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Abstract 

The Belcher Group Microbiota (BGM) are a collection of microbial organisms from the 

Paleoproterozoic (~2.0 to 1.8 Ga) Belcher Group from the Belcher Islands, Nunavut, Canada. The 

Belcher Group is exceptionally well-preserved, having avoided deep burial or strong deformation 

during the Trans-Hudson orogen. The 6-9 km thick Belcher Group includes a variety of shallow 

marine depositional environments, two distinct periods of volcanism, and a prograding submarine 

fan system. The rock types range from dolomitic carbonate platforms to flood and pillow basalts 

to granular iron formations to sandstones. The BGM are found primarily in chert-replaced 

stromatolitic layers in dolostones of the lower and middle Belcher Group, including the Kasegalik 

and McLeary formations, and show dominantly filamentous (i.e., segmented) and coccoid (i.e., 

spherical) morphologies. The Belcher Group was first studied over 100 years ago, with the focus 

initially on the iron formation rocks and stromatolitic dolostones. Research on the putative 

microfossils and the geological history of the Belcher Group became the focus of later studies 

during the 1960s through the 1980s. The BGM were first described by Hans Hofmann as a 

collection of benthic prokaryotic organisms consisting of up to 24 taxa with filamentous and 

coccoid morphologies. However, due to degradation and diagenesis effects, Hofmann determined 

that the 24 different taxa could be as few as 10 distinctive taxa. The taxa of the BGM are 

contemporaneous with the Gunflint Microbiota but share more similarities with the microbiota of 

the Bitter Springs Formation. The main objective of this thesis is to confirm the biogenicity of the 

BGM. Previous characterization of the BGM utilized transmitted light microscopy. This thesis 

further investigates the BGM by utilizing other methods including Raman spectroscopy, X-ray 

photoelectron spectroscopy, and both electron microprobe and scanning electron microscopy, in 

addition to petrography and field work. This work shows that the microbiota likely represent 

cyanobacteria that built stromatolite structures in peritidal carbonate rocks, consistent with 

previous work. New data from Raman and XPS show that organic carbon is present in the 

spherules from the Kipalu Formation, which suggests microbiota could have facilitated the 

deposition of the granular iron formation. Pseudofossils were discovered during the re-

examination of McLeary Formation samples, which show that abiotic structures exist as well as 

biogenic ones. Nevertheless, data from Raman and XPS show evidence for organic matter 

preservation in the Belcher Group rocks associated with stromatolites and microbial mats. The 

discovery of pseudofossils does not invalidate the interpretation of the BGM as cyanobacteria, 

however it shows that extraordinary preservation of the BGM is not universal.  

  



 
 

iii 

 

Acknowledgements 
 

I would like to acknowledge the guidance from my supervisor Camille Partin and my 

Advisory Committee members: Joyce McBeth and M. Gabriela Mángano. I want to also 

acknowledge the financial assistance I received from my supervisor’s Natural Sciences and 

Engineering Research Council of Canada (NSERC) Discovery Grant (RGPIN-2016-04501) as 

well as Polar Knowledge Canada’s Northern Scientific Training Program (NSTP). Lastly, I want 

to acknowledge Brayden McDonald, Malcolm Hodgskiss, Blaine Novakovski, Tim Prokopiuk, 

Tom Bonli, and finally Ramaswami Sammynaiken and his people at the Saskatchewan Structural 

Sciences Centre for their support in fieldwork and data collection throughout the course of this 

project. 

 

 

  



 
 

iv 

 

Table of Contents: 
PERMISSION TO USE ................................................................................................................................. i 

Abstract ........................................................................................................................................................ ii 

Acknowledgements ...................................................................................................................................... iii 

Table of Contents: ........................................................................................................................................ iv 

List of Tables ............................................................................................................................................... vi 

List of Figures ............................................................................................................................................ viii 

Chapter 1. Introduction .............................................................................................................................. 1 

1.1 Research Objectives and Hypothesis .................................................................................................. 5 

1.2 Research Scope and Problem .............................................................................................................. 5 

Chapter 2. A Brief History on the Evolution of Life ................................................................................ 7 

2.1 Beginnings of Prokaryotic Organisms ................................................................................................ 7 

2.2 Developments during the Archean and Paleoproterozoic ................................................................. 10 

2.3 Emergence of Eukaryotes ................................................................................................................. 16 

Chapter 3. Geological Setting of the Belcher Group ............................................................................. 22 

3.1 Regional Tectonic History ................................................................................................................ 22 

3.2 Stratigraphy and formations of interest ............................................................................................. 27 

3.2.1 Kasegalik Formation .................................................................................................................. 28 

3.2.2 McLeary Formation ................................................................................................................... 29 

3.2.3 Kipalu Formation ....................................................................................................................... 31 

3.3 Local Depositional Phases ................................................................................................................ 33 

Chapter 4. Previous Characterization of the Belcher Group Microbiota ........................................... 37 

4.1 Stromatolite Morphology .................................................................................................................. 37 

4.1.1 Kasegalik Formation .................................................................................................................. 37 

4.1.2 McLeary Formation ................................................................................................................... 38 

4.1.3 Mavor Formation ....................................................................................................................... 41 

4.2 Taphonomy of the Belcher Group Microbiota .................................................................................. 43 

4.3 Microbiota Morphology .................................................................................................................... 44 

4.3.1 Spherical .................................................................................................................................... 45 

4.3.2 Filamentous ................................................................................................................................ 48 

4.3.3 Mat-forming ............................................................................................................................... 50 

Chapter 5. Methodology ........................................................................................................................... 52 

5.1 Field Methods ................................................................................................................................... 52 



 
 

v 

 

5.2 Petrography ....................................................................................................................................... 54 

5.3 Raman Spectroscopy ......................................................................................................................... 54 

5.4 X-ray Photoelectron Spectroscopy .................................................................................................... 55 

5.5 Microscopy by Electron Microprobe or Scanning Electron Microscopy ......................................... 57 

Chapter 6. Results ..................................................................................................................................... 59 

6.1 Stratigraphic Sections ....................................................................................................................... 59 

6.2 Petrography ....................................................................................................................................... 65 

6.3 Raman Spectroscopy ......................................................................................................................... 74 

6.4 X-ray Photoelectron Spectroscopy .................................................................................................... 79 

6.5 Microscopy by Electron Microprobe or Scanning Electron Microscopy ......................................... 85 

Chapter 7. Discussion ............................................................................................................................... 91 

7.1 New Data for Biogenicity in the Belcher Group ............................................................................... 92 

7.1.1 New Data from Petrography ...................................................................................................... 92 

7.1.2 New Data from Raman Spectroscopy ........................................................................................ 99 

7.1.3 New Data from X-Ray Photoelectron Spectroscopy ............................................................... 100 

7.1.4 New Data from Electron Microprobe and Scanning Electron Microscopy ............................. 102 

7.2 Re-examining Biogenicity of the BGM .......................................................................................... 104 

7.3 The Greater Context of the Belcher Group Microbiota .................................................................. 106 

Chapter 8. Conclusions ........................................................................................................................... 108 

References ................................................................................................................................................ 111 

Appendices ............................................................................................................................................... 117 

Appendix A – Summary of Stromatolite and Microbiota Morphology ......................................... 117 

Appendix B – Belcher Group Stratigraphic Sections ...................................................................... 123 

Appendix C – Petrography Results ................................................................................................... 126 

Appendix D – Raman Spectroscopy Results ..................................................................................... 186 

Appendix E – X-Ray Photoelectron Spectroscopy Results ............................................................. 302 

Appendix F – Electron Microprobe and Scanning Electron Microscopy Results ........................ 342 

 

 

  



 
 

vi 

 

List of Tables 
 

Table 2.1: Summary of the characteristics of biosignatures and abiotic structures. …..........14 

Table 7.1: Taphonomy and preservation quality grade table. ……………………………….94 

Table A.1: Summary of the various stromatolite morphologies in the Belcher Group. .......117 

Table C.1: Thin section description for 18CAPB004A. ............................................................126 

Table C.2: Thin section description for 18CAPB005B. ............................................................127 

Table C.3: Thin section description for 18CAPB006. ...............................................................128 

Table C.4: Thin section description for 18CAPB014A. ............................................................129 

Table C.5: Thin section description for 18CAPB014B. ............................................................130 

Table C.6: Thin section description for 18CAPB14-1A. ...........................................................131 

Table C.7: Thin section description for 18CAPB14-1B. ...........................................................132 

Table C.8: Thin section description for 18CAPB015-1. ...........................................................133 

Table C.9: Thin section description for 18CAPB015-2. ...........................................................134 

Table C.10: Thin section description for 18CAPB017. .............................................................135 

Table C.11: Thin section description for 18CAPB17. ...............................................................136 

Table C.12: Thin section description for 18CAPB019A. ..........................................................137 

Table C.13: Thin section description for 18CAPB019B. ..........................................................138 

Table C.14: Thin section description for 18CAPB020. .............................................................139 

Table C.15: Thin section description for 18CAPB021A-1. .......................................................140 

Table C.16: Thin section description for 18CAPB021B-1. .......................................................141 

Table C.17: Thin section description for 18CAPB021A-2. .......................................................142 

Table C.18: Thin section description for 18CAPB021B-2. .......................................................143 

Table C.19: Thin section description for 18CAPB021A-3. .......................................................144 

Table C.20: Thin section description for 18CAPB021B-3. .......................................................145 

Table C.21: Thin section description for 18CAPB022A. ..........................................................146 

Table C.22: Thin section description for 18CAPB022B. ..........................................................147 

Table C.23: Thin section description for 18CAPB023A. ..........................................................148 

Table C.24: Thin section description for 18CAPB023B. ..........................................................149 



 
 

vii 

 

Table C.25: Thin section description for 18CAPB024. .............................................................150 

Table C.26: Thin section description for 18CAPB083. .............................................................151 

Table C.27: Thin section description for 18CAPB095. .............................................................152 

Table C.28: Thin section description for 18CAPB031A. ..........................................................153 

Table C.29: Thin section description for 18CAPB032. .............................................................154 

Table C.30: Thin section description for 18CAPB051. .............................................................155 

Table C.31: Thin section description for 18CAPB052. .............................................................156 

Table C.32: Thin section description for 18CAPB053. .............................................................157 

Table C.33: Thin section description for 18CAPB054. .............................................................158 

Table C.34: Thin section description for 18CAPB059. .............................................................159 

Table C.35: Thin section description for 18CAPB062. .............................................................160 

Table C.36: Thin section description for 19CAPZ001. .............................................................161 

Table C.37: Thin section description for 19CAPZ005. .............................................................162 

Table C.38: Thin section description for 19CAPZ006. .............................................................163 

Table C.39: Thin section description for 19CAPZ006-1A. .......................................................164 

Table C.40: Thin section description for 19CAPZ006-1B. .......................................................165 

Table C.41: Thin section description for 19CAPZ006-1C. .......................................................166 

Table C.42: Thin section description for 19CAPZ007. .............................................................167 

Table C.43: Thin section description for 19CAPZ008. .............................................................168 

Table C.44: Thin section description for 19CAPZ009. .............................................................169 

Table C.45: Thin section description for 19CAPZ014. .............................................................170 

Table C.46: Thin section description for 19CAPZ025A. ..........................................................171 

Table C.47: Thin section description for 19CAPZ025B. ..........................................................172 

Table C.48: Thin section description for 19CAPZ028. .............................................................173 

Table C.49: Thin section description for 19CAPZ029. .............................................................174 

  



 
 

viii 

 

List of Figures 
 

Figure 1.1: ......................................................................................................................................2 

The stratigraphy of the Belcher Group (summarized after (Hodgskiss et al. 2019b) along with the 

location of the Belcher Islands. (A) View of the Belcher Islands’ (outlined by a red square) relative 

position within Canada. (B) A closer view of the Belcher Islands with the four major islands noted: 

i) Kugong Island ii) Flaherty Island iii) Tukarak Island iv) Innetalling Island 

Figure 2.1: ....................................................................................................................................11 

The major developments during the Archean and Paleoproterozoic Eons. Adapted from Javaux 

and Lepot (2018). Abbreviations: GOE, Great Oxidation Event; LJE, Lomagundi-Jatuli Event. 

Figure 2.2: ....................................................................................................................................18 

Comparing and contrasting various styles of biosignatures. When examined across both groups, 

there are differences and similarities in biosignature styles. 

Figure 2.3: ....................................................................................................................................21 

Comparing and contrasting prokaryote biosignatures to eukaryote biosignatures. The differences 

and similarities between the biosignatures of prokaryotes and eukaryotes are described and 

depicted in a Venn diagram. 

Figure 3.1: ....................................................................................................................................24 

Summary of Belcher Group regional tectonic history from 1.92 Ga to 1.85 Ga. Adapted from 

Corrigan et al. (2009). Abbreviations: BGS, Bergeron Suture; FFG, Flin Flon Glennie Complex; 

FR, Fox River belt; GLSZ, Granville Lake Structural Zone; GS, Gneissic Suite Narsajuaq; M, 

Molson Dykes; PS, Parent arc and Spartan forearc; SA, Severn Arc; SL, Snow Lake belt; SS, 

Suglak Suture; TNB, Thompson Nickel Belt. 

Figure 3.2: ....................................................................................................................................25 

The alternate mantle plume explanation for the Belcher Group volcanic formation (Flaherty 

Formation) showing the extent of magmatism in the Superior Craton. Adapted from Ciborowski 

et al. (2017). Abbreviations: BI, Belcher Islands; CS, Cape Smith Belt; FA, Fort Albany dykes; 

FR, Fox River Belt, GF, Gunflint Formation; H, Hearne Craton; LT, Labrador Trough; MD, 

Molson dykes; MR, Marquette Range Supergroup; OI, Ottawa Islands; PC, Pickle Crow dyke; R, 

Rae Craton, S, Superior Craton; SI, Sleeper Islands; SR, Spanish River; SU, Sutton Inlier; TB, 

Thompson Nickel Belt. 

Figure 3.3: ....................................................................................................................................26 

The deformation experienced by the Belcher Group as seen in cross section. The section is 

continuous from A) through C). Adapted from Jackson (2013). Abbreviations: CB, Coats Bay; CS, 

Churchill Sound; EAKL, East Arm of Kasegalik Lake; FI, Flaherty Island; Fm, Formation; GP, 

Gilmore Peninsula; HP, Howard Peninsula; KI, Kipalu Inlet; KgI, Kugong Island; MI, Moore 

Island; MP, Mukpollo Peninsula; NI, Ney Island; OS, Omarolluk Sound; TI, Tukarak Island. 

 



 
 

ix 

 

Figure 3.4: ....................................................................................................................................27 

Generalized stratigraphy of the Belcher Group formations (after (Hodgskiss et al. 2019b)). (A) 

Upper McLeary subtidal facies. (B) Unit “d” Kasegalik subtidal facies. 

Figure 3.5: ....................................................................................................................................29 

Examples of the lithofacies of the Kasegalik Formation (Photos by B. McDonald). A and B are 

representative of units “a: and “b” while C is representative of units “c” and “d”. (A) Prominent 

edgewise conglomerate. (B) Red laminated mudstone. (C) “Stromatolitic” dolostone. 

Figure 3.6: ....................................................................................................................................31 

Examples of lithofacies found in the McLeary Formation (Photos by B. McDonald). (A) 

Asymmetrical current ripples (Lower McLeary). (B) Minidigitate stromatolites in beach rock 

(Middle McLeary). (C) Branching lobate to columnar stromatolites in dolostone (Upper McLeary). 

Figure 3.7: ....................................................................................................................................32 

Examples of the lithofacies of the Kipalu Formation (Photos by of B. McDonald). (A) Highly 

fissile, well bedded, greyish dolomicrite interbedded with wavy bedded red argillite. (B) Red 

argillite with elongated (lenticular) chert. (C) Iron bearing dolomicrite. 

Figure 4.1: ....................................................................................................................................38 

Examples of stromatolite morphologies from the Kasegalik Formation (Hofmann 1977). Top Left: 

Osagia and Vesicularites. Top Right and Bottom Row: Minjaria. 

Figure 4.2: ....................................................................................................................................40 

Examples of stromatolite morphologies from the McLeary Formation. (Hofmann 1977, Ricketts 

1979). Top Row (Left to Right): Baicalia and Jacutophyton. Middle Row (Left to Right): Close 

up of Osagia versus Wide view of it in thin section. Bottom Row: Lenia. 

Figure 4.3: ....................................................................................................................................42 

Example of stromatolite morphologies from the Mavor Formation. (Hofmann 1977, Ricketts 1979, 

Ricketts and Donaldson 1989). Top Row (Left to Right): Colleniella and Stratifera together and 

Gymnosolen. Middle Row (Left to Right): Tungussia and Kussiella. Bottom Row (Left to Right): 

Two examples of Gymnosolen. 

Figure 4.4: ....................................................................................................................................45 

Certain degradation variants for select BGM taxa. Adapted from Text-Figure 5 in (Hofmann 1976). 

Figure 4.5: ....................................................................................................................................47 

The spherical microbiota of the Belcher Group (Hofmann 1976). Includes specimens from Plates 

2, 3, and 5-9. All specimens observed in thin sections of black chert from either Kasegalik 

Formation or McLeary Formation. Specimens from Kasegalik Formation: A (Plate 2), B (Plate 3), 

D (Plate 5), F (Plate 6), H (Plate 7), I (Plate 8), and L (Plate 9). Specimens from McLeary 

Formation: C (Plate 5), E (Plate 6), G (Plate 7), J (Plate 8), K (Plate 8), M (Plate 9) and N (Plate 

9). A – Eosynechococcus moorei (GSC sample 43589).; B – Sphaerophycus parvum Schopf (GSC 

sample 42770).; C – Palaeoanacystis vulgaris Schopf (GSC sample 42775).; D – Eoentophysalis 



 
 

x 

 

belcherensis (GSC sample 42770) in degradational form capsulopunctata as gloeocapsoid colony.; 

E – Eoentophysalis belcherensis (GSC sample 42773) in degradational form capsulata.; F – 

Eoentophysalis belcherensis (GSC sample 42770) in degradational form capsulopunctata.; G – 

Myxococcoides minor Schopf (GSC sample 42773).; H – Myxococcoides minor Schopf (GSC 

sample 43589).; I – Melasmatosphaera magna (GSC sample 43589).; J – Melasmatosphaera 

media (GSC sample 42775).; K – Glenobotrydion majorinum Schopf & Blacic (GSC sample 

42771).; L – Globophycus sp. (GSC sample 43590).; M – Globophycus sp. (GSC sample 42775).; 

N – Caryosphaeroides sp. (GSC sample 42775). Scale Bar is 10 micrometers. 

Figure 4.6: ....................................................................................................................................49 

The filamentous microbiota of the Belcher Group (Hofmann 1976). All specimens are from Plate 

1 from Hofmann (1976). All specimens are observed in thin sections of black chert from the 

Kasegalik Formation. A – Archaeotrichion sp. (GSC sample 43586).; B – Eomycetopsis filiformis 

Schopf (GSC sample 42766).; C – Rhicnonema antiquum (GSC sample 42766) in degradational 

form catenoides.; D – Biocatenoides sphaerula Schopf (GSC sample 42766).; E – Rhicnonema 

antiquum (GSC sample 42766) in degradational form velatum.; F – Rhicnonema antiquum (GSC 

sample 42766) in degradational form spiraliforme.; G – Halythrix sp. (GSC sample 42769). Scale 

Bar is 10 micrometers. 

Figure 4.7: ....................................................................................................................................50 

The mat-forming microbiota of the Belcher Group (Hofmann 1976). All specimens are from Plate 

4 from Hofmann (1976). All specimens are observed in thin sections of black chert from the 

Kasegalik Formation. A – Eoentophysalis belcherensis (GSC sample 43591).; B – Eoentophysalis 

belcherensis (GSC sample 43589).; C – Eoentophysalis belcherensis (GSC sample 42766). Scale 

Bar is 50 micrometers for A and B, and 10 micrometers for C. 

Figure 5.1: ....................................................................................................................................53 

Location of camps and stratigraphic sections measured during the 2018 and 2019 field seasons. 

Star 1: 2019 Churchill Sound Camp, includes Section CS-BM19-01. Star 2: 2018 and 2019 

Sanikiluaq Base Camp, includes Sections KIPALU-2018-1, KIPALU-2018-2, and Hofmann’s 

Katuk and West Sanikiluaq Type Sections (from Hofmann 1976, re-measured in 2018). Star 3: 

2018 Haig Point Camp (day trip from Sanikiluaq Base Camp), includes Section KIPALU-2018-3. 

Star 4: 2019 Gilmour Peninsula Camp, includes Section GP-BM19-02. Star 5: 2019 Quorik Bay 

Camp. Star 6: 2019 Mavor Island Camp, includes Section MI-BM19-04. 

Figure 5.2: ....................................................................................................................................55 

The Raman microscope setup in the SSSC. Left: The ocular portion of the microscope setup sits 

on top of the sample housing enclosure. Right: Inside the sample housing enclosure, showing the 

microscope’s objectives and movable stage. 

Figure 5.3: ....................................................................................................................................57 

The XPS machine setup in the SSSC.  

 

 



 
 

xi 

 

Figure 6.1: ....................................................................................................................................60 

Redrafted section of Hofmann’s Katuk stratigraphic section (Hofmann 1976). Samples collected 

during 2019 field season are indicated by a blue star. 19CAPZ014 was collected at approximately 

230m whereas the rest of the samples were collected at roughly 350m ±10m. 

Figure 6.2: ....................................................................................................................................61 

Redrafted section of Hofmann’s West Sanikiluaq stratigraphic section (Hofmann 1976). Samples 

collected during 2019 field season are indicated by a blue star. All samples were collected at 

approximately 280m ±10m. 

Figure 6.3: ....................................................................................................................................62 

Section MI-BM19-04 from North Mavor Island. Samples collected during 2019 field season are 

indicated by a blue star. For two sample locations, marked by red and green double stars, multiple 

samples were collected at approximately the same stratigraphic position (±5m). 

Figure 6.4: ....................................................................................................................................63 

Section CS-BM19-01 from North Churchill Sound. Samples collected during 2019 field season 

are indicated by a blue star. For all but two sample locations (19CAPZ026 and 19CAPZ027), the 

approximate stratigraphic position was 600m ±5m. Samples collected at the same stratigraphic 

position are indicated by a blue double star at approximately 605m. 

Figure 6.5: ....................................................................................................................................64 

Section KIPALU-2018-1 from East of Katuk. Samples collected during 2018 field season are 

indicated by a blue star. For two sample locations, marked by blue double stars, multiple samples 

were collected at approximately the same stratigraphic position. 

Figure 6.6: ....................................................................................................................................66 

Thin section description for 18CAPB004B. 

Figure 6.7: ....................................................................................................................................67 

Thin section description for 18CAPB005A. 

Figure 6.8: ....................................................................................................................................68 

Thin section description for 18CAPB19. 

Figure 6.9: ....................................................................................................................................69 

Thin section description for 18CAPB23. 

Figure 6.10: ..................................................................................................................................70 

Thin section description for 18CAPB036. 

Figure 6.11: ..................................................................................................................................71 

Thin section description for 19CAPZ015. 

 



 
 

xii 

 

Figure 6.12: ..................................................................................................................................72 

Thin section description for 19CAPZ022. 

Figure 6.13: ..................................................................................................................................73 

Thin section description for 19CAPZ032. 

Figure 6.14: ..................................................................................................................................76 

Raman spectra for 18CAPB005A showing the results of spot scan 1 at 50X magnification. Inserted 

picture is of spot scan 1 area, with darker organic matter grains surrounded by lighter dolomite 

crystals. Point of measurement includes central organic matter grain and part of the dolomite left-

adjacent to it. A) Characteristic peak at 1100 cm-1. B) Broad peak between 2600 cm-1 and 3100 

cm-1. Abbreviations: DOL – dolomite, OM – organic matter. 

Figure 6.15: ..................................................................................................................................77 

Raman spectra for 18CAPB021B3 showing the results of spot scan 1 at 20X magnification. 

Inserted picture is of spot scan 1 area, with darker organic matter grains surrounded by lighter 

dolomite crystals. Point of measurement includes the central Z-shaped organic matter grain 

(circled) and both the dolomite and smaller organic matter grains adjacent to it. A) Characteristic 

dual peak between 1200 cm-1 and 1800 cm-1. Abbreviations: DOL – dolomite, OM – organic 

matter. 

Figure 6.16: ..................................................................................................................................78 

Raman spectra for 18CAPB036 showing the results of spot scan 7 at 20X magnification. Inserted 

picture is of spot scan 7 area. Point of measurement includes only the inner core of the spherule 

and part of the darker layer surrounding it. A) Strong characteristic dual peak between 1200 cm-1 

and 1800 cm-1. Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  

Figure 6.17: ..................................................................................................................................81 

XPS spectra for 18CAPB021B3 showing the targeted carbon results of spot scan 1. Scale units of 

scanned area photo are microns with magnification at 5X. The peak with the greatest amplitude 

occurs between 282 eV and 283 eV while the trailing peak occurs between 287 eV and 288 eV. 

Point of measurement includes dark organic matter and surrounding dolomite crystals. 

Abbreviations: DOL – dolomite, OM – organic matter. 

Figure 6.18: ..................................................................................................................................82 

XPS spectra for 18CAPB021B3 showing the wider results of spot scan 1. Scale units of scanned 

area photo are microns with magnification at 5X. The point of measurement is same as in Figure 

6.17. The largest peak belongs to oxygen at approximately 533 eV, with smaller peaks belonging 

to elements like calcium, magnesium, and silicon all occurring at lower binding energies. A) 

Relative position and amplitude of the carbon peak from Figure 6.17. Abbreviations: DOL – 

dolomite, OM – organic matter. 

Figure 6.19: ..................................................................................................................................83 

XPS spectra for 18CAPB036 showing the targeted carbon results of spot scan 1. Scale units of 

scanned area photo are microns with magnification at 5X. The peak with the greatest amplitude 



 
 

xiii 

 

occurs between 282 eV and 283 eV while the trailing peak occurs between 284 eV and 287 eV. 

Point of measurement is core of centrally positioned iron spherule from iron formation sample. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz. 

Figure 6.20: ..................................................................................................................................84 

XPS spectra for 18CAPB036 showing the wider results of spot scan 1. Scale units of scanned area 

photo are microns with magnification at 5X. The point of measurement is same as in Figure 6.19. 

The largest peak belongs to carbon at approximately 282 eV, with smaller peaks belonging to 

oxygen, nitrogen, and silicon all occurring at various binding energies before and after the carbon 

peak. A) Relative position and amplitude of the carbon peak from Figure 6.19. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz. 

Figure 6.21: ..................................................................................................................................86 

SEM BSE image from 18CAPB036. Spherules within GIF rock. Dark grey area is mostly 

haematite and quartz with some magnetite, while light grey area is siderite with some calcite and 

dolomite. Abbreviations: HEM – hematite, QTZ – quartz. 
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SEM BSE image from 18CAPB036. Image is red square area from Figure 6.21. Dark grey area is 

mostly haematite and quartz with some magnetite, while light grey area is siderite with some 

calcite and dolomite. Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz. 

Figure 6.23: ..................................................................................................................................88 

SEM BSE image from 19CAPZ015. Dark grey area is mostly calcite and dolomite with some 

organic matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, CHT 

– chert, OM – organic matter. 
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SEM BSE image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with some 

organic matter, while light grey area is quartz (i.e., chert). Abreiviations: DOL – dolomite, CHT – 

chert, OM – organic matter. 
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Example of organic matter found in this thesis (Right column) compared to the organic matter 

from Hofmann’s original thin sections (Left column). Hofmann thin sections were re-imaged 

during this thesis to give updated view of them. All samples field of view is 0.5 mm. A) GSC 

43590 B) 18CAPB19 C) GSC 43590 D) 18CAPB019A E) GSC 42770 F) 19CAPZ006-1B 
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SEM images of carbonate-based samples 19CAPZ022 (Left) and 19CAPZ032 (Right). The 

corresponding transmitted light microscopy image for each sample is shown below each SEM 

image. 
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Section KIPALU-2018-2 from East of Katuk. Samples collected during 2018 field season are 

indicated by a blue star. For two sample locations, marked by blue double stars, multiple samples 

were collected at approximately the same stratigraphic position. 
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Section KIPALU-2018-3 from North of Haig Inlet. Samples collected during 2018 field season 

are indicated by a blue star. For three sample locations, marked by blue double stars, two samples 
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Section GP-BM19-02 from North Kipalu Inlet. Samples collected during 2019 field season are 

indicated by a blue star. 
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5mm.  

