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INTRODUCTION

-

P T Y
[}

-On. June 10th, 1966 Mr. R.A. Ryder made the first

of his éeveral dlSCOVerles of ferromapganese concretlon '

.

' occurrences 1n Shebandowan Lakes. ,On learnlng of these

: dlscoverles, Prof D S. Cronan dec1dedqto 1nvestlgate the

geochemlstry.of the dep051ts . Accordlnuly, field surveys_

1%

\

\ b a581staﬁce of the writer and scuba dlver, Mr R R. Hygaard
o | . L N

of Thunder Bay A total of 50, Goncretlon dep051ts, 1nclud—

e 1ng Ryder s orlglnal dlscouerles, were located descrlbed
e L}
- e
' and sampled. Sampllng at the«concretlon 51tes 1nc1uded
. . - \
taklng bottom Gater and sedlment core. spec1mens as well as

concretlons Addltlonal sampllng ‘was hade of waters in-.

- v S - ..,
barren locations. // ‘ B . ' C

- o

Subéeouently, sevepéy two concretion sampies weré

hid

.;aéelyzed'by atomic absorption~fo}yFe,‘ﬁn,'Ku Mg, Ca, Cu, Zn,
. éi:and Co at theZUhéveEetty of Ottawa g@oohe@iet:y}lab:
‘. Several-ooncretion'seﬁples were éﬁbﬁected‘to'Moesbauer o
e -
. spectroscopy, electron spln_resonance and X~ra; dlffractlon

PN 7 [

A experlments - The AA a

ysls of 47 water sampies and 20

samples, the formef for Fe &nd Mn and the

sedlment co; =

+

L

9
as was cplorlmetrlc determlnatlon of As in. 10 concretlon
‘J

. o
- L . . DR - Lo ~

were cOnducted over a nine day perlod 1n July 1970 w1th th%

T ;.-( fluent into the Lakes, thedeffluept and lake'bOttom'WJter'at'.

»

h

——ﬁ*ﬁﬁmwm__-samples**"Otner—work_rnciuded*loggIng of the‘sedlment -cores

]
P

and examlnat;bn of concretlons ‘through blnocular'mlproscope.

a A

P

. . . . . " . Al

3 . ' B 4 . L
. ! :
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Thx\/ﬂérk presents fleld and lab observatlons .
. -~ . - -] .
o ‘along Wlth ‘the analytlcal results and seeks tQ draw from T
- ! ‘
) v tHbm 1nferencea,regard1ng ‘the - geochemlcal env1ronment and
‘- . - \- Q .
orlgln of -the Shebandowan Fe—Mn concretlonary dep051ts. In
0t early chapters ba51c data ageneral andﬂdetalled as avall—‘ ' f
able on the area, has- been complled both to a1d the current//l
- o wstudy and .any- future studues of the, cOncretlons and thelr gy
env1ronment . These are followed by chapters on" fleld data
and the overall 1nterpretatlon. &, _ - ‘
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ff - RPN Professor D.S. Cronan, now of’ the’ Imperlal College,.‘ '
B C e ’ g - e
3 lfﬁohdon, 1n1t1ated and supervrsed thlS 1nVestlgatlon, 1nclud- -
B . ‘
g7 1ng the fleid work both - durlng and after hlS stay at’the°
-ﬁ #" \ . .Unlver51ty oﬁ Ottawa f S " ,q'i {;' . )
. -. . : l ; ; » e . .
%- . N Mr. R A Ryder, Research %01entlst Ontarlo Departe.gﬂ_;fw
i T T \ - -

- ™

ment of Lands and Forestsn the orlglnal dlscoverer of

Shebandowan oncretlons, extended 01V111t" ln connection

' 2

AI wrth/gur fieid operatrpn, supplledjval e data and 1nfor—

v

mation, - apd read crltlcally parts of this report.- Thé R
. " - ' -
*'fa01l1t1esfand guldance for Ehe Mossbauer and" ESR spectro—‘

Mo syt fons et
' -

G i

.1£ ) ,f . .“;;eoplc experlmente were prov1deo riépectlvely by Dr M. C.

%‘ - TownSend MLnes Branch ~Ottawa and Professor A. Mapqoglan,

% -{> ‘“;.! Department of PhYSlCS, Unlver51ty of Ottawa 'Dr;‘R G. !

% L [. . Garrett of the Geologlcal Suxvey of - Canada klndly gave P‘

é,_, - tg' adv1ce on the app: 1catlon of several-of hlS own computer j”ﬂ- e
5§ '\ | programs, used.fo. ‘etermlnlng the correlatlon toeffloaents,:“.l
é? % "; precr51on and valldlty pf analyses. My w1fe spent tedlous : '.'f
; ‘/ hours helplng me draft flgures and maps.'_ ':.“
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Locatzqn'ahd acceSSf A ° T S :

. Shebandowan Lakes‘are 1ocated near the headwatcrs

.o

of the St LaWrence Rlver‘system about S0 mlles west of

Thﬂnder Bay (Map 52 B/NE in pocket) ‘The- Lakes were first

n'connected by a road w1th Lake Superlor in 1870 whén thé

i}

Da:i:;/harsewagon route was dempleted between Port Arthur

he foot of the Loweanake, the flrst leg oﬁ a water—-r

‘courge gateway to the Canadlan West._ It was at that time-

e
that the outlet of Lower Lake was dammed ralslng the water

-

leVel 23 feet,up to_the Upper/Mlddle Lakes Narrows, floodlng

= 7

,out a small rapid there The waéarcourse route thrived for ;‘

c
.

' a dozen years untli the completlon of the Canadlan Pac1f1c

-
"

- n w

whlch passes some 20 mlles{ .

to the north. The preseft CRN R. tfack whlch folewsrthe '. ;
.p P L

north 51ae of Shebandowan Lakes, llnks Thunder Bay and ..%35

B
- -
-~

Wlnnlpeg, hav1ng been completed early 1n thls century. .A N -
PR - .
,pnecursor of the modern hlghWay %l between Thunder Bay and :

2
fFort Francesnalready reached Shebandowan 1n.the 1930 s,"‘ -
Climate " L S
SIE—ERE - SN _ _
' : Recently publlshed contour maps (Phllllps and ﬂ#

'J

McCulloch 1972) correlate cllmatlc data averaged over the

‘1931 60" perlod between meteorologlcal statlons in the Great

dLakes reglon , Qhese show that the Shebandowan area enjoys a

. " 4
.- - . .
T : ) \ : v
o i + ‘. . . . ’ !
o G . - . T . h
. . - L
- r . M
. , . . EAW n
- . _— 1 v
~ A @ % 2 -



q , oo
; "-‘,,'j.-", . / SRR
* R , v -
: ' : y . T
o i 11 i . " N -
oy _ g ‘ el SN ' ¢
R R cooi\t\?perate bllmate with warm summers and’ cold winters, . |
’ E ? "%, The mean dalLY temperature was +17 8C in: July and -16.7C in :
i January (Table 1). There were about 80 frost free days 1n a
A &
fﬁ ‘year, wheﬁ for 155 COnsecutlve days SNnow cover exceeded or,
© Ok / 'equalled 25 mm, Annual prec1p1tatlon totalled 710 mm Glth
o L
% winter's contrlbutlon amountlng to only 40% of the summer
;‘If J 3“-\prec1p1tatlon. Kearly potentlal evapotrehspiration was
i L ' t - ‘I.’, PR SRR . ‘ . . .
««f’(.,g:: - about TBO . : s S ,
i: K . i . [
1 i o
5§i ' Avefage yearly-solar radlatlon for Wlnnlpeg, the
. ;‘ - oo -
i;. ' nearest statlon reporﬁlng such 1nformat10n, was ll7 895
g gcal cm  year. - (l6-year average) (Brunsklll and )
P 5:'.- o ’ . A ) B e . L
. T (L e . . Lt - N - . - IR
T N Scblgdler, 1971).;' . _ . e T ]
P 1 3 r’" - ~
%: o 'I‘able 1. Clmatic data for the Shebandowan Lakes dramage basm .
; ot : . ’ : . :
3% —= averagcd ovur'&the 1931-60 period (Phllllps and McCulloch 1972) ' l
ﬁ o - ' - Jan. Mar. Apr. - - July Oct. ‘rNov. Year ' |
i;j‘ . | 7 . ) . :
: ﬁ} ' . ' Temperature (C) - j ‘ v o .
g, mean - ~ -16.7 ,? +2.2  +17.8 -+15.0 _ o
3R 2 o omax. . . ~8.9 +8.9  +25,6° +11.0 . !
\f/ ¥ . min. . IR ~23.9 -5.0  +11.7 ./-1.7 w0
:? ' s s T - ' - L ' 7 ‘l
\Q\- S Total = s Cs L S . oo
?}('\ : . .. brecipitation (mm) "5 30 ' . 51. 89 51 ’ FLO
O\ Snowfall (mm) > - 430 300 . g7 380 1980 7L
n,,;‘ Vagour + o o e v |
? o Pressure (millibars) . 1.6 . 4.9  14.7 * 7.1
'.rr"- ) . - . . :
Ly ‘ | ‘ _
- Sudshine (hrs) " . 100 © - . 205 310 140
—z- S 3 - ' "o
. ﬁ - Sky cover
o sunrise~sunset . . L . . .
e « - (tenths) - 6.7 6.0, 6.2 7.0 )
@ - : L _ : e
U, - \ |
s N ;
0o | _ AN _
‘%‘.E:‘;I ’ - - } : s
~ A . . . .




-7 - )
. L ¢
' & A i . Population, vegetation and land'use
o e : The -only permanent communlty of any size in the- .

-

3 . '_ ' area 15 the- Indlan v1llage of Kashabow1e, numberlnq perhaps
: o el

. 350 souls. The Inco mlne and mlll on Lower Lake ehploy
_ —

?"about 500 workers. but .these commute from the out51de.
—" . .o
During the summex season the populatlon sweils con51derably e

7 with the 1nflux of cottagers, tourlSts and sport fishermen

'

The country was initially inhabited by the mlgra—

tory Ojlbwa (Chlppewa) Indlans, who are now the prlncipal

dwellers at’ Kashabow1e. The area experlenced its flrst

—— N

__df_proosectlng rush in the earl?'lS?O s follow;ng the dlscover—

)
fl
i

-? -
ies of the Moss and Coldstream mlne depos_lts just west of the ‘%

Shebandowan watershed The currently worked- Ihco‘Nl Cu mine

was dlSCOVered in 1913. Throughout the years a relatlvely

+

hlgh level of exploratlon act1v1ty has been malntalned Tl ”
.earlier for gold and iron and more recently for’éase metals:

The prlnC1pa1 forest trees of the reglon arranged ff

=

:1n their order of abundance, are as Eollows (McInnes, 18&§)

°_ﬂ bank51an p;ne, black spruce, balsam f1r, whlte spruce,‘

R poplar, whlte blrch, Whlte and red plne, white cedar and‘ -

o
[

larch. ' = o ;f ST e < o o

&he follow1ng krnds of vegetatlon, commonly occur-

- f '

rlngaln a’ similar cllmatlc env1ronment at the Experr/egtal
wuo Lakes Area, over lOO mlles to the normggest -0f, Shebandowan,

.a;% noted by Brunsklll and Schlndler (1971):

&
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Swamp areas - téees: black spruce, alder and larch' '

shrubs- Labraaor ted% swamp laurel .
0 \. o

. leather leaf, Betaia'glandulosa, bog (

e

'ﬁ-. oo .

— - - -

EquisetUm fluviatile, Sparéanium

A
angustlfollum Sparganlum multl-

n

pedunculatum,‘gggxttarza latifolia,

Carex, Calla palustrls, Eriocaulon

septangulare,'irls ver31color,

e ;‘ﬂf Nuphar mlcrophyllum, Nuphar

' Tt
e . varlegatum, Drosera rotundlfoiia,

Drfosera intermedia, Sarracenia !

purpurea, Urticularia vulgaris. | w
g S S
Canada Land Inventory Map 522, ‘covering the adjoin-

ing area, east of 90°, shows nll natu;al soil’ capablllty for

L1

. -arable cui;yre or permanent pasture. Much mf the soil 1s

i

cla551fbed as stony with solid bedrock 1ess than 3 feet -

_ . e e .

 be1ow the-surface. There are apparently no 1arge scale

4

\
logglng act1v1t1es w1th1n the Shebamdowan dlstrlct,,although

”undoubtedly nfuch tlmber required for mining pyrpoges 15

derlved from local stands. :

.
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“;/'J The Shebandowan Lakes dralnage ba51n (Map 3) com—'

-

N\ 3
prlses an area-of 450 square miles "(1,165. ‘5Q. @m ). "As

.-

much»as three quarters of 1ts boundary is the cohtlnental

q%v1de between the Wlnnlpeg Nélson rLVer system dralnlng into

-
Hudson Bay and the St ﬂLawrence Rlver system flow1ng cast

. 1nto the Atlantch The remalnaer of—EHE“BBEHEETY‘divr&es-—__h_

"tha basin from trlbutarles of the. effluent Shebandowan

River and 1ts downatream confluent Kamlnlstlkw1a Rlver,
;’\1 ,-/ .
whlch empties 1nto Lake,Superlor at Thunder Bay. . ,
' \
The area 1é a rolling peneplaln with total re11i9

of 300 feet (91m) above the 1\476 foot (450m) lével of L

Shebandowan Lahei//jThe topography reflects thefhedfock _ TER
llthology and structure, modlfled by Plelstocene glacial AN

'4

scour %gd deposmtlon. v Lineal features, such as ridges and;i:"-
depress1ons, are pr1nc1pally expr9551ons of follatlon, i |
shearlng, and faultrng, best developed in the greenstone-
mEEEEEdlmentary terranes The long northeasterly stretch of....

!Upper Shebandowan Lake, the west arm of Mldéle Shebandowah

Lake, and the south arm of. Kashabow1e Lake, are examples of ,

water fllled llnear depre551ons underlaln by cbrrespondlng

~

line;i.— tectonlc features -of. «he. greenstone—metasedlmentary

comp ex. -

Areas underlaln by granite, which tends to- be

massive to- weakly follated are characterlzed by 1rregular
s

shaped Hills and’ basins, except where locally cut by faults

&

. RN g - +
- . B
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K_Slm;larly,lﬂle ba51ns of Lower and Middle ShebandOWan Lakes

»Wherever granlte 1s 1nten51vely fractUred or follated

v ‘

e

as in

-V1c1n1ty of some contacts, it eXhlbltS low re51stance to

Y

. A .
erosion. ThlS is well exempllfled by Greenwater Lake, whosé

-

T

arcuate %?eped ba31n colnc1éef w1th an underfylng margln of a

-
" .',

-northeasterly batholithic proYjection ‘into greenstone

.
"‘b

are largely contact areas of an underlylng granltlc stock.-
) ) . '

v
'

ey i

RS

2

G
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Bedrock Geology \‘ ﬂ.“ o ’4/

. ‘ i

Flrst comprehens;%e mapplngaof the Shebandowan

e --r-.,tl .
Lakes watershed was carrled out by Tanton (1938 a b) More

detalled partlal coverage “has been- done since by Giblin

(1964) and Hodgklnson (1968) A regional compllatlon irom - é
these and other pubrlshed‘anﬁ unpubllshed sources . Was made by
. Pye- and Fenwick (1?65) (Map 2) Morin (1973)_completed‘ . ;I“%-
. c ' ’ ' R

&

detailed mapping of the Lakes' vicinity.

The area.is underlaln by Archean rocks. Pota551um— .

[

argon datlng 1nd1cates that metamorpﬁﬁsm and granrtlc 1ntru-

”
Al

's1on in the reglon occurred about 2 500 mllhlon xears ago _'<"

.‘. -

(Wanless, 1970) An east to northeast: trendlng sequence of |

steeply dlpplng greenstones and metasedlmeptary rccks, up to

12 mlles w1de,.underlles the'greater southern pontlon of the

»
- - [ -4

dralnage ba51n that 1ncludes the Shebandowan Lakes . Except

7

for the southern margln of another such belt near Athelstane h

Lake, the area to the nerth,,3 to 10 mlles w1de, is underlaln

by bathollthlc masses of younger granlte. .



AN

R ATIERS

IR

&

ST T T TR N

T

R YT STETE T LT A AT TR

L R R g

i/ GREENWATER s
' LAKE 3

SagrEr T,

o | : :
| L wmap2 . |
- e ld ‘ (iEK)L()‘:’f ‘ ,.' 7
'SHEBANDOWAN REGI
" Mies ;L ‘ rs _ .1-0= ) s l -
Yoy o Kul?ma:ru a- » = ‘ -
| - S - '




> \' . v . )
) ' \ T
v - : -
LEGEND - . o : '
E - . ' ) ! 4
. ARCHEAN . ST '
. . . N ~
Grantic gneisses ! e’
‘o - - -
- , Ly . . ’,- * . .
- a Gabbro, diarite, efc, -
- b Peridote, dunite, setpentinite ‘
¢ Anorshowre, anorthositic gobbro ne
D Metosediments, may be younger- *, ",
) n part than 3 = i ‘
R @ Conglomerate, arkpae, greywocke .ei¢, T
b Metayoltonics with metasediments . -
7 Meraw:flm'enri = arkase, grepwochs, V -
o, schists ond parogneisies
1 . .
.
Acid mum':olcumn : . .
. Iy : ’
. ) * .
- * A ’ - : r———
D BSuc  metovelcanics fo) - -
b asf ebove, undifferentiafed I
) melavoles, ) . *
B = ¥ T ‘ . .
. . . . Y
SYMBOLS: U = e
et P .
. PN
‘. _[:'1 Producing mine ' i
. . ' !
. Past producting mine B
. Rasef metal or Mo sulphides: , ’
native Au AQ octurrences: b
E Py~ pynte
v : o . '
after Ont. Dept. Minefi-Map 2085 RU o
QoL : -
[Pye & Fenwick 1¥65)
<. r - ]
A . ) . .
- . - !
] 1 -y, ' - !
. v ) .__.
. - : SN
(38 y - ' ' ’ )
. . . . AN
N - L
- REGION : e
f - - . . .
) . - - . .
. B : \ o . '
I3 20 o ." P N .
. ) . .
3 . '
(’ . o &%L ' . . ' "
20 25 . - U ' - . . . .
3 : o T :
' . ! z . ! ' -
z o -
- B > o *
. . e f - Y. ' o 7 -




IR L IS e Vet L B S e AL
L “i

v e . . ’
S/ \ ' - 12 = : ,
ke . - R B
4 : - . f. e '
[] - ' l'l‘ .c;, “.' . T ' L s AI‘- N ’ lﬂ‘
; . ‘ . The ‘northern edge of the greenstone-metasedlmentary

)
belt'is comprlsed throughout of a band of metasedlments

S ‘to more than 1 mlle w1de. It consists of mi

e

s
ER

“Schistsg

’

derived from greywacke and locally ar e, wiph:minor éeta—

ands« To the north the -0 s
. |3
ional 1nto blOtlte and muscov1te

"-.volcanlc and amphlbolltlc 1nt

metasedlments are gra

E granates, loc

Y show1ng llt—par llt bandlng To the south

j.the-easf/nertheast “ontact w1th the main body of metavglcanlcT”

.

On the ba51s of dlscordance, llneaments,

i 1 g b g0 30 _,«,_"._:__-"_-,, .

is nowhere expose
'and diamond drill logs, this contact was sttulated by Glblln
.(1964) and Hodgklnsoél(lQGB) to be a fauit " Only two other,‘ ) Q
" 1ess extensive, bands of metasedlments occnr in the meta- '

. ' volcanlc sequence at the east end of Lower Shebaﬁdbwan Lake. &

- They comprise conglomerate, as well as greywacke and arkose ’

members. The larger ‘of these two bands, extends westward 51x -

™
miles 1nto“the watershed along the south shbre of the Lowef

\

4]

Lake, and is up to 3/4 miles wide.
) . South from the faulted contact with the meta- T

sedlmentary band at Kashabow1e Lake, the metavolcanlc

. - - N Y

'sequence attains its max1mum w1dth of ll miles along the
----- -
sectlon to southeast of“Greenwater Lake The metavolcanlcs,

now largely chlorite, ser1c1te, and amphlbolltlc schlsts -

ll'

L i are derived from flows and pyroblastlcs of rhyolitic to

- &

S .fbasaltlc comp091tlons " North of Upper’ and'Mlddle Shebandowan
R 'Lakes, the acld;c and basid metavolcanic have. approxinately
- ,n' . - : -
. v i
. ) / . Y. i




¢

. : * . 1
_relative to the ac1d1cs‘farther souts unt11 in the 'section -

’e . o . A . -
equai distr%bution.__The-baSics are increésihg;y abundant

bR ]

east of Greenwater Lake the. aCldlc vo}canmcs are only rarely
. e X ) [

found. s ' Lo -

L, '.. ¥

-metavolcanlc sequence, where they exceed the acidic meta—

'lvolcanlcs in total mapped area They commonly form bodles

that are grossly concordant with the 1ntruded volcanlc bands,

but.. £h one lnstance an 1rregu1arly shaped pluton has been
w

i mapped oyer. an. area of 4 square mlles, at the east end’of

‘Upper Shebandowan Lake Some of these bodies show differ-

~

entlatlon. Orlglnal composrtlons 1nclude ‘gabbro, quartz—

-] " .

| -gabbro, hornblendlte, anorthos1te and perldotlte. Gabbros

are the most common, they have beep w1dely saussurltlzed

urallt;zed and chlorltlzed ' S

¢
n

Ac1d1c ‘rocks 1ntrud1ng the metavolcanlc sequence

-

range from granjtic to syenitic in-com osmtlon and from.
g &b P

batHolithid to minor bodies in 31ze.. The boundary of a fist-

‘léke protru51on from ‘the batholith along the south side of

the belt is marked by the out51de curvature of the shorellne

of Greenwater Lake. Thls pluton -of blOtlte granlte has

(9
lineated$ hornblende ~-rich border phases, probably resultlng
& n .

from magmatlc aSSLmllatlon of greenstone A major stock of

biotite granlte underlles Mlddle Shebandowan Lake and ltS

“southern side, extendlng eastward under Lower'Shebandowan

te . . . . r -

IR Ba51c to ultrabaslc rocks exten51vely 1ntrude the -
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|
' P

R A Ry '
Lake and its shoresl It 1s ‘at least 10 mlles long and up to

33 miles’ wide at’ 1ts western end, near Loch Macdougall
tr @ t .

a

. Mlnor ac1d1c stocks dykes, and 51lls'¥ﬁtrude“the metavol-‘“

3. 'f A canlcs, but are subordlnate ln terms of'tctal mapped area to

L]
Ca P

the ba51c 1ntru51ves.

