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Figure 1: Location and general geology map illustrating the regional distribution of the members of the
Onaping Formation. VD, ED = Vermilion and Errington Zn-Pb-Cu-Ag deposits. SRSZ=South Range shear
zZone.
Figure 2: Schematic sections through the Sudbury structure showing A) Stratigraphic terminology with member and unit thicknesses. The fragmental rocks are intruded by fine-
grained aphanitic dykes and the xenolithic Onaping intrusion; B) Distribution of mineralization and alteration, Sudbury structure hydrothermal system. VD, ED = Vermilion and
Errington Zn-Pb-Cu-Ag deposits. (Modified after Ames et al., 2002).
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E ‘;2‘?7 Q DESCRIPTIVE NOTES andesitic dykes with bodies of xenolithic Onaping intrusion are gradational over 10 cm and are characterized by a
Q. coarsening of grain size towards the Onaping intrusion. The aphanitic andesitic dykes contain less than 5%
(] subrounded quartz-rich lithic fragments (1-10 cm in size), up to 10 % quartz/chlorite-filled amygdules, and 1%
5 INTRODUCTION pyrrho.tite afnd cha.LIcopyrit.e. Spherulitic, perliticand massive textures are present.
o0 58 Thi_s map presents the 10 000 scale c_ompilati_on of detailed Iithologically (_jescriptive mapping (1 12500 to 1:2000 scale) _(I_)hnagmg _Intrgstlon_ (unit O2) lith-rich iconf bl hestlike bodi it OB hich
D3c D during 1988 to 1995, of a 15 km wide section of the Onaping Formation, along the north margin of the Sudbury he Onaping intrusion occurs as xenolith-rich, semiconformable, sheet-like bodies (unit O2a), which occur as
- 880\%2 Structure (Figure 1, Table 1). The stratigraphic subdivision used herein is deemed representative of the Onaping discontinuous sheets or sills, up to 300 m thick, at the base of the Sandcherry member and discordant smaller bodies
Formation, as it is based also on more than 36 reconnaissance traverses and detailed map areas around the (unit O2b), which occur as irregular- to ovoid-shaped intrusive masses typically < 2x2mto > 50 x 100 m, within the
- — - - - - - - circumference of the Onaping Formation, Sudbury Basin (Table 1, Figure 1). The map was produced as part of the _fragmental units of the Sandcherry and Do_wllng memb_ers. Sheet—llkg and _plpe—llke bodies of Onap_lng intrusion are
Figure 3: Distribution of disseminated carbon in the Onaping Formation (Ames et al., 1997). Targeted Geoscience Initiative (TGI) of the Geological Survey of Canada - Natural Resources Canada, the Canada - igneous-textured phases of the same unit, and are different only in their lr)norpholog;; and stratigraphic level of
Ontario Mineral Development Agreement, Falconbridge Limited (Exploration), National Science and Engineering Iexposuret: Tl?e mOSttd'S“E?yu'Sh'(ng fe?t_ttjre of ;he O(}ap&n? )l?trusl_lt(:]n 1S 5_85d/° (T"g-_35t/°é xenl;)hthslof ta varle:jy gf
Research Council and Laurentian University. eucocratic basement rock types (quartzites and granitoids). Xenoliths are randomly oriented, subangular to rounded,
The Onaping Formation is the lowermost formation of the Whitewater Group, the Paleoproterozoic basin-fill jv:ll)l_?gsjr?gé’darjl%;agg:ollri}ﬁlszzeﬁgga:ei:;z;o:r? dn;’r:Llj)te?tve ir:gﬁ:g;:gggéé‘z?glx;ﬁ:gI;[:Tijg;gz Zi’;\)’zeslézogitgg;r}g
succession of the Sudbury Structure (Figures 1 and 2). It forms the stratigraphic footwall to the Vermilion and Errington fata P t'. ' ded o) Taxt ith liths showi inor bleachi tallizati
Zn-Pb-Cu-Au-Ag deposits and hosts numerous Zn-Pb-Cu sulphide showings. The 1400 m thick formation is a variably stral a.'l t_rls |ned(; COrTO) t'el (melt_e ) SX Ltj_rels arelt_com_m?jn, Wi >t<er:oc; bs =) ovl\)llng mlrlor ea((:j '39’ recrysial |za_t|_on,
hydrothermally altered succession of “glass-rich” breccias and coeval hypabyssal intrusions all of andesitic Zzzlg;:yas;naig ar?;epaall;(;amg:':ir:r;%\}ithagthaer?::gxgnltz emonstrated by embayments, rounded margins, cavities,
composition and all intruded at their base by the Sudbury Igneous Complex (SIC), (Ames et al., 2002). The breccias of Lo X : . e . . .
Onwatin Fm. the Onaping Formation are overlain by sediments of the Vermilion, Onwatin, and Chelmsford Formations. _ The matrix is medium greenish-gray, fine- to medium-grained, and has a massive, salt-and-pepper texture. Fine
Zn-Pb-Cu Overwhelming evidence for an impact origin for the Onaping Formation includes shock metamorphism of quartz, prisms of amphibole are typically visible in the, coarser-grained bodies. Generally, there is a decrease in matrix grain
HF t bod d high trati hy. Pipe-like bodies high trata al tain 5-10% t
Vermilion Fm / N\ feldspar, zircon and carbon (impact diamonds) and an iridium anomaly ( Peredery, 1972 ; French, 1967 ; Mungall etal., size: ImIntiusivecsodiesiexposed higher.insstratigraphy. Fipe-like-bodies:higher In strala also:contaln:o=1Uoquartzs,
38" M - E Ul 2004 ; Masaitis et al., 1999). chlorite-, and/or sulphide-filled amygdules, that range from 2-5 mm in size. - 38"
Contacts with all but the Fluidal Fragment units are intrusive, sharp, vertical to horizontal. Contacts of the large
o | sheet-like bodies dis| i i i iti i i i iti
— | play chilled, fine-grained to aphanitic, xenolith-poor margins which were mapped as aphanitic
c "c-u' J] MAPPING CRITERIA AND NOMENCLATURE dykes (unit O1) where margins were thick ( > 2 m). The smaller pipe-like bodies generally have a thin chilled margin.