Figure C.5: .................................................................................................................................176 
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4X view of 18CAPB005A. Left photo is under PPL. Right photo is under XPL. Field of view is 
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Electron microprobe image from 18CAPB31B. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Electron microprobe image from 18CAPB31B. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Electron microprobe image from 18CAPB31B. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Electron microprobe image from 18CAPB033. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 
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Electron microprobe image from 18CAPB039. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Electron microprobe image from 18CAPB039. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 
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Electron microprobe image from 18CAPB039. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 
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Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  

 

 



 
 

xxxiv 

 

Figure F.9: ..................................................................................................................................350 

Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  

Figure F.12: ................................................................................................................................353 

SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with some 

magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: HEM – 

hematite, SID – siderite, QTZ – quartz.  
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SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with some 

magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: HEM – 

hematite, SID – siderite, QTZ – quartz.  

Figure F.14: ................................................................................................................................355 

SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with some 

magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: HEM – 

hematite, SID – siderite, QTZ – quartz.  

Figure F.15: ................................................................................................................................356 

SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with some 

magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: HEM – 

hematite, SID – siderite, QTZ – quartz.  

Figure F.16: ................................................................................................................................357 

SEM image from 19CAPZ015. Dark grey area is mostly calcite and dolomite with some organic 

matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, CHT – chert, 

OM – organic matter.  
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Figure F.17: ................................................................................................................................358 

SEM image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with some organic 

matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, CHT – chert, 

OM – organic matter.  

Figure F.18: ................................................................................................................................359 

SEM image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with some organic 

matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, CHT – chert, 

OM – organic matter.  

Figure F.19: ................................................................................................................................360 

SEM image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with some organic 

matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, CHT – chert, 

OM – organic matter.  

Figure F.20: ................................................................................................................................361 

SEM image from 19CAPZ032. The entire area is dark grey and is mostly calcite and dolomite with 

some organic matter. Abbreviations: DOL – dolomite, OM – organic matter.  
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Chapter 1. Introduction 

 The Belcher Group Microbiota (BGM) are a collection of microbial organisms from 

Paleoproterozoic Belcher Group, which occur on the Belcher Islands in Nunavut, Canada (Figure 

1.1). They are found primarily in chert-replaced stromatolitic layers in dolostones of the Belcher 

Group, and are characterized as benthic organisms with dominantly filamentous (i.e., segmented) 

and coccoid (i.e., spherical) morphologies (Hofmann 1976). They have been previously interpreted 

as a community of microbial organisms living in supratidal to subtidal environments (Hofmann 

1976).  

The Belcher Group was deposited ~2.0 to 1.8 Ga, with zircon U-Pb age constraints of 

~2018.5 Ma from a tuff layer in the Kasegalik Formation and ~1854.2 Ma from a tuff layer at the 

contact between the Flaherty and Omarolluk formations (Hodgskiss et al. 2019b). The minimum 

age of the Belcher Group is constrained by the terminal collision of the Superior Craton with the 

Rae-Hearne cratons in the Trans-Hudson orogen at ~1.83 Ga (Corrigan et al., 2009). These age 

constraints firmly place the BGM as Paleoproterozoic. 

The Belcher Group was first studied over 100 years ago (Moore 1918); this study focused 

on the iron formation rocks and stromatolitic dolostone. Research on the putative microfossils and 

the geological history of the Belcher Group became the focus of later studies during the 1960s 

through to the 1980s. This included studies by Hans Hofmann, Jay Donaldson, Brian Ricketts and 

Garth Jackson among other researchers (Hofmann and Jackson 1969, 1987, Hofmann 1974, 1975, 

1976, Donaldson and Ricketts 1979, Ricketts and Donaldson 1981, 1989, Jackson 2013). Those 

studies were preceded by a geological mapping initiative launched by the Geological Survey of 

Canada (GSC) in the 1950s that roughly coincided with a resurgence in exploration activity related 

to the iron formation rocks (Jackson 2013). Much of the work done on the BGM after this time 

involved describing and categorizing the BGM, with the bulk of that work completed by Hofmann 

(Hofmann and Jackson 1969, 1987, Hofmann 1974, 1975, 1976). Hofmann described the BGM as 

a collection of benthic prokaryotic organisms consisting of up to 24 taxa with filamentous and 

coccoid morphologies (Hofmann 1976). However, due to degradation and diagenesis effects, 

Hofmann determined that the 24 different taxa could be as few as 10 distinctive taxa. This was 

based on the level of preservation found in the material he had collected. The taxa of the BGM are 

contemporaneous with the Gunflint Microbiota in northwest Ontario, but share more similarities 
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with the microbiota of the Bitter Springs Formation from central Australia (Schopf 1968, Hofmann 

1976, Awramik and Barghoorn 1977, Alleon et al. 2016).  

 

Figure 1.1: The stratigraphy of the Belcher Group (summarized after (Hodgskiss et al. 2019b) 

along with the location of the Belcher Islands. (A) View of the Belcher Islands’ (outlined by a 

red square) relative position within Canada. (B) A closer view of the Belcher Islands with the 

four major islands noted: i) Kugong Island ii) Flaherty Island iii) Tukarak Island iv) Innetalling 

Island.  
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With respect to biological evolution, the BGM occurred during a critical time in Earth’s 

history. The Belcher Group strata were deposited in the aftermath of the Great Oxidation Event 

(~2.4 to 2.1 Ga) and at a point where biological evolution was beginning to diversity– specifically 

the evolution of eukaryotes. The BGM occur either just before or just after the emergence of 

eukaryotic organisms (Javaux and Lepot 2018), with the accepted age of eukaryotic evolution 

being about 1.7 Ga (Knoll et al. 2006, Eme et al. 2014). Contrary to this view, some argue this 

evolution occurred as early as approximately 2.2 Ga (Retallack et al. 2013). Regardless of their 

timing, the evolution of eukaryotes represents an increase in biological complexity with the 

formation of a “true” nucleus within the cell. Prior to their existence, cyanobacteria (unicellular 

organisms with no nucleus) had already been established for over 1.5 billion years with their 

beginnings rooted in the Paleo- to Eo-Archean (Butterfield 2015, Lepot 2020). The development 

of the BGM has not been examined in a meaningful way since the late 1980s (Hofmann and 

Jackson 1987). Being relatively overlooked since that time, the BGM present an opportunity to 

ask new questions and potentially offer some new ideas to expand our understanding of this group, 

since their age falls between the time of purported eukaryotes at ~2.2 Ga (Retallack et al. 2013) 

and proven eukaryotes at ~1.7 Ga (Knoll and Nowak 2017). My research aims to build upon the 

initial discoveries by examining the BGM using modern petrographic and analytical techniques 

from new samples collected in the field. The analytical techniques include petrography, Raman 

spectroscopy, X-ray photoelectron spectroscopy (XPS), and Scanning Electron Microscopy 

(SEM). Raman spectroscopy uses high powered lasers to measure vibrational modes of surface 

molecules to obtain in situ molecular and structural data. When applied to biological materials 

such as the BGM and other organic structures, Raman gives an idea on their precise chemistry 

using the characteristic spectral peaks produced through their analysis (Wacey et al. 2017). XPS 

involves irradiating a surface with X-rays to eject electrons to analyze the surface’s chemical and 

elemental properties (Wacey 2009). Like Raman, XPS aims to collect data on the precise chemistry 

of the BGM and other organic structures but does so to a more detailed level than Raman; it also 

provides quantitative data on the chemical bonding of their constitute elements (Arnarson and Keil 

2001). SEM obtains a combined compositional and topographic image of a surface by scanning it 

with an electron beam and measuring various signals produced. The combined dataset aims to 

better characterize the microfossils found in the Belcher Group.  
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The microbiota (e.g., those with spherical and filamentous morphologies) discovered by 

Hofmann and archived by the Geological Survey of Canada were examined for this research. The 

examination of new samples collected in this study, however, only yielded one sample that 

contained microbiota similar to those found by Hofmann. Additionally, new samples collected in 

this study from the McLeary Formation contain pseudofossils, which might represent what 

Hofmann characterized as degradation, or might represent an abiotic structure that looks 

convincingly like spherical microbiota. Although most microfossils were not replicated in my new 

samples, the stromatolites and associated organic matter in microbial mats were studied by the 

analytical methods mentioned above. The purpose of this study is to understand if there is 

something biogenic present in the Belcher Group rocks, or if observed morphological structures 

could be the result of abiotic processes instead. It has been shown that some purported microfossils 

from other sites (e.g., spheroidal microstructures and endolithic micro-tunnels) upon re-

examination represent abiotic structures (Mcloughlin et al. 2010, Wacey et al. 2018). This is most 

likely not the case with the BGM as shown by Hofmann’s careful work, but it is important to test 

the hypothesis that the BGM could be the result of abiotic processes. Hofmann previously 

identified abiotic structures (i.e. those that could be mistaken for biogenic structures) in Belcher 

Group rocks (Hofmann and Jackson 1969). Since this thesis work was unable to reproduce most 

of the Hofmann microbiota in new samples, I acquired new petrological and analytical data on 

stromatolites and associated organic matter in microbial mats to test biogenicity. Biogenicity refers 

to any chemical or morphological signature preserved in the rocks and minerals of the Belcher 

Group. These chemical or morphological signatures are termed “biosignatures” and they represent 

either the morphology or activity of microbes while they were alive or shortly after they died and 

subsequently preserved. Before reaching this conclusion on biogenicity, the geological and 

biological frameworks of the BGM will be presented along with the results of this thesis. These 

frameworks provide greater perspective into the environmental and evolutionary changes that led 

up to the Orosirian Period (2050 Ma to 1800 Ma). The results of this thesis, in conjunction with 

previous work, demonstrates strong evidence that the BGM are microbiota and represent biogenic 

structures. The caveat demonstrated through my research is that, even though the BGM are 

biogenic, it is possible to find abiotic structures, which I have identified as pseudofossils, in the 

same rocks.  
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1.1 Research Objectives and Hypothesis 

The main objective of my research project is to determine whether the BGM are biogenic 

or not, and to investigate whether any of the BGM could represent eukaryotic organisms. The 

following methods were utilized to meet these objectives: examining the BGM and their host rocks 

in the field and in thin section; using Raman spectroscopy to obtain chemical data from Belcher 

Group samples containing organic matter remains; use X-ray photoelectron spectroscopy to obtain 

complementary chemical data from Belcher Group samples; and image Belcher Group samples 

using electron microscopy. From previous examinations by Hans Hofmann, it was determined the 

microbes were prokaryotic in nature (Hofmann and Jackson 1969, Hofmann 1976). Alternatively, 

the microbiota could be eukaryotic or represent a type of transition group between prokaryotes and 

eukaryotes. A transition group is one that displays characteristics of both prokaryotes and 

eukaryotes; one of the two groups will generally display more characteristics than the other.  

My primary hypothesis is that the BGM displays biogenicity. My second hypothesis is that 

this microbiota may represent a type of transition between prokaryotes and eukaryotes; my third 

hypothesis is that they are fossilized bacteria (i.e., prokaryotic organisms). To test these 

hypotheses, I examined hand samples and thin sections taken from the purported microbiota-

containing rocks using several analytical techniques to examine samples collected during field 

work on the Belcher Islands (2018 and 2019 field seasons). The organisms previously described 

by Hans Hofmann are the standard of reference for this investigation. 

1.2 Research Scope and Problem 

The overall problem addressed in this thesis is what truly is represented by the BGM. This 

is an important subject to address for two main reasons: the age of the rocks in which the BGM 

occur, and the context of the BGM within the greater geochemical evolution of the atmosphere-

ocean system. Recent geochronology confirms the age of the Belcher Group to fall within the 

Orosirian Period; this period corresponds to the beginning of a new branch on the tree of life 

(Javaux and Lepot 2018, Hodgskiss et al. 2019b). Biological evolution reached a crossroad during 

the Orosirian Period, with the advent of more complex organisms in the form of eukaryotes (Knoll 

et al. 2006, Knoll 2012, Knoll and Lahr 2016). This group of organisms became more prevalent in 

the fossil record during the Mesoproterozoic Era (1600 Ma to 1000 Ma) but evolved in the late 

Paleoproterozoic Era (Cohen and Macdonald 2015, Adam et al. 2017). This means the BGM could 
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be coincident with the emergence of eukaryotes, opening up the possibility that eukaryotes could 

occur in the Belcher Group. Putting this into a greater context, the BGM is framed within an 

evolving atmosphere-ocean system, which underwent significant geochemical changes during the 

Paleoproterozoic, with the Great Oxidation Event being the most prominent change (Bekker 2014, 

Lyons et al. 2014). Oxygen levels in both the atmosphere and oceans increased due in part to 

oxygenic photosynthesis by cyanobacteria and other organisms with a water-oxidizing capacity 

(Butterfield 2015). The rise and stabilization of oxygen precedes the development of the BGM, 

which suggests the BGM could be the manifestation of the changes in the atmosphere and ocean 

(i.e., it reflects or records those changes in the atmosphere and ocean). 

To address the overall problem, this thesis has been divided into three background chapters 

(Chapters 2, 3, and 4), followed by a chapter on the methodology used in this research (Chapter 

5), results (Chapter 6), discussion (Chapter 7), which integrates my results with the previous work 

on the BGM, and conclusion (Chapter 8). The background chapters focus on the geological setting 

of the Belcher Group, the history of how life evolved, and the characterization of the BGM based 

on previous studies. The geological background covers both the greater regional history as well as 

the local depositional and stratigraphy record. The evolution of life chapter summarizes the 

essential concepts and events that provide the context for the BGM. The final background chapter 

examines the prior literature regarding the BGM and attempts to summarize it based on their 

taphonomy and morphology. The methodology chapter discusses both the field and analytical 

methods used to collect data during my research while the results chapter describes the new data 

that was acquired in the field and through the analytical techniques. The discussion chapter focuses 

on contrasting and, when possible, integrating the new data within the context of previous data to 

achieve a new synthesis and discussing their broader implications. Appendices are included to 

expand and support Chapter 4 (previous characterization of the BGM) and Chapter 6 (new data 

acquired during this research), and include all results from petrography, stratigraphic sections, 

XPS, Raman, and SEM images that do not appear elsewhere in the thesis.  
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Chapter 2. A Brief History on the Evolution of Life 

 The BGM occupy a specific place in the tree of life and to understand where it fits, the 

evolution of life itself must be understood as well. The evolution of life is obviously a complicated 

topic, comprising events that range from just after the formation of Earth to the recent changes of 

the Cenozoic Era. While it is impressive that the evolution covers such a wide and diverse series 

of events, most of it is not relevant to understand how the BGM fits in the tree of life. Instead, a 

brief account on the “early” developments of life serves as the best way to gain said understanding. 

In this context, “early” refers to the initial advances and changes undergone by primitive life forms 

during the first three eons of Earth’s geological history. The “early” developments include the 

beginning of prokaryotic organisms, the developments during the Archean and Paleoproterozoic, 

and the emergence of eukaryotes. The beginning of prokaryotic organisms occurred during the 

Hadean Eon. The developments of the Archean and Paleoproterozoic occurred over 2.4 billion 

years and include the emergence of eukaryotes. By covering the evolution history of early life 

through these three major themes, the scene is set for understanding how the BGM fit into Earth’s 

biological evolution. 

2.1 Beginnings of Prokaryotic Organisms 

 Life on Earth began with unicellular organisms. The origins of life are embedded in several 

geochemical processes, with those processes beginning soon after the formation of Earth around 

4.55 Ga. Starting with the Hadean Eon, the processes began in an environment which was volatile 

and inhospitable (Konhauser 2014). Early tectonic movements, in the form of a highly convective 

mantle coupled with a primitive and unstable crust, led to the release of vast amounts of carbon 

from the mantle. Upon entering the reducing atmosphere of the time, this carbon was oxidized 

from carbon monoxide to carbon dioxide. This led to the atmosphere becoming dominated by 

carbon dioxide, with methane, sulfur, and nitrogen gas representing the most significant minor 

components after carbon dioxide (Kasting et al. 1993). Oxygen was also present in the upper 

atmosphere but was could only be produced in low concentrations due to the reducing conditions. 

A similar reducing redox state existed in the mantle as indicated by the reduced iron mineral phases 

present. On the surface, the interaction between the early oceans and unstable crustal landmasses 

triggered two developments critical for initiation of the geochemical processes (Konhauser 2014). 

These included the influx of the necessary minerals and the development of the ideal 
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environmental conditions. The minerals were introduced mostly by systems such as hydrothermal 

vents, while the ideal conditions were developed only when the eruption of hot mantle material 

had finally completed its waning stages. The result of these two developments was a stable, solute-

rich sub-aqueous environment that provided the setting for the geochemical processes to begin 

(Wolery and Sleep 1976). 

 The geochemical processes leading to the initiation of life can be thought as a series of 

steps that lead to one of three possible mechanisms explaining the origin of life (Hazen 2012). The 

first process associated with the onset of life is the emergence of biomolecules. This step is focused 

on how inorganic molecules such as carbon dioxide and nitrogen gas can form biomolecules like 

amino acids. This is thought to have been done with the help of electrical energy (e.g., from 

lightning) and radiant solar energy in a near-surface subaqueous environment (Miller and Urey 

1959). The famous Miller-Urey experiment from the 1950s was the first to demonstrate this idea, 

but there were several problems with their results (Cleaves et al. 2008). The main issue was their 

assumptions regarding the composition of the early Earth’s atmosphere. Another issue stemmed 

from how they had not considered that lightning and solar radiation tend to fragment the newly 

formed biomolecules (Chyba and Sagan 1992). This led to the development of a competing 

explanation for how this step unfolded. In this explanation, biomolecules developed around and 

within deep-water hydrothermal vent systems (Corliss et al. 1981). The energy source in this case 

was geothermal instead of electrical and solar. The main difference between the two explanations 

is the depth at which they operate, with the deep-water setting offering a calmer place for the 

biomolecules to proliferate.  

Following the biomolecule step is the emergence of macromolecules (Hazen 2012). This 

step is concentrated on the assembly of the smaller biomolecules into larger collections that have 

specific functions. A prime example of a macromolecule is a cell membrane, with it being 

comprised of self-organizing lipid molecules that come together to form the enclosing structure.  

Following the macromolecules step was the emergence of self-replicating systems (Hazen 

2012). This step has to do with how the larger macromolecules and their constituent biomolecules 

reproduce themselves within their environment by using the other molecules present. The two 

processes thought to be behind this reproduction are metabolism and genetic mechanisms (Deamer 

and Weber 2010). Metabolism involves the cells creating new biomolecules and macromolecules 
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out of an energy source and existing inorganic matter from their environment (Pace and Marsh 

1985). On the other hand, genetic mechanisms involve transferring the biological information used 

by the cells on to new generations of cells, accomplishing this by using RNA and (eventually) 

DNA molecules. What this means is RNA and DNA molecules are the primary means for new 

cells to learn how to create the molecules needed for metabolism, but metabolic processes are 

required to provide the energy and necessary materials to produce genetic molecules like RNA 

and DNA (de Duve 1995). This problem is elaborated on below but most likely, metabolism arose 

first due to it being the simpler of the two processes, with genetic mechanisms and molecules 

representing a later development. Those developments signify a new system being formed within 

the cell to allow it to reproduce itself more efficiently and in a more reliable way. 

Before reaching the three possible mechanisms explaining the origins of life, there is one 

final step that is taken: the emergence of natural selection (Hazen 2012). In this step, the self-

replicating cycles generated in the preceding step start to develop small changes. This occurs when 

new biomolecules are introduced into the self-replicating systems or when the environment in 

which it takes place is changed (Fry 2011). What this does is change the efficiency of the cycles, 

with some becoming more efficient while others decline. This is evolution by natural selection at 

the smallest scale. The processes behind this emergence include variation, selection, and 

competition (Hazen 2012). Variation is the process where the self-replicating cycle randomly 

changes the chemical makeup of some constitute biomolecules. Selection is the process where 

variations that lead to an improvement on the self-replicating cycle are naturally chosen to 

continue. In other words, those variations and their self-replicating cycles continue to survive over 

variations that caused their self-replicating cycle to deteriorate. Lastly, competition is the process 

where more efficient self-replicating cycles increase their abundance and concentration at the 

expense of less efficient cycles. This process is an inevitable phenomenon in self-replicating cycles 

that undergo variation and have finite access to energy and building molecules. 

 With natural selection finally emergent, we have now arrived to the three possible 

mechanisms that could explain how life originated (Hazen 2012). Each seeks to describe the jump 

from the biomolecule-producing geochemical processes to the world of biochemical evolution. 

The first origin mechanism states life started with metabolism and genetic molecules were 

incorporated later (Deamer and Weber 2010). In this mechanism, life probably began 
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autotrophically with natural selection leading to the development of genetic mechanisms and other 

complex chemical systems. Life would appear as a rudimentary chemical coating on early Archean 

rocks. However, there have been limitations identified in this mechanism related to how good it 

was at evolving (i.e. how strong the natural selection was acting upon the protocells) (Vasas et al. 

2010). The second origin mechanism states life originated with self-replicating genetic material 

and metabolism came later (de Duve 1995). This mechanism is essentially at the opposite end of 

the origins of life spectrum (Pross 2004). In this mechanism, life probably began heterotrophically. 

The primary organic biomolecules, using some type of mineral template, organize themselves into 

complex polymers and eventually began to self-replicate. Natural selection took over from there 

to give rise to variants of the new genetic polymer that were increasingly more efficient at self-

replication. Life would appear as rapidly changing polymer with its own genetic character. The 

third origin mechanism states life came to be from a collaborative effort between metabolism and 

genetic molecules (Hazen 2012). This mechanism addresses the shortcomings of that first 

mechanism while incorporating the strong elements of the second mechanism. The very first 

metabolic processes did not have the necessary tools to self-replicate efficiently, while the initial 

genetic mechanisms did not have a reliable energy source and were therefore highly unstable. 

Therefore, the proposed mechanism here is that the two processes found a way to coexist together 

in the early Archean Eon. What this might look like is an undeveloped chemical coating (the result 

of a metabolic process) incorporating an undeveloped self-replicating genetic molecule (Hazen 

2012). Initially the two processes would depend on one another for their mutual survival, but over 

time they would become more efficient and independent of one another within their shared cellular 

structure. This concludes the beginning of prokaryotic organisms, which as a group would soon 

undergo considerable change in the following Archean and Proterozoic Eons. 

2.2 Developments during the Archean and Paleoproterozoic 

 The Archean Eon and Paleoproterozoic Era represent the major time periods in which 

prokaryotes underwent significant evolutionary developments (Figure 2.1). These developments 

span from 4.0 Ga to 1.6 Ga, covering a time of Earth’s history when the only signs of life were 

microscopic. 
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Figure 2.1: The major developments during the Archean and Paleoproterozoic Eons. Adapted 

from Javaux and Lepot (2018). Abbreviations: GOE, Great Oxidation Event; LJE, Lomagundi-

Jatuli Event. 

Beginning in the Eoarchean Era, the first prokaryotes were merely the result of a collection 

of macromolecules self-replicating themselves. However, things began to change for these 

organisms some time between 4.0 Ga and 3.5 Ga. Up to this point, these precursor prokaryotes 

had been adapting their metabolism to the specific conditions they lived in, with the transfer of 

genetic information between individual genomes occurring almost unimpeded (Konhauser 2014). 

There came a point though where the genetic subsystems of some precursor prokaryotes became 

too complex to remain highly compatible with the subsystems external to them. This effectively 

put a huge restriction on what genes could be laterally transferred to other precursor prokaryotes. 

The outcome of this was the rise of cell individuality and speciation, meaning that each genetically 

complex precursor prokaryote could now reproduce itself without being bothered with a large 

influx of newly transferred genetic information. This is the point where the first true prokaryotes 

begin to appear. It is unknown how long they persisted before being supplanted by their immediate 

descendants, with those descendants being the first members of Bacteria and Archaea.  

The evidence for a member of Bacteria or Archaea is first seen in rocks dated to 3.8 Ga. It 

comes in the form of a depleted Carbon-13 isotopic signature from Isua Greenstone Belt in 

southwest Greenland (Wacey 2009). This evidence is not the strongest however, as there are issues 

with how the signature overlaps with abiological signatures that were also present at the time 
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(Konhauser 2014). The strongest evidence for Bacteria and Archaea begins to appear around 3.5 

Ga (Wacey 2009). This is in the form of the earliest confirmed stromatolite fossils from the Pilbara 

Craton in Western Australia. Stromatolites can be hosts to many different species of bacteria, with 

phototrophic cyanobacteria being one group commonly contained within the structures. This 

bacteria group represents an important advancement in prokaryotic evolution. They were likely 

the first (or at the very least the most successful) organisms to begin using oxygenic photosynthesis 

to release oxygen gas into the euphotic zone of the oceans and subsequently the lower atmosphere 

(Konhauser 2014). The main benefit of this to the cyanobacteria was ceasing its dependence on 

the hydrothermally sourced minerals to provide the nutrients its needed to survive. This afforded 

cyanobacteria the ability to grow and proliferate into new environments outside of the open ocean 

floor as they developed. The rest of the developments in the Archean followed the lead of the 

cyanobacteria, exploiting the various metabolic niches still available in the ocean floor sediments. 

This included fermenters, anoxygenic photosynthesizers, and anaerobic respirers, with each 

respectively occupying a deeper position within the sediments (Konhauser 2014). 

After the significant advancements of the Archean, there were further developments in the 

initial Paleoproterozoic Era of the Proterozoic; this era spanned from 2.5 Ga to 1.6 Ga and included 

several major environmental changes over its 900 million years. The highlights consist of the Great 

Oxidation Event (GOE), the Lomagundi-Jatuli Event (LJE), and a period of increased magmatic 

activity (Javaux and Lepot 2018). The GOE is the most important of the highlights, an event that 

saw the dramatic rise of oxygen in the atmosphere ~2.4 Ga (Bekker 2014). By the end of the GOE, 

the estimated atmospheric oxygen level was thought to be ≥10-3 𝑝O2  or ≥1% PAL (𝑝O2, 

atmospheric partial pressure of O2; PAL, present atmospheric level) (Lyons et al. 2014). This 

represented a steep rise from the pre-GOE levels of 10-5 𝑝O2 or 0.001% PAL and only a mild 

decline from the mid-GOE maximum of 100 𝑝O2  or 10% PAL (Lyons et al. 2014). Interestingly, 

this change in atmospheric oxygen did not have a massive effect on the organisms existing at the 

time, meaning the GOE was not enough on its own to change the environment enough for further 

life development (Mills and Canfield 2014). Those organisms were already were well adjusted to 

living with pre-GOE levels of 10-5 𝑝O2 or 0.001% PAL (Cole et al. 2020). The LJE occurs during 

the latter half of the GOE from ~2.2 Ga to 2.0 Ga and represents the largest positive shift in the 
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carbon isotope record, interpreted to be the result of a large increase in organic carbon burial 

(Hodgskiss et al. 2019a, Mänd et al. 2020).  

These shifts in the surface environment led to significant changes in the conditions and 

places in which life had previously existed (Javaux and Lepot 2018). In response to these changes, 

life began to diversify to establish its position in the newly available environments. This response 

is why the Paleoproterozoic is the start of many Bacteria and Archaea supergroups (Javaux and 

Lepot 2018). There were also supergroups of eukaryotes that were established during this time. As 

discussed in the next section, they are very significant to the development of life because of their 

geobiological importance. However, discerning them from the pre-existing prokaryotes is often a 

challenge, with biosignatures (preserved chemical or morphological features of living organisms) 

providing the crucial hints needed to tell apart one group from the other (Figures 2.2 and 2.3). 

