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ABSTRACT"

A structure contour map was constructed of the footwall contact 
surface of the Kingston conglomerate and when compared to the location, 
of the native copper oreshoots in the Kingston conglomerate a corre
lation was found to be present,, Ridges on the footwall surface are 
associated with ore shoots in the footwall zone near the base of the 
conglomerate,, Depressions on the footwall surface are associated with 
a barren footwall! zone in the conglomerate but with thick and high 
grade ore shoots in the intermediate and hanging wall zones-®

It is suggested that this deposit is epigenetic and that the 
ridges and depressions on the footwall surface may have caused a. differ
ence in permeability of the overlying conglomerate and thereby also 
have affected the channelways. for the hydrothermal fluid's and the 
native copper deposition®



; . i :0  ^ s e b q d u g i i o h  ' .  ■

(id) Location and: History:- -
TMs study was- donducted in a nercdy discovered orebody -within . 

the Kingston conglomerate of the Michigan native copper district. The 
district is located on the Keweenaw Peninsula of Upper Michigan and the 
Kingston shaft is located- between the villages of Copper City and Ahmeek 
in Keweenaw; County, Michigan (Fig, 1,1). The Kingston conglomerate 
is only one of the many sedimentary rocks and lava flow tops that are 
-mineralized with native copper.

. Production from the district totals over 10-.billion pounds of 
copper. One ore horizon, the.Calumet conglomerate, produced over ;.

;.3 billion pounds of- copper, and .is currently being mined after being 
, idle for an extended period of time. Commercial grade copper occurs 
not only in various sedimentary beds In the district but - also, in the 
amygdaldidal; tops of lava flows and in fissures which cut. across the 
bedding and layering of the sedimentary rocks and flows. The fissure- 
type deposits are the least important economically, however, these 
deposits are remarkable in that large masses of native copper weighing 
■ several hundred tons- have been.found in some of the larger1 fissures.

The Michigan copper district has been-producing copper for . 
more than 100 years. The history of the district.has been recorded 
by Wincheli (1:0945 , Fan Hise and Leith. (1911), and Butler and Burbank 
(1929, p. 63)- and will not be repeated here. The Kingston orebody
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Fig. 1.1 - Map of Keweenaw Peninsula, Michigan, showing areal geology and location of Kingston shaft. 
(After H. M. Martin, 1936, Michigan Geological Survey map.)
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was discovered by diamond drilling and mineralization was first encoun
tered in March, 1962./ Further drilling on 500-fOot centers indicated 
a possible orebody with a strike length of about 4000 feet,' Under- . 
ground development began in early 1963 and test stopi'ng was conducted 
during the latter part of 1963., Production mining started in July, 1965.

(1,2) Purpose and Scopes
During development of the Kingston mine, early geologic work 

by R„ J, Weege, G. P, Phillion, and the writer indicated that there 
might be a relationship, between the distribution of the ore and the 
characteristics of the footwall contact and the underlying rocks.
It appeared as though these features exeerised some control over the 
Idealization of the ore. The purpose: of this study was to determine 
if the location of the ore shoots; correlated with the undulations in . 
the old erosion surface on which the conglomerate was deposited or 
with the character of the underlying rocko

In order to evaluate the significance of these observations, ,. 
it was decided to map the geology of the above-mentioned features to 
determine if any consistent patterns could be developed, A total of 
7200 feet of footwall drifts on 5 levels was mapped at a scale of 
1" to 50' using transit survey information provided by the Calumet- 
and Hecla. engineering department as a base map. In mapping, partic
ular attention was given to the location and grade of the copper 
mineralization in the conglomerate, the usually sharp contact between : 
the, conglomerate and the Underlying lava flow, and the physicalt



characteristics (whether cellular amygdaloid' or V s coriaceous” amyg
daloid) of the lava flow top. In order to show the irregularities 
in the footwall contact of. the Kingston conglomerate a structure 
contour map was constructed of this surface,.

Finally, to determine if a correlation exists, the location 
of the ore shoots ('both the ore shoots exposed in the footwall. drifts 
and those delineated by holes drilled from the footwall drifts to 
the hanging wall contact) was compared to the location of the phys
ical features mapped in the footwall drifts and to the ridges and 
depressions delineated on the structure contour map0-

The field work for this problem was done on various' Saturdays- 
from March to lugust, 1966> with a total of about 1$ days spent on 
mapping the footwall1 drifts^ .. - '

This study was limited to the northeast portion, of the bre- 
body, because at the time this study was being made there were insuf
ficient exposures of the footwall. contact in the southwest portion 
of the mine:*,



' : , 2./ GENEEm,GEOLOGY • -

(2cl) Previous Work:
. The geology of the Michigan copper district- has "been described 

in great detail by Butler and Burbank. (1929). E-iany other papers have 
"been- written bn this district and only the more general or more recent 
works mil .be mentioned 0 . Early contributions include Irving (1883)? 
and Lane (1911) <, More recent work on the ore. deposits includes 
Broderick,: "Hohl, and Eidemiller (1946), Broderick (1956), Cornwall 
(1951;, 1956), and ,¥eege. and Schillinger (1962)..

