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Field Trip 1  

 
MINERAL DEPOSITS OF THE RAINY RIVER AREA, 

ONTARIO 
 

 
B.W. (Wally) Rayner, Rainy River Resources, Ltd. 

 

 
INTRODUCTION  

Rainy River Gold Deposit, Rainy River Resources Limited 
(modified from: http://www.rainyriverresources.com/The-Project/Rainy-River-

Overview/default.aspx) 

Overview  

The Rainy River Gold Project (RRGP) is an advanced-stage gold exploration project situated in 

the southern half of Richardson Township, approximately 50 km northwest of Fort Frances (Fig. 

1). In June 2005, Rainy River Resources Limited acquired a 100% interest in the project from 

Nuinsco Resources Limited and has since added approximately 4 million ounces in total gold 

resources to the deposit. The property has year-round road access, power lines in close proximity 

and a railway 21 km to the south. 

With over $65 million in its treasury, Rainy River plans to carry out aggressive exploration in 

2010.  In addition to over 70,000 m of planned drilling, the company will be completing a 

Preliminary Economic Assessment in the third quarter of 2010.  The company is also conducting 

Metallurgical Testing and Environmental Baseline and Geotechnical Studies. (Portions of the 

following text have been directly extracted from SRK Consultingôs Mineral Resource Evaluation 

Report dated July 10, 2009.) 

History of the Rainy River Gold Project (RRGP) 

The Rainy River Project has attracted exploration interest since 1967. Various companies 

including Noranda, International Nickel Corporation of Canada (INCO), Hudsonôs Bay 

Exploration and Development and Mingold Resources operated in the area centered on the 

RRGP between 1967 and 1989. The Ontario Geological Survey undertook geological mapping in 

1971 and again in 1987-88 in conjunction with and a rotasonic overburden drilling program. 

Nuinsco undertook exploration activities between 1990 and 2004, with Rainy River continuing 

from 2005 onwards.  Nuinsco drilled a series of widely spaced reverse circulation drill holes 

from 1994 to 1998, defining a 15 km long ñgold-grains-in-tillò dispersal train emanating from a 

http://www.rainyriverresources.com/The-Project/Rainy-River-Overview/default.aspx
http://www.rainyriverresources.com/The-Project/Rainy-River-Overview/default.aspx
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thickly overburden-covered, 6 km
2
 "gold-in-bedrock" anomaly. Nuinsco completed a series of 

diamond drilling programs to assess the mineral potential of the above anomalies which led to 

the initial discovery of the 17 Zone in 1994. Nuinsco subsequently discovered the 34 Zone in 

1995 and 433 Zone in 1997. Between 1994 and 1998, Nuinsco drilled 597 reverse circulation 

holes and 217 diamond drill holes (49,515 m). These were mostly in the Richardson area. The 34 

Zone was further drill-tested between 1999 and 2004. 

In June 2005, Rainy River completed the acquisition of a 100% interest in the project from 

Nuinsco. In the same year Rainy River re-logged key sections of the historical core drilled on the 

property and then input all of the data into a GIS database.  Rainy River subsequently drilled in 

excess of 100 reverse circulation holes in three phases to better define the ñgold-in-tillò and 

ñgold-in-bedrockò anomalies.   

In 2007, Rainy River discovered the ODM Zone, which is correlated as being the western 

extension of the 17 Zone. Rainy River completed a fourth phase of exploratory reverse 

circulation drilling at this time. Between 2005 and 2007 an additional 209 diamond drill holes for 

95,340 m were drilled. In April 2008, a mineral resource estimate for the RRGP was completed. 

At a cut-off grade of 0.5 g/t Au, an Indicated resource of 34,238,000 t at 1.26 g/t Au and an 

Inferred resource of 67,564,000 t at 1.03 g/t Au were reported. 

 

Figure 1.  Location of the Rainy River property (from 

http://www.rainyriverresources.com/Theme/RainyRiver/files/Technical_Reports/July%2010,%2

02009.pdf) 

http://www.rainyriverresources.com/Theme/RainyRiver/files/Technical_Reports/July%2010,%202009.pdf
http://www.rainyriverresources.com/Theme/RainyRiver/files/Technical_Reports/July%2010,%202009.pdf
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In 2008, Rainy River drilled an additional 112 diamond drill boreholes for 59,719 m and 

completed a fifth phase of reverse circulation drilling near the resource area totaling 47 holes. 

During this time a better understanding of the deposit was gained with additional zones of 

mineralization recognized, including the HS zone. 

The addition of 124 diamond drill holes (68,453 m) from the 2009 drilling campaign has resulted 

in an overall increase in gold resources to 2.37 M ounces gold in the indicated category and 2.66 

M ounces gold in the inferred category. The companyôs focus of defining mineralization below 

the limits of the proposed open pit has successfully increased total underground gold resources to 

935,000 ounces in all classes, a 298% increase over the 2009 NI 43-101-compliant estimate.  

Regional and Local Geology 

The Rainy River property falls within the 2.7 Ga Rainy River Greenstone Belt (ñRRGB; Fig. 2ò) 

which forms part of the Wabigoon Subprovince. The Wabigoon Subprovince is a 900 km long 

east-trending area of komatiitic to calc-alkaline metavolcanic rocks which are in turn succeeded 

by clastic and chemical sedimentary rocks. Granitoid batholiths have intruded into these rocks, 

forming synformal structures in the supracrustal rocks which often have shear zones along their 

axial planes. 

 

Figure 2.  Regional geology of the Rainy River Gold Property (RRGP) (modified from 

http://www.rainyriverresources.com/Theme/RainyRiver/files/Technical_Reports/July%2010,%2

02009.pdf and from OGS Map 2443) 

http://www.rainyriverresources.com/Theme/RainyRiver/files/Technical_Reports/July%2010,%202009.pdf
http://www.rainyriverresources.com/Theme/RainyRiver/files/Technical_Reports/July%2010,%202009.pdf
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The Wabigoon Subprovince is host to the Sturgeon Lake volcanogenic massive sulphide (VMS) 

deposits to the northeast in addition to several other, but smaller, orebodies. It is a very 

prospective terrain in which to conduct exploration. The Wabigoon Subprovince was locally 

overlain by Mesozoic (Jurassic and Cretaceous) sedimentary rocks and were subjected to deep 

lateritic weathering followed by Quaternary glaciation. Limited preservation of the Mesozoic 

cover sediments and saprolite occurs in localized palaeolows. 