Complicating this investigation are abiotic structures, which resemble biosignatures but are 

produced through inorganic or mechanical processes (Table 2.1).
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Table 2.1: Summary of the characteristics of biosignatures and abiotic structures. The characteristics of both biosignatures and abiotic 

structures are detailed to show the differences and similarities that exist between them. Examples are shown to illustrate the characteristics while 

also documenting the variety that exists within the two groups. 

Characteristics of Biosignatures Characteristics of Abiotic Structures 

• Organic molecules preserved. 

• Biominerals present. 

• Specific elemental signal 

• Influenced minerals are apparent. 

• Microfossil(s) of the organism(s) are still present. 

• Textures indicative of biological activity (e.g., stromatolites). 

• Undergo typical preservation and lithification processes. 

• Morphologies are similar to biotic structures. 

• Often absorb or accumulate carbon to levels expected of 

something biotic. 

• Differences from biotic structures typically seen at the 

nanometer scale. 

• Resemble behavior of organisms. 

Examples of Biosignatures Examples of Abiotic Structures 

 
(Figure 1A & B from (Westall and Cavalazzi 2011))  

(Figure 1E from (Mcloughlin et al. 2010)) 
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Examples of Biosignatures Examples of Abiotic Structures 

 
(Figure 1C from (Mcloughlin et al. 2010)) 

 
(Figure 5B from (Wacey et al. 2018)) 

 
(Figure 5A & B from (Qu et al. 2015)) 

 
(Figure 15 from (Hofmann and Jackson 1969)) 



 
 

16 

 

2.3 Emergence of Eukaryotes 

 The emergence of eukaryotes is one of the most significant geobiological events in Earth 

history. The exact timing of this event remains debated, as molecular clock studies and the fossil 

record do not agree on a consistent timeframe. From the fossil record, there are several cases 

around the world that list a varying range of dates for the first evidence of eukaryotic life. The 

oldest contender comes from a 2.2 Ga paleosol in Waterval Onder, South Africa (Retallack et al. 

2013). The fossil is urn-shaped and displays some features consistent with those of later 

eukaryotes, but it lacks distinctive reproductive features that would truly confirm it as a eukaryote. 

Another contender comes from 1.6 Ga dolostone in central India (Bengtson et al. 2017), which are 

described as the three-dimensional remains of cellular and sub-cellular structures belonging to a 

red algae crown-group. Red algae are of course a modern group of eukaryotes, making this 

ancestor one of the most convincing cases for the first eukaryote. One more contender though 

comes from the 1.65 Ga Ruyang Group in Northern China (Pang et al. 2015). The fossils preserved 

include species of Valeria, a spherical single-celled group of organisms thought to be eukaryotic. 

In contrast to the fossil record, molecular studies have suggested eukaryotic supergroups strayed 

from their common ancestor as late as 1.89 Ga, roughly about 300 million years older than what 

the fossil record shows (Eme et al. 2014). In North America, the oldest discovered eukaryotic 

remains are around 1.5 Ga (Adam et al. 2017). The rocks in the Belcher Islands are therefore in an 

ideal situation, where the discovery of potential eukaryotic fossils would make them the oldest 

occurrence in North America. In general, eukaryotic cells are thought to have evolved around 1.6 

Ga (Knoll et al. 2006, Javaux and Lepot 2018) with the oldest eukaryotic microfossils occurring 

at ~1.68 to 1.62 Ga (Knoll and Nowak 2017, Javaux and Lepot 2018). Simple multicellularity is 

thought to have occurred by ~1.63-1.55 Ga (Zhu et al. 2016), while crown group eukaryotes occur 

~1.05 Ga (Butterfield 2000, Gibson et al. 2018), though this could have been as early as ~1.6 Ga 

as described above (Bengtson et al. 2017). While the timing of eukaryote emergence remains an 

elusive target, the debate of the exact mechanisms behind the emergence is much more focused. 

There are multiple explanations for how eukaryotes appeared, with the most well-known 

explanation is the endosymbiosis theory (Zimmer 2009). In its simplest form, this theory states 

that the internal organelles of eukaryotes are the result of one prokaryote taking in another 

prokaryote and making it an endosymbiont. In other words, the taken-in prokaryote becomes an 
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organelle of the first prokaryote which now makes it a eukaryote. This the most probable 

emergence theory by far.  

The utility of biosignatures as features used to distinguish prokaryotes from eukaryotes 

comes from their contemporary occurrence (Westall and Cavalazzi 2011). Their development 

coincided with the rise and diversification of prokaryotes, with a similar increase in diversity also 

seen in the biosignatures themselves. This increase in diversity is exemplified by the various styles 

of biosignatures seen with the remains of prokaryotic organisms (Moldowan and Jacobson 2000, 

Igisu et al. 2009, Mcloughlin et al. 2010, Muscente et al. 2015, Qu et al. 2015, 2017, 2018). These 

styles represent the different ways a deceased organism can be preserved in a rock (Figure 2.2). 

They can also be viewed as steps along a size spectrum, with large-scale styles at one end and 

small-scale styles at the other. As an example, the preserved morphological structures (i.e., 

microfossils) would represent the end of large-scale styles while isotopic signals would represent 

the end of small-scale styles. In between the extremes of the spectrum exist the styles with variable 

size ranges. This is where styles such as organic molecules and biominerals are found. The style 

most often found is typically the microfossils due to its tendency to be the largest biosignatures 

and therefore the easiest to detect. Even when the microfossils are on the micron to sub-micron 

scale, this style will persist and be noticeable to the trained eye under a microscope. The other 

styles are likely just as typical but are often hard to detect due to an inability to identify them and 

subsequently quantified and described. 
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Style 

Category: 
Description: Example: 

Organic 

Molecules 

Microscopic chemical structures 

that are the building blocks, 

residues, or remains of an 

organism. 
 

Biomarkers that are derived from isopentadiene 

(Figure 1A from (Moldowan and Jacobson 

2000)). 

Biominerals 

Minerals such as magnetite and 

pyrite (there are many more) that 

form or are otherwise the result of 

the activity of an organism. 

 

Pyrite found with microbial mat fragments in 

the rim of a chert nodule (Figure 2K from (Qu 

et al. 2017)). 

Microfossils 

Micro-to-macroscopic structures 

with distinctive morphologies and 

chemical makeup that are the 

largest biosignatures. 

 

Multicellular alga Wengania microfossil 

(Figure 5H from (Muscente et al. 2015)). 

Figure 2.2: Continued Below. 
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Style 

Category: 
Description: Example: 

Isotope 

Signal(s) 

The specific isotopes of certain 

elements (i.e., Carbon, Sulfur, Iron) 

record a distinct signal of the 

organism that can be analyzed to 

determine if there was something 

biotic present. 

 

13C values for organic carbon preserved in 

Tuanshanzi compressions (Figure 4A from (Qu 

et al. 2018)). 

Influenced 

Minerals 

Minerals in a host rock that have 

undergone physical and/or chemical 

changes from a biosignature. The 

biosignature is typically not present 

after the changes have occurred. 

 

Tubular microcavities (TMCs) corroding into 

fresh glass from a fracture. (Figure 1A from 

(Mcloughlin et al. 2010)). 

 

Figure 2.2: Comparing and contrasting various styles of biosignatures. When examined across both 

groups, there are differences and similarities in biosignature styles. 
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When it comes to biosignatures, eukaryotes have some noticeable differences from the 

more primitive prokaryotes of which they are derived from (Figure 2.3). The comparison of the 

two groups in Figure 2.3 is shown in a general sense based on macro-level similarities and 

differences. Through my literature review of biosignatures from both groups, five broad 

differences and similarities were noted. The main differences are size, chemical makeup, 

abundance, temporal distribution, and isotopic composition. Size is an explicit difference; many 

eukaryotic biosignatures are at least two orders of magnitude larger than their prokaryotic 

counterparts (Javaux and Lepot 2018). Chemical makeup differences include the presence of 

distinct organic molecules that can only be found in eukaryotes or prokaryotes; for eukaryotes it 

is sterol, while for prokaryotes it is carotenoids (Bhattacharya et al. 2017). Abundance requires the 

majority of the Precambrian microfossil record to be considered, but an examination of the 

literature indicates prokaryotes are more abundant in microbiota assemblages than eukaryotes 

(Javaux and Lepot 2018). Temporal distribution considers the time component to each groups’ 

abundance, with prokaryotic biosignatures being found at least a billion years before eukaryotes 

(Eme et al. 2014, Havig et al. 2017). Lastly, isotope composition represents a more subtle 

difference, with elements such as carbon being very useful for distinguishing purposes (Horita 

2005). The main similarities are shape, preservation, living mode, metabolism, and spatial 

distribution. Shape mostly refers to the morphologies of the two groups and how they generally 

follow the same patterns with little variance (Nadeau et al. 2016, D’Elia et al. 2017, Javaux and 

Lepot 2018). Preservation considers what happens to the two groups after they die; neither group 

is favoured for processes like silicification, lithification, or processes such as metamorphism and 

deformation (Campbell et al. 2015). Living mode is a straightforward similarity in that it is 

describing how both groups can live as solitary organisms or as a colony; neither group has an 

overall preference for one or the other with individual species determining their own preference. 

Metabolism is hard to determine from preserved samples and usually requires assumptions, but it 

shows that the two groups can adapt how they acquire energy to sustain themselves and not be 

reliant on one process (Havig et al. 2017). Lastly, spatial distribution looks at the occurrences of 

the two groups globally and what their formative environment was in each case. Both groups have 

global spread and occupy a variety of environments, indicating they are both adept at filling niches 

and adapting to new locations. 
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Figure 2.3: Comparing and contrasting prokaryote biosignatures to eukaryote biosignatures. The differences and similarities between the 

biosignatures of prokaryotes and eukaryotes are described and depicted in a Venn diagram. 

Prokaryote Biosignatures

•Carotenoids present

•More abundant in Precambrian

• Found from the Archean

Eukaryote Biosignatures

• Larger in size

• Sterols present

•Distinct Carbon isotope signal

Differences: Similarities: 

Size – Eukaryotic biosignatures are larger than prokaryotic ones (some 

exceptions exist). 

Shape – Morphologies have small variances, but generally the 

microbe-sized members of these groups follow the same patterns. 

Chemical Makeup – Distinct organic molecule biosignatures exist for 

each group (i.e., sterols for Eukaryotes; carotenoids for Prokaryotes). 

Preservation – Neither group is preferentially preserved over the 

other; same for when subjected to metamorphism and deformation. 

Abundance – Prokaryotic biosignatures are generally more abundant 

in the microbiota assemblages of Precambrian rocks. 

Mode of Life – No preference for either group to live as solitary cells 

or a colony. 

Temporal Distribution – Prokaryotic biosignatures extend back to 

into the Archean while Eukaryotic biosignatures only go back into the 

Paleoproterozoic. 

Metabolism – Both groups are able to sustain themselves through 

either autotrophic or heterotrophic means. As well, neither group 

favours lithotrophy, organotrophy, chemotrophy, or phototrophy. 

Isotope Composition – Prokaryotic biosignatures can be 

distinguished from Eukaryotic ones based on the presence of certain 

isotopes. 

Spatial Distribution – Occurrences of both groups are spread around 

the world and located in variable environments. 

• Cell Shapes 

• Found in the 

same places 

• Follow similar 

metabolic 

pathways 
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Chapter 3. Geological Setting of the Belcher Group 

 The Belcher Islands are a cluster of islands situated in the southeastern corner of Hudson 

Bay and are located approximately 100 kilometers east of the western Quebec coastline. While 

geographically isolated, the Belcher Group has geological ties to the shores of western Quebec. Its 

relationships also extend to the Trans-Hudson orogen (THO) and the Archean Superior Craton. 

The Belcher Group ceased deposition by ~1.83 Ga with the terminal collision of the Superior 

Craton with the Rae-Hearne cratons in the THO (Corrigan et al., 2009). The Superior Craton is the 

largest Archean craton in the world. No outcrop of basement rocks has been discovered on the 

Belcher Islands, but it is assumed the Belcher Group was deposited on top of rocks belonging to 

the Superior Craton (Jackson 2013). The Belcher Group is divided into 14 different formations 

and a single intrusive complex. The formations are a mix of sedimentary and volcanic deposits 

that have been dated at between ~2018 Ma to 1854 Ma (Hodgskiss et al. 2019b). The regional and 

local geological context for the Belcher Group and the BGM is presented below. 

3.1 Regional Tectonic History 

 The tectonic history of the Belcher Group is connected to a larger area that encompasses 

the central portion of Hudson Bay to the north and west, the northern and western coastline of 

Quebec to the north and east, and the northern coastline of Ontario to the south and west. Each 

area represents a different part of the larger area’s tectonic history (Figure 3.1).  

The first area to the north and west represents the eastern section of the THO. The THO is 

the tectonic event responsible for the metamorphism and deformation of the Belcher Group. The 

THO extends from central United States to northern Saskatchewan and Manitoba and through 

Hudson Bay to Greenland (Darbyshire et al. 2017). The THO took approximately 120 million 

years to develop, beginning around 1.92 Ga and ceasing activity around 1.80 Ga (Corrigan et al. 

2009). During this time, several Archean cratons in northern Saskatchewan and Manitoba began 

to amalgamate, with a similar process occurring to the northeast around Baffin Island (St-Onge et 

al. 2006). Just prior to this activity was rifting of the western margin of the Superior Craton, with 

the rifting extending through the eastern Manikewan Ocean and around the northern margin of the 

craton (Corrigan et al. 2009). The extrusion of Flaherty volcanic rocks is interpreted to be 

associated with extension of the eastern Manikewan Ocean (Jackson 2013). The age of Flaherty 

volcanism has been dated to 1854 Ma ±1.6 Ma (Hodgskiss et al. 2019b). An alternative 
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explanation to the cause of volcanism is the idea of mantle plumes (Ciborowski et al. 2017), such 

that the latter volcanic formation of the Belcher Group was the product of a large igneous province 

(LIP). The LIP discontinuously spans from the furthest western margins of the Superior Craton to 

its furthest eastern margin, wrapping around the northern margin (Figure 3.2). This LIP is thought 

to have a singular mantle plume origin, with the thickness of the craton playing a role in how the 

shape of the LIP developed. The plume, not able to break through the thicker core of the craton, 

moved towards the thinner craton margins before emplacing or extruding volcanic rocks.  
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Figure 3.1: Summary of Belcher Group regional tectonic history from 1.92 Ga to 1.85 Ga. 

Adapted from Corrigan et al. (2009). Abbreviations: BGS, Bergeron Suture; FFG, Flin Flon 

Glennie Complex; FR, Fox River belt; GLSZ, Granville Lake Structural Zone; GS, Gneissic Suite 

Narsajuaq; M, Molson Dykes; PS, Parent arc and Spartan forearc; SA, Severn Arc; SL, Snow Lake 

belt; SS, Suglak Suture; TNB, Thompson Nickel Belt. 
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The second area to the north and east represents the previously mentioned LIP that wrapped 

itself discontinuously around the margins of the Superior Craton. The LIP is named the Circum-

Superior LIP as it involves many locations situated around the border of the craton. In this area 

specifically, it includes the Sleeper Islands, Ottawa Islands, and the Cape Smith Fold Belt 

(Ciborowski et al. 2017). These locations are dominated by volcanic rocks and have previously 

been correlated with both of the Belcher Group volcanic units as well as with other non-volcanic 

formations in the area (Chandler and Parrish 1989, Legault et al. 1994). These volcanic rocks are 

likely the result of crustal rifting adjacent to the Superior Craton in this area, with their alternative 

origin being the product of a mantle plume pushing out along the craton edges.  

 

Figure 3.2: The alternate mantle plume explanation for the Belcher Group volcanic formation 

(Flaherty Formation) showing the extent of magmatism in the Superior Craton. Adapted from 

Ciborowski et al. (2017). Abbreviations: BI, Belcher Islands; CS, Cape Smith Belt; FA, Fort 

Albany dykes; FR, Fox River Belt, GF, Gunflint Formation; H, Hearne Craton; LT, Labrador 

Trough; MD, Molson dykes; MR, Marquette Range Supergroup; OI, Ottawa Islands; PC, Pickle 

Crow dyke; R, Rae Craton, S, Superior Craton; SI, Sleeper Islands; SR, Spanish River; SU, Sutton 

Inlier; TB, Thompson Nickel Belt. 
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The third area to the south and west represents the Superior Craton that borders the Belcher 

Group. This area is less active when compared to the previous two areas, with the most significant 

feature being that it is overprinted by the THO (Corrigan et al. 2009). It is assumed this area 

extends underneath the Belcher Group, but there has never been any basement rocks found across 

the islands (Legault et al. 1994).  

On the Belcher Islands, relatively low degrees of metamorphism and deformation resulted 

in a broad repeating pattern of anticline-syncline running WNW-ESE from Kugong Island to 

Tukarak Island (Figure 3.3) (Jackson 2013). The regional metamorphism is estimated to be sub-

greenschist facies with dominantly prehnite-pumpellyite facies (Hofmann and Jackson 1969). 

 

 

 

Figure 3.3: The deformation experienced by the Belcher Group as seen in cross section. The 

section is continuous from A) through C). Adapted from Jackson (2013). Abbreviations: CB, Coats 

Bay; CS, Churchill Sound; EAKL, East Arm of Kasegalik Lake; FI, Flaherty Island; Fm, 

Formation; GP, Gilmore Peninsula; HP, Howard Peninsula; KI, Kipalu Inlet; KgI, Kugong Island; 

MI, Moore Island; MP, Mukpollo Peninsula; NI, Ney Island; OS, Omarolluk Sound; TI, Tukarak 

Island. 
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3.2 Stratigraphy and formations of interest 

 The stratigraphy and sedimentology of the Belcher Group has been studied in great detail 

previously to this thesis, mainly as part of a PhD thesis by Brian Ricketts (Ricketts 1979). The 

stratigraphy of the Belcher Group is summarized below (Figure 3.4):  

 

Figure 3.4: Generalized stratigraphy of the Belcher Group formations (after (Hodgskiss et al. 

2019b)). (A) Upper McLeary subtidal facies. (B) Unit “d” Kasegalik subtidal facies. 

A 
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As shown Figure 3.4, there are 14 formations that make up the Belcher Group, with a single 

intrusive complex (the Haig Intrusions) being associated with the second volcanic formation (the 

Flaherty Formation). This association is based on the age of the Haig intrusive complex at 1870 ± 

1.1 Ma (Hamilton et al. 2009) as it has spatial relationships with other formations in the group 

(Jackson 2013). While the Belcher Group is the namesake behind the BGM, there are very few 

formations that contain microfossils. Only the Kasegalik, McLeary, and Kipalu formations contain 

the BGM and other presumed microbial structures that are relevant. These formations are detailed 

below.  

3.2.1 Kasegalik Formation 

 At the base of the Belcher Group is the Kasegalik Formation. This formation has a 

maximum thickness of about 1200m, though the true base of the formation might be missing, as 

there is no exposure of basement rocks on the Belcher Islands (Jackson 2013). It is found in two 

broad areas throughout the islands, with one in central Flaherty Island (forming the core of the 

Kasegalik Anticline) and the other occurring in Churchill Sound east of Kugong Island. The 

formation is divided up into five intergradational units, with unit “a” representing the base of the 

formation and unit “e” representing the top (Figure 3.5) (Bell and Jackson 1974). Units “a” and 

“b” are very similar as both are described as having a combination of light grey dolostone with 

red, silty mudstone (Ricketts 1979). They also both contain distinct halite casts and sulfate molds 

that point to a subaerial, sabkha-like environment (Jackson 2013). The main difference between 

the two is that unit “b” has a higher frequency of red mudstone compared to unit “a”. Not unlike 

units “a” and “b”, units “c” and “d” are also like each other with both having “stromatolitic” 

dolostone lithologies (Ricketts 1979). The main difference between these two units is that unit “d” 

has significantly more chert associated with its stromatolitic mat structures, with unit “c” 

containing far less visible associations. The first members of the BGM appear in unit “d” as a 

collection of microfossils from a solitary chert sample associated with a stromatolitic mat structure 

(Hofmann and Jackson 1969). These stromatolitic mat structures were described as cryptalgal 

laminates (Ricketts 1979), and displayed vertical development from small, low mounds made of 

flat, digitate mats in unit “c” to large domes with furcate and digitate branching in unit “d”. The 

top unit, unit “e”, is comprised mainly of pink argillaceous dolostone with grey dolostone 

occurring locally, and possibly contains similar sulphate molds as seen in units “a” and 

“b”(Ricketts 1979, Jackson 2013). 
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Figure 3.5: Examples of the lithofacies of the Kasegalik Formation (Photos by B. McDonald). A 

and B are representative of units “a: and “b” while C is representative of units “c” and “d”. (A) 

Prominent edgewise conglomerate. (B) Red laminated mudstone. (C) “Stromatolitic” dolostone. 

3.2.2 McLeary Formation 

 The McLeary Formation is a significant highlight of the Belcher Group. This formation 

has a thickness range between 365m and 450m that is relatively consistent across the islands 

(Ricketts 1979). It is made of three members (Lower, Middle, and Upper) that host a diverse range 

of stromatolites and algal mats as well as the majority of BGM and other presumed microbial 

structures (Figure 3.6). The Lower Member is mostly recognized by its characteristic beach rock 

A 

C 
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marker bed at its base, with only a few isolated stromatolitic beds occurring throughout the 

overlying interbedded dololutite and edgewise dolostone conglomerates (Ricketts 1979, Jackson 

2013). The Middle Member is comprised primarily of five sandstone-dolarenite-beach rock cycles, 

with small digitate stromatolites (occurring in the beach rock) representing the only microbial 

structures present (Ricketts 1979).  

The Upper member is where stromatolite and microbial structure diversity and abundance 

reach their maximums, with many of them having associated black chert replacement (Ricketts 

1979). The Upper Member can be further divided into three informal zones (lower, middle, and 

upper) that span the approximately 185m thickness of the member. They reflect the relatively rapid 

biological and environmental changes that occurred in this member. The lower zone is about 65m 

thick and is made of dololutite and dolarenite. Stromatolitic and microbial structures become more 

abundant moving up through the zone but are relatively low compared to the middle and upper 

zones. The middle zone is about 85m thick and sees an increase in grey-to-buff dolostones at the 

expense of the dololutite and dolarenite. Consequently, stromatolites and microbial structures 

increase their abundance and diversity, with the appearance of simple domal stromatolites being a 

notable highlight (Ricketts 1979). The upper zone is the thinnest zone at approximately 25m, but 

it sees the most drastic increase in stromatolite and microbial structure diversity and abundance. 

New morphologies of stromatolites to appear here include bulbous, dendroid, and conical, joining 

pre-existing forms like furcate and digitate. Outside of the stromatolitic dolostones, grey-to-buff 

dolostones make up most of the zone with dololutite and dolarenite occupying an even smaller 

portion than they did in the middle zone. 
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Figure 3.6: Examples of lithofacies found in the McLeary Formation (Photos by B. McDonald). 

(A) Asymmetrical current ripples (Lower McLeary). (B) Minidigitate stromatolites in beach rock 

(Middle McLeary). (C) Branching lobate to columnar stromatolites in dolostone (Upper McLeary). 

3.2.3 Kipalu Formation 

 The Kipalu Formation is one of the most distinct formations of the Belcher Group. This 

formation ranges in thickness from 80m to 130m and is mostly poorly exposed (Jackson 2013). 

The iron-rich rocks in this formation are found within three broad lithologies: iron-argillite, iron-

carbonate (i.e. micrite), and granular iron formations or GIF (Figure 3.7) (Wahl 2012). The latter 

has conspicuous oncoids that have potential microfossils within (Ricketts 1979). Lenses and 

nodules of chert and jasper also occur throughout the formation as fourth broad lithology. Much 

like the GIF lithology, there are potential microfossil remains found within the chert and jasper 

lithology (LaBerge 1967, Ricketts 1979). As with the Upper McLeary member, the Kipalu can be 

divided (formally in this case) into six zones with Zone 1 occurring at the base of the formation. 

Zones 1 and 3 are well bedded grey-green dolomicrites interbedded with red argillites, while Zones 

A 
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2 and 4 consist of interbedded jasper and argillite (Ricketts 1979). Zone 5 is characterized by a 

switch to dominantly thinly bedded red-brown and grey argillites with only a minor dolomicrite 

component, while Zone 6 caps the formation with a combination of bedded cherts, granule-bearing 

jaspers, and thin iron-bearing argillites (Ricketts 1979). 

 

Figure 3.7: Examples of the lithofacies of the Kipalu Formation (Photos by of B. McDonald). (A) 

Highly fissile, well bedded, greyish dolomicrite interbedded with wavy bedded red argillite. (B) 

Red argillite with elongated (lenticular) chert. (C) Iron bearing dolomicrite. 
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3.3 Local Depositional Phases 

 The Belcher Group is divided into 14 formations and a single intrusive complex, with its 

formations being made of sedimentary and volcanic deposits. The formations include the 

Kasegalik, Eskimo, Fairweather, McLeary, Tukarak, Mavor, Costello, Laddie, Rowatt, Mukpollo, 

Kipalu, Flaherty, Omarolluk, and Loaf (Figure 3.4). The entire Belcher Group was first described 

in 1970 by Garth Jackson in Dimroth et al. (1970) who established three distinct depositional 

cycles (Dimroth et al. 1970). These initial cycles were later expanded upon and developed into six 

broad depositional phases by Ricketts and Donaldson (1981). These phases are local to the Belcher 

Islands region and are distinct from the greater regional geology of Hudson Bay. Within these six 

phases, there are four different types of depositional environments represented, including a 

transgressive carbonate platform, volcanic rock deposition, a restricted basin buildup, and a 

prograding submarine fan system. There is no formal sequence stratigraphic model for the Belcher 

Group, but Ricketts and Donaldson have approximated the relative local sea level changes through 

the six depositional phases (Ricketts and Donaldson 1981). There was not enough data collected 

in this thesis to warrant a proper sequence stratigraphic analysis so certain terms, such as systems 

tracts, are avoided in this section. However, it should be noted that some phases and their sub-

environments are heavily indicative of certain systems tracts and their greater sequence models. 

An example is the second transgressive carbonate platform phase, where it is apparent there are 

several transgressive-regressive cycles that are typical for a shallow-to-deep water carbonate 

platform sequence model (Ricketts and Donaldson 1981, Catuneanu 2006). 

The initial phase of the Belcher Group is represented by the Kasegalik Formation. This 

formation transitions through several different sub-environments from its base to its top. Starting 

at the base, it begins with a supratidal carbonate environment building up on a shallow marine 

platform. Moving up-section, the environment shifts to an intertidal carbonate environment and 

subsequently a subtidal carbonate environment, indicative of rising eustatic sea level as part of a 

transgressive event. This is reflective of an increase in water depth and accommodation space. This 

activity leads to a greater buildup of microbial structures as one moves up-section, with larger and 

more diverse structures seen near the top of the formation. This indicates the phase is a 

transgressive carbonate platform (Ricketts and Donaldson 1981). 
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The initial transgressive carbonate platform phase was followed by the Eskimo Formation. 

Absence of pyroclastic deposits indicates that magmatic activity was likely the result of flood 

basalts, rather than phreatomagmatic volcanism. Pyroclastic rocks are usually indicative of a 

phreatomagmatic eruption, where the erupting magma interacts with water to some degree. Their 

absence in this volcanic formation clearly suggests the eruption was purely magmatic. The 

volcanic rock type of this eruption is a flood-type basalt. This classification is based on chemical 

analysis and from other lines of evidence such as subaerial weathering and the abundance of 

jointed flows (Ricketts 1979). Based on the trend of the formation to thin out to the west and 

southwest, the eruption(s) occurred to east and northeast of the carbonate platform. Altogether, 

this indicates the phase is a period of volcanism that resulted in the deposition of volcanic rocks 

on top of the existing carbonate platform (Ricketts and Donaldson 1981). 