(2.2) Stratified Rocks: ■ r
: : fhe Keweenaw Peninsula of Upper Michigan is- underlain by 

rocks of Late Precambrian and Cambrian(?).age. They are, from oldest 
to youngest, the Portage- Lake lava series (Middle Keweenawan), the ■ . 
Copper Harbor conglomerate. Nonesuch shale, and Freda sandstone . .. .
(Upper Keweenaĵ an), and the Jacobsville sandstone (Cambrian(?)).

The Portage Lake lava series, in which the Kingston ..conglom
erate occurs, is* a thick sequence of basaltic and andesitic lava, 
flows with interbedded felsitic conglomerates and sandstone.. The. ■ 
thickness of the lava series in the vicinity of the "Kingston mine ". 
is about 12,000:' feet® The lava flows make up by far. the' greater . 
volume, with the sedimentary units- aggregating only about 3% of the 
total thickhess of the series. ' The.individual flows .vary.in thickness



6
from a. few feet to over 500 feeto Some of the flows, particularly
the thicker ones, can be traced for miles along the strike. However,

•>

most of the individual flows are quite variable both in thickness 
and character making correlation difficult.

The main body of the flows may be uniformly fine-grained 
(locally termed melaphyre) or may commonly possess such textures as 
ophitic or gloraeroporphyritie. The tops of the lava flows are com
posed of a layer of arygdaloi'dal lava, of variable thickness. The 
flow top is called cellular if it is- dotted with amygdules, ozr frag
mental if it is composed of a jumble of fragments- of amygdal'oidal : 
rock.. It is these fragmental flow tops: which contain, most of the 
ore deposits in the lavas. “Scoriaceous amygdaloid" is a local term 
for a flow top with interstices filled with detrital sand, silt,.or 
clay (Butler and Burbank, 1929, p. 21, 22).

The sedimentary rocks of the Portage Lake lava, series are 
predominantly conglomerates and sandstones composed primarily of 
fragments of felsite and quartz: porphyry; The beds are generally 
lenticular, thickening and thinning rather rapidly along the strikê  
varying in thickness from a few Inches up to about 60: feet. Most 
can be traced for many miles along the strike. The particles which 
make up the conglomerates and sandstones are generally well-rounded 
(especially the larger sizes) and they range up to a foot or more 
in diameter. However, boulders- over one foot in diameter are not 

.. common. . ■ :• . -"
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The Copper Harbor conglomerate, which overlies the Portage 

Lake lava series,, is primarily a conglomerate with subordinate amounts 
of sandstoneo The fragments are mostly rhyolite with small' amomts 
of amygdaloidal "basalt and massive basalt= Included within the 
conglomerate are about 500. feet of fine-grained andesitic lava flows, 
making the total thickness of the formation about 4000 feet (Tfliite, 
Cornwall, and Swanson, 1953)o

The source of the great amount of felsite and quarts porphyry 
which make up the Qopper Harbor conglomerate and the sedimentary 
rocks of the Portage Lake lava series is not known, although studies 
of imbrication in the Houghton conglomerate (White, 1952) and studies 
of cross-bedding in the. Copper Harbor conglomerate (White and Wright, 
I960") indicate that the source area was to the south of this area, 
and the beds were deposited by northward flowing currents<, There 
are several small felsite bodies intruding the Portage Lake lava 
series which are similar in character to the felsitic material of the . 
conglomerateSo These intrusions, however, are not likely to be the - . 
source for the conglomerates; because there are conglomerates of like-,, 
character which are older than any of the known outcrops, of the felsite 
intrusionso Also, the exposed masses seem to be much too small, to , ■ 
have supplied the large amount of material contained in the conglom
erates (Butler and Burbank, .1929, 19);o-

The Nonesuch shale grades upward into the If eda sandstone:,,.. . ; .
The Nonesuch shale in this area, is dominantly, a gray silt stone about,