. the: metavolcan1c~metased1mentary sequence has been proposed

"

The reglonal Strlke of bandlng and Schlst051ty s northeast

oy e
o H TehF e T
bR el LR Svhf g

to easterly, w1th'steep dlps,‘suggestlve of 1soc11n 1 fold—

'y
oy 1
A,

1ng. Local varlatlons 1n foiratlon are encountered afround

wh

PRV 0. h oA S
.
q

'Tmarglns of pIUths X A northeasterly antlcllnal ax1s through

C\‘- 13

by Glblln (1964) on the ba51s of a few plrlow—top .eter—

-

BRI TR

-
LY

\ minations.

L

el

' * The major'folding picture-is‘complicated by'the<
more evident faulting.* Many essentlally strlke slip faults

or shears have. beenamapped or 1nferred from llneaments’ At

. J
R A R S B L L 8 AL R L it S A

g7 M
o
(o
s 2

least one of these is thought to pass through the long

TGy

rtheasterly!st etch of " Upper Shebandowan Lake . Transverse

- 18
iaults of varlou 'strlkes have been observed Several north—

e .l;;_\ SR eih

ek

: westerly ones offset to the rlght ‘the faulted northern meta—

4

sedlmentary-metavolcanlb contact. The most per51stent of

™

\ .
SRR

..these, and also the one with the largest horizontal displace-

SRR

- ment, of about 1§.m11es; 1s-the_Crayfish_Creek fault. It has

(X

R * .
..:-.' [ S
S

”

st
/

T R
. - ’
S

e Jj_
No satlsfactory 1nterpre{gilon of majsr foldlng in '
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ﬁbeen traced at least 13 mlles northwest along strlke from the

4

v1c1n1ty of the Inco ming worklngs at Southwest: Bay of Lower

Shebandowan Lake. . . .

. vy - .7, , D o * .
¥ . . . . . ) . ur . .. ‘.\
\ .. . e :

B

-~

/ 1] . ) . i
Metal concentratlons 1n sulphlde deposrts have been
i

Mééal Concentratiohs'in'Bedr06k

4

-

found. aﬂ a number of localltles w1th1n the metavolcanlc . rg;z—

]

belt Pyrlte is the’ commonest of sulphldes,~1ts occurreroe ﬁmw.

[ 4

having been descrlbed as ublqultous 1n the ba51c meta-

"rcvolcanlcs (Hodgklnson, 1968)

-

: . . _ _
/-oontaining nickel,-copper, cobalt and platlnum metals, was

1

. LR . : -
A sulphide_deposit.of major economic interest,

a
brought 1nto productldn by The Internatlonal Nlckel Company .
oE Canada, lelted in 1972 The underground worklngs are
located pr1n01pally under ‘the waters of Southwest Bay of

Lower Shebandowan Lake. The ore zone has been traced. at

- . J

least 4,000 feet along a WNW strike 1n sheared perldotlte,

a”

north of Crayflsh Creek fault The zone azzglns w1dths up O
PR
.Iookfeet and contains pyrute, chalcOpyrlte, pyrrhotite and

3

polydimité in massive and disseminated form.~ Reserveﬁ are

reportedly suff1c1ent to feed a 2 500 ton per day mlli for 20

years Durln%rﬁhe early stages of productlon ore mllled

- reportedly_averaged 1:25% Ni. Two shafts haﬁe been put down,

’I

' of whichfthe main, orkeastf shaﬁt is 2,395 feet deep.V,

s

Lt . -
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: the Sheba dowan LakesV/ There are also a fe

‘ 51llca .lron- formatlon is associated in many places w1th ba51cﬂ

" A smaller sulphlde dep051t held in 1965 by
Vanguard Exploratlon lelted lS located on the nerthhest
51de of Upper Shebandowan Lake, 3/4 mlres weet of the mcuth

of Kashabow1e Rlver, 1n the vaclnlty of the”Crayflsh Creek

‘f ".r s

6fault,_ Two mlnerali’ed sectlons, 2, 300 feet apart,gﬁcur 1n a

‘sheared'zone strlklhg NGOOE and d&pplng steeply Both zones

3

t

4

.; Iength and 22 feet in w1dth to a vertlcal depth 5f 600, feet

(

-

con51st of 5111c1f1ed greenstones, 1mpregnated w1th dlsseml—
. o \
nated to-ma551ve sulphldes, chlefly pyrlte, wrth pyrrhotlte,

phalcopgrlte, and-some sphalerlte In,the st sectlom F N

L]

drllling has 1nd1cated approx1mately 200, 000 tons averhglng

l 25% copper .in a southwest raklng shoot about 150 feet ln ,
/ v

-

_ Assocxated zinc- gold—51lve alues are resent in small
- ol P

¢

amounts. : Lo o - } ,
o - . 4 . ’:;ﬁ, . K
Other minQr occuf?ences of cogper, nlckel zrnc,

r

eadrand molybdenum as sulphldes have been found in- -meta=

a L

'cs, ba51c 1ntrusmves, andrgranlte 1n§fie v1c1n1ty of

nown mlnor

3 [}

occurrences ‘of free qold aﬁd 51lver in quartz lodes.',“ :}

v

i Wlthln the watérshed banded magnetmte hematite-

k]
Y

ﬁetavolcanlcs, and 1nha few places w;th the/métgsedlments .

e

Most exten51ve bands are ln metavolcanlcs east of Greenwater

4

ake, where w1dths of up to 100 feet‘have been reco ded, anda~‘

.

one sequence has.been traced On strlke for more than 2 mlles o=

. .
. M R i
> . - . T

-

-
-
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L
-
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Wlthln ‘the past million years'theiregion has been

: overrldden by contlnental glac1ers at least once durlng ‘each”

: of Lhe four Plelstocene glac1a§ stages (Hough 1958), haV1ng

.L. Ji

;beepvlast clepred of 1Ce about 12, 200 years ago (Prest,

. bl L
o ]

.1969) .

The seqﬁence of. glac1al events-ln the reglon was '

.-{

given by Zoltal (196 l965a, b), based Jon 1nterpretatlon of -

a1r photographs and fleld observatlons. ‘Only evfgence of

the late phases of Wlscon81n gla01atlon has been detected; A

.i N \ ' . . .
”“ifmmary from Zoltal (1963 l965a) follows.-_ : o ;

.

S . "‘, a(lY. The earllest recorded actlv1ty was. an advance "

e south to south southwest by the Pa5£1c1a 1ce—mass During
ce )

‘this phase the Shebandowan Lakes watershed area wa§ over-

[ PR 3 C e !w NI

. rldden, and the ice moved acgiss the. énternatlonai Boundary

‘

1nto northern Mlnnesota, where-. strlae correspondlng to thls

L

advance have‘been-found Theflce then receded north for an -’

n‘

e

TR

undetermlned dlstance, p0551bly clearlng the Shebandowan

Ea
PR

aréa_ j.._'; a2 O f‘-. f Ceo
A ‘gz)‘iiAn ensuund readvance noved the Patrlc;an ice
N :aboul 18 mlles southwest of Greenwater Lake ] ev1denced
< , . © oA L -
e by northwest tnendlng termlnal moralnal rldges. Y
' ‘a - fB)}' The ice. then w;thdrew to ‘a statlonary-west— ;
northwest front, marked by end m;Ealne and exten51ve l

o

:assoc1ated outwash @ep051ts southwest of Upper Shebandowan r.

) CoL L o
Lake and on the south 51dé of Greenwater Lake.u L
v ) | \‘" . N . . ‘ - . r B -
» .- ) . . R - 'i .' ;
L . Q. 3 ) . -
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-

- (4) -~ The subsequent period of ablation finally
cleared the preSent drainage‘basin cf the Patricia rce sheet,

L.

ot

) whlch regrouped along a new line Some 45 mlles farther

:north Contemporaneously, surges from two other/contlnental

RS

‘ice masses, ‘the” "Hudson Bay from the north&ast add?the

) Superlor ‘from the east advanced to w1th1n 16 mlles of, the

T

‘ east end of Lower Shebandowan Lake, The three 1ce ‘masses ...

— .
formed an 1nterlobate system, correlated in time ‘with the

-

\tValders maximum, approx1mately ll 800 years BP (Prest 1969)

O

.."'

~ %

L

tw *

’

The southerly flow of thawKamlnlSthWla Shebandowan river:
f

system was dammed by the Superlor lobe, resultlng in glac1al

Lake Kam1nist1kw1a in the wedge between the Hudsonlan ‘and’

(% . ’

Superlor ice marglns The west end of thlS lake may have

extended over the present Lower and Mlddle’Shebandowan Lakes

basrns " The dralnage was reversed a ‘westward splllway

havlng been postulated along the north 81de of Shebandowan
¥

Lakes, through Kashabowfe Lake to Athelstane Lake. and JLac dES

Mllle Lacs; _and southwesiward thence to gla01al Lake Aga551z

.in the v1c1nity.of'Atikokan At this time red, stone-free

massive glac1olacustrhne clays were dep051ted. They have

fP -
spotty 6ccurrence within the area as dlscontlnuous lenses and.

\

Lumps less than l foot tthk

.‘(5) 'Both the eastern ice sheets eventually re-

ceded allow1ng the draining of Lake Kamlnlstlkw1a About

-
» .

@



. this time, thin but extensive-loess'deposits“were formed.

+ They ?othjoyer the north part of the wategshed'around ’ :

Athelstane and Kashabow1e Lakes. o

r

The gross dlstrlbutlonfof glac1al dep051ts w1th1n

n

‘the-Shebandowan Lakes watershed.ls shown on Map 3. -The.'
thlckest dep081ts are: assoc1ated W1th terminal moraine in the
south part of the area. Several dlamond drlll holes, col-

:lared in thlS materlal about 5 miles west of the southwest

end of Upper Lake, failed to reach bedrock at depths of 200

. ’ L . . e

"_feet or more (Glblln‘ 1964) ‘Ground MOTainic till 1s the

'
s " LS
. »

most generally dlstrlbuted qlacral deposrt averaging 3, to .8

L l

feet {1.0 to 2. 6m) in thlckness.. Glac1olacustr1ne clays, in

[

lumpy aggregates, are foundjklxed with it near the east ‘end _
- : 3 ?
‘of Lower Lake. The southerp boundary of loess admlxed with

1

till 1s approx1mately mafked by the rallway line. Farther

} north loess becomeS/predomlnant attalnlng an average thick-
. -

o

ness of: about/26’1nches (51 cm)

*

< ' p
/SWamps aﬁa ‘peat dep051ts cover about‘S‘per cent“cf“__—
the area. _They are exten51vely develdped 1n-outwash near

Greenwater Lake and along the lower oourses'of some streaﬁs,

A

notably Swamp River. Unfortunately nothlng is known’ about

1‘,-
other’ recent sedlmentatlon along the watercourses and in the

lake baslns.
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"No publlshed pedologlcal 1nformatlon is avallable

on the watershed area 1itself. However, flndlngs w1th1n the

-~
- f.

vm-surroundlng reglon GHllls and Morw1ck,,l964 Brunskill ana&

o 7 L
. N fSchlndler, 1971, and Zoltai " 1965c) po:nt xb the predomlnant

‘s development of weak pOdZOllC and brunlsol 5011 proflles

These 50115 are characterlstlc of the cool, moist cllmate and

-~ associated conlferous forests They con51st prlnc1pally of . a

. surface mor of . ac1d matted materlal derlvgd from trees,

partlally Eecomposed organlc substances, and fungal hyphae,
overlylng an 3ﬁten51vely leached ashlike grey horlzon, R

« Succeeded by é reddishebrown'layer enriched in oxidized , N

a

// ' compounds of iron derived from above. ;

.In a region east of Kenora, over. 100 miles to the,

- 1

northwestqurunsklll and Schlndler (1971) observed littie or

no 5011 on hllltops and hlll slopes, but lower lyln areas?
often had brunlsols, lO to 30 cm thlck covefEE;’;;::ock

Greeter th;cknesses of orthlc brunlsols were observed in

9 : ' areas underlain by sand and boulder tifl,‘ One such profile
consiSted'of a ﬁor layer 10-20 cm thick, exhlbltlng a sharp
'contact w1th underlylng light gray A horlzon about 20- 25 cm

.in thlckness ‘A reddish-brown B layer of sand 30—50 cm

. . . . ] . -

th;ck, beneath the grey layer, graded into C horizon of clean

‘quartz and feldspar sand. Thé organic and leached horizoné

—_—
. ¢
[ -
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‘were found to be very acid. pH values of ﬂ 0-4, 5 were

LS

obtalned in some darkly coloured 5011 waters.

‘o ) Hills and Morw1ck (1944) found weak ' developed

uplands of the reglon A typlcal proflle 1s'descrlbed ‘as
‘-\ ‘4

follows: ‘ . , S '
Horizon -"_°"Depé;{- ) | Jescriptiog
| Ag ' 0.6-2.5 cm - Fairly commaxt fibrous mat of ’
. ~ -  leaf litter. ©pH 5;2. '
Asy - . "2.5-6;3Aqm- Ashlike gray structureless
< - 'rleached sand. pH 4.8. . SN
By’ e 2.5-6.3 cm  .Iron brown layer w1th sllght
: cohesion @f particles (Orterde):
o .layer of aocumulatlon, hlgh )
' in iron. PH 5. 0
By . 7.6-20.3 c@ . Yellow—brown structureless"

o

layer - pH 5 3.

C . ' : . Sllghtly weathere coarSe egﬁ '
_ parent matesjials/ pH 5.0. /70

On the poorly dralned flats organic matter accu-
o

i

‘mulates to from half-bog ahd bog 501ls. The_folkowlngl's a

generalized degoription of a half-bog soils (Hills and

Morwick 1944). .. o L T

‘Peat Horizon - 'h“ . _ 15 3-92.5 cm of ‘woody or mossy

peat grading from the living
‘plant materials into a -deeper,

N C ‘ slightly decomposed section;

- B . ,just above the.mineral soil
Lo “there is a thin layer somewhat
more decomposed. . PH 4.5,

' Y

]
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L

s
o

»

,Podaklizéd Horizon -

LY

;-
"Glei Horizon -

*

‘

._" 23 =

Under imperfect though not
poor drainage condltions‘where
ﬁ e peat layer is shallow, a
Light gray leached horizon. may -
occur just beneath the. peat
layer. This ranges from 0.to
~7'6 cm in depth _PH 6.0

(a) -In heavy so;;s thls i§ . a gray-l.

ish layer often with a ‘bluish

tint.. It is very plastic when
.wet, brittle when dry. pH 7.0.

. (b) In the- lighter soils fhié‘ls‘

“a dark reddish-brown compact
layer.. While mottllngs are
. common to both heavy-and- lxght
“ ' go0ils they are more common in

)

Pl

© > the latter. pH 6.5. - -

R .

—
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-Lake Morphometry )
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f

_ Upper, Mlddle and Lower Shebandowan Lakes are

¥

‘i arbltrary lelSlOﬂS of essentlally a single Lake.. However,"

<

-/ downstream surface flow of water, noted in July 1970 at’ the

Upper Mlddle Narrows, suggcsted a sllght“dlfference 1n levels

'r

. of these two lakes The surface elevation’ of Mlddle and

Lower Lakes was, glven ‘by Tanton (1938a) at 1, 474 feet (450m)

Y

Rl
-

AST,. . The Ta keq Are now’ con

trol "I;i/by th‘rpp dams: .one at the

coutlet of Lower and one above the‘inlet of each of the main

trlbutarles of Upper ‘Lake, Kashabowie River ‘and Greenwater

A

~ Creek. For thlS reason it

is dlfflcult to at¢r1bute a ‘part‘.

of water fluctuatlon to natural causes per se. Durlng the

open water season (May 15 to, November 15) ‘in 1970 the water'

level at Rossmere Bay varled by 52.6 cm (R. A Ryder, un-

-

publlshed data)

the lake system is Long‘and

. LY

!

.

__Themoutlines_are,irregular”in_detail,;bpt generally

. ) ‘ .
narrow, w1th west-east‘extenSLOn.

. The comp051te length is about 30 mlles, whlle the stralght

11ne=301n1ng the head of’ Upper Lake w1th the outlet at LoWér

Lake measures 224 mlles Maxlmum w1dth is l 5 mlles, mlnlmum‘

'l

w1dth about 40 feet (at Upper—Mlddle Narrows), the average

belng between «5. and l mlle

square mlles (59 sq km ).

The surface water area is 22 8

e

~

.
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‘ The shorellne totals 146 mlles.a The shores are low to .

-a

moderately ‘steep.. In places, espe01alIy alongkthe East .rm'

' of Upper Lake and along the south side, of Mlddle Lake, hllls
® ) Lo
rlse to 200 feet Or more above the lake within L, 000 feet of

.
: , H - -

PO

-l 5 B k PT PR
- -CIIE bIIUl.c: Dd'u.i. UL’I\. 4.... w.i.u&..i.‘y Tapuota g oy CAIIITITY CoveEe
. . . .

e a, Inflowlng creeks have swamps commonly a55001ated at theéir Q)
" - . . v . ’ ?
mouthsl Elsewhere much of - the shore is heavily wooded |
: R ° = :
c . except where cleared for cottage and recreatlon areas,

artlcularly along thé north 51des of\fower and Mlddle Lakes.
c . ] T Bathymetry of the Lakes\&s -known' from an—sppub- B
- llshed cpntour map by Ontarlo Dept of Lands and Porests,
“ - o ‘based on surveys in 1964 and 1965 Unfortunately it shows

“—'“““t——"——“feWWdata—poihtS*and—faulty—contouring rengders— 1t~unacceptab3em«ﬂ

for reproductlon here. However it shows clearly that th

; ‘. Lakes are lelAed 1nto severdﬁ basins (Fig. 4). For con- _

venience fl e bathymetrlc sﬂﬁd;ya81ons are proposed. First
lq ' covers the five mile stretch from the southwest end of Upper >

‘ N &
Lake, whi for. the ‘most part 1s unlformly‘%Hallow, averaglng

around eet (4.6 m) in’ depth. The. next five mlles; to the
Uppér*Middle Narrows, display_the most pronounced'rugosity
within the watercourse bottom and also. 1ncludi§i?e greatest{y .

.

. s, , 1



'ba51n,extends ovVer thg next nine miles of the watercourse, to

» ...u : _ o ~ 26 - o . .
. . .
depth recorded, '124_feet.(§§\m)' The average'depth tithin

thlS 1nterval is perhaps 30 feet (9. 2 m) . - Over the next 1. 6

r

miles }2 6 km), %b the gap fwest of KabalgOn I . mean depth is
about 20 feet (6. lm) " The most pe%?rstent and regular deep

4 " '
the gap south of Castor I. 'The averagefde@ih here is around-
40 feet '(12 ?m) 7 The.last seven'miles, tothe outlet,-are

rather unlformly shallow at 10 ko 15 feet (3 ~-4. 6m)

~

The rate of dlscharge from’ the lakes system, B

ot [

W

o s e

.measured in 1970 flmctuated from 915 cu.’ gt./sec. 1n July,

to 99 in August, 46-1n September, and’313 in October

(Rasberry et al., lQﬂl) This .is equivalent'to a fpaily

~outflow of about 296 'x l&s feq (8,38 x lO ) - No da&a—ua,ﬁ

t m—

'..the remaﬁnder by prec1p1tatlon, w1th negllglble contrlbu—

~tlon from groundGater and sprlngs_ L - ‘ _1

Y

are avallable f%gardlng water- income of the Lakes Pre-
T/
sumalbly as much as 90% is brought by 1nfluent streams,_and

; L . /

L
|
5
i
i

i
e

S

. Shebandowan Lakes are located ln the south central

part of. thelr 450 sqLare mile (1, 165‘sq. km) drainage ba51n

i

'(Map 3), whose approx1mate centre is at the 1nte£s%ctlon of-

v By
e — J.

480 40" north latltude and 900 20' west longltude The long-,

axrs of the basin is approx1mately 41 miles (66 km)‘f

| length and extends from about 890 57'"to about 900 ﬁ@f west ;~

ey

vlongltude. " The area of the watershed 1ncludes all of Halnes [

townshlp, parts of Hagey, Conacher, Lamport ‘Begin, and Ames :
" = . | P .\1'

’ ¢



.

K townshipsﬂ,ang oartiof_ﬁbitipi Bloek No. 2.

3

about hglf the

area, 1s:unsurveyed territory.

K

© -
~J
i
—

-

+The remainder,

' ' " o ‘. - .
. Table II. Dimedsions of Shebandowan Lakes ..
= - ; . A . a
’ . BRI : . . | . o
i Factors™ - p Value '
. Krea ) o I
' Drainage area e 450 sq mi (1,165 km?)
5 ~ Surface area ' - 22.8 sq mi (14 952 ac., 59 kmz)
> ‘ : ‘
Length (composite) ) : S 30 mi (48 km) e
longestdstralght llne, ENE 22.5 mi (36 km)
] rﬁﬁvulLLﬁg WITIGS —East Lo ﬁuloheasL I
) wmthg N . :
ximum, width " l.s mi (2.4, Km)
. .maximun| width (U/M Narrows) - 40 £t €12 m) - , {
* mean_width .5 l 0 mi ( 8- l 6 km) -
Depth .u.\ . . !: i X .-. .‘- . - . - ‘_-" ] . .‘:. i
- . maximhm (Upper L): 124 fe (38 m). . i © - —
+ - ‘Q ‘ .'. \ P Cor . . . |
R Sub-basin means : A !
1. U Upper L aﬁyrox._ 15 £t (4.6 m) o '
. 2. ML Upper L o 30 fr (9.2 m) - ) . i 1
; # 3. U Middle L A 20 ft (6.1 m) e : - _§° i
b " 4. MaL Middle, : ‘ S . S |
j KN U Lower L -, « 40 fr (12.2 m) _ : g
: T T L R ==
5 Shoreline (composite length) 146 mr (235 km)
5‘ o S . .
% Effluent dlscharge - - o C 63 6 5"
% - ' 1970 ‘open season . .- 296 x 10 ft~ €8.38 x 10" m”) daily .
:_} el - - ., “ . 7.
% Iake<ﬂmmustry . S T
g e

T S e

' The pﬁepertles of Shebandowan Iakes' water were flrst studied r;,

in- some -
1950's,
studies

‘Middle)

detarl by R.A. Ryder (pers. commun. 1n the m1d—-~—_3~1r

but the data have been lost.

t

Neverthelese these

showed'that the deepest sub-basins YL Up?er;'ﬂ'and L '

: ’ LI I '
underwent thermal stratification” in the summer when -

- - L : ;
N o - |



- - 28 -

A

the thermocline was.gradually dépréése!ﬂto its, %ax1mum depth

%

-not thermaily stratlfled and therr water mlxed freely

-
-

2

) throughout the ygar.'