(@) N I The rocks of the Onaping Formation have been classified in the proposed impact metamorphic terminology (Stoffler g:;?;?ﬁtscg:g ctpreel?t?olﬁzLi':) I:gtr:;;egr;tstj2Ir:?pg:eg::g?g?g)ilépr)Ti]:éI?sg'ubs)iloir}safohnazg:::(;)’o?;izzljéev?/itzngrxselir;;%lllt:);)::tr
= _E and Grieye, 1004y 8 ‘sugyile breceias” and ‘melt™dikes: However, thisdoesinol adequalely teseribe e rosks in dates the emplacement of the fragmental Onaping Formation units. Locally, where the Onaping in’trusion intrudes_
DOWIin (v e terms of their constituent components, nor could mappable facies changes be distinguished. Because the Onaping RS BEARREN CAITEKS: & 21615 o p——" ) tuft ! ASthaiTtTiS va bod
g N (0] Formation fragmental rocks have similar textures to volcaniclastic rocks it was decided to use Fishers (1966) size carbon ea””9 r:.;lgmen & _roc S, a2 lo1>mcontact zone o carbon-poortu ssurrou_n sthemn r_uswe ody. .
member —_ ] o classification in conjunction with standard bedrock mapping criteria, including detailed morphological descriptions of Interpretation: Aphanitic andesitic dykes are interpreted to be less contaminated, lithic-poor, more rapidly
© © [ altered glass fragments, lithic components and contact relationships (Figures 2,4,5). The vitric and intrusive crystallized equivalents (end members) of the Onaping intrusion. Aphanitic dykes likely represent small hypabyssal
E C o components of the Onaping Formation have a uniform intermediate composition similar to andesite or quartz diorite intrusions of massive andesitic impact melt that intruded the fragmental rocks of the Onaping during and shortly after
. o — Q (Ames etal., 2002) and will hitherto be referred to as andesitic. tt;elr d_epr:)fsmon. Loclally, km_asswe ar&de_sglc melt |n(tjruded_ anld flowetlj, tpngl.)ufe—llke, |ntoduncgnso::dateld, wl_et_ plllglf (I)f
Onapl ng Fm. o0 0 o Previous workers used the presence of carbon to differentiate between the carbon-poor lower “Gray Member” and 9 ass—rlct fra%menza r&C ,Fllnt%rz-llclt:e wit vtvate_rtanf &aslswe y tco) exp_osn'/:e Y ratgmer_}ts an In these ocal |t|fes tl ely
(1400m) c < c [ LL carbon-enriched upper “Black Member” of the Onaping Formation and chlorite alteration defined the “Green rgpl_'lese? ee er_? °|r_| o1 ad V{’/algme.n1;g:lg.sl_t|) e oweé Hnaplng (:;"s;g_msrk.”. & 3{ els 32000\'; mar:jy_eta ures
(@) o0 (@) (4v] = e — LeVaCk TOWn h Member” (Peredery, 1972; Muir and Peredery, 1984; Avermann, 1999), (Table 2). Significant features first recognized f]'? arl ot_peg)erl © ("aI:son an1991| SOR’ h .t.’ daI?son aFk | Argrove, tati ’ fttl1 Ing € al.’h K ) al?f in rus_lvE
0 - o O - T — —— — S 'p by Muir (1983; 1984) include (1) the Onaping Formation is not chaotic and is bedded; (2) individual beds are locally ﬂz' rfoc a8 'Ct rlecu?(s (f ‘;?SOC?’ : )- F P a?.' 1c.cy es;re_ ! zyredp;isega Ve ot teorl_glna;hs ockme I;om_w tlcd
. [ SN © 5 m————— graded and the formation has an overall normal grading from coarse to fine; (3) indistinct contacts define unit e ﬁ?m.eﬂ a rocts olt e tngf;lfng ?."pa "')nt V\t'ﬁres Zlgve Ian eC na[;:lng intrusion the more contaminate
L M cC N DOW"ng TOWnshi boundaries, (4) the base of the “Black member” is marked by an increase in the proportion of chloritic vitric shards and xenolith-rich impact melt prior fo difierentiation into the Sudbury Igneous Lomplex.
. Ao o - — p 5) carbon content is not a definitive discriminator between Members; it does not define the “Black member” because ALTERATION
Onaping : Q — itis locally absent from the “Black member” and present in the “Gray member”. The Onaping Formation is overprinted by an 1848 Ma hydrothermal system (Ames et al., 1998; 2004) generated by the
intrusion . C 'E (@) underlying 1850 Ma Sudbury Igneous Complex. The Onaping Formation contains regional semiconformable zones of
— albitization, chloritization and carbonate alteration, and overprinted by silicification (Figure 4; Ames et al., 1998;
; o, é g g (—C-) STRATIGRAPHY OF THE ONAPING FORMATION 2004). The upper carbonate alteration zone dominated by calcite increases in intensity upwards, toward the contact
Sandcherry — oy © —_ . REVISED NOMENCLATURE with the overlying Vermilion Formation. A low temperature, (semiconformable?) potassic alteration affects the top of
member A - -— s=f _ » C Q e Morgan TOWhShIp Detailed field mapping, lithogeochemical sampling, geophysical interpretation and diamond drilling of the Onaping the Linaping Pormation;
= = Contact = = ’ A » O U= < s e —— e — — — — — = — — Formation, shows that distribution of carbonaceous material within the matrix of the Onaping breccias is not time SULPHIDE SHOWINGS
mm =l el units' A A — 6 Balfour TownShi stratigraphic and is therefore not a viable criterion for stratigraphic subdivision of the formation (Figures 2-4). Revised Base metal sulphide occurrences within the Onaping Formation are predominantly fragmental in nature and, in
N =/~ I f " P . . p stratigraphic nomencla_ture is_ used that is not based on colour (carbon or chlorite contgnt) (Figures 1_—5). Table 2 decreasing order of abundance, consist of pyrrhotite, sphalerite, chalcopyrite, and pyrite. Occurrences are nickel-
— = N c,_) . correlates the new stratigraphic nomenclature (Garson, Sandcherry, Dowling members) with that of previous workers poor. In stratigraphic order, sulphide showings occur at four main "horizons". These are: (1) in the silicified units of the
o — . (Basal, Gray, Green, Black Members). Sandcherry member (unit S4); (2) at the carbon contact; (3) within coarse Lower units of the Dowling member, and (4)
f 'O . \ W Extensive field mapping defined a distinctive and consistent stratigraphic succussion of three members 100-200 m above the carbonate contact within the Middle units of the Dowling member. Mineralization also occurs
e Garson -9 . \ irrespective of carbon content. An internal stratigraphy is based on variations in altered vitric shard morphology adjacent to pipe-like bodies of Onaping intrusion and in calcite veins associated with faults. Most of the sulphides
member ¥ o . \ between blocky and lenticular, the size and percentage of altered melt fragments, the composition, morphology and occur as fine disseminations and replacement of vitric shards, but some of the mineralization may be the result of
Equant Shard FIU|da|'fragment LIJ . . percentage of lithic fragments, internal morphology and contact relationships. The 1400m thick Onaping Formation is brecciation and reworking of older intra-Onaping Formation sulphide occurrences.
i Units — . \ divided into the Garson, Sandcherry, and Dowling members that are cut by andesitic intrusions (Figures 1,2,4). The Sudbury Igneous Complex
units s N ol basal Garson member is restricted to a 25 km strike length of the southeastern part of the Sudbury basin (Figure 1) Granophyre of the Sudbury Igneous Complex (unit G1)
g \ ¥ and is not exposed on the North Range. It is conformably overlain by the more extensive Sandcherry member which is L . .