600 feet thick 0 The Hone such shale is the host rock for the large 
ehalcocite and native copper deposit 70 miles to the southwest in 
Ontonagon Countyo In Keweenaw County commercial grade copper has 
only been found in the Portage Lake lava series0 The Freda sandstone 
is a red fine- to medium-grained sandstone with prominent white. 
streaks and blotches. The total thickness of the Freda sandstone 
where fully exposed is about 5000 feet (White, Cornwall, and Swanson,

The Jacobsville sandstone is primarily a buff- or salmon- 
colored fine- to coarse-grained sandstone with subordinate .amounts; 
of reddish-brown pebble conglomerate'. This sandstone is generally- 
flat-lying and at least 1800: feet thick (White, Cornwall, and Swanson, 
1953) o -

(2.3) Structures:'
The main structural elements in the vicinity of the Kingstm 

mine are the Keweenaw thrust fault, the Mlouez Gap fault, the broad 
Lake Superior syncline, and the gentle Allouez anticline. (See Fig. 1. 
and Fig. 20lp.):i

The Keweenaw thrust fault forms the southeast boundary of the 
Portage Lake lava series. It is a reverse fault along which the lava, 
series has been thrust over the younger and flat-lying Jacobsville:: 
sandstone. The fault strikes generally north and northeast and dips 
toward the northwest.
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The illlmes Gap' fault is a scissor-type cross fault whose 
origin is probably related:to the Keweenaw thrust fault« It strikes 
generally M 20 W and dips steeply 1E0 It dies out . toward the north 
away from the Keweenaw fault a The Allouez Gap' fault passes through 
the middle of the Kingston orebody where it causes a horizontal dis- 
. placement of about 80' feet in the upper levels,

1 Southeast of the Keweenaw fault, the Jacobsvilie sandstone 
is generally flat-lying, ; Northwest of the fault, the Preeambrian 
■strata' mid lava flows form the southeast limb of the Lake Superior 
syncline and dip 25° to 75° northx̂ est tou/ard Lake Superior# The 
layers lower in the section dip;:, more steeply; than those higher up, ’ 
due both to thickening of the lava - flows down the dip, and also to 
slight curvature of the layers. Also1, the dips of the layers become 
gentler when traced to the northeast (Hhite, Cornwall, and Swanson, 
1953)= V - :. Y:'::/
> ‘ The Allouez anticline causes a gentle warping of the lower

layers of the Portage Lake lava, series, The warping dies out toward . 
the north&rest and does not affect the uppermost part of the series 
(Hhite, Gornx/all, and Swanson, . 1953), . In the Kingston conglomerate 

" the anticline causes' a change of: only a few degrees in the strike, 
of the opposite limbs. Also, in the. Kingston mine the Allouez Gap 
fault occurs at the crest of the anticline,. A small mass of intrusive 
rhyolite is present underneath, the anticline, and it may be related •. 
to the anticline in origin.,.



3 o. KINGSTON- CONGEMRATB

The Kingston conglomerate is one of about 20 sedimentary 
beds recognized in the Portage lake lava series, - It lies about 5600 ■ 
feet stratigraphically below the top of the series. There are about 
1050 feet of mafic lava flows separating the Kingston conglomerate 
from the overlying Calumet conglomerate and the underlying Wolverine 
sandstone. .

. The Kingston. conglomerate was formerly known as the -Kearsarge 
conglomerate, but since there vras; ah important ore horizon already 
called the Kearsarge amygdaloid in this district, the name was changed 
to avoid confusion.

■ - (3 .1) Thickness and Extent :- .
Within the productive portion of the Kingston mine the con

glomerate ranges between 28’ feet and 58 feet thick, and averages 
about 38 feet thick. The.Kingston conglomerate has been recognized 
in diamond drill cores for many miles along-the strike. . The thickness 
is quite variable and generally thinner than at the niine.. In -Some: 
places- the conglomerate- is absent or is represented by a few inches, 
of grit or thin "scoriaeeous amygdaloid"-.

(3 . 2) Composition r. ' ; '' - - -:
The gravels which .make- up the Kingston ' conglomerate are dom

inantly: red.rhyollte-porphyry with: quarts and - feldspar phenocrysts. :



Fragments of felsite porphyry with large feldspar phenociysts and 
amygdaloid fragments are also present but are much less common0 
Locally amygdaloid gravels may become more abundant, especially near 
the base of the conglomerate, but this is rare. The rest of the frag
ments of the various compositions seem to be scattered randomly through
out the conglomerateo No specific trends of various compositions 
have as yet been noted in the Kingston conglomerate such as those 
described by Butler and Burbank (1929, p° 183) in the Calumet conglom
erate« The matrix. of the conglomerate seems to have a composition 
similar to that of the coarser fragments, Calcite and quarts' are 
the most common cementing agents.