The onlyrdata obtalned on laké water durlng the

course of our survey, apart from analyses of bottom water .

e

Y sampled at . some Of the conpretlon 51tes, were kirdly gathered

(‘ by Mk . Ryder at concretlon Stations 1 and 5 (Appendix VII)

in September ' The stratlfled deep ba51ns exhlb;ted an ortho#

'grade dlstrlbutlon of oxygen ' The remalnlng sub ba51ns were .

AT btatlon .L,- .LOC&].tFQ in ‘rnree l"l.L.LL-: bdy, an OLLbIlUOt oL LH(_.

M Upper basin, there was vrrtually no stratification to a

}

depth of 7.2 m, whereas at. Station 5 in M Lower basin a
thermocllne was well developed partlcularly between depths

. of 6 and 8 m. No change in the oxygen content from top to

-

Lo bottom,.was indicated aggelther station., - - %

q

. _ . Detailed-data on a small area of;the Lakes system,

7 ‘Southwest Bay of Lower Shebandowan Lake, come’as a result of

b

T water guality study commissioned—by -Inco—inmthe-vicintty of
. . <
a . ) / ) . . . ) . -
their mine and carried out during the open seasons of 1969
3 % . . R .

and 1970 (Lumsden et al°‘1970 and Rasberry et al. 1971).

Analytlcalvresults and ranges from $tatlons monltored in 1970

R . are reproduced in Table III, w1th a key to locat;onsuprov1ded"
- - . , o . -, : N -

«by Map 4,

W "'KThe results show rather uﬁiform water quality

: throuéﬂaﬁt the area monitored and throughout its depth. ' They
' oo : o 3 _ S .
, e d}ffer little in values for the same parameters obtained in’
. ., o a . ~. :

. -~
-
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CE o -1969, varlatlons belng of the order expected due to seasonal
‘1_‘- ) ' - i ‘' o t L L. L = o . . [

. . ‘Variatlons. P : . ~, o -t
) - C ' .o T
g0 <+

- The pHaof the water showed llttle depgkture from

' ; neutral throughout the 1970 season The water had little
'-.‘colour, low“turbldlty,.and wag ;itreLely soft with—a total “r
1carbonate hardness of,about 27 mg/l Total dlssolved sollds

concentratlon was mlnlmal The metal concentration ‘was

,

-g . s llkew1se low, consrdered due to natural orlgln and not ‘to

- " . - . a . . \‘

SR L contamlnatlon 1ssu1ng from the mlne.dorklngs on’ the undef'

T . . s : .

e - T ylng orebodles Whlch had, been under development for several
B years. s i ' ’

U R e L -

oo It i$ to be noted that the average of total iron

G .o, . b o 5
v values in the Inco study area are exceeded by factors of 2 or

’ more by bottom water values obtalned from- concr%tlon 51tes

(compare Table III and Appendlx III) Actually the Inco o
Y
flgures based on sampllng in July, 1970, w1th1n ‘a day or . two
)
of our sampllng at the.concretlon 51tés, are at the low end

+ of the 1ron ranges. - For example, coﬁtemporaneous sampling at

Inco station E (25 ft. depth) and at concretlon statlon 41

.

o (15 2\ £t depth) ylelded respectlve total Fe v es oﬁ..02

and .lQS mg/l. The statlons are about 1,100 £ e 'apart.

g « -

. Whlle the quallty of the Southwest Bdy water re-

L r.1

T ' malned essent1allz/§¥;20rm throughout thé§two seasons," *

varlatlon was noted. in temperature and dlssolved oxygen

content Varratlonvwas greatest at-theﬁ@eepest station, E,

-
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REg.t.JLTS IN MJLLIGRAMS PER LITRE

(except pH value and where stated )
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JIBé;feet deep" Thls is- 1llustrated in Flg l for parts of
1969 and 1970 seasons Cllmatlc dlsparlty between these
' years ‘and wide tlme (monthly) Separatlons 1n the data points
account for the lncongrulty 1mp11ed by 1sopleths for the two
correspondlng perrods._ In_ 1870 water’ temperqtures decilned

earller than in’ 1969 and were markedly lowEr in September and

’ October A sllght temperature 1nvef51on, not notlceable in

=

Flg 1a, occurred in both 1969 and 1970 -The 1969 rsotherms,

based on data collected between May 22 and October¢23 start'¢
f

End end vertlcally, suggestlng a dlmrctmc reglme with sprlng

! Lo
and_aurumnmturnovprq It is clear that.thermalestratlﬁrcatlon__

L]

tookyplaCe,'with steéSEZt gradients recorded in August, both.

- in 1969 and 1970, below a depth of 6m. Available measure-

ments of dissolved oxygen content'show.downward oxygen

-7

depletlon, least concentratlon ocdéurring 1n August both T

years at the lowest horlzon of determlnatlon, 9 l m. iIn

- . =

1969 this- corresponded to about 64% saturation and in 1970 to'
- about 75% (HUtChlnSOH);1957). At'all'tlmes deep water con-
* ditions within the study area were reported adequately

" aerobic to° sustaln fish llfe .

v . v . °

Thg- water quallty at the Lower Lake outlet (Statlond.

[

2, Table- IIIL, also monltored for Inco, was 51m11ar 1n many

- respects to that of Snn}:hr«rpqd— Bay;_ f{‘he tDtal 1ron however,

r

was double to,triple‘that oﬁ the Bay stations;(but was still o
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.1ble for thls. Nltrogen was 50 60% hlgher, whlle phosphorus ~

.' ’ ‘ ) * ’
Jtent. : . .

Product1v1ty

S

1
e

]

t exceeded by factors-from less than two to three by values-”t‘ »

; reallzed from contemporaneous sampllng 1n thls area durlng
& .

the concretlon survey) Ironwrlch 1nput by Swamp Rlver,

14

lnfluent only lé mlles above the outlet, 1s llkely respons—'

v

-~ N

rose 51gn1f1cantly above Southwest Bay s levels in 1969 but

not 1n 1970 These rlses Have been attrlbuted to manmade“

effluents jrom the cottage areas on- Lower Lake. Copper con-

tent was only about half that in Southwest Bay water; zinc,

only sllghtly less than the lake statlons average in 1969

plummeted to-a, fourth thelr value ip . 1970 . No ready expla—

natlon comes ‘to account for the decreased copper values and

[ ‘

the anomalous 1nter-seasonal'fluctuatlon 1n‘the_21nc gon~
¢ - v .
[ i - o *

-

For data on product1v1ty and blOth actLV1ty in: -

— : $

Shebandowan Lakes,“onEimust_again'rely on work by Lumsden et

al. 1970‘and.Rasberry et al. 1971 confined to Southwest Bay.

1

Identlflcatlon and enumeration of the genera of phytoplanktOn

angd benthlc fauna was carrled out several tlmes durlng the

open seasons of 1969 and 1970 at statlons A to L (Map 5).

' Appendlx v shows the ﬁlstrlbutlon of phytoplankton
ih 1970. Their concentratlon was sald to have been 31mllar

to the preceding year, when total counts averaged about 45

B

R R
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' cells per millilitrei’ The Southwest Bay thtoplankton con-
51sted almost entlrely of free floating varletles of algae'
~and dlatoms. Zooplankton ‘which 1ncluded protozans and
.. 'rotlfers occurreh in 1970’ in concentratlons of only abouy -1

v
- ‘ 1 . ]
P .

v . per mlilllltre '

The surveys 1nd1cated that ths essehtlsl nutrlehts,_

nltrogen and phosphorus and others, suc¢h as sulphur and s
H -51lica, were present in adequqte concéhtrations to‘support

.o aigaﬂ bldoms}fbut no such hiooms were ohserved.'\ih~fsCtlthe

Southwest Bay productivity was low. The authorf thus con-

'\""‘""éiﬁaéd that deficiehcy of some other element or elements;

- Al
'/\f/ possibly carbon, may limit, the productivity of the lake. R
4 \ . .‘l . . .

»

Trthism a o
| . A\ whrle'examinihg compohents-of phytoblankton in
usgéthwest Bay,rRasberry et al. (i971) notrsd excess fn the
numbér and populatlon of’ spec1es 1nd1cat1ve of ollgotrophy
- over those usual Y a53001ated w1th mesotrophlc‘condlblons..
s This_faet oo%bined w1th overall low Qroduct1v1ty ied them to .
o concluaé‘that‘thé laks.rshasically oligotrophic.

The difference.in mean depth' betWween lake -basins

'//”“fzhn moderate thé'auaiiability of ambient nutrient. lévels

N resulting in

ferent trophic levels of the baSiﬁsLﬁ_To
’ h »

account for hiS'pheﬁom;kon,the'morphoedaphic index ,

' -
e

- - -
' . .
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(total dissolved s81ids (ppm) ) {Ryder, 1965) may be used to
: mean depth (ft ) T . ‘ . :

indicate relative“trophism within such a multibasin systeﬁl

as Shebandowan Lakes Mr: Ryder has klndly furnlshed some

»

unpubllshed TDS flgures from hlS own sampllng throughout the

7

Lakes\system whlch showed. oon51de§able variation between

ey
seasons and even durlng the same season. ~U51ng «rounded"

averages of Ryder's TDS f;gures faﬁ_each,of the morphometric

subd1v151ons proposed above morphoedaphic indices’ of tro-

phlsm for each sub-basin-are indicated-in the follow1ng table.
. T '\W 8 e T~

L
.

Table IV. Relative trophism-of,shebandowen Lakes

.}Z_

-

-

sub-basins as indicated"by_morpheodaphiC;indioesfmmmmmww"w.

-

e . .~ . Approx. Mean

" Sub-basin Mileage . " Depth (ft.) .TDS (ppm) MEI
. U Upper L Q8 - 5.3 .15 . 60 . 4.0
M&L Upper L+ 5:3 - 10.2 .30 R 60 - ~ 2.0
U Middle 'L - 10.2 - 11.8 . . 200 60 : 3.0
M&L Middle & . ' L AR . R
U Lower L 11.8 - 20.0 : .40 - 60 - ~ 1.5

L Lower L S, 20,0 - 27.4 12 . - 50, 4.2

K . - -
L P ’ i
. '

The<above‘figuxes'reflect‘tbe classical view that

e - . ¥ . o N L T t, L I'-
morphometric; factors influerce trodphism of lacustrine basins,
ceﬁeriszparibus.

. . R ’ N \.!
Ryder ] personal'wlew 15 that the 1ake system s

status is in-a flux due to culturai eutrophlcatlon Twenty

~years ado 1t would certalnlv he olasstfled as ollqotrODhlc

e

Today it “can perhaps be consmdered as mesotrophlc espec1ally

the L Lower ba51n,:proceed1ng towards eutroph;b.

L . N
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FIELD'SURVEQ.' | S .
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-
Between 12~ehd L20 July 1970 the Lakes were explored

- .for concretion &69051ts w1th the view oﬁ obtalnlng a falrly
ewen.representatlon throughout the watercourse, 'This was
accompllshed by budcetlng exploratlon and sampllng tlme .
accordlnglx., Flfty dep051ts were 1ocated at statlons npmbered

L to 50 om Map‘S Conoretlon speC1mens were, collected at all “‘ﬁ
stations, except statlon 36. Bottom water samples were -

obtalned at 28 concretlon statloﬁs and at 2 barreg locatlons,

whlle sedlment core was recovered at’ 20 concretlon 51tes

e .
Upon locatlng a dep031t the dlver was 1nstructed to

o
PRS-

‘outllne its dlmen51ons and gauge its range of depth u51ng
a wrlst;type "aneroid depth 1ndlcator Thls gauge unfortunately f
‘proved lnaccurate, resultlng 1n a nufber of probable over—f
estimates of depth (zsee Fr 4) partlcularlyoln U Upper 1.

A descrlptlon of the bottom, the types of concretions present,

thelr dlstrlbutlon, relatlve concentratlon and dlSPOSltlon W1th

respect to the sedlment, assoc1ated plant growths and othér ‘
. [ 4 ) .
pertinent observatlons were relayed to the boat. _. ‘
AR o n ' o Wy
: s . s S R
Conqretlonfspec1mens brought in were placed in -

polythene llned paper bags and later air drled. Longitudinal'

v

traverses, whereby specmmens were collected at regular 1nter—

vals along the long ax1s of dep051t were made-at fave statlons,_

. T
'and a cross traverse was adé}%ronally completed at one statlon.
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Qn
'Eediment _ [1

bottles-anﬁ'ac1d1f1ed w1th a. fe drops of HNO

. 0 -. "\
corey were retrieved ‘in 2 inch dlameter plastlc tubing,.-

3

3 :
'"dra@ned, cyt to.51zey'se@led'at both”ends andmkepq frozeq-on‘

i= : ¢

return to camp. ' ot Y/ T e )

! u" Y S %

2 N 0

s / .
. , Runnlng water from 16 1nfluent 7treams was also
! 1 L -

sampled. Where p0551b1e, the water was coLlected from the

’““““—centlay part- of the eream channel about ‘X foot*below*the—**

.‘ L - - I J
sdrface., In addltlon, three water: sPec1mens were taken at

the outlet’of the" Lakes, one- just above the dam and two below

N
L] Tl

All water ‘gampling g%heS'_other than those 001nc1dent w&th

Lo ‘."

concretlbn smtes, bear -the numbersgloo to 120 on Map'5. .
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?hy51cal neaﬂurés of dep051ts

-.f - "W §le perhaps only a fraction of the ex1st1ng
o

Qv{|. . Shebandowan dep031ts was located in the«course of the fleld
“ ;fh -'.survey, they were found 1n every lake sub ba51n (Map 5 and

“Elq. . Theyi}misip at depths estlmated at 6 to 40 feet,

"
essentially, inglittonal,areas.ﬁ.Some'of the station depth

— * S L . - _ - - -

estimates appear "to have been inflated; espetially in the
i - U.Upper basfn,“where seaeral-estimates exceéﬂ‘the maximum
° ' depths 1nd1cated in the bathymetrlc survey No ekploratlon:

f, was done below 60 feet, which was the dlver s. 11m1t.h

- - . '

. : -; ' The concretlon ‘deposits occur~c0mmonly-along the
e LT .

51des and p01nt extensmons of’ 1sland§'or in 1solated shoals

They do not. seem_to favour partlcularmgeographlc_SLtuatlons
‘ Ll

o or' orlentatlon and usually occur wrthfnﬂa vertlcal range of

~

: ;}/’“pi 5 feet thh a max1mum rellef of 30 fé/t estlmated at

[

Station 8. Most frequently the long ‘axes of dep051ts a:e/

n§§,‘ ‘ isobathlc, parallellng ad301n1ng'shore outllnes, but occa- -
\ ww-uslonally, as at ?tatlons 8 and 34, thej pl;nge_on the\M/J
°extenSidh ofhan isiand or headland. The size ofldeposits;
va:y from a few concretions .td fieids 600 feet;long (Sta. 5)
‘ - ‘ auu:up.to 4bgteet widér pula 1oh'per_un1 area s u ‘_‘f_

FY

greater in, larger deposits. . '
For the mogt part,. the sediment underlying concre-

tions. is sand interspersed with coatserﬂfractions,"Ah

: . -, ‘q - ;éh/- . _ T
. ‘efcéption was”found throughout the UAUpper basin, where rock
o . . - ' ) . R | ‘ i ‘ . ", :

-.";?‘3\
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debris of gravel. to cobble fraction, often 1n shlngleeilke
aggregates of chlorlte schlst fragments, commonly comprlses -
the supportlng surface. In fact no sedlment-core could'be
‘samplel there yith the 2- 1nch Plastic tublng available for
the purpose | Nowhere d1d dark organlc silt form the concre*

e

‘tion substrate, although several dep031ts were observed to

termlnate at the- s7nd silt 'line, whose depth was’ varlable

———ﬁquatre—vegetatxon—assocrated—wrtu the—deposits

ranged from unldentlfled emergent mycrophytes, rooted near-

'the sand-silt line, Yo small growths 1mplanted on elther or

¢

'both the upper51des and unders1des of tHe ox1date crusts and

their huclei. Examlnatlon of sp601mens has revealed small .
<r .-

sponges, algae and ungl attached to the oxlde surfaces,

' oocasionaliy on the under51des (Pl Iv). A short—cropped

dark green moss- llke alga (7) was the most common observed
rooted growth, found partlcularly on-upper 51des.ofcmushroom

and top ring type concretlons Vlrtually all specimen upper

sides wexe llttered with' toplankton debris - prln01pally

-

segmented talks of dlatoms, but also fllaments and membranes,

- presumably’ aiso of organic orlgln . .
. . ¢ . 3
¢ - . ) - ' °

_ Physical'aspects'of concretions S

Although ﬂany colourful terms have been®used in the.

literatﬁre (Naumann 1930, Ljunggren 1953 Strakhov 1966, and

1, v

Terasmae 1971) to descrlbe morphologles of lake concretronsru_

-

-
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d} equatorial skirt, e) disc or -
concave-down saucer, f) doubly-
‘convave,’ hourglass section. i
~ - V " N " ‘I‘
' -
. - r . - -



all are proﬁably‘variants of one of: a)rspherical to lumpy’
nodudes and- mlcronoddles formlng in or atop thereedlment

b) ‘ring or dlSCOldjconcretlons, developlng at the sed1ment~
a7 ’

water, 1nterface, and c). pavement- type dep051ts representlng

. . TN

coalescence of elther a) .or b). ' )

\ . -
- All concretions found in Shebandowan Lakes, with

possibly one exception, are of b) type, developing juet’above

"

3 33 -|l " . | . 1; P - - )
anu- parallel to the sedimenrtsurface. —The tucteus 1s—a pebble

b:oken concretion‘ffagment, or. sand. s
The expent of conoenpric‘ngWth is extremely vari-

able within a given'deposit,’spégesting the existence of

diffefent ages within a}popolation group or diffegent‘rates

of growth. U Upper Bésih'deposits sﬁowed as a whole_poofeet

concretlon development. A #\’1" R :////

e e . - T

a The ii\hfzﬁx of the nucleus in ‘the plane of therw

ring growth seldom exceed3110 cm in well developed concretions
although thin oxide rihgidiiﬁspbeeh observed gn boulders. A

-

.~ vast majority of concreticns have a'total ring diameter, oxide
. - . PR . ' v

-

plus seed, of 10 ¢m or less; within this range the oxide
portion is often considerablyvqreater_tbaﬂ the nucleus. The
oxide is seldom more than 5.mm thick, ‘and averages perhaps

2 mm, except where ridging develops™ (Fig. 2f5 along the lead-

1ng edges, and occa51onally when con51derable vertlcal
accretlon résufks from probable progre551ve_rlslng-of the

nucleus abowe the sediment with concomitant -elutriation of

- - . ,1:\ . . . ."".‘, ’ ‘\z



Legend Plates I-II1

T - top view

S - .upright side view
B - bottom;y;ew

&

' Where two or more views of d concretion are sHown, S
‘represents 90°-up rotation of the loéwer edge af T; B
: is a 180° rotation of T commenced by ralslng the left
- - edge . :

: PLATE I
1. La}ge discoid concretion sh®wing concentric
banding. Note downcurl and upperside ridge in side view,
i w1th small botry01des on upper 51de of the downcurl.
. R -

E) 2. Equatorial skirt, giving rise, to a satUrnlne .

aspect The oxide extends upward”through 2 cm, growing
f;? i sideward in several fronts. Unusually deep down-con-.

cavity and height are probably due to progressive
- emergence- of the-gyanitic nucleus--in. sand. -A_-small rock
fragment is part .,engulfed by the bottom oxide rim.

5
) ﬂ‘»

Yo 3. A "pulley" peppered w1th oxide globu11 in the
.angle between the active edges. Both top and bottom
, _ portions inside these edges have a smeared appearance,
- probably due to partlal re- solutlon

4, Polygonal fracturing and velq&ng in the nucleus,
\_an old concretion fragment

B

5. Well developed fracturlng and heallng by ox1de
material along'radlal and concentric directions. The -
veins stand out in relief by as much as 1 mm, suggestlng
partial dissolution of the concretlon,,ev1dently more
soluble than theé injected matgrial. The veins stop.at
‘the active edgé, although fracturlng does not, implying .

« growth at the edge subsequenﬁ to velnlng A" granitic
pebble nucleus .

6. Under51de of % concave-down concretlon de—
. veloped about an old concretlon fragment

. . . [ .
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the-substrate (Pl;'III—I)

As descrlbed elsewhere (Manheim

1965, Troup 1969 Terasmae 1971) the nucleus above anid

-

below the plane of concretlon growth is-usually free of

“oxide fllm There is ev1den¢e that partlal dlssolutlon of

.,-'\ 1

concretlons, due to perlodlc lowerlng of redox potentlals

3y
above and contlnulng redox potential def1c1ency below ‘tends

R

‘to malntaln a thln oxide- growth paraliel to the' interface.

;// the tendency to feed On the substrate, but progre551ve down

;_ment by bottom currents to malntaln ‘the - rlms of+ ctncretlons“"

'-goncentrlc relief on Dboth top, and bottom sides JPl. I-1)

Exceptlons to this, partlcularly on the uppers;des, are
noted below. Typlcalwf, the concretlons exhlblt a concave4;
down growth habltﬂ withdown- ~curling of the oxlde edges

(PL. 1I-1, 2 G-'Flg 2e). ThlS is probably 1llustratlge,0'

R
ward growth at the edges may requlre w1nnow1ng ‘of the sedi- R

, .
. at, the sedlment surface. - : ‘ . —

b

"Most dlSCOld specimens -exhibit a fliat 1n1t1a1 0_)-

growth hablt w1th subsequent gentle curllng down to the ex-

tent of up to 1-2 cm w1th respect to the uprlght axis.” The - |

nasure of the growths is manlfested by he development of

whlch gave, rlse in the past to comparlson of concretlons with™

.
-

_urled aprlcots and eXCrement of caEtle (Moore 1910,,Ells 1898»f

The rellef is usually’ better preserved on the upper51des,

1

‘whereas the bottom51de is often blurred smoothed or ropy

(compare P1., ITI- 2b and ~2t), p0551bly due to partlal dlS-

-~
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solution. A single upperside’ concentrlc rldge is frequentl%B
strongly developed and 1F present near the edge, may, in
I conjunctlon w1th the downourl glVe rise to pulley type

' structure,(Pls. I-3, - II- 3 Fig. 2f) The upper51de ridge

o e
1s often steep and 1nward relatlve to the-downcurl {(P1."-

III~2T), therefore hatllke 1n 51de uprlght view, Both the

e

downourl and the upper 51de rldge may represent active growth

e

edges, drawmng on materlal—supply from 1nterst1t1al and
‘/overlylng water respectlvel{ as judged from theLr dlfferent ‘ -
orlentatlon The advanc1ng fronts are normally thlcker than

1nner ox1de rldges (rarely more than 2 mm thgck), suggest-
o Co

1ng that partlal dlSSOluthH Oecurs or that shrlnking.