Following the first period of volcanism are the six formations above the Eskimo: 

Fairweather, McLeary, Tukarak, Mavor, Costello, and Laddie. These six formations represent 

three distinct transgressive megacycles, each one composed of multiple environments (Jackson 

2013). The first megacycle begins as a supratidal environment dominated by pisolitic dolostone 

before transitioning to an intertidal environment dominated by red and green siltstones and 

sandstones. Only the Fairweather Formation makes up this megacycle, with the supratidal 

environment representing the lower member and the intertidal environment representing the upper 

member (Ricketts and Donaldson 1981). The second megacycle is largely made of alternating 

successions of clastic and dolomitic deposits, with the final portion of the cycle dominated by the 

buildup and diversity of microbial structures. The megacycle is made of one whole formation and 

a portion of another; in this case it is the McLeary Formation with its three members and the lower 

member of the Tukarak Formation (Ricketts and Donaldson 1981). The lower and middle members 

of the McLeary make up the first two thirds of the cycle and represent a supratidal environment 

transitioning to an intertidal environment. The upper member of the McLeary and the lower 

member of the Tukarak stand as the final third of the cycle and represents a return to a supratidal 

environment before a gradual transition back through an intertidal environment and finishing into 

a subtidal environment by cycle end. The third megacycle begins in the upper member of the 

Tukarak Formation, with the developed shallow marine carbonate platform now in a supratidal 

environment; it transitions up through the intertidal and subtidal environments and then into the 

slope environment before finishing into a deep basin environment by cycle end. This transition is 
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covered by the Mavor, Costello, and Laddie formations (Ricketts and Donaldson 1981). The 

prominent Mavor Formation is dominated by widespread massive reef structures whereas the 

Costello Formation is comprised mainly of rhythmically laid mixed clastic-carbonate beds. The 

Laddie Formation is made of shales and argillites consistent with the deep basin environment seen 

at the end of the megacycle. Just like the Kasegalik Formation, these formations represent another 

transgressive carbonate platform phase, with the main difference being that this phase includes the 

platform becoming buried by clastic rocks (Ricketts and Donaldson 1981). 

Following this second transgressive carbonate platform are the Rowatt, Mukpollo, and 

Kipalu formations. The Rowatt Formation is a mix of clastic and carbonate rocks and was likely 

deposited in a subtidal-to-intertidal environment. The Mukpollo Formation is a purely clastic rock 

formation that represents an intertidal environment that contained many sand-filled tidal channels 

as well as sand flats. The Kipalu Formation is mostly comprised of banded argillite and dolomicrite 

lithologies which contain deposits of granular iron formation. It also contains jasper deposits, a 

minor lithology that occurs within and around the other two lithologies; granular iron formation 

can also be found within this minor lithology. Both the banded argillite and dolomicrite are key 

indicators of low energy conditions, and together with the jasper lithology indicate a greater 

restricted basin environment. This environment likely had its development enabled by the 

preceding Rowatt and Mukpollo formations, which together represent a prograding buildup 

environment (possibly related to a drop in sea level as part of a regressive event) that was 

protecting the basin from the open ocean, similar to a lagoonal environment. Altogether, these 

three formations represent a phase indicating a combination of the two depositional environments 

that are both related to the Kipalu Formation (Ricketts and Donaldson 1981). 

Capping the previous phase is the Flaherty Formation. This formation captures two 

different types of volcanism, both of which were thought to form sub-aqueously. The main type 

was effusive eruption, which resulted in the thick packages of lava flows and pillowed basalts. The 

other type was explosive eruption which resulted in pyroclastic deposits and water laid tuff layers. 

The volcaniclastic sediments were found to be composed of entirely local volcanic debris, meaning 

no craton-derived material was brought into the depositional system. This represents another phase 

of volcanism after the buildup and drowning of a carbonate platform (Ricketts and Donaldson 

1981). 
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The final phase is characterized by the Omarolluk and Loaf formations. The Omarolluk 

Formation contains purely siliciclastic sediments that cyclically repeat themselves throughout the 

formation. The same repetitiveness is seen with the sedimentary structures, indicating the 

formation is a thick package of turbidite deposits that display classic Bouma cycles. The Loaf 

Formation contains tabular and lenticular arkose beds that have abundant crossbedding and very 

little silt or mud. Together, this lithology and sedimentary structure suggest a fluvial to marginal 

marine environment for the Loaf. This formation is therefore considered the lateral equivalent of 

the Omarolluk Formation (i.e., they are both prograding formations), with the Loaf occurring after 

the Omarolluk once sea level began to regress. This concluding phase represents a prograding 

submarine fan system (Ricketts and Donaldson 1981).  

  



 
 

37 

 

Chapter 4. Previous Characterization of the Belcher Group Microbiota 

 The Belcher Group and the BGM have been previously characterized, starting in 1918 

(Moore 1918). Both topics have been approached intermittently since then, with the most 

prominent research taking place from the late 1960s to the late 1980s (Hofmann and Jackson 1969, 

1987, Dimroth et al. 1970, Hofmann 1974, 1975, 1976, Ricketts 1979, 1981, Donaldson and 

Ricketts 1979, Ricketts and Donaldson 1981, 1989). The focus of this chapter is to characterize 

the morphology of stromatolites occurring throughout the Kasegalik, McLeary, Tukarak, and 

Mavor formations of the Belcher Group (Appendix A, Table A.1) as well as to characterize the 

morphology of the microbiota found in the Kasegalik and McLeary formations (Figures 4.5, 4.6, 

and 4.7). Stromatolites morphological characteristics are addressed prior to the taphonomy and 

morphology of the BGM. 

4.1 Stromatolite Morphology 

 The morphological variety seen in the stromatolites of the Belcher Group is quite expansive 

considering how temporally and spatially restricted they can be (Appendix A, Table A.1). While 

stromatolites are present in other formations with carbonate units such as Tukarak and Rowatt, 

diverse assemblages occur in the Kasegalik, McLeary, and Mavor formations, with the highest 

diversity identified in the upper member of the McLeary Formation.  

4.1.1 Kasegalik Formation 

 The stromatolite morphology of the Kasegalik Formation contains only four taxa: 

Minjaria, Lenia, Osagia and Vesicularites (Hofmann 1977). Found in unit “c” and unit “d”, 

Minjaria is only found within this formation. Its morphology is described as flat to digitate mat 

structures, with some colonies developing into large domes with furcate and digitate branching 

(Figure 4.1). Lenia is found as a digitate columnar morphology that ranges in size from 10s of cm 

to only a few mm (Hofmann 1977). Osagia has a morphology that is similar to a pisolitic or 

oncolitic stromatolite, with the core of the stromatolitic form appearing as a pisoid or oncoid 

depending on where the core initially developed. For context, a pisoid core reflects inorganic, sub-

aerial formation such as in a tidal flat, while an oncoid core reflects an organic, particle-trapping 

formation that would be performed by organisms in the shoreward areas of an intertidal 

environment (Adams et al. 1988). Vesicularites is a morphology that is in essence a more vesicular 

or cavity filled form of Osagia, often occurring along Osagia in the field (Hofmann 1977). 
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Figure 4.1: Examples of stromatolite morphologies from the Kasegalik Formation (Hofmann 

1977). Top Left: Osagia and Vesicularites. Top Right and Bottom Row: Minjaria. 

4.1.2 McLeary Formation 

 The stromatolite morphologies of the McLeary Formation are by far the most diverse 

(Figure 4.2). In the Upper McLeary member alone, there is as many as eight distinct taxa groups, 

with another five coming from the Middle member (Hofmann 1977). In general, taxa from the 

Middle member display columnar growth which allows for the furcate-style branching to develop 

between individual columns. Being closely packed together affords the structures more stability in 

their environment. The taxa from the Middle member include: Tungussia, Lenia, Stratifera, 

Osagia, and Vesicularites. Tungussia is the only one exclusive to the Middle member as the other 

four can also be found in the Lower member of the McLeary (Hofmann 1977). Tungussia in the 

McLeary is mainly found in solitary columnar form or in furcate branching form (Hofmann 1977). 

Lenia is found again with a digitate columnar morphology, with size range also similar to its 

Kasegalik variety (Hofmann 1977). Stratifera is a simple mound form morphology often found in 
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association with other morphologies in the Middle member (Hofmann 1977). Osagia and 

Vesicularites are the same as they were in the Kasegalik Formation. As for taxa from the Upper 

member, they generally show an increase in structural complexity moving from the Lower zone 

through to the Upper zone. What this means is at the base of the Upper member you will find 

mostly simple laterally linked domal stromatolites with more complex structures with low 

diversity. Towards the top of the Upper member, those complex structures have increased their 

diversity and have become the dominant structure over domes. The taxa from the Upper member 

include: Linella, Baicalia, Anabaria, Boxonia, Inzeria, Jacutophyton, Cryptozoon, and 

Conophyton (Hofmann 1977, Ricketts 1979). Linella is once more found in columnar form but 

with dendroid branching (Ricketts 1979). Baicalia is a another case of the branching columnar 

morphology form with the points of branching showing signs of constrictions (Ricketts 1979). 

Anabaria is a similar branching columnar morphology form to Baicalia with the main difference 

being Anabaria typically has five to six cylindrical branches, all with highly divergent axes 

(Ricketts 1979). Boxonia are a somewhat rare example of columnar form morphology, having 

slender cylindrical columns growing out of a wide base with nearly flat laminae (Ricketts 1979). 

Inzeria has a columnar morphology form that is in a dual branching state, with each stage of 

branching keeping to this dual state (Ricketts 1979). Conophyton is a distinctive taxa to the Upper 

McLeary that typically occurs as a discreet column morphology made of chevron laminae or in 

bioherm form along with Linella and Baicalia (Ricketts 1979). Jacutophyton is also a 

distinct taxon to the Upper McLeary like Conophyton, appearing very similar to the bioherm form 

of Conophyton (Ricketts 1979). Lastly, Cryptozoon have a basic club-shaped morphology and 

typically occur as discrete structures rather than interconnected ones (Ricketts 1979).  
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Figure 4.2: Examples of stromatolite morphologies from the McLeary Formation. (Hofmann 

1977, Ricketts 1979). Top Row (Left to Right): Baicalia and Jacutophyton. Middle Row (Left to 

Right): Close up of Osagia versus Wide view of it in thin section. Bottom Row: Lenia. 

  



 
 

41 

 

4.1.3 Mavor Formation 

 The stromatolite morphology of the Mavor Formation is not as diverse as the McLeary 

with only five taxa, but it is unique in that its stromatolites can be several 10s of meters wide 

(Figure 4.3). Together, the taxa of the Mavor Formation indicate that large platform building 

morphologies were dominant while smaller morphologies were subservient and likely existed on 

or within the platform builders. The taxa from this formation include: Tungussia, Gymnosolen, 

Colleniella, Kussiella, and Stratifera. In the Mavor, Tungussia is in a highly divergent columnar 

form and occurs in stromatolitic dolostone units that are interbedded with sandy coastal facies 

(Ricketts and Donaldson 1989). This form is found along the shoreward edges of the greater 

platform facies that constitute the Mavor (Ricketts 1979, Ricketts and Donaldson 1989). 

Gymnosolen is similar to Tungussia in that it has branching columnar morphology in the Mavor, 

but occurs mostly in the upper portions of the formation (Hofmann 1977). Colleniella and 

Stratifera are two distinct mound morphologies forms, with Stratifera occurring only in the lower 

part of the formation (Hofmann 1977). Kussiella is a morphology similar to Minjaria from the 

Kasegalik, sharing the same characteristics of having flat to digitate mat structures along with 

some branching domal colonies (Hofmann 1977).  
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Figure 4.3: Example of stromatolite morphologies from the Mavor Formation. (Hofmann 1977, 

Ricketts 1979, Ricketts and Donaldson 1989). Top Row (Left to Right): Colleniella and Stratifera 

together and Gymnosolen. Middle Row (Left to Right): Tungussia and Kussiella. Bottom Row 

(Left to Right): Two examples of Gymnosolen. 
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4.2 Taphonomy of the Belcher Group Microbiota 

 The taphonomy of the BGM is important to understand because it gives context as to how 

and why the microfossils and stromatolites are preserved. Taphonomy is the study of how an 

organism decays and becomes preserved in the fossil record, with taphonomic processes generally 

divided into those that occur before burial and those that occur after (Behrensmeyer and Kidwell 

1985). In the case of the BGM, the previous work by Hofmann suggests that the after-burial 

processes are dominant with the pre-burial processes limited to potentially only degradational 

changes. The degradational changes are possibly an after-burial process too as it is undetermined 

if they reflect their pre or post preservation (Hofmann 1976). The after-burial processes are mostly 

in the form of diagenesis and its effects. Diagenesis manifests as silicification with the presence of 

black chert, both as isolated nodules and lenses as well as layer replacement within stromatolites 

(Hofmann 1976), as well as possibly dolomitization or re-dolomitization. The black colour comes 

from organic matter (likely from primary productivity linked to the microbiota) in the rock 

entrapped within micron-scale chalcedony and microcrystalline quartz. This mode of preservation 

is very similar to that of the Bitter Springs microbiota (Schopf 1968, 2012). The chert related to 

the BGM should not be confused with the other diagenetic chert found in the Belcher Group that 

is related to late vug filling and secondary mineral precipitation (Hofmann 1976). In general for 

the BGM, preservation is best when the chalcedony crystals and quartz grains are small enough to 

wrap around and capture the structure of the microbiota, leading to a quick process that does not 

suffer great degradation effects (Hofmann 1975, 1976). For stromatolites, preservation is attributed 

to permineralization of the pre-existing structure instead of the stromatolites binding the 

chalcedony and quartz into its structure when it was alive (Hofmann 1975, 1976). In both the 

stromatolites and microbiota, dolomite and other carbonate minerals that mineralized secondarily 

obliterate the structure and do not leave anything behind in general (Hofmann 1976). 
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4.3 Microbiota Morphology 

 The microbiota of the Belcher Group are almost as diverse as the host stromatolites. When 

found in stromatolites, they generally occur within the laminae of the stromatolites (Hofmann 

1975). They are not exclusive to the structures though, as they can also be found commonly 

preserved within chert lenses and nodules (Hofmann and Jackson 1969, Hofmann 1976). There 

also is the potential for the microbiota to occur in the GIF rocks of the Kipalu Formation, as 

demonstrated by the Gunflint microbiota (Awramik and Barghoorn 1977, Alleon et al. 2016, Lepot 

et al. 2017), but this has not been demonstrated conclusively yet. The chert lenses and nodules are 

by far the most important preservation location because they often replace the original stromatolite 

laminae while preserving the structure of the microbes and the greater laminae structure. As 

covered already in Section 4.1, this mode of preservation allows for the detailed examination of 

the microbes that make up the BGM. Hans Hofmann completed a systematic evaluation of these 

microbes (Hofmann 1976). This work is shown below to assess the diversity of microbiota 

morphology through the main types: spherical (Figure 4.5), filamentous (Figure 4.6), and mat-

forming (Figure 4.7). In short, Hofmann summarized the BGM as a group of benthic prokaryotic 

organisms made up of 24 taxa spread across the three types of morphologies (Hofmann 1976). 

However, due to degradation and diagenesis effects, the 24 “distinct” taxa are most likely just 10 

separate taxa (Hofmann 1976). What this means is that two or more morphologies could potentially 

be from the same single BGM taxa, depending on the degradation state of the microbial structure. 

This is what led Hofmann to an overestimation of the diversity of the BGM (Hofmann 1976), but 

there is a way to potentially distinguish if a degradational variation of a certain taxa is present 

(Figure 4.4).  

To determine if a BGM taxon is in a degradational state, the primary feature to look for is 

what divisional stage is present, and then look for the degradational stage after. This can rapidly 

narrow down what taxon or taxa of the BGM is present. The divisional stage is examining how 

many cells make up the microbial structure; this can be as little as one cell to potentially several 

dozen cells depending on the taxa. The degradational stage is then determined by assessing how 

much the taxa has been altered from its original form. This is difficult to properly assess because 

it relies on knowing what the original form looks like and assumes that the original form was not 

a degradational state itself. While not perfect, this technique works for the three main morphology 

types, especially with the spherical forms where degradation is most prominent.  
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The descriptions of the BGM taxa are mostly based on the descriptions of the Gunflint 

microbiota and the Bitter Springs microbiota (Schopf 1968, Hofmann 1976, Awramik and 

Barghoorn 1977). In particular, the Bitter Springs microbiota share a strong resemblance with 14 

of the 24 potential taxa identified in the BGM (Hofmann 1976). With that said, there are still as 

many as eight taxa that Hofmann described as both a distinct genus and species to the BGM, 

representing a third of the total taxa in the group (Hofmann 1976).  

 

Figure 4.4: Certain degradation variants for select BGM taxa. Adapted from Text-Figure 5 in 

(Hofmann 1976). 

4.3.1 Spherical 

 The spherical microbiota (Figure 4.5) are the most common members of the BGM. The 

range of sub-forms and their degradational states are what is behind the great diversity in this 

morphology. Nearly all the inferred representative genera and species have a morphology form in 
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this group, with seven of the eight distinct described taxa occurring here. The genera found include 

Eosynechococcus, Melasmatosphaera, and Eoentophysalis, with three species each belonging to 

Eosynechococcus and Melasmatosphaera (Hofmann 1976). 

 Eosynechococcus represents the most basic looking genus, having cells that range in shape 

from rod-like to ellipsoidal. The length of the cells range from 3 to 19 µm while width ranges from 

1.2 to 7.5 µm (Hofmann 1976). Division within the cells occurs and is usually done so by 

transverse fission (Hofmann 1976). The dark bodies occurring within some cells have diameters 

that range from 0.2 to 2 µm across. They are interpreted as products of degradation with cells 

containing these bodies regarded as degradational variants (Hofmann 1976).  

 Melasmatosphaera is a genus made up of dark spheroids that mainly occur as solitary cells 

with diameters ranging from a few microns to several tens of microns (Hofmann 1976). Within 

the spheroids are scattered to clustered dark granule inclusions that are micron to sub-micron in 

size. These are thought to be degradational features, in the same fashion as the dark bodies were 

in Eosynechococcus. Hofmann interprets the genus as a collection of diverse taxa based on the size 

range of the spheroids, with each taxa developing a similar pattern of degradation (Hofmann 1976). 

 Eoentophysalis was defined as having a spherical morphology despite being more 

prominent in its mat-forming morphology. This definition comes from the base cellular description 

of the taxon. Eoentophysalis cells have either a spheroidal to elliptical shape or a sub-polyhedral 

shape and range in diameter from 2.5 to 9 µm (Hofmann 1976). Outside of its mat-forming 

morphology, cells occur as solitary units, bunch clusters, and planar layers. Hofmann divided the 

structure within the cells into two levels: dark, micron-sized inclusions at the core of cell and 

lamellated envelopes surrounding them (Hofmann 1976). The envelopes were often just slightly 

smaller than the encompassing cell but could also be not much bigger than the inclusions they 

contained. Hofmann noted that the genus is the most variable among the BGM, which he attributed 

to the effects of degradational processes on the taxon (Hofmann 1976). 
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Figure 4.5: The spherical microbiota of the Belcher Group (Hofmann 1976). Includes specimens 

from Plates 2, 3, and 5-9. All specimens observed in thin sections of black chert from either 

Kasegalik Formation or McLeary Formation. Specimens from Kasegalik Formation: A (Plate 2), 

B (Plate 3), D (Plate 5), F (Plate 6), H (Plate 7), I (Plate 8), and L (Plate 9). Specimens from 

McLeary Formation: C (Plate 5), E (Plate 6), G (Plate 7), J (Plate 8), K (Plate 8), M (Plate 9) and 

N (Plate 9). A – Eosynechococcus moorei (GSC sample 43589).; B – Sphaerophycus parvum 

Schopf (GSC sample 42770).; C – Palaeoanacystis vulgaris Schopf (GSC sample 42775).; D – 

Eoentophysalis belcherensis (GSC sample 42770) in degradational form capsulopunctata as 

gloeocapsoid colony.; E – Eoentophysalis belcherensis (GSC sample 42773) in degradational form 

capsulata.; F – Eoentophysalis belcherensis (GSC sample 42770) in degradational form 

capsulopunctata.; G – Myxococcoides minor Schopf (GSC sample 42773).; H – Myxococcoides 

minor Schopf (GSC sample 43589).; I – Melasmatosphaera magna (GSC sample 43589).; J – 

Melasmatosphaera media (GSC sample 42775).; K – Glenobotrydion majorinum Schopf & Blacic 

(GSC sample 42771).; L – Globophycus sp. (GSC sample 43590).; M – Globophycus sp. (GSC 

sample 42775).; N – Caryosphaeroides sp. (GSC sample 42775). Scale Bar is 10 micrometers. 
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4.3.2 Filamentous 

 The filamentous components (Figure 4.6) are generally the most difficult to identify. The 

difficulty comes from the tendency of their structures to break apart during preservation and 

subsequent diagenesis. A single inferred representative genus and species, Rhicnonema antiquum, 

is described under this morphology (Hofmann 1976). The genus is described as having trichomes 

(hair-like structures) that range in width from 0.3 to 1.5µm. These structures are surrounded by a 

sheath that has a width range between 2.0 and 4.0 µm. They are found to occur only in the upper 

part of the Kasegalik Formation. According to Hofmann’s observations, it is very susceptible to 

degradation as there are at least three degradation states that are recognizable (Hofmann 1976). 

These degradation states are distinct from the specimens that are just the result of morphological 

variation. Hofmann describes this group as similar to another cyanobacterial taxa named 

Schizothrix, building the stromatolite mat architecture with other confirmed cyanobacterial genera 

such as Biocatenoides and Eomycetopsis (Hofmann 1976). 
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Figure 4.6: The filamentous microbiota of the Belcher Group (Hofmann 1976). All specimens are 

from Plate 1 from Hofmann (1976). All specimens are observed in thin sections of black chert 

from the Kasegalik Formation. A – Archaeotrichion sp. (GSC sample 43586).; B – Eomycetopsis 

filiformis Schopf (GSC sample 42766).; C – Rhicnonema antiquum (GSC sample 42766) in 

degradational form catenoides.; D – Biocatenoides sphaerula Schopf (GSC sample 42766).; E – 

Rhicnonema antiquum (GSC sample 42766) in degradational form velatum.; F – Rhicnonema 

antiquum (GSC sample 42766) in degradational form spiraliforme.; G – Halythrix sp. (GSC 

sample 42769). Scale Bar is 10 micrometers. 
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4.3.3 Mat-forming 

 The mat-forming microbiota (Figure 4.7) are the least diverse group among the BGM. 

There is only a single taxon that is confirmed to have this morphology, Eoentophysalis 

belcherensis. The issue behind the low diversity is that it is hard to determine if certain spherical 

forms further developed their morphology into this type by clumping together in a consistent and 

cohesive way. With Eoentophysalis belcherensis, the mat-forming morphology is the most 

prominent form the taxon takes despite it having a spherical form at its cellular base. This reflects 

the tendency of this form to bring together clusters of colonies to build a cohesive structure as part 

of a stromatolite build up. 

 

Figure 4.7: The mat-forming microbiota of the Belcher Group (Hofmann 1976). All specimens 

are from Plate 4 from Hofmann (1976). All specimens are observed in thin sections of black chert 

from the Kasegalik Formation. A – Eoentophysalis belcherensis (GSC sample 43591).; B – 

Eoentophysalis belcherensis (GSC sample 43589).; C – Eoentophysalis belcherensis (GSC sample 

42766). Scale Bar is 50 micrometers for A and B, and 10 micrometers for C. 
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4.3.3.1 Eoentophysalis belcherensis: A special case within the Belcher Group Microbiota 

 While the taxa have been discussed in some detail in this chapter, Eoentophysalis 

belcherensis is a special group of microbiota to the BGM that it deserves additional attention. This 

group is found in both the Kasegalik and McLeary formations, suggesting it has potentially a long 

history within the Belcher Group. Considering the ~2018 Ma age of the Kasegalik (Hodgskiss et 

al. 2019b), E. belcherensis could have a history that spans potentially over 100 million years, with 

the only uncertainty being the precise age of the McLeary Formation. The species is rare among 

the BGM in that it has three distinct degradational stages that are easily identifiable (Hofmann 

1976). These are capsulata, capsulopunctata, and punctata, with the three representing the two end 

members and a middle ground of the species’ degradational continuum. Even within the larger 

mat-forming morphology, these degradational stages become interwoven with non-degradated 

cells that display slight variations in their spherical form. Hofmann noted that even with the amount 

of degradation, E. belcherensis corresponds remarkably well with its modern counterparts in the 

genus Entophysalis in areas like morphology, reproduction, and ecology (Hofmann 1976). Much 

like its modern analogs, E. belcherensis is thought to be a productive cyanobacteria, one that 

contributed greatly to building stratiform and domal algal mats in a peritidal environment 

(intertidal with some parts of both supratidal and subtidal environments) during two distinct 

periods in the Belcher Group (Hofmann 1976). 
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Chapter 5. Methodology 

 This research utilizes both field and analytical methods to explore the extent that these 

techniques can confirm the inferred biogenicity of the BGM. Analytical techniques encompass the 

selective microscopy and spectroscopy methods that were used on prepared Belcher Group 

samples. For the analytical techniques, 36 samples were analyzed for examination from over 500 

samples gathered during the two field seasons. Of those 36 samples, nine were chosen from the 

Kipalu Formation, with the remaining 27 from dolomitic formations that included the McLeary, 

Mavor, and Costello. The prepared samples were initially cut from hand samples into thin section 

tabs with approximate dimensions 2cm wide by 4cm long by 1cm thick. They were then mounted 

with epoxy on a glass slide and ground down to approximately thirty (30) microns thick before 

then being polished to create a thin section of the hand sample. From the nine Kipalu samples, 

nine thin sections were produced, while 48 thin sections were produced from the 27 samples 

coming from dolostone rocks.  

5.1 Field Methods 

 Over 500 outcrop samples were collected in 2018 and 2019 from six areas (Figure 5.1). I 

conducted fieldwork and collected samples in the summer of 2019 for four and half weeks with 

two field partners (Brayden McDonald and Malcolm Hodgskiss), and samples were also collected 

for my project by Camille Partin and Brayden McDonald during the 2018 field season. Sampling 

techniques used during the 2019 field season followed a specific procedure to ensure sample 

location and outcrop context were recorded in way that maximized preservation at each camp site. 

After photographing the outcrop, the samples were photographed, described, labelled, and 

collected in a labelled sample bag before a GPS point was taken using a Garmin InReach GPS 

device. If the sample was taken within a measured section, the stratigraphic position was also 

noted. Any samples collected out of the context of a section were put into context by using GPS 

data and pre-existing sections from previous stratigraphic studies of the Belcher Group. This was 

done by superimposing the GPS data of the samples on to the older sections to obtain the 

approximate stratigraphic height for each sample. These older sections were completed in areas 

that were later traversed during the 2018 and 2019 field seasons. Other important things noted 

about the sample or outcrop included strike and dip measurements of unit contacts or distinct 
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bedded structures (i.e., tuff layers), strike and/or dip remeasurements within formations, and the 

lithology, meter interval, sample number, and waypoints for stratigraphic sections. 

 

Figure 5.1: Location of camps and stratigraphic sections measured during the 2018 and 2019 field 

seasons. Star 1: 2019 Churchill Sound Camp, includes Section CS-BM19-01. Star 2: 2018 and 

2019 Sanikiluaq Base Camp, includes Sections KIPALU-2018-1, KIPALU-2018-2, and 

Hofmann’s Katuk and West Sanikiluaq Type Sections (from Hofmann 1976, re-measured in 

2018). Star 3: 2018 Haig Point Camp (day trip from Sanikiluaq Base Camp), includes Section 

KIPALU-2018-3. Star 4: 2019 Gilmour Peninsula Camp, includes Section GP-BM19-02. Star 5: 

2019 Quorik Bay Camp. Star 6: 2019 Mavor Island Camp, includes Section MI-BM19-04.  
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5.2 Petrography 

 Thin sections were examined with a Nikon Eclipse E200 microscope under transmitted 

light with a variety of objectives (4X, 10X, 20X, 40X, and 60X magnification). A reflected light 

attachment was also used to image any minerals or structures that appeared opaque under 

transmitted light. The purpose of this technique was to define the lithology of the host rock as well 

as to gain a better understanding of both the morphology and structure of any stromatolites or 

supposed microfossils found within the prepared thin sections.  