Nearly all the material which makes up the conglomerate has 
a reddish color which imparts a dark red to reddish-brown color to 
the conglomerate as a whole. The color is due to finely disseminated 
hematite within the fragments of rhyolite porphyry and felsite porphyry. 
Butler and Burbank (1929, p. 18̂ .) give evidence that this hematite 
is primary and that the red color is not due to oxidation during or 
after deposition.

(3.3) Textures.
The sises of fragments in the conglomerate are widely varied,; 

ranging from silt and sand: sizes up to. boulders:. The larger fragments p 
composing the conglomerate are generally well-rounded. The smaller, 
the fragments, in general, the less rounded they are, and the sand 
size particles are decidedly subangular to angular;, Sphericity is



moderate to good in the larger sizes, being less so in the smaller 
sizeso These remarks above are from visual observations as no formal 
studies have been done on rounding or. sphericity in the Kingston 
conglomerate o' : , ■ ■ " ■ '

Although the conglomerate should probably be described as 
being poorly sorted, there are many layers within the conglomerate , 
in which at least some sorting has taken place« In fact, the conglom
erate is a distinctly banded rock made up-of mary layers or thin lenses' 
which differ widely in teriure.o Sandstone lenses, which are fairly: f
common in the conglbmerate, are a good example of one type of bando, 
However, there are also layers in which a certain fairly narrow sine 
range of particles greatly predominates over the other sizes, or where 
all the fragments are less than a certain diameter^ There are also 
bands in which the coarser gravels are ^floating" in the sandy matrix: 
as opposed to other layers which contain much less sand and where the 
coarser- gravels are resting against each other<,/.

. Therefore, a. typical section through the conglomerate would 
expose many distinct layers parallel to the bedding, recognizable by 
differences in texture» Both sharp: and . gradational contacts are common! 
between separate layers= Cross-bedding is common in the conglomerate^ 
Ripple marks and mud cracks are present in some of the fine-grained 
l a y e r s * ! ; . '': •"v . l ■;:■ '' T : ^ '■ v--/

The Kingston conglomerate.:' is.a well-indurated,', compact rock: 
and commonly breaks across, the pebbles, although there are some zones, 
usually with a sandy matrix, in which the conglomerate tends to break



around the pebbles „ Vugs are rare in the conglomerate and have been 
noted only in a zone of alteration which is associated with the Allouez 
Gap fault0

(3oA) Hanging Wall:
After deposition of the Kingston conglomerate, volcanic activity 

continued spreading mafic lava flows over the conglomerate,, However, 
there is now a fault gouge separating the conglomerate from the over- 
lying lava flow „ The fault gouge is derived from a bedding-plane fault 
with reverse movement probably formed during the Keweenaw thrust fault
ing and the downwarping of the. Preoambrian rocks into the Lake Superior . 
synclineb The gouge is red or mottled red and green clay, ranging from 
a few inches up to 3 or 4 feet thick* The top of the conglomerate IS: 
a natural place for faulting to take place because the indurated conglom
erate is more competent than, the: Iava.'flbws and the flat surface at the 
top] of the conglomerate offers less resistance to movement than the; 
undulating contacts*

The base of the lava, flow just above the fault gouge is blocky 
trap with many joints and fault planes coated with chlorite and showing: 
slickensideso.. The conglomerate shows no effects of the faulting such 
as crushing or slickensldes'o-

(3*5) Footwallg
. The footwall of the Kingston conglomerate is the lava flow: on- 

which the conglomerate was- deposited. This lava flow commonly has a, 
cellular amygdaloid flow top which locally shows banded or coalescing



.

aznygduleso Gal cite coinmonly fills the ajnygdul'es, although other min- - 
erals such as quarts> epidote, chlorite, native copper, various zeolites:, 
and red feldspar are found in ajnygdules. The floxj top is unoxidizedo

There are local areas within the Kingston mine where a lense 
of %coriaceous amygdaloid*1 separates the conglomerate and the cellular 
amygdaloid o The "scoriaceous amygdaloid” underlying the Kingston con
glomerate occupies depressions which were present on the surface of the 
cellular amygdaloid and is composed of the erosion products from the; 
elevated areas of the cellular amygdaloid which were washed into these 
depressions before deposition of the felsitie material began*