1

accompanles the agelng proce S . ot )

) -~ e

The typlcal mammlllarv growth hablt -0f--the- c01101dal*-"

Fe—Mn oxldes/hydrox1des becomes evrdent on clo;e 1nspect10n
The actlve fronts appear under the mlcroscope as a loose _
meshwork of tlny globules Thé presence of larger botry01des,.
usually of a dlameter less than 1 mm,.to the 51de, L.e:, |
in therahgle between’ the downcurl and upper51de ridge of '
pulley—type concretlons (Pls I-3, Ifg;), suggests coalescenoe

in time of small to larger globules Orlglnal structures,

s

__nhoweverT—seem—tu be—blurred—or oollterated by solution, as .

observed i the generally smooth inner bandlng {P1. I—l) 4
on both top and bogiom sur aces Exceptlon is of ten found

on the upper51des \\: III-2T}' where much of the surface

1
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PLATE II -
1. "Siaglike‘conbretion, one of a puﬁber

found only in Station 8, an intergranular- cementa-
tion' By Fe-Mn oxides of in situ eroded hunks of

{ ' sand. .The presence of rounded holes and arcuate’
’ sculpturing of lump surfaces testifies to powerful
or prolonged bottom current action at a depth of
- - about’ 20 feet below‘the lake surface. o
" 2. Wedge-shaped "granitic cobble enépusted‘ )
» evenly on top .and bottom by botryoidal oxides, one
of "the 'enigmatic.specimens from Station-1l showing , 1‘_
little evidence of re-solution on either-side,
with apparently active oxide growth in all direc-
tions. ' . - L :
y v, ‘ . o ¢
3. Pulley type .concretion.

. " . . v v" C ’ 4

. 4. A "mushroom" from Station 9, fermed at the -

apex of a gabbroic cobble, shows heavy de elopm;:t v
e

L
7

, of 'botryoides -on the upper surface, but sm h
7 . and ropy underside, without downcurl. The ap iy
A "up to'6 mm thick, considerably  thicker than the
central discoid portion of No. 3. Thé mushroom
cap is thought to have accreted .largely upward
into the water, which probably supplied most of.
" the Fe and Mn. LT T ’

o
'
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'pﬁeres 1nd1v1dually Aas much &s 3 mm thick on the uppersides, / |/

. r; 3_7-43 - . ,,..;f\..q”‘A:

Al
L}

‘eSPEClaIly on the dutside of the main rldges, 1s peppered

’

with, globules. This exceptlon becomes a rule in the case
of mushroom and top rlng morphologles (Flg_ Qa, b, Pls II-4; ce

III -4) .in-which the presence of thick botry01dal hemls— - -

L

' - ;

1is dlStlDCthEly countered by smooth, ropy, undeESide Lo -/

textdres. Downcurl is commonly absedt The crusts on

v

these concretlons are thickened agchdlngly The nrpqeanV- /f

;of botry01des on upper31de surfaces may suggest- supply of

Fe and Mn from superjacent water. Explanatlon of the high /

proportlon of materlal supply by bottom . rather than 1nter—f
. K
st1t1al water to the mushroom and top ring, as opposed to

the equatorlal Qr botton?rlng concretlons, could wellfbe

¥ / vk

found in’ the ai ferlng 51zes and cross- sectlonal shapes of

. '51nce they ‘con

'cobbies (and p

tlre™ nuclei re atlve €6 sedlme\l,water 1nterface (Fig. 2). -

The mushrooms evelop around the aplces of’ large peb?ées or

N ——

ulate the shallowest portlons of deF051ts
L

1t te the coarsest fractlon of llttoral

/ :
'sedlments) Most upward dlffu51ng ions could convelvably

be deflected at the equatorlal portlon 0of the mushroom and

f
1

top ri g concretlon seeds and ox1dlzed and-preclpltated in

. the flanE:;;\tdp sedlment (Plg °2a, ‘b). In qase of the

Y

other concretlons (whose nuclel are 1mmersed,above thelr

equator in' the sedlment) conceﬁtrathﬁﬁ§ould actually he

"_enhanced at the nuclel ‘edges (Ec, d, e,-f)/ ‘The absence of

- ﬁ ] . /
i oo -
o iF | - .
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apparent upper51de dlssolutlon in top rlngs and mushrooms?
) N

is’ undoubtedly 2 consequence of thelr occurrence ln the

i
shallowest ZOne of de9051ts where hlgh Eh- pH is promoted
. LAY
by abundance of dlssolved atmOspherlc oxygen and p (e} o~'

synthetic activity. S -
P ‘ ‘. . . o

-

lower concretlon surfaces (Pls 132; IV) although rarely

<

‘ observed lndlcateSrthat slmllar growths occur on the under—__

“the reducing substrate. T 0

[P

csldes of the concretlon as occur above.‘ Thelr restrlcted '
5 DI

occurrence, however, and the presenca.lnstead of smeared or f“ﬂ

. ropy concentric strUCtures/ls probably due to partlal dlSF

[

soﬁutlon of prev1ously pre01p1tated ox1de at. contact with
: ~ . - /

.t

- Several spec1mens, dredged up from stations 1 and 5

» -

In Shebandowan, the presence of bot:y01des on the S

~con31stcdrofﬁunusualIy \up to I M and™ more) tthK and fresh—

————

ldoklng crusts with botry01ds strongly dey?loped on all sur- o
faces. Wwhile essentlally flat ‘and cohcentrlc llke other

1

concretlons, these had. small overgrown nuclel, or, at tlmes,

S

. )

no palpable seeds Unllke concretlons hltherto descrlbed E
they exhlblted no effects of partlal dlssoiutlon, 1nd1cat1ng
.hlghly ox1d121ng condr;ions throughout thelr dep051tlonal

hlstory (Pl. Iv) . Unfortunately, thelr mlcroenv1ronment was"

not studied to determlne in what//ay ‘it daffered £rom that ”

of the assoc1ated common concretlons in the same deposit.

4 .

_It appears that they have formed at a‘ragld rate very recently,

- I . f]
’ 2, . -
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: unde¢ speclal very local;zed condltlons that
their nearby,more ordlnary, nelghbours. |

. ' ce
K . s ¢
e . (

Fracturlng and consequent velnlng by dglde materlal

7
15 a common feature of concretlons (Pls- I 3 4 5 6 I1-3;.

L} 'tr.

Y, III 2, 3) The maln sets are, in order of frequen y of occur-

SR c rence, radlal,,concentrlon and'polygonal The fra tures are.“J

-
[ L a -

rusuallyﬂhalrllne, and, §f radial, often extend to the edges

1o “~

w1thout apparent w1den1ng : Velnlng almost 1nvar1anly stands

L : but an relief, as: much as l mm, but doekfnpt extend to the

-7

. ’ "active? uéijr51de and downcurl edges, even if the fracturlng
“1e o does. This is taken as evrdence that weatherlng, probably

- " ks - f'

dlssolutlén has occurred once or perlodlcally The'Vein;

:materlal which stands out much as quartz velns do 1n 5

@,

. weathered outcrops of carbonate rock 1s presumably more

re51stant to dlssolutlon because of its greater comp051tlonal

-~
S n -

) pur&ty than that of the main concretlon oxrde aggregate, or

- because of rts hlgher Fe content Velnlng has not been

S J:upper91des of mushroom<;nd top ring concrEtlons'“'FraCturlng'

L] .
+

- belng a. feature of concretions thinned by dlssolut;on, may

-

well. be a- major factor 1n thelr eventual destructlbn.

°
. - ot

L - __ Deculiar ‘slagllke concrotlons (Pl..II-1). made up -

part gf tﬁe field 1n Statlon 8 which contalned also t

67 more common dlSCOld and mushroom types, the" former s} the.

. = .downslope and the latter on the up310pe. ,These speclmens'

% [ ‘
- . v i
. ] !

] . A

T

observed in fresh and heav1ly.botry01dal surfaces,msuch as <



PLATE IIi
ST R

o 1. -0xide.grow£h,»haﬁingfa.coméqsite height

"ot nearly 3 cnf, showing multi-deckew ring develop-
ment, probably due to.a progressive.rise of the

gramitic nucleus in sand. "Note the globuli—riddenli

" ., ' upperside contrasting with a ropy, dissolved, . -
“underside. -Concretion comes from Station 39,_the
shallowest deposit, occuirring at-depths estimated g

- at 6-3 feet. - s o ‘ :
T * . : N

T 2. A large hat-like concretion, with the’

upperside ridge located coqsiderably'ggward rela- . .

% tivé to the downcurl (c.Ff. bulley, PIT TI-3). ~-

‘The presence of globuli throughout the . uppér sur-

~  .auface is not common and possibly suggests a * .-
“-"feactivdtion" of the central portion.’

o T 3. Apparently separate oncretions of -
Sy ™ e~ similarx size stuck together after gliding. one. i
' .upon the other; biut possibly a|single concretion
*'with asymmetrical development ¢of upper and' lower

folds. > ' ' -

" 4. Top-ring concretion r-obligue topside
view._ The dark, nearly,uprighE line on the
cobble represents a trace of a| former equatorial-
ring, obliterated in thé reducing substrate after

o | the cobble was turnéd abolt 90 in" the sand. 6 -

T ' . . . C
- ,/)" 5. Equatorial skirt sﬁp=rimposed on a‘iop' ot

. 'ring following an upward adjustment of the, ' :

cobble"s position in the subst ate. ;

v,
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cons;sf of apparently subaerlally eroded chunks of 1n 51tu-

hardpan sand, probably glac1ally deposated ‘which have been

permeated and cemented by(the Fe-Mn oxides through a vertical

" height of several centimetres. The degree of penetratlon of .

a

'the ox1des has been somewhat varlable resultlng in a splotchﬁ\

: dlstnubutlon. The‘unusually large vertical redch of the -

ox1des in these lumps,ls probably due to the hlgh permeablllty
AR

_of the sandy seeds~ Qlternatlvely, thls vertlcal thlckness

all the Shebandowan concretlon analyses was obtalned in one

could be eXp%alned by gradual accretlon from the top down -

| \
accompanled bX\:;jigydig of the supportlng sedlmcnt The .

hlghest anomalo values in Ca, K Mg and Co, N1 and Cu of

\.‘

- of these spec1mens.(TR 8—12, Table vI}, whlch may po551bly ’

fbe due to their relatlve old age. o &

M

~.me4_—f}n_summary, the common Shebandevan—descoxdmconv~~ e

ctetions grow*concenurléally at the sedlment—water interface.

They tend to bifurcate radially, probably illustrative of

. . . . o . ~ , N .o, - . R 4
both interstitlal and superjacent water sources; with some-

what 1arger materlal supply from 1nterst1t1al than overlylng

water In most cases undersmdes of’ concretlons exhibit.

1

_partlal dlssolutlon on contact wrth a reduc1ng substrate. /.

-

Partial recurring dlssolutlon due to changlng Eh- pH con-

’ dlthnS, also takes place onfthe uppersrdes accountlng for

”“:the dlSCOld morphology and llmltlng thlckness of concretlons.-‘

-

/,-_r-_'f:. xg

i

A

o ey



’ hlgh-prOportlon accretlon from abdve, which is relatlvely. h

S.

.
ﬂ' .

Mushroom and top rlng types formgphlcker growths due to

-.

unchecked by upperside dlSSOlHth?Hln thelr shallow, hlght
f
Ehpr envmronment Radial, concentric and polygonal frac-

turlng and cementatlon by oxide mater}al is a common feature

L4

Thlnnang by dlssolutlon gomblned Wlth fraoturlng may be

rcspon51ble for a~-limit to the size concretlons can attaln
"\ i .
w1th0ut sufferlng destructlon. L R
- A ‘ . . [
“ .. ) - P . "’ Lovs - s -
Mineralogy of Concretions ' '

Several crystalline phases have been identified'in

2

lacuszrine‘congretions.- Ljunggren's. (1955b) X ray- diffrac-

tlon studles of western Swedlsh ores. suggested ‘the presence

-

of goethlte (a FeOOH) and the closely related mlnerals,

¢

blrne551te (O-MnO ) and manganous manganlte. *X—ray work Jhas
also dlsclosed the presence -of goethlte and’ birnessite in’ ST

nodules from Lake Ceorge, N.Y. (SchOettle and’ Prledman 1971),

A

and of goethlte from Kawagama Lake, Ont. (Terasmae 1971)

-3
;-

- However in numerous reported. cases X—ray dlffractlon falled

’

to resolve any crystalllne phases in crusts, sugqestlng the

.presence of amorphous mlnerals-or ultraflne crystal partlcles.

1
-

‘Among minerals reporgedly identified in nodules

and-mioronodules'of the,Karelian Lake Punnus-Yarvi were the -

1

. folldwing: hydroferrlchlorlte, hydrogoethlte, vivianite

- ‘ﬁ’ A
v . -
, - . T " .
. o . . :
. . . i > . .. .
. . R
. . . : LW -
. . . -

T ound
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"+ MOssbauer Spectra , o B

Mor

L R - 54 - T .

.psilomelane-wad (Shterehberg Et:al.'”1970).j In Ehingi—
Lampi-Lake-of the- sane reg1on—“Vareﬁtsov (l972)’%%und T

4
blrne551te, goethlte, hydrogoethlte and amorphous hvdroxldes

- .

]

of Fe 1n nodules and crusts

Several powdereg_Shebandowan'concretion samples
were subjected to spethoscopic investigations by Mossbauerq

' , : . H . ! . :
-X—ray dlffractlon and electr?n spln resonance technlques.

4 S

‘The Mossbauer experiment showed the presence of two or more e

el NN

ferric oxhydrOXLde phases in the three samples studied, and:
in one of these the occurrence of goethite in mlcrocrystalllne

partlcles The presence of goethlﬁe but not of common

e 2y
' .

manganese mlnerals in three samples was 1nd1cated by the

»

X-ray dlffractlon’method. ESR spectra of two sampfés di%s-.
) i - I bt

h N

i1

closed broad absorption curves withapearly identical g,values'

Lof 2.97 and'Z 90; this was interpreted as due ‘to Fe (ITI) in

srmllar crystal fields (Prof. ‘A Manooglan, pers. comm.) ,.
o | . . _
but ‘ne 1dent1f1catlon was p0551ble.' s

\ ]
'

The tresults Of thé Mossbauer and X-ray=diff¥action -

experiments aré@ﬁe;aﬁled Balow.
. ‘[7‘ ] '

[~}

__nhigue for obgaining‘data on the s«chemical forﬁ,-structgre“and”

. % o. 0. B . .
" particle size of iron in microcrystalline particles, such as.

usually make QP'Fe—Mn concretions. This “information can be
4 . N . O

-

e
1

LA

The MOssbauer effect is a partiCularly useful tech-.

.

N
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-

galned,even when. methods of X-ray dlffractlonnfall - Marlne

———nodulesthVE“been studléd with the usE_BE—"he Mossﬁaﬁer,‘ﬁ

ftechnlque Qy Gager (1968) Johnson and Glasby (1969), o

phase of nodules may be present as a mlxture of Ja— FeOOH m_“jf

Hrynklercz et al. (1970_).t Herzenberg (1969), Burns_and

Brown (1972) and Carpenter.and Wakeham .{1973). The latter

-

authors alsg sthdied lake concretions,,ihclUding a Shebandowan.

ijn their work. .-In all cases nearly 1dentlcal.
~ L J
upole doublet spectra like théuupper two in Plg.AG

speedmen,

r

wetre obtalned suggestlng the presence of a mlxture of ferrlc

: T . - .
onyhydroxrdes in paramagnetrc or superparamagnetlc phases.

/

Slnce seVeral Fe (III) oxlde minerals have 1somer o

.Shlfts close to the observed shifts of nodules," an unamblguous

_1dent1flcatlon of the 1ron mlnerals was not p0551b1e

Johnson and Glasby 1969) suggested that the iron oxrde

o

L)

(goethlte) and Y—FeOOH (lepldocroc1te) bit that other mix-

tures of Fe and Mn oxldes may_also account for the spectrum

-

—~
Thid conclusron was criticized by Herzenber) and Rlley (1969)

T I

and Hrynklew1cz et al., (1970) who suggestedﬂ}nstead the

- . )

presence of hydrated iron oxide:gels as the causatiVe.source,

‘::. . /—-—-\ L ) o
-Mossbauer- spegtra of composite concretlon,samples

from Stations“i'ﬂﬂfghd-39 were obtained in room teﬁperature
- : . k ¢

mruns' uslng the fac1llt1es of Mlnes Branch Department of

Energy, MJnes and Resources 1n Ottawa The spectra are” shown

-

R

"
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douqfets show1ng splrttrngﬁpf_.?Z and 71 mm/sec respectlvely, i -

Wit COXT e.&:punu..i.ug_, Tsomer _' ahifes—eE)0-50-and- 0. 49 mm/sec '

-ompcund; As was' the case
les, these ualges do not
L. . e . .

fit -the gralues of corresponding, rametérs in the krown ferric
S . . ' o . } . ' .

oxyhydroxides; Therefore a combination of two.or mere

mlnerals probably account for the spectra ' These could in-
/ -
clude goethlte (superparamagnetlc), 1ep1docroc1te Lpara4

*

_ magnetlc or superparamagnetlc), or ferrlc ox1de hydrate gels,

. but. other ferrlc bearing phases could also be present

“d

The spectrum of Sta 39 is dlfferent than any’ pre—

-

- viously reported from ferromanganese.nodules or concretions,

~although a similar pattern was obtalned from a ferruganus'

- Red Sea sedlment (Herzenberg, 1969). Hete a collap51ng

and Shlnjo 1966) In our natural sample, hdwever, . where

-

f .

_Zeeman structure of bulk goethlte is. clearly rfilcated hlth .

&gfrlbutlon from other phase(s) modlfylng the~tentral peaks..,
|3

arison w1th experlments on pure synthetlc o~ PeOOH
suggests a .mean partlcle size of 1ess than ZOOA probably in

2
the range ofﬁlOO to 160A (Van der Kraan and Van Leof 1966

N

purlty of the goethlte is not assur?a substltutlon of
Fe (III) by other 1on(s) could cause the hyperflne fleld
reductlon in large partlcles. The populataon ratio: in the

sta 39 sample of Fe (III) in goethite to Fe (III) in—otlh'er' :

phases cannot be estimated cloeely £rom peak~i§tensfties

4



‘ . . . '
[ I

because of the 1rregu1ar1ty of the hyperflne spectrum, but - o

is. probably more than 3 to l. "An equlvalent portlon of

'goethlte to the sum of other ferrlc oxyhydrox1de mlnerals
- .

“in the sample can- be inferred, assumlng tpe spectrum to be

The internal field ‘of goethite in '

5
oe

[y

chemlcal composmtlon.

|
I
~ ;
almost entlrely due to. phases of essentlally the same L. 1
I
|

» - .the ‘sample was found fo be in the range of 3. 0-3.F2x10
|

by using Fe f0il as a standard. This collapsrng fieldsvalue

_is expectedly 1ess than 3. 64x105 oe for the undlsturbed ' ‘_i
|

hyperflne frﬁld No detectable amounts of ferrous iron -

were . lndlCdted”ln any di the three Shebandowan spectra

[ .
] . |

-
Y . .5 . e .
4 ‘1 l
- - i - : ok

q

. kS
‘X-ray. lefractlon Analy51s -

X-ray alffractlon scaﬁhlng, uslng Fe radiation,
with Mn fllter, was carrled out on both whole- sample powders

and thelr a01d—1nsoluble resrdues from Stas 23,
r

and TR 8-12.

39" and 40

The work was done by Mr. »C. de-la Fuente, ‘
technacran_aththe Department of Ge010gy, Unlver51ty of

Ottawa.

5

The prlme objectlve of these tests was. to deter—

e

mine. whether or not the hlgh anomalous trace metal values

n chemlcal analyses of TR 8-12 and Sta 40 -could
< o

' be attrlbuted to aésorptlon by clay mlnerals present in

obtalned i

unusually_hlgh amounts. The method hosever falled to

. NS NP
~ discern any, specific clay minerals. .
n ' '. . ) . . o .

¢
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In addltlon, the X .R.D. patterns were perused for

peaks df some common Fe and’ Mn oxide and\nyhydrox1de

+

N mlnerals. Of - these, only goethlte (a—FeOOH) peaks were

: p051t1vely 1dent1f1ed 1n wholé samples of Stas 23 39 and

40,

t not of TR 8-12. No reflectlons were~observed from

. ’ " N A3 z -’
such mfnerals as birnessite or todorokite. The corroboratlon 5

L
of the Mossbauer result on.Sta 39 is'interesting. The . 1\

Mossbauer spectrum had 1nd1cated the presence of goethlte

in partlcles of ultraflne mean 51ze, such as would not be .
. Y

.expected to be recorded by x-ray-dlffractionm It is there-

hY

: fore assumed that a w1de range ‘of goethlte size components

f;m;dmmake up. the avérage in the p;;EEEEB sample, 1nclud1ng par—'

''''' by
'tlcles large enough to'be discerned by the X ray method

- &
No attempt was ﬁﬁ\} to 1dent1fy mlnerals respon51ble

¥

for the numerous’ other peak recorded. Some of the'hlghest—

1nten51ty-proflles were due 0 quartz, strongly evident in .
oy | . .
Ry --all but the spectrum of Sta 23 whole sample Grains of

detrltals, often monomlnerallc, esmgc1ally of quartz and

"'feldspars, are commonly found engulfed in the oxide growths

s w [ L
. .. . .

