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ABSTRACT 

 The Denault Formation (2.1-1.9 Ga) outcrops in the Labrador Trough, 

northeastern Quebec and western Labrador. The Denault crops out around the town of 

Schefferville and at Marion Lake, fifty kilometers east-northeast of Schefferville. In June 

2007, four stratigraphic sections were measured and samples were collected from eight 

locations. Occurrences of the Denault near the town of Schefferville contain textural 

characteristics consistent with deposition on the middle and outer portions of a storm-

influenced shallow ramp. Mid-ramp facies consist of intraclastic grainstones with 

hummocky cross-stratification (HCS), swaley cross-stratification (SCS), current ripples, 

and graded event beds. Further outboard, grainstones grade into deeper water laminites 

that are composed of even, mm-scale couplets of flat-lying organic and micritic laminae. 

Scours within the laminites suggest occasional storm activity. Laminites gradually grade 

into outer ramp deep-water shales. Separated from these ramp facies by 50km (present 

day) is an isolated eastern stromatolitic accumulation. This outcrop can be interpreted as 

the remnant of a near-continuous margin or may simply represent an isolated 

accumulation that developed on a pre-existing topographic high.  

Microscopic (2-10µm) lathes of dolomite are interpreted to be pseudomorphs after 

gypsum. The presence of such pseudomorphs and solution-collapse breccias provide 

evidence for evaporative conditions during the deposition and early diagenesis of the 

Denault. Seepage-reflux of brines generated through evaporation during the deposition of 

the Denault and the overlying Fleming Formation are interpreted to have caused early, 

mimetic dolomitization in a shallow burial setting. Subsequent burial diagenesis resulted 

in recrystallization of some rock to fabric-destructive, anhedral dolomite. 
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CHAPTER 1: INTRODUCTION 

 
 This study documents the Denault Fm., a 2.0-1.8 Ga dolomite, part of the 

Kaniapiskau Supergroup deposited in the Labrador Trough in northwestern Quebec. The 

Denault formed at a unique time in earth history when the chemistry of the oceans and 

atmosphere was rapidly changing (Cloud, 1972; Holland, 1984; De Marais et al., 1992; 

Canfield, 1998). The purpose of this thesis is to document the depositional and diagenetic 

history of the Denault to provide further information about this important time in earth 

history.  

This chapter is intended to supply the background information necessary to 

analyze the Denault Fm. First, as an overview of dolomite formation, the controls 

governing dolomitization and models for dolomitization are summarized. Secondly, 

several coeval carbonate occurrences are described to help provide an understanding of 

depositional regimes in the Paleoproterozoic. Lastly, the tectonic and sedimentary history 

of the Labrador Trough are summarized. Chapter 2 is based on a manuscript that has been 

prepared for publication. In the second chapter, the deposition and diagenesis of the 

Denault Fm. are described and placed in the context of current knowledge about ocean 

chemistry in the Paleoproterozoic. Chapter 3 contains conclusions from this study as well 

as suggestions for future work on the Denault Fm. 

 
DOLOMITE – AN INTRODUCTION 

 
The Denault Fm. is composed entirely of dolomite, therefore, an understanding of the 

processes and controls governing dolomite formation is required to analyze this deposit.  

One of the most persistent debates in sedimentary geology surrounds the conditions of 
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dolomite formation. Initially described by the French engineer Déodat de Dolomieu in 

1791 (Carozzi and Zenger, 1981), the mineral has been the subject of continual 

discussion throughout the twentieth century and is periodically the subject of review 

papers (Steidtmann, 1911; Van Tuyl, 1916; Fairbridge, 1957; Ingerson, 1962 pp. 830-

837; Sonnenfeld, 1964; Friedman and Sanders, 1967; Bathurst, 1971 pp. 517-543; 

Zenger, 1972; Chilingar et al., 1979; Morrow, 1982a,b; Land, 1985; Machel and 

Mountjoy, 1986; Hardie, 1987; Tucker and Wright, 1990 pp. 365-400; Braithwaite, 1991; 

Mazzullo, 1992; Purser et al., 1994; Warren, 2000; Machel, 2004).  

Many authors have observed the decoupling of the modern and ancient in the study of 

dolomite (Tucker, 1982; Given and Wilkinson, 1987; Warren, 2000). The “dolomite 

problem”, as this paradox is often labeled, is that whereas relatively small volumes of 

dolomite are forming in modern tidal flat and coastal sabkha environments, thick 

accumulations of dolomite are present in ancient rocks, particularly in Precambrian 

carbonates (Fairbridge, 1957; Given and Wilkinson, 1987; Machel, 2004). This disparity 

suggests that modern environments of dolomite formation are not useful analogs for 

much of the dolomite in the rock record. Thus, all models invoked to explain thick 

accumulations of dolomite are non-actualistic. Additionally, despite decades of research, 

attempts to experimentally synthesize dolomite at near-surface conditions have failed 

(Land, 1998). Further research is needed to clarify the chemical, thermodynamic and 

kinetic controls governing dolomite formation. 
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Controls on dolomite formation 

Despite known examples of modern dolomite precipitation in organic-rich marine 

sediments, evaporative tidal flats, and coastal sabkhas (Illing et al., 1965; Shinn et al., 

1965; Malone et al., 1994), laboratory attempts to synthesize dolomite at low 

temperatures have been unsuccessful (Land, 1998). Thus, the chemical and kinetic 

conditions that lead to dolomite formation are not well understood. Dolomite 

precipitation is dependent on several environmental factors. These factors include; 

temperature, the Mg/Ca ratio, and sulphate levels in the dolomitizing fluids (Warren, 

2000; Machel, 2004).  

Temperature 

Higher temperatures assist in dolomite precipitation and are correlated with dolomite 

stoichiometry (Carpenter, 1980). It has long been understood that dolomites precipitated 

at high temperatures in burial settings have highly-ordered crystals with equal amounts of 

Mg and Ca incorporated in the crystal structure. Non-planar crystals form at temperatures 

over 60˚C and saddle dolomite, with its characteristic distorted crystals with sweeping 

extinction, forms at temperatures above 80˚C (Sibley and Gregg, 1987). This kind of 

burial diagenetic dolomitization is common in rocks of all ages and it is of interest 

because of its hydrocarbon potential and base metal deposits. For the purposes of this 

study, shallow, low-temperature dolomite is of greater interest.  

Despite the failure to experimentally produce low-temperature dolomite, research 

on dolomite currently forming in modern sedimentary environments has helped to clarify 

the character of early, synsedimentary dolomite. The dolomite forming on the sabkha 

near Abu Dhabi, Saudia Arabia is disordered and slightly enriched in Mg (Illing et al., 
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1965; McKenzie, 1981; Patterson and Kinsman, 1982). Dolomite forming on tidal flats in 

Andros Island, Bahamas has a similar disordered nature (Shinn et al., 1965). Small 

volumes of disordered, Mg-rich dolomite are forming in organic-rich sediments on the 

deep ocean floor (Malone et al., 1994).   

Mg/Ca ratio 

Mg2+ is a necessary component of any dolomitizing fluid. Modern seawater 

contains enough Mg ions to be supersaturated with respect to dolomite, and yet, dolomite 

does not precipitate out of seawater. It has been argued that this inconsistency may be 

due, in part, to hydration of Mg ions; that is, Mg ions in seawater are weakly bonded to 

OH- groups, rendering them unavailable for incorporation into a carbonate crystal 

(Garrels et al., 1960; Bathurst, 1971). Elevated Mg ion concentrations as well as elevated 

temperatures help to overcome the effect of Mg hydration. A myriad of dolomitization 

models have been proposed which imagine a range of Mg-sources from seawater to 

basinal siliciclastics to volcanics. There is consensus, however, among most dolomite 

researchers that seawater is the only Mg-source that is long-lived and abundant enough to 

produce the thick packages of dolomite found in the rock record (Land, 1985; Tucker and 

Wright, 1990; Warren, 2000; Machel, 2004). Thus, all current dolomitization models 

invoke the mobilization of high volumes of either normal or modified seawater. 

Dissolved SO4 

 The role of dissolved sulphate as a kinetic inhibitor of dolomite precipitation has 

puzzled geologists since Baker and Kastner (1981) first reported on the phenomenon. 

This study showed that reducing sulphate levels greatly enhanced dolomite precipitation 

at relatively high temperatures (200˚C). Subsequent experiments confirmed the discovery 
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but found that sulphate concentrations have a negligible effect at low temperatures 

(Morrow and Rickets, 1986; Morrow and Abercrombie, 1994). These experimental 

studies did not factor in the abundant organic material that is present in many quiet-water 

carbonate environments. Bacterial sulphate reduction of organic material and 

methanogenesis may play a role in low-temperature, primary dolomite formation 

(Mazzullo, 2000). Regardless, the role of porewater sulphate concentrations in dolomite 

formation is complex. 

 

Dolomitization models – sources of Mg 

 Any proposed model of diagenetic dolomite formation must include a plausible 

Mg source and a mechanism to deliver the Mg to the precursor carbonate rock. The four 

primary categories of dolomitization models are: 1) evaporative dolomitization, 2) 

mixing-zone dolomitization, 3) seawater dolomitization, and 4) burial dolomitization. 

The original source for Mg in many these models, excluding burial dolomitization, is 

seawater and, as a result, all are essentially hydrological models that propose different 

“pumps” for dolomitizing fluids (Machel, 2004). 

Evaporative dolomitization 

Evaporative dolomite falls into two categories, dolomite that forms at the surface 

and near-surface (sabkha model) and subsurface dolomitization caused by sinking brines 

(seepage-reflux). The sabkha model emerged from studies of the Trucial Coast, Abu 

Dhabi. In this setting, strong onshore winds pump large volumes of seawater up tidal 

channels and into the supratidal zone (McKenzie et al., 1980). As these waters evaporate, 

protodolomite forms as cement and as a replacement of aragonite within the sediment of 
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the supratidal zone. Nodular and chicken wire anhydrite and gypsum also precipitate out 

of the evaporated porewaters, lowering the sulphate concentrations and possibly aiding 

dolomite precipitation (McKenzie et al., 1980). The seepage-reflux model was initially 

proposed by Adam and Rhodes (1960). Although there are no clear modern analogues for 

this dolomitization model, it has been invoked to explain many ancient dolomite deposits 

(Butler, 1969; Asquith, 1979; Clark, 1980; McKenzie et al., 1980; Fisher and Rodda, 

1969; Maliva, 1987; Melim and Scholle, 2002; Zhao et al., 2005). The model invokes a 

highly evaporative setting, usually a restricted back-barrier lagoon. A density gradient is 

created and the brines from the lagoon sink down through underlying carbonate sediment, 

causing dolomitization. Grainstones with high porosity and permeability are often 

preferentially dolomitized by sinking brines. Evaporative dolomitization models are 

frequently invoked when there is independent evidence of an evaporative setting such as 

evaporite pseudomorphs and positive oxygen isotope ratios. 

Mixing-zone dolomitization 

The mixing zone has been proposed as a location for extensive dolomitization. 

When seawater is diluted by meteoric water it retains high amounts of Mg while reducing 

the kinetic constraints on dolomitization that are associated with the high ionic potential 

of seawater (Hanshaw et al., 1971; Folk and Land, 1975). In the 1980s, this model was 

invoked repeatedly to explain the dolomitization of laterally-extensive, thick carbonate 

packages (Choquette and Steinen, 1980; Xun and Fairchild, 1987; Humphrey and Quinn, 

1989). More recently, however, many authors have pointed out problems with the 

mixing-zone model. The key arguments are that the mixing-zone is more commonly a 

zone of dissolution than precipitation, mixing-zones are thin bands of brackish water and 
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would not be able to accomplish dolomitization over large areas, and that there are no 

modern examples of dolomite forming in modern mixing zones (Machel and Mountjoy, 

1990; Machel; 2004).  While small amounts of dolomite may form in some mixing-zone 

environments, this model has largely been discredited as an explanation for regionally-

extensive dolomite deposits. 

Seawater dolomitization 

Described by Purser et al. (1994), this suite of dolomitization models assumes that 

no special modifications of seawater are necessary to accomplish dolomite precipitation. 

Seawater provides the requisite Mg, and a variety of hydrological pumps move vast 

volumes of seawater through the precursor rock. The dolomites in the Eocene Enewetak 

Atoll, for example, are interpreted as having formed when deep oceanic water, 

undersaturated with respect to calcite but still supersaturated with respect to dolomite, 

circulated through the atoll by convection (Saller, 1984). Cenozoic dolomites on the 

Bahamas platform also formed as a result of seawater dolomitization. In this setting, a 

mixing-zone that developed during a period of partial exposure caused large volumes of 

seawater to circulate through the deposit, accomplishing dolomitization (Vahrenkamp 

and Swart, 1994). Seawater dolomite appears to be limited to hydrological regimes that 

are persistent over long timescales, in which seawater is actively moved through 

carbonate rock.  

Burial dolomitization 

Machel (2004) defines carbonate burial environments as those in which surface 

processes are not the primary influence on pore fluid chemistry. In burial diagenetic 

environments, flow of dolomitizing fluids is driven by compaction, thermal convection, 
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topography, and tectonics (Morrow, 1982b; 1998). Mg is sourced from compaction and 

dewatering of adjacent deep-water clays, from burial fluids, or from high-Mg calcite in 

the precursor rock (Tucker and Wright, 1990). Dolomite replaces primary mineral phases 

and, additionally, primary dolomite cements may precipitate, lowering porosity 

(Choquette and Hiatt, 2007). Higher temperatures at depth promote dolomitization by 

removing the kinetic constraint of Mg-hydration and by speeding reaction rates. Crystal 

textures and stylolitization provide information about the burial diagenetic environment. 

Non-planar crystal textures begin to form above 60˚C, above 80˚C saddle dolomite can 

form (Sibley and Gregg, 1987). At depths greater than 600m stylolites may develop in 

dolomititc rock (Dunnington, 1967 in Bathurst, 1971).  

 

Early dolomite in the Precambrian 

The abundance of dolomite in Archean and Precambrian rocks has led to the idea 

that dolomite may have been a common mineral phase that precipitated easily from 

seawater in earth’s early oceans (Tucker, 1982). Tucker (1982) further notes that some of 

the proposed chemical conditions in the early oceans, such as warmer water, high Mg/Ca 

ratio, and high partial pressure of CO2, are the same conditions that assist in dolomite 

precipitation. Tucker reported on very well preserved textures in the Neoproterozoic 

Beck Spring Dolomite as further evidence to support his claim. This paper produced 

lively discussion, many responses noted that excellent textural preservation can be 

achieved through early replacement of aragonite and calcite by very finely crystalline 

dolomite (Tucker, 1983; Zempolich, et al, 1988; Zempolich, 1989a, 1989b; Zempolich 
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and Baker 1993). Therefore, well-preserved textures in dolomite do not alone prove an 

originally dolomitic origin (c.f. Coniglio et al., 1988).  