SIC . ion N o overlain by the Dowling member. These two latter members are regionally mappable around the entire circumference The 1850 Ma (Krogh et al., 1984) granodioritic Sudbury Igneous Complex is composed of an upper unit of granophyre,
R . I Alt t. . ma'“o ol of the Onaping Formation (Figure1). middl_e unit of quartz gabbro and lower unit of norite comprising the main_ mass. _The granophyre unit _intrgdes t_he
1850 Ma granophyre eg iona eration . ng F \ . CARBON GONTAGT Onaping Formation. The contact between Granophyre and the large sheet-like bodies of xenolithic Onaping intrusion
2 . = \ o is gradational and has been mapped as a separate unit (G2). Granophyre characteristically contains stringers and
: a\\On 25 \ P Carbonaceous material consists of “organic” carbon or kerogen and resides in the black, semi-opaque matrix of part blebs of epidote, generally less than 15 x 25 cm close to the contact with the Onaping intrusion. Four distinct phases of
& . Form \ _ad of the Onaping Formation which is visibly mappable (Figure 3). This carbon occurs locally within the Sandcherry granophyre were mapped near the top of the SIC. These are (1) a fine-grained, leucocratic variety, (2) a mafic variety
. e . : ; : ; ; ; i ; ; ) n N R member (Ames and Gibson, 2004a, b, ¢, e) and is pervasive through much of the overlying Dowling members lower, that may contain up to 55% mafic minerals (amphibole-biotite), (3) a medium-grained variety that contains 35%
Figure 4: Simplified stratigraphic and alteration section for the Onaping Formation, Sudbury Structure showing the distribution and vertical stacking , e middle and upper units (Figures 3 and 4). The contact between carbon-poor and carbon-bearing fragmental rocks is randomly orientated, euhedral needles of amphibole up to 10 mm long and 2 mm wide, and (4) a variety that is
of regional basinwide hydrothermal alteration zones. Brackets denote alteration types with poorly constrained regional distribution patterns (modified N o commonly gradational over 5 to 20 m and transects lithological contacts. The rocks are conducive where representative of the most of the Granophyre mapped. This Granophyre is a medium to coarse grained, pink to light
from Ames et al., 1998) N .o carbonaceous material occurs within the Sandcherry member units. The Dowling member, though significantly more salmon red equigranular rock, containing 65% micrographic intergrowths of alkali feldspar and quartz (granophyre)
o . carbonaceous than the Sandcherry member, is conductive due to high organic carbon contents only in its upper 50 m, enveloping 25% plagioclase crystals. Mafic minerals (amphibole, biotite, chlorite, and pyrite) comprise less than 15%
. directly beneath the Vermilion Formation. This is a distinctive geophysical marker for the upper contact of the Onaping ofthe rock.
il Farmation. Transitional Border Phase of the SIC (unit G2
o \ In this north range map area, the Onaping Formation is a 1400 m thick succession of devitrified glass-rich breccias The Transitional border phase of the SIC (ufﬂt G2) is)an ~ 65 m wide gradational contact zone between Granophyre
o \ anid hypabyssal Intrusicrisithet genily dipsial 25 towarsihe Tritsror of thw Sudbliry Brasin and stikss perallol 1o 1he (unit G1) and the xenolithic Onaping intrusion (unit O2). The Transitional border phase (unit G2) has features of both
. contact with the Sudbury Igneous Complex. Stratigraphic tops is to the southeast and the Garson member is not o - ping . ) pnas
. - . ! - these units, in varying percentages (Paakki, 1990). The contacts between the Transitional border phase and both the
present (Figure 1). The succession consists of (1) a coarse, equant shard, matrix-poor, lower Sandcherry member, (2)
g LEGEND y 2 P . ] o b ! : s sheet-like bodies of Onaping intrusion (unit O2a) and Granophyre (unit G1) are gradational over 1-5 m. Close to the
. a finer, shard-poor, matrix-rich upper Dowling member, and (3) coeval intrusions, referred to as Onaping Intrusion and ; oy Py ;
. o o ; : : ; Granophyre, the matrix of the Transitional border phase is similar to Granophyre. The sole difference between the two
. BA62-03 Aphanitic andesitic dykes. The contact between the Sandcherry and Dowling members marks a rapid stratigraphic being the presence 5-10% xenoliths. Near the centre of the Transitional border phase (unit G2), the matrix is
> ghang_e_ in trehpercentagf;e qf migtnix, morphilogy; and size ohandesiticishards, percentage-of ithicriragmints, and incregasingl$fine grained butcommonl.y displays aggregates of coarser and/or finer ch;/staIs within it F\"are amphibole
. epositional character of units. .- S . - . 3
“ needles are visible. Lithic xenoliths account for 15-65% of the rock, and commonly have a mafic reaction rim that
_ad Q Overburden SANDCHERRY MEMBER extends 2-7 mm into the surrounding matrix. Close to the Onaping intrusion, the matrix is fine grained and
" The Sandcherry member is on average 250 m thick and is distributed around the circumference of the Sudbury basin homogeneous, and except for rare long needles of amphibole, is indistinguishable from the Onaping intrusion. The
il along the base of the Onaping Formation in the north range (Figure 1). The Sandcherry member is subdivided into border phase was not noted where Granophyre and fragmental units of the Sandcherry member are in direct contact.
* Fluidal Fragment and Equant Shard units. Sandcherry member strata contain at least 60% devitrified glass shards Mesoproterozoic diabase dykes (unit X)
. PRECAMBRIAN = 2 : e -
= (>1 mm in size), that are predominantly altered and contain ~5-10% lithic fragments of variable basement The Mesoproterozoic (1238 Ma; Krogh et al., 1987) diabase dykes of the Sudbury swarm represent one of the
. MESOPROTEROZOIC composition. Glass shards within the Sandcherry member are sparsely vesiculated with < 15% vesicles and consist youngest i’;trusive eve(nts in the Sud%ury area. The) mafic dykeys are1to3m widrél’ north—wesF; trending, steeply
4 . . . . of two predominant types. These are, equant blocky shards that average <1 x 1 cm and are characteristic of the dipping, medium to fine grained with up to 65% mafic minerals (altered pyroxene and olivine) and may be magnetic.
. X Mafic intrusive rocks (Sudbury diabase dyke swarm) (1238 Ma) (Krogh et al., 1987) Equant Shard units and tabular to ribbony, flow banded (fluidal), lapilli-sized shards characteristic of Fluidal Fragment Exposures are limited and only observable along cliff faces. Magnetic surveys indicate diabase dykes are more
. : a) olivine diabase units. extensive than defined by surface mapping, and are associated with many of the major northwest-trending structures
. : ad Sandcherry member units, as defined by mapping, are massive, extremely poorly bedded, laterally discontinuous within the area.