Concretion Analyses

o

Alr dried‘concretions were cleaned of loosely

B

attached sand partlcles and other foreign material, The

ox1date growths were- detached from- nuclel and ground in

e : 5. :
'/ Iporcelain pestle ‘and. mortar. Four coné?étlons were used to-

T 'j‘
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' o o
make up each composr e statlon sample and 51ngle concretLOns ‘

B

to make up traverse sampdes.u Approx1mately ‘0.5 g portlons

were wemghed out’ ?or analysrs. Thesbdggre‘dlgested in hot

50% HCl _ The - 1nsoluble fractlon was flltered off and the

—~ . “'

reSlduc welghed after the fllter was burned (for ;5 mlqﬁtes'

in a box furnace -at l OOOOC) The soluble fraction was_
- i -

dlluted to lN Analyses were made on a Techtron 4 atomic

"

-Habsorptlon unlt whlch neCeSSLtated ﬁurther dllutlon of some

Fl L

-soluble fractlons and -af standards. Mn, Fe, -Cu, Zn, Nl,,CO

[
and K were determlned.dlrectly, whlle Qa and Mg were . deter—
« "

mlned after- addition . of La. A total of 72 samples were
R

Hy

'analyzed wlth éach element ca&culated as percentage dry é?

Ll

HNO, - HC104, by Bondar Clegg & Oo Ltd.

welght of the soluble fraetlon (Table VI) - No determlnatlons‘

were made for Pb after three pllot anaryses showed Lts _con-

t

tent to be negllglble.: Ten samples were analyzed colorl—

: metrlcally for thelr As content follow1ng dlgestlon in

Lo
LY -’

Repllcate analyses of 69 samples gave precmslons

1nd1cated/ n.Table V. The prec1s1on lS expressed as percent~

age of the .mean at one standard’ dev1at1®n.: The rellablllty

“a

. of these analyses was further tested by computlng rat1os of

data varlance to analytlcal varlance. At the 95% confldence

level the analytlcal errors were fdﬁhd 51gnrflcantly smaller

than the overall data varlablllty u51ng the méthod of Garrettf

(1969, 1973). O e RN

Yoo ) L
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. Table V. ®recisions and{signifieance of’cbncretién‘anaifses

- . -

Fe = Mn K. €& Mg Cu _2Zn  _Ni ' Co
- Prec151on - % of .
<n, mean at 1—'. . -

3 sigma - 2.3 3,5. 10,2 7.3, 9.3 . 7.4 . 4.8 7.3 5.7 °

Differences be—- T, v ‘ _
' tween varlance : - to
ratios and ¢ o St . _
Fisher's table . R o
-value (1.492) SR D e
at’95% level 6.1 176.5 29.7 - ¥2.0 14.5 37.0+ 20.7 10.7 10.3
4 - : N

L3 +

P

.Chemicai,compositiOn

&

Analyses of 72 Sh@bandowaﬁ qoncretlons are presented L
¥ :

- in Table VI along w1th‘Fe/Mn ratlos, means, maxlma, Tlnlma

SN

+ and standard devratlons of analyses 'hverage comp051t10n of
L¥4 .

stations welghted on per concretlon baars.and mean values

E:

v .
- v

for all 49 statlons are also qlven‘

The data show the concretions. to, be 1ron—r1ch with )
. . i
Fe content from 35 0 to 49, 8% hav1ng a mean value of 42 5%..

Mn ranges from l.36ito 12¢7%, averaging 6.30%. Thus although

A

Mn‘analyses"vafy byﬁa!factor of 8.3, copgafed,to oniy l.4-for
. ( v .

~ Y . LA
Fe, the varlances of - the two elements are. ﬁva.lf)equal. A

,-plot of F versus Mn of all anal ses is glven lanlg 5. ', »
e\ Y AR

The 1argest maxlmum/mlnlmum asalytlc ratlos are for K and Mg,

Y . r

23. l and 17, 0 respect1Vely. .These ﬁlguPES arefljyer for the

remaini g elements, the highest’ belng 6.4 for Cu.

t ] - . N -“ . N ’ " %
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Appllcatlon of t e Kolmogorov Smlrnov test for o
normallty of dlstrlbutlon 1ndlcated that all elements, were

elther normally or log normally dlstrlhuted except Cu

¥

"whlch was dlstlnctly log normal However the 1nclu51on

'of anomalous sample TR 8- 12 in another test ylelded some

hlgh skew values (Appendlx IVa)

_ Anomalous values, those in excess of two standard
F . ,
ﬂev1atlons froé‘the mean, were recorded for the eleﬂents

-

_analyz d (Appendlx IV) Among anomalous samples, TR 8- 12

and Sta 40 stand out. The twoisamples had the highest

I

'1nsoluble residue content, 78% and 33% respectively, of
' .

all samples. In the case of”’ TR 8 12 thrs was due to the

-h

natufe of the ox1de coatlng, present as an 1nterqranular per--
l
vasion of seml—consolldated sediment ﬁrom whlch 1t could ‘not
be separated for analy51s ~ Sta 4Q con51sted of,pleces of
° .

the oﬁfges unusuallyohlghly contamlnated by core mater1al~

chlpped ofif and- bagged 1n the £1eld unllke other spec1mens

e

'Twhlch were,preserved whole The hlgh re51due contént® alongr

v, .

" with anomalous values in K, Ca and Cu belng a_common factor

x-ray dlffractlon tests were run on both (whole and residue)

amples to determlne whether clay mlnerals, as'possiblewlarge

: adsorbents of the metals, made up a large fractlon. As des-

E

: _crlbed elsewhere the method used failed to give any 1nd1ca—_.

tions of concretibn~clay-mlneraloqy: and the problem remalns

] . a4

u
unsolved.

- . . ) -oa
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. Element Interrelationship . .
. o ., A correlation matrix based on all 72 Shebandowan
'_concretlon analyses is given’ below. " The computer pfogfamv. f
used ‘gengrated varlatlon dlagrams between all varlables
MY L
.. b whlcﬁ“were examlned to check the validity of the numerlcal
correla+1on, .but are not lncluded in the thesms
3 o - S . . . e
ey ‘ - Table vII. Corrclation coefficients for elemenerin 72
: , ’ Shebandowan concretion analyses
- R v _ o~
© Mn - K Ca Mg Cu Zn . Bi _Co Depth*
- Fe ' -0:93 ~0.74 -0:82 -0.40 -0.43 . 0.18 (;"’ ~0.56 =0.37 '
5 ¥n 0,78 0.72 . 0.40 0.42° -0.19 0.B2 0.61 . 0.34
K. . - . 0.86 0.79 0.73 -0.24° 0.72 0.80 0.28 "
ca . 0.76 © 0.74 =0.16" 0.73. 0.68 0.46, .
Mg . - 0.64 0.0L . 0.49 0.79 0.15
“Cu . i -0.02  0.54 0,47 0.23
. Zn ST L ‘ --0.12- =0.07. -0.33'=
e M A _ s g : e 0.62 OB
e CO g o ‘ ‘ e I ) 013 B ‘ -

“x Average estimated station depth uqed for all traverse and-
comp051te statlon samples '

|

+

h ’ ‘ ‘ . ] ) s s ) -. V

s . At _the 99% significance level Jiron 1is negatlvely_
v ~

and manganese pOSltlvely correlated w1th all elements bﬁg

zinc. Chave and Macken21e (1961) have suggested that 1in

\

a group of chemlcal analyses of sedlments,‘the hlghest

N correlatloh COeff1c1ents between element onoeptrations

-

o, would be between elements occurrlng in the same: mlneral

L2

They however indicated that fluctuatlon ln the, concentratlon

of one major constltuent could produce correlatlons between a



- r =

" , ; . ‘ - l‘ l.-d

mlneralOglcally unrelated elements Applylng these criteria -

o

- _ to the Shebandowan concretlons lt is clear that the elements-

have llttle or no assoc1at10n with phases of 1ron whlch acts
po as the single overwhelmlng dlluent Furthermore, quCtuatlons

_in rthe, concentratlon of lron could account for- p051t1ve

-

relatlonshlp between the other elements whether or not they.

fare mlneraloglcally related (Cronan and- Thomas, 1972) For ‘

L

,these reasons doubt 13/cast on)such apparently strong co-

varlances as 1nd1cated among the "group: Mn, Mgf’Ca, K, NL?;-
and Co Zinc 1%7%1ngularly lndependont its strongEéE:
p051t1ve correlatlod, significant q@ly at the 94% levef; o
- ‘ 1s Wlth iron. . Thlf sllght torrelatlon is undoubtedly welghted
| by the hlgh conce%tratlons g; Zn in the U Gpper L dep051ts
/ -

Whlch are lron r ch.‘ This 1s the only area’ where Zn-is

't -

con51stently high/, - probably due to local sourdés of the ele—
®ent and not ﬁz coherence w1th 1ron—r1ch phases of the
lconcretlons /Zlnc.s negatlve correlatlon WLth depth (Flg 4)
.15 likewise due to its abundance 1n the shallow U Upper L

. statlons,nwhﬁle 1ron S antlpathy élth depth extends through—

“dut the Lakés (I‘J.g 4); e

-

-

e . - fn Lake Ontarlo oxlde coatlngs Cronan and Thomas

A&
(19?2) fopnd covarlance betwecn Mg; Ca and K and a lesser

L

associat on between these elemente-and Fe, however, all

these eygments were negatm\\}y correlated w1th Mn, whlch

~

} L . [ ' ] : ) t : . ] . v,
“““ b S S L : 3 I

~was-'?.the,'-most variable major constrtuent. ﬁil Co and 2Zn
o i : ,
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. ih Lake- Ontarlo, p081t1ve relatlonshlp was found among Mg,

W -",. .

showed c0nvar1ance w1th Mn, suggestlng assoc1at10n w1th the.

-,

_manganese phases, yet Cu did not correlate with elther‘ n’

'\

'or Fe, but with both'Nr-and Zn. 'Generally, Ni and Co K

-

ot . !

follow Mn in the. Swedlsh ~and Norweglan lake ores and the
latter element 1is further associated. w1th Norweglan Zn and -

Cu (Ljunggren, 1955a) & However,.no correlatlon obtalns ./
between Co or ﬁl and Mn ‘in the rlnnlsh or Engllsh crusts

(Gorham and Swalne, .1965} . In fact the correlatlon ‘tends

e

to be negatlve between Mn and Cu, and Ni and Cu in the'

1

‘Engllsh Lake DlStrlCt concretions.

. The Nl Cu~Mn Foheregce is nearly unlversal in the‘, L

L

, abyssal oceanlc nodules, but lt breaks down in some’ con-

" -""h. B
Zinental borderland dep051ts occurrlng at the llp of stagnant

ba51ns, where Mn chrefly accrues dlagenetlcally, by upward
diffusion through sedlments (Cronan,,1972b) .Zn and €/ﬂ c\///"
follow ‘Mn. in deep Atlantlc nodules, but 1ﬁ’the deep Pac1f1

and Indlan Oceans Co follows/Fe In‘;he deep Atlantlc, as

ca and K but not between these and Fe ‘or Mn. -“J‘=

' Cronan '{1969) has 1nd1cated that 1nter element

_ relatlonshlps can be partly explalned 1n terms qﬁ partltlons

between the varlous phases’bf the nodules.- in deep sea.
- ' R oaan

dep051ts the major phases are the manganese mlneraé? : .

-

'»—~Q57ne551te and‘todoroklte, the hydrated 1ron ox1de mlnerals

1 |

- : . ) p
7 and, the detrital s;llcates.l Electron mlcroprobe tests and

- . ) W . -
. . N o . . ‘ R - < < o
v . . .
. . o . - - ) . . - N
d . . . - . , . L . .
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bulk chemical analyseS‘of-different minerafogical'varieties

of nodules ‘have shown Nl Cu to be aSSOC1ated w1th
‘ . todoroklte (Burns and Fuerstenau 1966, and Cronan and e

x q :

Tooms 1969), where they . are thought to complete successftlly

for lattlce space w1th Mn Among the captlves of the hydrated :‘

— -F..

. FeO OH phases are’ V and Ti, while Co may, be asSbc1ated—w1th

elther Mn or Fe phases. Cr, a common re51state constltuent

" belongs nafurally with the detrltals. }‘ - "
Despite restrictlons-imposed on &nterpretaticn'of.

'correlatlon coefflclents of elements in the ShebandowanQ -

.

L

'_*\concretlo 1t seems pﬂausmble to assume that Mn is’ followed

by Cu, Nl 0551bly Co Whileggn normally follows Mn in-

i [ .‘ . .
~ E . i

- ¥ .
ferromanganese ox1de concretlons ‘such an assocliation may

<!
e

o
3

‘be. masked in Shebandowan Lakes by an_ apparent negatlvzgcor~

i relatlon due probably to zinc's abundance in U Upper 'sin{i
e f-- Ca Mg and K follow "Mn but~thls may be due to dllutlon hy

Fe- Brunsklll et al (1971) found hlgher concentnatlea of'*
S these'elements in 1nterst1t1al.sed1ment wate:'than lake,water;”

tof Experlmental ‘Lakes, suggestlng these catlons are being

released by the fine (reactlve) fractlons of micas and feld§ -

‘spars in exchange for H ion to form kaollnlte.

oo

T "“_. Slnce ‘only ten risays of As, have been obtained no

’ 1 _ “ .
Sﬁ?nlflcant correlatlon car’-be assumed w1th any other ele-

Pl

-

o ment. The hlgh st 'indi 1du§l value, BS‘EER\\ls“howev”1~-

' r

\f R - . o > .

4O assocmated with<a— nc:eteoh sample having the low ‘Mn/Ye
.o N v by - . N

- s

Vrat;o oﬁ ‘4.4, T L



Varlatlon in the element content between dep051ts

[

!
tratlon and other parameters along the. Lakes egstem. :

Plg. 4 lllustrates varlatlon 1n elemental concen—.

L}

'Anomaleus varlatlons stand out, as.do posrtlve and negatlve-

@
-

-y

correlatlons between the elements.

A

3

the Fe/Mn ratlos of }he concretlons.f Thus 1ron—r1chest

Jls the negatlve correlation between mean ba51h depths and

deposrts occur in the shallow U Upper and.L. Lower basins,

3

Less strlklng but ev1dent

while relatlvely Mn- rlch concretlons come from the deeper' g

"L Upper, M&L Mlddle and U Lower ba81ns.

As explalned later

~thlS is probably due to effects of verlaﬁlon in geochemlcal

env1ronment W1th mean ba51n depth

“r

Zincois consrstently

.rlch 1n U Upper ba51n concretlon dep051ts, its concentratlon

suggests thefpresence of Zan sources in Upper Lake.

.

levellanNeff 1n concretlons down the watercourse. “This

four Southwest Bay dep051ts,

Cu»Co -Ni orebodles, onlyﬂSt

-~

and Ni values about 1 standard devratlon above average.'

locally Elsewhere throughout the-Lakes system, posrtlve

BN

correlatlon obtalns generally between Mn, Ca, Mg,

~and Co whlch are all neg*tlvely correlated w1th Fe.‘

-
P

~

'thls area does not erisure excessrve suppl

e

s

in the v1c1n1ty of - Inco s

~k
&

el

K, N1,

of the
a 42 and 44‘samples ylelded Co.

. Evrdently the abundant bedrock source of these elements in

Cu

(L]

r

y to the~aoncretlons

%
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‘have Fe/Mn slope of -1.0.
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' A
. ‘Varlatlon in the Element Content of Inlelaual Dep031ts
L . - -
S . ' Slngle concretlon samples, collected at approxn

mately equal inter als, over the entlre lengths of each of

» 5 dep051ts,,were an lyzed ,to show elemental dlstrlbutlon at
‘ o |

these statlons ,Analyses of four spec;mens, ccTTEcted along

La cross traverse in one of these deposits, were alsg made

2o

The sequenCe and erlentatlon of the traverse series is
AN : . .

',tabulated below. : . N ”

» 3 . b

Table VIITI. Distribution of traverse samples
(3nalyses in Table Vi)

‘; . -

)
Station Sample series Axis sampled . Extensjon Depth
e , -

1 Tr 1-36,41,47,54 short, 25ft NW to. SE 15-30° ft, 1ntreasing

1 Tr 1-55,61,69,74 1long, 400ft SW to NE - 22#% ft, isobathic -

5 Tr 5~1,44040. long, 700ft NNE to. SSW' 20-30 ft, irregular
- 8 Tr 8-11,12,13,14 1long, 50ft » WSW to ENE 40-10 ft, diminishing
24 Tr- 24~1,5,9,14 long, 150ft SW to NE  15-20 ft, isobathic

. 27 - Tr 27-1,2,3¢4 long, '100ft . SW to NE 15-20 ft, ;Lsobathlc_

—_

. S ’ | o o
S 1
Fig. 6 1llustrates the relatlonshlp between iron -

"and.manganese sqnfént of concretlons aIOng the traverse
serles, and between traverse and the ﬁorrespondlng'statlon >

comp051te averages.‘ Comp051tlona1 variation kithln each’
N , i
‘-statlon comprises about'half the var}atlon or more for all.

L]

analyses (Fig. -5). *Strong unidirectional trends ate shawn

~at stations 24 and 27 along the'SW to NE isobathic longi-

Y « -

tudinal traverses, with increases in the Fe/Mn‘ratios

<, ‘along this dlrecthn at. hh’/jormer and decreases at the _';ﬁ
¥ : ‘ ‘ e R , ‘ ‘

o . /
o . o , : .

. .
[ . . [ .
- - - . = : . -
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_ﬁ‘ b - L. o . .
{ _latter-station.'-Less marked trends aré indicated at the

‘'other stations. Invstationr 'l cross traverse the Fe/Mn

N * -

ratios-decrease with depth in .the firsf three'offsho%e”' .

o samples, but the deepest sample has" the°h1ghest Fe/Mn ratlo.

-~

hIn statlon 8 thlS ratlo decreases w1th depth between all

W

. ;_3 B ' %
' conseoutlve samplesy 'xcepg the two neérShore samgﬁes..'The '
i
srgnlflcance oﬁeth\ e/Mn. ratlo trends As . questlonable 1n--'

-

1&

T v1ew that they per51st onAy along two t}a SELtS and that f,

traverse aVerages agree ?ath clo el Wlth composite. .,
-~ R X
station ‘verages (four grab c0ncretlons each) The . latter

-’observatlon suggests tﬂﬁg,the ratlo"trends may be ﬁfrtultous:'j

) * ll.l

and that. W1de Varlatlons may be expecte from any'part of a
. ) I "

deposit. .. flo ENS
- e . ) n - . ‘ v .‘

FY

'15‘,’ '-‘W'd" variations within'single dep051ts a%e«also S

1

rndlcated for. the other elements. The outstandlng example

I

is stat/pn 8 where Tr 8 12 showed Ehe most andmalously hlgh

Lt i . ) n * L )
i /. values on Mg, Ca, K Nr and Co whereas other samples showed
. Y : e o L S
: normal values. Again trends do’ not appear 31gn1flcant w1th
' L ”’_DJ" 7 . -
' % regard }o/theSe elements.a C e e )

i

2
. - . 2 4 '
-\C ’A . I . - l‘: - o l'; ’ ’ - ' e . " \\ e !
_ = ST P t
: omparlson with, FerMn concretlon compositsons LR .

~aa

ﬁrom other env1ronments w R .

. Average comp051tlons of concretlons from other‘i
’ vt ] YRR

lakesland marlne envzronments are compared w1th those fro

. .
- N ‘
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[ . - T 3 - N . " : ) [
- R Jperusal ef the table shows that in the ox1de ¢ -
SN L . .
o, ¥ crust manganege and even more SO, : tbe trace elements, T

. . !’"
&+ k] - -

coppeer21nc, 1ckel,.cobﬁlt and leadq are greatly enrlched

,J : ".‘ .
frelatlve to.lron 1n the earth's crust (15) The enrlch- . "
n . " N * : T

5ment varfes w1th the crust envrronment, generally 1ncr%as1ng
Lr 2 u’ [

'&:-'- from contlnental, through shallow marlne, to deep sea _;

-Fccurrences. o " ol : T . e ”n':‘i
] . | o - -~_!. i .. ' ‘ . . - e " -- -
R ‘The predominance of iron in the-freshw ter concre- e
. . ' -1 . 4 :
R tions and of manganese 1n the marine nodules.ls well known
“_‘—*r-——m—._‘..._______h —

. (Gorham'and Swalne““iSGSQ» althougﬁ_exceptlons exist. . - .

-

. 1F1g Sb). Thls dlfferenee probably reflects the natural ”"; e
S, ‘
Lt sequegce of Fe precapltatlng before Mn from weatherlng

L. - ¥ '

sl solutlo s under oxidlzlng cbndltlons (Krauskopf 1957, 196?);.

so that dOWn the aquaeous pﬂoflle between contlnental head—-

waters and deep oceanlc basrns, dep051ts tend to be relatlve—

1y depleted_;g Fe ‘and pnrlched in Mn.- There‘are numeﬂ\us

. known exceptlonsﬂko thls, wherqﬁy local condltlons can brlng . .
/ ’

about‘abnormally concentrated manganese dep051ts, asjpear

. ' ‘ ) -

water sprlngs and“In\h\gs {Sldwe%%7-1952)7—due*to rapld pre—.“\er'~wi

‘ A T '

.segregatlon of lron. UnusualIy\hlgh Mn/Fe ratios an near—' '
g . Hf‘“

\\-_
tontlnental marine nodule dep051ts (Flgr_Sb-lB) can also

*occur as a result o& dlagenetlc remoblllzatlon of t%e man—'

‘\,; B ganese (Cronan and’ Tooms{ 1969) As seek from Dlgure 3b ‘“ﬁuf”jeﬁin

B where the 1arge dot marks the mean ‘and’ the dotted’ Ilnes bound
K

all r'concretlons énalyses,ﬂthe Shebandowan,crusts ‘dre of - .+ .
. ' T 0 - b _

wariety, even among theicontinental crusts.