 

MAJOR PALEOPROTEROZOIC CARBONATE OCCURENCES 

Study of Precambrian carbonate systems requires a shift in thinking. The 

complete lack of multicellular, carbonate-producing organisms reframes the discussion 

surrounding carbonate production and the “carbonate factory”. The constituents of 

Precambrian carbonates are few; peloids, intraclasts, coated grains, and cements. In the 

Paleoproterozoic, cements are particularly important, comprising up to 75% of the total 

volume in one deposit (Sami and James, 1996). Despite the lack of large framework-

building organisms, early cementation allows for rapid accumulation and therefore, ramp 

and platform architecture that is similar to Phanerozoic examples.  

Paleoproterozoic carbonates occurrences have been described from four 

continents. Depositional styles include both platforms and ramps, open and rimmed, with 

varying degrees of siliciclastic input. This section briefly summarizes several well-

studied examples of Paleoproterozoic carbonate deposition and will provide a 

sedimentological and diagenetic framework from which to analyze the Denault Fm. 

 

Rocknest Fm., Coronation Supergroup, Northwest Territories, Canada 

 The Rocknest Fm., northwest Canada was a long-lived Paleoproterozoic 

carbonate shelf that developed as part of a passive margin sedimentary prism. Grotzinger 

(1986) divided the Rocknest Fm. into four zones; a western slope, outer shelf, shoal 

complex, and eastern inner shelf. Deposition on the outer slope, below storm wave base, 
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is characterized by rhythmites, turbidites and breccias. More proximal, on the upper 

slope, rhythmites are interbedded with edgewise conglomerates and cone-shaped 

stromatolites. A microbial reef rim made up of domal and columnar stromatolites with up 

to 2m of synoptic relief developed on the outer shelf. Grainstones accumulated behind 

this rim. Onshore transport moved grainy sediment inboard causing the growth of 

extensive shoal complexes that show evidence of cyclic shallowing such as microbial 

tufa, laminites, teepees, and coated grains. The inner shelf is dominated by carbonate 

mud, microbial tufa, and laminites. (Grotzinger, 1986; Kah and Grotzinger, 1992) 

 

Pethei Grp., Great Slave Lake Supergroup, Northwest Territories, Canada 

 The Pethei Group, part of the Paleoproterozoic Great Slave Lake Supergroup in 

northwestern Canada, formed in a foreland basin (Hoffman, 1974). The Pethei contains 

ramps, open shelves and rimmed shelves reflecting carbonate accumulation, sea level 

fluctuation, and changing oceanographic conditions (Sami and James, 1993). In deep 

water, outer ramp, and deep slope environments, extensive microbial laminites are 

interbedded with rhythmites. Domal, columnar and cuspate microbialites dominate the 

shallow-shelf environment. Where a shelf rim is present, it is located inboard of the break 

in slope and consists of domal and columnar microbialites and intraclast grainstones that 

show a spur and groove morphology, similar to modern reef rims (Hoffman, 1974; Sami 

and James, 1993). The Pethei is predominately composed of synsedimentary cements. 

Many of the microbialites accrete by cement precipitation and encrusting cements are 

widely present. Sami and James (1996) estimate that up to 75% of the total volume of the 

platform may be cement. This abundance of cement suggests a system in which seawater 
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is supersaturated with respect to carbonate minerals. The uppermost portion of the Pethei 

contains halite casts and some brecciated units which transition into an extensive 

evaporite breccia, the Stark Fm.. The breccias and evaporites imply that, during the final 

stages of deposition of the Pethei Fm. and the overlying Stark Fm., the system was 

evaporative (Pope and Grotzinger, 2003).  

 

McNamara Grp., Northeastern Australia 

 In the late Paleoproterozoic, deposition of the lower McNamara Group, 

northeastern Australia occurred along a mixed carbonate-siliciclastic ramp, which was 

periodically disturbed by storms (Sami et al., 2000). This carbonate deposit developed 

overtop a siliciclastic ramp and evolved into a distally-steepened ramp when fine-grained 

sediment partially filled the accommodation space behind a stromatolite rim. 

Microbialites are present in all depositional environments, shallow and deep. Deep water 

environments are dominated by “organ pipes”, thick vertical accumulations of columnar 

stromatolites that aggraded rapidly, filling available accommodation space. Shallow 

subtidal and peritidal environments host digitate and domal-columnar stromatolites as 

well as laminites. When they occur, stromatolite rims are composed of columnar and 

domal forms. Sami et al. (2000) note that this deposit is unusual among other 

Paleoproterozoic occurrences because it is primarily composed of detrital carbonate, 

mostly micrite, rather than cements and precipitates.  
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Kilohigok Basin, Northwest Territories, Canada 

 Campbell and Cecile (1981) interpreted the sedimentology and stromatolitic 

forms of the Paleoproterozoic Golburn Group, northwest Canada. In this deposit, deep 

water, basinal environments are represented by carbonate and mudstone rhythmites. In a 

shallow subtidal setting, 30-40cm domal stromatolites are interspersed with cross-bedded 

grainstones. The interpreted reef crest is composed of columnar stromatolites and 

channels filled with grainstones. Landward of this reef crest are fine-grained supratidal 

deposits with desiccation cracks, halite pseudomorphs and ripples. 

 

GEOHISTORY OF THE LABRADOR TROUGH 

The Denault dolomite was deposited in the southwestern portion of the Labrador 

Trough, a belt of Paleoproterozoic sedimentary, metasedimentary and volcanic rocks that 

extends from Ungava Bay southeast to the Grenville Front (Fig.1). The Denault is 

contained within the Kaniapiskau Supergroup (Fig. 2), a sequence of volcanic and 

sedimentary rocks that records the complex tectonic evolution of the region. 

Sedimentation began when the Superior and Nain Provinces rifted apart, in the west 

rifting transitioned into drift and subsequent passive margin sedimentation, in the east 

subduction initiated under the western margin of the Nain Craton. This subduction zone 

eventually resulted in the collision of the Nain Craton and the Core Zone, an enigmatic 

microcontinent composed of Archean crustal rock, in the Torngat orogeny. Following the 

collision, oceanic crust began to be subducted under the western margin of the Core 

Zone. This subduction culminated in the collision of the Core Zone and Superior Craton, 

creating the New Quebec Orogen in which Core Zone rocks and passive margin 



Fig.1 Lithotectonic map of the Labrador Trough (New Quebec Orogen).  The 
sedimentary and metasedimentary Schefferville Zone is indicated by the stipled
pattern with wavy lines. The black arrows indicates the study locations of Schefferville
and Marion Lake. (modified from Wardle et al. 2002).
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Fig.2 Generalized stratigraphy of the Labrador Trough (adapted from Clark and
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Fig. 3 A cartoon of the tectonic history of the Southeastern Churchill Province showing (1) inital 
crustal rifting, (2) passive margin sedimentation along the eastern margin of the Superior craton 
and initiation of subduction along the western margin of the Nain Craton, (3) collision of the Nain
Craton and the Core Zone creating the Torngat orogen, (4) initiation of eastward subduction under 
the western margin of the Core Zone, and (5) west-vergent thrusting of the Core Zone and western 
passive margin sedimentary rocks forming the New Quebec orogen (taken directly from 
Wardle et al., 2002, p.658).
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sedimentary rocks were thrust over the Archean rocks of Superior Craton (Fig. 3) 

(Hoffman, 1988; St-Onge, Scott, and Lucas, 2000; Wardle et al., 2002). The Denault Fm. 

is part of the western, passive margin sequence. Though the term “Labrador Trough” 

persists as a 

geographical name for the region, the area with which this study is concerned is better 

termed the Shefferville Zone of the New Quebec Orogen (Wardle et al., 2002). 

The Kaniapiskau Supergroup (Frarey and Duffell, 1964; Clark and Wares, 2006), 

has been broadly divided into three depositional cycles (Fig. 2). These cycles are 

composed of: (1) basement-derived immature sedimentary rocks associated with early 

rifting of the Superior Craton overlain by passive margin sediments, (2) banded iron 

formation, basinal siliciclastic rocks with volcanic rocks, and (3) synorogenic molasse  

and ultramafic volcanic rocks associated with the encroaching eastern continent (Dimroth 

et al., 1970; Wardle and Bailey, 1981; Clark and Thorpe, 1990; Clark and Wares, 2006).  

 First cycle rocks record sedimentation during active rifting and associated rift 

volcanics that are overlain by a passive margin sequence (the Attikamagen Group, which 

contains the Denault: Hoffman, 1988; Wardle et al., 2002). The arkosic sandstones, 

mudstones, and siltstones of the Seward Group are interpreted to represent sedimentation 

in rift-parallel fluvial systems. These siliciclastics are interbedded with rift-related 

volcanics that have a U-Pb age of  2169 ± 2 Ma (Rohon, 1993). A platform developed 

overtop these immature sediments, depositing sandstones and carbonates of the Pisolet 

Group. When the platform foundered due to an interpreted rise in relative sea level, the 

volcanics (2142 +4/-2 Ma, U-Pb) and flysch of the Swampy Bay Group accumulated in 

the resultant marine basin (T.E. Krogh and B. Dressler unpublished data, cite in Clark 
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and Caty, 1984). The shallow marine sediments of the Attikamagen Group lie 

conformably over the Swampy Bay Group (Clark and Wares, 2006). In the western part 

of the Schefferville Zone, the Attikamagen Group is overlain by siliciclastics and iron 

formation (Ferriman Group). Past reconstructions of the history of these rocks invoke a 

major erosional unconformity between the Attikamagen Group and the overlying 

Ferriman Group, placing the Ferriman Group in the second cycle of deposition (Clark and 

Wares, 2006).  

The Denault forms the basal unit of the Attikamagen. It is locally conformably 

overlain by a thin (0.5-3m), grey-green siltstone (Dolly Fm.) and unconformably overlain 

by a thick (up to 150m) chert breccia (Fleming Fm.). It is difficult to constrain the 

absolute age of the Denault. A maximum age of 2142 +4/-2 Ma is provided by volcanics 

of the Swampy Bay Group and a speculative minimum age of 1880 ± 2 Ma (U-Pb) comes 

from a carbonatite dike that is interpreted to have fed volcanics interbedded with the 

overlying Sokoman Fm (Cheve and Machado, 1988). As previously noted, past 

interpretations placed the Attikamagen group at the end of the first cycle of sedimentation 

separated from second-cycle rocks by a 142 Ma unconformity (Wardle and Bailey, 1981). 

Recent field studies in the Schefferville region question this assumption. They show that 

the dolomite and shale of the Attikamagen group pass conformably upward into the 

overlying second-cycle rocks of the Ferriman Fm. (Clark et al., 2006). Moreover, 

moderate carbon isotopic values from the Denault and Abner Fm.s are more consistent 

with second-cycle rocks than with the isotopically light rocks of the first cycle (Mehelizik 

et al., 1997). Therefore, whereas age constraints are equivocal, evidence suggests that the 

Attikamagen group is closer in age to the 1880 Ma rocks of the overlying Ferriman 
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Group.  The Ferriman Group is overlain by flysch and synorogenic volcanism of the 

Tamarack River Fm. These sedimentary and volcanic rocks are interpreted as a sign of 

the approaching subduction zone and eastern Nain craton. 

In the western portion of the Schefferville Zone, the collision of the Superior and 

Nain cratons caused limited metamorphism; deformation was expressed as a series of 

northeast-southwest trending, southeast vergent, en echelon imbricate thrusts which 

accomplished shortening of up to 35% (Zajac, 1974; Machado et al., 1997).  
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CHAPTER 2: 
THE DENAULT DOLOMITE, LABRADOR TROUGH: DEPOSITION, GYPSUM 

FORMATION AND MIMETIC DOLOMITIZATION ALONG A 
PALEOPROTEROZOIC RAMP 

 
 

by R.A. Zentmyer, N.P. James, and P.K. Pufahl 
 

 
 

ABSTRACT 

 The Denault Fm. (2.1-1.9 Ga) out crops in the Labrador Trough, northeastern 

Quebec and western Labrador. Occurrences surrounding the town of Schefferville 

contain textural characteristics consistent with deposition on the middle and outer 

portions of a storm-influenced shallow ramp. Mid-ramp facies consist of intraclastic 

grainstones with hummocky cross-stratification (HCS), swaley cross-stratification (SCS), 

current ripples, and graded event beds. Further outboard, grainstones grade into deeper- 

water laminites that are composed of even, mm-scale couplets of flat-lying organic and 

micritic laminae. Scours within the laminites suggest occasional storm activity. Laminites 

gradually grade into outer ramp deep-water shales. Separated from these ramp facies by 

50km (present day) is an isolated eastern stromatolitic accumulation. This outcrop can be 

interpreted as the remnant of a near-continuous margin or may simply represent an 

isolated accumulation that developed on a pre-existing topographic high.  

Microscopic (2-10µm) lathes of dolomite are interpreted as pseudomorphs after 

gypsum. The presence of pseudomorphs and solution-collapse breccias provide evidence 

for evaporative conditions during the early diagenesis of the Denault. Seepage-reflux of 

brines generated through evaporation during the deposition of the overlying Fleming Fm. 
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caused early, mimetic dolomitization in a shallow burial setting. Subsequent burial 

diagenesis resulted in partial recrystallization to fabric-destructive, anhedral dolomite. 

 
 

INTRODUCTION 

 The Paleoproterozoic was a time of considerable change in the chemistry of 

Earth’s ocean and atmosphere (Cloud, 1972; Holland, 1984; De Marais et al., 1992; 

Canfield, 1998). Research on global Paleoproterozoic occurrences (Kah and Grotzinger, 

1992; Sami and James, 1993; Melezhik et al., 1997; Sami et al., 2000; Ojakangas et al., 

2001; Pope and Grotzinger, 2003) provides a valuable window into these evolving 

systems.  