The Wabigoon basement rocks and remnant Mesozoic sedimentary rocks are overlain by 

Labradorian till of northeastern provenance. This till has been found to contain anomalous 

concentrations of gold grains, auriferous pyrite and Cu-Zn-sulphides. It is overlain by a 

glaciolacustrine clay and silt horizon and by argillaceous and calcareous Keewatin till of western 

provenance. The Rainy River area therefore was covered successively by the Labradorean and 

Keewatin ice sheets. 

The Property is centered on Richardson Township with the Sabaskong granitoid batholith to the 

north and the Black Hawk Stock to the east. A package of metasedimentary rocks is found south 

of Richardson Township. Wedged in between these lithologies are a conformable series of 

tholeiitic mafic and overlying calc-alkalic intermediate to felsic metavolcanic rocks. These strike 

almost east and dip to the south (Fig. 3).  

 

Figure 3.  Bedrock geological interpretation for the area surrounding the Richardson caldera 

(from: http://www.rainyriverresources.com/Theme/RainyRiver/files/ 

Technical Reports/July%2010,%202009.pdf) 

http://www.rainyriverresources.com/Theme/RainyRiver/files/
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Intermediate metavolcanic rocks (dacites) host most of the Rainy River gold mineralization. A 

well-defined penetrative fabric is commonly observed on a regional scale. This foliation is 

approximately parallel to the trend of the metavolcanic rocks on the Rainy River Property, which 

strike at approximately 300° and dip 50° to 70° to the south. A steep, southwest-plunging 

stretching lineation is recorded in all lithologies within the main mineralized zones, with 

kinematic indicators suggesting south-over-north, reverse-sinistral deformation. 

The regional-scale, east-trending Quetico Fault has been interpreted to not extend as far west as 

the Richardson Township area, not being detected in diamond and reverse circulation drilling 

programs to date.  No other thoroughgoing shear zones have been identified; significant shearing 

appears to be restricted to gold-bearing rocks that were weakened by the earlier volcanogenic 

alteration.  Late, broadly north-trending, brittle faulting produces small offsets in the mineralized 

horizons. 

Deposit Types and Mineralization 
Early exploration work on the Rainy River Project was based on the premise that the gold 

mineralization was of a shear-hosted, epigenetic type.  As exploration activities progressed, a 

volcanogenic massive sulphide model was proposed.  A volcanogenic caldera model (termed the 

óRichardson Calderaô model) was proposed in 1997 to explain the gold and sulphide 

mineralization observed at Rainy River.  Recent studies of all available exploration data support 

a model of sulphide and gold mineralization being of early volcanogenic rather than later 

epigenetic (shear-hosted) origin, belonging to the gold-rich subclass of the volcanogenic massive 

sulphide spectrum although the sulphides are mainly disseminated rather than massive. 

Several mineralized zones have been delineated by exploration on the RRGP to date (Fig. 4). 

Gold mineralization is found in the southern Cap Zone, the central ODM/17, Beaver Pond and 

West Zones and the northern HS and 433 Zones. Recent studies suggest that there are at least 

two stages of gold mineralization within the Rainy River Project, an early pervasive 

disseminated stage as well as a later stage of cross-cutting veinlets that often contain visible gold. 

The lowest-grade, disseminated gold mineralization is mostly associated with deformed 

volcaniclastic (permeable) dacites. Zones of higher gold mineralization are often associated with 

strong silicification and finely layered, foliation-parallel sphalerite and pyrite. Visible gold is 

typically associated with narrow (<2 cm thick) quartz veinlets, narrow pyrite veins or a 

sphalerite- / pyrite-rich breccia matrix.  Detailed mineralogy studies have revealed that gold and 

electrum occur as inclusions in pyrite or in close association with sphalerite, carbonates 

(ankerite) and fine-grained silicates. The gold-bearing pyrite occurs as relict, anhedral grains, 

whereas the gold-rich sphalerite represents late-stage sulphides that formed rims on or infilled 

fractures in pyrite. 

Magmatic Ni-Cu-Co-PGE-Au-Ag mineralization is found in the 34 Zone which is associated 

with a tubular, late-stage pyroxenite-gabbro intrusion that crosscuts the ODM/17 Zone. The 

magmatic sulphides vary from massive to net-textured and disseminated. 
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Figure 4.  Resource zones location map with Digital Elevation Model backdrop  

(http://www.rainyriverresources.com/Theme/RainyRiver/files/images/Plan_map_april.jpg) 

 

http://www.rainyriverresources.com/Theme/RainyRiver/files/images/Plan_map_april.jpg
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FIELD TRIP STOPS 
 UTM Coordinates are nad ô83 Zone 15 

 

Rainy River Gold Project ï Richardson Twp Ontario 

 ** Please refer to map at end of field trip stop descriptions** 

 

 

MAFIC UNITS : 

 

*Stop 1A UTM- 422272E/5411907N 

 1B UTM- 422222E/5411941N 

Local Information: outcrop mapped by Blackburn (1976) is adjacent to reverse circulation (RC) 

drill hole #358 and identified as andesite, where as bedrock in RC holes #357 and #358 was 

identified as dacite, indicating that this first stop is very close to a lithological contact. 

Lithology: definite mafic rock containing (>40 % actinolite, chlorite). Southern part of outcrop is 

thick lava flow while the northern part is partly pillowed. Flows face southwestward and 

foliation trend is 055deg dipping 85 deg SE. 

Comments: The orientation of the lava flow is compatible with the regional strike of the pre-

dacite mafic units on the east limb of the Dearlock syncline as shown by Blackburn (1976). 

*Stop 2 UTM-425740E/5411640N 

Local information: Isolated exposure on the north side of sand and gravel pit. 

Lithology: Medium grained mafic rock that can be either part of thick lava flow or intrusion. 

Pillowed mafics present. Mafics are intruded by several generations of porphyritic, felsic to 

intermediate dykes up to 2 m wide. 

Comments: Part of the pre-dacite mafic basement sequence on the east side of the eastern inner 

caldera fault. Several 10-20 cm wide fault zones marked by brecciation and increased schistosity 

trending 040-050 degrees. No stripped outcrop. 

Stop 3A UTM 427048E/5411103N 

 3B UTM 426607E/5411108N 

Local Information: Exposures on Roen pasture. 

Lithology: Medium grained mafic rock that could be either part of thick lava flow or intrusions. 

Pillows present locally trend NE and face SE. Minor porphyritic felsic to intermediate dykes. 