(3.6) Structures
The Kingston conglomerate lies on the southeast limb of the 

Lake Superior syncline. . In the Kingston mine the conglomerate strikes 
M 42-48°. E and dips 38° to 42° Nlfo The Allouez anticline causes a. 
slight deflection in the strike from one end of the orebody to the • 
other. The crest of the anticline passes through the middle of the 
orebody, and located at the crest of the anticline is the Allouez Gap; 
fault,. The Allouez Gap fault is really two faults about 3GCP. feet apart 
on the upper levels of the mine. The two: faults converge with depth 
and become'one fault on the 30th level, 2000 feet below the outcrqpv 
The general strike of the fault is h 15° W  and the dip is' 76° EE,
The horizontal displacement of the conglomerate is about 00 feet on 
the upper levels with the westerly block having moved to the south, 
relative to the easterly block. This is a rotational fault as shorn



by the horizontal displacement of about 50 feet on the 30th level in • 
a direction opposite that of the upper levels*

The only other major faulting present within the mine is the 
hanging wall fault which was described earlier* There are a few minor 
faults crossing the conglomerate with apparent displacements of gener- : . 
ally less: than one foot*

Joints and fissures are abundant throughout the conglomerate* // ' 
Many are filled with calcite or ankerite, minor sericite, chalcocite, 
and native copper;

(3o7) Mneralization and Alteration: ' -  ̂ -

. Most of the native copper in the Kingston conglomerate occurs 
as open space filling and as replacements of the matrix, of the conglom
erate* The pebbles of quarts porphyry-and felsite are usually unre
placed and unaltered, although some pebbles may contain a small amount 
of fine, disseminated native copper or have their rims- replaced with 
copper* The copper can occur in very coarse or very fine conglomerate. 
or even sandstone, but medium-grained conglomerate without a sandy matrix" 
is the most common host* Conglomerate with much sand in the matrix la- 
very seldom mineralized*

This replacement and open space filling took, place almost exclu
sively along bands in the conglomerate which are parallel to the beddings 
These bands of conglomerate which contain the copper between the pebblesr., 
are lenticular, being thin (usually less, than 12 inches thick) but. 
having a lateral extent of several feet or even tens of feet* Often 
there are many mineralized, bands close together separated by thin layers-: v



of barren conglomerate0 In conglomerate which is cross-bedded the 
mineralized bands are commonly arranged en echelon parallel to the „ . 
cross-bedding., The tbps and bottoms of the bands of mineralization 
are usually quite sharps. How ever ̂ the few bands which are seen to 
have irregular-shaped contacts still exhibit? overall3 a lenticular
shape parallel to the bedding0 The boundaries of some bands of miner-- . ■ . ■' • .
alization are found to coincide with the textural boundaries of the 
conglomerate. Less often there are no obvious textural differences’ 
between well-mineralized conglomerate and adjacent barren conglomerate.

The bands of mineralisation described above may occur at any . 
horizon within the conglomerate3 but they are usually concentrated 
near the footwall contact or near the hanging, wall contact, with some 
small concentrations near the middle of the bed. These concentrations 
are demonstrated by the fact that 38 percent of the ore reserves in 
the conglomerate are located in a zone within about 7 feet of the foot
wall contact. The hanging wall concentrations are more variable than 
the footwall bat most of this copper is within 12 or 15 feet of the ■ ' 
hanging wall contact with 35 percent of the ore reserves in this zone.,,. 
There are, also, localized areas where intense mineralisation has pro
duced ore shoots which are not confined to areas near the footwall or 
hanging wall contacts but may extend from the hanging wall contact down 
through the middle of the conglomerate, or, in rare cases, to the foot—  

wall contact making the „ full thickness of the conglomerate mineable.
Yet, even in these intensely mineralized areas the ore is still composed;



of many thin bands of conglomerate containing.copper in the matrix 
■separated by bands of nearly:barren conglomerate.

Minor amounts, of copper are also present,, both in the native 
state and as chalcoeite, in cross fissures and as thin coatings ■ along ■ : ' 
joints in the conglomerate,, and as very thin sheets of .native copper : 
in joints parallel to the layering in the amygdaloid immediately . 
beneath the conglomerate.

Other minerals which have, probably been introduced into, the 
matrix', of the conglomerate include calcite, quartz, chalcoeite, and . 
possibly chlorite, , -

■Associated with the Allbuez Gap fault, predominantly- along its , 
eastern side, is a zone of clay alteration which averages about 200: feet 
wide, although the boundary is highly contorted. Within this zone the 
conglomerate may be so highly altered as: to be almost unrecognizable,.