This study documents the Denault Fm., a 2.0-1.8 Ga dolomite, in northwestern 

Quebec near the town of Schefferville (Fig. 1). Good textural preservation is rare in rocks 

of this age, therefore, the Denault Fm. represents a unique opportunity to study the 

components of Paleoproterozoic carbonate depositional systems. Additionally, the 

Denault Fm. is directly overlain by a chert breccia, sandstone, and extensive banded iron 

formation. This accumulation of chemical sedimentary rocks suggests a complex 

oceanographic setting in which seawater chemistry was rapidly changing. Similar to 

many other Paleoproterozoic examples, the sedimentary rocks of the Labrador Trough 

record a dynamic chemical system in which unidirectional shifts in the global 

hydrosphere are superimposed on local and regional environmental effects.  

The aims of this paper are to describe the character and style of deposition and 

diagenesis in the Denault Fm. and to place that information in the context of current 

knowledge about ocean chemistry in the Paleoproterozoic.  
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Geological Setting 

The Denault Fm. was deposited in the southwestern portion of the Labrador 

Trough, a belt of Paleoproterozoic rocks that extends from Ungava Bay southeast to 

Labrador City (Fig. 1). The term “trough” is misleading; these rocks form the most 

westerly portion of a complex Paleoproterozoic tectonic cycle, recording rifting, drifting, 

subduction, and subsequent collision between the Superior Province, the Core Zone (an 

enigmatic Archean microcontinent) and the Nain Province (Fig. 3)(Hoffman, 1988; St-

Onge, Scott, and Lucas, 2000; Wardle et al., 2002). Rifting between the Superior and the 

Nain Provinces initiated  ~2.2Ga (Wardle, 2002). Sedimentary rocks were deposited in 

the rift grabens and on rift shoulders and later, in a post-rifting period of quiescence, 

along the passively-subsiding margins. Eastward subduction under the Nain Province 

began between 1.91 and 1.89 Ga and eventually resulted in the collision of the Nain 

Province and the Core Zone (Torngat Orogen). Another east-dipping subduction zone 

developed off the western margin of the Core Zone between 1.84 and 1.82 Ga. In the 

west, the encroaching Core Zone generated synorogenic mollasse and ultramafic 

volcanics that buried the passive margin sequence (Wardle et al., 2002). When the Core 

Zone collided with the Superior Province between 1.82 and 1.77Ga (New Quebec 

Orogen) it resulted in thick and thin-skinned thrusting (Machado et al., 1989). In the 

western portion of the Labrador Trough, where this study is located, metamorphism was 

limited and deformation is primarily expressed as a series of northeast-southwest 

trending, southeast vergent, en echelon imbricate thrusts which produced up to 35% 

shortening (Zajac, 1974; Machado et al., 1997). Despite this telescoping, spatial 
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relationships between facies are preserved such that lateral comparison between outcrops 

is possible (Fig. 4).  

  The Denault forms the basal unit of the Attikamagen Group (Fig. 2), sediments 

that were deposited along the passive western margin, after rifting ceased and before 

compression related to the New Quebec Orogen began. It is conformably overlain by a 

thin (0.5-3m), grey-green siltstone (Dolly Fm.). An unconformity with up to 2m of local 

relief cuts into the Dolly Fm. and locally into the Denault Fm. Above this unconformity 

is a thick (up to 150m) chert breccia (Fleming Fm.). The origin of the Fleming Fm. has 

been debated at length, it has alternatively been explained as a chert lag created by the 

dissolution of the underlying carbonate, a silicified evaporite, and a direct silica 

precipitate (Birkett, 1991). This breccia, along with the overlying banded-iron formation 

(Sokoman Fm.), suggests a complex chemical and oceanographic environment in which a 

range of constituents precipitated out of seawater over time as conditions changed. Any 

analysis of the Denault must be framed in light of these chemical changes. 

The absolute age of the Denault is difficult to constrain. A maximum age of 2142 

+4/-2 Ma is provided by volcanics of the Swampy Bay Group and a speculative 

minimum age of 1880 ± 2 Ma (U-Pb) comes from a carbonatite dike that is interpreted to 

have fed volcanics interbedded with the overlying Sokoman Fm (Cheve and Machado, 

1988). Past interpretations assumed that the Attikamagen group was closer in age to the 

older, underlying Swampy Bay Group and separated from the rocks above by an inferred 

142 Ma unconformity (Wardle and Bailey, 1981). Recent field studies in the Schefferville 

region question this assumption. They show that the dolomite and shale of the 

Attikamagen group pass conformably upward into the overlying rocks of the Ferriman 
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Fm. (Wardle, 2002; Clark et al., 2006). Additionally, carbon isotopic values from the 

Denault and coeval Abner Formations are more consistent with younger rocks than with 

isotopically light older rocks (Mehelizik, 1997). Therefore, whereas age constraints are 

equivocal, evidence suggests that the Attikamagen group is closer in age to the overlying 

1880 Ma rocks.  

Limited study has prevented a clear, unequivocal interpretation of paleogeography 

during the interval of carbonate deposition. In their synthesis of previous work on the 

Schefferville area, Wardle and Bailey (1981) proposed this geometry: the Denault was 

deposited in an elongate shelf that trended northwest-southeast which was separated from 

the open ocean to the east by a discontinuous series of shallow stromatolitic banks. This 

reconstruction is supported by the character of western exposures of the Denault 

(grainstones, conglomerates, and fine-grained laminites) and the presence of isolated 

exposures of 1000-3000m thick stromatolitic facies to the east at Marion Lake 

(Donaldson, 1966; Gross, 1968). Wardle and Bailey (1981) argued that stromatolite 

banks formed on and around two local structural highs, the Snelgrove Arch in the north 

and Wheeler Dome in the south (Gross, 1965). Other paleogeographic reconstructions 

have been proposed, e.g. a reef front to the northwest at Lac Laurin with attendant slope 

deposits to the south (at Schefferville) and east (Hoffman and Grotzinger, 1988), but this 

arrangement does not explain the presence of the stromatolitic facies in the east at Marion 

Lake.  

 
Methods 

 
Exposures of the Denault Fm. are accessible from the town of Schefferville, 

Quebec in northeastern Canada. Schefferville can be reached by plane or by Tshiuetin 
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Rail Transportation, Inc. from the town of Sept Îles, Quebec on the north shore of the St. 

Lawrence River. Nearly forty years of exploration and mining of the Sokoman Iron Fm. 

by the Iron Ore Company of Canada have left the region surrounding Schefferville criss-

crossed with navigable roads. These mining roads offer vehicle access to a variety of 

exposures of the rocks of the Attikamagen Group. A satellite outcrop of Denault Fm. is 

present 50 km east of Schefferville at Marion Lake. This site can be reached by light 

aircraft on floats. 

Stacking of imbricate thrust sheets formed through compression in the 

Paleoproterozoic New Quebec Orogen caused repetition of formations (Fig. 4). 

Individual thrust sheets can contain several conformable contacts or a single formation 

may be bounded above and below by fault contacts. These thrust sheets have weathered 

into a series of generally north-south trending ridges and valleys. More resistant 

formations such as the Sokoman Iron Fm. or the Denault Fm. are easily identified at a 

distance because they weather into prominent, distinctively-colored, ridges. Bedding 

generally dips to the east between 10 and 80 degrees. Outcrops are best viewed on the 

steep west sides of ridges where frost-heave weathering has caused fracturing 

perpendicular to bedding planes (Fig. 5). 

Reconnaissance field work investigating exposure and local structure took place 

in the summer of 2006. In May and June 2007 stratigraphic sections were measured and 

facies were sampled at seven locations around the town of Schefferville and the adjacent 

Iron Ore Canada mine. Due to logistical constraints, investigation of the Denault 50 km 

east of Schefferville at Marion Lake was limited to six hours of reconnaissance. 

Donaldson’s published section (1966) was used as a guide. 



A

B

Figure 5. The general topography of the study area and style of outcrop (A) exposure of the Denault Fm. at 
Elizabeth Lake, the bedded orange outcrop of the left side of the photo is dolomite, the overlying resistant 
gray ridge is the Fleming Fm., trees are ~1.5m tall (B) an outcrop of the Denault Fm. at Cross Ridge, 
people for scale.
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Sixty-five unstained, polished thin sections were analyzed with a standard 

petrographic microscope as well as under cathodoluminescent light (CL) at Queen’s 

University. Additionally, select samples were examined under a JEOL JSM-5900LV 

Scanning Electron Microscope at Acadia University’s Centre for Microstructural 

Analysis. Polished thin sections and broken rock fragments were carbon-coated and  

viewed with a variety of imaging methods including secondary and back-scatter electron 

imaging and SEM cathodoluminescence. Energy dispersive spectroscopy provided 

qualitative data on the chemical composition of mineral phases. A Gatan MonoCL and 

Gatan Digital Micrograph software were used in conjunction with the SEM to obtain very 

high-resolution CL images. The operating conditions for the SEM and CL followed 

Milliken (1994) and are summarized in a table in Appendix A. All samples were 

analyzed for mineralogy using x-ray diffraction at Queen’s University.  

 

DENAULT FORMATION 

Overview 

The Denault Fm. is composed entirely of near-stoichiometric (51 mole % Ca) 

dolomite. Dolomite textures range from finely microcrystalline to fabric-obliterative. 

Where dolomite is microcrystalline, the depositional fabric of the Denault is clearly 

visible.  Well-preserved exposures allow for sedimentlogical analysis and interpretation 

of paleoenvironments and paleoceanography. The range of dolomite textures provides a 

window into the stages of diagenetic alteration of the Denault. 
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Previous studies 

 Early reconnaissance of the Denault Fm. was carried out by Donaldson (1963, 

1966) in the Marion Lake map area, approximately 50 km east of Schefferville. He 

emphasized the variety of stromatolitic forms and noted the extensive but partial 

silicification of all units. Donaldson favored a shallow-water depositional environment 

based on a previous understanding of stromatolites that assumed they were formed 

exclusively by photosynthetic microbes and were, therefore, restricted to the photic zone. 

 Gross (1968) provided the first English-language compilation of a series of 

Geological Survey of Quebec regional overviews that contain valuable mapping and 

attempts at synthesis of the geological history of the trough. Gross’s maps are still, in 

many areas, the most recent documents available for this region. Harrison, Howell, and 

Fahrig published detailed maps of the Schefferville area in 1972. They interpreted the 

Denault Fm. as a reef contained within the Attikamagen Fm. In 1978 Dimroth continued 

the mapping, measured stratigraphic sections and attempted to correlate exposures of the 

Denault but offered little in the way of sedimentological interpretation.  

 Wardle and Bailey (1981) offered a broad, interpretive overview of the 

stratigraphy and tectonic evolution of the Labrador Trough. While they presented no new 

sedimentological information about the Denault Fm., they interpreted the stromatolitic 

eastern exposures of the Denault as intertidal deposits that formed on proposed offshore 

highs, possibly along rift horsts (Wardle and Bailey, 1981). Hoffman and Grotzinger 

(1988) briefly examined part of the Abner Fm., which is believed to be coeval with the 

Denault Fm., near Lac Laurin, approximately 300 km north of Schefferville. They 

interpreted the stromatolitic dolomite in this area as a reef complex complete with 
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backreef and forereef facies. Clark and Wares (2006) published an updated literature 

review of the Labrador Trough that focuses on the evolution of economic minerals in the 

region. 

 

Stratigraphy 

 Good preservation of depositional textures in the Denault allows the distinction of 

four major lithologies: 1) thinly laminated dolomudstones, 2) cross-bedded intraclast 

grainstones and packstones, 3) angular breccias, and 4) intraclast conglomerates.  

The easternmost exposures of Denault are near Elizabeth Lake and Gemini Lake 

(Fig. 6). The 70m thick section at Elizabeth Lake contains a relatively undisturbed 

accumulation of laminate facies that grade upward into grainstones (Fig. 6). A thin (15m) 

exposure of Denault at Gemini Lake shows interbedded grainstones and laminites 

punctuated by thick (up to 3m) lenses of intraclast conglomerates and breccias. Both 

sections lack a lower bounding unit and Gemini Lake also lacks an upper boundary, thus 

direct stratigraphic correlation between sites is not possible. 

 The 80m thick section at Cross Ridge is located 10 km to the northeast of 

Elizabeth Lake and at least three thrust slices to the west. Assuming shortening of 35% 

(Zajac, 1974) and a structure-parallel orientation of the ramp, Cross Ridge represents a 

location ~15.4 km outboard of Elizabeth Lake. At this location, the Denault consists of 

50m of laminate facies occasionally punctuated by intraclast conglomerate. These 

laminites grade upsection into 35m of cross-bedded grainstones. 
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Several thrust slices to the east, ~14 km from Cross Ridge before shortening, 

scattered outcrops around the southeast side of John Lake and to the northeast side of 

Mary Joe Lake are composed of laminites, breccias, and intraclast conglomerates.  

Adjacent to the Montaigne Reservation the Denault outcrops as a series of thin, fine-

grained, laminated to massive dolomite interbedded with brown, basinal shales. This is 

the easternmost extent of exposures of the Denault in the Schefferville region. 

 Fifty kilometers east-northeast of Schefferville (~77 km before shortening) at 

Marion Lake there is a thick (~700m) deposit of dolostone that is age-equivalent to the 

Denault Fm (Donaldson, 1966). This sequence generally coarsens upward. The first 

100m is primarily composed of laminites with minor ripples. This fine-grained material is 

overlain by 200m of laminites interbedded with increasingly thick grainstones, flat pebble 

conglomerates and occasional small columnar and domal stromatolites. Over the next 

100m, the laminites disappear, the rock texture is significantly grainier. The coarse grain 

size persists for another 200m, in the first 100m columnar and domal stromatolites are 

abundant, in the second 100m they occur less frequently. Above this in the final 100m of 

section the rock texture becomes finer grained again, reverting to laminites interbedded 

with grainstones with fewer stromatolites.  

 

Sedimentology 
 

Laminites 

 Laminate facies consist of couplets of thinly laminated dark, opaque layers and 

dolomudstone (Fig. 7C). Opaque layers are present as 2-3mm thick groupings of sub-

millimeter black crinkly seams between massive mudstone layers of the same thickness 
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(Fig. 7D). Alternating laminae are flat-lying and individual laminae are laterally 

persistent up to a minimum distance of 200 meters, or as far as the outcrop would allow 

(Fig. 7A). This facies is remarkable for its thick accumulations (up to 40m) of 

undisturbed, flat-lying, dolomudstone. Variations of this facies are present as m-scale 

beds intercalated with grainstones. In thinner accumulations, there is greater variation in 

layer thickness, opaque layers may be up to 4 cm thick and dolomudstone layers may be 

up to 20 cm thick. Occasionally the laminites show synsedimentary disruption such as 

channel-shaped scours and wrinkled, rolled and folded laminae (Fig. 7B).  

