-204m
- generally n.easive ney mudsione.

84m-200m
. sharply weathered up materisl (as Blue Ridge at Toma Creek).

MWem-27T2m
. rebum 10 masasive unit s 262-284 m

72m-2726m

- reigtively sharp break aree 1.5 m between biclogically altered lime mud below (208-
. boundary zone (1.5 m) is vuggy -15% and has silt within carbonate mud matrix.

- sit:carbongte ratio = 1:§

735 m - 302. v
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- breaks between laminated silt and bdiologically sitered silty limestone are sharp, but
over a thickness of approximatety 10 m they allemate with maximum thickness of
each unit approximately 1.5 m.

(These two units sltemate over this thickness (272-282) maximum thickness of bed 1.5 m.)
At approximately 276.5 m - 279 m unit has westhered up structures in vuggy unit.

282m-283m
- rock retums 10 pre-silt type rock (le. Biue Ridge Member).
- bryozoans and mottied appearance.

WIM-280m

- fossils and roughly weathered material.

- organiems have weathered up.

- zones of increased biological activity.

- sbove the sit malerial (202-283) rock becomes intensely vuggy. roughly weathered
material.

- siight differences 10 unit which was interbedded with laminated sit ie; more and

larger vugs.

288M-2078m

. siity ime mud.

- fossils include crinoids, bryozoans, corals.

. much same as last small unit (282 m- 283 m).

297.5-200m
- silly unit with same mollied appearance with rare weathered out organisms.

. fine grained silty ime mud.
- clasts of lower moltied lime mud in this sandy/'silty uni.

WIMm-2m
. ime mud.
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) these units (208-297.5) and (297.5-299) appear 10 be siemating batween the silty

- thickness of each unit is approximately 1-2 m which are then overiain by the other
unit.

- repeaied 2 times.

W2Zm-3086m
. Sik percentage in carbonate mud appears (o decresse.
mud.
. 308.7 - small (10 cm) unit where fine sit laminae are present.

88m-31286m

predominales.

M2EMm-300m

. unit becomes laminsied with silt laminae up to 2 cm.

. at 314.0 m - cross-bedded finely laminated sil/sand with minor limey mud.

. zones of biclogical activity (massive) and zones of iaminae altemate over entire unit.
. laminae are absent afler approximately 320 m.

. vugs at approximately 328 m.

. ot 341.S - unit becomes exaggerstedly mottied - light matrix and dark structures.
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NORTH CARDINAL PASS SECTION 1 (NCP-1)

Om-2.80 m: Prominent

dark grey with tan ie; nodular imestone with minor silt interstitial to nodes.
several recessive 1-2 cm black shale material.
no fossils vigible.

25m-275m

black lime mudstone.

rusty fragmenis.
sharp upper and lower contact.

276 m- 11.0 m: Prominent

dark grey with tan/rust weathering surface.

silty.

seversi 2-4 cm shaly beds - biack and fissile st 3.8 m.

minNor secondary ceicite.

shele beds increase in width upwards.

a1 5.5 m - 6.25 m unit appears to have a decrease in biological activity.
S8Me weathering color.

minor fossil percentage.

6.25 m - fop - massive.

with 2 cm shale bed st 6.6 m.

hesvy biclogical activity.
biack shale unit 30 cm at 8.1 m.

11.0m - 13.5 m: Recessive

much seme unit 88 2.75 - 11.0 m - appeers 10 have incressed mud and different

oganiems?
gradetional contact.
same shale beds and same color.

gradationally less Siit upwards.
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13.6m - 17.8 m - Recessive

muddy, fissile, light grey shale/mud.

17.6 m - 21.8 m: Prominent

sharp lower contact.

muddy silt.

several organism types and possible biological activity.
several 2-3 cm sandy beds - up o Mmaximum 1S5cm - st 19.0 m
clean sand.

same rusty tan color 88 2.78 - 11.0 m.

Sharp upper contact.

HEMm-00m

mesions - medium grey mudstone.

fossils brachiopods crinoids, corals - generally articulated.
fine grained massive dense mud.

fing leyers of sill in groups up 10 5§ cm thick.

minor secondary caicile.