Epidote alteration is present in the■Kingston conglomerate, .
It is-most common in the fringes of the orebody where it replaces the. 
matrix of the conglomerate, Where the alteration is strong, the epi
dote may replace both the matrix and the pebbles. ' Epidote within the 
orebody is not common, but where present may occur in both rich and bar— . . 
ren areas, and therefore seems not to be closely related to the copper 
deposition.

Chlorite is closely associated with the native copper. Chlorite 
and native copper can occur separately but it is- common to find chlorite, 
in the well-mineralized areas. The chlorite is found only in the matrix; 
it has not been noted replacing the pebbles. ..
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Pronounced bleaching of the red conglomerate is a characteristic 

which accompanies almost:all. copper deposition in the other conglom
erates of this district, especially in the Calumet conglomerate as 
described by Butler and Burbank (1929, p0 187)« But in the Kingston 
conglomerate,.bleaching is almost entirely lacking, and where it is 
found it is seldom closely associated with the copper, '



4» RSLATIONSHIP OF. FOOm4LL. HaTURES TO ORE OCOTJFRESpS.

. A" dorrelation was found to exist'between the .locations: of the .
: . ridges and valleys on the footwaJ.1 contact surface of the Kingston 
. CQngloiierate. and the ore shoots within the conglomerate,. The follow— : \ 
ing sections xd.ll describe (l)the method of displaying the ridges and ■ 
^depressions of the footwall contact surface, (2) the distribution of 
. the various ore shoots within the mine, and (3)the correlation which, 
exists between the configuration of the footwall contact surface and 
the ore distribution,'

(4*1) Footwall Configurations:.
In order to show the shape of the footwall surface a structure 

contour’ map was constructed of the footwall content of the Kingston 
,. conglomerate. using a method developed and.- described by Conolly (1936) „
- Conolly.1 s method consists of using as a datum of reference an inclined 
. plane with a strike and dip which is near the average strike and•dip. - 
of the surface to be contoured, in this case the top of the lava flow 
immediately underlying the Kingston, conglomerate. The trace of the 
intersection of the reference plane is then plotted bn the horizontal 
plan. map. of the. mine where it intersects each level. The traces of ■ 
the reference plane on each level in the Kingston mine .is shown on '
:Figure 4*6 (in pocket) ... The horizontal’distances from the .trace, of , 
the reference plane to.the footwall. contact where the .contact is mapped ■ 
/ ' - ’ - '/A . . ■ 2Q ' - '. ; v’:,
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in the footwall drifts can then be measured at any point along the 
drifts0 Finally, these horizontal distances between the reference 
plane and the footwall contact are used for structural contouring 
the same way that elevations are used in topographic contouringo

When selecting the attitude of the reference plane, only slight 
adjustments of the strike and dip of the plane can be made0 And it 
is- important to note that these adjustments- can only change the shape 
of the ridges and depressions and not their positions0 Therefore, 
any correlations which exist between ore shoots and ridges or depressions: 
cannot he appreciably affected by the selection of the attitude for 
the reference plane* .

The resulting structure contour map for the Kingston conglom
erate is shown in Figure J+do This map shows that the footwall surface 
has three ridges and three depressions« .A™ ridge is located on each 
side and the nose of a. third is in the middle^ The crests of the ridges; 
are indicated with violet lines„ The depressions are marked with depres
sion contourso One large depression is located on 6 and 8 level and 
two small depressions are located on 12 level. The mapping of the foot
wall. contact on 10 level shows that the depressions are not connected,
, across 10 level, . • ' : v: V .: : ’-

/. (4.02:) Ore Distribution:
, The distribution of the copper in the Kingston conglomerate 

is, determined partly by visual estimates and, partly by assays. The 
ore shoots in the footwall zone are determined, only by visual estimates, 
because most of the copper present in this zone is exposed in the
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footwaU drifts and. nd good method has yet been devised to sample, 
these deposits in the drifts0 The. difficulty in sampling these deposits 
is due partly to plucking and smearing of native copper during sampling 
and partly to the somewhat erratic distribution of the mineralized 
bands of conglomerate. However, only an average of about six feet 
of conglomerate is exposed in the footwall drifts, leaving about 30. 
to 40 feet of the conglomerate which can be long steel drilled with 
the sludge collected and assayed. The long steel holes are drilled 
oh 50-foot centers along all the drifts and on 25-foot centers in areas: 
of particular interest. The holes are drilled from the footwaU drifts 
and directed perpendicular to the strike to intersect the hanging wall 
contact, thereby testing all the conglomerate from just above the foot- 
wall zone, through the middle or intermediate zone and hanging wall 
zone to the hanging wall fault. gouge0.

