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LITHOGEOCHEMISTRY OF KEWEENAWAN IGNEOUS ROCKS

John C. Green

INTRODUCTION
General Background and Rationale

Rock chemistry is well recognized as being useful in the search for economic
mineral deposits. This is so whether the deposits are of primary magmatic
origin, are exhalative, or are epigenetic resulting from the introduction of
material into a solid rock. In the Keweenawan igneous rocks of northeastern
Minnesota, several types of mineral deposits are either known to exist (but are
presently subeconomic) or potentially exist, and a program of rock geochemistry
should greatly increase our understanding of the mineral potential of this large
and important geologic province.

Many billions of dollars' worth of Cu and Ni sulfide mineralization have
been identified in the basal zone of the Duluth Complex in the Hoyt Lakes-
Kawishiwi area. This basal zone has undergone intensive mineral exploration
over the past 20 years or so, and the large resources discovered await
improvement in market factors to initiate development and exploitation. The
present study is thus focussed on other possible types of mineral deposits.

Concentrations of Fe and Ti oxides (potentially also valuable for their V
content) have been described in the Duluth Complex, especially from the Water
Hen intrusion south of Hoyt Lakes (Mainwaring and Naldrett, 1977), the Longnose
peridofite east of Hoyt Lakes (E. Linscheid, in prep.), and the Gunflint Prong
(Groutlet al., 1959; Nathan, 1969; J. Feenstra, in prep.). In other well-known
layered mafic tholeiitic intrusions such as the Skaergaard, Bushve]d, Kiglapait,
etc., magnetite and ilmenite are relatively late in the crystallization history.
This is because of fhe relatively low oxidation state of these mantle-derived

magmas {which suppresses magnetite crystallization) and the incompatible



character of Ti which prevents early crystallization of iImenite. Compositions
of the silicate minerals associated with these oxide concentrations would give
an index of the differentiation stage at which they formed, and would thus pro-
vide evidence for their origin and an exploration tool for other such con-
centrations that might be economic.

Chromium (as chromite) and the platinum group metals (PGM) are other
elements found as primary stratified ore deposits in other large layered mafic
1ntrusfons such as the Bushveld and Stiliwater. Although no concentrations of
these metals have yet been found in the Duluth Complex (except for some of the
PGM in the Cu/Ni sulfide ores and one drill core south of Ely), their potential
should be evaluated. These elements are generally found associated with early-
crystallizing minerals in the major ore-bearing intrusions, where Mg/Fe and
Ca/Na ratios are relatively high. 1In contrast, the various parts of the Duluth
Complex which have been geochemically studied so far (e.g., Weiblen and Morey,
1980) tend to have less primitive, more evolved compositions, i.e. wifh lower
Mg/Fe and Ca/Na. Some of the associated lavas (North Shore Volcanic Group,
NSVG), however, which are thought to be consanguineous with the Duluth Complex,
are fairly primitive (Green, 1982; BVSP, 1981). It is, therefore, possible that
some plutons of the Duluth Complex may be primitive enough to have precipitated
chromite, Pt minerals, or both,

Maﬁy deposits of economic minerals are associated with felsic intrusive
rocks,linc1ud1ng Cu, Mo, Zn, and Ag in "porphyry coppers" as disseminated and
vein networks, and Sn and W minerals in veins, disseminations, and fep]acements
in country rocks. Many intermediate to granitic intrusions are associated with
the Duluth Complex dnd higher-level bodies intruding the NSVG. These are poorly

known geochemically as is their origin -- direct differentiates of gabbroic
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magma (with or without liquid immiscibility), partial melts of Archean/Lower
Proterozoic crust, remelts of Keweenawan rhyolites, "zone refining" by upward-
moving magma within the crust, or some combination of these. Although porphyry
Cu and Mo deposits and Sn-W ores are primarily associated with convergent plate-
boundary magmatism (e.g., Sawkins, 1984), the Keweenawan rift association should
be fully investigated. Tin deposits are found in the analogous felsic roof
rocks of the Bushveld intrusion (e.g. Lenthall and Hunter, 1977).

Many ore deposits are associated with felsic volcanic rocks, of which there
is a large proportion in the NSVG. These include especially Au, Ag, Cu, and Zn
as well as Sn deposits. Although most of the sulfide ores associated with
volcanic rocks apparently were emplaced in an environment of submarine
volcanism, not continental rifts, it would be valuable to explore the potential
of these Keweenawan flows, both lavas and ash flows. Native Cu and Ag anq some
sulfides and arsenides of these elements are of course important in the great
Keweenawan copper district of Michigan in lavas of the Portage Lake Volcanics,

Finally, the Duluth Complex is composed nearly entirely of cumulate rocks,
which do not représent Tiquid (magma) compositions. Therefore, in order to
understand the Minnesota Keweenawan magmatic systems better, it is necessary to
increase our knowledge of the chemistry of such liquids. Dikes and lavas,
particularly those without appreciable phenocrysts, represent such liquids
chi]]ed rapidly enough to prevent crystal segregation. These can tell us much
about fhe genesis and evolution of the magmas from which the cumulate rocks of
the Duluth Complex and other major Keweenawan intrusions crystallized, and can

help to evaluate the potential for some of the types of mineral deposits

mentioned above,



Purpose and Content of this Study
This investigation is intended to better characterize the chemical

composition of Minnesota's Keweenawan igneous rocks as a whole, and also the
compositions of significant minerals in some representative intrusive rocks, for
the ultimate purpose of a clearer evaluation of their mineral potential. The
principal data obtained are chemical analyses, including both major elements and
an appropriate array of trace elements depending on the particular rock type and
information sought, of carefully selected and prepared samples of the several
rock groups discussed above. These analytical results are then discussed in

terms of their impliications for economic mineral concentrations.

Sampling

Selection of samples was accomplished by two means: a retrospective survey
of rock samples already collected by the principal investigator (JCG) over many
years of field work in the district; and new field work/reconnaissance aimed
especially at selecting representative samples of otherwise unstudied rock
units. A few samples were also taken for microprobe analysis from drill core
recently obtained by the DNR, and a few were provided by other workers (i.e. Val
Chandler, E. Mullenmeister).

About 200 rock samples were collected during the field work; of these 77
were sent for analysis and 77 of JCG's collection from eaﬁ]jer work were
analyzed. Of the total analyzed, 35 represent mafic phases of the Duluth
Complex and other mafic intrusions; 19 represent intermediate and felsic
intrusion;, 53 are mafic dikes, 29 are mafic and intermediate lava flows, and 18
are from feisic volcanic units, The rationale for each is indicated in Table I

along with the unit it is from and location. Locations are also shown on the



individual 7 1/2 minute quadrangle maps. Table II is a key to the rock unit

symbols referred to in the other tables.

Staff
Overall direction, plénning, and supervision was done by the writer, as well
as some of the field sampling, much of the petrography, and all of the sample
selectfon, evaluation, discussion, and writing. Thomas Fitz, graduate student
at UMD, performed much of the field sampling and most of the sample preparation,
assisted by Paul Bulger, UMD senior undergraduate. Fitz also performed the
microprobe analyses. Carolyn Boben and Karol 0ja built a computer data bank of

information on JCG's previously-collected samples to aid in selection of samples

for analysis.

Field Work

Whereas evaluation of JCG's existing samples began with the start of the
project, field sampling began on 1 June 84 and continued through most of the
summer of 1984, Several further sampling trips were éarried out during the fall
and some in spring 1985. U.S.G.S. 7 1/2 minute topographic maps were used as a
base, and U.S. Forest Service aerial photos were used in part of the area in
Cook County. In view of the purpose of this study (mineral evaluation) and the
legal constraints on development in the Boundary Waters Canoe Area Wilderness,

the BWCA was generally excluded from sampling,

WHOLE-ROCK GEOCHEMISTRY
Introduction
The Kéwéenawan igneous province is becoming one of the best characterized
chemically in the world. A compilation of analyses of Keweenawan intrusive

rocks of Minnesota (other than the Duluth Complex) done between 1900 and 1971



was published in Green (1972). Geochemistry of the voicanic rocks of
northeastern Minnesota (the NSVG) has been treated in Green (1972; 1982), BVSP
(1981), and Brannon (1984). These studies have shown a continuous range in
compositions from primitive olivine tholeiites through high-Fe tholeiites to
basaltic andesites, icelandites, and rhyolites (Fig. 1). Intrusive rock
compositions occupy a somewhat wider field because many of them are cumulates
and are not restricted to 1iquid compositions (Fig. 2). These investigations
however have left large areas of the magmatic complex unsampled or poorly

represented.

Sample Selection

Rock sampies were chosen for analysis according to several criteria, First,
it was desired to increase the geochemical data base for some previously poorly-
characterized rock types or units, including felsic lavas and intrusions, mafic
and intermediate intrusions, and dikes. Second, geographic distribution was
sought so that a more comprehensive view of the chemistry of the various units
would be possible. Third, samples representing the great variety of mafic
intrusive rock types were sought. Finally, the samples were screened fbr
freshness through macroscopic and petrographic examination, in order to obtain
results as close as possible to the original igneous composjtion of the rock.
For most samples, some alteration was unavoidable. Va]ueg'foy L.0.I. (loss on
ignition), representing HZO+ and COZ’ in the analyses give a general index of
degree of alteration. From previous experience, L.0.I. values over about 3.5%
are 1nd1cqtions of considerable alteration and possible metasomatism involving
other e1eﬁeﬁts (some of which are more mobile than others). L.0.I. values below

2.0% are preferred.



