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Figure 1. Regional bedrock geology of southern Ontario, showing locations of drill cores A and B from the Ottawa Bonnechère Graben (OBG) and
Lake Temiskaming Graben (LTG), respectively. AH =Adirondack Highlands. Modified from Sharma et al. (2003) and Williams et al. (1992).

Abstract
Ordovician basins along the craton-interior of the Ottawa-Bonnechère and Temiskaming graben systems of eastern and northern Ontario,

respectively, form an interconnected structural corridor (up to 600 km in length) extending northwest of the Taconic Orogen. Both graben
systems preserve cryptic evidence of Late Ordovician tectonic events far-flung from the present structural limits of the orogen, events that help
define the changing regional influence and patterns of foreland basin development. In both graben systems, collapse of a regional carbonate
platform and formation of local deep-water shale basins occurred by ~452 Ma. In the Ottawa-Bonnechère graben, in eastern Ontario, a K-
bentonite punctuates deposition of organic-rich shales within the graptolite Biozone (~451 to 452 Ma). It immediately precedes the
onset of distal turbidity flows; and, unlike older platform-hosted K-bentonites in eastern North America, its geochemistry identifies greater
incorporation of continental crust within the magmatic source. Whether the bentonite is either regional in extent or is a more local basin-
restricted eruptive is uncertain, but its composition and timing suggests it was linked to fundamental changes in Taconian basin architecture.
Within the Temiskaming graben, a seafloor hydrothermal event is recorded within slightly younger shales ( graptolite Biozone;
~449-451 Ma) by a microfossil-rich (conodont, chitinozoan) phosphatic sandy-shale, which contains rare (<5%) fluorite and common (~60 %)
microcrystalline ferroan dolomite. Hydrothermal fluids briefly stimulated productivity, and likely arose along basement faults controlled by
Taconian crustal stress. Hydrothermal activity may help explain some dolomitization of Ordovician and Silurian strata in this basin.

INTRODUCTION
Ordovician basins along the craton-interior of the Ottawa-Bonnechère and Temiskaming graben systems of eastern and northern Ontario,

respectively, form an interconnected structural corridor (up to 600 km in length) extending northwest of the Taconic Orogen (Fig. 1). Both
graben systems preserve cryptic evidence of Late Ordovician tectonic events far-flung from the present structural limits of the orogen, events
that help define the changing regional influence and patterns of foreland basin development. In both graben systems, collapse of a regional
carbonate platform and formation of local deep-water shale basins occurred by ~452 Ma (Figs. 2 and 7). In eastern Ontario, the Lindsay
Formation defines the top of the carbonate platform, and is overlain by deep-water basinal mudrock of the Billings Formation , and then
by Taconic flysch of the Carlsbad Formation. In northern Ontario, the Farr Formation records the top of the carbonate platform, and is overlain
by basinal shale of Dawson Point Formation (Fig. 7). We examine two tectonic events that are preserved within the post-platform shale basins
in both graben systems, recorded in the Geological Survey of Canada Russell No. 2, and the Ontario Geological Survey,
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(Fig. 2)

LT-1drill cores.

RUSSELL K-BENTONITE; IMPLICATIONS FOR TACONIAN BASIN EVOLUTION IN EASTERN ONTARIO
In the Ottawa-Bonnechère graben (Fig. 1), a K-bentonite (Russell K-bentonite) punctuates deposition of organic-rich shales within the

graptolite Biozone (~451 to 452 Ma). Although some K-bentonites have been reported from this interval in eastern North America,
compositional data is available only for the Russell K-bentonite. Gamma-log correlation suggests a potential minimum distribution area of <2x10
km for the bed covering part of southern Quebec, New York State, and eastern Ontario (Figure 2). The deposit immediately precedes the first
influx of distal turbdites into this shale basin, associated with Taconic flysch and simultaneous abrupt ventilation of this once anoxic deep-water
basin, which formed initially after foundering of the Upper Ordovician carbonate platform. Concurrent intrabasinal extinction of several graptolite
species suggests that change in sedimentation, paleoceanography and volcanism were linked to a regional external process (Sharma et al., 2003).

The Russell K-bentonite is distinct from the older (better known) Ordovician platform ash beds in eastern North America in many aspects. It
contains abundant titaniferous phlogopite with 1.6 % BaO, fluoroapatite with 2.5% F, and dynamically shaped glass spherules now altered to clay
(Figure 3). The spherules and clay matrix constitute 45 % of the bed, and, compositionally, define an illite (>90%)-smectite (I/S) structure with
about 7.5 % K2O %. Age-date by laser Ar-Ar analysis of the phlogopite crystals yielded a younger than expected (440-445 Ma) age (Figure 4).The
magmatic source of the Russell K-bentonite falls within the trachyandesite field, and was Ba-enriched.