The graphs in Figure 4=2 represent the visual estimates of 
the total Copper content of the footwaU zone along each of the drifts® 
Figure 4° 6 shows the copper as it ,was mapped in the footwaU drifts, 
and from which the graphs in Figure 4o2 were drawn. The red bands 
representing the copper mineralization on Figure 4=6 are not the indi
vidual thin bands of copper-bearing conglomerate which are too thin, 
to show at the 1" to 50 V scale, but are the concentrations of many- 
thin bands of conglomerate with copper in the matrix separated by thin . 
layers of barren conglomerate. In a few places where only one thin 
band of copper-bearing conglomerate is present, its thickness is slight
ly exaggerated on the map® •. _ .
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The graphs in Figure 4° 2: are very general and are meant only 
to distinguish the veil mineralised areas in the drifts from the poorly 
mineralized and barren areas0. These graphs show a broad footvrall-zone 
ore shoot on 3 level, two broad ore shoots on & level separated by a. 
narrow lean area, two- ore shoots on 8 level separated by a broad lean 
to barren area, one ore shoot on 10 level, and two small ore shoots 
on 12. level separated by a narrow barren area*

In Figure 4*3 a graph at each level shows the relative total 
amounts: of copper present in the hanging wall, zone along each level.
The graphs were drawn from the assay data gained from the, long steel 
drilling samples. They were drawn by connecting the midpoints of the 
. lines joining the total, copper content in each pair of long steal holes*. 
Figure 4<>6 shows the locations of the long steel holes along the drifts,
• and also the location and width of that portion of the long steel, hole 
which contained the copper and was assayed. The high peaks which are 
present in the graphs of Figure 4=3 at A, B, C, D, and E on 3, 6, 8, 
and 12 levels, are the result of copper which is not confined solely 
to the hanging wall zone. As can be seen by reference to Figure 4=6 
showing the width of sampling in these particular areas, this copper 
is! from the very thick ore shoots described ' earlier which extend from 
the hanging wall, contact down through the middle of the conglomerate 
and sometimes.to the footwall contact. These thick and high grade 
hanging wall deposits are the common type present in the side of the 
mine covered by this study. The thinner but more widespread hanging
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wall deposits are the common type in the other part of the Kingston 
mine southwest of the Allouez- Gap fault.

. (4.3) Correlations between Eootwall Features and Ore Shoots;
Figure 4«4 shows the ridge crests and the depressions of the- 

structure contour map of the footwall contact superimposed on the graphs 
of copper in the footwall. ore zone at each level. It . can be seen from 
this' composite that the footwall zone copper is associated with the 
ridges on the footwall contact. The footwall ore shoot to the north
east is confined to the crest and the northwest flank of ridge A-A5.
The footwall ore shoot to the southwest is- located along the crest and. 
both flanks;of ridge C-C*. The nose of ridge B-B1 near the middle of
12 level also has footwall copper at the crest and both flanks. In
the area of the depressions the footwall copper is almost totally lii 
lacking. - : ; ,. .V : ■ ■ . .

The ore shoots in the-hanging wall zone also show a good corre
lation with the configuration of the footwall contact. Figure 4.5 
shows the same ridge crests and depressions superimposed on the graphs 
showing the location Of the hanging wall, ore shoots along each level..
The thick and high grade ore shoots shown by the peaks G, D, and B 
correspond with the depressions in the footwall contact surface.. No‘ 
depressions are present, and in turn, there are no thick hanging wall 
ore shoots present on 10 level. . The only exception to the correlation , 
of the thick hanging wall ore shoots with the depressions is shown by 
the peak A' on 3 level where there is no depression underlying this area...
The reason for this.one exception is not known.
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Also associated with the thick hanging wall ore shoots is thex - . ' ■ ) . ' '

"scoriaceous amygdaloid"* This is because, as was stated earlier, the 
nscoriaceous amygdaloid” forms in the degressions on the footwall. sur
face from material washed down from the higher ridges „ Therefore during 
drifting the nscoriaceous amygdaloid” at the contact gives the indi
cation of a depression with its associated ore shoots.even before 
surveying and geologic mapping has shown the subtle depression to t 
be presento -

. (4<>4) Genesis of the Deposits:
.Many theories have been advanced to explain the origin of the 