Petrographic examination of this facies reveals that it is composed of structureless 

dolomicrite with a mosaic texture alternating with dark to opaque laminae in which the  

opaque material occurs as undulating anastamosing lenses with diffuse boundaries. 

Petrographic characteristics of the micritic crystals were observed using an SEM-

mounted CL system. This analysis revealed that many micrite crystals are rhombs that 

contain lath-shaped cores 2-5 µm in length surrounded by zoned dolomite rims. Isolated 

dolomite rhombs that are up to 0.06 mm in diameter occur within the organic-rich 

laminae. These larger crystals are clear under plain polarized light and have brightly 

florescent cores with dully luminescent, partially embayed rims under 

cathodoluminescence. 

 

Grainstones  

 Grainstones crop out as thick beds of buff-to-orange-weathering dolomite (Fig. 8). 

Many beds contain dune and ripple-scale crossbeds as well as storm-related structures 

such as hummocky cross-stratification (HCS) and swaley cross-stratification (SCS) (Fig. 
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8A). Thin, 3-10cm, layers of the laminate facies locally drape over swales and 

hummocks. Some beds contain lenses of intraclast conglomerate. Other beds are simply 

horizontally laminated.  

Carbonate grains are primarily very fine- to coarse-sand-sized intraclasts. The 

sediment displays a spectrum of textural maturity from tabular, sub-angular to rounded 

grains to spherical, well-rounded grains. Angular intraclasts are generally tabular, ranging 

from 0.5 to 10 mm in length, and 0.1 to 0.5mm in width. Spherical, well-rounded 

intraclasts range in size from very fine to coarse sand and are well- to moderately well 

sorted.  They are composed of uniform, massive dolomicrite. Some intraclasts have 

micritic rims. In heavily neomorphosed samples these grain-rimming micrite envelopes  

are the sole evidence for the original grainy texture of the rock. Under CL, intraclast 

grain boundaries appear partially embayed, replaced by a dolomite.  

While most intraclasts are made up of massive micritic dolomite, a range of 

internal textures are present. The variety of internal fabrics within the intraclasts suggest 

that they are sourced from a range of facies. Some are internally massive, others contain 

the features of the laminate facies such as mm-scale laminations, and others are 

composed of previous generations of intraclast grainstones. These “recycled” intraclasts 

appear to be sub-rounded clasts of a well-lithified intraclast grainstone or packstone. 

Three generations of lithification and reworking are visible in some fragments (Fig. 8C). 

Ooids and oncoids are a relatively minor constituent of the Denault grainstones 

and packstones. They account for less than 1% of grains. They are sand-sized and are 

characterized by uneven, mm-scale concentric laminae coating a massive micritic nucleus 

(Fig. 8D). Laminae within the cortex are composed of bladed crystals that are arranged 
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radially to the nucleus. A few ooids and oncoids are nucleated on intraclasts or intraclast 

aggregates.  

Many of the Denault Fm. grainstones contain a substantial proportion of 

siliciclastic material in the form of quartz sand, angular silt, and clay seams. Rounded to 

sub-rounded quartz grains, for example, constitute up to 20% of the rounded-intraclast 

grainstones and packstones. Quartz sand grains are dispersed evenly among the rounded 

intraclasts. In contrast, the angular intraclast grainstones contain little quartz sand but up 

to 10% angular to sub-angular silt-sized material. The angular silt grains are concentrated 

in layers 2-3 mm thick. 

 

Conglomerates 

Conglomerates are present in lenses between 1 and 10 m wide and 0.5 to 4 m 

thick that are contained within laminites, grainstones and packstones. The conglomerates 

are very poorly sorted, composed of rounded to sub-rounded, tabular clasts, ranging from 

2 to 20 cm in length suspended in a dolomicrite to intraclast grainstone matrix (Fig. 9D). 

Clasts represent a broad sampling of other facies including laminites, grainstones, 

packstones, mudstones, and, occasionally, sandstones. Normal and reverse grading are 

present in this facies.  

 

Breccias 

Dolomite breccia crops out in 3 to 8 m thick lenses that are up to 150 m in lateral 

extent. Clasts are angular to sub-angular tabular boulders, ranging in size from 0.2 to 4 m 

long and sub-rounded cobbles, 1 to 3 cm in diameter (Fig. 9A-C). The internal fabric of 
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these clasts represents a sampling of immediately adjacent facies. These breccias are 

clast-supported with matrix that ranges from mudstone to grainstone and contains up to 

20% quartz sand. Matrix within these breccias may be massive or graded and cavities 

between clasts are locally filled with geopetal sediment (Fig. 9C). 

  

Stromatolites 

 The stromatolitic crystalline carbonate facies contains small columnar, domal, and 

digitate stromatolites within coarsely crystalline dolomite (Fig. 10). In the field, 

stromatolitic forms are discernable due to differential weathering on rock faces. 

Columnar – small, persistent columns that do not branch, between 3 and 5 mm 

wide and 5 to 10 mm tall. Intercolumnar spaces are filled with locally derived intraclasts.  

Donaldson (1966) identified this form as Archaeozoan Donaldson, 1966. This 

stromatolite also resembles the Australian Paleoproterozoic taxon, Pilbaria perplexa 

Grey and Thorne, 1985. 

 Domal - convex laminae that form domes that are between 3 and 10 mm in 

diameter. Domes are small, with an amplitude of ~2mm but the hemispherical shape is 

vertically persistent for up to 10mm. Donaldson (1966) divided these into two categories; 

hemispherical and bulbous which he classified as Collenia Walcott and Cryptozoan Hall 

respectively. 

 Digitate – composed of both domal and columnar stromatolite forms. Both 

columns and domes split and branch as they propagate upward. Successive laminae do 

not always inherit the underlying morphology; a series of columns may be capped by a 
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layer with broad domes. These are Gymnosolen Steinmann in Donaldson’s (1966) 

classification. The digitate morphology also closely resembles published descriptions of 

the Asperia taxa in the Paleoproterozoic Duck Creek dolomite in Western Australia (Grey 

and Thorne, 1985). 

Despite different stromatolitic forms, all samples of this facies share the same 

microtexture; equigranular, non-planar sutured dolomite that is clear to dull brown in 

plain light. Under CL the crystals are non- to dully-luminescent. Primary stromatolitic 

layering is represented by alternations between finer (up to 10 µm) and coarser (up to 150 

µm) crystal sizes. Additionally, in some examples the finer-grained laminae contain 

brown micritic seams ranging from 0.3 to 3 mm in thickness. These seams further 

highlight original stromatolitic laminae. 

  

Dolomitic shale 

 Shales interbedded with the Denault Fm. are light- to dark-brown, thinly 

laminated, and dolomite-rich. They crop out as 5 to 20 cm thick, soft-weathering, tabular 

beds and consist of clays and silt- to micrite-sized dolomite crystals that are non- to 

dully-luminescent under CL. Rare, small iron-oxide nodules are present as well as diffuse 

iron-oxide staining. These brown, dolomite-rich shales are easily distinguished from the 

younger black shales of the overlying Dolly Fm. 

 

Chert 

 Chert is present in all facies within the Denault. It is black to gray in color and 

frequently occurs as bedding parallel, oblate nodules ranging from 1 to 10 cm in length. 
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Chert is also present in continuous horizons that exhibit a “top down” geometry, that is 

these horizons have a sharp, bedding parallel upper boundary and an undulatory lower 

boundary that cuts across bedding planes. 

 

INTERPRETATION 

Laminites 

The fine grain size of the laminate facies is consistent with deposition in a low 

energy environment. Fine-grained laminites such as these are often interpreted as 

peritidal deposits. Peritidal laminites commonly co-occur with a host of sedimentary 

structures indicative of periodic exposure such as, dessication cracks, fenestral porosity, 

teepees, microbial roll-ups, evaporites, and flaser bedding (Pratt et al., 1992). In the 

Phanerozoic, stressed peritidal environments exclude infaunal and most epifaunal 

organisms, preventing the disruption of tidally-deposited mud layers and the preservation 

of microbial mat communities (Garrett, 1970). In the Proterozoic, there are no 

macrofauna to bioturbate sediment so laminites could potentially form in any quiet-water 

setting, ie. back-barrier lagoon, intertidal, subtidal, or anywhere below wave base. 

Independent sedimentary evidence of tides and exposure is needed to prove a peritidal 

origin for Proterozoic laminites. Several studies of Proterozoic ramps have found an 

association between laminate facies and peritidal indicators such as teepees, desiccation 

cracks, and fenestral porosity (Clough and Goldhammer, 2000; Kah, 2000; Sherman et 

al., 2000). By contrast, Sami and James (1993) report on the subtidal, sub-wave base 

microbial laminites in the Paleoproterozoic Utsingi Fm. of northwestern Canada. 

Dibenedetto and Grotzinger (2005), in work on a Neoproterozoic storm-dominated ramp, 
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describe laminites with no peritidal structures that they assign to the mid-ramp below fair 

weather wave base (FWWB). Other than small pseudomorphs after gypsum, the laminites 

of the Denault contain no peritidal indicators, eliminating a peritidal origin for this facies. 

Thus, there are two remaining interpretations for a low energy depositional environment; 

either the laminites were deposited below FWWB or in a back barrier lagoon. Without 

unequivocal sedimentary structures, either explanation is equally probable.  

The anastamosing lenses of opaque material that are present in the dark laminae 

and absent in the lighter, structureless micrite laminae are interpreted as organic-rich 

material (Fig 7D). Thus, the alternations between dark and light fine-grained laminae are 

alternations between micritic layers that do and do not contain organic material. The 

lateral persistence and evenness of the massive laminae favors the explanation that they 

formed through suspension deposition. The organic material may be sourced from pelagic 

microbial populations, in which case the organic-rich laminae would represent pulses of 

biological activity in the overlying water column. Alternatively, the organics may be the 

residue of benthic microbial mats, helping to stabilize the micritic layers. The organic-

rich laminae lack internal microstructures, such as pillar and strut texture, that have been 

attributed to microbial mat growth in ancient rocks, though Grotzinger and Knoll (1999) 

note that such structures are rarely preserved in ancient rocks. The folding and roll-up 

textures that occur rarely within this facies suggest that laminae responded to stress 

cohesively and plastically. Similar roll-up textures are present in modern environments 

and have been interpreted as disturbed microbial mats in Proterozoic examples. The 

wrinkles, rolls, and folds are similar in morphology to structures that have been 

interpreted as disturbed microbial mats (Hagadorn and Bottjer, 1997; Gehling, 1999; 
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Clough and Goldhammer, 2000; Sherman et al., 2000; Noffke et al., 2001, 2002; Noffke 

et al., 2006). 

The consistency of the alternations between light, structureless layers and 

organic-rich layers suggests a regular, extrinsic control on deposition and microbial 

populations. This bimodal depositional signal may be linked to daily, monthly, or 

seasonal cycles, or may be related to cyclic upwelling. At the Elizabeth Lake section 

there are, on average, 380 couplets per meter. By comparison, evaporites in the Permian 

Castile Fm. contain an average of 560 couplets per meter (Anderson et al., 1972). The 

cyclicity in the Castile Fm. is tied to seasonal changes in salinity and nutrient influx 

within a restricted, evaporative basin (Kirkland, 2003). It is interesting that the number of 

couplets per meter in the Denault is the same order of magnitude as in the Castile Fm. 

Though the Castile is an evaporite deposit, the similarity in depositional style suggests 

these two occurrences formed through analogous processes.  

 

Grainstones 

HCS and SCS in this facies indicate that deposition occurred above storm wave 

base (Dott and Bourgeois, 1982; Duke, 1985; Aigner, 1985). Grain sizes are larger than 

those classically associated with HCS. However, carbonate grains have lower densities 

than siliciclastic grains of the same size, therefore, coarse carbonate grains are 

hydrodynamically equivalent to fine quartz sand. A similar argument has been made for 

HCS formation in coarse-grained spiculites (Gammon and James, 2001; Gates et al., 

2004). The presence of mud-sized particles in the packstones and absence of wave ripples 

further limits the depositional environment to below fair-weather wave base. Intraclasts 
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are interpreted to have formed through wave abrasion and reworking of lithified to 

partially lithified sediment (c.f. Hoffman, 1975; Sami and James, 1993). Although a 

portion of the sediment may have been generated in situ due to wave abrasion during 

storms, the degree of rounding and sorting of the intraclasts suggests long residence times 

in a dynamic environment. It is, therefore likely that the majority of the grainy, 

intraclastic sediment was transported from a wave-dominated environment such as near-

shore shoals.  

The siliclastic material in the grainstones is bimodal in character. The sand-sized, 

well-rounded grains are evidence of fluvial siliciclastic input while the silt-sized, angular 

grains are consistent with windblown transport (Bagnold, 1954). 

 

Conglomerate 

Sub-rounded to rounded clasts in this facies indicate mechanical abrasion during 

transport. Erosional bases and graded beds suggest episodic depositional events such as 

storms and debris flows. Some of the conglomerates that contain smaller pebble to 

granule-sized clasts may be graded storm beds (Aigner, 1985; Sherman et al., 2001; 

Dibennedetto and Grotzinger, 2005). Other conglomerates with larger, poorly-sorted sub-

rounded to rounded clasts and sandy matrices are more likely debris flow deposits 

(Coniglio and Dix, 1992). Debris flows may have been initiated by wave action during 

storm events or by tectonism related to the underlying rift system. 

 

Breccia 
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Textural properties of this facies are consistent with brecciation in situ, and little 

to no transport. Clasts are very angular and tabular, with length to width ratios commonly 

exceeding 10 to 1. Angular clasts can sometimes be visually fitted back together like 

pieces of a jigsaw puzzle, a condition that would not survive transport (Morrow, 1982).  

Given these characteristics, it is likely that these breccias formed through collapse 

due to volume-loss. There are two possible causes for volume-loss in the Denault. Either 

the Denault underwent meteoric diagenesis and dissolution, in which case these are karst 

breccias, or the dissolution of evaporites caused brecciation. Features associated with 

subaerial exposure such as karren, grikes, terra rosa, and caliche (Choquette and James, 

1988; Pelechaty et al., 1991) are absent from the Denault Fm. Additionally, microscopic 

indicators of karst formation such as vadose cements and dissolution textures are absent. 