. ?\0 ( <3 km), irregular-shaped breccia deposits that range in thickness from 50 to 350 m. Contacts between units are
o “\o‘ga“ PALEOPROTEROZQIC chagacteristical(ljy gr?)datignal_and may be conformable or discordant. The Sandcherry member encompasses both
o SUDBURY STRUCTURE carbon-poor and carbon-bearing units.
Equant Shard (unit S1) REFERENCES
g SUDBURY IGNEOUS COMPLEX (~1849.6 +3.4/-3.0 Ma,
2 BAGZ"“X ( ) The Equant Shard units are distinctive from the Fluidal Fragment units as they consist of 40-85%, moderately well
* _ sorted, white to pinkish-white albitized, equant, ~ <1 x 1 cm, blocky shards, within a fine light green microcrystalline
* ® BAG2-02 G1 a) Granophyre matrix. Where carbonaceous material occurs within the matrix of the Equant Shard units, the matrix is dark gray to Ames, D.E.
Wef black and electrically conductive with a hand held ohm-metre. The Equant Shard units also contain up to 15% cored 1999: Geology and regional hydrothermal alteration of the crater-fill, Onaping Formation: Association with Zn-
. R b) Transitional border phase between granophyre (G1) and Onaping intrusion (02): bombs, <10% fluidal fragments, 1-5% accretionary lapilli, <5% lithic fragments, and up to 5% redeposited Pb-Cu mineralization, Sudbury Structure, Canada. Unpublished Ph.D. thesis, Carleton University, 460 p.
. G2 Xenolithic (5-65%), compositionally heterogeneous, granophyre to quariz diorite with composite fragments of other Sandcherry member units. The Equant Shard units are thick, conformable, laterally 2000: Impact crater modification of the Sudbury Structure: Evidence from the crater-ill sequence; EOS,
d v 5 2 i continuous (several km) sheet-like depositional units of massive, non-bedded, densely packed, glass-rich breccias. Transactions, American Geophysical Union, Vol. 81, No. 48, p. F799.
. d fine amphibole needles The units may locally have a bomb- and block-rich-base, and/or a finer-grained top. The units are situated throughout ' ' ' '
the extent of the Sandcherry member and appear locally to pinch and swell across the strike length of the study areas.
. WHITEWATER GROUP Equant Shard units overlie, underlie, are intruded by, and grade laterally into Fluidal Fragment units of the Sandcherry Ames, D.E., Bleeker, W., Heather, K.B., and Wodicka, N. (eds)

Q . ONWATIN FORMATION mimber Gererally. e Equentshard unismarktheop altesaadehermymembes 1997', 'I,'immins t,o SL,Jdbury tra,nsect', New insights ;nto the regional geology and the setting of ore deposits;
=| .2 Fluidal Fragment (units S3, S2) : ; ot - da. Fieldtip Gui ’
= — o 9 ' Geological Association of Canada, Fieldtrip Guidebook, v. B6, 133p.

n = . Fluidal Fragment units comprise distinct map units within the study area that characteristically contain 50-90%
cl| @ W Carbonaceous and pyritic argillite with minor greywacke " illi itri ; iti
; c tabular to ribbony, flow banded shards, lapilli, and vitric blocks and aerodynamically-shaped bombs of aphanitic

; andesite. The Fluidal Fragment units also contain a relatively minor amount of white, equant, 0.5-1.0 cm blocky Ames, D.E., Gibson, H.L., and Watkinson
|2 l(_) d shards, ar;d da_m_extremerLy 1;)‘” fpehrcentageﬂof fli)ne daS:'SiZ;d _r_natri>:j m_aterial.hTTe _Inl1_atrixblcorl1(si§tsdpfrimarily of 2000: Controls on major impact-induced hydrothermal system, Sudbury Structure, Canada; Lunar and
. increasingly diminutive shards of the same flow banded aphanitic andesite as the lapilli- to block-sized fragments. Planetary Science XXXI, # 1873, Lunar and Planetary Institute, Houston (CD-ROM).
g’ S . gﬁiﬁ:hg':ggaxﬁgﬁ? gr;c;t::np‘;sed) The units may also contain up to 5% dark green chlorite-actinolite fragments, 2-10% lithic fragments and blocks, and ¥ ¥ ( )
—_ . i a, 3% composite redeposited fragments of other Sandcherry member units. Fluidal Fragment units are massive, non-
3 -.9 " Syn-Onaping intrusive rocks bedded, dense, coarse, fluidal fragment-rich breccias. The four subunits (autobreccia, lapillistone, lapilli-tuff, and Ames. D.E. and Gibson. H.L.
(o] E . P P P . e i P Transitional) are differentiated based on clast size and percentage and represent a continuous sequence from coarse, ’ - . - . . .
() m 4 02a m Onapi mgé g:ms(';m’ );(enOIlthlc quariz diorite, fine-grained igneous texiured, semi-massive, flow-banded, monomict andesitic autobreccia through to tuff-sized material of similar composition. 200442 gigzgy'eaéﬁgagt:gg g’:}drvrg;r:)ef'g!ﬁa;é? 8;:1:'32%’;'1”? Eg;?e]it_'ggbgﬂorgan Township, Sudbury.Strlictiire,
y 4 sugary-texiured roc The Transitional unit (S2) is a hybrid unit containing fluidal fragments as well as equant, blocky shards that are : ' : : :
. l_. a) semi-concordant b) discordant characteristic of the Equant Shard units, described below. The Transitional unit is included within in this submember 2004b: gegLogy, gltera_tloré antlﬂ mmeirgllzatlonftg the dOn%pmg E_tlnrrzgggn, RTCl:C;:) ggke area, Norman Township,
_ due to the abundance of fluidal fragments over equant blocky shards. udbury, Ontario; Geological Survey of Canada, OpenFile ,scale 1! .
v V. Fluidal Fragment units are commonly spatially associated with aphanitic andesite dykes and bodies of xenolithic 2004c: Geology, alteration and mineralization of the Onaping Formation, Joe Lake area, Wisner Township,
ermilion Onaping intrusion. These three units when grouped together represent Fluidal Breccia Complexes. Fluidal Breccia Sudbury, Ontario; Geological Survey of Canada, Open File 4566, scale 1:2000.
. 01 Aphanitic quartz diorite dykes/sills (commonly flow banded, xenalith-poor) Complexes typically are several hundred metres to kilometres in size, and are found throughout the extent of the 2004d: Geology, alteration and mineralization of the Onaping Formation, Simmons Lake area, Dowling Township,
\ . Sandcherry member. They are locally vertically stacked but volumetrically more abundant towards the base. Fluidal Sudbury, Ontario; Geological Survey of Canada, Open File 4567, scale 1:2000.