Comparison of geochemistry and mineralogy of Russell Bed with older, Middle to Late Ordovician and younger Early Silurian K-bentonites within
the Taconic orogen along eastern Laurentia and Baltica identifies that the potential source magma for the bed was more mafic, alkaline, and less
fractionated than sources typical of the older, platform-hosted bentonites. Instead, it is compositionally more similar to the younger Llandovery
bentonites of Scandinavia and Scotland (Fig. 5). Whether the bentonite is of regional extent or is a more local basin-restricted eruptive remains
uncertain, but its composition and timing suggests it was linked to fundamental changes in source magma coincidental with change in basin
architecture.
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SEAFLOOR HYDROTHERMAL DOLOMITIZATION, TEMISKAMING GRABEN
Within the Temiskaming Graben, a fossil-rich (conodont, chitinozoan, gastropod,

scoleocodont, brachiopod, bivalve) phosphatic sandy-shale with abundant dolomites
(Figure 6) is recorded within slightly younger ( graptolite Biozone; ~449-
451 Ma; Figure 7) in the deep-basin shales encountered in the LT-1 core.

This fossiliferous, shale bed contains rare (<5%) fluorite and common (~60 %)

microcrystalline ferroan (FeO= 5.04±0.36) dolomite (Fig. 6). O (-4.83±0.02 PDB;

n=5) and C (0.68±0.04 PDB, n=5) suggests a relatively heavier isotopic composition
compared to dolomites typical of the underlying local and regional carbonate platform
(Fig. 10). Two dolomite samples analyzed from the carbonate platform from the

Temiskaming area also indicate a depleted composition ( O, -6.11 to -6.57 PDB and

C, -.08 to -0.28 PDB) relative to the dolomites of the shale bed. Sr/ Sr values from
the dolomites within the shale varies from 0.709034 to 0.71037 (Figure 11).
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Biostratigraphy
Fossils were recovered from several levels in the LT-1drill core, which traversed the

Dawson Point Formation (Figure 7).
The graptolites from the 119-132 m interval mainly belong to two (2) species:

Skoglund and (Mitchell
& Bergström), which are indicative of the upper graptolite Zone(Figure
8). The long-ranging (Hall) was also recovered from
the lower 142 m level (Figure 7).

Pyritized chitinozoans associated with small gastropods and bryozoans were
recovered from the core from 133 m level. They consist of internal molds and, in some
cases, remnants of the chitinozoan external wall and its ornamentation. Three (3)
genera have been recognized: , and (Figure 9).
Although the state of preservation does not allow for a precise determination, the
association is indicative of a Late Ordovician age.

Fragments of conodonts that were recovered from the core at 133 m level are:
- 5, (Branson and Mehl) -2,

(Branson and Mehl) -2, ? Zhen, Webby and
Barnes -1, Branson and Mehl -4, - 4 (written
communication, Dr. Godfrey Nowlan, Geological Survey of Canada, Calgary). The
fragmentary nature of the specimens does not allow a definitive age for the sample.
The sample could be of late Middle to Late Ordovician in age. The specimens are
difficult to assess for colour alteration index because there is detritus in the basal
cavities of many specimens and most specimens show some signs of abrasion.
Careful comparison of several specimens with CAI standards on a white background
leads to conclude that they are altered only slightly and have a value of 1.5.

Pseudoclimacograptus clevensis Arnheimograptus anacanthus
manitoulinensis

Orthograptus quadrimucronatus

Conochitina Cyathochitina Hercochitina

Amorphognathus sp. indet. Drepanoistodus suberectus
Panderodus gracilis Paroistodus nowlani

Phragmodus undatus Plectodina sp. indet.

REFERENCES CITED
Dix, G.R., and G.W. Robinson, 2003, The geochemical record of hydrothermal mineralization and tectonism inboard of the
Applachian Orogen: the Ottawa Embayment: Chemical Geology, v. 197, p. 29-53.

Sharma, S., G.R. Dix, and M. Villeneuve, 2005, Petrology and potential tectonic significance of a K-bentonite in a Taconian
shale basin (eastern Ontario, Canada), northern Appalachians: Geological Magazine, v. 142, p. 145-158.

Sharma, S., G.R. Dix, and J.F.V. Riva, 2003, Late Ordovician platform foundering, its paleoceanography and burial, as
preserved in separate (eastern Michigan Basin, Ottawa Embayment) basins, southern Ontario: Canadian Journal of Earth
Sciences, v. 40, p. 135-148.