However, micritized grains often occur concomitantly with karst, and these are common 

in the grainstones of the Denault (James and Choquette, 1984). In describing a Mid-

Proterozoic paleokarst from the Northwest Territories of Canada, Kerans and Donaldson 

(1988) noted that subsurface dissolution features such as solution breccias were much 

more abundant than surface dissolution features, implying that the lack of surface 

dissolution features does not rule out a karstic origin for the breccias in the Denault. The 

geometry, up to 150m wide zones of constant thickness, of these breccias is consistent 

with karst brecciation through intrastratal dissolution (Sando, 1974). The Denault Fm. is 

locally overlain by an erosional unconformity. Karst formation could have occurred 

during this period of subaerial exposure. 

Many of the features that support the karst argument are also consistent with 

evaporite solution collapse. Additionally, the breccias of the Denault contain several 
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characteristics that, while not inconsistent with subsurface karst, are regarded as evidence 

of evaporite dissolution. These include: the rough preservation of the layering in the 

original deposit, sharp lower contacts, gradational upper contacts, and the (interpreted) 

presence of evaporite pseudomorphs (Swennen et al., 1990; Badham and Stanworth 

1977). Given the textural evidence, both mechanisms for brecciation appear plausible.  

 

Stromatolitic crystalline dolomite 

Stromatolite morphology has long been correlated to depositional environment 

(Walter, 1976). Columnar forms are usually found in low energy, subtidal or lagoonal 

environments (Grey and Thorne, 1985; Hoffman, 1974), though they may be associated 

with energetic tidal channel facies (Beukes and Lowe, 1989). Small domal stromatolites 

are found in a range of low energy environments including back-reef lagoons and tidal 

flats (Beukes and Lowe, 1989) while larger domal stromatolites are associated with 

energetic reef and fore-reef environments (Campbell and Cecile, 1981). Despite more 

than a century of study, the mechanisms of ancient stromatolite growth are not clearly 

understood and, for this reason, all associations of stromatolite morphology and growth 

environment are correlative, not causal (Grotzinger and Knoll, 1999). The 

aforementioned studies rely on sedimentological evidence to determine depositional 

environments and report the stromatolite forms that are present in each environment. At 

Marion Lake the succession generally coarsens upward. With the increase in grain-size, 

stromatolites overall are more abundant, domal and columnar forms dominate, and 

conglomerate lenses occur more frequently. Southgate (1989) observed that domal and 

columnar forms predominated in a series of shallowing upward stromatolitic cycles in the 
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Bitter Springs Fm, Australia. The stromatolites at Marion Lake lack the physical features 

that are often associated with Proterozoic reef crests, such as synoptic relief greater than 

20 cm, spur and groove geometry, and debris channels between mounds (Grotzinger, 

1988; Hoffman and Grotzinger, 1988; Grotzinger 1989). The stratigraphic increases in 

grain size and frequency of conglomerate beds suggests shallowing upward, but it is 

unlikely that this accumulation built up above FWWB.  

Stromatolitic carbonate is narrowly exposed only at Marion Lake so it is difficult 

to constrain the paleogeographic extent of this facies. Wardle and Bailey (1991) proposed 

that this deposit accumulated on top of rift-related paleotopographic highs. Only two of 

these have been described in the literature, Wheeler Dome in the southern part of the 

Labrador Trough and Snelgrove Arch in the north, and they represent a limited area 

(Gross, 1968).  

   

The Denault – a ramp  

The Denault Fm. in the area surrounding the town of Schefferville contains many 

sedimentological characteristics that can be associated with deposition on a carbonate 

ramp. Carbonate ramps are classically defined by their low-angle, uninterrupted slopes 

(Ahr, 1973; Read, 1982; Read, 1985). Poor correlation between outcrops prevents an 

estimation of the slope of this deposit. However, the sedimentological features related to 

the low-angle geometry of a ramp, such as inboard sand shoals, storm deposits, a highly 

productive mid-ramp, lack of a reef rim or barrier, and lack of slope breccia (Read, 1985; 

Burchette and Wright, 1992) are present in the Denault.   
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The character of the Denault near Schefferville changes from west to east. In the 

west, high-energy, storm-influenced grainy sediments are interbedded with laminites. The 

westernmost outcrops (Elizabeth Lake and Cross Ridge) contain intraclast grainstones 

and packstones with storm-generated sedimentary structures such as HCS, SCS, current 

ripples, and graded beds. Between these grainy storm deposits, there are thin layers of 

fine-grained laminites. This interlayering of grainy event beds and quiet-water laminites 

locates these deposits below fair weather wave base where only episodic storms disrupt 

low-energy fair-weather deposition. This facies association has been observed in other 

ancient carbonate ramps and is usually assigned to the mid-ramp (Aigner, 1985; 

Faulkner, 1988; Sherman et al., 2001; Dibenedetto and Grotzinger, 2005). Laminate 

packages thicken and grainstone layers thin progressively eastward, a distribution that is 

interpreted as a proximal to distal trend of increasing water depth. 

To the east, the thickness and frequency of storm-deposits decreases and thinly-

laminated dolomudstones become more abundant as water depth increases and deeper, 

quiet-water conditions dominate. These interpreted distal deposits are composed of 2-40 

cm thick beds of thinly-laminated dolostone intercalated with brown, dolomite-rich shale. 

The quiet-water of the outer ramp is a plausible depositional setting for these fine-grained 

facies (Burchette and Wright, 1992). East of the Schefferville area, the Denault is 

replaced by brown, dolomite-rich shales, which are interpreted to have accumulated in 

the deep water of either a basin or back-barrier lagoon. This shift in sedimentation style 

from west to east is interpreted as a transition from deposition on the mid-ramp to 

deposition on the outer-ramp. Deposition occurred along the passively subsiding western 
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margin of the Superior Province, so this transition from shallow western facies to deep 

eastern facies agrees with the tectonic setting.  

Inner ramp facies of the Denault were not preserved, however, the makeup of the 

mid- and outer-ramp facies yields information about the nature of the inner ramp. 

Hydrodynamically mature intraclasts in the grainstones and packstones of the mid-ramp 

must have been sourced from a shallower, more energetic environment. The nature of the 

grainstones and packstones on the mid-ramp implies the presence of intraclast and ooid 

shoals on the inner ramp. Clastic shoals in shallow subtidal and shoreface environments 

are a common feature of carbonate ramps throughout time (Ward et al., 1985; Read, 

1985; Burchette and Wright, 1992) and have been described in several Proterozoic ramps 

(Cozzi et al., 2004; Dibenedetto and Grotzinger, 2005). It is plausible that grainy 

sediment produced on the energetic inner ramp was exported to the mid-ramp.  

 Fifty kilometers to the east of Schefferville, at Marion Lake, is a ~700m thick 

occurrence of stromatolitic dolomite. This isolated outcrop is separated from the western 

dolomite by brown shale. Previous workers have postulated that this stromatolite buildup 

accumulated on pre-existing topographic highs related to the initial rifting that formed 

this intracontinental basin (Wardle and Bailey, 1981). The limited geographic distribution 

of the stromatolitic facies supports this interpretation. This deposit is envisioned to be an 

isolated occurrence, forming atop pre-existing, offshore structural highs. 

 Though the nature of the Denault in the Schefferville area has a ramp-like aspect, 

when these western occurrences are considered in relation to the stromatolitic banks 

50km to the east, there are actually two possible interpretations of the depositional system  
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(Fig. 11). If the eastern facies represent a continuous platform margin, then the system 

was a rimmed platform with a deep lagoon and the inner portion of this platform had a 

homoclinal ramp-like aspect. Alternatively, if the eastern facies were discontinuous 

accumulations on offshore structural highs, then this was a homoclinal ramp with 

offshore banks. These interpretations are similar, both agree that shallow-water 

deposition in the landward part of the system occurred on a ramp (evidenced by the storm 

deposits and lateral intercalation of facies), they differ in the reconstruction and 

importance of the eastern stromatolitic facies. Either way, whether they represent a 

platform margin or offshore highs, the stromatolitic eastern accumulations did not form a 

significant obstruction as they did little to attenuate storm and wave energy inboard on 

the ramp. 

 

Petrography – description 

Introduction 

There are three distinct components within the Denault 1) grains, 2) dolomite in a 

range of crystal sizes and textures, and 3) lathe-shaped crystals. The characteristics of the 

grains have been discussed, the following is a description and interpretation of the 

various dolomite textures and lathe-shaped crystals.  

  

Dolomite 

 There are five major types of dolomite in the Denault Fm.: grain-rimming 

cements, microcrystalline euhedral, pore-rimming dolomite cement, clear rhombohedral 

overgrowths, pore-occluding dolomite cement, and fabric-destructive dolomite (Table 1). 
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Bulk rock XRD analyses of the dolomite show an average ∂-spacing of 2.891Å. This 

value corresponds to 48.9 mole % Mg in the dolomite. The dolomite is, therefore, slightly 

enriched in Ca. 

 

Grain-rimming cements 

Grain-rimming cements are rare, occurring only in grainstones that lack micritic 

fill in the intergranular porespace. They make up less than 5% of the grainstones by 

volume. There are two types of grain-rimming cement: 1) thin (up to 50µm) bands of 

elongate, bladed crystals and 2) short (5µm) acicular needle arrays. Both cement types 

are arranged normal or sub-normal to grain boundaries. They are clear in plain light and 

dully to brightly luminescent under CL. 

 

Microcrystalline euhedral dolomite  

The bulk of the material in the laminate facies, many carbonate intraclasts, and 

intergranular cements are composed of very fine-grained dolomite, ranging from 

dolomicrite to dolospar. This is the most abundant constituent of the Denault, accounting 

for more than 80% of the total rock volume. Crystals are unimodal, planar, euhedral 

rhombs (2 to 10 µm) that are cloudy in plain light and faintly luminescent under CL 

(Sibley and Gregg, 1987). Texturally, these microcrystalline dolomites may be peloidal, 

arranged in clots of uniformly-sized euhedral crystals, or sieve mosaic, loosely packed 

euhedral to subhedral crystals (Friedman, 1965; Randazzo and Zachos, 1984). Closer 

analysis with SEM-mounted CL reveals that these individual rhombs contain zonations 
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indicating up to three generations of crystal growth. Many rhombs are composed of 

zoned dolomite cortices that are nucleated on lathe-shaped cores (Fig. 12D).  

 

Pore-rimming dolomite cement 

Pore-rimming dolomite cements are present in all facies, but are volumetrically 

minor (<1% of any facies). They occur as bladed dolomite crystals (up to 40µm in 

length) with sharp terminations that protrude into porespaces. These pore-rimming 

cements are clear to light brown in plain light and contain dull to brightly-luminescent 

zonations in CL. Many crystals show a progression from dully-luminescent cores to very 

thinly banded bright rims.  

 

Clear rhombohedral overgrowths 

This type of dolomite is volumetrically minor (<1% of any facies). It consists of 

clear, euhedral rhombs that are up to 100µm in length. These poikilotopic rhombs occur 

as overgrowths encompassing smaller crystals (c.f. Friedman, 1965). They are present as 

rare, larger crystals among the dolomicrite as well as within intraclasts in the grainstones. 

Many of these rhombs show zonation under cathodoluminescent light. They have dully-

luminescent cores that are partially embayed. The embayed cores are surrounded by a 

non-luminescent band and, in some cases, the whole crystal is rimmed by a thin, brightly-

luminescent band.  



 53 

 

 

Pore-occluding dolomite cement  

Remaining porespace is occupied by either clear, anhedral, non- to dully-

luminescent blocky dolomite cement (c.f. Hiatt and Choquette, 2007) or silica cement. 

 

Fabric-destructive dolomite  

This dolomite phase consists of equigranular, sutured, anhedral grains with very 

little intercrystalline porosity (Sibley and Gregg, 1987). Crystals are clear to light brown 

in plain light. Under CL these anhedral crystals are dully-luminescent with dark cores 

that grade into dull rims. Although individual regions are unimodal, crystal sizes vary 

widely from 4 µm up to 100µm. The size of crystals within fabric-destructive dolomite 

may be partially controlled by grain size and texture of the original rock. The effect of 

primary textures is most clearly evident in the stromatolitic facies, in which primary 

stromatolitic lamination is only preserved through crystal-size differences. Crystal-size 

variation is also present in some fabric-destructive dolomites that show circular zones of 

Table 1. Summary of petrographic characteristics of dolomite phases. 
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smaller crystals surrounded by a larger crystal groundmass. These finer-grained zones 

can represent former grains or peloids.  

 

Lathe-shaped crystals 

 Lathe-shaped crystals are present in all facies within the Denault. They range in 

size, from 2-5µm cores of zoned dolomicrite crystals within the laminate facies, to 5-

20µm lathes within the intergranular porespaces in grainstones (Fig. 12A-D). Although 

the bladed shape is clearly discernable, the boundaries of the larger crystals within 

intergranular porespaces are locally non-planar.  

 

Petrography – interpretive 

Original Mineralogy 

 The Denault Fm. is composed of 49 mole% Mg dolomite and contains excellent 

textural preservation of original depositional fabric. Noting that, in the Phanerozoic, 

dolomitization often results in the destruction of original rock fabric, Tucker (1982) 

hypothesized that very well preserved textures in Precambrian dolomites suggest that 

dolomite was the primary mineral phase, and consequently that Precambrian seawater 

may have been fundamentally different. Subsequent studies falsified Tucker’s hypothesis 

by demonstrating that excellent textural preservation can be achieved through early 

replacement of aragonite and calcite by very finely crystalline dolomite (Tucker, 1983; 

Coniglio et al., 1988; Zempolich, et al, 1988; Zempolich et al., 1989; Zempolich and 

Baker 1993). Moreover, several studies have demonstrated the presence of calcite and 

aragonite mineral phases in the Precambrian. Sumner and Grotzinger (1996, 2000, 2004) 
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Figure 12. SEM-mounted CL images of lathe-shaped puesdomorphs after gypsum in the grainstone facies 
(A) a- lathe-shaped crystals interpreted as pseudomorphs after gypsum, b- secondary dolomite crystal 
growth rims, c- former carbonate clast replaced by gypsum, now dolomitized, Q- quartz clasts (B) Higher 
resolution close-up of previous image, symbols are the same.
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Figure 12. SEM-mounted CL images of lathe-shaped puesdomorphs after gypsum within the laminate 
facies (C) a- lathe-shaped crystals, (D) b- dolomite rhombs with lathe-shaped nuclei. 
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identified pseudomorphs after aragonite botryoids and calcite crusts in the Neoarchean 

Campbellrand-Malmani platform in South Africa a well as in Zimbabwe and eastern 

Canada. The Paleoproterozoic Pethei Group in northern Canada contains fibrous calcite 

cements that are interpreted as marine precipitates (Sami and James, 1996; Whittaker et 

al., 1998). These examples indicate that aragonite and calcite did precipitate from 

Archean and Proterozoic seawater, dolomite was not the predominant primary mineral 

phase. Thus, the well-preserved fabric in the Denault Fm. is not, by itself, an indication of 

primary dolomite and it is tenable to propose that the original mineralogy of the Denault 

may have been calcareous, not dolomitic. 