Comments: Part of the pre-dacite basement mafic sequence, east of the eastern inner caldera 

fault. The base of the dacite is inferred to be 150m above to the SE of the outcrop area. 
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*Stop 4A UTM 425580E/5409350N 

 4B UTM 425423E/5409413N 

 4C 

Local Information: These series of stripped areas follow the strike of a mafic lava flow sequence 

and metagabbro occurrences within the dacite caldera sequence. 4A was stripped by Nuinsco as 

a possible site for a portal for underground exploration. 4B and 4C were stripped as part of a 

Nuinsco exploration program. 

Lithology:  4A- mafic lava flows vary between porphyritic and non-porphyritic and have been 

cut by fine grained quartz phyric intermediate dykes. Flow top breccia zones up to 50 cm thick 

are observed in the trenches. 

 4B- mafic lava flow with quartz carbonate and quartz carbonate sulphide veining host the 

Cap mineralization. Vein sulphides are primarily pyrite along with chalcopyrite and sphalerite. 

  4C- mafic lava flow in contact with dacite, possible fault contact. 

Comments: This mafic sequence is an inter-caldera flow that may have formed a cap on the main 

dacite sequence hosting the Rainy River Gold deposit. Within the mafic sequence are sills of 

metagabbro. 

*Stop 5 UTM-423174E/5410172N 

Local Information: Mafic outcrop exposed on Highway 600 toward Dearlock. 

Lithology: North trending ophitic metagabbro sill (possible thick mafic flow) 100 m thick, 400m 

strike length. Western contact not exposed. On the east, the metagabbro is in sharp contact with 

massive and pillowed mafic lava flows. Pillow shapes indicate that the flows face westward. 

Comments: Attitude of the mafic flows is compatible with the regional structural trend of 

Blackburn(1976) but is not compatible with the rock units deduced from bedrock encountered by 

RC drilling by ODM  (Averill 1997).  

INTERMEDIATE UNITS:  

*Stop 6 UTM-426650E/5410563N 

Local Information: Davis Pasture, partly cleaned outcrops. 

Lithology: Dominantly a subaqueous, felsic-intermediate lava flow characterized by white 

weathered flow lobes > 10 meters thick, 50 m long at 035 degrees. In the NW corner of the 

outcrop there is a contact between a felsic to intermediate dyke on the SE and brecciated dacite 

on the NW at 030 degrees. 

Comments: Rusty matrix is probably an autoclastic breccia or hyaloclastite produced by quench 

fragmentation of felsic magma during the advance of the lava flow under water. The 

intermediate dyke is only sparsely porphyritic and phenocrysts are generally > 2 mm in size. 
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*Stop 7 UTM-426148E/5410326N 

Local Information: These outcrops occur behind Alvin McClainôs residence and on strike with 

the units at Station #6. 

Lithology: The lithologies exposed are complicated by a number of faults. Volcaniclastic 

conglomerates occur at the north end of the outcrop up to 5 m thick and comprised of  75-90 % 

sub-rounded to rounded felsic to intermediate clasts in a coarse sandy matrix. Rare fuchsite and 

chlorite rich pebbles are observed. 

Several brecciated lava flows occur in sequence; these units contain rounded-angular lapilli and 

blocks from 5mm to 10ôs of cm. Quartz crystal rich dacite is most abundant lithology in this 

outcrop. 

Comments: this is a key outcrop as it exposes a number of lithologies and relationships between 

them. The brecciated units and the quartz crystal rich dacite may represent a fall deposit or 

pyroclastic flow. Alternately this area may represent similar quench fragmentation of subaqueous 

dacite flows as seen at Stop 6 or fragmented lava domes within the caldera complex. 

*Stop 8 UTM- 426273E/5409497N 

Local Information: A well exposed, cleaned, discontinuous outcrop area south of the drill road. 

ATV outcrop. 

Lithology: Most of the outcrop is quartz crystal bearing dacite that contains about 5% medium 

grained rounded quartz crystals as well as rare rounded rock fragments. Within this unit are 

discontinues beds of sandstone and conglomerate. The massive dacite shows well developed late 

jointing and minor displacement faulting. The mafic dyke that strikes E-W across the top of the 

outcrop shows the style of displacement that is observed in drill core along main litho contacts as 

well as in the surface projection of the ODM/17 zone mineralization. 

Comments: this outcrop represents the upper part of the thick dacite unit which is the hanging 

wall to the main ODM/17 zone mineralization. Based in the presence of sparse rock fragments 

and the variability in crystal content across the unit, Ayres interpreted this quartz bearing dacite 

unit as a pyroclastic flow deposit. Drill hole NR97-43 is in this outcrop. 

Stop 9 UTM-426074E/5408994N 

Local Information: Large lichen covered outcrop west of Highway 600 north of the Teeple farm 

drainage ditch. 

Lithology: Relatively uniform quartz crystal bearing dacite that contains 5% quartz and 15-20% 

plagioclase crystals of similar size. The unit is intruded by several metagabbro dykes. 

Comments: Intermediate unit of upper dacite that occurs stratigraphically above the capping 

mafic unit to the northwest. This dacite is probably of crystal tuff fall deposit or pyroclastic flow 

unit. 
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*Stop 10 UTM-426230E/5409875N 

Local Information: West of Highway 600, opposite the junction with Roen Road. 

Lithology: Relatively uniform quartz crystal poor dacite. No clast or internal features were 

observed in this exposure. In the NE corner of the outcrop, there is a 2 m wide zone with strong 

planar fabric trending 140 degrees. This fabric is parallel to the trend of the inferred east 

boundary caldera fault. 

Comments: Rocks are part of the thick eastern dacite sequence on the east site of the eastern 

inner caldera fault, but they are relatively close to the inferred location of the fault. This unit is a 

dacite tuff fall or pyroclastic flow. 

Stop 11 UTM-426320E/5409850N 

Local Information: Large, lichen covered outcrop east of Highway 600 

Lithology: This large outcrop area contains lithologies that are mainly dacite quartz crystal tuff 

and or flows. Locally pebble to cobble conglomerate units contain rounded felsic to intermediate 

clasts. The pyroclastic rocks appear to be pumice rich. The dacite is intruded by a number of 

metagabbro (mafic) dykes that have diverse trends and cut by a number of small scale faults. The 

faults are in places several metres across and are hosts to diversely orientated quartz veins. 

Comments: This unit weathers with positive relief and may represent the up lift part of the 

eastern caldera block.  

Stop 12 UTM-426900E/5410000N 

Local Information: Large lichen covered outcrop immediately east of station 11 and east of the 

junction with the Roen Road. 