In a few cases - especfally for some felsic lavas - rocks that had clearly
undergone some hydrothermal introduction of secondary minerals were selected for

screening for certain elements of interest (Sn, W) that might have been intro-

duced.

Sample Preparation

Once a specimen had been selected for analysis, a slab about 5-8 mm thick
was cut on a diamond saw, a thin section was made with part of it, and the
remainder was prepared for analysis. Any weathered or obviously altered
portions (veinlets, amygdules, etc.) were removed, all traces of saw marks or
metal from the saw blade were ground off, and about 15 to 25 g of the slab was
washed in acetone and distilled water and then crushed. Initial breaking into
small chips was accomplished on an "anvil" of tough, fresh Tertiary basalt for
the mafic rocks and on a block of coarse, polished granite for the felsic rocks,
to avoid contamination by unlike material. The chips thus produced were then
ground to a powder in a SPEX Industries Shatterbox employing an alumina ceramic
grinder again to avoid contamination. The powders thus made were placed in acid

cleaned new glass vials, labelled, and sent to the analyst.

Analytical Laboratories, Procedures, Standards
The rock analyses were carried out in two laboratories: the Geochemistry
Lab at'the Department of Geology and Geophysics, University of Minnesota,
Minneabo]is; and X-Ray Assay Laboratories, Ltd. of Don Mills, Ontario (XRAL).
Tﬁe analyst at the Geochemistry Lab at the U. of M.-TC is Mr. R.L. Knoche,
This newly established lab uses the technique of direct-current plasma
spectroscopy (DCP) but is not yet set up for analyzing H20 or COZ’ and several

of the desired trace elements could not be analyzed. Analyses of standard



geochemical samples run at the same time as the LGC samples are presented in
Appendix B, along with the recommended values from Abbey (1980). Blind stan-
dards were also submitted by the writer among the samples to be analyzed, and
the results are also shown in Appendix C. These demonstrate the rather good
accuracy of these analyses for most components. The analyst did not, however,
supply numerical estimates of analytical error.

Analyses done at XRAL used a variety of techniques, as shown on the
Certificates of Analysis along with their detection limits for each element.
XRAL's advertised results on a suite of geochemical standards are presented in
Appendix A. Blind standards were also submitted with some batches of LGC
samples: these analyses are given in Appendix C. The agreement with the

recommended values is again good for nearly all components,



The Analyses
A total of 154 whole-rock chemical analyses were'obtained from the two
analytical labs. The analyses are presented in Appendices D-G sorted according
to the groups of rocks they represent, and the analysts' raw reports are also
attached as Appendix I. Samples analyzed seperately for tin and tungsten are

given in Table IV,

Discussion

Lavas. The 42 whole-rock analyses of lavas were intended to increase our
knowledge of the plateau volcanism in heretofore less well known areas,
particularly interior Cook County but also some in Duluth and Lake County, and
to search for more primitive compositions that might indicate a higher
probability of finding economic depdsits of Cr, Ni, and PGM in associated
intrusive rocks.

Compositions of the analyzed lavas are plotted on Figures 3 and 4. The AFM
diagram (Fig. 3) shows that the sampled lavas have a similar distribution to
NSVG lavas previously analyzed, although a greater number of rhyolites are now
available., The distribution is consistent with Irvine and Baragar's (I & B's)
(1971) and Jensen's (1976) discriminators between tholeiitic and calc-alkaline
rocks,'near1y all lying in the tholeiitic field as expected. The one major
exception, ML-37, contains 3.31% volatiles and high alkali Fontents for 50%
5102? and has probably been metasomatically altered. On I & B's classification
diagram for subalkaline rocks (Fig. 4) the compositions plot in the appropriate
fields, although their "dacite" would include some "icelandite” and "rhyolite"
of the Ldke‘Superior district., Sample MI-28, a spherulitic rhyolite, contains

80% SiO2 and 55% normative quartz and is assumed to have been partly silicified.
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The most primitive (high color index, An content, Mg/Fe ratio) samp1es are
as predicted from past experience the ophitic basalts, from a variety of
localities ranging from Duluth to Sugarloaf (eastern Lake Co.) to interior Cook
County. These new samples -however did not include any quite as primitive as
some previously known - especially the group between Knife River and Two
Harbors, in SW Lake County. Two samples of basal flows from the Grand Portage
area (GP-11, 16) confirmed some previous analyses showing these to be uniquely
mafic but rich in both compatible elements {(Cr, Ni) and incompatible elements
and thus probably having a somewhat different magmatic origin from the

subsequent flows.

Trace-element concentrations are of most interest in the basaltic and felsic
volcanics (Table III). The Cr contents of a few of the more primitive basalts
are high enough (>250 ppm) to indicate that somewhere in the Keweenawan magma
system there could be chromite concentrations, but that these particular magmas
did not get depleted by a large amount of chromite extraction. (Chromium also
is depleted by subtraction of clinopyroxene, which has also evidently not hap-
pened in large degree to these magmas.) These same basalts have re]ative]y high
Ni contents, which indicate that they have not been strongly depleted either by
sulfidization to produce a sulfide (pentlandite-crystallizing) melt, nor by much
olivine subtraction. The fact that two of these relatively high-Ni basalts also
have As-and Sb values above detection limits also suggests that they have not
had their base metals scavenged by a sulfide phase. On the other hand, Cu and
Zn values in these same two samples are relatively low compared to the other
basalts, implying some Toss. Gold was detected and - only at the minimum detec-
tion 1imit - in on]y.two of the basalts, and uranium is also uniformly low,

None of these basalts showed silver dbove detection limits.
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There are several different trace elements of economic interest in the
felsic volcanic samples. Arsenic and antimony give an indication of possible
hydrothermal sulfide activity, and in general those samples relatively high in
one of these elements was also relatively high in the other, But these samples
were selected for analysis on the basis (among others) of their relative lack
of alteration. The only sample with an unusual concentration is MI-26 with 110
ppm As reported. The same sample has a tungsten anomaly as well (42 ppm)
although its Mo, a possibly associated metal, is below detection limits. The Cu
and Zn values in this sample are also among the lowest of the felsic rocks.

The only other W concentration of interest is found in H-15,. a porphyritic
rhyolite from the Hovland area. It also has low Cu and Zn but Mo at the
detection 1imit, which is very unusual for this entire suite of analyses.

The uranium values of the felsites are all above those of the basalts, as
expected, bﬁfinb%3paff1%$15f?yi§§%éﬁﬁﬁ?ﬁ§ﬂ |

Three of the felsites gave barely detectable values for gold, whereas none
showed detectable silver,

Dikes. The 53 whole-rock analyses of dikes provide further evidence of the
compositions of magmatic liquids that were available in the Keweenawan rift
system in Minnesota. In general, they show a similar distribution to that of
the lavas (Figures 5 and 6), except that fe]sic dikes are much less abundant.
(It shoﬁ]d be stated here however that only dark-colored, basaltic-looking dikes
were samp1ed for this study. Nevertheless, the writer's considerable field
experience in the district supports the conclusion of a relative pauéity of
felsic dikes.) As with the volcanic rocks sampled, the dikes show the typical
range of continental iho1eiites from moderately primitive olivine tholeiites

through Fe-Ti tholeiites and basaltic andesites to icelandites. The dike
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compositions however appear to be more preponderantly concentrated in the high
Fe-Ti tholeiite-basaitic andesite range than the lavas. This is not felt to be
due to a sampling bias in the dykes, as it is not as easy to predict their
composition frpm hand sample/outcrop as it is the lavas. This implies that the
upper parts of the Keweenawan magmatic system (lavas and their feeders) are
mostly relatively evolved and therefore that their plutonic equivalents would be
more likely to produce Fe and Ti oxide concentrations than Cr, Ni, or PGM
deposits. The dikes of the Pigeon River group near Grand Portage, and some 1in
the Duluth area, are in general more primitive than the others sampied.

In accordance with the relatively evolved major-element content of the
dikes, Cr and Ni concentrations are relatively low in most of the dikes,
indicating depletion by cliinopyroxene, olivine, and perhaps suifide at depth.
Silver and gold are below detection limits except for rare low-level samples
such as four in the Carlton County swarm that contain between 10 and 70 ppb Au.
These also contain low but measureable As. The highest As value was 45 ppm in
dike D-170 1in Duluth, but this was associated with Ag and Au values only at or
below detection 1imits although it was highest in Mo (7 ppm). Copper in the

dikes tended to be somewhat higher than in the lavas,
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Other Mafic Intrusions. Of the 36 samples of mafic intrusive rocks (other

than dikes) analyzed, 27 are from the Duluth Complex, 5 are from the Beaver Bay
Complex, and 4 from other miscellaneous intrusions. Their compositions are
illustrated on the AfM diagram of Figure 7. Among those from the Duluth
Complex, 13 are from the Troctolitic Series, 5 are from the Anorthositic Series,
and 9 are miscellaneous, not assignable to one of these two divisions.