 

Dolomite 

Grain-rimming cements 

 The two types of grain-rimming cements, isopachous, blocky crystals and fibrous, 

acicular needles, both contain textural characteristics consistent with cement growth in 

the marine phreatic environment (Bricker, 1971; Harris et al., 1985; Walls and Burrowes, 

1985; Flugel, 2004). These cements are not zoned under CL, and abut dolomitized 

micrite that fills some intergranular porespace. Original dolomite cement would contain 

zonations and could only have precipitated after interstitial micrite formation. Therefore, 

the grain-rimming cements must have formed in the marine setting as calcite and 

aragonite and later been mimetically replaced by dolomite.  

 

 

 



 58 

Microcrystalline euhedral dolomite 

 Microcrystalline dolomite is present in all facies with the exception of the 

stromatolitic dolomite. This dolomite phase mimetically replaced carbonate and evaporite 

material and preserved original rock textures. Within the laminites, microcrystalline 

dolomite replaced lathe-shaped gypsum crystals and enlarged these crystals by 

precipitating dolomite rims. In the grainstones, microcrystalline dolomite replaced 

intraclasts, grain-rimming marine cements, and micritic intergranular cement. The fine 

size and planar morphology of crystal boundaries and the preservation of the original 

microtextures suggest that this first phase of dolomitization occurred early, after 

emplacement of evaporite minerals but before burial to significant depth (Kaldi and 

Gidman, 1982; Gregg and Sibley, 1984; Sibley, 1980; Coniglio et al., 1988). 

 

Pore-rimming dolomite cement 

 This is primary dolomite cement that precipitated in open porespaces during or 

after the mimetic dolomitization of original carbonate material. Void-filling cements are 

composed of large (< 40µm) prismatic crystals that grow radially into the center of voids. 

Zonations in CL indicate that these cements originally precipitated as dolomite. The 

petrographic characteristics of these crystals, limpid with planar faces and zonations in 

CL, are consistent with shallow burial dolomite cement (Choquette and Hiatt, 2007).  

 

 Clear rhombohedral overgrowths 

 These rare, isolated rhombs are a minor constituent of dolomite in the Denault. 

They likely represent a transitional phase of dolomitization. At greater depth, larger, 
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zoned crystals locally replaced mimetically dolomitzed material. This stage must have 

been emplaced shallower than 1-2 km (depth necessary to reach 50-100°C, the estimated 

critical roughening temperature range for dolomite (Gregg and Sibley, 1984)) because the 

crystal boundaries are smooth and undisturbed.  

 

Pore-occluding dolomite cement 

 This cement occludes porespaces and represents the final stage of dolomite 

cement precipitation. Crystals are large, blocky, clear in plain light and dull to dark in 

CL, characteristics consistent with original burial cement. 

 

Fabric-destructive dolomite 

 Fabric-destructive dolomite represents the final stage of dolomitization, burial 

dolomite formation. Non-planar crystal boundaries indicate that this dolomitization event 

occurred at depth under a temperature range between 50-100°C (Gregg and Sibley, 

1984). This texture obscures and sometimes completely obliterates the texture of the 

original rock. 

 

Lathe-shaped crystals 

These crystals have morphologies that are consistent with primary gypsum 

(Nesse, 2000). The fact that these crystals are uniformly dull under CL (ie. they lack 

internal zonations), have cleavage planes consistent with gypsum, and have planar crystal 

boundaries suggest that they grew as primary gypsum and were subsequently replaced by 

dolomite. The lathe-shaped crystals are present within all facies, both within the 
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intergranular cements and within grains in the grainstones. Their presence within 

intraclasts proves that these crystals formed authigenically after the deposition of the 

original sediment, that they replaced primary carbonate material. 

 

Paragenesis 

Petrographic examination of grainstones and laminites reveals a diagenetic history 

that took place in four main stages (Fig. 13): (1) original carbonate deposition and 

contemporaneous marine cementation, (2) authigenic growth of gypsum, replacively 

within the micrite and within intraclasts, (3) early mimetic dolomitization of carbonate 

sediment and cements and gypsum crystals, and (4) shallow to deep burial dolomite 

formation.  

 The sedimentological makeup of the Denault clearly indicates that cementation 

occurred contemporaneously with sedimentation. The majority of allochems in the 

grainstones of the Denault are intraclasts. Synsedimentary lithification is a pre-requisite 

for the formation of these grains (Dravis, 1979). The intraclasts show several generations 

of sediment recycling, further evidence that cementation was occurring concurrently with 

deposition.  After deposition and cementation of the Denault and Dolly Fm.s subaerial 

exposure caused the erosion of the Dolly Fm. and some of the Denault Fm.  

 Lathe-shaped gypsum crystals replaced over micrite in laminites and cement in 

intergranular porespaces. While the emplacement of gypsum must have occurred after 

deposition of the laminites and after cementation of the grainstones and before mimetic 

dolomitization, it is not possible to constrain this mineral phase to a specific diagenetic 

environment.  
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Figure 13. Idealized paragenesis of the Denault. See text for explanation.
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After evaporite emplacement, initial dolomitization caused mimetic replacement 

of carbonate and gypsum. Void-filling dolomite cements may have precipitated 

contemporaneously with the mimetic replacement or may have followed this event. 

Scattered larger dolomite rhombs grew sometime after the void-filling cements but the 

planar crystal facies indicate they formed before the rock was buried to significant depth.  

 In a later burial stage of dolomite formation, non-planar sutured dolomite 

obscured and eliminated original rock textures. There are no stylolites or mechanical 

compaction features in the Denault, suggesting that this deposit never reached a deep 

burial diagenetic environment. 

 

DISCUSSION 

Geohistory 

 The Denault Fm. was deposited on a northwest-southeast trending, east-sloping 

passive margin that was formed when the Superior and Nain cratons rifted apart in the 

early Paleoproterozoic. Underlain by rift-related siliciclastics and volcanics, the Denault 

and overlying chert, siliciclastics, and BIF (Ferriman Group) represent a period of 

tectonic quiescence.  

Land, the Archean Superior craton, was located to the present-day west and open 

ocean to the present-day east. It is not clear whether this basin was connected to the 

global ocean in the north or south or at both ends of the system. Carbonate sedimentation 

occurred along a storm-influenced ramp and on offshore stromatolitic reefs. The inner 

ramp was characterized by ooid and intraclast grainstones. On the mid-ramp, below 

FWWB quiet-water laminate deposition was episodically disturbed by storm events. 
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Below storm wave base, in the deep water of the outer ramp, the frequency of 

conglomerates and grainstones decreases outboard and laminites give way to shales.  

Proterozoic ramps show a range of geometries and sedimentological 

characteristics. The geometry and facies of the Denault are similar to the storm 

influenced Hoogland Member in Namibia. This Neoproterozoic deposit also contains 

grainstones on the inner ramp and laminites on the mid and outer ramp, below storm 

wave base (Dibennedetto and Grotzinger, 2005). Although it lacks the storm beds, the 

Paleoproterozoic Utsingi Fm. provides another useful analog to the depositional setting of 

the Denault. The Utsingi Fm., the upper portion of the Pethei Group in northern Canada, 

is a ramp that is almost entirely comprised of microbialites with a range of morphologies. 

Like the laminites in the Denault, these microbialites are primarily composed of micrite 

and are interpreted as entirely subtidal deposits, below FWWB (Sami and James, 1993). 

The Denault differs in character from the Neoproterozoic Katakturuk Dolomite, Alaska 

and the Mesoproterozoic Victor Bay Fm., Baffin Island, Canada (Clough and 

Goldhammer, 2000; Sherman et al., 2001). These ramps have a distally-steepened 

geometry and contain thick peritidal sequences on the inner ramp.  

The Denault is, however, anomalous among Paleoproterozoic carbonate 

occurrences in that it is composed primarily of sedimentary particles, rather than 

precipitates (Grotzinger, 1989; Sami and James, 1996; Kah and Knoll, 1996). In the 

Pethei Group, for example, subtidal ramps are interpreted to contain up to 80% 

synsedimentary precipitates (Sami and James, 1996).  Several explanations could resolve 

this paradox. Possibly, extensive precipitation did occur during deposition of the Denault 

but it was limited to facies that are no longer present (e.g. grainstones on the inner ramp). 
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Alternatively, the Denault may represent an isolated oceanographic environment that is 

somewhat decoupled from global Paleoproterozoic ocean chemistry. It is relevant to note 

that the Denault is predominantly micritic, and micritic mud is difficult to distinguish 

from micritic cement (Choquette and Hiatt, 2007). Much of the micrite in the Denault is 

here interpreted to have precipitated out of seawater and settled to the seafloor, so the 

distinction between particle and precipitate may be moot in this case. 

 

Controls on diagenesis 

Authigenic gypsum formed after the Denault was deposited, subaerially exposed, 

and shallowly buried. This event was followed by mimetic dolomitization of both 

carbonate and gypsum. Dissolved sulfate in porewater is a known inhibitor to dolomite 

precipitation (Baker and Kastner, 1981; Morrow and Rickets, 1988; Morrow and 

Abercrombie, 1994) and conversely the removal of sulfate from a system, usually via the 

precipitation of sulfate minerals, is correlatively linked to dolomite formation. It is 

possible that the authigenic precipitation of gypsum enabled early dolomitization in the 

Denault. If so, then these events are genetically linked and must be explained by a 

common mechanism. 

The Fleming Fm unconformably overlies the Denault and Dolly Fm.s. This 

contact represents the cessation of carbonate production, exposure of the Denault and 

Dolly Fm.s , and shift to deposition of a chaotic chert breccia. The origin of the Fleming 

is particularly important because the chemical conditions that led to its deposition 

influenced the shallow burial diagenetic environment of the Denault. Unfortunately, as 

previously noted, the origin of the Fleming is not well understood. Workers have 
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proposed that it is, alternatively, a lag deposit, residual chert and quartz from subareial 

erosion of the Denault (Dufresne, 1952), silicified dolomite (Howell, 1954; Dimroth, 

1970), and a silicified evaporite deposit (Dimroth, 1978; Wardle and Bailey, 1981). 

Birkett (1991), in a review of research on the Fleming, favors the interpretation that silica 

directly precipitated from seawater. He views the chert as “an iron-formation without the 

iron” (Birkett, 1991, p.33). Another way to phrase Birkett’s assessment would be to say 

that he believes the Fleming was a silica evaporite.  

In the Proterozoic, chert deposits are most abundant in peritidal settings, this 

distribution differs from Phanerozoic cherts that are primarily found in deep subtidal and 

basinal settings (Maliva et al., 1990). Several authors have proposed that this shift in 

facies distribution of chert is related to the evolution of silica-producing organisms 

(Maliva et al., 1990; Siever, 1991). Before the Cambrian, there were no organisms 

capable of biogenically precipitating silica. The absence of silica-producing organisms 

meant higher dissolved silica in seawater. Without a biogenic mechanism for removal, 

“non-skeletal precipitates formed preferentially under mildly evaporitic conditions at the 

margins of shallow seas” (Maliva et al., 1990, p.528). This understanding of Proterozoic 

oceans predicts that silica would be one of the first minerals to precipitate out of seawater 

under evaporative conditions. If it is analogous to other Proterozoic cherts, then the 

Fleming provides evidence for a highly evaporative setting. In other Proterozoic 

examples of silica precipitation in peritidal settings, the chert occurs as a minority 

constituent in the rock. It is present in nodules, bands, and as cement around carbonate 

and siliclastic elements (Gutstadt, 1968; Muir et al., 1979; Horodyski and Donaldson, 

1983; Zhang, 1981; Southgate, 1986). In contrast, the Fleming is almost entirely 
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composed of brecciated, bedded chert (Birkett, 1991). This abundance of chert in the 

Fleming suggests highly evaporative conditions that allowed the precipitation of large 

volumes of silica directly from seawater.  

If the Fleming is a silica precipitate produced in shallow water under evaporative 

conditions, then the brines produced by this system influenced the early diagenesis of the 

Denault. It is herein proposed that the following mechanism for the emplacement of 

gypsum and early dolomitization in the Denault - the evaporative conditions that led to 

the deposition of the Fleming also produced brines that percolated into the subsurface, 

infiltrated the Denault and caused the authigenic growth of gypsum. As gypsum 

precipitated, dropping sulfate levels may have aided the precipitation of dolomite. This is 

essentially the seepage-reflux model for dolomitization (Adam and Rhodes, 1960). 

Although there are no clear modern analogues for this dolomitization model, it has been 

invoked to explain many ancient dolomite deposits (Butler, 1969; Asquith, 1979; Clark, 

1980; McKenzie et al., 1980; Fisher and Rodda, 1969; Maliva, 1987; Melim and Scholle, 

2002; Zhao et al., 2005). In each of these examples, the dolomitized rock either contains 

evidence of primary evaporites or is directly overlain by an evaporite deposit.  

Roughly coeval carbonates around the Great Slave Lake in western Canada show 

striking similarities to the Denault. The Paleoproterozoic sediments of the Wopmay 

Orogen, the Kilihigok Basin, and the Athapuscow Basin all contain carbonate platforms 

capped by thick silicified evaporite breccias (Jackson, 1988; Cecile and Campbell, 1977; 

Badham and Stamworth, 1977; Campbell and Cecile, 1981; Sami and James, 1993; Pope 

and Grotzinger, 2003). In each case, the underlying carbonate systems were evaporative, 

evidenced by shallow-water facies and extensive evaporite pseudomorphs. The 
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synchronicity of the successions in the Wopmay, Kilihigok and Athapuscow record 

elevated salinity along the margin of the Slave Craton around 1.9 Ga (Pope and 

Grotzinger, 2003). Though they are separated by approximately 2,000km, the Denault 

Fm. and overlying Fleming Fm. may represent the same period of elevated salinity as the 

western examples. 