Lithology: Quartz crystals are ubiquitous and variable abundance, exposures are similar to the 

outcrop at stop 11. Outcrops in this area weather with higher relief, due to less alteration and the 

presence of metamorphic biotite and hornblende. 

Comments: These rocks probable fall within the metamorphic halo resulting from the 

emplacement of the Blackhawk Stock. 

Stop 13 UTM-427536E/5409453N 

Local Information: Large outcrop area north and east of the Teeple farm. 

Lithology: Outcrops are mainly quartz and feldspar porphyritic flow and tuffs and autoclastic 

breccias interbedded with lens of cobble to boulder conglomerate, locally with exotic clasts of 

unknown origin. 

Comments: Ayres mapping in 2005 indicated that conglomerate beds range up to 120m thick, 

this unit was not located in subsequent mapping of this area. 
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Stop 14 UTM-427300E/5410175N 

Local Information: Series of poorly exposed small outcrops along a highlevel swamp within the 

same outcrop area as stop 13. Access is from the Clark Road that runs along the east side of the 

Teeple Farm. 

Lithology: Pyritic mafic tuff or flow, possibly hyaloclastite about 50 m thick. 

Comments: Strong AEM conductor drilled by Nuinsco. Both pyrite and pyrrhotite occur in this 

unit and explains the conductive nature of the lithology. This unit is either a mafic flow within 

the dacite or part of the underlying basement sequence displaced into its current position by 

unrecognized fault. 

FELSIC UNITS:  

*Stop 15 UTM-426632E/5408608N 

Local Information: Small outcrop in Teeple pasture about 30m north of Highway 600. 

Lithology: Quartz and plagioclase crystal bearing unit with no primary structures. Possible felsic 

lava flow northeast of the dyke. 

Comments: Outcrop cut by northwest trending diabase dyke. 

Tour note: The stops mark with * are recommended the other are of general interest. 

 

Lunch break for the tour group will be at the core shack where core from 

the central part of the ODM/17 zone will be on display as well as other 

polished core of high grade mineralization. 
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Field Guide Addendum Rainy River Resources OFF Lake  

 

STOP 1: Cunningham Farm (PRIVATE PROPERTY)  

Two outcrops in the south part of the OLFC contain extensive quartz vein systems.  The vein systems 

were discovered by Dr. Lorne Ayers in 2006 during the course of geological mapping.   

The host rock in both outcrops is a suite of white to pale grey, to pale brown, to rusty weathering, quartz-
phyric felsic dikes that contain 1 to 3%, 1- to 4-mm, quartz phenocrysts.  Groundmass of the dikes has 

been recrystallized and is now fine grained.  Dikes vary from foliated to massive.  The two outcrops may 

be part of a single vein system.   

A.  Northern (Lorneôs) Outcrop (436670E; 5412250N) 

The vein system in the northern outcrop (Figure 1), was mechanically cleaned and washed in October, 
2007, and has since been channel sampled.  This is a relatively small, subcircular outcrop, the cleaned 

part of which is 35 m (east-west) by 25 m (north-south).  On this outcrop, there is evidence of at least 

three intrusive events, three vein injection events, several periods of deformation and sulphide 

mineralization. 

 
 Felsic dike complex 

The first intrusive event was emplacement of felsic dikes.  Because of early deformation of the dikes, 

resulting in a well developed fabric, injection of voluminous quartz veins, and other stages of 

intrusion, vein injection and deformation, it was not possible to identify more than one phase of dike 
emplacement on the northern outcrop.  

However, based on observations made elsewhere (Ayres, 2007), including the larger southern 

outcrop, dike emplacement was a multiple intrusive event with some dike emplacement possibly post-

dating mineralization.  The early fabric, which trends 000° and has a vertical dip, is a combination of 
sericitic foliation, fractures and <0.5-cm-wide quartz veins. 

 

 Mineralization  

The quartz-phyric, felsic dikes contain as much as 10% pyrite and minor chalcopyrite.  The sulphide 

minerals occur as disseminated grains and aggregates, which are as much as 1 cm in diameter and in 
narrow, sericitic, shear zones.  Anomalous gold values occur in a sample collected in 2006 (Ayres, 

2007).  As noted below, sulphide mineralization also occurs in early quartz veins. 

 Early quartz veins   

At the northern outcrop, the felsic dike complex was injected by an early stockwork of pale-grey, 

glassy, quartz veins that contain <5% pyrite and have localized malachite staining.  Most veins are 1 

to 5 cm wide and are typically 5 to 30 cm apart, but locally veins are 40 to 120 cm wide; the wider 
veins appear to be discontinuous pods and/or the result of amalgamation of veins.  Although the veins 

are interconnected to form a stockwork, there is, in most places, a preferred orientation to many veins.  

Vein orientation ranges from 100 to 160°, and the veins dip between 45° SW and 90°; connector 
veins are as much as 90° divergent to this trend.  Variations in vein trend are a function of both 

differences in orientation from place to place across the outcrop and warping of veins.  The preferred 
orientation of veins may be a function of a dominant fracture system and associated subsidiary 

fracture systems, flattening, or a combination of these factors.  Some vein deformation is suggested 

by localized warping of the veins. 

In most of the northern outcrop, the early quartz veins range in abundance from 10 to  70%, although 

there are local areas where only a few veins were observed.  Veins are most abundant in the central 
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part of the outcrop and decrease in abundance toward the southwest and northeast margins.  Where 

veins are abundant, the quartz-phyric, felsic, host rock forms angular, elongated fragments 
surrounded by quartz.   

 

Where veins are less abundant, vein habit is variable, and this variation is, at least in part, a function 

of vein abundance:  

1. in some places, particularly where vein width is variable, the host rock has a brecciated 

appearance with rounded to angular, more equidimensional fragments separated by 1- to 5cm-

wide veins; <1cm-wide, subsidiary veins extend into, and across the larger fragments; and  

2. in other places, particularly where vein abundance is only 10 to 15%, veins have a relatively 

consistent trend, and few veins deviate more than 20° from this trend; these veins are partly 

interconnected and, in places, bifurcate and rejoin, surrounding lenticular rock areas, but there is 
no obvious stockwork or breccia pattern.   

 

On the southwest side of the outcrop, there is a relatively abrupt boundary, with a general trend of 

120°, between an area that contains abundant quartz veins on the northeast and an area with only 
sparse veins on the southwest.  This boundary is gradational over 1-2m, and the trend of the boundary 

is irregular; the irregularities have amplitudes of several metres.  From this boundary, the vein zone 

extends northeastward for 23 m to the edge of the cleaned exposure.  On the northeast side of the 
exposure, vein abundance is less than in the central part of the stockwork zone, but quartz veins are 

still present in a small outcrop, which was not cleaned, about 15 m northeast of the cleaned exposure. 