¥

B o - The exten51ve asspc1atlon of’ Co, Nl, Cu and- Zn -

L . wrth the hydrous ox1des of Mn and-Fe as pr1nc1pal controls

-

on the flxatlon of the trace elements 1P 50115 and wadter

4 " has been w1dely-recognlzed (Jenne, 19%8) . f The mechanlsm

. §
G - 1 tﬁat‘of‘catten sorpt\on and eiﬁptlon capacrtles of

e
the. hydrated Mn and Fe oxides are comparable on a\per

; AT
welght basis w1th those of clays. Adsorptlon has been found '
l..

to be strongly dependent oanH The negatlve charge oﬁbthe - "4{

adsorbent increases ‘with 1ncrea51ng pH value abo?e 1ts iso- -

. _ ) electrlc pornt .‘Stumm and Morgan (1970) give the ranges'

i 2 3 pH"for zero p01nt of charge of Mn02 and 6-8 pH for

5 ferrlc oxlde, Colllns and Buol (l9?0a) plnpblnted the ZpC

of ferrlc ox1de at pH 5 1 1n separate experlments“ rSorptlon

capac1tles ﬁor Ni (II), Zn (II) and Co. (II) are sllgbtiy

less than for Mn (IT) whlch is sorbed to the extent of -
. L

about 0.3, and 0.1 moles per mgle of MnO2 and Fe (OH)3,

. ) ST AT
Fespectively, at pH_Z (freshWateri ‘but 1nc:ease corre5pond— e

ingly to 1.0 and 0.37at pH‘S.iseanater) (Stumm and Morgan{;
9701 The uptake of Md (1) and ca . (II)‘by the.sorption , ". r
— . 1mechanlsm is con51dErably less. The flgures quoted would
‘ 1nd1@ate that 1n the sllghtly acid to neutral freshwater

- EnVlronment MnO2 would be a consrderably more efficient

"f: scavenger than Fe (OH)3,‘%s 1ndeed is supported by cor- . .
_,_relatlon COeff101entS of’ Shebandowan crusts, dlSCUSSEd in .
;ithe\precedlng sectlon.A In the more alkalfﬁe marlne enV1r0n-\

\‘\

ment’, hoWever ‘the eff1c1ency o¥ sorptlon by. the Fe-Mn
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. oxides /is substantlally augmented and~may be partly respons-

1ble for the generally strlklngly greater abundance of Cu,.
2 L

Co, Nl, Zn. and Pb in deep: séa than lake crusts (Table IX)

/h L . I (%
There‘are nevertheless exceptlons ev1dent in the

.

table. For :Lns'l:ance,r abundances of some of ‘the trace ele—-

ments 1n freshwater cond&etrpns of ‘Lakes Onzgtlo and‘
George, approachlng those in deep sea nodules, would requlre

another explanatlon. Accordlng to Manbelm (1965) minox

N

‘element content in crusts 1s'correlated negatlvely w1th L.
éhelr growth rates, “the hlgh growth rates in lake and - .: e

shallow marine deposxts are due teo much hlgher—concentratlons e

‘\

'of Fe and ‘Mn in thelrs than deep sea env1ronments, together

j‘w1thriesser dlfferenees in concentraﬁnon bf the mlnor

=

. elements between all aqueous env1ronments."The Lake George

nodules have been dated at about - 3390 B.P. (Schoettle 39 S

-~wrr1edman, 1971) an 1ntermed1ate age between most lake'and

'":deep sea-concretlons. Slmllarly, 1ntenmed1ate age for the'

.and Thomas (1970) on- the ba51s bf\known gla01al hlstory of

lof theln relatlve youth.. EE LIS

Lake Ontarlo ox1de coatlngs has been proposed by Cronan-

£

€ - a ‘ ‘a

‘Lake Ontarlo. By comparlson,-the relatlve sparseness of

trace elementk in the;Shebandowan concretlons is suggestlve
- S

- . - ¢ 2
e

pIn many lakes tHE age of formation of concrétlons
#

has been placed at between 5 and 100 years (Kindle 1935,
l

Harras and Troup 1969). Ih .a number of Swedish . lakes, where}




N lake concretlons were\mlned fof iron in medleval tlmes,‘;f

—~ | regeneratlon of new ore\@rops ‘within 50 years had been ..Mr:

_— reported (Mortlmer, 1971)\\ In the famous Canadlan ore' 1ahe;‘e
" Lac—a LaﬂTortue, Quebec, mfhed rntermlttently durlngxthe - ‘

4 e

18¢0-1910 perlod, replenlshdént recurred in 5 to 10 year‘

¢ .\ ”, .
«perlods allow1ng a nearly cOntrnuoUs exp101@atlon by movrng ‘ 'Fikl

dredglng operatlens from one part of the 1ake to another

)

1

" (Elis 1898 Dresser and Denls 1949) Observatlons of ox1de

encrusted artlfacts and buoys has also suggested a rapld

growth rate in some lakes._ R \3; "'['qi'-
.. .‘-‘

If contents ofemlnor metals can be correlated w1th

concretlon growth rates, the average age of15hebandowan
] ’ e

' concretlons would then be comparable w1th the younger.

C ncretlons from some" North Amerlcan and Fe noscandlan lakes

i em e d el

(Table IX). Needless to say thls would onlf\he a gross ) ’i'{

M

pras e b BT

}.‘ J.nference, for a host of factors undoubtedly accounts for K

h . i Y
/ dlfferlng growth rates, even in the same lake. _For, in-
) v b ’

| - stance, a partlal d;ssolution of concretlons, or\even lower-
¢

" . 1ng of pH 1nsuff1c1eﬁ% for theldlssolutlon, would\p
| accompanled by desorptlon of the trace elements. ather. e

-f; "’ factors such as the degree of complex1ng by organlc sub— ' ‘] . -

.

stances and the 1nfluence of human act1v1ty around a‘l ke-

.’

a@e c1ted by Cronan and Thomas (1970) as p0551bly 1mpor ant

A

1n‘determ1n1 -the uptake_ofweLements hy’ée-Mn ox1d§ pha es.

-'.-,,7‘. Ce T /‘\ “ l . ot \ 'l" . ;. ”\_\ ._
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It 1s clearly less, however, than 1n Lake Michigan nodules

A
v (31 345 pme, where. £he larg concentratlon i

&;iﬁxi
\ attrlbuted to lqdustrlal sources, and in Black §ea Fe-Mn
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. concentratlons
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LAKE BOTTOM BND STREAM WATERS

-ﬁ..-..' Results of 1ron and manganese analysés of lakc e

bottom and, 1nfluent stream waters-are glven in. Appendlx III~
t ¢ .
.and plotted in Flg. # Determlnatlons by atomlc absorptlon

.- following HNOB_J HCl.extraction were made byuBondar—Clegg,&
* co. IQ:}I in Ottawa. . .. .. TS
- In general| the concentration of bothﬂelements was

<
A

iy hlgher in the slow-mov1nc and swampy streams than'in thOSe.
faster fIUWrng—~—$hus_amampyiﬁver and some of. the marshy &

influents of Upper Lake caryied values several t1mea hlgher

than rapld water of K&shabqw1e Rlver and - Greenwater Creek

D

Iron, values ranged from 80 ppb in: Greenwater Creek raplds {
(Sta 101) to 2000 ppb in the swampy and slow Burchell Road

Creek (Sta 112)3 whlle manéé?ese varled from 5 ppb 1n Greens.
o a

water Creek o 290 ppb in. a swampy creek (St 109) Théﬁ.,f"
RaE .

Fe/Mn ratlos lay between 6 and 30 o ,‘4-

Iron and manganese content of bottom lake waters was

~

overall less: than of the 1nfluents 'Iron ranged from 90 to

910 ppb and'manganeseefrom 3 to 170 ppb,ﬁw1th Fe/Mn ratios
. between 5 to 5§. Lowest and hlghest concentratmons ofuketh

Fe and Mn occurred respectlvely in statlons 34 and 8. Thete

&\ o
" are no 1nd1catlons that Mn or Fe content orlge/Mn ratlo can be

J

'correlated wlth statiQn depth,»sub ba51n,'nearest 1nfluents,

- o 4. e n -

" or concretlon dep051ts._ Values in bottom water 7iipled at the

two barren statlons were 51m11ar toﬁthose 1n wate over&ylng
. . . [ I

' ' .
.

..La'd_ i?. . ;:, , \ .: . - ;fr' ﬁri - - .“; af.
. -}:_- L Jh N - o . \ ‘.isw-

I "

Yo




L

-

.'.;.

the nearest concretion‘deposits possibly.suééestlng-rapid 7.

mixing-of the water; . . . R ):; 1
- r y ot e . : v ' - .
w: o oo The three water-spec1mens taken near the surface T

;at the lake system s ohtlet carrled values 51m11ar to those .

- 0 o \ . : : -
in botiom waters. ot : ' 0
v Lo r‘ b e o . ' . ) ’
: As previously noted most of these analees exceed

r A

by factors- from 2 ‘to S results obtalned by contemporaneous
'sampllng of Rasberry et al (1971) {hls rather w1de dis~-

crepancy can. ke p0551bly explalned by dlfferences in the 2
'-analytlc technlques used However, dlfferences between .'~; '

values obtalned by the same technlque gre llkely to be valrd

-t
n

In the Swedlsh lakes and rlvers& Ljunggren (1953)

found hlgher Fe anthn values, but could not: correlate the

--',n

‘Fe Mn. conqentratlon in water with. presence or, absence’ of ‘con~ -+ "

l

cretlon-deposits.ﬁ Nor dld'the'water $ Fe/Mn=ratlo.have hearlng

~on the comp051tlon of assocrated Fe~Mn prec1p1tates- Cronan'
. - <. s
and Thomas (1972) found very low bottom water Fe-Mevconcenr

tratlons above the Lake Ontarro ox1de—coated s%nds, but . '

M‘lnterstltlal water in the, underlylng sedlments carrleﬁ values
‘ o
'/ngher by oné to several orders 6f magnltude. ~ The same y-
- P
relat10nsh1p9(w1thout assoclated ox1de dep051ts) was' noted ‘

by Brunsklll et al. (l97l) 1n the Experlmental Lakes. S

a : Local -and seasonal factors are. llkely the most 1mpbr-_

T K3

-tant in regulatiﬁg both income and redlstrlbutlon of Fe and Mn -

in Shebandowan Lakes: The lnpu%.by influents 1s largest in the

. Nl ' . , - . s . . .
spring and fall {subject to regulatiog by the Upper Lake dams.

/ - . S - . _

. . Lo - . ’ .

-
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ﬁ“} : Accordlng to Glbbs (1973) the - largest fractlon of'

free Mn and Fe‘transPorted in the Yukon and Amazon rlvers,
" witich may not apply to t‘? Shebandoﬁan lnfluents, is rn-

metalllc coatlngs (precrpltates and co-precmpltates) on sus-

u

3 pended SOlldS.. About a third of the amount of Mn on coatlngSfo'
-waSsreportedly found dlssoc1ated as.Mn LII) or_ln complexes;l-<

“the correspondlng fractlon for Fe was negllglble 'Both-iron_ .

~

andrmanganese occurred substantlally in susoended organlc.

\ . -
» . solids bu} negllglbly as adsorbates on suspended materlal In

L}

-

& BT
oxidized neutral waters, such as &ear surfaces of most lakes, - ' \/
. + ,' ~l

any dlvalent Fe, and Mn lons are readlly ox1dlzed and sedlmented

) 1nsolublé Fé (III) forms ana Mn (IT, Iv) ox1des (Stumm and

)

Morgan, 1970) ~ The fenrlc prec1p1tates, often c01101dal in

E
[

’ _'. sharacter, ‘may be- stablllzed by organic; bases.

[t} - . -
"y ~ . ~
)

3 o - While the deeper, thermally stratified Shebandowan‘;

~

. sub-basins experlence ‘overall 11ttle oxygeg/depletlon that *¥
'could-hccount for return of dlvalent Fe and Mn _ions to hypollm— -

netic waters, such remoblllzgtlon could take place locally.

A second‘p’ﬁblblllty is that«an PP kets of e%§i251ve, probabl '

0 ‘ !

seasonal ‘s?dlmentatlon dlagenetlc remoblllzatl n.of metals

. could occur, with transfer from profundal to llttoral fac1es

-

In the ‘first instance .this would provrde.some‘dlfquLOn,of

) cationszarticularly Mn}&é&to waten,overlyin concretion ﬁa-

»,‘51tes, especrallx}those at deeper statlons. In the second '
~case, SUp 1“to concretlons would emanate from below,.lnter—ﬁ Co.
stitially through ‘the *substrate.’ The latter scheme is’ 1llu—*

strated in Fig. 8B. . L .. . . . S

- Erd
Fy
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Twenty vertlcal sedlment cores, 5 to 34 cm deep,

were recovered at dlfferent COncretlon 51tes. Mlnus ‘80-mesh

fractlons of . 30 samples, representlng 2 to 5 cm core 1ntervals,

+

were analyzed for Fe, Mn, Lu, Ni and-: Co us;ng the atomlc

bsorptlon technlque after HNO3 - HCI1 extractlon, by Bondaf: .

L ‘ -

,Clegg &.Co. Ltd, Complete logs are found in Appendlx T, -
. e

whlle sectxons are shown-anralg.-4;

'\- -

All‘cores are topped by up to 15 cm but on the

average about 5 cm of yellow to browrd gravelly to 51lty sand-

/
Succeedlng layers are made up of gray sand and/or massive

;_

™
.

to poorly banded gray 51lt or clay.

Four cores contalned sectlons of an 1ron-r1ch red—_

' dish clay (about 7.5 vk 6/2‘0n Munsell Soil Color Charts

(1954) when dry) Thls/is undoubtedly the reg Glacral Lake

'Kaministikwia c%ay,descrlbed’by ﬁbltal (1963 1965a) and

: Keele (1924)-” The clay is massive, Stlff and stoneless' -,

altﬁbugh one sectlon contalns sandy grlt hquzons. The

4

‘ pecullar colour, ev1dently a llthologlcal 1dlosyncrasy of thetwmm

(..

Keeweenawan provenance rocks neaf/ghénder Bayy has permltted

-

the tracing of th1§3c1ay in' pire Lake Agasszz sedlments as far -

er area. At Frnmark, in: the Kamlnlstlkw1ad

River va ey, where -the red clay has thlcknESs of - 20 feet or

e

.Aore, Keele (1924) obtalned the.follow1ng assay, Ain we}ght per

.cents, s;o2 52.10,-A1,0, 14.77, Fezog 7.79, cao 5. 62 MgO §. 34

n,
.-




'5Glac1al Eake Kamlnlstlkw1a west to 1nclude Upper Shebandowan

and brown dlscolouratlon that ox1dat10n penetrates an average:

-of 5 cm’ below the surface of sedlments at concretion srtes. l'
A :

. fBelow that depth the colourlng is in hues ofggray,'red clay.

'excepted w1th dlmlnlshlng Fe and Mn values - 1ndlcat1ve of

-shown 1n the analyses of most cores. ~Phis rs cons 'E-

DS i R - Y, e . . . :
O Y \ b - : >
b . = 83 - e e T e e
ot - ' : T . T
' !il . , . - ‘ s 'a . : -
. K20 2.45, Na O 1. 8&\“//611.’9:49 The presenge of the red Ce 8
. - 3 ‘s L i -~
clay in cores of stations 24 and 26 extends the reach of .f o

‘ o

-

. ' '
D Almost 1nvar1ably the hlghest Fe, Mn and base metal

LN A

- values arelfound 1n the top. oxldlzed sedlment and decrease

a'downwards through the—gray sedlments, AThe tTed clay,'aSSayed T. ./)‘

. 'o " b ! .
three tlmes, is an exceptlonf 1ts content of the metals '
AP

ﬂanalyzed exceedlng those Of even the top cores, except in' one

.

1nstance.\ Average values of all cores assays are abbut 1 3%

! ¢

300 ppm Mn, 20 ppm Cu, 20 Rpm Wi, and 10 ppm Co..

. The analyses support the V1sual evidence of yellow

r” . 5 f

p

|

red\itlon and p0551ble remoblllzatlon of these elements. A

progress1ve upward 1ncrease 'in the c0ntent of both.metals 1s

. c'.

‘Wlth

'v-!

con

a mechanlsm-of upwardfdlagenetlc mlgratlon “of at 1ea$t Bzt 1ons

within the'sediments. _ %@t such a mechanlsm obtalns 1S‘§urther.

.fsuggested by 1ncrea51ng upward Mn/Fe ratlos in all cgrgf, cdn— - B

51stent w1th -the’ super}or dlagenetlc moblllty of Mn- 1ons

i ~

. : - i // SR
. . . . -\ _."\ ! . l . . . . . _I



AR I ' T , ‘
-y K \ . ; ...
. . ™~ r n .
. T PR o o o P o
P - I} . | - ) . e
- ,__.___ e i l_ . - 83 - * . ] . R ‘ . N i
: U T e
(Shterenberg et al., L970) The Mn/Fe ratlo 11ncrease extends. L
- . i I [N ] .
above from the sedlments into concretlons, a relatlonshlp VL
cons:Ldered dlagnostlc ef d:l.agw:anetlcnr as contrasted w1th v _'_'_,"-'-:’
hydrogenous, supply of Mn and Fe in marlne nodules (Prlce _
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Co L\
. The development of ferromanganese ox1de dep051ts ‘is

T

oy
.a w1despread Recent phenomenon w1th1n the exqgenlc cycle

o, .. :
e -
-Dep351ts of yﬁrlous forms occhr on bedrock, 1n 5011 in ﬂ;gSJ

C oy
and on stream, lake, and shallow as well as deep marlne ‘

+ .
N

— L.
L N ' .

T - ""- The ultlmate souroes of 1ron aﬂd manganesb are

_ pr%nclpally the py;okenes, amphlboles, blotate, ollv1ne and

the accessory oxades of primary 1gneous rocks. Redlstplbutlon

1nto deri%atlve mlnerals folluws fecycllng of the prlmary

v

. rocks by metamorphlc and sedlmentary processes.- ‘THe Pre-

Vcambr r Shleld rocks of the ShebandoWan req1on c0n51st of ‘a

-
mixtire of Igneous and>sed1mentary rocks-Whlch‘have undergone

' . . ) . L4

3
lng processes that liberate Fe and

-“Chemical weath

+

. Mni £rom rocks at earth s surface lnclude solutlon, ydroly51s,

e o

hydratlon and oxldatlon.f Accbrdlng to Krauskopf (1957) the

;Teachlng rates of Fe (II)nand Mn (II) are about the same‘from..'

‘lgneous rocks, thus Ton Ehexr reiease, these elements should

A -"

malntaln fhe saqe ratlo (Fe/Mn—so/l) as 1n the fresh rock

-
,f

. Desplte the hlgh 1nq1dence of edrock exposure w1th—

Cln the Shebandean Lakes watershed, the fractlon of materlal

- . f .

supplled by weatherlng of rOCkSﬂlS undoubtedly small compared
g

'to that from the Weatherlng of overlylng gyac1alkg<aft. The

“ o b . . ) - ) _u_ . - ] b
. ‘l' S .t o, . B PN r L o . hd
. v . X .
. . - : - RN , '
P, .




'Varlable quantlty of surface—bedrock materlal, ana the e 7

. T - ‘86 — ' L] a.

. ) : ¢ s - N 3 ;

. o o N . % !
- ' "\. LY

. 4..\, . s :
2 . . R i ' . A
'Wrsconsrn glacmers carrled away most of bhe ex1st1ng sorl \\ -
\ d -€
' and -rock mantle, in the area, addltlonally scraplng away

’ B

.h.-

N : '. I\ . oo n‘
mlxture;was redep051ted down 1n the,dlreotlon of thelr move=-

“, ks “

S 2o
ment - Hence most oﬁ the drlft .and sorl developed therﬁln is

v

‘allochtonous and much of 1thms'even forelgn to the watershed

0 ' by

' Due to th great surface area of the poorly sorted drlft and

] P I I . - v

“1ts permeable nature,‘lt 1s far’ more reactlve to leadhing

P . . . e

.so;l water solutrons than the bedrocku oo o ‘ o : 1n
a As p01nted out. by Shakhov (1966) the develppment of

podzollc proflles in uncensolldated Plelstocene rocks of the

cool t erate zone: is a-ver rapld gqbcess ‘in geologacal .
/ Y ;

- .
3

Y :
term§ brlnglng abbut a’ change‘from alkallc to ac1d1c con— A

.
b @ « - g

dltlons w1;h1n a few mlllenha

l- .
t

. <,
“iron, and,manqanese to surfac and groundwaters results An the

1mpre551velyaw1despread ferromanganeSe deposrts in. swamps and .

. n [ ) ! " '\\_ -'. a s
lakés oﬁ the gfac1ated regldns. S w: 'u’-“' p e

T
<

1 -, '

. the exogenlc enwironment have been wldely covered,cnotably by

P

.KrausRcrpf (1957 ,1967), Hem (1964 1970), and Stumm and Morgan

LA e C e
-(1970) Among such factors as salln;ty, temperature, organlc

q‘.‘ .q

actlvrtyr pressure and autocatalysgs, that determlneﬁfractlona-

-v‘- w . \ N L N '-’:

tlon and developmenx of Fe. and ‘Mn oklde assemblages, thé EhJ

~

and pH condltlons are the most decrslve 1n the low temperature

'~and.pressure enV1réhments obtalnlng at or near the surface of

e concomltant release or {

- ' ¢ g \\. ,.'

The cycles.and relatlonshiﬁ‘of 1r&n and manganese in «;




T result.;

K o

‘_abllrty «of decomposrng organlc matter, thlckness of drlft and

tﬁé'earth" Upon'their release from rocks as dlvalent'iongf:-

Fé and Mn respond srmllarly to Eh and pH condltlons (Fig. 7)

-

)

than manganese, activities belng equal leen per51stent bz

repeated Eh-pH oondrtlons down the watershed proflle,  whereby -

e W, . -| N

\

. a re31dua1\enrlchment in Mn wrth respect to Fé in water would

“ . TS
] R i
- - " L

g G e . ' -
In the Shebandowan reglon the lmportant rnltlal

~ r L4

‘goseparatlon of Fe and M, resultlng in the latter s resrdual

enrlchment 1n’grouﬂdwater, robably »OCCUrs in the pOdZOllC
f 3
prof;les._ The Mm/Fe ratlo is concelvably further enrlched 1n
- ) ~; '
‘surface runoff and groundwater downstream thrOugh the seleetlve

L

" =."remova1 of fe_rrlc \oxlde/hydroxnie. The extent ko which sepa-

.'ratlon takes place is qulte varlable, accordlng to local and

seasonal EhupH cond?tlons, governed by sudh ﬁactors as ava;l—

:'_dralnage characterlstics of sorls,'amount of rarnfaﬂl .and SO

3

'ﬁ,'on: Local varratlons must account’ for the wide range of Fe and

7Mn values and ratlos encountered 1n the Shebandowan Lakes'“

f

" lnfluents (Appendlx III and Map E3F Lo "ff’.