NIm-430m

medium grey me Mudeions - SMOoth weathering surface.
several types but minor in numbers, macrofossils - fragments.
fugoee corels, brachiopods.

o 39 - 30.5 m - light cream colored silt - very fine sand.

has obiste fragments/ciasts - pholo with Quarier.

no organiams or biclogical aclivity.

possible mud clasts draped by sand/eilt?

relum 10 ime mud - medium grey with light grey westhering.
rare feasils.
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48.0 - 50 m: Prominent

. westhering pattem changes back from silty below (0 massive/smooth above (48-50).
this massive unit has more visible biological activity-appears (o have silty surface on

- definite increase in biological activity on bedding surfaces.

SOm-42m
- breskage perpendicular and persiiel t0 bedding.

2m-54.0m
. $5.8 m - sill/fine sand layen.
. ot £0.0 m - sharp contact.

Mm-¢18m
no sand or il

01§ - 64 m: Praminant
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‘pock”® marked.

grainy beds - up (0 wackestone/packstone - 20-30 cm thick st 61.8.

sharply weathered malerial.

areas where? something? has weathered up.

<2% brachiopods and corals.

large vugs and caicite replaced biobs - 5% - scattered throughout st 61.8 - 62 m -
fragments in dense lime mud.

4 m - 74.5 m: Generally Recessive

moat of unit is somewhat recessive bit the more Massive unils are more prominem.
massive and hackied units interbedded on scale of 1-3 m.

several (2-3) fossil units 10-20 cm throughoul at 61.8-82.

bese of this unit has clasts of ight colored pock-marked unit.

fossils include articulated crinoids.

good biological structure at 68 m - Thelsssinoides at 87.5 m - 5-10 cm bed where
burTows and crincids make up t0 25% of rock - matrix lime mudsione.

ot 74-79.5 more prominent unit and is more Mmassive.

less biological aclivity and no vieible macrofossils.

T4.8m -83 m: Scree

light colored limestiones - several “ridges” on westhered surface.
POSeibie iNCreese in grain perceniage - wackesions.

B m-90m: Scree

moedium grey silty dolomite mud.
fow fosslls.
Ight grey on weathered surface.
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104m-108.0 m
- corals, brachiopods, bryozoans, corals.

1086 m-117.0 m: Scree

11786m-12¢8m

. silt content appears (0 incresse and fossil percentage decresses slightly.

- two beds approximately 40 cm thick of black massive kme mud - at 119 and 123 m.
. fairly uniform over entire thickness except for 40 cm beds.

1265 m-182.6m: Scree
- shows minor (<5%) 1-2 cm mud laminas.

- Wttle or no cross-bedding.

217



oOm - 9.0 m: Grotto Equivalent

undulstory bedding seen in croes-section.
medium 10 dark grey.

generally massive with thin (1-2 cm) bedded areas whers breakage has occurred
(sit?).

ares appears 10 have been extensively foided and then weathered to show older
units 10 be younger. .

ot 9.0 - nose of fold is visibie and bedding resumas typical dip for the area.

Om-00m

massive unll is up 10 2.0 M thick with small beds of fissile shale.
Mmassive unit is mere prominent then shale unit and beging 10 show up More a8 Qo up
in saction.
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41.0m - §7.8 m: Arce/Grotto Equivalent, Prominent

more thickly bedded - thinly bedded in areas.
st 50 m - get change 10 thinner bedded darker material with shele interbeds (3-4 cm)
ot 55.0 m small ilerbeds of white, silty shale.

unit becomas rusty colored on suiface and is bedded (3-10 cm) with laminated silty
recessive &t approximately 61.0 m where recessive shale predominates -
approximately 1.0 m.

62 m -71.0 m: Rocossive

at 63.0 m - 1.5 m bed of shale with small (4-5 cm) massive units.
o OS5 m - 00 M - 4-3 M Massive units disappear.

THm-745 m: Prominent

3.8 m bed of messive rusty colored material - a8 before (57.5 - 62.0) with small
shele interbeds
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sbove is light-medium grey nodular ime mud - which forms 10-20 cliff. Biue Ridge
moved up silt - over Biue Ridge - found base of Sassenach Sandstone and used this
base as 0.0 m for Sasaenach - Palliser.