Early dolomitization through seepage-reflux preserved many facies from late-

stage burial overprinting. During shallow burial (less than 1 to 2 km deep) primary 

dolomite cements with planar crystal faces precipitated in voids and intergranular 

porespaces. Deeper burial conditions caused neomorphism of some mimetic dolomite and 

dolomite cements to anhedral, sutured dolomite. This burial diagenetic effect locally 

obscured depositional textures and eliminated porosity.  

 

Paleoproterozoic seawater sulfate 

Sulfate levels in earth’s early oceans are a matter of some debate (Walker and 

Brimblecombe, 1985). Many workers argue that seawater sulfate concentrations were low 

until the early Paleoproterozoic when, as a result of cyanobacterial evolution, free oxygen 

began to build in the atmosphere and surface waters of the ocean (Canfield, 1998; 

Habicht et al., 2002; Poulton et al., 2004). Free atmospheric oxygen reacted with sub-

aerially exposed rocks on continents and with dissolved sulfur in the oceans to produce 

sulfate. The absence of sulfate evaporite minerals in Neoarchean and Paleoproterozoic 

deposits seemed to support the idea of a low-sulfate early ocean (Pope and Grotzinger, 

2003). However, several recent discoveries indicate that sulfate evaporites did precipitate 

from Neoarchean and Paleoproterozoic seawater (El Tabakh et al., 1999; Aspler and 
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Chiarenzella, 2002; Gandin et al., 2005; Gandin and Wright, 2007). Predictably, due to 

the extreme mobility of evaporite minerals and the great age of these deposits, none of 

these examples contain evaporite minerals. Instead, the former presence of evaporitic 

minerals is deduced through macro- and micro-scale textures (Buick and Dunlop, 1990; 

Simonson et al., 1993; Gandin and Wright, 2007) and, in some cases, isotopic evidence 

(Gandin et al., 2005). The Denault contains pseudomorphs after gypsum. These 

evaporites were emplaced early, possibly in a shallow burial setting by evaporative 

marine brines. Therefore, this study supports a growing body of evidence that oceanic 

sulfate concentrations were high enough in this time period to allow the precipitation of 

sulfate minerals.  

 

CONCLUSIONS 

1) The character and distribution of the western, inboard facies of the Denault Fm. 

are consistent with deposition on a storm-influenced, shallow ramp. When these 

inboard facies are interpreted together with the thick stromatolitic accumulations 

that occur 50km to the east, two possible paleogeometries emerge for the entire 

system: a) a homoclinal ramp with discontinuous offshore stromatolitic banks or 

b) a rimmed shelf where the inner portion of the system has a ramp-like aspect 

and is separated from the stromatolitic shelf margin by a deep lagoon. 

2) Diagenesis of the Denault was multi-staged. Seepage-reflux of evaporative brines 

caused the formation of authigenic gypsum and early, mimetic dolomitization of 

original aragonite and Mg-calcite material. Pore-occluding dolomite cements 
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precipitated in inter-granular voids. A final stage of burial dolomitization 

recrystallized some regions to sutured, anhedral dolomite.  

3) The Denault contains pseudomorphs after gypsum and evaporite solution 

breccias. The gypsum pseudomorphs in this deposit add to a growing body of 

evidence that refutes the idea of a low-sulfate Paleoproterozoic ocean.  
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CHAPTER 3: SUMMARY AND SUGGESTIONS FOR FUTURE WORK 

SUMMARY 

The Denault Fm. is a Paleoproterozoic dolomite that formed along a shallow, storm-

influenced ramp. This depositional system developed on the passively-subsiding eastern 

margin of the Superior Craton during a period of tectonic quiescence that followed rifting 

and preceded collision between the Superior and Nain Provinces. The facies exposed in 

the Schefferville region were deposited on the mid and outer portions of a homoclinal 

ramp. In the western, land-proximal part of the system there were inner ramp grainy 

shoals. On the mid-ramp, below FWWB, laminites accumulated in low energy 

conditions. Periodic storms disrupted laminae and transported grainy sediment from the 

inner ramp to this quiet-water setting. To the east, on the outer ramp, laminites grade into 

black shale. Separated from the western ramp by 50 km (present day) of shale is a 

stromatolite reef deposit. This shallow reef may be one of many along a semi-continuous 

margin, or it may be an isolated occurrence. Due to the limited geographic extent of this 

facies, either interpretation is possible. Therefore, two possible paleogeometries emerge 

for the entire system. It is either, a) a homoclinal ramp with discontinuous offshore 

stromatolitic banks or b) a rimmed shelf where the inner portion of the system has a 

ramp-like aspect and is separated from the stromatolitic shelf margin by a deep lagoon. 

The ocean chemistry off the eastern margin of the Superior craton during the 

Paleoproterozoic influenced the deposition and early diagenesis of the Denault. Elevated 

seawater saturation states allowed for synsedimentary cementation of micritic sediment, 

which, on the inner and mid-ramp, was reworked into intraclasts by storm activity. As the 

Denault was shallowly buried, the overlying marine system became highly evaporative, 
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leading to the deposition of the Fleming Fm. chert breccia. Brines from this system 

leached into the underlying Denault and caused the emplacement of authigenic gypsum. 

Gypsum growth was followed by mimetic replacement of all carbonate and sulfate 

minerals by microcrystalline dolomite. During progressively deeper burial, several forms 

of primary dolomite cement precipitated in between grains and in porespace. In a burial 

environment where temperatures were higher than 60˚C, non-planar, sutured dolomite 

formed and destroyed some original rock textures. 

 

FUTURE WORK 

The purpose of this study, to resolve the depositional and diagenetic systems of the 

Denault Fm., has been achieved. As is usually the case, however, outstanding questions 

remain. This section provides a few thoughts about some of these questions and 

suggestions for future work on this deposit.  

Paleoecology - One of the most intriguing outstanding questions that remains from 

this project is why, despite the presence of abundant microbial laminites, are there no 

stromatolites in the ramp facies of the Denault? The abundance of micrite and relative 

lack of precipitates (compared with other Paleoproterozoic occurrences) in the Denault 

may have prevented high-relief stromatolites from forming. Or, environmental stress may 

have kept microbial communities from vertically aggrading. No specific analysis could 

directly answer these questions, but further investigation of the nature of the organic-rich 

layers in the laminites and comparison between these layers and other early Precambrian 

microbialites might yield some clues. 
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Geochemistry – Detalied analysis could provide stable isotopic and trace element 

composition of individual dolomite phases. This would further our understanding of the 

diagenetic history of this deposit. The most interesting and poorly resolved diagenetic 

event is the emplacement of gypsum and subsequent mimetic dolomitization. Microprobe 

analysis of the cores and rims of dolomicrite rhombohedra might yield interesting 

information about the timing, precursor mineralogy, and depth at which this 

dolomitization took place.  

Chert – There is a great deal of diagenetic chert in the Denault. In light of the 

overlying Fleming chert breccia, a study comparing the petrographic and geochemical 

characteristics of the Denault chert and the Fleming might shed light on the degree to 

which the Fleming influenced the early diagenesis of the Denault. 

Research on any of the topics discussed here would not only help to constrain the 

conditions of deposition and diagenesis of the Denault but would also broaden our 

understanding of carbonate systems at this unique time in earth history. 
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APPENDIX A: 
 
Appendix A. Operating conditions for SEM-assisted CL  
    
Operating conditions for JEOL JSM-5900LV Scanning Electron Microscope 
Voltage: 10kV   
Spot Size:  ~50   
Working Distance: ~14.5mm   
Aperture: 2   
    
Operating conditions for Gatan MonoCL   
Accelerating current: 800v   
Dwell time: 400 microseconds   
Image size: 640x480 pixels   
Wavelength range for spectra: 350-750nm   
Dwell time for spectra: 5 seconds   
Step size for spectra: 2 nm   
Grating for CL spectra: 1200 lines/mm   
    
Note: brightness and contrast were adjusted through trial and error for each  
individual sample to obtain the clearest images.   
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APPENDIX B: FIELD NOTES 
 
Cross Ridge – 6/7/07      E 0638759, N6073532 
 
0-1.67m  Finely laminated, silt-sized dolomite, abundant ripples 
 
1.67-1.87m  Intraformational conglomerate 
 
1.87-4.67m  Laminites, ripples 
 
4.67-6.42m  Laminites, mm-scale, “top down” silicification along laminae  
 
6.42-8.57m  Covered 
 
8.57-13.72m  Laminated, mm-scale, very fine grained, weathers buff, some 
   nodular chert, increasing silicification upsection 
 
13.72-18.90m  Brecciated unit, clasts 0.5-50cm long, clast lithologies: sandstone, 

reworked chert nodules, finely laminated dolomite, intraclast 
grainstone   

 
18.90-20.06m  Mm-scale laminations 
 
20.06-23.06m  Covered 
 
23.06-26.06m  Buff-yellow weathering, .5-2cm very finely laminated beds with 

.5-3cm dark, crinkly laminated beds  
 
26.06-26.56m  Covered 
 
26.56-28.60m  Massive beds with thin crinkly (microbial?) laminae, increasing 

silicification along bedding planes 
 
28.06-29.00m  Conglomerate, 1-15cm long clasts, tabular, rounded, imbricate 
 
29.00-30.30m  Increasing thickness of crinkly layers, 5-8cm thick 
 
30.30-35.00m  Buff-weathering, laminated dolomite, 2-5mm thick laminae, 

increasing nodular chert upwards 
 
35.00-38.00m  Gossenous, brecciated, sulphides, pyrite-filled vugs (fault gouge) 
 
39.65m  Laminated dolomite with 2-3cm crinkly layers 
 
42.85m  Covered 
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50.00m  V.fine-grained, thinly laminae, buff-weathering, 1-2cm crinkly 
layers ~10 cm apart, ripples, bi-directional 

 
51.90m  Buff to yellow-weathering, very fine to medium sand-sized 

particles, 1.5-2cm thick crinkly layers separated by 2-3cm massive 
layers 

 
63.00m  Dune-scale crossbedding, foresets 1.5-1.7m high, 3-7m long, dune 

orientation elongate along strike 305, intraclast grainstones in 
swales between dunes, lenticular beds 0-15cm thick, clasts .5-1cm 
long, tabular, not graded, no orientation 

 
65.00m  Fine-grained with shaley partings 
 
66.80m  Laminated, mm-scale, crinkly layers are thickening (2-8cm) 

interbedded with 4-20cm massive or thinly laminated layers, in 
crinkly layers some syndepositional slumping 

 
68.70m  Large (3m long) dune 
 
70.70m  Covered 
 
74.10m  Mm-scale laminated, alternated between massive and crinkly, rare 

ripples and rip-ups 
 
77.00m  Still fine-grained, .5-2cm laminated, occasional 1.5-2cm thick 

intraclast grainstone 
 
79.55m  Very even mm-scale laminae, color change from buff-weathering 

to white-weathering 
 
81.85m  Ripples, beds 2-15cm thick separated by 1-2mm thick chert 

horizons 
 
84.55m   Increase in grain size to med sand 
 
87.95m  Mm-scale laminated, ripples, soft-sed deformation 
  TOP OF DENAULT, contact: very sharp, locally flat, <1m of 

relief across outcrop 
 
 
Elizabeth Lake – 6/12/07       E0633692, N6072735 
 
0-1.00m  .5m cycles of mm-scale crinkly laminae 
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1.60m  Channel of intraclast conglomerate, tabular clasts 1-20cm long, 
graded, flat-laminated at top 

2.35m  Dune-scale cross-bedding, bidirectional 
 
3.15m  mm-scale laminated with 2-5cm thick intraclast lags 
 
5.65m  Covered 
 
7.15m  Thick rip-up bed, clasts 2-10cm long, heavily veined with 

diagenetic chert 
 
8.30m   teepee? 50cm wide, 20cm high  
 
9.70m  still mm-scale laminated, increasing frequency of crinkly laminae, 

ripples, occasional dune-scale cross-beds 
 
13.10m  some scours, ripples, cycles .3-.5m thick, nodular chert along 

bedding planes 
 
15.85m  mm-scale laminated, cycles thinning 5-10cm 
 
18.18m  8cm thick layer of white sucrosic dolomite 
 
23.53m  mm-scale laminae., as before 
 
25.03m  disturbed crinkly laminae, dune-scale cross-bed, topped by 

silicified horizon 
 
26.83m  Qtz-filled fractures 
 
31.03m  ripples, scours 
 
37.35m  Dune-scale cross-beds, 1.20m wide, .30m high 
 
43.25m  mm-scale alternations between massive and crinkly layers, top is 

scoured (marine hardground?) and silicified 
 
48.05m  bedding parallel chert 
 
49.65m  orange-weathering rippled grades into white, scoured at top 
 
51.85m  mm-scale massive laminae, 2-3cm thick crinkly layers, occasional 

ripples 
 
53.65m  increased grain size, fine sand, ooids?,  
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55.25m  occasional ripples, scours, v.occasional dune-scale cross-beds 
 
58.55m  intraformational conglomerate, clasts .7mm-2mm, mildly 

imbricate, graded, grainstone matrix 
 
59.05m  parallel laminated oolitic (?) grainstone, chert horizons every 5-

10cm 
 
65.55m  more of the same 
 
67.55m  covered 
 
70.15m  TOP OF DENAULT, re-appearance of 1-2cm thick crinkly layers 
 
 
John Lake, south shore – 6/14/07  
 
Stop 1 – E0642023, N6075033 
 
  ~the base of the Denault 
 
   ~1m thick outcrop of intraformational conglomerate 
 
  clasts either laminated dolomite (~80%) or chert (~20%), tabular 

<2cm wide, <20cm long 
 
  poorly sorted, angular clasts, imbricate to the south 
 
  matrix is heavily silicified and weathers in relief 
 
Stop 2 – E0642007, N6074974 
 
  Thinly laminated dolomite, ripples, ~.5-1cm thick horizons 
  
  Similar to previous stop 
 
Stop 3 – E0642105, N6074694 
  
  1.60m outcrop 
 
  1-2cm beds of ooid grainstone 
 
  3mm-1cm layers of chert laminae .1-10cm apart 
 
Stop 4 – E0642101, N6074770 
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  3.5m outcrop 
 