Near the east side of the outcrop, there are two fault-bounded blocks that are 1 to 3 m wide and 

contain only sparse, early quartz veins.  Boundary faults truncate early quartz veins in adjacent parts 

of the outcrop.  These blocks are wedge-shaped on horizontal outcrop surfaces, consist of the same 

quartz-phyric, felsic host rock as elsewhere on the is 4 m long and 1 m wide; it has a general northerly 
trend, subparallel to the well developed foliation.  A second northerly trending block at least 3 m wide 

is incompletely exposed in the southeast corner of the outcrop. 

 

Early faults and veins   

The early quartz veins are offset along faults that typically trend 020 to 030°; in most  places the offset 
is only a few centimetres.  The faults vary from ductile to brittle structures.  On the outcrop surface, 

ductile faults lack obvious fault lines whereas brittle faults have obvious fault lines, some of which 

are filled by relatively straight, quartz + chlorite veins that are as much as several centimetres wide.  

Locally, early quartz veins have been dragged and rotated against faults that are now filled by quartz 
+ chlorite veins.  The dragging indicates a left-lateral sense of movement and some dragged veins 

now almost parallel the early faults. 

 

 Late quartz veins 

On the northwest side of the outcrop, several, white to locally rusty, quartz veins as much as 40 cm 
wide transect both the early quartz veins and the quartz + chlorite veins; no  sulphide minerals were 

observed in these veins.  These late veins have an average trend  of 045°, and dip ranges from 

40°NW to 70°SE.  Vein margins vary from straight to irregular with narrow vein offshoots extending 

as much as several metres subparallel to the main veins and 40 cm perpendicular to the main veins. 
 

 Late granitoid dikes 

Two distinct ages of granitoid dikes were intruded into the late quartz veins and all older structures 

and rock units.  The granitoid dikes are distinguished by colour and trend, and they comprise an 

earlier, texturally variable, pink- to pale-grey-weathering phase and a younger pale-grey- to cream-
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weathering phase.  Dikes of both phases extend completely  across the outcrop.  These dikes have 

not been metamorphosed, and they are probably related to the late tectonic Finland stock.  As 
mapped by Blackburn (1976), the margin of this stock is 600 m west of the northern outcrop.  

Alternatively, the dikes could be related to the Fleming batholith, the western edge of which is 1200 

m east of this outcrop. 

Three, pink- to grey-weathering, leucocratic dikes, ranging in width from 1 to 15 cm,  were observed; 
the dikes are slightly sinuous, but the average trend is 060°, and the dip is 75°NW.  The dikes contain 

at least 25% quartz and <1% mafic minerals, and, texturally, they vary from aplitic to pegmatitic.   

The pegmatitic dike, which ranges in width from 1  to 3 cm, has a central, 5- to 10-mm-wide, quartz-
muscovite zone with a grain size of 5 to 8 mm.  

The younger, pale-grey- to cream-weathering dikes have straight to sinuous to zigzag habits, and they 

trend 020° to 030°.  They include a >3-m-wide dike that is incompletely exposed at the southwest 
corner of the exposure, and two, closely spaced, 10- to 20-cm-wide dikes in the centre of the outcrop; 

one of the narrow dikes bifurcates, but the second branch terminates within 2 m.  These dikes have a 

grain size of 1 to 2 mm, and they contain 25 to 30% quartz and 5% biotite.  The wider dike contains 

sparse, 1- to 2-cm-wide, unmineralized, quartz veins, and it is weakly foliated parallel to the contact, 
which is a 2-mm-wide, pinch and swell shear zone. 

 
B.  Southern outcrop:  (436648E; 5411951N) 

In this outcrop, which is considerably larger than the northern outcrop, the quartz vein system occurs 

along the relatively poorly exposed northwest edge; the vein system has been stripped in a number of 

places by Joe Hackl and the author.   

The quartz vein system is very similar to that in the better exposed northern outcrop.  Pale-grey, quartz 

veins that are generally <5 cm wide, but locally are as much as 50 cm  wide, occur in foliated, rusty-

weathering, quartz-phyric, felsic dikes.  Most veins preferentially trend between 030° and 100°, but the 
veins are interconnected to form a stockwork within an in situ breccia.  The vein system is at least 30 m 

wide, and it was traced about 100 m to the northeast, along a trend of 045°, before disappearing in an area 

of poor exposure about half way across the outcrop.  To the northeast, the vein system appears to decrease 

in width, and the system here is less obvious because there is less rusty weathering.   

On the southeast side of the quartz-injection zone, foliated, rusty-weathering, quartz-phyric, felsic dikes 

that contain the vein system are in sharp contact with a more massive, quartz-phyric, felsic phase that 

lacks quartz veins and rusty weathering.  The contact is  covered by a 1m width of overburden, and it was 
not actually observed.  However, there is good control on the contact location, and the contact trends 

030°, subparallel to the  vein system.   The more massive phase could be a younger intrusion, although 

still part of the Off Lake felsic dike complex.   

The vein system in this outcrop was intruded by two dikes that may be related to the late  tectonic, 
Finland stock.  These include: 

1. a 30cm-wide, pink-weathering, feldspar-phyric, granitoid dike that contains sparse, 1cm-long, 
feldspar phenocrysts in a medium-grained groundmass, and 

2. a 20cm-wide, zigzag, pegmatite dike.The granitoid dike trends 030° and the average trend of the 

pegmatite is 060°. 

In the southern outcrop, the veins are on the west side of the outcrop and appear to form a generally 

northerly trending zone as much as 10 m wide; within this zone, individual veins are as much as 1 m wide 
and have diverse trends. 
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Genesis of the vein systems 

If the pale-grey vein system in the southern outcrop is projected along the apparent trend  of the system, 
as established by the dominant trend of the veins and tracing of the system, it would be close to the early 

vein system in the northern outcrop, although the vein  system in the northern outcrop has a different 

average trend.  This spatial relationship in addition to the lack of vein systems on outcrops farther north 
suggest that the two vein systems are genetically related.  