-

The mest common form of 1r0n in solutlon is Fe (II)

~

: w1th1n the pH (5 9) and Eh {70 10 to 0. 20 mv) range qf naﬁural

7y

fgwaters (Hem 1970? . Ferrous complexesiare formed bv many

e’ .y

. . . . . .
G me e e i .- . ES 1 \

but 1ron*1s oxrdlzed and Qreo;pltated at lower Eh—pH flelds PR

1ron is removed from solutlon whlle manganese remalned soluble,g"

o
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_ organic molechles:(ﬂem.l970)'but they‘are stabze”in rather S
~acid condltlons and thelr nature is poorly known. ‘According ' \:.

to Stumm and Morgan (1970) fErrlc ions have a’ stronger

tendency to form complexes than ferrous or manganous ions. ‘ < T &
P :
The Fe (III) complexes Wlth orth0ph05phate,‘sulphate and many

organlc bases are better known. The Mn (III) form. 1s ‘ot .

stable under normal conditlons,,whlq;¢Mn (II) ‘is relatlvely

° o

f stable 1n solutlon requlrlng hlgh pH rather than Eh for 1ts

Yo,
ox1datlon. . Mn (IVJ has<huch lower potentlal for forming T
complexes»than’F"(III), becauSe of its great afflnlty for OH‘ |

Tﬁas is ev1denced by the much lower pH (2 3) of zero point of

¢harge of MnO2 than of ferric, oxlde (6 8) (Stumm and Morgan,

f L]

.19705 + Much d% the iron and’ manganese may, be transported in

water as oxlde hydrosols,'often stablllzed by organlc matter

and complexes : I T g

.The 1ndom1ng runoff brlngs free Fe and Mn.-(1) in the

\

form of oxide coatlngs;, (2) in solutlon and organic complexes,

L - 3) adsorbedqbn.SOlids, and (4) 1ncorporated in organic solrds '

L
The relatlve amount brought in by ‘any of the four transg?rt v
.mechanlsms will- vary seasonally and 1ocally. The*lar est water

,1ncome in Shebandowan is in the spring from melt'

*

.. in the fall fromuhigh prec1p1tat}on;_ The proportion pf the

metals arr1v1ng in solutlon as complexes and in organic

-

SOlldS wmll be hlgher in the swampy creeks, rlch 127hum1c

content and low 1n pH, than 1n the better/aerated rap d in- .



- Q

fluents, richer in.oxide-coated pa;ticies.‘ On erftering the
. 1£ke most. of the Stream‘borne soiid particles will.settle'

o ' on the bottom . leew1sé most of the d&ssolved materlal will

-

"»-“.be preelpltated on comlng in contact with the aerated lake" 3

"‘water, partlcularly in the ‘kﬂl.oxygenated deeper Shebandowan - °. r

N

;sub—ba51ns. 'As avresult, relatlvely;llttle dlssolved Mn and -o'
espec1ally Fe is probably held by Shebandowan Lakes waters as S0

.‘compared w;th more humie 1akes, such as the Karellan Enlngl-
Lampiwhereln 72- 92% of total Mn and 30 48%° total Fe are dis-

solVed ;ather than suspended (Varentsov, 1972)

! b 2 ?

.;‘ v Varlous theorles of orlgin m\f lake concretion
dep051ts have been proposed whlch( w1th regard to’ supply of

-, .tllron and manganese draw on hydrogenous and dlagenetlc sources.-_

J

o , Strakhov’ (1966) @roposed a cla551flcatlon.based

. entlrely on dlagenetlc redlstrlbutlon,of Fe and Mn (Flg 8).
g P . A " fs_ . _
Accordlngly, there is a%soc1atlon between the content of . o

-

organlc matter in the lake sediments and the types of dep051ts
formed._ In- ollgotrophlc lakes, Whlch accumulaté relatlvely

llttle fresh organlc matter, the 1ncom1ng Pe (II} and Mn (II) -
p .
are prec1pitated as oxldes at the surface and drop to the bottom.

N

i.

Here ' they are reduced 1n the bottom srlts and mlgrate up to the' S

[

sedlment—water 1nterface, where they are reprecrpltated on con- -

tact’ wrth oxygen—rlch water. Thls oxldlzed layer serves as the,

1nc1p1ent surface for the accumulatlon d! ochre crust Wlth
J Do > : e : T
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sllghtly 1ncreased trophlsmy Oxygen qef1c1ency develops in
deep bottom water and the Mn (1) and Fe (1II) 'ions mlgrate‘

'i laterally and up through 1nterpore space in sedlments along
potentlal gradlents, dep051t1ng crusts above the lowroxygen )
water llne and nodular to discodd concretlons 1n or atop the
oxldlzed sedlments of the llttoral zone. Accordlng to
'Strakhov when a lake reaches the eutrophlc stage all its
sedlments are reduc1ng, preventlng the formatlon 6f hlgher\'“”
o*ldes. In support of Strakhov s dlagenetlc theory,

Shterenbergcet al., (1970) found steadlly decrea51ng Fe/Mn

ratlps 1aterally and upwards Tn both nodules "and sedlments

—

a
of Lake Punnus—Yarv1, the: varlatlon belng-attrlbuted to. the

4 superlor dlagenetlc moblllty of Mn to that of Fe. Upward

mlgratlon of Mn in 1nterst1t1al water to Lake Michigan nodules

-

was also postulated.by Rossman and Callender (1968) .

In keeplng w1th Shakhov s theory, in the deeper

' Shebandowan basihs, essentlally 1ack1ng in oxygen Stﬁftlfl—
catlon, concretlon and crust—pavement dep051ts should occur

“in profundal sedlments (Flg. SA):. The presence of such

dep051ts could not be confrrmed in our survey- because of’ ";

llmltatlon in our depth reconnalssance capablllty. However,
A

the llttoral to subllttoral occurrence of the dep051ts along

w1th the presence of apparently reducrng (dark) silts, often

r

observed, just below concretlon flelds, suggest rather the ’

presence of condltld*s‘rilustrated in Flg.:B . N

Cu O .



< and fhomas, 1972) . *'-_ g‘i

Y

high redox gradlent.zone,-

Other ProPOSed mpdels of conCretion formation" o

- v i . n./;

lusually comblne dlagenetlc and hydrogenous sources - of - Fe and

 Mn (Ljunggren 1953 Troup 1969, Terasmae 1971, and Cronan A

. 1l 7
- 1

Troup (1969) elaborated a complex theory, requlrlng

the concurrence of dlfferentlal supply of Mn and Fe from a "-.:
'hypothetlcal cycllcally reduclnq hypol?mnlon, along with

‘biotic MEdlatlon, to account for the presence of alternatlng

"Te Mn rlch—poor mlcrobandlng of concretlons in: Grand Lake, N.S.. .
hTo'explaln thls phenomenon, Gorham (1n Harrls and Troup 1970)
-suggested a 51mp11£1ed mechanlsm, whereby the chemlcal bandlng R
'could be duetto-local effects by,photosynthesrzmng plants of

.raxsing Eh—pH suff1c1ently to ox1dlze and pred1pltate exce551ve

“.Mn in the summer. Both Ljunggren (1953) and Terasmae (1971)

pr0posed that dlvalent Fe and Mn .may ‘be fed by groundwater to

emerge dlrectly bt the' OdelZlng llttoral shelf prec1pltat1ng
as oxrdes about sultable nuclel._ Crénan and. Thomas (1972),

flndlng supply of the major elements by upWard dlffu51on incom-

’ 6 % )

-'patlble w1th an 1mpermeab1e substrate 1n part of Lake Ontarlo
"dep051t, o&fered that a documepted mechanlsm‘bf upwelllng

water from the deep towards;the shallow deposition srte could

t

transport Fe and Mn Wthh would be dep051ted on crossmng a.

‘ .




) -" ' The effect of blota as’ dmrect oxldLeers of Fe
. \ .
and Mn has been w1dely asserted. M;croorganlsms such.as-.

_MetallogenlumL Kusnezov1a and*Caniooooous-eeﬁe nepbrte‘
Takes in' 'y’

:&4§. Other/genera of _
(Lepthoﬁhrlx),,Pedomlcroblum -

Sideroooccus dand gepﬁﬁio;;orium-are.among-some oxldlzers of
R : “
Mn reggrted/respons1ble for dep051tlon of Mn02 in 501ls

[

colonize directly Fe and Mn oxides. ift- nodules
Russiadn Karelia (PerfilYev}and Gabe
. s 5" ‘-. - \,-. a ., . - I

" microbesé, notably. Sphaerotj

(e g., IvarsOn and er1nga“1972) Shterenberg et al (1970)

report mlcro nodules,bullt of colonles of the blue green

L

algae,'Cloethrochla ecthulata in L Punnus~Yarv1. Green-

e
slate (1974) suggested on the ba51s of an ultra-structural

u

-examlnatlon of 71°Pacific nodulesﬁ that several organlsms

_are active in thelr constructlon. Both.Klndle (1935) and
'Troup (1969) suggested that photosynthe51s by algae may pre—
}01p1tate Fe‘and especmally'Mn by creatlng‘hagh pH-Eh micro-.

< 4 1 4 ' ¢

env;ronments above‘the lake sedlment—water 1nterface. A

' smmllar effect by an aquatlc bryophyte, Marsupella aquatlca,,

rooted on*brook stones, resulted ln sheathlng of thé plant

wath MnO2
(

:»presentlng ev1dence of blotlc medlatzonn many.wrlters

(Ljunggren 1953) . Desplte the number of cases -

. {e. g Krauskopﬁ, 1957 and Stumm and Morgan, 1970L are

‘ skeptlcal about the =~ role of organzsms in the overall pre-
' 01p1tatlon of the oxldes. Manhelm (4965) found more .
_}references 1n the llteraﬂure to reduc1ng than ox1dlzlng

,eﬁfects ‘by blota. L L o L L L ‘f T
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'The“ﬁechanics-of-Shebandowan concretion formation

. v

' are; probably as follows. In. those profunéal'ateas'of the «

.falrly rapldly, remoblllzatlon of the metals aS'catlons is

~

subea51ns where sedmment and organlc materlal accumulate

[

consequent on dlssolutlon of -the - ox;des/hydrox;des resultmng

b

in their mlgratlon (Flg. 8B).‘*Qn approach to the- llttoral

anq sub—l}ttoral areas, laréeiy malntalned free of'sedlment-
oy ) ' . [ v

accumulation,_the Mn/Fe ratio gradually increases as Fe (II)

.isopreferentially ahstracted'in sulphide or~carbonate:phasés

..

throughout the redu01ng zone,'untll under sultable Eh and pH

' condltmons (Flg. 7) the Fe and Mn 1ons are oxldlzed and pre—

c1p1tated. Where pebbles of" sultable 'size and shape act as '

'plugs in the underlylng substrate to OdelZlng 1nf1uences

_to thé sedlment—water lnterface.‘aThls results in a concen--_

’ - -

from above, the effectlve zero redox potentlal level is raised

. 1)
1 R . '

-

trated supply of 16@5 from below, emerglng 1nto oxldlzlhg

:watenjat the 1ntersect10n of the prospective nucleus with

sediment - surface. B _9‘  - \ e - n )
An. initial coatlng lS prec1p1tated at the trlple ,

'1nterface, as a f£ilm of. E;OOH (Burns and Brown,.1972) At

& Lo '

"flrst Mn (II) is sorﬁedﬂand probably occluded by the ferrlc -

"Oxyhydroxlde, a. conSLderable abstractlon of Mn thus resultlng

-]

_even before Eh—pH flelds of hlgher -Mn oxldes ‘are reached

" N

..(Colllns and Buol "1970a) W;th rlslng EhespH manganeee will

3

@begln to prec1p1tate as Mn (II IV) oxldes, due to chem—

- ' J

osorptlon and autocatalyfac oxldatlon of Mn (II) by the MnO2
’ % LA . . .
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Iphase“(Stumm and Morgan,.leO). The'fEIative amounts!of Fe

~and Mn’ gorng 1nto concretlons depend malnly on the actrvrtles

.
~.

of both and on Eh-pH condltlons gt deposrtlon srte.. Seasonal;

'varlatlons may be brought about by cyol C- bacterlal act1v1ty

-

or photosyntheSLSlng vegetatlon 1{E. Gorham- 1n°Harrls and

' i
-Troup,'1970) The 1atter=aqency could be respon51ble for .

'_rarsrng Eh~pH in the summer, to increase srgnlflcantly the

rate of autocatalytlc ox1datlon of Mn, resultlng ln hlgher

Mn/Fe ratlo deposrtlon than in wrnter tlme.6 The mecﬁanlsm
~

would be workable ln Shebandowan Lakes, where all concre 1on'

dep051ts presumably occur within :the euphotlc zone, an could

fadcount for the cryptlc chemrcal bandlng observed in 51m11ar

'}concretlons from other lakes (Troup 1969; Harrls.and Troup,

1970; Burns and Brown 1972) - s

" The proportlon of Fe and Mn derlved from overlylng
' [

R Y

water is’ unclear but probably less than that supplled by ldter— -

L ' . o
strtlal ‘water. The morphology of radlal concretron growth

i LIRS .

in the plane parallel to the 1nterface WOuld suggest a pre- ﬁzuh

: f
ponderance of - supply from below (Manhelm, 1965) . However, the -

development of upward—pdlntlng radlal rldges, exempllfled in

' the pulley and hatllke concretlon morphologles, as well as the

Y

-'predomlnant upperside deve10pment of botry01dal structures,

3

suggest 31gn1f1cant coutrlbutlon from the overlylng water.




L

:@.SLte, than to the deposxts in shallow basins. Alternatlveiy,

»

AL | |
f..- ',.'.. . ‘,.l .. %- ) ¥ . . .
.This is probably‘accomplished by sorption of any divalent Fe.

" and Mn available3‘~1n,view of,tif okidizlng nature of the

water Mn (II), if at all;presen } would occur £n. hlgh pro-.'

portion to Fe (II); hence the p0551b111tx of Mn—enrlched

phases on coqcretlon upper51des noted by Ljunggren (1953)

¥ ° The correlation of the Fe/Mn ratios of Shebandowan

‘ccncretlon dep051ts w1th average assoc1ated subaba31n depths
has already been noted One explanatlon for this could be”

_found ln terms of morphometrlc factors affectlng the eff1c1ency
. & L
of redlstrlbutlon of Fe and\Mn by the dlagenetlc process
/

- ‘Thus to dep051ts subtendlng the deepek basxns, ‘a mere feflned

)

product of dlagenetlc segregatlon of these two elements would
[}

accrue in the form of hlgher Mn/Fe ratlos, because of the oL

longer average dlstance from point of origin to dep051tlcn

K L

__a hngher degree of trophlsm in the shallow basins couLd con-, g

"celvably prevent ox1datlon of" sOme of the Mn (I Sorel

a

tive to §§;><
‘that in deeper ba31ns._ But whlle there aée lndlcatlons that = -

4

some oxygen def1c1ency obtalns in Lower fake, there are, no/
. conflrmlng data “of s;mllar condltlons occurrlng ln the U nger R

and U Mlddle basmns.“ BeSLdes, hlgh Mn/Fe ratlo concretlons.‘

are known to. occur even 1n shallow, oxygenwstratlfled,

_eutrophlc lakes (Dean, 1970)

X . .
_ A S
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The-iron—rich character of the Sh@bandoWan deposits
th A . ] ]

-

‘ relatlve to 6thers 1n the exogenac env1ronment is llkely due

" to the 1neff1c1ency of the exlstlng geochemlcal processes to'
adequately pré:gEgregate 1ron._ This %g con51stent w1th-the o

+

K vaew that Fe/Mn ratlos in concretlon and nodule dep051ts

v l .

gradually decrease down the .aguaeous. proflle “from contlnental

A
sources, through shallow marlne, and into the deep sea enV1§on-‘

- L3
O\ )

ment (Krauskopf, 1957, 1967) I?fn.ls_ln presumably too

' plentlful a supply in Shebandowan Lakes, located near the

headwaters of a contlnental lelde, to be efflc;ently sepa-

/’
rated from manganese even v1aathe dlagenetlc process,'

—

o R

-
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The results of the present.lnvestlgatlons are
summarized below. ) ‘:" RN .
l o, ' - " '. .-:-l'. ' ]
‘l.' Flfty ferromanganese concretlon dep051ts of e

.varlous 51zes were found”§;t estlmated depths of 6. to 40

-

‘;feet, rn each of a number of morphometrlcally dlstlnca.sub-

-

ba51ns of Shebandowan Lakes,'a narrow system Wlth a com—

Los;te length of, .30 mr}es. ' ;f-f - ' ' Lo

¢

&1 -k

' R et PR L S
2. The concretion supportlng‘surface is either sand

'shbw1ng effects of" oxldatlon to an ave;gge depth:of 5.cm,’

o - . *

oL, rarely, schlst rubble W1th llttle or no, assocmatedssand

3. hd The concretlons geneib y form at or just above
‘”the Sand/water 1nterface,\devel plng concentrlcally in that

‘plane around a nucleqs. Comp051te Fe-Mn ox1de aCCretldnary

:materlal may, however 1n some: lnstances, be several centl—_'

v

T metres’ hlgh paraliel tq the uprrght axls.;

N L
e . - 1 . . . . ' '
A . B - .

“ﬁ{_ T Observatlons of‘concretlon spec1mens show a

-

' deflnlte tendency‘fo deV1ate from the general planar‘develop-

ment both up and down ‘at the edges, reij:j?ng in a morphol—..

L -
ogy of outwardly blfurcated radlal sectio These dev1atlons

s
arg taken as’ beang flbhstratlve of the dual tendency to

. 0 -
abstractbmaterlal from both the substrate and the overlylng

_water; ol e A\ \c*”. S .S ‘ T
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5. ;‘,- Partlal re solutlon, by contact wzth a reducrng

'substrate from below and by’ perlodically depressed Eh»pH“f
condltlons 1n the superjacent water}ab0ve tends to mltlgate -,

g*mgatlon from the genefal planar concretlen deVelopment

. '—‘ o |'~ )

The changeng condltlons apparently affectlng the qppersmde

probably recur at 1rregular,per10ds, p0351b1y at the end of

. an unusually long w1nter when some oxygeﬁrgepletlon occurs

ot

.under‘lce/snow cover. Thls would.lmply the ex1stence oi a & ®
. - » .o v
,'precarlous equlllbrlum between the Fe-Mn phases of c8ncretlons

1- v L}

o e A : C e ‘ .
- and the surroundlnq water._ B 7 S i
- ‘ “3*.! ) . RS
‘ /fracturlng and consequent velnmng 1s a common . '

.
.. Al

6.

fe?ture of- dl comd concretlons., The presence of’ ox1de vélns, S
) .
standlng rn rellef nly. outsrde the”"actlve surfafes is ___'

prlme ev1dence for partlal re—solutlon of

¢ -

oncretion uppe?f

t P

I I .
. [ sides. Combxned.effects»of“re-solutlon andqfracturing may

. ot ?
resuls in“eventn' destructlon of concretlons. e T ‘ /
. U \ ' .
. . . ° . : a
. a - . . I

7.? : j Mushrooms and top—rlng concretlons are character~

1zed by lack of 50wncurl and thlck4development of botryOLdes”: ";
at the upper surfaces, thonght to be dne to relatlvely hlgi;yr .'-
pr0portlon of hydrogeneous Fe-Mn suppl Unllke normal con-
cretlons Vdescrlbed ahove, these do nbt show etrects of upper—

-~

- sade dlssoldtron, p0551b1y because of thelr occurrence in

the shallowest most ox1d121ng, parts of dep051ts. R
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B.j .-; X- ray dlffractlon analysrs revealed the presence:l'

-ofgoethrte in three of fouﬁfJme051te concretlon samples

studled. The presence-of goethlte in one of these samples. -

Pt

. was conflrmed by Mosspauer spectroscopy, marking the flrSt

,,3

time that goethlte was 1ndacated by thlS method in a Fefﬁﬁ\\
. wl / Tt
concretaon or nodule. _No common manganese mlnerals were s
. o .

'71dent1f1ed.by-xjray dlffractaon:patterns. | Y

R - . L :
2 9. © Bulk chemical analyses of acid-soluble portioms) of

e déncretiOns from 49‘stations gaye an average of. 43.1%'Fe?~

'.§ 65% Mn, 0.53% Ca, 200 ppm K 669 ppm Mg, 31 ppm Cu; 273

»

ppm,Zn, lQl ppm Nlland 1oa ppm Co. Although the Fe/Mn ratlo

was 6.7, variances of Fé and Mn wereASLmllar, Analyses of

Ll []

10 compqsrtes for As gave an avexaif whdleisapple content of -
. .

10 ppm. S e . f ST :
m’—/ " : - r . - v - »

.
. . L o S S

4 : ; . .
T /dIf(J.- -\ borrelatibn matrix indicated'significant positive:

.ot

relatlonshlps between all elements and Mn 1n concretlons,' .

1

'exceét Zn Wthh was 1ndependent and Fe whlch showed strong

negatlve correlatlon wrth the others. . In Splte of doubts

K

-1ncurred by 1ron s effects as dlluent, 1t 15 thought that N;,
. - B :

_Cu and probably Co follow Mh Zn normally follows Mn, but'
the assoésatipn is masked by the apparent preferred occur-

8
rences of Zn 1n Upper;Lake, probably due to the v1c1n1ty of

a source there.. - s 77 ' -

R4

]-/'/

’
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:, ‘ -~ Mn, W1th Fe/Mn ratlos from 5 to 55.

Comp051t10nal yaraatlon w1th1n éach depoalt was

,n‘

about half the total varlatlon betWeen all the Shebandowan

sl

-deposrts.

;.

*

12'.;

No srgnrfrtant trends were 1nd1cated by analyses

: deposrts.f‘

of samples taken -at regular 1ntervals along transects of

The 1ron r1ch nature of Shebandowan deposlts is

L ' typlcal of lake depos1ts and probablx explained by iron's_

) tendency to ox1dlze before manganese, whlch becomes conL

proflle.