  2m of medium grained sand (ooids?), thinly laminated, ripples 
 
  1m of conglomerate chert and dolomite clasts 2-10cm 
 
  .5m chert pebble conglomerate 
 
Stop 5 – E0642329, N6074818 
 
  mm-scale laminated, grainstones, coated grains (?) 
 
  dune-scale crossbeds 
 
 
Gemini Lake – 6/16/07 
 
0-0.20m  fine-grained massive beds with 3-5mm crinkly laminae 
 
3.30m  med-grained, grainstone, few ripples, 10 cm lenses of 

intraformational conglomerate 
 
4.80m  angular breccia, channel shaped lenses, poorly-sorted, moderately-

graded, clasts range 50-5cm long, capped by a 10cm thick silicified 
horizon with up to 1m relief 

 
8.50m  stacked channels of intraformational conglomerate, channels are up 

to 90cm thick, 5-8m wide, dolomite and chert clasts 1-40cm long, 
mildly imbricate, graded, carbonate clast lithologies: crinkly 
laminated, grainstone, cross-bedded, matrix: coarse carbonate 
sand, subrounded 

 
  conglomerate channels occasionally contain small grainstone and 

sandstone lenses 
 
10.70m   angular breccia with grainstone matrix, topped by ~5cm crinkly 

laminae 
 
13.70m  covered 
 
14.80m  lens-shaped, medium to coarse grained qtz sand, subrounded 
 
16.20m  dark-weathering, siltstone with shaley partings 
 
16.70m  covered 
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17.50m  fine-grained grainstone, microbial laminae 1-3cm thick  
 
Mary-Joe Lake area – 6/22/07 
 
Stop 1 – E0641782, N6076103 
 
0-0.50m  dark grey ss with cm-thick ~20% buff-weathering dolomite 
 
4.50m  10-40cm beds, thinly laminated, fine-grained dolomite, buff-

wxning, ripples, bedding parallel chert, interbedded with 6-10cm 
of orange-weathering grainy dolomite with no chert 

 
8.00m  dark grey ss with cm-thick ~20% buff-weathering dolomite 
 
12.00m  10-40cm beds, thinly laminated, fine-grained dolomite, buff-

wxning, ripples, bedding parallel chert 
 
13.80m  covered 
 
18.00m  10-40cm beds, thinly laminated, fine-grained dolomite, buff-

wxning, ripples, bedding parallel chert 
 
24.00m  dark grey ss with cm-thick ~20% buff-weathering dolomite 
 
Stop 2 
 
0-1.00m  10-40cm beds, thinly laminated, fine-grained dolomite, buff-

wxning, ripples, <5% bedding parallel chert 
 
3.30m  covered 
 
4.60m  buff-weathering dolomite with ~40cm intraclast conglomerate, 

tabular clasts .5-3cm, rounded, grainstone matrix 
 
10.80m  covered 
 
11.80m  med-grained dolomite with undulatory scours and ~10 cm chert 

horizon 
 
15.80m  covered 
 
19.80m  10-30cm thick grainy, ripple crossbedded, orange-weathering 

dolomite, cut into by 10-50cm channels of intraclast grainstone, 
clasts are coarse sand sized carbonate, subrounded 

 
Stop 3 – E0641614, N6076298 
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  ~70cm thick intraclast conglomerate, clasts 1mm-10cm, tabular, 

subrounded, sandy matrix 
 
Stop 4 – E0641647, N6076302 
 
  60 cm of 10-40cm beds, thinly laminated, fine-grained dolomite, 

buff-wxning, ripples, bedding parallel chert  
 
  interbedded with 30cm chert nodule breccia 
 
Stop 5 – E0641686, N6076383 
  
  Grainstone, intraclast-rich 
 
Stop 6 – E0641524, N6076414 
 
  10-40cm beds, thinly laminated, fine-grained dolomite, buff-

wxning, ripples, bedding parallel chert interbedded with 
conglomerate, clasts subrounded, tabular, 2-15cm long, matrix 
fine-grained dolomite 

 
Stop 7 – E0641348, N6076819 
 
  Med-coarse grained, parallel laminated, no structures 
 
Stop 8 – E0642373, N6076228 
 
  Conglomeratic Denault along the road (maybe float?) 
 
Stop 9 – E0642511, N6075910 
 
  Edge of Dolly Lake beside Naskapi Reserve, shale interbedded 

with Denault 
 
Stop 10 – E0642610, N6075984 
 
  Smoking gun!! 
 
  Parallel laminated Denault interbedded with shale, dipping 45˚ 
 
  Measured thickness of alternating shale(sh) and Denault (D):      

sh-0.9, D-0.3, sh-1.0, D-0.2, sh-2.2, D-0.3, sh-2.1, D-0.2, sh-1.7, 
D-0.8, sh-2.0, D-0.6 

 
Stop 11 – E0643073, N6076893 
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  Excavated pit just east of Naskapi Reserve on main road 
 
  Shows the Dolly/Denault contact 
 
  Denault here: 40-50cm thick fine-grained, thinly laminated beds 

with 1-3cm crinkly laminae 
 
  Shale ranges from black to grey 
 
Stop 12 – E0643073, N6076893 
 
  Old float plane dock 
  
  2m sandstone overlain by ~3m v grainy, parallel laminated, buff-

weathering dolomite 
 
Stop 13 – E0642830, N6076885 
 
  Next thrust slice east 
 
  3mm-10cm thick beds of fine-grained dolomite interbedded with 

shale, ~20% dolomite 
 
Houston Lake – 6/23/07       E0650363, N6063092 
 
0-6.00m  Unit 1: grainy, buff weathering dolomite, parallel laminated, 

ripples, silicified layer every 10-30 cm  
 
7.50m  Unit 2: argillaceous, platy, thinly bedded 
 
11.50m  Unit 1 with big scours and trough crossbeds 
 
12.50m  Unit 2 
 
14.50m  Unit 1 with 1-10cm thick grainy conglomerate layers and flat-

pebble conglomerate 
 
18.50m  Covered 
 
19.50m  Unit 3: conglomerate with tabular dolomite clasts <30cm long, top 

50cm is grainy with swales 
 
24.50m  Covered 
 
25.50m  Unit 1 
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27.00m  Unit 4: very thinly-laminated, near parallel, undulatory over 1-

2cm, abundant ripples, few chert clasts 
 
31.00m  Unit 1 with trough cross-beds or SCS? 
 
32.00m  Unit 3 with smaller clasts, moderately sorted, .5-1cm tabular clasts, 

inmrication to the NW 
 
32.30m  Chert, laminated white and grey 
 
33.30m  Unit 1 
 
35.30m  Covered 
 
36.80m  Unit 5: white to buff-weathering parallel laminated dolomite with 

2-3cm thick crinkly laminae 
 
39.00m  Unit 1 with a 20cm thick chert band 
 
42.00m  Covered 
 
42.15m  Unit 1 with abundant current ripples 
 
48.95m  Unit 3, very poorly sorted angular clasts, largest 2m long 30 cm 

thick, matrix v.f. dolomite 
 
51.45m  Covered 
 
51.95m  Unit 5 
 
52.45m  Unit 4 
 
55.45m  Unit 5 with low angle scours 
 
56.45m  Covered 
 
57.45m  Unit 6: 3-5cm beds grainstone with starved ripples interbedded 

with white-buff weathering massive dolomite 
 
61.45m  Covered 
 
67.45m  Unit 7: grainy beds ~20-30cm thick, abundant ripples, chert, and 

parallel laminae, transport direction to SE, interbedded with thin 
platy argillaceous beds ~40cm thick 
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71.45m  Unit 2 
73.45m  Unit 1 with abundant scours and current ripples 
 
74.95m  Unit 5 with abundant scours 
 
75.95m  Unit 8: v.c. grainstone, chert and dolomite grains, dark weathering 
 
80.95m  Covered 
 
81.45m  Unit 5 with thicker crinkly beds <10cm thick 
 
83.95m  Covered 
 
86.15m  Unit 5 with thicker crinkly beds <10cm thick, some scours 
 
  Laterally – EXTENSIVE BRECCIA 
  180m wide, up to 4m thick 
  clasts range from cobbles (~3cm) up to boulders (2m long) 
  larger clasts are very angular, clasts are oriented sub-parallel 
  lithologies present: Unit 1, Unit 5, Unit 6, fine ripup conglomerate 
  matrix: ~80% sand-sized to fine-grained dolomite, ~20% med-

coarse qtz sand 
 
88.15m  2-3mm to 1cm thick crinkly layers, ripples, 10-30cm small 

synsedimentary deformation, scours 
 
 
95.15m  gradational change from Unit 5 into grainstone with climbing 

ripples, interbedded grainstones and mudstones 2-5cm thick layers, 
synsedimentary deformation throughout, few <10cm thick 
intraclast conglomerates 

 
95.65m  Unit 9: sandstone, rounded to subrounded, med qtz sand 
 
99.65m  Covered 
 
101.65m  grainy, parallel laminated, orange-brown weathering dolomite 
 
113.65m  grey weathering, grainy, thinly (~5cm) laminated, abundant 

ripples, lenses of poorly-sorted qtz sand, chert, and dolomite 
occasional 10 cm thick intraclast conglomerates, synsedimentary  
deformation throughout 

 
114.65m  Covered 
 
116.65m  Conglomerate with granule-sized carbonate clasts, graded at top 
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123.65m  Polymictic conglomerate, clasts up to 1mx30cm, tabular, 

subangular, lithologies: dolomudstone, grainstone, chert, matrix: 
v.f. sand to silt-sized dolomite, clast-supported 

 
126.65m  Covered 
 
129.65m  Unit 8 
 
141.65m  Black shale 
  TOP OF DENAULT, contact with Dolly 
  E0650421, N6063347 
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APPENDIX C: PETROGRAPHIC NOTES 
 

  Strat. Est. %    

Cross Ridge Field assoc. Pos. (m) silicified Crystal size Texture Fabric 

CR-50   0 dolomicrospar eqi mosiac - sutured 

CR-51 vfg, lam 9.97 0 dolomicrospar equi mosasic-nonplanar 

CR-53 ?  0 dolomicrospar equi mosasic-nonplanar 

CR-54A vfg, lam, chert 26.6 100 dolomicrite inequi mosaic-fogged? 

CR-54B vfg, lam, chert 26.6 ? dolomicrite inequi 
porphyrotopic- 
floating 

CR-55 thicker crinkly 30.3 50 micrite inequi nonplanar-planar e 

CR-56 thicker crinkly  100 micrite equi mosaic - sutured 

CR-57 thinner crinkly 33.7 100 micrite equi mosaic - sutured 

CR-58 
mass. w/2-3cm 

crinkly 46.35 ? dolomicrospar equi pelodial 

CR-59 
vfg,below large 

swales 49.15 ? dolospar equi mosaic - sutured 

CR-60 large swales 50 0 dolospar equi mosaic - sutured 

CR-61 large swales  0 dolomicrospar inequi mosaic-fogged? 

CR-62 large swales  ? spar-micrite inequi planar-e 

CR-63 ripups btwn swales  0 spar-micrite inequi mosaic-fogged 

CR-64 large swales 60.3 ? spar equi peloidal 

CR-65 
thicker crinkly, 

convolute 66.8 ? micrite to spar equi peloidal 

CR-66A vfg to grainy, silic. 75.5 100-0 
microspar to 

spar equi mosaic - sutured 

CR-66B vfg to grainy, silic. 75.5 0 mirospar equi mosaic - sutured 

CR-67 
vfg, lam, "top-down" 

silic. 79.15 50 micrite equi peloidal 

CR-68 top of Denault 87.95 ? microspar equi peloidal 

       

  Strat. Est. %    
Elizabeth 

Lake Field assoc. Pos. (m) silicified Crystal size Texture  

EL-1 crinkly, thinly lam 1m ? 
micrite to 
microspar inequi  

EL-2 intraclast conglom 2m ? micrite equi  

EL-3 xbed, vfg, chert 15m 100 ? ?  

EL-4 xbed, vfg, chert 15m 100(nod) micrite equi  

EL-5 near cracks, sh 24m 0 micrite to spar inequi Fabric 

EL-6 med g, xbed grnst 55m ? micrite to spar inequi mosaic-fogged 

EL-7 missing 61m    peloidal 

EL-8 med g, xbed grnst  ? micrite to spar inequi ? 

EL-9 top of the Denault  0 micrite to spar inequi peloidal 
 
 
 
 
 
 
 
 
 
 
 
 
      mosaic-fogged 
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  Strat. Est. %   mosaic-fogged 

Gemini Lake Field assoc. Pos. (m) silicified Crystal size Texture  

GL-1 laminated 1-2m 90 (base) micrite to spar equi mosaic-fogged 

GL-2 angular conglomerate 3-5m 

30 (void-
filling 

cement) 
microspar<.4m

m equi mosaic-fogged 

GL-3 conglomerate 6m 10   

GL-4 crinkly lam facies 6-8m 0 
micrite 

to<.15mm inequi  

GL-5 dark grey ss 15m <10 

micrite 
to<.3mm 
rhombs   

GL-6 mudstone  0 clay   

       

 Est. %    
Houston 

Lake silicified Crystal size Texture  

HL-1 minor micrite equi  

HL-2 0 micrite to spar equi to inequi  

HL-3 0 spar nonplanar  

      peloidal to planar-s 

  Strat. Est. %   peloidal to planar-s 
Mary Joe 

Lake Field assoc. Pos. (m) silicified Crystal size Texture  

MJ-1 thinly lam dolo     
nonplanar to 
planar-e 

MJ-2 
thinly lam crinkly 

(silic.)  ? micrite to spar 
equi (massive) 
inequi (organic) 

MJ-3 dark grey sandstone  30 spar equi  

MJ-5 massive, crinkly  0 .03-.06mm equi  

MJ-6A black shale?      

MJ-6B Dolly?     Fabric 

MJ-7 
fg dolo interbedded 

w/shale     peloidal 

MJ-8 thinly lam dolo     peloidal to sutured 

      anhedral crystals 

       

Marion Lake Crystal size Texture Fabric    

ML-3 ~.1mm equi 

non-
planar, 
sutured   Fabric 

ML-4 micrite to microspar equi 
mosaic- 
sutured    

ML-6 
micrite to 

.8mm(voids)     peloidal 

ML-7      mosaic-seive 

ML-11      planar-s 

ML-16A   

euhedral 
to planar-

s    

ML-16B       

ML-16C      

ML-16D micrite to spar equi 
nonplanar
-anhedral    
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