0.0 m - 3.0 m: Upper Graminia Member

3IOm-80.0m

- blobs of dark colored material - light cream interstitial.
amell (5-10 om) recessive shale beds.
derk paiches appeer 10 be je shructures - with light matrix.

. appears o be thickly bedded (5-7 m) interbedded with nodular unit and sandy
Malrix is ahways somewhal silty/sandy.

4 20.9 m - noduler unit 1.9 m thick, also broken up.

3.4 m - 33.0 m retum 10 massive sendy unit.

ol 33.0 m biclogioal siructures decresee leeving thickly bedded maseive unil.

rare 10 om shale bads st approximetely 37.0 m - 40.0 m capped by 3-4 cm finely
&t $1.0 m - ground fstions and Continues for approuimalely 9.0 m,




At 60.0 m large prominent ridge - Palliser Formation.
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om-13.0m: Prominent

. several 1-2 cm black-grey shals bads are present given bedding appearance 1o the
- benesth 0.0 m recessive rock which is extremely fissile, tan colored shale - no
at 6.0 m sand percentage increases.

- sand percentage incresses and decreasss in 10-20 cm bads over the naxt 3 m of
move up strike approximalely 100 m - use marker shale beds o establish total

thickness at approximately 13.0 m.

13.0m - 15 m: Recosaive

15.0 m - 10.0 m: Rocesnive
o 15.0 m - 1-2 om sandy bed.

M- m: Seve



VOM-31.m

- basinal Grotto Formation equivalent.

- fissile sand-sit and mud.

. heavy rust color.

- layers of more purple material with crawding traces on top of bedding surface -
Cruzisne.

- medium colored sand with bends of lighter colored sand throughout.

trough shaped structures in lower part of unit - Cruziana.

- NO structures in sand except for purplish bedding planes.

- ot 30.8 - 31.1 m - sbrupt change from finely laminated sand with crawling traces to
highly burrowed sandy rock with indistinct burrowing retums to massive and
iaminated sand.

. sharp upper contact - marked by purplish shale beds.

MNEm-40.2m

- much same unit as 1.5 m unit (jle. purplish shaie and tan shaie) only not nearly as
fissile.

. generally massive with rere, small (4-5 cm) shale beds.

laminae present weather up from rock and are wavy and discontinuous - possible

aigal.

- shelfwerd - purpie shale decreass.

- three 20ne8, approximately 1 m thick where sand increases and wavy maternial
decresses.

- retum 10 finely laminsted rock asfter zones.

30.0 - 30.3 m grey fissile shale.

. 30.3 m - retum 10 wevy material in rock.

wavy material ends at 40.2 m.

]

N2Mm-T8m

. generally messive carbonsle mudstons (dolomite) for 1/2 m then at 40.7 m 20 cm of
upper fine grained laminsted mud for shele then refum (0 massive carbonate
dolomils mudsions.

. minorvare fosslls (hrachiopeds).

. 43.5-47.5 slight change in celer te light grey and generally massive rock.
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478m-0.0m
overtying unit is roughly weathered (possible incresss in biological activity).
. sandy/silty beds roughly 20% of unit - up 1o 20 cm.

- chenge in color from light grey weathering to dark grey weathering.
. silt condent incresses dramatically showing blocky weathering and fine laminations.

Gm-Mm
. fetum 10 ight grey weathering lime mud.
e or no sill.

68 m - 00.0 m: Recessive

. sily/eandy zones up o 10 om.
. & 78 m - thin fsalle unit showing good paning



- base of this unit is marked by the upper bedding surface of a 20 cm recessive silt

838 m - 101.5 m: Prominent
- ﬂ*l@isﬂﬂﬁﬂnmm
- mmmmummmmgmm;,:::i

1618 m - 106 m: Recossive
- sharp contact.

. 8 101.5 - 1 m thick unit of finely grained dense lme Mud with liltle or no skruciure.

108 m - 112 m: Racesslve
. 108.5 - 110.5 m same unil NS westhering has crested vugs up 10 4 CM aCross.