& 4 Fragment units are conformable with other fragmental units (including carbon-bearing tuffs), but also intrude 2004e: Geolo ; ; it ; ; ; ;
; : ; 5 : i ! gy, alteration and mineralization of the Onaping Formation, Cow Lake area, Dowling Township,
. . . . ., . . discordantly through them. Fluidal Breccia Complexes are interpreted to have been impact melt emplaced similar to . ; ; '
Dowling member (DM), andesite (~25-30% lenticular to plate-like shards, >60% matrix) P——— i i : - skill ir distributi Sudbury, Ontario; Geological Survey of Ganada, OpenFile 4568, scale 1:2000.
\ . ydroclastic breccias and peperite (Hanson, 1991; Skilling et al., 2002) but due to their distribution and local
° . lack of exposed intrusive feeders were described as a unit of the Sandcherry member (unit S3).
\'\ i D5 Unsubdivided Dowling member, middle and upper units extrapolated Unsubdivided Sandcherry member (unit S4) Ames, D.E., Golightly, J.P, Lightfoot, P.C., and Gibson, H.L.
. 2 Small areas of Sandcherry member rocks between traverses that were not re-mapped are classified as unit S4. Near 2002: Vitric compositions in the Onaping Formation and their relationship to the Sudbury Igneous Complex,
\ . the base of the Sandcherry member are tuff-breccia, lapillistone and lapilli-tuff rocks that are characteristically poorly Sudbury Structure; in Geology and Ore deposits of the Sudbury District, Economic Geology, v. 97, no. 7,
| .\ . U its - UU ( xed. black b trix) exposed, gossanous, recrystallized and silicified making field identification and subdivision into Equant Shard or p. 1541-1562.
pper units - reworked, black carbonaceous matrix, Fluidal Fragment units difficult. These are noted as units S4a to S4c.
.\ Interpretation: The Equant Shard units of the Sandcherry member are interpreted to be chaotic fall-back and flow-
] . e ; back material deposited rapidly as voluminous, essentially non-bedded, mass flow deposits. Altered glass shards Ames, D.E., Jonasson, |.R., Gibson, H.L., and Pope, K.O.
o 9).Badded i Interbads ot DML end MU characteristic of the Fluidal Fragment units formed by relatively passive fragmentation processes (auto-brecciation) 2004: Impact-generated hydrothermal system-constraints from the large Paleoproterozoic Sudbury crater,
, S caused by the interaction of andesitic melt with water and/or water-rich breccias. Emplacement and deposition of the Canada; in Gockell, C., Gilmour, 1., Koeberl, C.(eds) Biological Processes associated with impact events;
v i o o Fluidal Fragment unit_s _varied from repeated shallov_v level intrusion and auto-brecciation to m_oderately explpsive or Impact Studies, Berlin-Heidelberg, Springer-Verlag, forthcoming.
[ S . b) Fine tuff, <3% lapilli-sized fragments phreatomagmatic activity of melt from the underlying melt sheet (Ames et al., 2002). Passive fragmentation was
. widespread along the base of the Sandcherry member, where Fluidal Fragment units occur above bodies of Onaping
. intrusion, and also higher up section where aphanitic andesitic dykes intruded water saturated breccias and passively Ames. D.E.. Watkinson, D.H.. and Parrish, R.R.
A 4 . . . . fragmented (Ames et al., 2002). The Fluidal Fragment units were emplaced semi-contemporaneously with the - - ’ ’ o . ]
\ . Middle units - MU (<3% block-sized fragments, black carbonaceous matrix) Equant Shard units of the Sandcherry member as both discordant, brecciated intrusive bodies and conformable 1998; Da‘?:?g féoa hydrothermal system induced by ‘the 1850Ma Sudbury impact ‘event; Geology; v. 26
, * . interbedded units. Contacts between these two units, where gradational, are represented on the accompanying map P T
. e by Transitional units (S2). Emplacement of Fluidal Fragment units continued during and after the deposition of the
\ Dsa‘ &) Lapilistone Lower Units of the Dowling member (Ames and Gibson, 2004a). In conjunction with the Onaping intrusion (unit O2) A M
. % and andesitic aphanitic dykes (unit O1), the Fluidal Fragment units record a complex history of continued multiple vermann, M.
. SULPHIDE SHOWINGS intrusion, auto-brecciation, and explosion and may spatially represent "vent" areas within the Onaping Formation. 1999: The G_reen Membgr of the Onaping Formation, the collapsed firebal_l layer of Fhe Sudbury impact structure,
\ g 3 D3b b) Lapilli-tuff The emplacement and deposition of Fluidal Fragment units are interpreted to be similar to the emplacement of (1) grf]“a"'ox ana?a; in |I—g"ge_ Met?oArlte I_mpaScts an?;)lane?;;g EV‘;';;'O:';S'('): edited by B.O. Dressler and V.L.
4 rites (Hanson and Wilson, 1993; Hanson and Hargrove, 1999; Skilling et al., 2002) , (2) intrusive hydroclastic arpton; Geological Society of America, Special Paper P —39U.
2 : LY 1 Morley PRERE : : - : - -
. breccias described by Hanson (1991), and/or (3) vent-facies deposits described by Smith and Batiza (1989) however
36" - L d \ Disseminated blebs in Onaping Intrusion (O2a): D3c ¢) Tuff the “magma” is an andesitic impact melt. The Sandcherry member Fluidal Fragment units were emplaced due to - 36’
| 2 '\ 1.83% Zn. 1.00% Pb 560ppm Cu 98ppm Ni fragmentation and eruption processes that involved both passive and explosive interaction of water with impact melt, Avermann, M. and Brockmeyer, P.
\ o ' - 2 . 2 that was repeatedly emplaced into an impact fall-back/flow-back breccia pile. 1992: The Onaping formation of the Sudbury Strucuture, Canada: An example of allochthonous impact
.. \ DOWLING MEMBER breccias; Tectonophysics, v. 216, p. 227-234.
. \. \ 2 Lower units - LU (matrix is locally non-carbonaceous, >3% block-sized fragments) The Dowling member extends around the entire Sudbury basin, comprising the upper 75% ( ~ 1000 m) of the Onaping
\ '\ Disseminated blebs and stringers in Onaping Intrusion (O2a): Formation. It consists of glass-rich, weakly bedded, fragmental units that are grouped into Contact, Lower, Middle, and Fisher, R.V.