5.3 Raman Spectroscopy 

 Raman spectroscopy is a technique that measures the vibrational modes of a molecule 

(Wacey 2009). It uses high powered lasers in an inelastic light scattering process to obtain in situ 

molecular and structural data (Wacey et al. 2017). This is done at a high resolution (on the micron 

scale) to gain more information about the material being analyzed. The specific purpose of this 

technique is to collect molecular and structural data from the thin section surface. This will give 

an idea of the chemical bonds of the microfossils and microstructures that are preserved in the 

section (Wacey et al. 2017). The Raman spectroscopy machine used in my research was a 

Renishaw inVia Reflex Raman microscope housed within the Saskatchewan Structural Sciences 

Center (SSSC) at the University of Saskatchewan (Figure 5.2). This machine was linked to a Leica 

DC2500M petrographic microscope (operating similarly to the Nikon Eclipse E200 described 

above) with an attached microscope camera so that the scanning area was viewable on a computer 

monitor. Also equipped to the microscope is a MS20 Encoded Motorized Stage that permits 100nm 

step sizes, allowing for high resolution mapping and scanning capabilities. The Raman spectra 

were acquired using a 514 nm Argon ion laser with an 1800 grating setting (lines/mm), which 

allowed for Raman shifts up to 3500 cm-1 to be observable on the x-axis. The actual spectral data 

was obtained in the range of 100 cm-1  to 3500 cm-1 due to the set edge filters, with the exposure 

time (i.e., acquisition time) set to 10 seconds. The laser power was set to 100% capacity for most 

scans as this reduced the amount of fluorescence given off by the scanned area. Three objectives 

were used and included the magnifications 5X, 20X, and 50X. The spectra were processed with 

the latest version of the software “WiRE”, designed by Renishaw for processing Raman data. The 

detection limit of this technique with this machine is in the range of 10000 to 100 parts per million 

(ppm) for all elements contained within the samples. This detection limit is common for machines 
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designed to collect Raman spectra with some machines achieving detection limits below 100 ppm 

for certain elements and molecules (Mosier-Boss and Lieberman 2003, Mosier-Boss and Putnam 

2013). The elements I specifically examined for include carbon, oxygen, calcium, magnesium, 

silicon, and nitrogen. This specific examination was achieved by collecting spectral data from only 

the 100 cm-1  to 3500 cm-1 Raman shift range. It is in this range that these elements occur, either 

by themselves or as part of a molecule or mineral lattice. The number of spots examined per sample 

varied between samples. The minimum was five spots (done for 18CAPB004A and 18CAPB052) 

and the maximum was 19 spots (for 18CAPB036), with the average number of spots examined 

across all samples being about nine. 

 

Figure 5.2: The Raman microscope setup in the SSSC. Left: The ocular portion of the microscope 

setup sits on top of the sample housing enclosure. Right: Inside the sample housing enclosure, 

showing the microscope’s objectives and movable stage. 

5.4 X-ray Photoelectron Spectroscopy 

 X-ray Photoelectron spectroscopy (XPS) is a technique that is similar to an energy-

dispersive X-ray spectroscopy (EDS) detector attached to an SEM but instead collects more 
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information about a sample and does it at higher resolution. The surface chemistry is analyzed and 

measures physical elemental properties such as composition, empirical formula, and elemental 

electron state (Wacey 2009). The photoelectron spectrum of wavelengths is obtained by irradiating 

the sample surface with X-rays while simultaneously recording the range of electron kinetic 

energies and abundance of ejected electrons emitted from upper 10nm of the sample (Arnarson 

and Keil 2001). This leads to peaks appearing from the atoms emitting electrons of certain binding 

energies in the final data set. The limits of this technique become apparent when it comes to 

measuring specific chemical properties (i.e., those that are observable when the sample undergoes 

a chemical reaction). With XPS, it is not possible to directly measure chemical properties such as 

heat of combustion and reactivity. Instead, it is a technique that excels at extracting physical and 

electronic information (Bagus et al. 2018). Therefore, the specific purpose of this technique is to 

collect more detailed physical chemical data from the thin section surface. This will give an even 

greater sense of the chemical nature than what is collected from Raman or SEM alone. The XPS 

machine used in my research was a Kratos Axis Supra and it is also housed within the SSSC at the 

University of Saskatchewan (Figure 5.3). It is equipped with a 500 mm Rowland circle 

monochromated Aluminum Kα (with X-ray energy levels of 1486.6 eV) X-ray source. This 

provides very good energy resolution so that specific electron binding energies are distinct enough 

to be observable along a spectrum. To ensure this resolution and the accompanying sensitivity are 

maintained, a 165 mm mean radius hemispherical analyzer is used. Also equipped within the 

machine is a spherical mirror analyzer and 2D delay-line detector which allows for fast parallel 

imaging; this setup is what provides the resulting high spatial resolution images. The detection 

limit of this technique with this machine is also in the range of 10000 to 100 ppm for all elements 

contained within the samples. This detection limit is common for most machines designed to 

collect X-ray photoelectron spectra (Oswald 2013, Powell 2014). The elements I specifically 

examined for were again carbon, oxygen, calcium, magnesium, silicon, and nitrogen. This was 

done by collecting spectral data from a binding energy level no higher than 1200 eV. To examine 

carbon in greater detail, the binding energy range was specifically narrow to a range of 300 eV to 

277 eV. Most carbon compounds found in geological samples (such as those in this thesis) will 

produce a spectral signal in this range (Purvis et al. 2019). They include organic compounds that 

have unique bonding structures such as carbon-carbon, carbon-oxygen, and carbon-oxygen-metal 
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(where the metal is a cation like calcium or magnesium). These bonding structures will produce 

their own signal in this range that contributes to the total signal of carbon. 

 

Figure 5.3: The XPS machine setup in the SSSC.  

5.5 Microscopy by Electron Microprobe or Scanning Electron Microscopy 

 The purpose of these techniques was to obtain a high resolution image of the thin section 

surface of a particular microfossil or stromatolite layer (Wacey 2009, Wacey et al. 2017). In 2018, 

a JEOL 8600 electron microprobe in the Department of Geological Sciences at the University of 

Saskatchewan was used to conduct back-scatter electron (BSE) imaging on Kipalu thin sections 

prepared from 2018 field season hand samples. A Tungsten filament cathode is used as the electron 

source, a chamber with a series of electromagnetic lenses, a sample chamber with attached light 

microscope, and both X-ray and electron detectors are situated around the sample chamber. The 

electron source and series of electromagnetic lenses are situated together in a vertical electron-

beam column, with this column positioned on top of the sample chamber. The sample chamber 

has a sample entry vacuum lock to ensure all analyses are performed under vacuum conditions 

with no interference from gaseous molecules (i.e., air molecules). The attached light microscope 
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allows the sample to be observed while under these vacuum conditions. The X-ray and electron 

detectors collect the necessary data for the chemical analyses and imaging methods, with the latter 

collecting backscattered electrons to produce the topographic and composition images. The former 

collects X-rays generated by the interaction of electrons to quantify spectrally (either through 

wavelength or energy) what the composition is of a particular spot on the sample surface. The 

spatial scale for both techniques is approximately one micron in diameter. 

In 2020, a Hitachi SU8010 field emission scanning electron microscope (SEM) at the 

Western College of Veterinary Medicine at the University of Saskatchewan was used to produce 

BSE and secondary electron (SE) images of several 2018 and 2019 field season thin sections. This 

machine is a semi-in-lens, cold field emission SEM that can image the surface of thin sections at 

ultra-high resolution. It is setup in similar fashion to the electron microprobe, with the primary 

difference being the different electron source (Tungsten filament compared to cold field emission). 

It has two magnification modes, high and low. High magnification ranges from 100X up to 

800,000X. Low magnification ranges from 20X up to 2000X. For both modes, the accelerating 

voltage can be varied between 0.5kV and 30kV. Also equipped as part of the setup is a BSE 

detector, which was used to image the samples.  
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Chapter 6. Results 

 The results of this research include analytical datasets and field observations. Field work 

was conducted during the 2018 and 2019 field seasons and included sample collection in the 

context of the measured of stratigraphic sections. Analytical datasets were obtained over the 2018-

2019 and 2019-2020 academic years and include petrography, Raman spectroscopy data, XPS 

data, and BSE/SE images. The petrography results consist of the light microscopy thin section 

analyses completed on all the samples from the 2018 and 2019 field seasons which had prepared 

thin sections made. Raman spectroscopy of thin sections of the 2018 field samples includes the 

spectra range of the spot scan(s) as well as the image of the scanned area to show the context of 

the spectra. XPS data includes the binding energy range of the spot scan as well as the image of 

the scanned area like with the Raman spectra. As with Raman, only select prepared thin sections 

from the 2018 field season were analyzed. The images from SEM and electron microprobe consists 

of back-scattered electron (BSE) and secondary electron (SE) scans of select prepared thin sections 

from both field seasons. 

6.1 Stratigraphic Sections 

New sections were measured from the following locations during the two field seasons: 

North Churchill Sound, Haig Inlet, Kipalu Inlet, Mavor Island, and Quorik Bay (see Figure 5.1). 

As stated in Chapter 5, any samples collected out of the context of a section were put back into 

some stratigraphic context by integrating their corresponding GPS data with pre-existing sections 

from the literature. This was done for the sample locations of Katuk and northeast of Sanikiluaq 

airport, where Hofmann had measured stratigraphic sections previously (Hofmann 1976). The 

most relevant sections are included in this chapter sub-section, with the remaining sections in 

Appendix B. 
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Figure 6.1: Redrafted section of Hofmann’s Katuk stratigraphic section (Hofmann 1976). Samples 

collected during 2019 field season are indicated by a blue star. 19CAPZ014 was collected at 

approximately 230m whereas the rest of the samples were collected at roughly 350m ±10m. 
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Figure 6.2: Redrafted section of Hofmann’s West Sanikiluaq stratigraphic section (Hofmann 

1976). Samples collected during 2019 field season are indicated by a blue star. All samples were 

collected at approximately 280m ±10m. 
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Figure 6.3: Section MI-BM19-04 from North Mavor Island. Samples collected during 2019 field 

season are indicated by a blue star. For two sample locations, marked by red and green double 

stars, multiple samples were collected at approximately the same stratigraphic position (±5m). 
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Figure 6.4: Section CS-BM19-01 from North Churchill Sound. Samples collected during 2019 

field season are indicated by a blue star. For all but two sample locations (19CAPZ026 and 

19CAPZ027), the approximate stratigraphic position was 600m ±5m. Samples collected at the 

same stratigraphic position are indicated by a blue double star at approximately 605m. 
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Figure 6.5: Section KIPALU-2018-1 from East of Katuk. Samples collected during 2018 field 

season are indicated by a blue star. For two sample locations, marked by blue double stars, multiple 

samples were collected at approximately the same stratigraphic position. 
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6.2 Petrography 

 The mineralogical features of the Belcher Group rock thin sections were assessed for any 

potential microfossils. Specifically, the thin sections were evaluated for distinct microfossil 

morphological structures (either degraded or unchanged) as seen previously in Hofmann’s thin 

sections (housed in GSC archives). Observing these structures or any similar morphological forms 

from either the Bitter Springs or Gunflint Microbiota assemblages would be major pieces of 

evidence supporting the confirmation of biogenicity. In addition to assessing the thin sections for 

microbiota, an evaluation of each thin section’s mineralogy was completed, and a rock name 

(based on the Folk carbonate rock classification system) was assigned. Morphology information 

from this dataset represents important evidence for confirming the biogenicity of the BGM. The 

most relevant thin section descriptions are included in this chapter sub-section, with the remaining 

thin section descriptions located in Appendix C. 
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Sample Number: 18CAPB004B Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Stromatolite bed with minor chert replacement 

(more than 18CAPB004A); partially dolomitized 

with minor sulfide minerals and organic matter 

grains scattered through laminae of stromatolite 

 

Colour:  

- Light brown overall; stromatolite bed and 

weathered surfaces appear darker brown to grey 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite 

layers; largest about 1 cm thick 

Texture: 

- Grain size: fine grained sand to clay 

- Sorting: well sorted, moderate in some spots 

- Roundness: angular to subrounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting):  

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Some rhombs, mostly fine-grained crystals; 50-

300µm; non-ferroan; 35% of total rock 

Porosity: 

- Vug (filled) → <1% of total rock; 100-400µm 

- Interparticle (filled) → <1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 45% of 

total rock 

- Some sulfides (pyrite) → 50-125 µm; <1% of total 

rock 

Rock Name (Folk Classification): stromatolitic cherty 

dolomicrite 

Field of View: 5mm in PPL 

 

Figure 6.6: Thin section description for 18CAPB004B. 



 
 

67 

 

 

Sample Number: 18CAPB005A 
Geological Unit: LOWER 

MCLEARY 

Description based on hand sample and thin section: 

- Stromatolite bed with rough hemispheroidal structures; 

partially dolomitized with minor sulfide and organic 

matter grains scattered in laminae of stromatolite and 

in dolomitized areas 

 

Colour:  

- Light brown overall with weathered surface appearing 

reddish pink; stromatolite structures are light grey to 

green-grey 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite layers; 

largest about 2 cm thick; morphology is non-branching 

columnar form  

Texture: 

- Grain size: coarse grained sand to silt 

- Sorting: moderately sorted, poor in some spots 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs, large planar crystals, and fine-

grained crystals; larger crystals occur after fine-grained 

crystals; 50-200µm for fine-grained crystals; 250µm to 

1mm for large crystals; non-ferroan; 75% of total rock 

Porosity: 

- Fracture (filled) → 5% of total rock; 0.5-1mm 

- Vug (filled) → <1% of total rock; 300µm to 1mm 

- Interparticle (filled) → <1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Some sulfides (pyrite) → 50-150 µm; <1% of total 

rock 

Rock Name (Folk Classification): stromatolitic dolomicrite Field of View: 5mm in PPL 

 

Figure 6.7: Thin section description for 18CAPB005A. 
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Sample Number: 18CAPB19 
Geological Unit: MIDDLE 

MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert and 

stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert appears 

black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest layer 

is about 1cm; column morphology present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 60% of 

total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite  

Field of View: 5mm in PPL 

 

Figure 6.8: Thin section description for 18CAPB19. 
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Sample Number: 18CAPB23 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 65% 

of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Figure 6.9: Thin section description for 18CAPB23. 
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Sample Number: 18CAPB036 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Granular Iron formation with well developed mm to 

micron sized spherules (or oncoids); minor quartz 

and iron carbonate (siderite) throughout 

 

 

Colour:  

- Dark grey to red colour in hand sample; mix of light 

grey (matrix) to yellow and dark brown (spherules) 

under reflected light 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Spherules (possibly oncoids) of mainly iron 

minerals (haematite, magnetite, and siderite); cores 

of spherules sometimes contain non-iron carbonate 

structures that appear like pieces of algal 

mats/stromatolites; 68% of total rock. 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Possible oncoids mixed in with spherules 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Oncoidal Granular Iron Formation Field of View: 5mm (Top-PPL; Bottom-

RL)  
 

Figure 6.10: Thin section description for 18CAPB036. 
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Sample Number: 19CAPZ015 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with chert replacement; 

isolated occurrences of dark organic matter in chert 

and stromatolite layers; mound shape seen in hand 

sample and thin section 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers and mound shape on cm to mm 

scale; thickest layer is about 2 mm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 25% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-grained 

crystals; larger occur after fine-grained; 50µm to 

0.5mm; non-ferroan; 20% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 40% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Figure 6.11: Thin section description for 19CAPZ015. 
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Sample Number: 19CAPZ022 Geological Unit: KASEGALIK 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with chert replacement; 

isolated occurrences of dark organic matter in 

chert and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers on cm to mm scale; thickest 

layer is about 0.5 cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 25% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-

grained crystals; larger occur after fine-grained; 

50µm to 0.5mm; non-ferroan; 20% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 40% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Figure 6.12: Thin section description for 19CAPZ022. 
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Sample Number: 19CAPZ032 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement and pseudofossils preserved; isolated 

dark organic matter in chert and stromatolite layers; 

domal shape in hand sample 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers and domal shape on cm to mm 

scale; thickest layer is about 2 cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 20% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-grained 

crystals; larger occur after fine-grained; 50µm to 

0.5mm; non-ferroan; 25% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 40% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Figure 6.13: Thin section description for 19CAPZ032. 
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 The main observations from conducting the petrography of my Belcher Group samples are 

focused around establishing the broad dolomitic lithofacies represented by the samples. Through 

my observations, there were three lithofacies established: dolomicrite, stromatolitic dolomicrite, 

and cherty stromatolitic dolomicrite. For most samples, there was a small percentage of isolated 

organic matter grains preserved within, but none were associated with any greater structures. 

Stromatolitic dolomicrite samples were composed of a relatively smaller portion of dolomicrite 

compared to the previous dolomicrite lithofacies, but most samples still had over two thirds of 

dolomite as part of their composition. The key difference this lithofacies has compared to the 

dolomicrite samples is the preservation of stromatolitic structures. These structures contained 

significant organic matter grains in some samples, with preservation occurring either at layer 

boundaries or within the layers of the structures. Isolated organic matter grains also occurred 

outside of the structures within the surrounding massive dolomicrite. Cherty stromatolitic 

dolomicrite samples represent the third and final lithofacies observed, with their composition 

having the smallest proportion of dolomite, relative to the other two lithofacies. In addition to 

having stromatolitic structures preserved, these samples have a variable amount of chert occurring 

both within and around the stromatolitic structures. In several samples the chert preserves the 

original structure of the stromatolite. The chert occurs mainly as the result of diagenetic processes 

but also occurs as a cement between crystals of dolomite. Preserved within the chert are variably 

sized clumps of organic matter as well as pseudofossils in one sample. The organic matter also 

occurs as isolated grains as it did in the other two lithofacies. Regarding the Kipalu samples, there 

were also three lithofacies observed: granular iron formation or GIF, jasper, and siltstone. GIF 

samples were composed of iron spherules, unassociated iron minerals (i.e., crystals of hematite 

and siderite outside of the spherules), and minor amounts of quartz, micrite, and dolomite. The 

iron spherules themselves were composed mainly of hematite and siderite in their darker layers 

with quartz occurring in between these layers. Jasper samples were dominantly composed of 

microgranular quartz, with hematite and siderite also occurring and acting as impurities among the 

quartz crystals. Siltstone samples were composed of primarily siderite and quartz whose average 

grain size fell into the silt size range. 

6.3 Raman Spectroscopy 

 From the petrography, 13 of the 57 prepared thin sections were selected for Raman 

spectroscopic analysis. All the selected thin sections were from samples collected during the 2018 



 
 

75 

 

field season. Seven of the selected thin sections were from the McLeary Formation, while the 

remaining six were from the Kipalu Formation. For the Kipalu thin sections, both iron spherules 

(found within the GIF rocks) and organic matter were examined in each thin section to observe if 

there was a spectral difference between the two groups. For the iron spherules specifically, the 

examination was conducted from the outer spherule moving inwards towards the core of the 

spherule. The reasoning behind the selection of these thin sections was twofold. They were to be 

assessed by Raman spectroscopy for any putative biogenic features while also being used to assess 

the Raman spectroscopy technique on its potential for detecting biogenic features. The thin 

sections were determined from petrography to have substantial organic matter present and possibly 

contained potential biogenic structures. Regarding the specific biogenic features sought after, the 

Raman spectral scans would ideally show the presence of the characteristic D-G dual peaks of 

carbon at around 1200 cm-1 to 1800 cm-1 in Raman shift (Henry et al. 2019a). This carbon signal 

would be indicative of both inorganic and organic carbon, with the former reflecting carbonate 

minerals (i.e., dolomite) and the latter reflecting the presence of organic matter. The relative shape 

of the curve in this Raman shift range would also be expected to reflect the maturity of the organic 

matter from which the organic carbon is derived (Schopf et al. 2005). Broader peaks would indicate 

the organic matter is immature while sharp peaks would indicate a more mature state (Henry et al. 

2019b). While epoxy/background measurements were not able to be recorded, they were assumed 

to be similar to what has been measured in other geological samples (Groppo et al. 2006, Kudin et 

al. 2008), and were assumed to be masked by the larger amplitude of the other signals present (i.e., 

dolomite, GIF, and organic matter). The following plots detail the Raman spectra signature from 

the selected 2018 samples as well as the area targeted for the spot scan. The remaining Raman 

spectra analyses are in Appendix D. 
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Figure 6.14: Raman spectra for 18CAPB005A showing the results of spot scan 1 at 50X magnification. Inserted picture is of spot scan 

1 area, with darker organic matter grains surrounded by lighter dolomite crystals. Point of measurement includes central organic matter 

grain and part of the dolomite left-adjacent to it. A) Characteristic peak at 1100 cm-1. B) Broad peak between 2600 cm-1 and 3100 cm-1. 

Abbreviations: DOL – dolomite, OM – organic matter.  
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Figure 6.15: Raman spectra for 18CAPB021B3 showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area, with darker organic matter grains surrounded by lighter dolomite crystals. Point of measurement includes the central Z-shaped 

organic matter grain (circled) and both the dolomite and smaller organic matter grains adjacent to it. A) Characteristic dual peak between 

1200 cm-1 and 1800 cm-1. Abbreviations: DOL – dolomite, OM – organic matter.  
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Figure 6.16: Raman spectra for 18CAPB036 showing the results of spot scan 7 at 20X magnification. Inserted picture is of spot scan 7 

area. Point of measurement includes only the inner core of the spherule and part of the darker layer surrounding it. A) Strong 

characteristic dual peak between 1200 cm-1 and 1800 cm-1. Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  

-1000

0

1000

2000

3000

4000

5000

100 600 1100 1600 2100 2600 3100

In
te

n
si

ty
 (

C
o

u
n

ts
)

Raman Shift (cm-1)

18CAPB036 20X Objective Spot Scan 7 Adjusted

A 



 
 

79 

 

 The main observations from Raman spectroscopy are focused on if there is a prominent 

dual carbon peak in Raman shift present in the Belcher Group samples. The above three figures 

show the typical signals observed across all samples that were examined using Raman 

spectroscopy. Figures 6.14 and 6.15 are representative of the dolomite lithologies while Figure 

6.16 represents the GIF lithology of the Kipalu Formation. Figure 6.14 shows a prominent peak at 

1100 cm-1 with a second, broader peak occurring between 2600 cm-1 and 3100 cm-1. This was the 

typical observed signal for most of the scanned areas of organic matter in the dolomite samples; 

this was the case if there was not a dual carbon peak detected in the expected Raman shift range. 

Figure 6.15 shows the sought-after dual carbon peak in the characteristic expected range of 1200 

cm-1 to 1800 cm-1 along with the same 1100 cm-1 peak. In most of the scanned areas of organic 

matter, the first carbon peak (the D-band) is broader than the second carbon peak (the G-band). 

The broad peak between 2600 cm-1 and 3100 cm-1 is not as noticeable in this signal, with its 

amplitude heavily diminished. Figure 6.16 shows the dual carbon peak very prominently and gives 

the impression that it is the only apparent signal within the core of an iron spherule in sample 

18CAPB036. As seen with the dolomite samples, the first peak of the dual carbon peaks appears 

broader than the second peak, with both peaks occurring over roughly the 1200 cm-1 to 1800 cm-1 

range. Shifting of this range was observed in some samples but the dual peak curve remained 

intact. This is observed for the other Kipalu Formation samples where the dual carbon peak is a 

resolvable feature in the spectra. Outside of the iron spherules, the dual carbon peaks are also 

observed in areas where there was organic matter present, but typically with a diminished signal 

amplitude and variable curve shape. In some samples, the broad peak between 2600 cm-1 and 3100 

cm-1 is observed as well. It occurred both with and without the prior dual carbon peak present over 

its expected range. 

6.4 X-ray Photoelectron Spectroscopy 

 From the Raman spectroscopy analyses, the most promising thin section samples were 

selected to undergo XPS analyses. The six chosen samples were either one of two general types: 

dolomicrite or iron formation. Their selection was based on the presence of purported organic 

matter within the sample, with the structures containing the purported organic matter being 

targeted area for the XPS analysis. Specifically, the XPS spectra of this area within the selected 

samples would ideally show a strong binding energy peak for organic carbon bonding; this type of 

bonding is expected in organic matter regardless of its maturity (Arnarson and Keil 2001). In 
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general, organic matter has specific bonds of carbon and oxygen that in turn have specific XPS 

signals. The carbon peak would ideally be observable in both sample types. The peak of carbon is 

composed of several peaks over a range of binding energy values, with the region generally 

occurring from 290 eV to 280 eV (Shchukarev and Korolkov 2004, Velasco et al. 2019). The peak 

with the greatest amplitude generally occurs at a binding energy of approximately 284 eV ± 1 eV, 

and is the peak primarily associated with a single carbon-carbon bond. The peaks that occur behind 

this peak (i.e., at a higher binding energy) are typically lower in amplitude and wider than the peak 

at 284 eV. These trailing peaks are representative of the other bonding possibilities in organic 

matter and constructively build upon each other to form a single composite trailing peak (Salama 

et al. 2015, Velasco et al. 2019). The bonding possibilities include single bonded carbon-oxygen, 

double bonded carbon-oxygen, and single to double bonded carbon-oxygen-metal (i.e., a carbonate 

with a metal like calcium, magnesium, or iron). Single bonded carbon-oxygen has an expected 

binding energy of approximately 286 eV, while double bonded carbon-oxygen has a value of 

approximately 288 eV. Single to double bonded carbon-oxygen-metal binding energies typically 

can vary, but typically peak around 289 eV (Shchukarev and Korolkov 2004). The following plots 

detail the XPS signature from a select number of 18CAPB samples. The remaining XPS spectra 

analyses are in Appendix E. 

 



 
 

81 

 

 

 

Figure 6.17: XPS spectra for 18CAPB021B3 showing the targeted carbon results of spot scan 1. Scale units of scanned area photo are 

microns with magnification at 5X. The peak with the greatest amplitude occurs between 282 eV and 283 eV while the trailing peak 

occurs between 287 eV and 288 eV. Point of measurement includes dark organic matter and surrounding dolomite crystals. 

Abbreviations: DOL – dolomite, OM – organic matter. 
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Figure 6.18: XPS spectra for 18CAPB021B3 showing the wider results of spot scan 1. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure 6.17. The largest peak belongs to oxygen at approximately 

533 eV, with smaller peaks belonging to elements like calcium, magnesium, and silicon all occurring at lower binding energies. A) 

Relative position and amplitude of the carbon peak from Figure 6.17. Abbreviations: DOL – dolomite, OM – organic matter.  
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Figure 6.19: XPS spectra for 18CAPB036 showing the targeted carbon results of spot scan 1. Scale units of scanned area photo are 

microns with magnification at 5X. The peak with the greatest amplitude occurs between 282 eV and 283 eV while the trailing peak 

occurs between 284 eV and 287 eV. Point of measurement is core of centrally positioned iron spherule from iron formation sample. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure 6.20: XPS spectra for 18CAPB036 showing the wider results of spot scan 1. Scale units of scanned area photo are microns with 

magnification at 5X. The point of measurement is same as in Figure 6.19. The largest peak belongs to carbon at approximately 282 eV, 

with smaller peaks belonging to oxygen, nitrogen, and silicon all occurring at various binding energies before and after the carbon peak. 

A) Relative position and amplitude of the carbon peak from Figure 6.19. Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz. 
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 The main observations from XPS are focused on the carbon peaks found in both the 

dolomicrite and iron formation samples. Figures 6.17 through 6.20 represent the typical signals 

seen through all the XPS analyses of the two sample types. Figures 6.17 and 6.18 show not only 

the carbon peaks for the dolomicrite sample, but also the prominent peaks for calcium and 

magnesium, which are characteristic of the dolomite present. Figures 6.19 and 6.20 show the peaks 

related to the core of an iron spherule from the iron formation samples, with a very prominent 

carbon signal peak being the most notable feature. This carbon signature represents only the carbon 

found in other, non-carbonate sources, such as organic carbon, and is made of several peaks of 

varying amplitude which constructively build on one another. The carbon peaks from both sample 

types are found within the binding energy range of 288 eV to 280 eV. In both the dolomicrite and 

iron formation samples, the more prominent peak occurs at about 282 eV. In the dolomicrite 

samples, the less prominent peak occurs at about 287.5 eV, while in the iron formation samples 

the peak occurs at about 285 eV. The peak in the iron formation is obscured by the more prominent 

peak at 282 eV, which has an amplitude approximately five times greater than the peak at 285 eV. 