Williams, H.R., G.M. Stott, P.C. Thurston, R.H. Sutcliffe, G. Bennett, R.M. Easton, and D.K. Armstrong, 1992, Tectonic
Evolution of Ontario: Summary and Synthesis. Geology of Ontario, Ontario Geological Survey, Special Volume 4, Part 2.

Yoo, C.M., J.M.Gregg, and K.L. Shelton, 2000, Dolomitization and dolomite neomorphism:Trenton and Black River
limestones (Middle Ordovician) Northern Indiana, U.S.A: Journal of Sedimentary Research, v. 70, p. 265-274.

Figure 3. (A) An altered glass spherule under SEM. (B) Thin section photomicrograph showing
phlogopite phencocryst (Ph.), altered glass spherule (Sp.) and fragment of a shale (Sh.). (C) Altered
glass spherules mounted on a thin section under reflected light.

DISCUSSION AND CONCLUSIONS
The Russell K-bentonite represents accumulation of volcanic ash within a deep-water shale basin of Late

Ordovician (451-452 Ma) age. Predominant framework constituents are I/S with >90% illite clay, titaniferous
phlogopite with 1.6% BaO, fluoroapatite and altered glass spherules. Geochemical proxies, and the
presence of clay-altered glass spherules, support a mildly alkaline, intermediate, trachyandesitic, magmatic
source that incorporated a significant component of oceanic sediment and/or continental crust, recording the
waning stage of a subduction zone prior to continental collision. The Russell Bed immediately precedes
arrival of distal turbidites, which in turn brought profound palaeoceanographic changes to the basin. Ar-Ar
isotope analysis provides a younger age then expected, which is likely due to the thermal overprinting by
the hydrothermal fluids moving through the basin (Dix and Robinson, 2003). Further study is necessary to
determine how regional this event may have been, and the potential tectonic interconnectivity among
adjacent Taconic basins.

Within the Temiskaming Graben, at a slightly younger age, ( graptolite Biozone; ~449-451
Ma), a dolomitized sandy shale bed records a likely seafloor hydrothermal event within the deep shale
basin. This fossil-rich (conodont, chitinozoan, gastropod, scoleocodont, brachiopod, bivalve) phosphatic
sandy-shale contains rare (<5%) fluorite and common (~60 %) microcrystalline ferroan (FeO= 5.04±0.36)
dolomite. O (-4.83±0.02 PDB; n=5) and C (0.68±0.04 PDB, n=5) suggests a relatively heavier isotopic
composition compared to dolomites typical of the underlying local and regional carbonate platform. These
data suggest that hydrothermal fluids briefly stimulated organic productivity, and likely arose along
basement faults controlled by Taconian crustal stress.
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Figure 4. Laser Ar-Ar data for biotite phenocrysts from the Russell Bed.
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Figure 8. Drawing of some of the graptolite specimens recovered
from the Dawson Point Formation, Temiskaming core, Northern Ontario.
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Skoglund
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(Mitchell & Bergström)

Figure 10. O vs. C of the dolomites from Temiskaming area, compared
to other Ordovician dolomites and limestone.*- data from Yoo et al. (2000).
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Figure 11. O vs. Sr/ Sr of the dolomites from shale, compared to other
Ordovician dolomites.*- data from Yoo et al. (2000).
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Figure 5. Biotite composition of Russell K-bentonite, compared to other Ordovician and Silurian
K-bentonites from North America and Baltica (modified after Sharma et al., 2005).
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Figure 7. Lithostratigraphy and graptolite biostratigraphy of the core from Temiskaming, northern
Ontario, compared to the deep-basinal shale succession in eastern Ontario.
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Figure 2. Lithostratigraphy and graptolite biostratigraphy from sites in eastern Ontario
(A). Gamma-ray logs from southern Quebec (B) and New York State (C) showing likely
correlative distribution of the K-bentonite (after Sharma et al., 2005).
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Figure 9. SEM photographs of Chitinozoans recovered from the Temiskaming core, Northern Ontario.

Cyathochitina sp.Cyathochitina sp. Conochitina sp.

External wallExternal wall

Internal moldInternal mold

External wallExternal wall

Internal moldInternal mold

Conochitina sp.Conochitina sp.

Hercochitina sp.Hercochitina sp.
Conochitina sp.Conochitina sp.

Basal callusBasal callus

100 µm100 µm

100 µm

100 µm

10 µm

100 µm 100 µm

200 µm 100 µm20 µm

Ph.
Sp.

Sh.

Figure 6. Photomicrograph of mount of ferroan dolomite crystals separated from shale.

20 µm

A

B

http://www.searchanddiscovery.net/documents/2005/sharma/index.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Next file: 