Because of their cumulate texture and inferred origin, neither the troc-
tolitic series nor the anorthositic series samples can be assumed to represent
1iquid compositions. For this reason several samples plot in the subalkaline
field of the AFM triangle. Compared to the compositions of Minnesota dikes,
these rocks tend to be lower in high-field-strength incompatible elements
including Ti and Zr but are surprisingly similar to the dikes and basaltic lavas
in other incompatibles such as P, La, and Rb, which would be concentrated in any
intercumulus 1iquid present. Ni and Cr contents probably directly relate to the
proportions of olivine and pyroxene present, except for D-106, a gabbroic oli-
vine anorthosite from Duluth which contains a high Cr value (480 ppm) but rather
little pyroxene. The other exceptionally Cr-rich rocks are the two peridoti-
tes, DG-37 and DG-51, and a mafic-rich cumulate gabbro of the Layered Series in
Duluth, D-105. The highest Ni contents are found in the olivine-rich peridotite
DG-37 and a fayalite ferrodiorite of the Beaver Bay complex, F-237. Exceptional
T1‘02 vaiues ( >10%) are also associated with ilmenite-rich timulate rocks: the’
mafic layered gabbro D-105 and the peridotite DG-51.

Five "chilled margin" samples were selected for analysis in an attempt to
find a 1iquid composition for the bulk of the troctolitic series of the Duluth
Complex. These are ré]ative]y fine-grained (or fine to medium-grained), with a

non-foliated, aphyric texture and were outcrops as close to the basal contact as
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possible in Duluth (Nopeming) (ES-23), the Dunka pit (BAB-9), east of Hoyt Lakes
(DG-32), and southeast of Ely (M-7358, M-7671). They all show moderately
evolved compositions, not as primitive (in terms of Mg# - .40 to .56, or nor-
mative An-49 to 63,.for instance) as some basalt flows or dikes (Fig. 3,5,7).
This evidence for a lack of primitive magmas involved in the bulk of the Duluth
Complex is corroborated by the mineral compositions reported and discussed in
another section.

The samples with the highest normative An compositions are cumulates of the
Greenwood Lake 1ntru;10n (DG-53, An 70.4), a troctolite ("Highland troctolite")
north of Two Harbors (TH-62, An 70.2) a troctolite near Wilson Lake (C-3,

An 70.1), and the peridotite from Bardon Peak, DG-51 (An 80.8). Those with

the highest Mg# are the same three cumulates mentioned above (DG-53, Mg# =

0.71; Th-62, 0.68; C-3, 0.68) and a troctolitic anorthosite southwest of Babbitt
(DG-34, 0.64). Because these are adcumulate or mesocumulate rocks, these values
reflect the crystal compositions; the magmas from which they crystallized must
have been higher in Na/Ca and Fe/Mg than these rocks.

AAcomparison between the troctolitic series and anorthositic series samples
is limited by the fact that only five of the latter were analyzed, and three of
these are from the Duluth area. However, they all show normative An content in
the same range (An 59-67) as the majority of the troctolitic series rocks.
However; the anorthositic series rocks have somewhat lower Mg# values (.39 -
.53) than most of those of the troctolitic series cumulates.

Amohg the analyzed samples of mafic intrusive rocks not 1nc1uded.in the
Duluth Complex, none are as primitive as some of the basalts or the troctolitic
DC rocks and most are.fair1y evolved. The least evolved of these samples are

three from the Beaver Bay Complex related to Gehman's (1957) Beaver River



15

Gabbro (3001-21.4, F-256, F-275). The most remarkable is an extremely Fe-
enriched ferrodiorite (F-237) from near Silver Bay, which has an Mg# of 0.05
(see aiso microprobe anaiyses below). Two siils that intrude the Biwabik I.F.
in the Hoyt Lakes - Babbitt area (ALN-1, BAB-1) are considerably evolved and

moderately similar in composition, though ALN-1, from the Wentworth Mine, is

strongly altered.

Intermediate and Feisic Intrusions. Eighteen samples of intermediate and

felsic intrusive rocks were analyzed, 14 from the Duluth Complex, 3 from the
Beaver Bay Complex, and one from northeast of Two Harbors. They represent a
wide geographic sampling. Those containing > 62% S1'02 are called felsic, and
those with < 58% S1‘02 are here called intermediate. Some of the latter might
be classed as mafic, but their relatively high alkali contents and low Mg#'s and
normative An contents allowed this distinction to be made. Many of these rocks
are granophyric and are thought to represent liquid compositions fairly closely,
and they are similar in composition to rhyolites, icelandites, ferroandesites,
and andesites of the NSVG (Fig. 3). Some of them (e.g. F-35, LM-7, EM-1,

WHY-2, BRL-1) are quite fine grained and probably are from shallow subvolcanic
intrusions. As expected, they are all strongly Fe-enriched (Mg#'s from 0.4 to
0.03, mostly <0.25). 1In several places in northeast Minnesota large mafic sills
are capped by granophyre where they underlie rhyolite lavas, and these felsic
and intermediate intrusive rocks may have been derived in part by melting in
placebof their rhyolite roof. The relatively large volume of intermediate and
felsic rocks (both intrusive and extrusive) in the Keweenawan of Minnesota has
prompted the'suggestion (e.g. Green, 1972) that the great addition of heat from
the mantle-derived mafic magmas partially melted and assimilated considerable

Tower crustal rock (Archean granites?); this would have increased the relative
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amount of felsic differentiates of these mafic magmas. Some geochemical charac-
teristics of these differentiates (low f02, Tow fHZO) are in contrast to the
typical products of partial melting related to convergent plate boundaries (I, S
granites). However, these.same characteristics are shared by many within-plate,
non-rift-related continental granitic rocks which are thought to have been
produced by deep crustal melting by basaltic plumes from mantle hot-spots,
followed by fractional crystallization (e.g. Barker, 1981).

Two fine-grained red granophyres were analyzed for tin and tungsten, along
with 14 rhyolites (Table IV): one just northeast of Duluth in the roof zone of
the DC (D-138) and the Mt. Weber granophyre (WHY-2)., Both showed 3 ppm W which
was the highest concentration of all the intrusive samples analyzed, but is not
indicative of economic mineralization. The Mt. Weber granophyre showed Tless
than the detection 1imit of tin, and the Duluth granophyre contained only 5 ppm
Sn. This 1is in the typical range of Sn-barren as opposed to Sn-bearing granites
of Australia, the USSR, and South Africa (Juniper and Kleeman, 1979; Lenthall
and Hunter, 1977).

The latter authors determined in a thorough geochemical study that a few
trace elements showed markedly different concentrations in the South African
tin-bearing Bobbejaankop granite {related to the Bushveld intrusion) compared to
other related felsic rock units of the Bushveld area. Because of the geological
similarities between the Bushveld and Duluth Complexes (including their within-
plate Precambrian craton environment) the felsic Keweenawan samples were com-
pared uSing these same elements (Table V). It can be readily seen that,
compared to the LGC Keweenawan rocks, the Bobbejaankop Sn-bearing granite con-
tains much more Rb, Y, and Sn; much less Sr, Ba, Zr, and Zn; La that averages
somewhat higher though overlapping the Keweenawan range; and Ce that averages

slightly lower but overlapping the Keweenawan range. Except for the latter,
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these are the same kinds of diffences as Lenthall and Hunter found for the South
African rocks, and suggest that the Keweenawan felsic rocks probably do not
constitute a potential Sn province.

Post-tectonic, late Precambrian alkali granites in the northwestern Arabian
Shield are host to a suite of deposits of high-valence incompatible elements
including rare earths, Nb, Ta, Y, Th, U, and Zr (Drysdall et al., 1984). A com-
parison of the LGC Keweenawan rocks to these shows that the Arabian rocks are
a) in some bodies considerably poorer and in others much richer in La and Ce,
and have different chondrite-normalized distribution patterns; b) much poorer 1in
Ba and Sr; c) about the same or richer in Rb; and d) much richer in Nb, Sn, Ta,
Th, U, Y, Zn, and Zr. Again the implication is that the Keweenawan does not

show promise as a heavy-element district.
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MINERAL CHEMISTRY

Polished thin sections were made of 32 Keweenawan intrusive rock samples,
many of which were samples for which whole-rock geochemistry was known. Other
rocks, principally cumulate rocks, were also studied since in these the mineral
chemistry is more significant than the bulk rock composition. The sections were
surveyed, photographed, and specific grains and areas chosen for analysis. The
electron microprobe analyses were done by Tom Fitz, using the microprobe
laboratory in the Department of Geology and Geophysics, University of Wisconsin,
Madison, with the advice and assistance of Mr, Everett Glover, technician.

Primary effort was devoted to the major minerals plagioclase, olivine,
pyroxene, magnetite, and ilmenite. Secondary targets, which only received brief
investigation because of time and money constraints, were other oxides,
sulfides, and hydrous silicates (biotite, hornblende). Priority was also given
to mafic rocks over intermediate and felsic samples.

The compositions of the major silicates are important in drawing analogies
to economically valuable zones in other layered intrusions, since the various
minerals of value tend to occur at certain stages in the crystallization history
of an intrusion. The oxides and sulfides are of interest in their own right,
for their potential values of Cr, V, Ti, Pt group, Co, etc. Unfortunately it
was not possible to analyze for vanadium,.