IS

CR sequentty concentrated in depoalts farther down the’ aquatlc

. -

The 10w content of minor elemehts probably refledts

o

a relatlvely rapid rate oﬁyéoncretlon formatlonqand the low

——
‘pH 6f lacustrlne relatlve to~mar1ne_env1ronments..q

137

. )

: The comp051t10ns of bottom lake and 1nfluent waters

are 51m11ar, ranglng from 80 to 2 000 ppb Fe aﬁa 3 to 290 ppb

. between Fe-Mn water cohtent and statlon depth

lnfluents, or concretlon dep051ts

i

sub-basrn,

: -4
,appears to be partlcularlf lldble to seasonal and local

varlatlon, hence meanlngful:L

LM

_ after regular\sampllng and analysrs from statlons throughout

the‘year

. 14

w7

r "

B

- R N
‘a +

mhere 1$»no chrelatron
The compos1tlon of. water

onclusrons could be ‘drawn’ only

J_-‘

Acid~soluble'fraction analyses of‘Sb'sediment c%;e

Y

. samples 1ndlcate upward 1ncrease in a Fe and Mn content of

,—f“

mbst cores and Mn/Fe ratlo 1ncrease ia . all cores.

ThlS

P
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[ Rl

n
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suggests a &iagenetib upward mobilization of .the elemenﬂs“f

.8

. Shebandowan Lakes, the“fractlon of ma#erlal released by

where_Mnyisgyére'mobrle than Fe. S ‘ " . _ 7

3

15. ' Fbur sediment cores contained| horizons of a dis-
5 e A . .
o

tinctive réd clay, deposited in GlacialfLake Kaministikﬁia.'

The dlscovery of thlS clay in two Upper Lake statlon extends

westward several mlles the prev1ously stabllshed_l;mlts of

-

the Gla01al Lake.

16. In considering“sources‘of iron and manganese-to-‘

weatherlng is probably far greater frbm the permeable glacially

transported materlal than from bedro k. Important initial

f ° .
- segregatlon of iron and mangan)se and the latter s consequent
; 3

LY

pd
. enrlchment occur, in soils. deve ope@ in drlft.

ﬂ.lB. - Inrtlal precrpltatlon of Fe (OH)3 on a nucleus is

l‘

¢ -

concretlons is. der;véd by lateral and upward remoblllzatlon

of Mn and Fe/;r6ﬁ profundal to llttoral sedlments. Probably__

R

a subordlnate amount is obtalned dlrectly from the overlylng
, N T ' : _, .
water. . SR . . ey

a
followed by sorptlon of Mn (I1). Wlth sultable ensulng 1n-
crease in pH~Eh mlxed Fe-Mn oxides are dep051ted after

Mn (II)} is oxidized to Mn (IV) and precmpltatedeas Mnoz,

Whlch may contaln a substantlal fractlon of Mn (II) auto-

calytlcally sorbed' T ' " o o - .fﬁl N




Fag

;9. The somewhat higher Mn content 1Q%9ep051ts occur+
':rlng at the llp of the dEeper sub-basins may he due to a' -
hlgher Mn/Fe ratio dlagenetlc product, on acéount of the .
greater dlstance between the.profundal muds and concretlcn
substrate than.Ln shalloWer ba51ns. Othenw1se, the‘?ffect‘
2 bf some.oxygen depletlon 1n the more - trophlc shallow ba51ns
may deprlve some. Mn (II) of an opportunlty to become oxldlzed

Cadn - some cases Mn could only be present as dlvalent 1ons sorbed

. in the ferrlg oxide phases. . 3

o

i
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Central portion qf»{he underside of ‘a con-

‘cretion from S ation 1, magnified § times. - Note

the lack of a _galpable nucleus, heavy ridging, and
botryoidesn-(best developed in the .lower and left

parts of the picture. The white spiculed Yrowth is

a sponge, while the attached light-toned hemispheres
are. colonies of -a fungus of the genus Aposphaeria
(kindly identified by Dr, K.A. Pirozynski, Mycology

‘Section, .Biosystematics Research Institute, Ottawa),

which normall§4§brive on organic material. The

fungi, whose Jiameters aépear'to.be,cpincidentally

similar to those of the Fe-Mn botryoides, are now
hollow, devoid of spores, except for a few specimens
which contain unidentified translucent prismatic
crystalsy The presence 6f -such apparently well
oxygenated underside, with well preserved primdry
oxidate structures, rich in organic matter and =~ .-
biotic growths » 1§ very rare and found only in a

few concretions. "It is evident that-this part of .

the  specimen could not develop in contact with a

Fa .

~reducing substrate.
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‘ b ' : APPENDIX I _—
. T " - Ll . . . °
R ) - ‘Log_of .Shebrudowan concretion deposits “w
¥ , . . .
Stntiog/ Lotarion Relative™ ‘Deposit Size (ft) . Egrimated " Bottom Type
.~ Basin T * Te Landmark h . _and Orfentation dep:}..(ft) R l"
1-}:[0 5 sii.le large I. in Threemile Bay . 400 ENE x 25 15-30 rock-gravel-sand
2-uM . W tip, Teapot I. . : 15 diam. ’ .30 . sandy
3-MM SE side,. Teapot I. ,-100 NE x 15 -k 35-40 pebbly-sandy
4 G-t NE tip, Little Bare 1. ] 12-long crevice In rock 40 > s1lty sand
T 5=MM between Little and Big Bark Is. 700 NNE x 10-70 20-35 " sandy .
C B-MM off N ppint, The Narrows __ 35 diam. 25-30 sandy
7-1 MM , ¢ 1007 SE"of" Big Bare 1. - v 50 LRE = 25 ] - 25-30 sandy . .
7-2 MM © bff WSW point Eig Bare I. - small 10-15 pebbly-sandy
7-3MM. -~ W of above - undetermined . 15 sandy
8B MM . off*W point, Rabaigon I. 50 WSW ¥ 10 10~40 rock-gravel-sand
9 MM 75' Weof tiny I.. A “small | 6410 ., boulders, pcbble
10 .MM : SW of above I, " 40 E x 10 : ' 30-35.° * sand -
IT m ' °  off NW polat, Pine 1. P sgueral patches . 20 ‘pebbles-sand
12 uu » off NE poinr, L. o . 20 x 10 ' 15 rocky, above mud
13 Uu - off SW tip, 1 . very small t, 30 * pebbly-sandy
14 Uy . SE sdde,, 'Nindbreak' I. very small 0 jrocky, above mud
1500 , - S of SWendd I © ' small - * 15%v- " . ‘pebbly,’ above mu
vl 1€ YU . -along SW side Slate I. R : 300 long ° 20 schist debris., ab
17y «  8E side, small I. . : , ' small 15-20 ) very tocky
L, 18 uU _ off E point, L./ ‘ . very small ‘ 15 ° \Eocky pebbly
y 9w, off NE pbint, L. 2 cones,; dnly v, 15 o ocky-—pebbly/
' 20 Uy 70T SWoof SW L. vip . small .. - 10-15 ocky-pebbld
21 v 40" off sw]:. tip . shall 15-20 ~Jockyspebbly
22alu 30" off SWII1. tip ® very small -~ 15-20 ° siaty,. above m
22bUU 307 S of Elend, same 1. very small X T5=70 slaty, above m
° ., 23a0U .25' 5 off NE point . . . "“very small ~ 15 . schist debris
23buu 50" NE of.f same point . - very small 15 - schist debris
23cUU ‘ "N.off same '‘point ’ one conc. only a 15 achist
24 MU long SE side, near SW end of I, 150- ENE x 10, '\ 15-20 sand off boulde
25 MU 35" S of small I. 15 = IS X 15 rocky, above
26aMU - 15" SW of SW tip of 1. : : smal ] .. I0-I5 ==~ sandy off boult
26bMU 20" S of 'point, SW of same 1. oo -, small A 10-15 : sandy off boulc
- 27 MU W end deposit begins 50' SW of I. 180 NE x 20 15-20 ° sandy-~pebbly
. 28 LU 507 5 of' S eifd of T. , N % 20 ‘I3 sand sOme Vegl
* 29 LU - S of. 5W tip L;f Boyes 1. e Jd 30 EWx 15 25-30 _ rock rubble, 1it
- 30aLU .8 side of I, 0 . - - v . small y 15 + pebbly-sandy
N 30BLU 40" E of 30a ' ‘small 15. _pebbly-sandy
KRN ), B 75' -8 of point, E gdde Narrows small ~ . 35 . slary |
32 UM . 100" S of SW.end off 1. - 3% NE x 20' 25 peBbly-sandy
33-MM 3007 S of E tip of I. very small 10-15 rocky rybble
34 MM 75" NE of N tip of I. i 60 x 20 35 poibly=sandy
. 35_LL 50' W of Burnr I. U ‘pmall v 15 - rubble
' 36 LL N side of Jammer 1. - . small L 10 C}:ebbly-sanay
& 37-LL 40' W of W point, CachoL ) - pery small 17 olky, very liti
- 38-1L "B’ N of W point of small I. very small 15 - rocky, very litl
. 39-LL 40" W of island. - _ 60 HE x 10 - 6-10 Ttocky, rTubbl
. &40-UL 50" N of Potato I. . small ‘ 20 * rubble .-
o 41-UL 40' s of I. across!afrom #2 Shafe small o 15-20 , - rubbly-gandy
. ') 427UL 100" AW of I. witl ventilIation taise tindeternined g 35-40 TubbIy-sandy
' . 43 UL 100" E of Discovqry Point {#1 Shaft) - ' small 35-40 % rubbly-saddy
,  44alL - 60" SW of W end{; 1. C < small 20 5 rubbly
< 44b=UL 407 S of same L ‘ small . A _ 20 Tubbly
45-UL. 100' ‘SE of T. . 25 NE x 10- 20 Fubbly
46-UL 125' W of Yacht I. . 30 E x 10 25 . rubble-sand
47-LM 1207 SW .of SWwwed of I. 40 x 15 20 " rubble-sand
i VT 48-1LM. 80' S of W end of I. 40 E.x 10 o sandy
49-LM 120'"5W of I. N ¢ very small .7 12-15 rocky
. 50-L¥ 507 Wof small 1. very emall 10 > ToCcky
* U-Upper; M-Middlej L-Lower} i ) : T L -
fitBt letter designates Lake secticn]/econd letter dez?\gnates Lake ~ { L ' F
. - . f LY
' N oo
o . ~J - <
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; o Concretionﬂ. B T ot 4 o _-‘ ‘;.‘..'
v . Gohcentragion ) Dominunc ‘Iy-pe . L . e Rcmnrkﬂ Lo o .
e high .. ., 01l kinds emergent weedss L'l sgz ‘growths an somc concs
- ' . o I} - ; concro_tions cument% togethet 1n placcs ',
' .. omedium : diacs, rings ‘e R R A v, L
. ‘ " medium’ . discs,. top rings - . . v -':' L : -
- T high: ) « discs e : AN
G . f. high-' +TL - dises . subm:rgt:d ridgc on- line with Itj‘:‘
. Jgedivm . diges - ' '
E : \ + l.nedium \ e digcs . . |moss'.on Eome. coQgs.. o .
. . -sparse s, _ _ "discs, 'top rings e T oo ' b
Yoo : sparse L diseo . s h . i - - -
* medium discs, topirings, slngs field‘ plungcs 's,teeply WSW; @s ' on some cones. .
. , -8parse . mushrooms, top rings ] "moss' ‘on- snmc q:oncs - . : )
medium *, : dises ., . moss '.0n gome goncs. R .
medium “discs . U
. ' sparse inclpient rings Nt ad '
very sparse < incipiént rings . : LA Vi .
- very sparse -inciplent rings - |- o> T e v
very sparse - , mushrooms, rings . e S )
mud- - very, sparse B . weak ringh some upparside ‘moss"‘-h : TN
v ., very-sparse ... ., wenk mughrooms, ringk, .. N RN ~r. ’
-t ‘sparse |, ¢ incipfent rings * some wmossy' uppersides. . 1
L't 0. ueak rings T : o i
. Bparse - N ) nushrooms, rings some Cryst on boulde‘fﬂ A 7
» 18parse . ' mushrooms » Tings | »e . . . R .
Qery -sparse . veak rings y \ ' . v . P
_ very ‘sparag . wegk ringss . . . 0 ' ¢ .
\J\ very sparse .o ringag™, ' T e T oe
- . very sparse rings ) = ‘
M . 4 -ring - ] - . N R
\ P S high /. discs, ringe, mushrooms . . - . ’ Ny
X gparse \ ’ mugshroots, rings R
T i ,sparge = mushrooms, rings ¢ .
5 j . sparse’ mushrooms, rings o ' '
high discs, mushrooma emergent gruaﬁgs belw dcpoait, some &oncéz. buricd
tlon : medium - dlscs, rings, shrooms B - N by - % in, sand. .
¢ sand medium . o~ mushrooms, ®inga * - F - .
! sparse ki mushrooms, rings . - -
h N SdparseT T T e " mushyooms, rings Ce et - ’
* sparse . T rre———dimcs . —-_‘berfect' discs ~ no concavities . -
. ../ medium T~ d2secs, rings L : o o
vfry- sparde . rings e - ’ o v :
. . high oo dlscs, rings, muahrooma S - ] . ‘ - .
) . sparse _mushrooms, rings 7 S . v
v - Sparge maghrooms, rings only Sta. -where concs’ not grabbed ‘ . : ,
. sand, | ‘isparse rings, top rings - ) ’ S s '
: gand sparse . ; i ~_.rings, top rings ' . i
. high - Fhiqk, mulridecker rings - . ¥ .
. sparse Lo, " mainly rings \
' ‘medium o s wainty rings - e
) ] "igH .. ! disch, rings ) Tocal coalescenceé; <Lovered by veneer S
. Q f, high . ‘ rdugs ‘:1,, \of’fine sediment (from raise?) v : @( S
medium - rings - : g ) : ;
medium : ;i rings S ' o N .
fmedium |, * « - tinge, mushrooms some bottom vegetation. N - @
ot medfum*® discs, rings ‘ ] : :
f. high - discs, rings Bome concs.fstotally buried 1n sand. - )
~  f. high ) discs, rings *  ome cones, slightly buried . - \ N B
, - very sparac mushrooms, rings T . - . . ‘\,/
R VETY eparae % ) mushrooms, rings : ™ P
N -, . . . ¢
* * * T e b e g —prag it T
. » . . . ) 4 Y 4
. , .. R . 1 X i E 4} -
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s a3 8BS 710 e 41 T & 105
Co 4 b 112 100 90 700
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c L6 15 150 102 28 220.
e 27026 . 190 . \ 103 25 . - 190
. -8 170 910 - 1 L 104 7 130
L. 1L 40 - . 295 / " 105 " 43. T 520 ¢
. o, . 3 o155 . 106 .20 © 440 .
D 18 10 .. . 265 / 107 . 0D 7330
e L R - T e . 108 - 68 ¢ 485
P w224 1. - 100, S - 109 290 1,800 "
e 2 . .72 . 725/ ° g~ 52 820
: o 26 L. 18 £ 1200 T R 210
- ¢ " ~27 . .1 © 1M 112 145 2,000
. - 28 7- ° 9 413 142 -, 490
. © 29, <43 300 o114 - 300 < 300
e T e ,30 5 /100 Yoo 7IUILsT T 33 950 ;
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L APPENDIX VI
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Vater chemistry at two Shebandowan concretibn stations, July 13 1970,
Readings (unpublished) by R.A. Ryder'

\
STATION F T ;
Barometric pressure 29.58 in, DS 56 mg/l . -
-~ - ! ' . ) - .‘ ‘
Depth-. Temp.(OC) . 02(mg/1) pH . Turb.(JTU) Color (HU)
0" 22.0 . 9.0 .73 e 15.0
l [ . 22.0 ' : : Y - C. .
2 22.0
3 - 22.0 . - X
4 21.5 , ) =
‘b 9.0 . .- 7.2 . is.0
5 19.5 - C
6 16.0 ‘
7 - 18.0 : Co .
7.2 18.0 9078 LTl 1.7 .~ 15.0
STATION 3
Baromegficopressure 29.58 in TS 32 g/l | "
Depth - Teﬁp}(?C) 09 (mg/l) B 'pH - Turb.(JTU)E * Color (HU)
{m) . . . _ o N - . . - '
0 23.5 ' 8.0 - 7.2 == o T
1 23.0 ~, v : - )
2-.' 22.0 I o
3 20.0 ‘ . ) L
[G 1900 . . 'l 1
5 18.0 .
6 7.0 . . !
7 14.0 8.0 6.6, - 1.2 30.0
8 9,0 8.0 6.5 1.5 30.0
8.5 9.0 f . - — .
. | . . .
|
| o , | (
) :, s -\I. .
N o : )
) /
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o N - APPENDIX VIL * -~ -
' ' {,// ‘ \ l [
.- LOCATION OF GONCRETION (1—50) AND VATER SAMPLE® (100—1205 STATIONS.
(A (Determinatidns from Ont. Lands and Forests 1Ys %mi base maps)
SR S .T:_AII.T_UPE . IovertE  sm LATITUDE, -~ LoNGITUDE
! ‘ . . . ” .
3 . 1 from 48°38.96" -~ 90°2a 31" 34 48°38.20" 9(°14.80"
3} . to . - 39,00 7 24,21 35 - . 36,53 11.43"
L 2t . . 39.03" - 20,157 ' . 36. 32_42', © o 10.52'
3. . 39.06' . 20,08t * .. 37 : .96'- + 07.71!
4 ... 38:81' 15.73" 38 . " 36.77' . 06.26"
. 5TR from’ 38.66" - 15,88" .39 . 37.20" 03.82"
. tou | 38.78" - . 15.76'" . 40 . 35,74, 1345
6 37.26' : 13,72 . 41 " 135,91t 14.60"
71 . 38V60" 15.88" . - 42 . ' 35.87' - .. 15.46'
7-2 - . 38460 - T 15:90"" 43 © 35,98 16.01"
©7-3 -7 - 38.60' - 15,92 4t4a . 35,74 15,49
8- ' £ 39.18' 19.46" b . 35.72" 15.46"
9 . 39.84" : 19.11'" . 45 .36.83' . 13.99'
.10 ., 39.83" 19,10 - 46 . 36.28' ' 14.11'.
11 . 38.76" | 16.79" 47 07T 37.65% 13.32"
12 - . 35,08" o 31.32Y . 48 37.60'y 13.06"
. 13 . - 35.70' - . 31,02 -, .49 . 38.23' 13.02' |
' - 14 * - 35.65" ¢ . 30.53" | 50 . 37.98' . | 12.67'
15 : o 35.94% < 30,440 0 LT L e e
.. 16 from * 35.92° © 30.20° 100 . ‘35,53t T 17.24"
S te . 35.97%: ©30.10' " 101 - " 36.52' ié.zz'.
17 - . -+35.98' | 29.80' . 102 . BE. 74 1.40°
18 - . 36.47'. f  30.02' ! 103 . 34.69" 31.49"
19 ¢ "~ 3b.40'. - % .. 28.85" 1.104- \ 38.37' . .21.83"
200 7.0 36.63 ' "28.90" - 105 34.25". -. 32,87
21 -37.05" 28.67" 106 . % . 35.65% ¢ 3L.70"
22a 37.67' 27,997 . 107 -38.08% 10.68"
b - '3riert 27,927 108 - v 14023777 . 17.64"
‘ 23a - .- 37,58' ' . -28.,02' = 109 3863 26.59"
% 37.60' 7 28.02' 110 - 36.74'  30.94"
“o e - 37.60" . - 28.04' N1 . - 39.34" 25.06"
24 - 37,71 27,21 - 112 _° 37.23' . 30.00"
25 . 38:02" 26.25' 113 .- - 39.96'  20.62°
‘262 ~38.68' ' v 25.21' . 114 39.10" 14.93%
b . . . 38.66' . 25.26' - 115 - 38.12" 05.77"
27 from .  '38.56' .. 25.12' = 116 - 37.21% - 03.58"
" to ' - 38.56 ¢ - 25.17Y 0 - 117 (roughly)36 2} 7 04.47
28 - 38,13 Y. 24.30 118 | 37.201..  03.64"
29 % 37,59 0 - . 23,11 119 . 37.22" - 03.69'
- 30a -’ . 38.13"' - - 22,207 120 36.90" . 09.67"
b 38.14' S 22,17 L L L v
3L . - .. 38.52' 21,760 o : B ‘
.32 . . - 38,93" 20,91 ,
.33 . 39.03" '18.39% '
‘ .
M
L] & ! e
v 8
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' : Precision and accuracy of analyses

e &

Ow1ng to tedhnlcal dlfflcultles it was not possxble

.-, ,‘—.I Ty
to monltor .or check the leVel of prec1sioh and * accuracy ln

i ,.

:commerc1al analyses made for thlS ﬁhesls. ;Slmllarly, not

enough 1s known concernlng analytlcal methods employed and

the preC1slon and accuracy attalned for dat& from publl—

-

catlons-and %ther sources,”used for’comparlson w1th the

ba51c the51s data_ Any conclus1ons about the absolute con—fa

centratlons of elements, partlculariy 1n trace\quantitles,

and any comparlsons of these must accordlngly be\guarded

4 ’ . . .‘.-
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1 '‘Littoral ferromanganese concretions-have been
collected frgh 50 localltles ‘in Sgebandowan Lakes, Ontario,
.a multl—ba51n complex 30 mlles long. The average CompOSltlon
-of the concretlonS° 43 1% Fe, 5~ 65% Mn, 0. 538% Ca, 200 ppm
.K, 569 ppm Mg, 3I° ppm Cu, 273 ppm Znu 101 ppm Ni and 102 ppm
. e T~
Coy is 51m11ar to that of concretlons from other North
Amerlcan and Fennoscandlan lakes. X—ray dlffractlon arid”
'.Mosé%auer spectroscoplc methods detected the presence of -
‘fgoethlte and other unldentlfled ferric oxyhydroxrde mlnerals‘

]
o

‘Observation bf the growth hablts of hundreds of concretlons
: show that they form at the sand—water 1nterface by concentrlc <
accretlon in that plane,~w1th a tendency to dev1ate ln‘both
up and down dlrectlons at the edges, p0551bly 1&lustratrve
of a dual source of elements.‘ Partlal re—solutlon of bbttom .
and top concretlon surfaces 1s llkely respon51ble for maln-h
-talnlng the overall flat growth : Sedlment cores at concre-r

“ -
.'tlon sites have upwardly 1ncreasrng Mn and Fe contents and
Mn/Fe ratlos, 1mply1ng & dlagenetlc accrual of these metals
to concretlons by transport from profundal to llttoral S
- sedlments. A hydrogenous component of the metals' accruarf
is 1nd1cated by the presence of upfolded edges on common
discoid-concretlons and of upper51de botryogdal growth, the
‘latté; best observed on- mushroom—type morphologles . Some-,

what higher=Mn/Fe ratios in concretlons of dep051ts“eub- -
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