The early quartz veins predate several generations of later quartz veins, both ductile and  brittle faults, 

and two periods of granitoid intrusions.  The early age of the veins and the sharp contact on the southern 

outcrop between foliated, quartz-phyric, felsic rocks containing the quartz stockwork and a more massive, 
quartz-phyric, felsic unit that lacks quartz veins suggests that the vein system may be related to 

emplacement of the Off Lake  felsic dike complex.   

The only similar quartz stockwork observed to date in the area is associated with the Off  Lake fault.  The 
vein system on the Cunningham option has a distinctly different trend to that of both the Off Lake fault, 

the inferred extension of which is about 800 m to the east, and the Potts fault, which is about 1 km to the 

south.  However, the quartz stockwork on the Cunningham option may be related to an undiscovered 
early fault in the southern part of the Off Lake felsic dike complex. 
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ANATOMY OF AN ARCHEAN CARBONATE PLATFORM 
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Part A ï Geology of the Steep Rock Group: Anatomy of an Archean Carbonate 

Platform. 

Part B ï Description of Hammond Reef Gold Deposit, Brett Resources Inc. 

 

 

INTRODUCTION  

The Steep Rock Group is located near Atikokan, Ontario where it lies unconformably on 

Mesoarchean tonalite (Figures 1 and 2).  It was first described by Smyth (1881) as consisting 

from bottom to top of: 1) Conglomerate, 2) Lower Limestone, 3) Ferruginous Formation, 4) 

Interbedded Crystalline Traps, 5) Upper Calcareous Greenschist, 6) Upper Conglomerate, 7) 

Greenstones, 8) Agglomerate, and 9) Dark Grey Slate.  Lawson (1913) reduced this to four units 

by combining the upper six into one unit that he described as interbedded crystalline traps.  

Jolliffe (1966) applied the term Group to the succession, thus changing its status from a Series 

(chronostratigraphic unit), which it had been termed before, to a lithostratigraphic unit.  He also 

separated the volcanic rocks into a lower Ashrock and an upper assemblage of flows, tuffs and 

sedimentary rocks.  Wilks and Nisbet (1988) were the first to formally define the Steep Rock 

Group according to the procedures put forward by the International Commission on Stratigraphic 

Classification outlined in Hedberg (1972, and subsequent publications of the ICSC).  Their 

formal classification remains in place and should be followed when referring to the rock units 

that were defined.  From bottom to top the Steep Rock Group consists of (Wilks and Nisbet, 

1988):  

mailto:philip.fralick@lakeheadu.ca
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Wagita Formation ï predominantly conglomerate and sandstone with some pelite (mudstone).  It 

is 0 to 150 m thick and appears to occupy depressions (paleovalleys) in the unconformably 

underlying Marmion Complex.  It is overlain conformably by the Mosher Carbonate 

 

Mosher Carbonate ï This unit is composed mainly of calcite with minor amounts of dolomite, 

ferronian dolomite (ankerite), quartz, pyrite and carbon (in the form of kerogen, Rothpletz 1916; 

Hayes et al, 1983).  It is up to 500 meters thick with an irregular upper surface.  

 

Jolliffe Ore Zone ï The lower member consists of the unconsolidated, earthy, Manganiferous 

Paint Rock Member.  It is composed of fragments of goethite, hematite, chert and quartz with a 

matrix consisting of these minerals plus kaolinite, illite, calcite, gibbsite and pyrolusite (Huston, 

1956).  It is 100 to 300 meters thick and averages 3.8 % manganese.  The Goethite Member 

overlies the Manganiferous Paint Rock Member. It is composed of goethite (67%) and hematite 

(21%) with accessory quartz and kaolinite. Where the ore is not brecciated and altered it 

resembles banded iron formation.  This unit is 50 to 100 meters thick and is overlain by the 

Dismal Ashrock. 

 

Dismal Ashrock ï This unit is predominantly a mafic to ultramafic pyroclastic rock.  Most clasts 

are rounded and less than 1 centimeter in diameter but fragments up to seven meters occur.  Thin 

volcanic flows interlayer with the pyroclastics.  Lenses of massive bedded pyrite and 

carbonaceous chert also occur in this Formation and the Jolliffe Ore Zone.  The ashrock is 100 to 

400 meters thick and is possibly structurally overlain by the Witch Bay Formation. 

 

Witch Bay Formation ï Mafic and intermediate volcanic and sedimentary rocks make up this 

unit.  It is extensively deformed with a minimum, and poorly constrained, thickness of 1000 

meters.  Its lower contact may be a structural discontinuity and it is only tentatively included in 

the Steep Rock Group. Its upper contact is either intrusive or structural. 

 

All units in the above description have been metamorphosed and the prefix meta is implied to 

apply to all rock names. 

 

Kusky and Hudleston (1999) believe that both the Dismal Ashrock and the Witch Bay Formation 

are allochthonous, having been tectonically transported to their present positions. They interpret 

the Dismal Ashrock as a mélange with a ductile high strain zone at its top.  They further believe 

that deposition of the Steep Rock Group began at 3.0 Ga as the Marmion Gneiss Complex rifted, 

the Jolliffe Ore Zone was formed by the sub-aerial exposure and weathering of the Mosher 

Carbonate and the Steep Rock Group may have formed a portion of a linear array of 3.0 Ga 

platform sequences along with the Sachigo and La Grande River Subprovinces.  The highly 

oxidized state of the Jolliffe Ore Zone and its forming under an Archean anoxic atmosphere is 

difficult to reconcile.  This combined with the huge amount of limestone that would need to be 

dissolved to form a terra rosa up to 300 meters thick make their model for the formation of the 

Jolliffe Ore Zone untenable.  In addition, age determinations obtained since this paper was 

published throw other portions of their conclusions into serious doubt. 

 

The age of the Steep Rock succession remained conjectural for most of its history in the 

literature.  The first step towards understanding the age relationships occurred in 1988 when 
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Davis and Jackson published a U-Pb zircon age of approximately 3000 Ma for the Marmion 

Batholith.  This age was refined to 3001.61.7 Ma by Tomlinson et al. (2003).  A U-Pb zircon 

age of 2780.4 1.4 Ma was also obtained by Tomlinson et al. (2003) for the Dismal Ashrock, 

though the age of this zircon may reflect inheritance.  Based on correlations between the Steep 

Rock area and the Finlayson and Lumby areas to the north, which were put forward by Fralick 

and King (1996), Fralick et al. (2008) bracketed the age of the Steep Rock assemblage between 

2828 Ma, the age of volcanics in the Lumby Lake belt that underlie the sedimentary rocks, and 

2780 Ma, the youngest zircon in the overlying Dismal Ashrock.  Recently age determinations on 

detrital zircons obtained from basal siliciclastics of the Wagita Formation provided a youngest 

zircon age of 277922 Ma (Denver Stone, O.G.S., personal communication).  Unlike age 

determinations on igneous rocks, where the statistically most likely age is given as the probable 

age, ages on detrital zircons indicate the unit is probably younger than a specific age and, 

therefore, the older age of the range is quoted.  Thus, the Wagita Formation is likely younger 

than 2801 Ma.  This agrees well with the age put forward by Fralick et al. (2008) of between 

2828 and 2780 Ma. 