Minéra1 compositions obtained are presented in Appendix H. Each analysis
represehts the average for generally 2-5 spots actually analyzed on one or more
grains. Analyses with totals within 1% of 100% are probably best; tﬁose with
totals greater than +2% are probably not dependable except for very general
considerations. Magnétite totals are expected to be low because all of the Fe

is expressed as FeQ from the microprobe; pure stoichiometric magnetite would
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show as "Fe0 = 93.0%." Increasing amounts of components other than Fe203 would
bring the total cioser to 100% such as is found in ilmenite. The biotite
analyses are also low as analyzed, but most of this is due to the non-analysis
for KZO {normally 6.5-9%) and HZO (normally 1.5-3.5%) because the X-ray
spectrometers were set up for mafic minerals lacking potassium,

Plagioclase

Compositions of plagioclase are shown on Figure 9. Confirming earlier stu-
dies of Duluth Complex plagioclases (e.g. Weiblen and Morey, 1980), the great
majority fall within the range An 50-65. Among the most calcic are phenocrysts
and groundmass laths of an olivine tholeiite flow (T-65; An 65), which is still
considerably less calcic than plagioclases in many other olivine tholeiite lavas
of the NSVG (BVSP, 1981). It still remains problematic why cumulate rocks of
the Duluth Complex have not been found which contain plagioclases appropriate to
the early crystallization history of similar magmas. However, two relatively
minor intrusions, the Pigeon Point sill and the Sonju Lake intrusion (Mudrey,
1973; Stevenson, 1974) do contain more calcic plagioclases (An 71, 83
respectively).

Representatives of both troctolitic and anorthositic suites give
plagioclases in the An 60-66 range, although in general the troctolitic-series
rocks showed somewhat higher An values than the anorthositic samples.

The'most calcic plagioclase (An 76) was found in the Bardon's Peak intru-
sion,'a‘peridotite (DG-51). This was unexpected since a sample of cumulate
picritevfrom the nearby Layered Series (DG-1) gave An 55, and also bécause the
periddtite[itse]f is rather evolved with respect to its mafic minerals, with
abundant ilmenite and relatively high-Fe silicates.

The intermediate and felsic rocks had, as expected, more sodic (and

potassic) plagioclases.
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0livine

The olivine compositions are illustrated in Fig., 10, along with those of the
analyzed pyroxenes. They show a rather consistent relationship in their Fe/Mg
distribution compared to the coexisting pyroxenes, with olivines showing a
higher Fe/Mg ratio. The only exception is the olivine-tholeiite basalt, T-65.
This discordance may be more apparent than real, however, as the pyroxene is
zoned and the average shown may be weighted toward its more Fe-rich rim (cf.
BVSP, 1981).

As in the case of the plagioclases, no primitive, Mg-rich olivines were
found as would be expected from plutons crystallizing from some of the more
primitive, magnesian basalt magmas known to be available in the Keweenawan rift
system in Minnesota. According to Roeder and Emslie's (1970) formulas, the most
primitive basalt would be in equilibrium with Fo 87-88; slowly cooled crystalli-
zation experiments by Green (1979) on this rock produced Fo 85 as the first oli-
vine. The most magnesian olivines found in the present study are Fo76 and Fo74;
both of these were from drill cores. Most 1ie in the range Fo65-50. As in the
plagioclases, the troctolitic-series samples tend to show, on the average,
somewhat more magnesian olivines than those from the anorthositic series. A
layered gabbro body near Silver Bay in the Beaver Bay Complex (F-237) was found
to contain nearly pure fayalite. The rock is actually a ferrodiorite.

‘ Pyroxene

The‘pyroxene analyses are also plotted on Figure 10. They are consistent in
their Fe/Mg ratios with the coexisting olivines, having higher va1ue$ in each
case as discussed above. The great majority of pyroxenes analyzed are common
augites, though intefmediate and felsic rocks contain ferroaugite and the Silver

Bay ferrodiorite mentidned above has nearly pure hedenbergite.
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Three orthopyroxene rims on olivines were analyzed. They all showed
significantly more magnesian combositions than the adjacent olivines, as
indicated on the figure:

Hornblende

This mineral was analyzed in only one sample, the peridotite DG-51., It also
shows a significantly lower Fe/Mg ratio than coexisting olivine, perhaps because
it crystallized relatively late when abundant Fe-oxide precipitation was com-
peting for iron in the residual magma. Its low total is at least partly due to
non-analysis for H20.

Imenite

Seven ilmenite analyses are reported from a variety of Duluth-Complex

samples. They are rather ordinary, with Mg0 values ranging from 1.6 to 4.6.

Magnetite

Magnefite'ﬁas anaiyzed 1ﬁ é)gamples. They varyrconsidéfabiy 1n‘ggé%r f{éz
content (5.94-15.40). The highest value represents about 43% ulvospinel solid
solution in magnetite and lower values probably reflect variable amounts of gra-
nule exsolution or re-equilibration at subsolidus temperatures (Buddington and
Lindsley, 1964; Vincent and Phillips, 1954). The A1203 contents are higher than
in most reported analyses (e.g. Deer, Howie, and Zussman, 1962), as are some of
the Mg0 values. One sample (DUV-15-2435) contains magnetite unusually rich in
both A1,05 and Cr,0, (7.41%).

4 Spinel

Another spinel-group mineral distinct from the above-mentioned mégnetite was
also found in DUV-15-2435. It is a Cr-rich hercynitic spinel, dominated by Al
and Fe, No actual chfomite was found, however. This grain is generally similar

to, though not as Cr- and Ti-rich, as a Cr-spinel analyzed by Stevenson (1974)

in the Sonju Lake intrusion.
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Bigtite

Three biotites were analyzed, all associated with oxide minerals in gabbroic
rocks. They are fairly typical for gabbros (Deer, Howie, and Zussman, 1962)
with molecular Fe/(Fe+Mg) (annite) values of 25-33% and T1'02 ranging from 2.69
to 4.80%.

Sulfides

Only two sulfide minerals were analyzed, a pyrrhotite of ordinary com-
position in the peridotite DG37 from near Babbitt and a chalcopyrite from one of
the Duval drillcore samples.

Discussion

Figure 11 shows coexisting olivine and plagioclase compositions from the
Duluth Complex samples determined in this study, compared to similar data from
Taylor (1964), Stevenson (1974), and from economically significant horizons of
the Stillwater and Bushveld intrusions.

In the Stillwater intrusion, chromite-bearing zones of economic significance
occur in the Ultramafic Series. Raedeke and McCalium (1984) report that the
olivine in these zones has a composition ranging from about Fo83-86, much more
magnesian than any olivine yet found in Keweenawan intrusive or extrusive rocks
- but potentially possible given a large mass of the most primitive Keewanawan
magma. The closest approach in the newly analyzed Duluth Complex samples is
found‘iﬁ the drillcores DUV-15-2435 and NE-2-302 (Fo76 and 74 respectively).
These'shou]d provide incentive for further investigation in those areas.

Platinum values have also brought widespread attention in the Stf]]water
intrusion (Raedeke, 1983). The Pt-group metals (PGM) occur at certain horizons
in the noritic—anorthbsitic Banded Zone, where McCallum et al. (1980) report

plagioclase compositions of An 73 to 80. This too is considerably more calcic
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(primitive) than plagiociases known from the Duluth Complex, except for the
anomalous Bardons Peak peridotite DG-51 and the Sonju Lake intrusion (Stevenson,
1974). In the PGM-bearing subzone of the Sti]]wéter (0BZ-1), olivine (Fo71)
occurs along with bytownite (An 81-84) (Fig. 11). The coexisting
olivine/plagioclase pairs of the analyzed Duluth Complex rocks are seen to be
significantly more Fe- and Na-rich than those of the Stillwater Banded Zone.
This cannot be considered encouraging, but should focus further attention on
sampling other portions of the Complex and on further study of only the most Ca-
and Mg-rich portions so far identified,

In the Bushveld intrusion of South Africa, the highly valuable chromite
seams occur in the Critical Zone associated with feldspathic bronzitites,
norites, and anorthosites. The éxposed Duluth Complex does not have analogous
environments, orthopyroxene being a rare cumulate mineral here. In the Bushveld
Complex, cumulus plagioclase associated with the chromite layers has
compositions ranging from An 67 to An 80 (Cameron, 1970). These too are more
calcic than any Duluth Complex feldspars analyzed in this study, but the ranges
nearly meet.

The Merensky Reef is the principal site of PGM occurrence in the Bushvejd
Complex. The plagioclase just above this horizon is An 76-77 (von Gruenewaldt,
1973), decreasing gradually upward through the 3200 m of Subzones A and B of the
Main Zohe. Just beneath the Merensky Reef (top of Basal Series), plagioclase of
composition An 80 is associated with Mg-rich olivine (Fo 86) (Wager and Brown,
1967). As in the Stillwater, these compositions are more primitive than any yet
found in the- Duluth Complex.