2 % . . . Upper units (Figures 2 and 4). The upper Sandcherry member depositional units are in erosional contact with the 1966: Rocks composed of volcanic fragments and their classification: Earth Science Reviews. v.1. p.287-298.
d \ \ 2640ppm an 4829ppm Pb: 1420ppm CU, 162ppm Ni D2a a) Lapillistone Dowling member. They are distinguishable from Sandcherry member units by a greater percentage of matrix and P 4 P
different shard morphology. Units of the Dowling member define uniform, laterally continuous deposits that
haracteristically consist of more than 60% fine ash-sized material forming the matrix and are essentially carbon- E h, B.M
3 D P gnare ’ : ; ' : A rench, B.M.
2b b) Lapllll-tuff bearing, mostly with the exception of the Contact unit. Dowling member rocks contain less than 40% altered actinolite- . - 5 : : x o -
Disseminated in tuff adjacent to Onaping Intrusion (O2b): chlorite wispy, lenticular to plate-like shards in contrast to the blocky shards of the Sandcherry member. Dowling 1967 Sudbury strugtire Qnlanio: sore petrographic evidence for and origin by meteonte impact, i Shoek
P . - X y . . tamorphism of natural materials. Ed, B.M. French and N.M. Short, Mono Book Corporation, Baltimore,
- member depositional units are of considerable strike length (2 to more than 10 km), are uniform in thickness (25-300 me
1420ppm Zn’ 138ppm CU, 62ppm Pb’ 408ppm Ni D2 Tuff m), and display conformable to unconformable erosional lower contacts. Sedimentary structures are evident towards p.383-412.
c c) Tu the top of the Dowling member.
4 Contact unit (D1) Gibbins, S.EM
5% pyrrhotite disseminated in Dowling member (D2c) tuff: - ; ; The Contact Unit is the first stratigraphic occurrence containing depositional features characteristic of the Dowling 1994: Geology, Geochemistry, Stratigraphy, and Mechanisms of Emplacement of the Onaping Formation,
277 Py Zn. 148 Cu. 51 Pb 692 Ni ( ) D2 Unsubdivided Dowling member lower units exirapolated member. Compared to underlying units of the Sandcherry member, the Contact Unit shows an increase in percentage Dowlir?gy Area, Sudbur?ll Structgre,pgntario, Canada; unpublishepd M.Sc. thesis, LaurerF:tia% University,
ppm £n, ppm Lu, 5Tppm , ©2ppm NI of composite fragments, lithic fragments, bombs, and cored bombs (both simple and complex), locally having a block- Sudbury, Ontario, 314p.
and bomb- rich base that clearly separates this unit from underlying Equant Shard units of the Sandcherry member.
5 Contact units - CT The most distinguishing feature of Contact unit is the predominance of 20-45% green to dark green chloritic shards
SIGNIFICANCE MAP SCALE REFERENCE . . . . . - (less than 5 mm in size) within a very fine matrix. The matrix is pale bluish green, but may be dark gray to black due to Gibbins, S., Kormos, L., and Gibson, H.L.
5% pyrrhotite disseminated in Dowling member (D3c) tuff: Tuff, lapilli-tuff, fine matrix that is locally carbonaceous, <10-25% flow banded the introduction of carbonaceous material, usually near the top of the unit. The Contact unit may contain minor, < 15% 1992: SHFFAR TEHGI 6P tHe 1000-1991 Recshnaissarcs sl SisaramWHIEHAIET Grous: Falsonbiidas
) . - . . 169 Zn. 129 Cu. 58 Pb. <50 Ni D1 fragments >2 cm, locally block and bomb-rich base and eutaxitic texture, ~25-40% blocky shards similar to those characteristic of the Sandcherry member, but the majority are finer, angular glass : ry rep preg p: 9
Complete stratigraphic section through north range Onaping Formation (OF). Type area for Sandcherry member PpPm 4£n, ppm wu, ppm , <ouppm NI g i 4 ) : . ; . Report pp. 55.
SM). Dowii ber (DM chlorite- actinolite altered shards splinters and plate-like shards that have broken across bubble walls. The unit commonly displays a eutaxitic-like
(SM), Dowling member (DM) 1:5000 GSC OF3717 texture, defined by the alignment of plate-like lenticular shards and due to incipient welding. Flow features are visible
Morga: Stratigraphic: dominance of fluidal breccias in SM, abundant syn-depositional fault control of units block faulting. (Ames and 6 Cow Lake around the margins of blocks and bombs. The unit also contains 5% flow banded andesitic lapilli, 5% aerodynamically Gray, M.J
township Unstable SM depositional environment, DM Contact units (DMCT) and DM Lower units (DMLU), stable geotectonics Gibson, 20042 ; ; : : . ndcherry member (SM), andesite (~60% bloc ltered vitric fragments, <35% matrix shaped bombs, < 5% lithic fragments < 3% composite fragments of Sandcherry member units and rare accretiona e
North Range  during DM Middle units (DMMU) and DM Upper units (DMUU) deposition. Syndepositional dyke emplacement into ) Stringers and disseminated in Dowling member (D3c) tuff: Sa Unrg,ub divided (SM), a te (~60% ky, alt t ag ts, b matrix) |api|p|i_ 9 P J ¥ W 1995: The Geological Setting of the Vermilion Zn-Cu-Pb-Ag-Au Massive Sulphide Deposit, Sudbury Basin,
DMCT. Reappearance of water in upper DMMU. 4140ppm Zn, 220ppm Cu, 145ppm Pb, 52ppm Ni The Contact unit (D1) outcrops as discontinuous lenses up to several kilometres in length at the contact between Canada; MSc. thesis, Laurentian University, Sudbury, Ontario, 244p.
Alteration: basal zone of silicification overprints albitization. Feldspar alteration localized around fluidal breccia- . . o . o the Sandcherry and Dowling members. This mapped distribution shows that the former Green Member that was
dyke-sill complexes (S3-01) weak- moderate albitization. Carbon transgresses DM-SM stratigraphic contact. S4a a) Tuff-breccia, malrix recrystallization and pervasive silicification assumed as continuous (Avermann, 1999) is discontinuous. The lower depositional contact of the Contact unit is H BE
Carbonate (calcite alteration) in upper 2/3rd of OF, with local discordant calcite-absent zones associated with 7 commonly marked by an increase in percentage of 0.5 to 2 m blocks and bombs with respect to the underlying ANSOD,; TLE: ) o ) N o . .
fracture-controlled silicification and mineralization Stringers and disseminated in Dowling member (D3c) tuff: Sandcg_erry men}l:)ger L;_)nits. Vc\i/he_redg blocékl—)an%bomb—rich baszis_ nothobjel_'ved, tge contact is comm(l)lnly grar::iation_al 1991: Quenching apt?] f:y(g'pcrLaslgc d:jsrugtul)_? rof_ a.lrgeslltlc_ toI éhth:lc ;rKrus:’(_)nsBlnlIat_subToaglnesl)siarg—glrc
Mineralization: Limerick Cu-Zn showing 597ppm Zn. 61 2ppm Cu. 191 ppm Pb 62ppm Ni S4b b) Lapillistone, matrix recrystallization and pervasive silicification over adistance of 3 to 5 m and is indicated by a decrease upwards in shard size and percentage, as well as a change in sequence, northern sierra Nevada, California; Geological society ot America bulletin, v.103, p.s04-316.
’ ' { ’ shard morphology.