 

REGIONAL  SETTING  

The following is taken largely from Fralick et al. (2008). 

Examining the Steep Rock Group in isolation, without considering its place within the 

framework of correlative units in the area does not allow a regional picture to emerge.  The Steep 

Rock Group forms a portion of a once continuous rock assemblage that has been dissected by 

northeast trending faults (Figures 1 and 2) (Fralick and King, 1996; King, 1998; Wyman and 

Hollings, 1998; Tomlinson et al., 1999).   

 

Figure 1.  Generalized geology map of Superior Province showing the belt structure and the 

location of the Atikokan area on the southern edge of Wabigoon Subprovince. 
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Figure 2.  Geology of the Steep Rock region, including correlative units in the 

Finlayson and Lumby Lake greenstone belts. 
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Figure 3.  Stratigraphy of the volcanic and sedimentary units in the Atikokan area (ages 

in millions of years). Consistency of younging indicators throughout the stratigraphic 

successions is supported by U-Pb zircon age determinations and appropriate 

stratigraphic position of correlative units in adjacent areas. Units have been tectonically 

flattened. For sources of age determinations see Fralick et al. (2008). 
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Sedimentary rocks of the Finlayson Lake Group and Upper Lumby Lake Group overly a thick 

volcanic succession that began erupting before 3014 Ma (Tomlinson et al. 2003) (Figure 3). 

Tomlinson et al. (1999) proposed that the mantle source of the Mesoarchean volcanic 

assemblages in the Steep Rock and Lumby Lake areas was geochemically similar to the source 

of basaltic rocks that form the Cretaceous Ontong Java oceanic Plateau and that eruption 

probably occurred in a continental setting following rifting of the crust. Wyman and Hollings 

(1998) had previously proposed that most of the volcanic units in the Lumby Lake belt have an 

ocean plateau affinity.  

 

The combination of interpretation of depositional environments with sediment geochemistry and 

precise U-Pb geochronology of volcanic units enables reconstruction of the paleogeography for 

this area spanning a 230 m.y. period from the Mesoarchean to the Neoarchean (Fralick et al., 

2008).  Thick successions of tholeiitic basalt older than 2997 Ma. are present at the base of the 

Lumby and Little Falls belts.  This implies that a sub-aqueous lava plateau existed in the area by 

3.0 Ma (Figure 4).   

 

 
 

Figure 4.  Mafic volcanism in the Steep RockïLumby Lake area prior to 3.0 Ga 

begins building a basaltic plateau. 

 

 

At 3000 Ma tonalitic magmas intruded the tholeiitic basaltic plateau.  In both the Lumby and 

Little Falls areas, Marmion magmas erupted at surface, resulting in felsic volcanism and 

deposition of clastic aprons surrounding the volcanic centers (Little Falls Group; Figure 5).   
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Ongoing mafic volcanism throughout this time interval resulted in ash layers from this source 

interlayered with the felsic volcanic debris. From 3000 to 2920 Ma mafic volcanism continued to 

thicken the volcanic pile.  Periodic bursts of felsic volcanism linked to tonalitic intrusions also 

occurred (Figure 6).   

 

Throughout the next 100 m.y. mafic volcanism sporadically continued with felsic volcanic 

pulses, such as the one that erupted the 2898 Ma rhyodacites in the Lumby Lake belt and 

supplied the sub-aqueous clastic apron forming the Lower Lumby Lake Group.  With the 

cessation of volcanism throughout the area sometime after 2828 Ma, minor block faulting, 

possibly triggered by adjustment to thermal decay in the region, created localized depocenters for 

epiclastic sediment in the northern Finlayson area and possibly upraised the tonalities of the 

Steep Rock area (Figure 7).   

 

These tonalities and mafic volcanic country rocks underwent erosion, and sediment was 

channeled through paleovalleys to the shoreline where deltaic deposits accumulated in the 

shallow areas and mass-flows off the deltas dominated the deeper regions.  Subsidence of the 

area, due to isostatic adjustment to the weight of the ocean plateau, led to submergence of 

abandoned portions of the delta top, as seen in the upper section of the Finlayson Lake Group.  

As subsidence and erosion lowered the source area to base-level, the bedrock channel system 

backfilled, forming the basal Steep Rock clastics of the Wagita Formation, and starved the now 

largely submerged Finlayson deltaic complexes of sediment.  Continued subsidence led to the 

development of carbonates in the shallower areas, which was succeeded by cherts and iron 

formation as the area continued to deepen as it isostatically adjusted (Figure 8). 

 

Previously, the sedimentary rocks in the Steep Rock ï Little Falls ï Finlayson ï Lumby Lake 

areas have been ascribed to a rift setting (Wilks and Nesbet, 1988; Thurston and Chivers, 1990; 

Tomlinson et al., 1996).  The major problem with this interpretation is that some of the volcanic 

units and associated sedimentary aprons are as old as the supposedly rifted tonalitic basement.  

This still allows the younger, upper sedimentary units to be rift related.  However, recent 

investigations of the igneous geochemistry have indicated that the mafic to komatiitic volcanic 

pile associated with the sedimentary rocks was erupted in an ocean-plateau setting (Wyman and 

Hollings, 1998; Hollings et al., 1999; Hollings and Wyman, 1999).  An excellent modern 

analogue for the evolution of the regional geological setting through time is the Cretaceous of the 

Kerguelen Plateau off Antarctica.  As volcanism ceased in the Kerguelen Plateau 120 m.y. ago 

(Schlich, 1989) the sub-aerial portion remained above sea-level for 40 m.y. leading to erosion of 

up to 8000 meters of igneous rock (Coffin et al., 1990; Coffin, 1992).  Similar erosive 

downstripping in the Steep Rock area would account for exposure of the Marmion Batholith. The 

basal units of the sedimentary succession capping the Kuerguelen Plateau are composed of 

fluvial units analogous to the Wagita Formation.  These are overlain by algal limestones, which 

developed in shallow marine environments (Barron et al, 1989) as sub-aerial deposition failed to 

keep pace with subsidence driven by isostatic adjustment to the thick volcanic pile.  The clastic 

succession at Steep Rock is capped by stromatolitic limestones deposited after base-level rise 

flooded source areas.  As load and thermal decay induced subsidence continued to outpace 

sedimentation on the Kurguelen Plateau, the calcareous shallow water successions were 

succeeded by marine chalk and marl.  Deep-water cherts and iron formation record the same   
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Figure 5.  At 3000 Ma tonalitic magmas, possibly generated by partial melting at depth of the 

thick plateau assemblage, intruded into the Steep Rock-Lumby Lake ocean plateau. The resultant 

surface volcanism built positive relief features from which sediment aprons composed of eroded 

felsic volcanic debris spread out over the plateau. 