In the Upper Zone ( 2000 m) of the Bushveld Complex (von Gruenewaldt, 1973)

several layers contain high and economic concentrations of magnetite. These are
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in the portion of the Complex that has undergone sufficient fractional
crystallization to crystallize more Na-rich feldspars and more Fe-rich mafic
silicates. In the Skaergaard intrusion (Wager and Brown, 1967) magnetite first
appears as a cumulate phase at the top of the Lower zone, where the plagioclase
is An 54 and olivine is Fo 55, 1In the Kiglapait intrusion (Morse, 1979)
magnetite starts precipitating at 88,6% ("main ore band" at 93.5%) solidified.
The Makaopuhi lava lake basalt started crystallizing magnetite at about 70%
solidified (T.L. Wright, U.S.G.S., undated), and in dynamic crystallization
experiments on a primitive NSVG basalt, the oxides formed at roughly 90%
crystallized (Green, 1979). These are all far along on the crystallization path
of what might be assumed "typical” continental or rift-related tholeiitic
intrusions, under typical conditions of relatively Tow oxygen fugacity (near the
Fayalite-magnetite-quartz buffer: Haggerty, 1976). If the magma crystallizes
under more oxidizing conditions magnetite will appear earlier (as in
calc-alkaline systems, Osborn, 1962), but considering the generally strong
Fe-enrichment trend of Keweenawan rocks this appears unlikely in these rocks.

In the Bushveld Upper Zone, the magnetite bands are associated with
plagioclases of An 59-50 composition, and b1ivines in this zone have
compositions of Fo 52 to 28 (von Gruenewaldt, 1973). 1In the Kiglapait, the
magnetite layers occur associated with An 50-40 plagioclase and Fo 60-50 |
o1iv1ne; but the layers are not of economic size (Fig. 11)." "These are somewhat
more Fe-rich (Bushveld) or more sodic (Kiglapait) than the bulk of Duluth
Comp]e* mineral pairs.

On the other hand, there are a few concentrations of oxides (magnetite and
ilmenite) known in the Duluth Complex (e.g. "Snake Anomaly" near Greenwood Lake;

Longnose and Longear peridotites near Hoyt Lakes; Water Hen intrusion; Poplar



25

Lake , Gunflint Trail) associated with rocks which are only moderately evolved.
These may indicate that the local magmas were slightly enriched in oxygen,

perhaps from the engulfing of large volumes of supracrustal roof rocks.
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SUMMARY AND RECOMMENDATIONS

This study has significantly enltarged the geochemical data base for the
Keweenawan igneous rocks of Minnesota, with the aim of increasing our ability to
evaluate the economic potenfia] of these rocks. A wide variety of rocks, from a
wide geographic area, has been sampled and analyzed, and mineral compositions
have been determined for many of these samples from both outcrop ahd drill core.

The new analyses of mafic lavas and dikes, which most closely approximate
magma compositions, show that the magmas which were able to reach the surface
and upper parts of the crust during rifting were moderately evolved; that is,
they contain a higher Fe/Mg ratio and more incompatible elements than one would
expect from a primary magma derived by significant partial melting of mantle
lherzolite. In this way these rocks resemble other large but younger plateau-
basalt provinces such as the Columbia Plateau, Deccan, and Parana traps (BVSP,
1981). Only a relatively few lavas and fewer dikes are more primitive. This
generalization is corroborated by the analyses of intrusive rocks, many of which
are'cumu1ates. Both these cumulates and the minerals analyzed from them also
show that the Duluth Complex and related layered Keweenawan intrusions crysta-
lized from considerably more evolved magmas than those of the Stillwater and
Bushveld complexes. Because the valuable Cr and PGM deposits of these bodies
are associated with their more primitive early phases characterized by higher An
contents in plagioclase and higher Mg contents in olivine and pyroxene than ha&e
been fbund in the Keweenawan intrusions (with the possible exception of the
Sonju Lake intrusion), the implication is that the great bulk of the Keweenawan
intrusive éohp]ex provides 1ittle optimism for such economic mineral deposits.

However, a very large portion of the Keweenawan plutonic rocks is either not
exposed or still not adequately geochemically characterized. It is thus unwise

tp suggest that such deposits are not possible. In fact, a few minor occurren-
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ces of PGM, for instance, have been described both in drill core and in glacial
drift (T. Brown, personal commun.)

Therefore it is recohmended that this geochemical survey be continued and
expanded into other areas-and plutons not yet sampled, by both outcrop sampling
and drilling. Because some fairly primitive magmas are known to have been
available to the rift system, there should be 1ayered intrusions somewhere that
crystalized from such magmas and which could have a greater chance of forming Cr
or PGM deposits. Peridotites in particular should be investigated. The
Greenwood lake area in particular deserves further study. The well-foliated
cumulate rocks found in the rare exposures (Erie RR cut; Highway 2 north of
Greenwood Lake - Sample DG-53) are some of the most primitive yet found in the
Complex, and this "Greenwood Lake pluton"” may have a direct connection to the
nearby "snake anomaly" of oxide-rich rocks. The Sonju Lake intrusion near
Finland has at its base some of the most primitive rocks in the entire
Keweenawan complex. Its basal, picritic zone and contact relations should be
thouroghly investigated. As aeromagnetic interpretations become more refined
they will be of increasing aid in locating new plutonic bodies to sample.

The well known Cu and Ni deposits (especially near the base of the Duluth
Complex) are related to a large extent to the extrinsic factor of supply of
sulfur from the footwall country rocks.

Thé relatively evolved Fe-rich composition of the bulk of the Keweenawan
magmas; as determined by this project, make it more likely that oxide con-
centrations containing Fe, Ti, and V may be present: again several are already
known. Further investigations of magnetic anomalies, continued surveying of
rock and mineral cohpositions, and perhaps basal till prospecting should be

pursued in the search for oxide deposits.
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The felsic rocks, both intrusive and extrusive, are of interest particularly
with respect to their potential for hosting Sn, W, Cu, Ag, and Au deposits.
This initial geochemical survey has found that only very low concentrations of
these metals (especially Sm, Ag, and Au) are present in the sampled rocks. A
few rhyolite samples showed above-background levels of W, but they are not in a
geological/structural sjtuation to suggest that larger associated deposits are
1ikely. These rocks have few of the trace-element geochemical characteristics
of known tin-mineralized rocks in other parts of the world. Many more
Keweenawan felsic rock bodies, particularly their more permeable (and poten-
tially mineralized) phases, remain to be sampled, and this is recommended, but
the potential for these types of deposits seems to be less than those discussed

above for mafic plutonic rocks.
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Figure 1. AFM diagram for 277 Minnesota Keweenawan lavas, from published and
unpublished analyses including this study. A = Na,0 + K,0; F = Fe0
+ 0.9 Fe,0,; M = Mg0, all in weight percent. Line shows Irvine and
Baragar's (1971) discrimination between tholeiitic (above) and calc-

alkaline (below).




Figure 2.

AFM diagram for 78 Keweenawan intrusive rocks form Minnesota and
Ontario, exclusive of the Duluth Complex, from Green (1972), Geul
(1970), and Mudrey (1974).

P S U

ge



Figure 3. AFM diagram for Lithogeochemistry Keweenawan lavas. X = normal
polarity, 0 = reversed polarity.
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Figure 4. Plot of normative Color Index against normative plagioclase com-
position for LGC Keweenawan lavas, showing rock names according to
Irvine and Baragar (1971). Symbols as in Fig. 3. Samples with C.I.
over 60 are "tholeiitic hawaiites" of Grand Portage area.




Figure 5.

AFM diagram of LGC Keweenawan dikes, Symbols as in Fig. 3; solid
dots are dikes of undetermined magnetic polarity.
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Figure 7. AFM diagram for other LGC Keweenawan intrusive rocks. Symbols X =
troctolitic series, Duluth Complex; 0 = anorthositic series, Duluth
Complex; ¥ = intermediate and felsic rocks, Duluth Complex; ®& =
other mafic rocks, Duluth Complex; + = mafic rocks not assigned to
Duluth Complex; N\ = intermediate and felsic rocks not assigned to
the Duluth Complex. Several anorthositic and troctolitic rocks plot
in calcalkaline field because they are largely cumulate combinations
of magnesian mafic minerals and plagioclase.
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Figure 9
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Plagioclase compositions from LGC Keweenawan rocks determined by
Subscripts after some
sample identification numbers refer to cores (c) and rims (r)of
crystats.

electron microprobe (T. Fitz, analyst).