Cow Lake Stratigraphic: Section through DMLU and DMMU, scorea beds ;
(nort!l of Alteirétiao: reglarisl carberiste, sarhnnarH dissaminsted. sulghids 112000 ese OF4568' 8 McNunes ” : e ot : PP 'IFEZVforv:er:lzii(tsDrze)present a discontinuous, crudely interlayered sheet with subunits distinguished into lapillistone to Hanson, R.E. and Wilson, T.J.
Dowling) Mineralization: McNunes and Cow Lake Cu-Zn showings cpy-po in amygdales in Onaping intrusion (Ol) near top of {Ames and Gibson, 2004e) . . . ] ] S4c c) Lapilli-tuff, matrix recrystallization and pervasive silicification b oy y ; § . e 1993: Large-scale peperites (Jurassic, southern Chile); Journal of Volcanology and Geothermal Research, v.54,
North Range DMMU Strlngers and disseminated in Dowllng member (D3C) tuff: tuff breccia, lapilli-tuff, and tuff. Contacts between the various units are typically indistinct, but can be sharp. Lower p.247-264
. . ) depositional contacts are erosive and locally channel-like. Tuff (unit D2c), where preserved, is commonly the lowest of : e
Simmons Stratigraphic: section through DMCT and DMLU thin N/S magnetite-rich mafic dyke abundant pods of OI. 1.98% Zn, 2890ppm Cu, 405ppm Pb, 45ppm Ni s » the three units and usually directly overlies the Contact unit. Lapillistone to tuff breccia (unit D2a) is commonly
Alteration: Epidote-pyrite-BaKsp zone at DMCT/LU interface, strong carbonate alteration. 1:2000 GSC OF4567 4 Unsubdivided Sandcherry member, extrapolated observed near the top of the sequence, intercalated with lapilli-tuff (unit D2b). Individually, the units are crudely, but Hanson, R.E. and Hargrove, U.S
North Range Mineralization: Abundant disseminated po-cpy-sph associated with discordant Ol pods Simmons A d Gib 2004d normally graded. Together, the three subunits define a reversely graded sequence for the Lower units. The units are g % e _ ) o ) . )
! -West Pb-Zn-Cu vei - po-cpy-sp p (Ames and Gibson, ) 9 distinguished from the underlying Contact unit by a coarser appearance and the absence of eutaxitic textures in the 1999: Processes of magma/we sediment interaction in a large-scale Jurassic andesitic peperite complex;
\ -£n-CU veins. Disseminated in Dowling member (D3b) tuff adjacent to Onaping Intrusion (O2b): . . . . . matrix. Overlying units are better sorted, and lack coarse lapilli and block sized fragments. northern Sierra Nevada, California. Bulletin of Volcanology, v. 60, 610-626.
L I 939 Zn 178 Cu. 145 Pb. 80 Ni Fluidal fragment units (FL) (fluidal, ribbon-like, flow banded fragments common, The Lower units normally have a dark gray to black carbonaceous fine ash matrix, which represents more than
C | T f Stratigraphic: section from granophyre/SIC to DMLU, complete section through SM, intrusive fluidal-breccia 1:2000 GSC OF4566 ppm Zn, ppm Lu, ppm Fb, sUppm Ni locally black carbonaceous matrix) 60% of the rock. The units also contain 15-25% wispy, lenticular to cuspate shards, 5-95% flow banded, tabular and . .
| Q I 14 own o o Lakn sill/dyke complex proximal facies, possible transported, slumped fluidal vent complex. Discordant intrusive unit Ol (Ames and Gibson, 2004c) fluidal lapilli, 3-40% bombs, cored bombs, and blocks of aphanitic, massive andesite, 5-10% lithic fragments and Krogh, T.E., Corfu, F., Davis, D.W., Dunning, G.R., Heaman, L.M., Kamo, S.L., Machado, N., Greenough,
r / . oe former Basal Member (Muir and Peredery, 1984). (Ames et al., 1997) N ; " . blocks, and up to 10% redeposited composite fragments of underlying Sandcherry and Dowling member units. Rare J.D., and Nakamura, E.
| e / / DOWllng : North Range  Alieration: Type area for Albitization. Regional syn-depositional albitization controlled by fluidal breccia complex, 19 . . ! S3a a) massive to autobreccia, <20% matrix, block- and bomb-rich discontinuous lenses of fine tuff are locally interbedded with the coarser units. 1987: Precise U-Pb isotopic ages of diabase dykes and mafic to ultramafic rocks using trace amounts of
A X = ' / £ fracture-controlled replacement albitization (1848 Ma). K-feldspar-quartz hydrothermal breccia-local alteration. (Ames et al., 1998) Disseminated in carbonaceous Sandcherry member (S1b) tuff: Middle units (D3) baddeleyite and zircon; Geological Association of Canada, Special Paper 34, p.147-152.
= 5 D1 // - “Pocket” of carbon-bearing SM 10 m from granophyre contact 1848 +3.8/-1.8 Ma 9860ppm Zn, 194ppm Cu, 222ppm Pb, 61ppm Ni - - - i The Middle units represent the majority ( >60%) of the Dowling member, and average 600 m in true thickness.
o ’ X 4 % S3b b) Lapillistone to lapilli-tuff, 25-40% matrix Contacts with underlying Lower and overlying Upper units are gradational and locally sharp. Middle Units are Krogh. T.E.. Davis. D.W.. and Corfu. E
. f ) Hanmer Stratigraphic: Lower part of OF. SM to top of DMCT. Ol-discordant near base of exposed OF. SM- numerous 1:2000 (Ames, 1999) 11 distinguished in the field from underlying Lower units by the absence of block-sized lithic fragments and bombs and rogh; Es Davls, B and Lok ' _
Z / 1 ; i bombs, near DMCT abundant aphanitic dykes, excellent transect through DMCT units . ) . ) less andesitic lapilli fragments. The overlying Upper units are finer grained and more distinctly bedded. The Middle 1984: Precise U-Pb zircon and baddelyite ages for the Sudbury area; in The Geology and Ore Deposits of the
1 y “_ / powerline Alteration: Regional basal silicification zone in SM and Ol. Increased albitization spatially associated with dykes. Sulphide fragments and disseminated in Sandcherry member (S1b) tuff: S3c ¢} Lapilli-tuff units of the Dowling member consist of thick depositional units of tuft, lapilli-tuff and lapillistone that were further Sudbury Structure, (eds) E.G. Pye, A.J. Naldrett and PE. Giblin; Ontario Geological Survey, Special
. / S1b . North Range Fracture-controlled silicification x-cuts SM/DM contact 200ppm Zn, 1090ppm Cu, 59ppm Pb, 47ppm Ni _sq?dti_videcfi into Ia I(t)_wer Midk(jle uni(;?'?d an upper reworl?ed It\/Iid((’:iL\Ie unit (g\g_ebs andz%i&so)n, 2004a). Evidence for the Volume 1, p. 431-446.
| / ; initiation of epiclastic reworking and the re-appearance of water (Ames and Gibson, a).
y i ) @ i o i i i@ ; . Middle units contain of more than 65% matrix, mostly dark gray to black due to presence of carbonaceous . i .