When comparing the carbon peaks of each sample type to their wider results, the peaks from the 

iron formation samples have a much greater amplitude than the peaks from the dolomicrite samples 

with respect to the other elements detected. In both sample types, oxygen is the next most 

prominent element signal followed by silicon. In the dolomicrite samples, magnesium and calcium 

are the other prominent peaks observed, while only nitrogen is also observable for the iron 

formations samples. 

6.5 Microscopy by Electron Microprobe or Scanning Electron Microscopy 

 Based on the results from the previous methods (petrography, Raman spectroscopy and 

XPS), seven thin sections were selected for further examination using electron microscopy 

techniques to examine the structures that were deemed to be potentially biogenically significant. 

The BSE/SE images would ideally show some type of contrast (either topographic or 

compositional) that would make them a definable feature in the image of the thin section surface. 

The images obtained from the electron microprobe are in Appendix F along with the remaining 

SEM images not included in this section.  
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Figure 6.21: SEM BSE image from 18CAPB036. Spherules within GIF rock. Dark grey area is 

mostly haematite and quartz with some magnetite, while light grey area is siderite with some 

calcite and dolomite. Abbreviations: HEM – hematite, QTZ – quartz. 

  



 
 

87 

 

 

 

Figure 6.22: SEM BSE image from 18CAPB036. Image is red square area from Figure 6.21. 

Dark grey area is mostly haematite and quartz with some magnetite, while light grey area is 

siderite with some calcite and dolomite. Abbreviations: HEM – hematite, SID – siderite, QTZ – 

quartz. 
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Figure 6.23: SEM BSE image from 19CAPZ015. Dark grey area is mostly calcite and dolomite 

with some organic matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – 

dolomite, CHT – chert, OM – organic matter. 
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Figure 6.24: SEM BSE image from 19CAPZ022. Dark grey area is mostly calcite and dolomite 

with some organic matter, while light grey area is quartz (i.e., chert). Abreiviations: DOL – 

dolomite, CHT – chert, OM – organic matter. 
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The main observations from the electron microscopy techniques are focused on what was 

distinguishing about the structures that were already identified to be biogenically significant. For 

the iron formation samples that contained iron spherules, they displayed a distinct compositional 

contrast between the layers of the spherules. Within these layers of the spherules, non-carbonate 

minerals such as quartz and hematite displayed a dark grey colour while carbonate minerals such 

as siderite and dolomite displayed a lighter grey to off-white colour. Figures 6.21 and 6.22 show 

this contrast as well as the mineralogical structure for a thin section from sample 18CAPB036, 

which contained the best-preserved spherules out of all the iron formation samples. For the 

dolomicrite samples that contained organic matter remains (which were often associated with chert 

replacement), those samples displayed significantly less contrast than what was seen in the iron 

formation samples. There was still a compositional contrast present, but it was a contrast between 

closely similar shades of grey, with the chert (quartz and/or chalcedony) being a lighter shade of 

grey compared to the darker grey colour of the carbonate minerals such as dolomite and calcite. 

Figures 6.23 and 6.24 show this for thin sections from samples 19CAPZ015 and 19CAPZ022 (also 

see Figure 7.2 in Chapter 7.1.4).  
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Chapter 7. Discussion 

 The BGM refers to all microbiota with spherical, ellipsoidal, and filamentous morphologies 

from the Belcher Group. The consensus from previous work is that the BGM represent a 

community of microbial organisms living within ~2.0 to 1.85 Ga tidal flat environments. Found 

within the various stromatolite-bearing units of the Belcher Group, both within stromatolites and 

within mat structures, the BGM is thought to represent photosynthetic bacteria (Hofmann 1976). 

Hofmann initially described the BGM as benthic prokaryotic organisms with potentially 24 distinct 

member taxa (Hofmann 1976). Due to degradation and the effects of diagenesis, Hofmann deduced 

that the 24 members are more likely representative of only 10 different taxa. Specifically, Hofmann 

placed nearly the entire BGM under the defunct Kingdom Monera into either the defunct Phylum 

Schizomycophyta or the defunct Phylum Cyanophyta (Hofmann 1976). Schizomycophyta is now 

the Domain Bacteria, while Cyanophyta is now Phylum Cyanobacteria which falls under the 

Domain Bacteria (Stanier 1977, Woese and Fox 1977). From these higher order taxa levels, 

Hofmann further divided the BGM into four Class taxa levels before further dividing those Classes 

into the lower levels of Order, Family, and Genus (Hofmann 1976). The only group of the BGM 

not included under Kingdom Monera was the Group Acritarcha, or the Acritarchs. According to 

Hofmann, this group did not display enough morphological consistency to allow for them to be 

classified under Kingdom Monera (Hofmann 1976).  

From contemporary studies around the time Hofmann published his initial descriptions, the 

BGM taxa were thought to exist at the same time as other prominent microbial communities, 

including the Gunflint Microbiota and the Bitter Springs Group, but later geochronology showed 

that the Bitter Springs Group occurred greater than one billion years after the BGM (Schopf 1968, 

Hofmann 1976, Awramik and Barghoorn 1977). The coeval Gunflint Microbiota represents a 

distinct assemblage of prokaryotic organisms preserved in black chert within the ~1.88 Ga Gunflint 

Iron Formation (Awramik and Barghoorn 1977). Similar to the preservation observed in the 

Belcher Group, the microbiota-containing chert is associated with stromatolites as a replacement 

texture, or as thinly bedded to laminated layers (Awramik and Barghoorn 1977). The Bitter Springs 

Group is host to a microbial assemblage nearly identical to the BGM, sharing similar environments 

and having general rock types very similar to what is seen in the Belcher Group, but different ages 

(Schopf 1968). By comparing the BGM with other biota, Hofmann was able to assert their 

biogenicity as prokaryotic organisms, specifically as photosynthetic bacteria. However, the 
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evidence for this assertion has never been examined by the analytical methods presented in this 

thesis. The following section examines the morphological evidence determined previously by 

Hofmann (Hofmann and Jackson 1969, 1987, Hofmann 1975, 1976, 1977) in the context of 

examining the new data from this thesis. Following that, the biogenicity of the BGM is addressed 

from a new perspective. The chapter concludes by looking at the greater context of the BGM with 

its re-evaluated biogenicity and the implications this re-evaluation has for how the BGM is 

interpreted. 

7.1 New Data for Biogenicity in the Belcher Group 

 The supporting evidence for confirming the biogenicity of the BGM discussed here 

revolves around the petrography and analytical results of this thesis. Interpretations of the 

analytical data (i.e., Raman, XPS, and SEM) are discussed regarding the chemical nature of the 

observed organic matter and mineralogy and what each technique says about biogenicity. 

7.1.1 New Data from Petrography 

Petrography conducted as part of this thesis served as an updated look at the rocks of the 

Belcher Group. Historically, petrography has been the basis for their purported biogenicity (e.g., 

Hofmann 1976). Petrography reveals clumps of organic matter (either isolated or as layers) that 

are found in stromatolite structures or in chert occurrences (nodules or replacement layers). 

Excluding the pseudofossils found in 19CAPZ032, the only microfossil structures discovered in 

this thesis that were like what Hofmann described were found in 18CAP19 (Table 7.1). The 

similarities and differences between Hofmann’s discoveries and new samples examined in this 

thesis are shown in Figure 7.1. Hofmann’s microbiota discoveries were difficult to replicate with 

new samples, even though many of them were collected from the same areas, as well as elsewhere 

from outcrops of similar stratigraphic horizons. Using 18CAPB19 as an example, there were four 

distinct levels (or grades) of degradation observed in the newly collected samples that contained 

organic matter remains, with most of the observed remains being poor to unrecognizable in grade 

(Table 7.1). The fair to poor grades show significant degradation, where structures such as cell 

walls are destroyed. The good to fair grades represent cases where degradation is less apparent, 

with only minor amounts of deformation visible and structures like cell walls being mostly intact. 

Except for the microfossils found in 18CAPB19, the petrographic results in this thesis only 
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conclusively show biogenic structures such as distinctive stromatolite layering being abundant 

within the McLeary and Kasegalik formations.  

Hofmann was able to successfully discern identifiable microstructures through his own 

investigations of these formations (Hofmann 1976, Butterfield 2015). He described the carbonate 

units from the Kasegalik and McLeary formations as stromatolitic dolostones (Hofmann 1976). In 

re-examining both formations, these carbonate units were described primarily as dolomicrite. The 

other rock types observed through the petrographic analyses were derivatives of dolomicrite, often 

having additional qualitative features such as stromatolitic or chert-bearing, or were overprinted 

by a later dolomite. In some thin sections such as 18CAPB014B, all three features were present in 

roughly equal proportions. Where those stromatolite structures underwent dolomitization 

however, the sub-structures (i.e., the layers and interlayers of the stromatolite) and organic matter 

remains present within the layering were distorted through degradation, and therefore lost their 

ability to be interpreted in any detailed way. The most common feature of this dolomitization 

process was a few isolated to layered colonial clumps of dark, amorphous organic matter within 

or at the top of the stromatolite structures (Figure 6.8). The same feature was also observed in chert 

nodules and replacement layers, the latter of which were associated with the stromatolites. These 

clumps of organic matter were most likely definable microbial structures before being distorted 

through degradation. This is similar to the conclusions reached by Hofmann (Hofmann 1974, 

1976). Together, the presence of distinct stromatolite layering, clumps of organic matter, and the 

general similarity to what was previously discovered by Hofmann suggest that the Belcher Group 

rocks display biogenicity. 
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Table 7.1: Taphonomy and Preservation Quality Grade Table. Using thin section 18CAPB19 as the type-sample for all other 

samples, the general degradation of organic matter remains (i.e., potential BGM members) are shown over a grade range. Most are poor 

to unrecognizable, with only a small percentage of structures being fair to good. 

Grade Description 
% of total found in 

thesis samples 
Example 

Good 

• Barely deformed. 

• Cell walls intact. 

• Very little degradation 

apparent. 

*For the red circled area* 

1% 

 



 
 

95 

 

Fair 

• Slightly to moderately 

deformed. 

• Cell walls mostly intact. 

• Small amount of 

degradation effects. 

*For the red circled area* 

4% 
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Poor 

• Moderately deformed and 

slightly altered. 

• Cell walls barely intact. 

• Moderate amount of 

degradation effects. 

*For the general area 

outside of the red circled 

area* 

25% 
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Unrecognizable 

• Very deformed and 

moderately to highly 

altered. 

• Cells walls not distinct or 

are not apparent at all. 

• High amount of 

degradation effects. 

 

70% 
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Figure 7.1: Example of organic matter found in this thesis (Right column) compared to the organic 

matter from Hofmann’s original thin sections (Left column). Hofmann thin sections were re-

imaged during this thesis to give updated view of them. All samples field of view is 0.5 mm. A) 

GSC 43590 B) 18CAPB19 C) GSC 43590 D) 18CAPB019A E) GSC 42770 F) 19CAPZ006-1B 
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7.1.2 New Data from Raman Spectroscopy 

 New data from Raman spectroscopy represents strong evidence that supports the 

biogenicity of the BGM. Figure 6.14 shows a prominent peak at 1100 cm-1 which is characteristic 

of dolomite, but it also has a second, broader peak between 2600 cm-1 and 3100 cm-1, which is 

representative of the second-order region of the dual carbon peak (Henry et al. 2019b). The 

presence of this peak is important in that it confirms the material being assessed is organic matter, 

even if the typical dual peak in the characteristic expected range of 1200 cm-1 to 1800 cm-1 is not 

present. While the typical dual peak was present in most cases where purported organic matter was 

analyzed (as in Figure 6.15), observing both peak ranges made determining the approximate 

maturity of the organic matter relatively straightforward. Across the samples analyzed in this 

thesis, the organic matter displayed relative immaturity in both the dolomicrite and GIF thin 

sections. While there is limited previous Raman spectroscopy data from the Belcher Group 

(Schopf et al. 2005), the relative immaturity of the organic matter, combined with its strong dual 

peak signature, suggests that the Raman analyses in this thesis are solid evidence for confirming 

biogenicity. Recent studies from northeast China have focused on confirming biogenicity of 

purported microfossils in the Wumishan, Doushantuo, and Tuanshanzi formations by Raman 

analysis (Qu et al. 2015, 2017, 2018). The preservation of these microfossils is similar to what is 

seen in the Belcher Group; they also share similar depositional environments. Raman spectroscopy 

was used to investigate the ultrastructure and chemical characteristics of organic matter found in 

the Wumishan Formation. The Wumishan Formation (~1485 Ma) was chosen because it contains 

stromatolites with non-cellular organic matter, which were ideal for testing the applicability of 

Raman at detecting biosignatures from samples with poor microfossil preservation (Qu et al. 

2015). The results from the study indicate the organic matter has heterogeneities in its 

ultrastructure that were from cellular-grade variations (Qu et al. 2015). This reflects previous 

chemical composition heterogeneities in the cells of the precursor carbon-based organisms (Qu et 

al. 2015). In the well-known formation Ediacaran Doushantuo Formation, Raman spectroscopy 

was also used to analyze organic matter. The Doushantuo Formation hosts an assemblage of 

exceptionally preserved microfossils, some within chert nodules (Qu et al. 2017) like in the 

Belcher Group. The role of Raman here was to investigate any heterogeneities in the chemical 

composition and ultrastructure of the preserved organic matter (Qu et al. 2017). As with the 

Wumishan Formation, heterogeneities were found and pointed to the organic matter being derived 
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from a diverse microbial system that included eukaryotic organisms (Qu et al. 2017). This was 

further supported by infrared and isotopic datasets (Qu et al. 2017). The final formation, the 

Tuanshanzi, involved Raman spectroscopy in its study by using it in the analysis of organic matter 

found in carbonaceous compressions. The Tuanshanzi Formation is approximately 1630 Ma and 

hosts some putative microfossils with macroscopic morphologies in addition to the carbonaceous 

compressions (Qu et al. 2018). Raman was involved in the study of the compressions as a way to 

complement the study of the macroscopic morphology of the putative microfossils, which were 

lacking any substantial microscopic evidence of internal structures (Qu et al. 2018). The results of 

analyzing the compressions yielded more ultrastructure variations as discovered in the previous 

two studies (Qu et al. 2018). These variations indicated a collection of subcellular compounds that 

were consistent with multicellular, eukaryotic organisms; this was again backed up by infrared and 

isotopic analyses that pointed to the same conclusion (Qu et al. 2018). These studies, along with 

the new Raman results presented here, suggest that the organic matter found within stromatolite 

structures and in chert occurrences in the Belcher Group show relative immaturity and have a 

strong dual peak signature. This can inform us on biogenicity as well as the potential chemical 

composition of the microbiota. For the potential chemical composition, it can be inferred from 

what constitutes the immature organic matter (i.e., what remains of the microbiota), specifically 

the carbon compounds that are presumably responsible for the dual peak signature seen in the 

Raman results here. These probable compounds would most likely include carbon-oxygen bonding 

chains and only a minor amount of graphite due to the relative immaturity of the organic matter. 

The relative amount of graphite can be inferred from the shape of the dual peak signature in the 

same manner as the maturity level of the organic matter. 

7.1.3 New Data from X-Ray Photoelectron Spectroscopy 

 New data from XPS also provides solid supporting evidence of biogenicity and acts as a 

complement to the Raman data. It was difficult to evaluate how effective XPS data was at 

determining biogenicity on its own. Previous studies have utilized XPS as a characterization tool 

typically included as part of a collection of techniques rather than the exclusive method of 

investigation (Arnarson and Keil 2001, Salama et al. 2015, Purvis et al. 2019, Velasco et al. 2019). 

In each case, XPS was used to collect some type of chemical information about organic matter 

with respect to its relationship with another material. This information often came in the form of 

composition, oxidation state, and coordination environment, all of which tell something about the 
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structure and degradation history of the organic matter. Degradation history refers to the 

breakdown of the organic matter from its original structure to its final one. While not typically 

used to assert biogenicity, this information can be used to in conjunction with other data (e.g., 

Raman, petrography, and SEM). From the results of this thesis, the XPS data suggests there are 

multiple bonding groups present within the organic matter remains analyzed. This is the case for 

both dolomicrite and GIF samples. The bonding groups present are most likely single bonded 

carbon-carbon, single bonded carbon-oxygen, double bonded carbon-oxygen, and single to double 

bonded carbon-oxygen-metal. This is based on the combined carbon signal that was detected. The 

single carbon-carbon bond was the likely the dominant signal behind the combined signal, but it 

had a significant trailing signal that occurred at a higher eV value. This trailing signal was likely 

where the signals for single bonded carbon-oxygen, double bonded carbon-oxygen, and single to 

double bonded carbon-oxygen-metal occurred. Under ideal conditions, it would be expected that 

the different bonds would each have their respective spectral peaks at their expected eV values. 

The observed peak values did not exactly match the typical signals, but this can be attributed most 

likely to the level of precision during data collection and the effects of diagenesis and degradation 

on the organic matter. Together with the results from the other analytical techniques, the presence 

of these bonding groups in the examined organic matter suggests that the XPS analyses conducted 

in this thesis are solid evidence for confirming biogenicity. Data from XPS can determine the 

precise chemical species and their structures that are responsible for the observed spectra (Bagus 

et al. 2018, Shard 2020). What this means with respect to biogenicity is that if you compare the 

data to an established organic matter reference (i.e., an established organism such as 

cyanobacteria) and they are consistent, it is very likely that the sample represents something 

biogenic. Further inferences can be made about the exact nature of what is showing the biogenic 

signature if the reference material is known to be from a particular organism. As an example, 

organic matter from prokaryotic organisms will be different from that of eukaryotic organisms 

based on distinct chemical bonding (e.g., carotenoids in prokaryotes vs. sterols in eukaryotes), 

which is observable in XPS (Arnarson and Keil 2001, Bhattacharya et al. 2017). 

 Outside of investigating biogenicity, the new data from XPS also produced an oddity in 

the data collected from the iron formation samples. Outside of carbon and oxygen, nitrogen was 

the other observable peak for the analyzed iron formation samples. Usually for these sample types, 

the s and p orbitals of iron (both Fe+2 and Fe+3) are observable peaks that are indicative of the iron 
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minerals present. They are not present in the new dataset because of the scanning bias used in 

conducting the XPS analyses. The cores of the spherules were examined instead of the surrounding 

rings due to their relevance to investigating biogenicity in the iron formations rocks. While likely 

present to some degree in the cores, the peaks for iron are more likely to appear in the surrounding 

rings where iron minerals were more concentrated. As for the reason why nitrogen is present, it is 

likely related to the biological activity that was likely happening during the development of the 

Kipalu Formation (see Chapter 7.3). Nitrogen has been established as a trace element in other types 

of iron formations (Salama et al. 2015), and in my samples it likely came from the kerogen found 

in the organic matter analyzed. As well, using the assumption that the organisms present were most 

likely photosynthetic bacteria (i.e., some type of cyanobacteria or other oxygenic phototroph), the 

nitrogen could also be indicative of the nitrogen fixation being conducted by said bacteria 

(Konhauser et al. 2017). Both cases point to something biological being present either way. 

7.1.4 New Data from Electron Microprobe and Scanning Electron Microscopy 

 New data from the work done on the electron microprobe and SEM complements the work 

done with transmitted light microscope petrography (Figures 6.21 to 6.24). As with XPS, it was 

difficult to evaluate how effective the electron microscopy data would be at determining 

biogenicity on its own. The lack of definitive microfossils like what Hofmann had discovered 

(except for 18CAPB19) was an unfortunate limitation on evaluating the techniques as a means for 

finding solid evidence confirming biogenicity. However, previous studies have shown electron 

microscopy to be very reliable at confirming biogenicity in some way (Agić et al. 2015, Wacey et 

al. 2017, D’Elia et al. 2017, Purvis et al. 2019). Those studies demonstrated that electron 

microscopy could image structures related to biogenicity that were not easily shown by 

petrographic microscopy. When applied to my samples from the Belcher Group, the technique 

served primarily as a tool for further visualizing any potential structures. For 18CAPB036, the 

internal structure of the iron spherules within the sample were able to be further elaborated on 

while in the 19CAPZ samples the structure of the chert replacement is also expanded upon. 

Overall, it was less effective as a technique to verify biogenicity, though some images partially 

support the biogenicity of the BGM. This is best seen with the images of 18CAPB036 but there is 

some support from the images of the carbonate samples as well (Figure 7.2). The carbonate SEM 

images show that while being somewhat challenging to differentiate detailed structures in these 

rock types, it is indeed possible to the approximate shape of microfossils and stromatolitic layers. 
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For 18CAPB036, it is comparable to certain members of the Gunflint Microbiota due to a shared 

layered spherical morphology and the biogenic connotations attached to them; these connotations 

are addressed later in this chapter (Awramik and Barghoorn 1977, Alleon et al. 2016, Lepot et al. 

2017). From the microbiota-containing samples collected within the Gunflint Formation, the 

layering of the spheroids was found to be made of primarily haematite and siderite (Shapiro and 

Konhauser 2015, Lepot et al. 2017). This is in line with what I observed in 18CAPB036, with my 

observations including potential magnetite found along with haematite and siderite. In conclusion, 

SEM was a technique that produced satisfactory data that became more relevant for asserting 

biogenicity once it was contextualized with other sources of data.  

 

Figure 7.2: SEM images of carbonate-based samples 19CAPZ022 (Left) and 19CAPZ032 (Right). 

The corresponding transmitted light microscopy image for each sample is shown below each SEM 

image. 



 
 

104 

 

7.2 Re-examining Biogenicity of the BGM 

 Moore (1918) was the first to describe what would later be known as the BGM, focusing 

on the Kipalu Formation, as well as what he called “algal concretionary limestones”. Further 

evidence was provided by Hofmann through his work in the 1960s, 1970s, and 1980s (Hofmann 

and Jackson 1969, 1987, Hofmann 1974, 1975, 1976). Other researchers conducted seminal work 

in describing the stratigraphy and depositional environment of the Belcher Group (Ricketts 1979, 

Donaldson and Ricketts 1979, Ricketts and Donaldson 1981, 1989). This previous work is largely 

comprised of field observations and thin section analyses, covering areas such as the stromatolite 

and microbiota morphologies as well as the taphonomy of the BGM. Looking at this collection of 

evidence as a single entity, it is clear there is something biogenic present. This assertion is based 

on the fact there is considerable proof from other localities around the world, in the form of 

indisputable biological structures and biosignatures. These microfossils and chemical remains 

have been verified by both conventional and unconventional means to indeed show signs of 

biogenicity. Even with consideration given to abiotic structures (see Table 2.1), there are very few 

microfossils from these studies that could be potentially dubious (Grotzinger and Rothman 1996, 

Mcloughlin et al. 2010, Wacey et al. 2018). While more recent studies have brought increased 

scrutinization on the BGM and the small likelihood that some of its members represent abiotic 

structures (Horita 2005, D’Elia et al. 2017, Fox and Strasdeit 2017), the addition of my new 

analytical datasets confirm biogenicity. The exception is to watch out for pseudofossils, like the 

ones found here (Figures 6.13 and 7.2). The presence of rare pseudofossils in the Belcher Group 

does not preclude the biogenicity of the BGM. To bridge the gap between biogenic and abiogenic 

structures, the concepts of taphonomy and preservation need to be considered (e.g., (Manning-

Berg and Kah 2017, Manning-Berg et al. 2019)). Just like the Mesoproterozoic Bylot Supergroup 

studied by Manning-Berg, the Paleoproterozoic Belcher Group and the BGM has similar 

preservation challenges caused by certain taphonomic processes (Hofmann 1976). These processes 

are responsible for some BGM species developing degradational variants, which can range from 

being fairly like their original structure to being unrecognizable. This is most obvious with 

Eoentophysalis belcherensis, something Hofmann noted back in his initial description of the taxa 

(Hofmann 1976).  

According to Manning-Berg, preservation of microbiota (like the BGM) through 

diagenetic silicification differentiates mainly between well-preserved and highly degraded end 
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member states, reflecting a dichotomy of preservation timing (Manning-Berg et al. 2019). What 

this means is that the well-preserved microbiota are the result of early silicification of the actively 

growing larger stromatolite structure in which the microbiota reside. By contrast, highly degraded 

microbiota are the result of late silicification when the larger stromatolite structure (and the 

microbial community within) have begun to decompose and breakdown (Manning-Berg et al. 

2019). This is true at least for peritidal marine environments, the environment in which the BGM 

occur. In the case of sample 19CAPZ032, the result of this interplay between taphonomy and 

preservation was an array of pseudofossils surrounded by homogenous organic matter. These 

spherical abiotic structures are interpreted as such due to several reasons, foremost of which is the 

lack of a clear difference in size or taphonomy between adjacent spherules. Any size distribution 

is most likely related to the timing of mineral nucleation for the structures. Additionally, no cell 

wall is present around the central dark spots of the structures. Instead, a clear area is demarcated 

by the homogeneous organic matter that is found surrounding the structures. The consistent 

centralized position of the dark spots between individual structures is very common with mineral 

nucleation on a central point of degraded organic matter. As well, there is no individual 

deformation seen between adjacent structures or indication of any preferential taphonomic 

variation within the structures themselves. These pseudofossils do not display key features that 

Hofmann noted when describing the structures in his thin sections as biogenic, including cell walls, 

cellular colonies, adjoining sized cells, cellular size variability, and differential cellular 

taphonomy. Taphonomic processes such as diagenesis were the likely mechanism behind the 

destruction of any morphological evidence that would have been comparable to Hofmann’s 

observations, leaving only the homogeneous organic matter behind. With the addition of the 

Raman and XPS evidence indicating a strongly preserved signal of relatively immature organic 

matter, the structures indicate that there was something biogenic present even though there are no 

morphological features to show it anymore. This is proof that under the right conditions, chemical 

biogenic signals such as that obtained from Raman and XPS are well preserved despite taphonomic 

processes removing physical biogenic signals (i.e., morphological features).  

Furthermore, these abiotic structures show that extraordinary preservation of the BGM is 

not the universal rule for the formations that the BGM occur within; it is rather the exception. 

Instead, preservation of abiotic features (i.e., the pseudofossils) along with poor-to-unrecognizable 

biotic features like homogeneous organic matter and degraded BGM members is the common case 
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for the BGM-containing formations. As mentioned in Chapter 4, preservation of the BGM is best 

when the chert forms part of an early diagenetic or even syngenetic silicification. This is the source 

of all extraordinary preservation of the BGM. In contrast, the remaining poor-to-unrecognizable 

preservation is the result of late diagenetic silicification, where either the chert crystals were too 

large to capture the microbiota structure, or the structure was already degraded when silicification 

began. The latter situation is what most likely preserves the cases of homogeneous organic matter 

within my samples. To elaborate on this further, more work needs to be done to understand what 

is behind the extraordinary preservation of the BGM. This can be achieved through further 

examination of the distinct BGM morphologies with Raman, XPS, and additional analytical 

techniques. Using a diverse suite of analytical techniques to test for prokaryote and eukaryote 

biosignatures would be the most appropriate direction to take in the future.  

7.3 The Greater Context of the Belcher Group Microbiota 

 In looking at the old and new evidence for biogenicity in the BGM, there are several 

inferences that can be made on the context of the BGM within the Belcher Group. Both 

stromatolites and bacteria are widely known to have existed for ~1.5 billion years by the time the 

Belcher Group was deposited (Javaux and Lepot 2018). Looking at the organic matter remains in 

the stromatolitic dolomicrite samples, the simplest interpretation is that they were the 

cyanobacteria that constituted the ancient stromatolite structures. Surprisingly, these cyanobacteria 

communities were likely very different from most of their modern counterparts, with any 

similarities arising from a combination of biological convergence and extinction (Butterfield 

2015). These photosynthetic organisms would have existed along the top margin of the living 

microbial structure, photosynthesizing, and continuously changing the structure in response to the 

environmental conditions around it (Riding 2011). In conjunction with these photosynthetic 

organisms are the spherules within the GIF samples of the Kipalu Formation. While not necessarily 

representing the morphology of specific microbes, the spherules in the GIF samples instead 

suggest there was potentially microbiota that helped facilitate the deposition of the Kipalu 

Formation (Konhauser et al. 2017). These microbes would have lived on either the slope side of 

the carbonate platform-shelf complex (i.e. stratigraphically above the complex in the case of the 

Belcher Group) or potentially in a restricted basin or protected marine area of some type (Ricketts 

1979, Ricketts and Donaldson 1981, Jackson 2013, Konhauser et al. 2017). The latter 
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interpretation is based on the idea that the Kipalu Formation is somewhat analogous to a lagoon 

environment behind the carbonate platform-shelf complex.  