(0]]



https://1>C:Tfl.OC
https://OCTfl.OG

xi F-237 BBINT ofl $-2 DCTROC 020 DG-/ DCTROC

X3 sB-28 BBMAF o/2 8e-3-309 DCLANOR 021 DG-60 DCANOR
64 GWL3 DCTROC 613 D-105 PLTIROC o 22 DG-59 DCTROC
©5 NL-! DCINT ®l4 C-3 DC TRDC © 2% DU-15-2435 DLHMA
®6 NE-2-302 DCMMA 015 SE-1-812 DLANOR © 24 DG-5! DCUMAF
e7 GWL-! DCIROC ®©l6 SE-[-627 DCANOR
X8 F-275 BOMAF Al7 T-65 BASALT
X9 F-46 BB INT 18 DG-34 DCTROC
®/0 BL-2 DCTRoC ol DG-37 DLUMAE

5

% ‘?.Aug-. xq
% 3&, s '
Opx

'é \
23 Ig Q o — ﬁ\?
A

AV .V 3 kW4 ,5 A V4
Fo MM OV O , \égfg‘ 0 O "9V O, Tk L ”

24 3 12

Oun

-

Olivine

! Figure 10. Pyroxene and olivine compositions from LGC Keweenawan rocks deter-
mined by microprobe (T. Fitz, analyst). Tie-lines show coexisting
minerals. Symbols: O = Duluth Complex; X = Beaver Bay Complex;

A = North Shore Volcanic Group.
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Figure 11. Comparison of compositions of olivine and plagioclase pairs from
Keweenawan rocks with those of other layered mafic intrusions.
Symbols: @ = Duluth and Beaver Bay complexes, new analyses; ® =
Sonju Lake intrusion; B.MR, Bushveld Complex, Merensky Reef; BOR,
Bushveld Complex, Upper Zone; STW-ULZB, Stillwater Complex, upper
and lower Banded Zones; STW-MBZ, Stillwater Complex, Middle Banded
Zone; STW-OBI, Stillwater, 0BI layer;
KI1G.M, Kiglapait Intrusion, magnetite-bearing zone. References:
Taylor, 1964; von Gruenewald, 1973; Cameron, 1970; Raedeke and
McCallum, 1980; Wager and Brown, 1967; Morse, 1979; Stevenson, 1974.
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TABLE IA

INVENTORY OF ANALYZED SAMPLES OF MAFIC INTRUSIVE ROCKS

Sample Unit Location Description Comments
Twp Ra Sec.i Quad.
ALN-1 OKIMAF 59N 14W 21 A Allen v. fine-gr. si1l in Biwabik IF
black basalt
BAB-1 OKIMAF 60N 12W 3 A Babbitt fine-med. gr. sill in Biwabik IF
NE granoblastic
microgabbro
BAB-9 DCMMA 60N 12W 3 A Babbitt fine-med., gr. "chilled" base of Dul.
) NE granoblastic  Complex
microgabbro
C-3 DCTROC 60N 6W 33 A Wilson L. med. gr. repres. of troctolites
troctolite
C-4 DCMMA 60N 6W 29 D MWilson L. plag-porph repres. of miscellaneous
gabbro
c-13 DCMMA 60N 5W 31 D Wilson L. olivine gabbro repres. of miscellaneous
CD-6 OKIMAF 65N 1E 31 D Croc. Lake med.-gr. Logan sill
gabbro
D-40 OKIMAF SON 14W 23 D DULUTH fine-gr. black chill of Endion sill
e e e e T basalt
D-10Z  DCANOR 49N 14W 27 C DULUTH coarse gab- repres. of anorthositic
broic series
anorthosite ,
D-105 DCTROC 49N 15W 1 C. Dul.Hts, fol'd ilm.- Fe-rich, layered series
ol. gabbro
D-106 DCANOR 49N 14W 6 A Dul.Hts. fol'd ol.- repres. of anorthositic
gabbroic series
anorthosite
D-110 DCANOR 50N 14W 8 D Dul.Hts. coarse : repres. of anorthositic
gabbroic series
anorthosite
DG-8 DCTROC 61N 10W 18 B Bogberry L., foliated repres. of troctolitic
troctolite series
DG-32 DCMMA 59N 13W 18 D Allen ophitic norite basal chill, Dul. Complex
DG-34 DCTROC 59N 13W 11 B Babbitt fol'd troctol. repres. of troctolitic
S SW anorthosite series
: DG-37 DCUMAF 60N 12W 33 Babbitt med.-gr. peridotite nr. base
e NE peridotite
DG-48 DCTROC 60N 12W 15 B Babbitt med.-gr, repres, of troctolitic
- NE , troctolite series
DG-51 DCUMAF 49N 15W 33 D West Dul, black, med.- peridotite, Bardons Peak

coarse perid,
DG-53 DCTROC 59N 10W 06 C Greenwood fol'd olivine Greenwood Lk intrusion

Lk. gabbro
DG-55 DCTROC 51N 15W 09 W Fredenberg fol'd anorthos.repres. of troctolitic
troctolite series

DG-60 DCANOR 6IN 8W 30 ? Isabella fol'd trocto- troctolitic anorthosite
- 1itic anorthosite
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TABLE IA (continued)

INVENTORY OF ANALYZED SAMPLES OF MAFIC INTRUSIVE ROCKS

Sample Unit Location Description Comments
Twp Ra Sec.% . Quad.
ES-23 DCTROC 49N 15W 21 B/C ESKO med.-gr. ol. basal zone, Dul, Complex
gabbro

F-237 - BBMAF 56N 7W 28 B Il1lgen City dark, foliated repres. of miscellaneous
ferrodiorite

F-256 BBMAF 56N 7W 4 D 1I1lgen City weakly porph. Victor's Head sill (7)
oph, ol. diabase

F-275 BBMAF 57N 6W 4 A Lit. Marais olivine gabbro E. of Manitou R.

KL-1 DCANOR 62N ©6W 27 C Kawish, Lk. gabbroic repres. of anorthositic
anorthosite series

KL-4  DCMMA 62N ©6W 23 B Kawish. Lk. mafic qtz repres. of miscellaneous
diorite

M-7358 DCTROC 63N 9W 19 C Ojibway L. nonophitic ol. nr base of Dul. Complex
gabbro

M-7392 DCTROC 62N 10W 3 C Ojibway L. ophitic ol. repres. of troctolitic
gabbro series

M-7671 DCTROC 62N 11W 24 D Bogberry L. ophitic o1, basal chill, Dul. Complex
diabase

NL-3 DCMMA- 63N 2E 05 C Nor. Light plag.-porph. repres. of miscellaneous

Lake gabbro
PW-5B DCMMA 64N 2E 17 D Pine Lk. W. med.-gr. Gunflint Prong gabbro

ophitic gabbro
S-2 DCTROC 49N 15W 14 B W. Duluth foliated ol. repres. of troctolitic

gabbro series

SB-28 BBMAF 56N 7W 29 D Il1lgen City black, med.- repres. of miscellaneous
gr. ferrodiab.

TH-62 DCTROC 55N 10W 30 B Highland foliated repres. of troctolitic
troctolite series

3001- BBMAF 56N 8W 22 D Silver Bay fine-gr. ol. repres. of miscellaneous
21.4 diabase
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TABLE IB

INVENTORY OF ANALYZED SAMPLES OF MAFIC AND INTERMEDIATE LAVAS

Unit

Location

C-10
C-12

C-14

c-23
D-62
D-126
D-128
D-130
ES-19
F-92
F-180
F-248

F-267

F-289

F-290
GP-11b
GP-16
GP-ZOa
GP-24
LM-9
ML-34

ML-37

BASALT
BASAND

ANDES

ANDES
BASALT
BASALT
BASALT
BASALT
BASALT
BASAND
BASALT
BASAND
BASAND
BASALT
BASALT
BASALT
BASALT
BASALT
BASALT
ANDES

ANDES

BASALT

Twp Ra Sec.% Quad,

58N
58N

60N

59N
51N
50N
50N
50N
49N
57N
56N
56N
57N
56N
58N
63N
63N
63N
63N
64N
62N

62N

5W
oW

5W

TW
13W
14W
14W
144W
15W

6W

TW

W

W

TW

5W

6E
6E
6k
5E
1W
2W

2W

06
01

31

36
32
15
22
15
20
30
11
10
24

1
29
10
10
10
24

36

D

D

D

D

Cramer
Cramer

Wilson L.

Cabin L.
Duluth
Duluth
Du]ufh
Duluth

Esko
Finland
I11gen City
I11gen City
Finland
I711gen City
L. Marais
Gd. Portage
Gd. Portage
Gd. Portage

Gd. Portage

B/C Lima Mtn,

14 B Mark Lake

18 A Mark Lake

Description Comments

ophitic ol. repres. of ol. tholeiites

basalt

intergran.. repres. of basaltic

bas. andesite andesites

fine-gr. repres., of basaltic

andes, or andesites

Tatite _

intersert px- repres. of basaltic

latite andesites

weakly porph. repres. of Fe-rich

basalt basalts

weakly porph. repres. of high Fe thol.?

basalt 7

fine-gr. repres. of high Fe thol.?

basalt

plag-porph. repres. of olivine

basalt tholeiites

ophitic basalt repres. of Rev. ol. thol,.

fine-gr. repres. of basaltic

bas. andes. andesites

fine-gr. repres. of basalt

basalt

weakly porph. repres. of basaltic

gran. bas. andesites

fine-gr, repres. of basaltic

K-andesite andesites

fine-gr. repres., of basaltic

basalt andesites

ophitic basalt repres. of olivine
tholeiite

porph. basalt Basal R flow, GP series

porph. basalt Basal R flow, GP series

intersertal repres. of Rev. GP serijes

basalt

fine-gr. repres. of Rev. GP series

ophitic basalt

porph, repres. of Rev. andesites

andesite

aphyric repres. of Norm andesites

andesite

fine-gr. repres. of basalts

basalt
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TABLE IB (continued)

INVENTORY OF ANALYZED SAMPLES OF MAFIC AND INTERMEDIATE LAVAS

Sample Unit

Location

T-65  BASALT
T-86 BASALT
T-96  ANDES

TL-8  BASALT
TL-13 BASALT

TL-14 BASALT

Twp Ra Sec.i.