\ (/ . Nelson Lk. West Stratlg{aphy. SMto DM TV\.IO orlenta?lons of aph.anltlc dyke.s of same comPos!tlon pr.oxllmal fIU|an breccia 1:5000 Figure A2-4.1e 12 Transitional units (Tr) material. The units also contain 15-35% wispy lenticular to cuspate shards, 1-5% equant, flow banded 'andesite’ fine Masaitis, V.L., Shafranovsky, G.I., Grieve, R.A.F., Langenhorst, F,, Peredery, W.V., Therriault, A.M.,
| To Sudbury North Range Alteration: Intense albitization amphibole alteration of matrix at dyke terminations within SM units (Ames, 1999) . . . . lapilli-sized fragments, < 7% lithic fragments ( <4 cm in size), and 2-8% shiny, dark, rounded quartz grains, <1-2 Balmasov E.L., and Fedorova, I.G.

N k] \\ . - Sulphide fragments and disseminated in Sandcherry member (S3c) tuff: s2 Lapilli-tuff/tuff, 15-30% equant, plate-like altered vitric fragments, 50—60% vitric mm in size. Shards in DMM Units display similar features to shards contained in underlying DMLU. Some shards 1999:  Impact diamonds in the suevitic breccias of the Black Member of the Onaping Formation, Sudbury
b \§ D2 — Stratigraphy: SM near granophyre 1:5000 (Ames, 1999) 950ppm Zn, 158ppm Cu, 58ppm Pb, 72ppm Ni fragments with flow banding, <15% fluidal fragments >6 cm appear to be coated or surrounded by fine ash and carbonaceous material similar to accretionary lapilli. Composite Structure, Ontario, Canada; in Large Meteorite Impacts and Planetary Evolution II, edited by B.O. Dressler
| .\h % . North Range Alteration: Basal silicification zone blocks and irregular clumps of coarser and finer underlying Middle unit breccias are present. and V.L. Sharpton; Geological Society of America, Special Paper 339, p. 317-322.

N g Mineralization: Unnamed base metal -py gossan Upper units (D4)
\\ . = ) REVISED NOMENCLATURE PREVIOUS WORKERS - 13 . . . . . Equant shard units (EQ) (characterized by equant, blocky, altered vitric fragments) The Upper units comprise a normally graded sequence that has an average true thickness of 170 m. The Upper units Muir. T.L
] .\ Y} — Stratigraphic: near base of OF in SM 1:2000 GSC OF4565 Sulphide fragments and disseminated in Dowling member (D2b) tuff: have > 60% fine tuff component and are much finer-grained than the underlying Middle units. The Upper units display uir, 1.4 o . s Tieliee L ettt S D e S B Eil
3 G X Multiple textural phases of the discordant Ol (megabreccia), x-cuts SMFL fluidal complex Ames and Gibson, 2004b 950ppm Zn, <50ppm Ni e . obvious features suggestive of aqueous reworking and re-sedimentation. Bedded tuff (unit D4a) is gradational with the 1983: eology of the Morgan Lake - Nelson Lake area, District of Sudbury; Ontario Geological Survey, Open File
; \% ONAPING FORMATION ONAPING FORMATION h:':h Range excellent 3D view of dyke-sill complex ¢ ) PP ! PP S1a a) Lapillistone, non-carbonaceous matrix Middle units and distinguished by the first occurrence of laterally continuous, shard-poor, fine ash interbeds Report 5426.
X . i . . Alteration: regional albitization, east side of lake carbon-bearing SM near the base of OF intercalated with the relatively coarse tuffs and lapilli-tuffs that are characteristic of the Middle units. Individual beds 1984: Sudbury Structure; Considerations and models for an endogenic origin; (eds) E.G. Pye, A.J. Naldrett and
1 \.-. e P S—— Dominantly Black Member (Peredery, 1972; Muir aer Peredery, (Capreol- discordant zong of actinolite fractures and albite-quartz 9 14 b) Lapilli-tuff b D ——— duct! - i average 5 to 50 cm thick, consist of fine ash-sized fragments of altered glass and lithic fragments and generally PE. Giblin; Ontario Geological Survey, Special Volume 1, p.449-490.
PR = owling membe 1984) and Green Member (Avermann, 1999) and minor Gray Norman Twp) alteration haloes Di inated in Dowli ber (D3c) tuff: S1b ) Lapilli-tu % HON-CRINONACeOUS MAtnX and Iocaily conauclive:caronaceous madix, increase thickness upsection Bedding contacts are sharp, with uncommon soft sediment slump features and small,
@;S(.\ x§ X Member isseminated in Dowling member (D3c) tuff: . <3% accretionary lapilli channel-like structures. The fine tuff (unit D4b) is well sorted with greater than 95% of the material finer than 1 mmin
7" Q : Upper Black Member (Avermann and Brockmeyer, 1992), part Stratigraphic: DM below Vermilion Zn-Pb-Cu mine. DMUU and local setting for detailed mapping of peperite .00 —— 1760ppm Zn, 201ppm Cu, 11ppm Pb, 53ppm Ni elzciand e giaddtional contacts. Fna fuft e ‘ocally Intotlaysredwith s H0iem bods Wihiupteri0i, <&.em anglar Muir, T.L. and Peredery, W.
. . > Upper unit h f Gordon Lk Rd peperite is extensive (~ 200 x 1000 m) : igure - S1 Tuff b tris torounded sedimentary argillaceous and cherty fragments. ) ) 1984: The Onaping Formation. (eds) E.G. Pye, A.J. Naldrett and PE. Giblin; Ontario Geological Survey, Special
| G thereof. South Range Alteration: bonat idot 1:2000 (Ames, 1999) c ¢} Tuff, non-carbonaceous matrix The top of the Onaping Formation is observed in only in drillcore. The upper 5 to 10 m is black, fine, poorly bedded Volume 1, p. 139-210.
0 x\Q Middle unit Upper Black Member (Avermann and Brockmeyer, 1992), part eration: carponate-epidole 15 to massive, and strongly conductive tuff (unit D4c). Contacts with underlying Upper units (D4Ua and b) are marked by
1 P QX \\% thereof. s hic: Andestte dyke (O1) MU blocky Disseminated in tuff adjacent to Onaping Intrusion (O2b): “within each unit the law of stratigraphic superposition does not apply ?_r?radaﬁona' fi?intg a_'t‘g e ol it of g?"d“tC“Vi“é ﬁszoctiﬁted Wl“h abs”atitgrapfhiﬁ i"\clreas_? i CFarbont?CG‘?“S'Tate”ag
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