In either situation, the depositional setting would have been overall low to medium energy 

with some wave and tidal movement disturbing the environment while deposition was occurring. 

This interpretation comes from the minimal presence of higher energy sedimentary structures, such 

as cross-bedding and cross-laminations, in the Kipalu Formation. The redox conditions in this 

environment would be reducing and anaerobic, meaning the microbiota would likely have been 

iron oxidizers that used the reduced iron present in seawater and sediments (Konhauser 2014, 

Konhauser et al. 2017). Alternatively, the microbiota could be analogous to the Gunflint Formation 

microfossils (Lepot et al. 2017) which have a similar 1.88 Ga age and also occur in an iron 

formation. The Gunflint Microbiota were thought to represent chemolithoautotrophic iron 

oxidizing bacteria that produced their preserved structures as they grew just above a chemocline 

(i.e. a redoxcline) in this part of the Manikewan Ocean during the Paleoproterozoic; this was where 

iron-rich seawater met and mixed with shallow oxygenated water (Shapiro and Konhauser 2015). 

This process of direct iron reduction (DIR) mediated by bacteria was common in the 

Paleoproterozoic and led to several granular and banded iron formation (GIF and BIF) depositions 

during this time (Konhauser et al. 2017). This was most likely the case for the Kipalu Formation. 

Its initial development and continued deposition was largely controlled through biological 

mechanisms with only minor contributions from sedimentary mechanisms (i.e., mechanical 

processes). This assertion is supported by the new data from Raman and XPS, which both point 

towards organic carbon being present in the spherules from the Kipalu samples. This organic 

carbon is what remains of the bacteria formed the iron formation. Together, both the new datasets 

and the existing literature indicate spherules in the Kipalu Formation most likely were influenced 

by iron oxidizing bacteria that were biologically controlling the development of the formation.   
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Chapter 8. Conclusions 

 The Belcher Group Microbiota represent an exceptional opportunity for studying 

geobiology in the Paleoproterozoic Era. What makes them exceptional is their preservation under 

relatively minor metamorphism and deformation in their host rocks, a rarity for many rocks from 

the Paleoproterozoic. The overall problem addressed was what was represented by the BGM. The 

age of the rocks in which the BGM occur, their occurrence at an important crossroad of biological 

evolution, and the context of the BGM within the greater geochemical evolution of the atmosphere-

ocean system in which it existed are all reasons why the BGM are worthy of scientific inquiry. 

These reasons were addressed through three background chapters, as well as in the discussion 

chapter. From previous characterizations, the BGM were described as a collection of microbial 

organisms that were preserved in chert-replaced stromatolites, with these structures forming in a 

peritidal environment on a carbonate platform. This type of platform buildup occurred at least 

twice within the history of the Belcher Group, with a significant volcanic event interrupting the 

first buildup before forming the base of the second buildup. Regionally, the Belcher Group was 

situated along the western edge of the Superior Craton when it initially began to form, developing 

relatively undisturbed throughout its approximately 200-million-year history. The preceding 2500 

million years set the stage for their occurrence and consisted of a series of geochemical steps at 

the very beginning of life some time in Hadean Eon, followed by significant developments during 

the Archean Eon and Paleoproterozoic Era, with the latter period including the emergence of 

eukaryotes. 

In re-evaluating the BGM with respect to their biogenicity, the previous characterization 

was first reviewed before new evidence was presented that supported the primary hypothesis. The 

established description of the BGM came principally from two sources, those being stromatolite 

and microbiota morphology. In both areas, the work of Hans Hofmann was instrumental in 

developing a solid baseline, with the works of Ricketts, Donaldson, and Jackson also contributing 

in significant ways. The taphonomy and preservation of the BGM was also revisited to give context 

to both major areas. When it came to the data I added to the established collection, my results came 

from field observations, petrography, and a set of analytical techniques. The analytical techniques 

included Raman spectroscopy, X-Ray photoelectron spectroscopy, microscopy by electron 

microprobe, and scanning electron microscopy. Field observations resulted in the creation of 

stratigraphic sections that contextualize the spatial and relative temporal relations of Belcher 
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Group samples and reaffirm their depositional environment. Petrography produced descriptions of 

Belcher Group samples, including one that contained “good” but somewhat degraded microbiota 

and one that contained pseudofossils. These two samples were from the Upper McLeary 

Formation, where previously described BGM, including Eoentophysalis belcherensis and its 

degradational variants, have been found. Although not as spectacular as the genuine BGM 

specimens discovered by Hofmann, this microbiota sample gives credibility to the previous 

assertion of biogenicity in the Belcher Group. The set of analytical techniques further support this 

conclusion, with Raman spectroscopy and XPS results. Using studies done outside the Belcher 

Group as a baseline comparison, the Raman spectra results show signs of biogenicity through the 

presence of organic matter within larger structures (like stromatolites) in my samples. The results 

from XPS confirm the same trend of biogenicity with my samples, albeit through a less direct way 

than petrography and Raman. Electron microscopy was able to provide some additional evidence 

for asserting biogenicity through the imaging results and served as complementary work to the 

results from petrography.  

From the combination of new data with previous work, there were four key takeaways. 

First, the BGM are undoubtedly biogenic, but their biodiversity is questionable at best. Several 

members of the group are questionably biotic when considering the variability of degradation 

effects on the specimen and the recent advancements made in the study of abiotic structures. 

Secondly, the unquestionable members of the BGM are representative of photosynthetic 

prokaryotic organisms. This comes from comparing them to temporally similar groups such as the 

Gunflint Microbiota as well as to taphonomically and environmentally similar groups such as the 

Bitter Springs Group. Third, the BGM could extend into the Kipalu Formation and its GIF rocks. 

While there may not be the morphological evidence present as there is in the McLeary and 

Kasegalik formations, the Kipalu has geochemical signals that point towards a possible microbial 

origin for the spheroidal structures seen in the GIF rocks. Fourth and lastly, the pseudofossils 

discovered in the Upper McLeary demonstrate that extraordinary preservation of the BGM is not 

the universal rule for the formations that the BGM occur within, but rather the exception. In 

conclusion, the BGM and the Belcher Group require further investigation. Their presence in the 

Paleoproterozoic is noteworthy due to their age and overall preservation, and they represent the 

near-perfect scenario for exploring geobiological and geochemical topics from this time. In 

essence, the BGM and the Belcher Group are a landmark assemblage because they contain the 
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oldest occurrence of cyanobacterial microfossils in the geological record (Hodgskiss et al., 2019) 

with the mat-forming Eoentophysalis belcherensis that shows similarities to modern mat-forming 

cyanobacteria today.   
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Appendices 

Appendix A – Summary of Stromatolite and Microbiota Morphology 

Table A.1: Summary of the various stromatolite morphologies in the Belcher Group.  

By Formation: 

FORMATION 
SUB-

MEMBER 
TAXONOMIC GROUP(S) MORPHOLOGIES PRESENT REFERENCE 

Rowatt Upper N/A  Subcylindrical non-branching stromatolites occur 

sporadically throughout the dolostones 

(Ricketts 1979) 

Mavor N/A  Tungussia 

 

Gymnosolen 

 

Colleniella, Kussiella, Stratifera 

(lower part) 

Subcylindrical, columnar stromatolites with digitate 

branching 

 

Thrombolite domes 

 

Coastal facies (sandy belt) exhibits broad domal 

stromatolites and furcate style branching occurs. 

Domes and columns lack walls and have fringed 

margins. 

(Hofmann 1977) 
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On platform reef beds consist of columnar 

stromatolites exhibiting digitate branching. Columns 

on the flanks of the large mounds are subcircular in 

cross section, but those on mound crests commonly 

are elongate parallel to major reef mound trends. 

 

A few thin laminated dolostone beds containing 

scattered bulbous stromatolites occur at transition 

from reef to slope rhythmites.  

 

Tukarak Upper N/A  smaller columnar stromatolites 

 

(muddy facies) contains small stromatolite bioherms 

(Hofmann 1977) 

Tukarak Lower Gymnosolen Subcylindrical, columnar stromatolites with digitate 

branching 

 

(Hofmann 1977) 
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McLeary Upper Supergroups present: 

kussiellids, gymnosolenids, 

tungussids and conophytonids 

Large proportion of the 

stromatolites in the Upper 

McLeary have the 

characteristics of the supergroup 

Tungussida. 

 

Possible groups: Linella, 

Baicalia, Anabaria, Boxonia, 

Inzeria, Jacutophyton 

garganicum, Cryptozoon and 

Conophyton garganicus. 

 

 

Middle zone: increase in algal mats and simple 

domal stromatolites. 

 

 

Upper zone: rich and diversified stromatolite 

assemblage, bulbous, furcate, digitate, dendroid, and 

conical forms. 

 

 

Lower strata contain broad, laterally linked, non-

branching domes; overlain by beds containing 

bulbous, dendroid, conical, and possibly furcate 

stromatolite, followed by digitate, columnar forms 

at the top of the succession. 

 

 

 

 

(Hofmann 1977, 

Ricketts 1979) 
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McLeary Middle Tungussia 

 

Lenia, Stratifera (lower and 

middle) 

 

Osagia, Vesicularites (lower 

and middle) 

(Found in beach rock) Closely packed columnar 

stromatolites, slightly turbinate, laterally linked and 

erect with furcate-style branching. 

 

(Hofmann 1977, 

Ricketts 1979) 

Kasegalik Unit D Minjaria (upper) 

 

 

flat and digitate mats to large domes with some 

furcate and digitate branching. 

(Hofmann 1977) 
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By Group: 

GROUP MORPHOLOGIES DEPOSITIONAL ENVIRONMENT FORMATIONS REFERENCE 

Minjaria 
Digitate, Columnar, 

Dendroid  
Subtidal  Kasegalik 

(Hofmann 1977) 

Colleniella Columnar, Dendroid Low intertidal to subtidal; currents 

azimuth 060 ° 

Mavor (Hofmann 1977) 

Kussiella Columnar, Dendroid, 

Furcate  

Low intertidal to subtidal; currents 

azimuth 060 ° 

Mavor (Hofmann 1977) 

Tungussia Bulbous, Dendroid Subtidal  Middle McLeary, 

Mavor 

(Hofmann 1977) 

Gymnosolen Digitate, Columnar Subtidal  Upper McLeary, 

Lower Tukarak, 

Mavor 

(Hofmann 1977) 

Lenia Digitate  Supratidal and intertidal; possibly 

subtidal 

Middle McLeary (Hofmann 1977) 

Stratifera N/A  Supratidal and intertidal; possibly 

subtidal 

Low intertidal to subtidal; currents 

azimuth 060 ° 

Middle McLeary, 

Mavor 

(Hofmann 1977) 
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Osagia “pisolitic 

stromatolites” 

Shallow subtidal and intertidal Middle McLeary (Hofmann 1977) 

Vesicularites N/A  Shallow subtidal and intertidal Middle McLeary (Hofmann 1977) 

Linella N/A  Subtidal Upper McLeary (Hofmann 1977, Ricketts 1979) 

Baicalia Branching, Columnar Shallow subtidal and intertidal  Upper McLeary (Hofmann 1977, Ricketts 1979) 

Anabaria Bulbous, 

Subcylindrical, Some 

Digitate Branching, 

Occasionally Conical  

Subtidal Upper McLeary (Hofmann 1977, Ricketts 1979) 

Boxonia Columnar Shallow subtidal and intertidal  Upper McLeary (Hofmann 1977, Ricketts 1979) 

Inzeria N/A  Subtidal Upper McLeary (Hofmann 1977, Ricketts 1979) 

Jacutophyton 

garganicum 

Branching  Subtidal  Upper McLeary (Hofmann 1977, Ricketts 1979) 

Conophyton Conical, Rare 

Branching 

Subtidal Upper McLeary (Hofmann 1977, Ricketts 1979) 

Cryptozoon N/A  Subtidal Upper McLeary (Hofmann 1977, Ricketts 1979) 
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Appendix B – Belcher Group Stratigraphic Sections 
 

 

Figure B.1: Section KIPALU-2018-2 from East of Katuk. Samples collected during 2018 field 

season are indicated by a blue star. For two sample locations, marked by blue double stars, 

multiple samples were collected at approximately the same stratigraphic position. 
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Figure B.2: Section KIPALU-2018-3 from North of Haig Inlet. Samples collected during 2018 

field season are indicated by a blue star. For three sample locations, marked by blue double stars, 

two samples were collected at approximately the same stratigraphic position. 

 

 



 
 

125 

 

 

Figure B.3: Section GP-BM19-02 from North Kipalu Inlet. Samples collected during 2019 field 

season are indicated by a blue star. 
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Appendix C – Petrography Results 
 

Sample Number: 18CAPB004A Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Stromatolite bed with minor chert replacement; 

partially dolomitized with minor sulfide 

minerals and organic matter grains scattered 

through laminae of stromatolite 

 

Colour:  

- Light brown overall; stromatolite bed and 

weathered surfaces appear darker brown to grey 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite 

layers; largest about 1 cm thick 

Texture: 

- Grain size: fine grained sand to clay 

- Sorting: well sorted, moderate in some spots 

- Roundness: angular to subrounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting):  

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 45% of total rock 

Cement:  

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Some rhombs, mostly fine-grained crystals; 50-

300µm; non-ferroan; 40% of total rock 

Porosity: 

- Fracture (filled) → 5% of total rock; 50-100µm 

- Vug (filled) → <1% of total rock; 100-250µm 

- Interparticle (filled) → <1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of 

total rock 

- Some sulfides (pyrite) → 50-125 µm; <1% of 

total rock 

Rock Name (Folk Classification): stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.1: Thin section description for 18CAPB004A. 
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Sample Number: 18CAPB005B Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Stromatolite bed with rough hemispheroidal 

structures; partially dolomitized with minor sulfide 

and organic matter grains scattered in laminae of 

stromatolite and in dolomitized areas 

 

Colour:  

- Light brown overall with weathered surface 

appearing reddish pink; stromatolite structures are 

light grey to green-grey 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite 

layers; largest about 2 cm thick; morphology is 

non-branching columnar form 

Texture: 

- Grain size: coarse grained sand to silt 

- Sorting: moderately sorted, poor in some spots 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs, large planar crystals, and 

fine-grained crystals; larger crystals occur after 

fine-grained crystals; 50-200µm for fine-grained 

crystals; 250µm to 1mm for large crystals; non-

ferroan; 75% of total rock 

Porosity: 

- Fracture (filled) → 2% of total rock; 0.5-1mm 

- Vug (filled and non-filled) → 8% of total rock; 

300µm to 1mm 

- Interparticle (filled) → <1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Some sulfides (pyrite) → 10-30 µm; <1% of total 

rock 

Rock Name (Folk Classification): stromatolitic dolomicrite Field of View: 5mm in PPL 

 

Table C.2: Thin section description for 18CAPB005B.  



 
 

128 

 

Sample Number: 18CAPB006 
Geological Unit: LOWER 

MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert; possible 

oncoids or peloids found along with isolated 

occurrences of dark organic matter in chert and 

stromatolite layers 

 

Colour:  

- Light brown with light grey spots overall; weathered 

surface appearing reddish pink; stromatolite structures 

are light grey to green-grey 

Sedimentary Structures: 

- Some wavy laminae that are result of stromatolite build-

up; organic matter is mostly amorphous, rarely spherical 

Texture: 

- Grain size: fine grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- 5% of total rock; 0.2-10mm size range for overall 

structure; moderate to poorly sorted 

- (Seen only in hand sample, not in thin section.) 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Peloids (possibly oncoids) → 99% of Allochem grains 

Matrix: 

- Micrite → 40% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-grained 

crystals; 50µm to 0.6mm; non-ferroan; 40% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 300µm to 1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of total rock 

- Some sulfides (pyrite) → 10-30 µm; 3% of total rock 

Rock Name (Folk Classification): stromatolitic cherty 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.3: Thin section description for 18CAPB006.  
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Sample Number: 18CAPB014A 
Geological Unit: LOWER 

MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert; isolated 

occurrences of dark organic matter in chert and 

stromatolite layers; hemispheroidal structures seen in 

hand sample 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert appears 

black to dark grey in hand sample 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite layers 

and hemispheroidal structures; largest hemispheroidal 

structure is about 2 cm thick; morphology is roughly 

columnar 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 25% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 60% of 

total rock 

Porosity: 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of total rock 

- Some sulfides (pyrite) → 10-60 µm; 3% of total rock 

Rock Name (Folk Classification): stromatolitic cherty 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.4: Thin section description for 18CAPB014A.  
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Sample Number: 18CAPB014B 
Geological Unit: LOWER 

MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert; isolated 

occurrences of dark organic matter in chert and 

stromatolite layers; hemispheroidal structures seen in 

hand sample 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert appears 

black to dark grey in hand sample 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite layers 

and hemispheroidal structures; largest hemispheroidal 

structure is about 2 cm thick; morphology is roughly 

columnar 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 20% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-grained 

crystals; 50µm to 0.5mm; non-ferroan; 65% of total 

rock 

Porosity: 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of total rock 

- Some sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): stromatolitic cherty 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.5: Thin section description for 18CAPB014B.  
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Sample Number: 18CAPB14-1A 
Geological Unit: LOWER 

MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert; isolated 

occurrences of dark organic matter in chert and 

stromatolite layers; hemispheroidal structures seen in 

hand sample 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert appears 

black to dark grey in hand sample 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite layers 

and hemispheroidal structures; largest hemispheroidal 

structure is about 2 cm thick; morphology is roughly 

columnar 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-builders) 

and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-grained 

crystals; 50µm to 0.5mm; non-ferroan; 60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.6: Thin section description for 18CAPB14-1A.  
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Sample Number: 18CAPB14-1B 
Geological Unit: LOWER 

MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert; isolated 

occurrences of dark organic matter in chert and 

stromatolite layers; hemispheroidal structures seen in 

hand sample 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert appears 

black to dark grey in hand sample 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite layers 

and hemispheroidal structures; largest hemispheroidal 

structure is about 2 cm thick; morphology is roughly 

columnar 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-builders) 

and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-grained 

crystals; 50µm to 0.5mm; non-ferroan; 60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.7: Thin section description for 18CAPB14-1B.  
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Sample Number: 18CAPB015-1 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.8: Thin section description for 18CAPB015-1.  
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Sample Number: 18CAPB015-2 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.9: Thin section description for 18CAPB015-2.  
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Sample Number: 18CAPB017 Geological Unit: MIDDLE MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.10: Thin section description for 18CAPB017.  



 
 

136 

 

Sample Number: 18CAPB17 Geological Unit: MIDDLE MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.11: Thin section description for 18CAPB17.  
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Sample Number: 18CAPB019A Geological Unit: MIDDLE MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm; column morphology present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.12: Thin section description for 18CAPB019A.  
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Sample Number: 18CAPB019B Geological Unit: MIDDLE MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm; column morphology present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.13: Thin section description for 18CAPB019B.  
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Sample Number: 18CAPB020 Geological Unit: MIDDLE MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with isolated dark 

organic matter in stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey;  

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

70% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.14: Thin section description for 18CAPB020.  
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Sample Number: 18CAPB021A-1 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.15: Thin section description for 18CAPB021A-1.  
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Sample Number: 18CAPB021B-1 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.16: Thin section description for 18CAPB021B-1.  
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Sample Number: 18CAPB021A-2 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.17: Thin section description for 18CAPB021A-2.  
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Sample Number: 18CAPB021B-2 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.18: Thin section description for 18CAPB021B-2.  
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Sample Number: 18CAPB021A-3 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.19: Thin section description for 18CAPB021A-3.  
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Sample Number: 18CAPB021B-3 Geological Unit: LOWER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.20: Thin section description for 18CAPB021B-3.  
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Sample Number: 18CAPB022A Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.21: Thin section description for 18CAPB022A.  
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Sample Number: 18CAPB022B Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 15% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.22: Thin section description for 18CAPB022B.  
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Sample Number: 18CAPB023A Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.23: Thin section description for 18CAPB023A.  
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Sample Number: 18CAPB023B Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.24: Thin section description for 18CAPB023B.  
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Sample Number: 18CAPB024 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; dark organic matter occurs in chert 

and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers are cm to mm scale; thickest 

layer is about 1cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with fine-

grained crystals; larger crystals occur after fine-

grained crystals; 50µm to 0.5mm; non-ferroan; 

60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 15% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.25: Thin section description for 18CAPB024.  
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Sample Number: 18CAPB083 Geological Unit: COSTELLO 

Description based on hand sample and thin section: 

- Dolomitized sample with large chert lenses; 

isolated dark organic matter occurs in chert lenses 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey; chert appears black to dark grey in hand 

sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → <1% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with 

fine-grained crystals; larger crystals occur after 

fine-grained crystals; 50µm to 0.5mm; non-

ferroan; 70% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 15% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty dolomicrite Field of View: 5mm in PPL 

 

Table C.26: Thin section description for 18CAPB083.  
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Sample Number: 18CAPB095 Geological Unit: MAVOR 

Description based on hand sample and thin section: 

- Dolomitized sample with large chert lenses; 

isolated dark organic matter occurs in chert lenses 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey; chert appears black to dark grey in hand 

sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → <1% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with 

fine-grained crystals; larger crystals occur after 

fine-grained crystals; 50µm to 0.5mm; non-

ferroan; 70% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 15% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty dolomicrite Field of View: 5mm in PPL 

 

Table C.27: Thin section description for 18CAPB095.  
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Sample Number: 18CAPB031A Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Granular Iron formation with sub-mm to micron 

sized granules; minor amounts of quartz and iron 

carbonate (siderite) throughout 

 

 

Colour:  

- Dark grey to red colour in hand sample; mix of light 

grey (matrix) to yellow and dark brown (granules) 

under reflected light 

Sedimentary Structures: 

- Granules of iron minerals (haematite, magnetite, and 

siderite); some rounded non-iron carbonate structures 

that appear similar to pieces of algal 

mats/stromatolites; 60% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Granular Iron Formation Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.28: Thin section description for 18CAPB031A.  
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Sample Number: 18CAPB032 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Granular Iron formation with sub-mm to micron 

sized granules; minor amounts of quartz and iron 

carbonate (siderite) throughout 

 

 

Colour:  

- Dark grey to red colour in hand sample; mix of light 

grey (matrix) to yellow and dark brown (granules) 

under reflected light 

Sedimentary Structures: 

- Granules of iron minerals (haematite, magnetite, and 

siderite); some rounded non-iron carbonate structures 

that appear similar to pieces of algal 

mats/stromatolites; 60% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

Roundness: subangular to rounded, moderate sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Granular Iron Formation Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.29: Thin section description for 18CAPB032.  
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Sample Number: 18CAPB051 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Jasper rock with minor siderite and non-iron 

carbonate structures; non-jasper related quartz also 

present throughout sample 

 

 

Colour:  

- Dark red to brown colour in hand sample; mix of 

light grey (matrix) to yellow and light brown (jasper 

granules) under reflected light 

Sedimentary Structures: 

- Granules of Jasper appear to have iron minerals 

(haematite, magnetite, siderite) contained within 

- Make up 60% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Jasper Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.30: Thin section description for 18CAPB051.  
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Sample Number: 18CAPB052 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Jasper rock with minor siderite and non-iron 

carbonate structures; non-jasper related quartz also 

present throughout sample 

 

 

Colour:  

- Dark red to brown colour in hand sample; mix of 

light grey (matrix) to yellow and light brown (jasper 

granules) under reflected light 

Sedimentary Structures: 

- Granules of Jasper appear to have iron minerals 

(haematite, magnetite, siderite) contained within 

- Make up 60% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Jasper Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.31: Thin section description for 18CAPB052.  
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Sample Number: 18CAPB053 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Jasper rock with minor siderite and non-iron 

carbonate structures; non-jasper related quartz also 

present throughout sample 

 

 

Colour:  

- Dark red to brown colour in hand sample; mix of 

light grey (matrix) to yellow and light brown (jasper 

granules) under reflected light 

Sedimentary Structures: 

- Granules of Jasper appear to have iron minerals 

(haematite, magnetite, siderite) contained within 

- Make up 60% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Jasper Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.32: Thin section description for 18CAPB053.  
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Sample Number: 18CAPB054 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Mixed siltstone with chert and iron carbonate 

(siderite) throughout; some non-iron carbonate 

structures that appear similar to pieces of algal 

mats/stromatolites also occur 

 

 

Colour:  

- Dark grey to dirty white colour in hand sample; mix 

of light grey to yellow and dark brown under 

reflected light 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 45% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 45% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Cherty Siltstone Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.33: Thin section description for 18CAPB054.  
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Sample Number: 18CAPB059 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Mixed siltstone with non-jasper quartz, jasper, and 

iron carbonate (siderite) throughout; some non-iron 

carbonate structures that appear similar to pieces of 

algal mats/stromatolites also occur 

 

 

Colour:  

- Dark grey to dirty white colour in hand sample; mix 

of light grey to yellow and dark brown under 

reflected light 

Sedimentary Structures: 

- Granules of Jasper appear to have iron minerals 

(haematite, magnetite, siderite) contained within 

- Make up 40% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 25% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 25% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Jasper-bearing Siltstone Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.34: Thin section description for 18CAPB059.  