59N  4W
59N  3W
50N 5W
6IN 3W
62N 2W

62N 2W

1

6

11

01

18

18

B

D

Quad.
Tofte
Tofte
Honeymoon
Mtn.

Tait Lake
Tait Lake

Tait Lake

Description

Comments

oph. olivine
tholeiite
fine-gr.
porph. basalt
weakly proph.
andesite
intergranular
K-basalt
ophitic basalt

porphyritic
basalt

fresh olivine tholeiite

repres, of
repres, of

repres. of
andesites

repres. of
tholeiites
repres. of

basalts
andesites
basaltic
olivine

basalts
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TABLE IC

INVENTORY OF ANALYZED SAMPLES OF FELSIC LAVAS

Sample Unit  Twp Rge Sec Qtr Quad Description Comments
C-9 RHYO 59N 5W 20 B Cramer porphyritic cf Palisades, Manitou?
' rhyolite
C-31 RHYO 58N 6W 5 B Cramer vesicular anal., for Sn, W only
rhyolite
D-42 RHYO 50N 14W 13 A Duluth weakly porph. repres. of 1g. ignimbrite

dense felsite
DT-9 RHYO 62N 1W 25 A Devil Track porph. poikil. repres. of 1g. ignimbrite

Lake rhyolite -Kimball Ck,
DT-11 RHYO 62N 1W 14 C Devil Tr, vesic; porph. anal. for Sn, W only
Lake rhyolite
DT-24 RHYO 62N 1W 36 A Devil Track streaky, repres, of rhyolite-
Lake porph. rhyo. Kimball Ck.
F-125a RHYO 58N 6W 33 A L. Marais porph. rhyo. repres. of rhyolites-
Manitou
F-278 RHYO 56N 7W 22 B Illgen City granular repres. of rhyolites-
banded aphyric Baptism
felsite
GM-21 RHYO 61N 1E 14 D Gr. Marais vesic., porph. anal. for Sn, W only
o . e rhyolite
GM-31 -RHYD 82 1F 32 B GF. Mirats vésic., poYpH. andr. for S, WSy
rhyolite
GM-52 RHYO 61N 1E 14 C Gr. Marais porph. felsite repres. of rhyolites
H-15 RHYO 62N 4E 09 D Hovland porph. rhyo. repres. of rhyolites
I-13 RHYO 60N 7W 32 B Sawbill vesic., porph. anal. for Sn, W only
Landing felsite
KC-47 RHYO 61N 2E 7 D Kadunce Ck. vesic., porph. anal. for Sn, W only
rhyolite
KC-60 RHYO 61N Z2E Kadunce Ck. vesic., anal. for Sn, W only

altered felsite
LM-17a RHYO 63N 1W 2 A Lima Mtn. porph. rhyo. anal, for Sn, W only

‘ breccia
LW-6 RHYO 50N 13W 3 B Lakewood vesic., porph. anal. for Sn, W only
felsite
LW-8 RHYO 50N 13W 3 B Lakewood spherul. " anal. for Sn, W only
: porph. felsite
MC-1 RHYO 62N 4E 12 A Mineral porph., anal., for Sn, W only
Center spherul. rhyo.
MCC-13 ICELND 53N 11W 06 A McCarthy Ck weakly porph = thick, granular unit
' ‘ felsite
MI-11 RHYO 62N 3E 27 D Marr Island vuggy, porph. anal. for Sn, W only
rhyolite
MI-26 RHYO 62N 3E 27 A Marr Island red, porph. Brule R. rhyolites

rhyo. banded
MI-28 RHYQ 62N 3F 22 C Marr Island spherulitic Brule R. rhyolites
felsite
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TABLE IC (continued)

INVENTORY OF ANALYZED SAMPLES OF FELSIC LAVAS

Sample Unit  Twp Rge Sec Qtr Quad Description Comments
MI-40 RHYO 62N 3E 14 C Marr Isl. porph. feisite Brule R. rhyolites

ML-1 RHYO 61N 2W 02 D Mark Lake granular Devil Track rhyolite
felsite
ML-12 RHYO 62N 2W 25 Mark Lake porph. felsite Kimball Ck felsite

ML-32 RHYD 62N 2W 14 B Mark Lake porph. rhyo. repres. of rhyolites-
Cascade River
NL-2 ICELND 63N 2E 07 B Nor, Lts. banded, porph. repres. of icelandites

Lake rhyolite
TL-27A RHYO 61N 2W 18 C Tait Lake granular Devil Track rhyolite
felsite

TM-12 RHYO 63N 3E 15 B Tom Lake porph. rhyo. repres., of rhyolites
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Sample Unit

BRL-1 DCFEL
C-6 DCFEL
D-103 DCINT
D-138 DCFEL
DG-30 DCINT
DG-65 DCINT
DG-66 DCFEL
EM-1 DCFEL
F-35 - BBFEL

F-46  BBINT
LM-7  DCFEL

PM-1 DCINT
PM-2 DCFEL
PW-1A DCINT
PW-6 DCFEL

SB-105 BBFEL

TH-63 OKIINT

WHY-2 DCFEL

44
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TABLE ID

INVENTORY OF INTERMEDIATE AND FELSIC INTRUSIVE ROCKS

Twp Rge Sec Qtr Quad
63N 3W 25 A Brule Lake

Silver Is.
. Lake
50N 14W 33 A Duluth

60N 6W 20 C

51N 13W 19 D Arnold

50N 14W 29 A Duluth

63N 5W 10 C/D Kelso Mtn,

50N 14W 15 D Duluth
63N 2W 34 A Eagle Mtn.
58N 6W 31 B Finland

58N 6W 29 A/B L. Marais

64N 1W 36 B/C Lima Mtn.

63N 1E 36 A Pine Mtn.

63N 1E 34 C Pine Mtn.
64N 2E 21 A Pine Lk W.
64N 2E 30 A Pine Lk W.
57N 8W 15 B Doyle Lake
55N 10W 26 C Two Hbrs,

NE
58N 10W 30 B Mt. Weber

Description

Comments

red granophyre Brule Lookout felsite

Micrographic
granite
fine-gr. qtz
monzonite
fine-gr.

porph. felsite

med.-gr,
granodiorite
med.-gr. red
granodiorite
pink Hb1
adameliite
porph.
granophyre
red, porph.
felsite
coarse,
skeletal red
rock
porphyritic,
spherulitic
granophyre
augite
syenodiorite
miarolitic
granophyre
aug.-hb-qtz.
monzonite
red augite
granophyre

red, med.-gr.

granite
coarse
ferrodiorite

red granophyre

repres. of granophyres

repres. of intermediate
rocks

Roof of Dul, Cpx-intrus,.
or lava?
repres.
rocks
repres,
- Wine L
repres.

of intermediate
of intermediate
of granophyres

repres. of granophyres
- Eagle Mtn.

repres. of felsic-
intermediate rocks
repres. of intermediate
rocks

repres. of granophyres-
Lima Mtn.

repres. of intermediate
rocks

repres. of granophyres-
Pine Mtn.

repres. of intermediate
rocks

repres. of granophyres
repres. of granophyres
repres. of intermediate
rocks

repres. of granophyres-
Mt. Weber
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TABLE IE

INVENTORY OF MAFIC DIKE ROCKS

Sample Unit  Twp Rge Sec Qtr Quad Description Comments
CQ-1 DIKECC 48N 16W 5 C Cloquet fine-med. gr. St. Louis R.-Rev,
' diabase
Q-2 DIKECC 48N 16W 5 C Cloquet fine-med. ol. St. Louis R.-Rev,
diabase
CQ-3 DIKECC 48N 16W 6 D Cloquet fine-gr. Cloquet/Thomson -
basalt Rev.: fresh
CQ-4 DIKECC 48N 16W 6 D Cloquet suboph. ol. Cloquet/Thomson -
diabase Rev.
CQ-5 DIKECC 48N 16W 6 D Clogquet intergran. Cloquet/Thomson -
diabase Rev.
CQ-6 DIKECC 48N 16W 5 C Cloquet v. fine-gr. Cloquet/Thomson -
basalt Rev.
CcQ-8 DIKECC 48N 16W 6 C Cloquet fine-gr, Cloquet/Thomson -
diabase Rev.
CQ-10 DIKECC 49N 16W 19 C Cloquet weak. porph. St. Louis R. - Rev.
basalt
D-25 DIKEDU 49N 14W 6 A Dul.Hts, subophitic ol. Cuts anorthositic gabbro-
diabase Skyline
D-108 DIKEDU 50N 14W 28 C Duluth fine-gr. black cuts granophyre-Twin
diabase Lakes
D-112 DIKEDU 50N 14W 23 C Duluth fine-gr. inter cuts NSVG
gran, basalt
D-118 DIKEDU 50N 14W 23 D Duluth fine-suboph. cuts NSVG
basalt
D-121 DIKEDU 50N 13W 7 D Duluth fine-gr. ol. cuts NSVG
diabase
D-122 DIKEDU 50N 13W 8 B Duluth fine-med. gr. cuts NSVG
diabase
D-125 DIKEDU 50N 13W 5 D Duluth fine-gr. ol. cuts NSVG
basalt
D-152 DIKEDU 50N 13W 7 B Duluth fine-gr, cuts NSVG
basalt
D-162 DIKEDU 50N 14W 23 B/C Duluth v, fine-gr. cuts NSVG
basalt SRR
D-168 DIKEDU 50N 13W 5 B Duluth v. fine-gr. cuts NSVG
' weak. porph.
. basalt
D-170 DIKEDU 50N 13W 5 B Duluth - v, fine-gr. cuts NSVG
weak. porph.
c basalt
D-172 DIKEDU 51N 13W 32 D Duluth fine-gr. cuts NSVG - altered
diabase
D-176 DIKEDU 50N 14W 13 A/D Duluth fine-med. gr. cuts NSVG
diabase
DC-121B DIKETC58N 13W 8 B Allen porphyritic cuts olivine gabbro
microgabbro