•Michigan native copper deposits <, lane (1911) thought that the copper' 
was leached from the traps by descending salt', waters, and was precipi
tated in permeable channels by the reducing action of the ferrous iron 
in the flow tops and sedimentary: rocksv Lindgren (1933) felt that 
■ ascending magmatic watery with meteoric: water added, dissolved primary 
native copper disseminated in the traps which was then deposited as 
in the Lane theory0 Cornwall (1951) believed: that the source of the 
copper is the lavas in which it occurs and the copper in the sediment
ary rocks: was deposited from playa lakes,. He also believed that ascend
ing hydrothermal:solutions reworked the earlier syngenetic copper 
concentrations in the amygdalbids and sediments<, Cornwall: explained 
the lack of sulfur as being due to the boiling off of the sulfur from, 
the lava, flows at low pressure. Butler and Burbank (1929) and Broderick, 
Hohl, and Eidemiller (1946) believed the copper was deposited in perme
able areas in the lavas and, sedimentary rocks- by hydrothermal fluids



derived probably from the Duluth gabbro0 According to this theory 
the sulfur which commonly accompanies copper in hydrothermal solutions 

> was- ozidisred by the ferric iron present in the flow tops and sediment- ; 
rary focks causing the native copper to be precipitatedo .

'■•Whether the source of the copper is magmatic or whether, it has 
been derived from the flows themselves and later reworked by hydrother
mal fluids has: not been determined, since the copper in its present 
form in the Kingston conglomerate would be the same in either case.
That the copper has been introduced into the conglomerate some time 
after the conglomerate was deposited is suggested by the fact that: 
l): most of the copper is found in those portions of the conglomerate 
which demonstrates the most permeability, namely those layers which 
have the least amount of Sand in the matrix, 2) the copper in the 
.fissures was deposited after the conglomerate- was formed, and 3) in 
a few areas of the conglomerate the copper is definitely controlled 
by fissures as shown by the fact -that in these areas the bands of min
eralisation in the conglomerate are arranged symmetrically on either 

, side of the crosscutting fissures, a: condition which is shown to be 
persistent as mining has been carried out following these fissures.

If the copper had been deposited syngenetically by precipitation 
from playa lakes or as placers the copper would not be restricted to 
the bands of conglomerate with little sand in the matrix as most of 
the copper is found at present and there would not be the close associ
ation between fissures and ore shoots which exists in some places in
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The depressions and ridges are probably primary features which 

were present on the cooled lava flow,. i3hen: deposition of the conglom
erate began the depressions: would be filled in first? and this initial 
deposition was decidedly sandy. Later deposition both on the ridges 
and above the depressions was less sandy. Assuming the epigenetic 
deposition of the native copper suggested above, this would explain 
the virtual absence of copper in the sandy conglomerate in the depres
sions and the possibility for copper deposition in the less sandy 
conglomerate above the ridges. ;< '

The reasons for the great amount of copper" in the intermediate 
and, hanging wall zones above the depressions is not known. It is 
probable that the depressions have acted in some way, as yet unknown, 
to affect the permeability of the conglomerate in which the copper has 
been deposited.



0 COHGtUSIONS

’ %r comparing the configuration of the footwaU of the Kingston 
conglomerate with the locations pf the ore shoots in.the conglomerate,
® good correlation was fonnd to exist' between the ridges on the foot- . 
wair and native copper mineralization in the conglomerate immediately 
above, and between the depressions (with "scoriaeeons amygdaloid" in 
them) and thick and. high .grade mineralization in the hanging wall and 
intermediate zones of the orebody. This correlation suggests the foot- 
wall' configuration has helped to control the deposition of native copper 
in the Kingston conglomerate0

It is suggested that the deposit is epigenetic with permeability , 
being the major ore control. The configuration of the footwall contact 
surface of the conglomerate might be a secondary ore control whose 
effect is not yet fully understood. v

. If further study;-confirms these observations, some practical 
applications of this information could possibly be: '(l)an aid in out
lining the ore shoots to cut down oh dilution,. (2)less long steel 
drilling may. be needed to. outline the ore. shoots. in the hanging, wall, 
gome, and (3)when "scoriaceous amygdaloid" .is intersected in the foot- 
wall'drifting, and no-copper is.present in the footwall zone of the 
conglomerate, perhaps the drifts could be turned to intersect the bot
toms of:the.thick hanging wall, copper which should be present according .
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to this hypothesis, thereby.keeping the.drift in copper and at the 
■ same time developing the thick ore shoots in the hanging wall and 
intermediate zones«

Farther -work along these same lines needs to be done on the 
other portion of the Kingston orebody which lies to the southwest of 
the Allouez Gap fault, for this area is complicated by the thinner 
but more widespread hanging wall ore shoots. Perhaps other features 
.of the footwall contact surface will, be found to control these ore 
• shoots, .Also, further mining of this orebody will tend to confirm 
or negate the value of these observations.
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