 
 

160 

 

Sample Number: 18CAPB062 Geological Unit: KIPALU 

Description based on hand sample and thin section: 

- Jasper rock with minor siderite and non-iron 

carbonate structures; non-jasper related quartz also 

present throughout sample 

 

 

Colour:  

- Dark red to brown colour in hand sample; mix of 

light grey (matrix) to yellow and light brown (jasper 

granules) under reflected light 

Sedimentary Structures: 

- Granules of Jasper appear to have iron minerals 

(haematite, magnetite, siderite) contained within 

- Make up 60% of total rock 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: subangular to rounded, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Siderite → 20% of total rock 

Cement: 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mainly broken remains of larger rhombs and planar 

crystals; 50µm to 0.5mm; non-ferroan; 1% of total 

rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Some sulfides (pyrite) → 10-100 µm; 4% of total 

rock 

Rock Name: Jasper Field of View: 5mm (Top-PPL; Bot-

RL)  

 

Table C.35: Thin section description for 18CAPB062.  
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Sample Number: 19CAPZ001 Geological Unit: COSTELLO 

Description based on hand sample and thin section: 

- Heavily dolomitized stromatolite with isolated 

occurrences of dark organic matter in stromatolite 

layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey 

Sedimentary Structures: 

- Only structures are cm to mm scale stromatolite 

layers 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; <1% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 5% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of large rhombs and planar crystals with 

fine-grained crystals; larger crystals occur after 

fine-grained crystals; 50µm to 0.5mm; non-

ferroan; 80% of total rock 

Porosity: 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 5% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): dolomicrite Field of View: 5mm in PPL 

 

Table C.36: Thin section description for 19CAPZ001.  
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Sample Number: 19CAPZ005 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Chert nodule with isolated occurrences of dark 

organic matter 

 

Colour:  

- Yellow white to light brown with light grey 

spots overall; organic matter is light grey to 

green-grey; chert appears black to dark grey in 

hand sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 10% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic 

frame-builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 3% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of isolated large rhombs and planar 

crystals with some fine-grained crystals; 50µm 

to 0.5mm; non-ferroan; 5% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-

1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 65% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Chert Field of View: 5mm in PPL 

 

Table C.37: Thin section description for 19CAPZ005.  
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Sample Number: 19CAPZ006 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Chert nodule with isolated occurrences of dark 

organic matter 

 

Colour:  

- Yellow white to light brown with light grey 

spots overall; organic matter is light grey to 

green-grey; chert appears black to dark grey in 

hand sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 10% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic 

frame-builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 3% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of isolated large rhombs and planar 

crystals with some fine-grained crystals; 50µm 

to 0.5mm; non-ferroan; 5% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-

1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 65% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Chert Field of View: 5mm in PPL 

 

Table C.38: Thin section description for 19CAPZ006.  
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Sample Number: 19CAPZ006-1A Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Chert nodule with isolated occurrences of dark 

organic matter 

 

Colour:  

- Yellow white to light brown with light grey 

spots overall; organic matter is light grey to 

green-grey; chert appears black to dark grey in 

hand sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 10% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic 

frame-builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 3% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of isolated large rhombs and planar 

crystals with some fine-grained crystals; 50µm 

to 0.5mm; non-ferroan; 5% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-

1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 65% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Chert Field of View: 5mm in PPL 

 

Table C.39: Thin section description for 19CAPZ006-1A.  
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Sample Number: 19CAPZ006-1B Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Chert nodule with isolated occurrences of dark 

organic matter 

 

Colour:  

- Yellow white to light brown with light grey 

spots overall; organic matter is light grey to 

green-grey; chert appears black to dark grey in 

hand sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 10% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic 

frame-builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 3% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of isolated large rhombs and planar 

crystals with some fine-grained crystals; 50µm 

to 0.5mm; non-ferroan; 5% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-

1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 65% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Chert Field of View: 5mm in PPL 

 

Table C.40: Thin section description for 19CAPZ006-1B.  
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Sample Number: 19CAPZ006-1C Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Chert nodule with isolated occurrences of dark 

organic matter 

 

Colour:  

- Yellow white to light brown with light grey 

spots overall; organic matter is light grey to 

green-grey; chert appears black to dark grey in 

hand sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 10% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic 

frame-builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 3% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of isolated large rhombs and planar 

crystals with some fine-grained crystals; 50µm 

to 0.5mm; non-ferroan; 5% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-

1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 65% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Chert Field of View: 5mm in PPL 

 

Table C.41: Thin section description for 19CAPZ006-1C.  
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Sample Number: 19CAPZ007 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Chert nodule with isolated occurrences of dark 

organic matter 

 

Colour:  

- Yellow white to light brown with light grey 

spots overall; organic matter is light grey to 

green-grey; chert appears black to dark grey in 

hand sample 

Sedimentary Structures: 

- None present 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 10% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic 

frame-builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 3% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Mix of isolated large rhombs and planar 

crystals with some fine-grained crystals; 50µm 

to 0.5mm; non-ferroan; 5% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-

1mm 

- Vug (filled) → 1% of total rock; 50µm to 

0.25mm 

- Interparticle (filled) → 1% of total rock; 10-

50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 65% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 2% of total 

rock 

Rock Name: Chert Field of View: 5mm in PPL 

 

Table C.42: Thin section description for 19CAPZ007.  
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Sample Number: 19CAPZ008 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; isolated occurrences of dark organic 

matter in chert and stromatolite layers; lobate/club 

structures seen in hand sample 

 

Colour:  

- Dark grey with light grey spots overall; weathered 

surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert 

appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers and lobate/club structures on 

cm to mm scale; largest lobate/club structure is 

about 7 cm thick 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-grained 

crystals; larger occur after fine-grained; 50µm to 

0.5mm; non-ferroan; 65% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 10% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.43: Thin section description for 19CAPZ008.  
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Sample Number: 19CAPZ009 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; isolated occurrences of dark organic 

matter in chert and stromatolite layers; lobate/club 

structures seen in hand sample 

 

Colour:  

- Dark grey with light grey spots overall; weathered 

surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert 

appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers and lobate/club structures on 

cm to mm scale; largest lobate/club structure is 

about 7 cm thick 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-grained 

crystals; larger occur after fine-grained; 50µm to 

0.5mm; non-ferroan; 50% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 25% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.44: Thin section description for 19CAPZ009.  
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Sample Number: 19CAPZ014 Geological Unit: MIDDLE MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; isolated occurrences of dark organic 

matter in chert and stromatolite layers; rough 

domal shape seen in hand sample 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-grey; 

chert appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers and domal shape on cm to mm 

scale; thickest layer is about 2 cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 10% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-

grained crystals; larger occur after fine-grained; 

50µm to 0.5mm; non-ferroan; 60% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 15% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.45: Thin section description for 19CAPZ014.  
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Sample Number: 19CAPZ025A Geological Unit: KASEGALIK 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with chert replacement; 

isolated occurrences of dark organic matter in 

chert and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey; chert appears black to dark grey in hand 

sample 

Sedimentary Structures: 

- Stromatolite layers on cm to mm scale; thickest 

layer is about 0.5 cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 25% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-

grained crystals; larger occur after fine-grained; 

50µm to 0.5mm; non-ferroan; 20% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 40% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.46: Thin section description for 19CAPZ025A.  
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Sample Number: 19CAPZ025B Geological Unit: KASEGALIK 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with chert replacement; 

isolated occurrences of dark organic matter in 

chert and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey; chert appears black to dark grey in hand 

sample 

Sedimentary Structures: 

- Stromatolite layers on cm to mm scale; thickest 

layer is about 0.5 cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 25% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-

grained crystals; larger occur after fine-grained; 

50µm to 0.5mm; non-ferroan; 20% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 40% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.47: Thin section description for 19CAPZ025B.  
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Sample Number: 19CAPZ028 Geological Unit: KASEGALIK 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with chert replacement; 

isolated occurrences of dark organic matter in 

chert and stromatolite layers 

 

Colour:  

- Light to dark brown with light grey spots overall; 

weathered surface appearing reddish pink; 

stromatolite structures are light grey to green-

grey; chert appears black to dark grey in hand 

sample 

Sedimentary Structures: 

- Stromatolite layers on cm to mm scale; thickest 

layer is about 0.5 cm 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, 

Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 25% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-

grained crystals; larger occur after fine-grained; 

50µm to 0.5mm; non-ferroan; 20% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 40% of 

total rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.48: Thin section description for 19CAPZ028.  
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Sample Number: 19CAPZ029 Geological Unit: UPPER MCLEARY 

Description based on hand sample and thin section: 

- Dolomitized stromatolite with minor chert 

replacement; isolated occurrences of dark organic 

matter in chert and stromatolite layers; lobate/club 

structures seen in hand sample 

 

Colour:  

- Dark grey with light grey spots overall; weathered 

surface appearing reddish pink; stromatolite 

structures are light grey to green-grey; chert 

appears black to dark grey in hand sample 

Sedimentary Structures: 

- Stromatolite layers and lobate/club structures on 

cm to mm scale; largest lobate/club structure is 

about 7 cm thick 

Texture: 

- Grain size: medium grained sand to clay 

- Sorting: moderately sorted 

- Roundness: angular to subangular, moderate 

sphericity 

Allochem Grains (if present, % of total rock, Size, Sorting): 

- Organic matter → 10-50µm; 5% of total rock 

Types (e.g., intraclasts, peloids, oncoids, organic frame-

builders) and % of each: 

- Not applicable 

Matrix: 

- Micrite → 20% of total rock 

Cement: 

- Micrite (cement) → 2% of total rock; 10-30µm 

- Silica (cement) → 2% of total rock; 10-30µm 

Dolomite (habit, size, ferroan/non-ferroan): 

- Large rhombs and planar crystals with fine-grained 

crystals; larger occur after fine-grained; 50µm to 

0.5mm; non-ferroan; 30% of total rock 

Porosity: 

- Fracture (filled) → <1% of total rock; 0.5-1mm 

- Vug (filled) → 1% of total rock; 50µm to 0.25mm 

- Interparticle (filled) → 1% of total rock; 10-50µm 

Terrigenous Components: 

- None present 

Other Diagenetic Features: 

- Diagenetic cryptocrystalline quartz → 35% of total 

rock 

- Sulfides (pyrite) → 10-100 µm; 3% of total rock 

Rock Name (Folk Classification): cherty stromatolitic 

dolomicrite 

Field of View: 5mm in PPL 

 

Table C.49: Thin section description for 19CAPZ029.  
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Figure C.1: 4X view of 18CAPB004A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.2: 4X view of 18CAPB004A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.3: 4X view of 18CAPB004A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.4: 4X view of 18CAPB005A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.5: 4X view of 18CAPB005A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.6: 4X view of 18CAPB005A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.7: 4X view of 18CAPB005A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.8: 4X view of 18CAPB005A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.9: 4X view of 18CAPB014A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.10: 4X view of 18CAPB014A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.11: 4X view of 18CAPB019A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.12: 4X view of 18CAPB019A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.13: 4X view of 18CAPB019A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.14: 4X view of 18CAPB020. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.15: 4X view of 18CAPB020. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.16: 4X view of 18CAPB020. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.17: 4X view of 18CAPB021B3. Left photo is under PPL. Right photo is under XPL. Field of 

view is 5mm.  

 

Figure C.18: 4X view of 18CAPB021B3. Left photo is under PPL. Right photo is under XPL. Field of 

view is 5mm.  
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Figure C.19: 4X view of 18CAPB032. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.20: 4X view of 18CAPB032. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.21: 4X view of 18CAPB032. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.22: 4X view of 18CAPB032. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.23: 4X view of 18CAPB035A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.24: 4X view of 18CAPB035A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.25: 4X view of 18CAPB035A. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.26: 4X view of 18CAPB036. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.27: 4X view of 18CAPB036. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 



 
 

184 

 

 

Figure C.28: 4X view of 18CAPB036. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.29: 4X view of 18CAPB051. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.30: 4X view of 18CAPB051. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Figure C.31: 4X view of 18CAPB051. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  

 

Figure C.32: 4X view of 18CAPB051. Left photo is under PPL. Right photo is under XPL. Field of view 

is 5mm.  
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Appendix D – Raman Spectroscopy Results 

 

 

Figure D.1: Raman spectra for 18CAPB004A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.2: Raman spectra for 18CAPB004A showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.3: Raman spectra for 18CAPB004A showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.4: Raman spectra for 18CAPB004A showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.5: Raman spectra for 18CAPB004A showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.6: Raman spectra for 18CAPB005A showing the results of spot scan 1 at 5X magnification. Inserted picture is of spot scan 1 

area.  
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Figure D.7: Raman spectra for 18CAPB005A showing the results of spot scan 2 at 5X magnification. Inserted picture is of spot scan 2 

area.  
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Figure D.8: Raman spectra for 18CAPB005A showing the results of spot scan 3 at 5X magnification. Inserted picture is of spot scan 3 

area.  
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Figure D.9: Raman spectra for 18CAPB005A showing the results of spot scan 4 at 5X magnification. Inserted picture is of spot scan 4 

area.  
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Figure D.10: Raman spectra for 18CAPB005A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.11: Raman spectra for 18CAPB005A showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.12: Raman spectra for 18CAPB014A showing the results of spot scan 1 at 5X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.13: Raman spectra for 18CAPB014A showing the results of spot scan 2 at 5X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.14: Raman spectra for 18CAPB014A showing the results of spot scan 3 at 5X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.15: Raman spectra for 18CAPB014A showing the results of spot scan 4 at 5X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.16: Raman spectra for 18CAPB014A showing the results of spot scan 5 at 5X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.17: Raman spectra for 18CAPB014A showing the results of spot scan 6 at 5X magnification. Inserted picture is of spot scan 

6 area.  

-300

-200

-100

0

100

200

300

400

500

100 600 1100 1600 2100 2600 3100

In
te

n
si

ty
 (

C
o

u
n

ts
)

Raman Shift (cm-1)

18CAPB014A 5X Objective Spot Scan 6 Adjusted



 
 

203 

 

 

Figure D.18: Raman spectra for 18CAPB014A showing the results of spot scan 7 at 5X magnification. Inserted picture is of spot scan 

7 area.  
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Figure D.19: Raman spectra for 18CAPB014A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.20: Raman spectra for 18CAPB019A showing the results of spot scan 1 at 5X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.21: Raman spectra for 18CAPB019A showing the results of spot scan 2 at 5X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.22: Raman spectra for 18CAPB019A showing the results of spot scan 3 at 5X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.23: Raman spectra for 18CAPB019A showing the results of spot scan 4 at 5X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.24: Raman spectra for 18CAPB019A showing the results of spot scan 5 at 5X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.25: Raman spectra for 18CAPB019A showing the results of spot scan 6 at 5X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.26: Raman spectra for 18CAPB019A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.27: Raman spectra for 18CAPB020 showing the results of spot scan 1 at 5X magnification. Inserted picture is of spot scan 1 

area.  
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Figure D.28: Raman spectra for 18CAPB020 showing the results of spot scan 2 at 5X magnification. Inserted picture is of spot scan 2 

area.  
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Figure D.29: Raman spectra for 18CAPB020 showing the results of spot scan 3 at 5X magnification. Inserted picture is of spot scan 3 

area.  
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Figure D.30: Raman spectra for 18CAPB020 showing the results of spot scan 4 at 5X magnification. Inserted picture is of spot scan 4 

area.  
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Figure D.31: Raman spectra for 18CAPB020 showing the results of spot scan 5 at 5X magnification. Inserted picture is of spot scan 5 

area.  
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Figure D.32: Raman spectra for 18CAPB020 showing the results of spot scan 6 at 5X magnification. Inserted picture is of spot scan 6 

area.  
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Figure D.33: Raman spectra for 18CAPB020 showing the results of spot scan 7 at 5X magnification. Inserted picture is of spot scan 7 

area.  
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Figure D.34: Raman spectra for 18CAPB020 showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.35: Raman spectra for 18CAPB020 showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.36: Raman spectra for 18CAPB020 showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.37: Raman spectra for 18CAPB020 showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.38: Raman spectra for 18CAPB020 showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.39: Raman spectra for 18CAPB021B3 showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.40: Raman spectra for 18CAPB021B3 showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.41: Raman spectra for 18CAPB021B3 showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.42: Raman spectra for 18CAPB021B3 showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.43: Raman spectra for 18CAPB021B3 showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.44: Raman spectra for 18CAPB021B3 showing the results of spot scan 1 at 50X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.45: Raman spectra for 18CAPB022A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.46: Raman spectra for 18CAPB022A showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.47: Raman spectra for 18CAPB022A showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.48: Raman spectra for 18CAPB022A showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.49: Raman spectra for 18CAPB022A showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.50: Raman spectra for 18CAPB022A showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.51: Raman spectra for 18CAPB022A showing the results of spot scan 7 at 20X magnification. Inserted picture is of spot scan 

7 area.  
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Figure D.52: Raman spectra for 18CAPB022A showing the results of spot scan 8 at 20X magnification. Inserted picture is of spot scan 

8 area.  
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Figure D.53: Raman spectra for 18CAPB022A showing the results of spot scan 9 at 20X magnification. Inserted picture is of spot scan 

9 area.  

-400

-200

0

200

400

600

800

1000

1200

1400

1600

100 600 1100 1600 2100 2600 3100

In
te

n
si

ty
 (

C
o

u
n

ts
)

Raman Shift (cm-1)

18CAPB022A 20X Objective Spot Scan 9 Adjusted



 
 

239 

 

 

Figure D.54: Raman spectra for 18CAPB022A showing the results of spot scan 10 at 20X magnification. Inserted picture is of spot 

scan 10 area.  
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Figure D.55: Raman spectra for 18CAPB031A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.56: Raman spectra for 18CAPB031A showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.57: Raman spectra for 18CAPB031A showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.58: Raman spectra for 18CAPB031A showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.59: Raman spectra for 18CAPB031A showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.60: Raman spectra for 18CAPB031A showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.61: Raman spectra for 18CAPB031A showing the results of spot scan 7 at 20X magnification. Inserted picture is of spot scan 

7 area.  
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Figure D.62: Raman spectra for 18CAPB031A showing the results of spot scan 8 at 20X magnification. Inserted picture is of spot scan 

8 area.  
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Figure D.63: Raman spectra for 18CAPB031A showing the results of spot scan 9 at 20X magnification. Inserted picture is of spot scan 

9 area.  
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Figure D.64: Raman spectra for 18CAPB031A showing the results of spot scan 10 at 20X magnification. Inserted picture is of spot 

scan 10 area.  
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Figure D.65: Raman spectra for 18CAPB031A showing the results of spot scan 11 at 20X magnification. Inserted picture is of spot 

scan 11 area.  
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Figure D.66: Raman spectra for 18CAPB031A showing the results of spot scan 12 at 20X magnification. Inserted picture is of spot 

scan 12 area.  
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Figure D.67: Raman spectra for 18CAPB031A showing the results of spot scan 13 at 20X magnification. Inserted picture is of spot 

scan 13 area.  
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Figure D.68: Raman spectra for 18CAPB031A showing the results of spot scan 14 at 20X magnification. Inserted picture is of spot 

scan 14 area.  
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Figure D.69: Raman spectra for 18CAPB032 showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.70: Raman spectra for 18CAPB032 showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.71: Raman spectra for 18CAPB032 showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.72: Raman spectra for 18CAPB032 showing the results of spot scan 7 at 20X magnification. Inserted picture is of spot scan 

7 area.  
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Figure D.73: Raman spectra for 18CAPB032 showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.74: Raman spectra for 18CAPB032 showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.75: Raman spectra for 18CAPB032 showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.76: Raman spectra for 18CAPB032 showing the results of spot scan 8 at 20X magnification. Inserted picture is of spot scan 

8 area.  
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Figure D.77: Raman spectra for 18CAPB032 showing the results of spot scan 9 at 20X magnification. Inserted picture is of spot scan 

9 area.  
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Figure D.78: Raman spectra for 18CAPB032 showing the results of spot scan 10 at 20X magnification. Inserted picture is of spot scan 

10 area.  
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Figure D.79: Raman spectra for 18CAPB032 showing the results of spot scan 11 at 20X magnification. Inserted picture is of spot scan 

11 area.  
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Figure D.80: Raman spectra for 18CAPB035A showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.81: Raman spectra for 18CAPB035A showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.82: Raman spectra for 18CAPB035A showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.83: Raman spectra for 18CAPB035A showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.84: Raman spectra for 18CAPB035A showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.85: Raman spectra for 18CAPB035A showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.86: Raman spectra for 18CAPB035A showing the results of spot scan 7 at 20X magnification. Inserted picture is of spot scan 

7 area.  
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Figure D.87: Raman spectra for 18CAPB035A showing the results of spot scan 8 at 20X magnification. Inserted picture is of spot scan 

8 area.  
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Figure D.88: Raman spectra for 18CAPB035A showing the results of spot scan 9 at 20X magnification. Inserted picture is of spot scan 

9 area.  
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Figure D.89: Raman spectra for 18CAPB036 showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.90: Raman spectra for 18CAPB036 showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.91: Raman spectra for 18CAPB036 showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.92: Raman spectra for 18CAPB036 showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.93: Raman spectra for 18CAPB036 showing the results of spot scan 5.1 at 20X magnification. Inserted picture is of spot scan 

5.1 area.  
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Figure D.94: Raman spectra for 18CAPB036 showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.95: Raman spectra for 18CAPB036 showing the results of spot scan 8 at 20X magnification. Inserted picture is of spot scan 

8 area.  
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Figure D.96: Raman spectra for 18CAPB036 showing the results of spot scan 9 at 20X magnification. Inserted picture is of spot scan 

9 area.  
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Figure D.97: Raman spectra for 18CAPB036 showing the results of spot scan 10 at 20X magnification. Inserted picture is of spot scan 

10 area.  
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Figure D.98: Raman spectra for 18CAPB036 showing the results of spot scan 11 at 20X magnification. Inserted picture is of spot scan 

11 area.  
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Figure D.99: Raman spectra for 18CAPB036 showing the results of spot scan 12 at 20X magnification. Inserted picture is of spot scan 

12 area.  
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Figure D.100: Raman spectra for 18CAPB036 showing the results of spot scan 13 at 20X magnification. Inserted picture is of spot scan 

13 area.  
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Figure D.101: Raman spectra for 18CAPB036 showing the results of spot scan 14 at 20X magnification. Inserted picture is of spot scan 

14 area.  
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Figure D.102: Raman spectra for 18CAPB036 showing the results of spot scan 15 at 20X magnification. Inserted picture is of spot scan 

15 area.  
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Figure D.103: Raman spectra for 18CAPB036 showing the results of spot scan 16 at 20X magnification. Inserted picture is of spot scan 

16 area.  
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Figure D.104: Raman spectra for 18CAPB036 showing the results of spot scan 17 at 20X magnification. Inserted picture is of spot scan 

17 area.  
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Figure D.105: Raman spectra for 18CAPB036 showing the results of spot scan 18 at 20X magnification. Inserted picture is of spot scan 

18 area.  
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Figure D.106: Raman spectra for 18CAPB051 showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.107: Raman spectra for 18CAPB051 showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.108: Raman spectra for 18CAPB051 showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.109: Raman spectra for 18CAPB051 showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.110: Raman spectra for 18CAPB051 showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Figure D.111: Raman spectra for 18CAPB051 showing the results of spot scan 6 at 20X magnification. Inserted picture is of spot scan 

6 area.  
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Figure D.112: Raman spectra for 18CAPB052 showing the results of spot scan 1 at 20X magnification. Inserted picture is of spot scan 

1 area.  
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Figure D.113: Raman spectra for 18CAPB052 showing the results of spot scan 2 at 20X magnification. Inserted picture is of spot scan 

2 area.  
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Figure D.114: Raman spectra for 18CAPB052 showing the results of spot scan 3 at 20X magnification. Inserted picture is of spot scan 

3 area.  
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Figure D.115: Raman spectra for 18CAPB052 showing the results of spot scan 4 at 20X magnification. Inserted picture is of spot scan 

4 area.  
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Figure D.116: Raman spectra for 18CAPB052 showing the results of spot scan 5 at 20X magnification. Inserted picture is of spot scan 

5 area.  
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Appendix E – X-Ray Photoelectron Spectroscopy Results 
 

 

Figure E.1: XPS spectra for 18CAPB004A showing the targeted carbon results of spot scan 1. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.2: XPS spectra for 18CAPB004A showing the wider results of spot scan 1. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.1.  
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Figure E.3: XPS spectra for 18CAPB004A showing the targeted carbon results of spot scan 2. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.4: XPS spectra for 18CAPB004A showing the wider results of spot scan 2. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.3.  
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Figure E.5: XPS spectra for 18CAPB004A showing the targeted carbon results of spot scan 3. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.6: XPS spectra for 18CAPB004A showing the wider results of spot scan 3. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.5.  
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Figure E.7: XPS spectra for 18CAPB020 showing the targeted carbon results of spot scan 1. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.8: XPS spectra for 18CAPB020 showing the wider results of spot scan 1. Scale units of scanned area photo are microns with 

magnification at 5X. The point of measurement is same as in Figure E.7.  
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Figure E.9: XPS spectra for 18CAPB020 showing the targeted carbon results of spot scan 2. Scale units of scanned area photo are 

microns with magnification at 5X.  

  



 
 

311 

 

 

Figure E.10: XPS spectra for 18CAPB020 showing the wider results of spot scan 2. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.9.  
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Figure E.11: XPS spectra for 18CAPB020 showing the targeted carbon results of spot scan 3. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.12: XPS spectra for 18CAPB020 showing the wider results of spot scan 3. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.11.  
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Figure E.13: XPS spectra for 18CAPB021B3 showing the targeted carbon results of spot scan 2. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.14: XPS spectra for 18CAPB021B3 showing the wider results of spot scan 2. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.13.  
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Figure E.15: XPS spectra for 18CAPB021B3 showing the targeted carbon results of spot scan 3. Scale units of scanned area photo are 

microns with magnification at 5X.  

  



 
 

317 

 

 

Figure E.16: XPS spectra for 18CAPB021B3 showing the wider results of spot scan 3. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.15.  
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Figure E.17: XPS spectra for 18CAPB021B3 showing the targeted carbon results of spot scan 4. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.18: XPS spectra for 18CAPB021B3 showing the wider results of spot scan 4. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.17.  
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Figure E.19: XPS spectra for 18CAPB031A showing the targeted carbon results of spot scan 1. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.20: XPS spectra for 18CAPB031A showing the wider results of spot scan 1. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.19.  
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Figure E.21: XPS spectra for 18CAPB031A showing the targeted carbon results of spot scan 2. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.22: XPS spectra for 18CAPB031A showing the wider results of spot scan 2. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.21.  
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Figure E.23: XPS spectra for 18CAPB031A showing the wider results of spot scan 3. Scale units of scanned area photo are microns 

with magnification at 5X. 
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Figure E.24: XPS spectra for 18CAPB031A showing the wider results of spot scan 4. Scale units of scanned area photo are microns 

with magnification at 5X. 
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Figure E.25: XPS spectra for 18CAPB031A showing the targeted carbon results of spot scan 5. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.26: XPS spectra for 18CAPB031A showing the wider results of spot scan 5. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.25.  
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Figure E.27: XPS spectra for 18CAPB036 showing the targeted carbon results of spot scan 2. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.28: XPS spectra for 18CAPB036 showing the wider results of spot scan 2. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.27.  
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Figure E.29: XPS spectra for 18CAPB036 showing the targeted carbon results of spot scan 3. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.30: XPS spectra for 18CAPB036 showing the wider results of spot scan 3. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.29.  
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Figure E.31: XPS spectra for 18CAPB036 showing the targeted carbon results of spot scan 4. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.32: XPS spectra for 18CAPB036 showing the wider results of spot scan 4. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.31.  
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Figure E.33: XPS spectra for 18CAPB036 showing the targeted carbon results of spot scan 5. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.34: XPS spectra for 18CAPB036 showing the wider results of spot scan 5. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.33.  
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Figure E.35: XPS spectra for 18CAPB051 showing the targeted carbon results of spot scan 1. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.36: XPS spectra for 18CAPB051 showing the wider results of spot scan 1. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.35.  
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Figure E.37: XPS spectra for 18CAPB051 showing the targeted carbon results of spot scan 2. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.38: XPS spectra for 18CAPB051 showing the wider results of spot scan 2. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.37.  
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Figure E.39: XPS spectra for 18CAPB051 showing the targeted carbon results of spot scan 3. Scale units of scanned area photo are 

microns with magnification at 5X.  
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Figure E.40: XPS spectra for 18CAPB051 showing the wider results of spot scan 3. Scale units of scanned area photo are microns 

with magnification at 5X. The point of measurement is same as in Figure E.39.  
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Appendix F – Electron Microprobe and Scanning Electron Microscopy Results 

 

Figure F.1: Electron microprobe image from 18CAPB31B. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.2: Electron microprobe image from 18CAPB31B. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.3: Electron microprobe image from 18CAPB31B. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.4: Electron microprobe image from 18CAPB033. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.5: Electron microprobe image from 18CAPB039. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.6: Electron microprobe image from 18CAPB039. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.7: Electron microprobe image from 18CAPB039. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.8: Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.9: Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  

 



 
 

351 

 

 

Figure F.10: Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.11: Electron microprobe image from 18CAPB036. Dark grey area is mostly haematite 

and quartz with some magnetite, while light grey area is siderite with some calcite and dolomite. 

Abbreviations: HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.12: SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.13: SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.14: SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.15: SEM image from 18CAPB036. Dark grey area is mostly haematite and quartz with 

some magnetite, while light grey area is siderite with some calcite and dolomite. Abbreviations: 

HEM – hematite, SID – siderite, QTZ – quartz.  
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Figure F.16: SEM image from 19CAPZ015. Dark grey area is mostly calcite and dolomite with 

some organic matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, 

CHT – chert, OM – organic matter.  
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Figure F.17: SEM image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with 

some organic matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, 

CHT – chert, OM – organic matter.  
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Figure F.18: SEM image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with 

some organic matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, 

CHT – chert, OM – organic matter.  
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Figure F.19: SEM image from 19CAPZ022. Dark grey area is mostly calcite and dolomite with 

some organic matter, while light grey area is quartz (i.e., chert). Abbreviations: DOL – dolomite, 

CHT – chert, OM – organic matter.  
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Figure F.20: SEM image from 19CAPZ032. The entire area is dark grey and is mostly calcite 

and dolomite with some organic matter. Abbreviations: DOL – dolomite, OM – organic matter.  

 

 