 

 
 

Figure 6.  The Steep Rock-Lumby Lake ocean plateau continued to grow during the 3000 to 

2920 Ma time period. Sporadic tonalitic intrusion fed minor intermediate to felsic volcanic 

events, but the dominant volcanism erupted tholeiitic basalt. 
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Figure 7.  Volcanism ceases on the Steep Rock-Lumby Lake ocean plateau between 2820 and 

2780 Ma, and the major sedimentary sequence is deposited. Localized relief produces slope 

failures and resultant agglomerates in the north Finlayson area. These are overlain by a deltaic 

clastic wedge prograding from the incised channels of the Steep Rock area.  

 

 
 

Figure 8.  The siliciclastic system depicted in Figure 7 is succeeded by chemical/biochemical 

deposits as transgression causes clastic sediment starvation. With flooding of the source terrain 

stromatolitic carbonates developed in shallower areas and iron formation, which had dominated 

the deeper regions to the north, migrated first over the adjacent siliciclastic deposits and then 

blanketed the carbonate assemblage as well.  
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process on the Archean Steep Rock ï Finlayson ï Lumby Lake Plateau.  The striking analogies 

between the sedimentary units at Steep Rock and the sediments of the Kerguelen Plateau 

reinforce interpretations based on igneous petrochemistry (Wyman and Hollings, 1998; Hollings 

and Wyman, 1999; Hollings et al., 1999) that this assemblage represents an oceanic plateau.  

 

 

THE CARBONATE PLATFORM 

 

Carbonate platforms capping oceanic islands and plateaus are not uncommon in the modern 

ocean.  However, they are rare in the rock record of the Archean.  This may be the result of low 

preservation potential.  However, Phanerozoic carbonate platforms suffer from this problem due 

to their oceanic location and there are still plentiful examples of these preserved in the geologic 

record.  Thus, the Steep Rock carbonate succession represents one of the few opportunities to 

decipher the paleoecology and paleohydrology of an Archean carbonate platform. 

 

Wilks and Nisbet (1985, 1988) have provided an 

excellent description of the paleoecology of the 

Steep Rock platform.  The following is largely 

taken from their work. 

 

Layering within the Mosher Carbonate exhibits a 

systematic change in form upward through the unit 

(Figure 9).  

 

The physical and chemical changes in the water 

mass that must have governed this transition in 

environments may have been related to a 

deepening trend from the shoreline environments 

represented by carbonates on top of fluvial 

conglomerates and sandstones to the overlying 

iron formation that was deposited in quite, deeper 

water (Figure 10) (Fralick et al., 2008). 

Alternatively, environmental change may have 

been related to periods of open verses more 

restricted circulation of water on the plateau 

leading to evaporation driven precipitation.  We 

will discuss these possibilities in the field. 

-------------------------------------- 

Figure 9.  Variation in carbonate lithosomes with 

height in the section. 
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Figure 10.  A possible model for organization of carbonate deposition on the Steep Rock ocean 

plateau. Transgression produced a vertical stacking of the lithofacies. The upward changes in 

lithosomes present in Figure 9 may be caused by shifts in salinity rather than the lateral variation 

combined with transgression depicted here. 

 

 

The carbonate succession begins with an interlayered to sheared originally conformable contact 

with the underlying fluvial, valley-fill Wagita Formation or the Mesoarchean tonalite gneiss.  

The best representation of this contact is in an exposure near the bottom of the pit that is now 

under more than a hundred meters of water.  Here decimeter-scale carbonate layers are 

interbedded with sandstone layers, with similar thickness, over a vertical distance of 

approximately half a meter.  At the first major carbonate outcrop we will visit the basal contact 

with the 3001 Ma tonalite is sheared, however, pieces of weathered tonalite are present in the 

carbonate.  If the contact is traced laterally it is quite evident that the limestones are onlapping 

the basement and the tonalitic debris was not carried very far away from the gneiss into the near-

shore.  The carbonates near the base of the succession have fairly flat layering. The layering is 

highlighted by changes in organic carbon (kerogen), iron oxides (recent weathering of iron 

carbonates?) and chert content.  What follows, with the exception of the Figures, which are new, 

is the description provided by Wilks and Nisbet (1985) of the stromatolite succession: 

 

ñNear the base of the unit, simple Stratifera-like stratiform structures are characteristically 

present (Figure 11).  These have flat to undulatory laminae, occasionally with the development 

of pseudocolumnar, laterally linked structures, which occur throughout the carbonate member.  

These Irregularia-like pseudocolumnar structures become more common upwards, and columns 

obtain heights of up to 2 cm (Figure 12A).  Above this are hemispherical, laterally linked 

stromatolites (Figure 12B-D).  These cumulate linked structures are similar to those figured by 

Hofmann (1971) as Cryptozoon walcotti. Laminae are wavy and 0.5-3.5 mm thick, and the 

structures are 5-15 cm high and in basal diameter.  
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Figure 11.  Stratiform layering, which dominates the lowest portion of the section.  A) 

Undulatory, disrupted layering is further disrupted by the small faults.  B) This sample has more 

consistent layering. Note the presence of white cement following some layers.  C) Close-up of B. 

White calcite cement filling void with a flat bottom and undulating top. This shape is typical of 

gas bubbles that form in present day bacterial mats.  D) Laterally consistent layering with small 

pseudocolumnar stromatolites. 
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Figure 12.  Moving stratigraphically up-section from Figure 11 the stromatolites increase in 

relief.  A) Well developed pseudocolumnar stromatolites.  B) Next hemispherical stromatolites 

begin to appear.  C) Close-up of B. Successive hemispherical stromatolites are easily visible 

growing on top of one another.  D) Laterally linked hemispheres in places resemble digitate 

forms. 

 

 