. 110.9 - 112.0 fossil content increases dramalically inciuding byozoans, corals,
crinoids.

112 m - 124.0 m: Predominant

- Nisku Formation Buildup.

- sharp contact.

- light colored carbonate mud - somewhat mottied in appearance.
. vugs over $ cm common - generally vuggy surface.



CARDINAL HEADWATERS SECTION 2 (CH-2)

0 m - 124 m from day 1 - move approximately 300-400 m south of buildup Section 1.

Om-32m: Scree - Recessive

upper Mount Hawk MemberLower Graminia Basinal Equivaient

32.0 m - 90.0 m: Recessive

massive biack carbonate mud with numerous 4-5 cm beds of sit (NgiM colored
fissiles).

fossiis - rare corals.

cyclical repetition of massive mud and bedded silt on scale of 10-20 cm.

up section bedded silt predominates with base massive mud.

48.5 m - tan weathering somewhat noduler.

overall unit appears to allemate between nodular unit and fissile darker shale on
scale of 1-2 m maximum.

shale is recessive and nodular material more Prominent.

sharp brecks between shale and nodular malerial.

53.5 m - shaie beds decrease and disappear showing prominent ridge of nodular tan
westhering material.

conlinues upward with minor (3-4 cm) shale beds scaltered throughout.

rare secondary caicile stringers.

CIm-T20m: Scree

retum 10 previous bleck carbonate mud (noduler).

siso have rare figsile shele unils st approximetely 72-74 m.
brachiopods prosent <2% above shele.

unit becomes speckiad due 10 Presence of 2-5% fossil debris, Crinoids, brachiopods,
at 79.5 m - unit becomes increasingly silty and lighter in color.
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800-1190m

inerbedded as well as more massive units described below - scale of 3-4 m.

0.0 m - 04.5 m: Prominem

darkened “Dlobs” pnnﬂup!ol%

4.5 m - §7.0 m: Diue Ridge Basinal Equivelent

dark grey 1o bleck carbonate mud.
rare bands (4-5 om) of bisck fissile meterial.
sill and carbonale units allemale over § thickness of approximalely 40 m.

ol units of each lihology are very similer with minor varistions in thickness.

sift bed at appronimately 52.0 m has wispy bleck material present (approximatel
ﬁ)ﬁﬁlﬁiﬁﬁiinmimw“ﬁﬁm
some of the unils are a croas betwaen the wo dominent lihologies.




. using prominent sit bed as marker.

1004m-1078m
. St unit.
. rusty - {an weathered with black patches.

107.6 m - 110.0 m: Recessive carbonate unit.

110.0 m - 114.5 m: Prominent
. silty unit with dark paiches.
- small recessive carbonate unit ot approximatety 111.0 m.

114.5 m - 115.5 m: Recoessive
. silty carbonate.
. same structure visible.

1185 m - 117.8 m: Promnent silt.
117.8 m - 119 m: Recessive carbonats unit.

119 m - 138 m: Upper Graminia Member/Sassenach Formation
. Matsive and CONINUOUS.
- rare (1 or 2) black biobs as before (near base) within 1/2 m of conlact.

- fossils, brachiopods.
126 m - 133 m: Scree
13m-14m

. feslle shale.

. ight colored.

14m-14.3m
. gonesally massive sillstens.



- fasile character further up unit.

1M.I3Im-13885m

138.6m -1 m: Snowlcree

1M0m-142.0m
- &t 140 m for 1.2 m - get silty more massive material.

183.0m-100m

1m-14m

Mm-00m
&8 bafore and as &t fop of Sassenach Formation at Toma Creek Section 2.




173 m: Palliser Formation
. Ngit structures in dark matrix.

. black carbonate predominates.

1Om-173m
estimate of thickness from measured rock (o where Palliaer is visible - rockiace 100

shear (o chmbd.



clay - ilte

Fe-oxide heavy

poasible voicanic ash Fe. 8i

chipping, due 10 grinding - not asolian?

tons of cleys
smecille cley



- + etching of overgrowth

- several different sizes of caicite cement up to 20 m.
. ilite ciays presant up (o 3% - likely detrital.
- easentially: quartz + feidapers + clay + eiching+ carbonate coment