ES-21 DIKECC 49N 15W 32 B Esko plag-porph. cuts Elys Pk basalts-Rev.
. basalt
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Sample

Unit

Twp Rge
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TABLE IE (continued)

INVENTORY OF MAFIC DIKE ROCKS

Sec Qtr Quad

ES-22
ES-26
ES-27
ES-29
F-257
GBL-2
GBL-5
GP-30
GP-47
GP-60
H-6
KV-128
LW-28
LW-56
LW-57
LW-58
M-7129
M-7268
M-7359
M-7402
ML-36
PP-7

PP-15

DIKECC
DIKECC
DIKECC
DIKECC
DIKETC
DIKETC
DIKETC
DIKEGP
DIKEGP
DIKEPR
DIKEGP
DIKETC
DIKEDU
DIKEDU
DIKEDU
DIKEDU
DIKETC
DIKETC
DIKETC
DIKETC
DIKETC
DIKEGP

DIKEGP

49N
48N
48N
48N
56N
63N
63N
63N
63N
64N

62N

50N
50N
51N
50N
64N
64N
63N
63N
62N
63N
63N

15W
16W
16W
16W
TW
10W
10W
6E
5E
6E

4t

13W

13W

13W

13W

10W

9W

9W

10W

2W

7E

7E

33'C Esko
10 D Esko
10 C Esko

10 C/D Esko

Description

Comments

weak .
basalt
fine-gr.
diabase
fine-gr,.
diabase
fine-med. gr.
diabase

porph.

4 D Il1lgen City black diabase

3 A Ojibway L.

9 B Ojibway L.

19 C
25 A
34 A

12 A Hovland

4 A takewood
4 A takewood
34 D Lakewood
3 B Lakewood
36 A
29 A

19 C

9 B Ojibway L.

8 C Mark Lake

08 B

04 C

Ojibway L.
Ojibway L.

Ojibway L.

Pigeon Pt.

Pigeon Pt.

suboph. o1l.
diabase

fine-gran. ol.

diabase

Grd. Portage fine-gr,

basalt

Grd. Portage porph. basalt

Grd. Portage aphanitic

black BasaTt
porph. fine-
gr. diabase
fine-gr,
basalt

black basalt

black basalt

suboph. ol.
basalt
fine-gr.
basalt
fine-gr.
diabase
fine-gr,
diabase
fine-gr,
diabase
massive, dark
diabase
porph. basalt

black diabase

cuts Elys Pk basalts-Nor.
St. Louis R.-Rev,

St. Louis R.-Rev.

St. Louis R.-Rev,
Baptism R.-cuts NSVG
cuts Knife Lk.

cuts Ely Greenstone

NE of Hollow Rock

NE of Deronda Bay

thin, inside Mt.
Josephine mEgatiite

cuts Hovlan® 1avas

cuts Mellen granite, WI
cuts NSVG

cuts Lester R, sill
cuts NSVG

cuts NSVG felsite

cut§ Knife Lake

cuts Knife Lake

cuts Giants R. granite
cuts Ely Greenstone

cuts NSVG

Lucille I - cuts NSVG

porph. diabase Lucille I - cuts NSVG



Sample Unit

Twp

PP-34 DIKEGP
PP-35 DIKEPR
PP-36 DIKEPR
VC-221 DIKECC
VC-226 DIKECC
VC-227 DIKECC
VC-230 DIKECC

20-3-C DIKECC

64N

49N

48N

49N

48N

46N

7E
17W
16W
17W
16W

19W

19

36

13

20

INVENTORY OF MAFIC DIKE ROCKS

52
43

TABLE IE (continued)

Rge Sec Qtr Quad

Pigeon Pt.
Cloquet
Cloquet
Cloquet
Esko

Moose L.

Description Comments

intergran, cuts Rove; Canada 61-R
diabase

med.-gr. ol, cuts Rove; Logan; in
diabase Crystal Ck

ophitic ol. cuts Rove, High Falls
diabase Pigeon R.

weak, porph, St. Louis R.-R - fresh
basalt

intersert Fe- St. Louis R.-R - fresh
diabase

intersert o1. St. Louis R.-R - fresh
diabase

fine-gr, St., Louis R.-N

diabase _

fine-gr. Moose Lake RR cut

basalt



TABLE 11

KEY TO LETTER DESIGNATIONS FOR ROCK UNITS SAMPLED

Duluth Compiex
Anorthositic series
Troctolitic series
Ultramafic rocks
Other (miscellaneous) mafic rocks
Intermediate rocks
Felsic rocks

Beaver Bay Complex
Mafic rocks
Intermediate rocks
Felsic rocks

Other Keweenawan Intrusions (except dikes)
Mafic rocks
Intermediate rocks
Felsic rocks

Dikes

~Carlton County swarm
Duluth swarm
Grand Portage swarm
Pigeon River group
Others

North Shore Volcanic Group
Basalts
Basaltic andesites
Andesites
Icelandites
Rhyolites

DCANOR
DCTROC
DCUMAF
DCMMA
DCINT
DCFEL

BBMAF
BBINT
BBFEL

OKIMAF
OKIINT
OKIFEL

DIKECC
DIKEDY
DIKEGP
DIKEPR
DIKETC

BASALT
BASAND
ANDES
ICELND
RHYO
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Table III
*
Trace-element concentrations of economic interest in basalts and felsites.

Most Primitive Basalts

cr Ni  As Sb U W Cu Zn Mo Au  Ag
GP-11 670 207 _ 129 107
GP-16 711 204 199 117
GP-20a 97 70 <2 <0.2 1.1 <3 120 98 <5 <20 <0.5
£-10 200 150 <2 <0.2 0.5 <3 67 110 <5 10 <0.5
ES-19 130 80 <2 <0.2 1.0 <3 57 92 <5 <20 0.5
D-130 190 130 <2 <0.2 <0.5 <3 170 130 <5 <10 <0.5
TL-13 330 250 8 0.3 <0.5 <3 94 83 <5 10 0.5
F-290 140 220 <2 <0.2 0.5 <3 110 98 <5 <20 <0.5
T-65 90 120 <2 ~ <0.2 0.5 <3 120 130 <5 <10 <0.5
ML-37 300 160 5 0.2 0.5 <3 5 98 <5 <10 <0.5

Felsic Volcanics

McC-13 ’ <2 0.5 3.5 <3 120 140 <5 <10 0.5
NL-2 <2 0.3 1.6 <3 16 140 <5 10 <0.5
D-42 7 1.2 6.3 3 100 190 <5 <10 <0.5
MI-28 <2 0.2 3.5 <3 430 78 <5 <10 0.5
F-278 <2 <0.2 3.3 <3 20 110 <5 10 <0.5
F-125a 15 0.8 3.3 <3 6.5 150 <5 10 <0.5
GM-52 4 0.6 2.5 <3 14 110 <5 <10 0.5
pT-9 12 0.8 3.6 <3 16 140 <5 <10 <0.5
DT-24 <4 0.7 7.8 K12 16 140 7 <10 <0.5
ML-1 <2 0.2 3.3 <3 6.5 130 <5 <10 <0.5
ML-12 7 0.6 3.3 3 25 150 <5 <10 <0.5
MI-40 <2 0.2 3.6 <3 19 160 <5 <10 <0.5
C-9 6 0.3 2.5 <3 20 170 <5 <10 <0.5
MI-26 110 1.7 4.3 42 10 64 <5 <10 <0.5
H-15 2 0.4 3.3 210 7 76 5 <10 <0.5
TL-27a <2 0.2 3.0 <3 25 110 <5 <10 <0.5

*

Values in ppm except for Au (in ppb)
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TABLE IV

SAMPLES ANALYZED SEPARATELY FOR TIN AND TUNGSTEN
(XRAL, Toronto)

Sample No.  Unit

C-31 RHYO

D-138 DCFEL

DT-11 RHYO

DT-24 RHYO

GM-21 RHYO

GM-31 RHYO

1-13 RHYO

KC-47 RHYO

KC-60 RHYO

LM-17A RHYO

LW-6 RHYO

LW-8 RHYO

;j MC-1 RHYO
| MI-11 RHYOQ
ML-1 RHYO

DCFEL

WHY-2

e

Wil

NW 1/4 Sec.

SE
SW
NE
SE
NW
NW
SE
SE
NE
NW
NW
NE
SE
SE

NW

1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4

1/4

Location

Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.

Sec.

5, T.58N,R.6H.
19,7.51N,R.13W.
14,7T.62N,R.1W.
36,T.62N,R.1W.
14,T.61N,R.1E.
32,7.62N,R.1E.
32,T.60N,R.7W.
7,T.61N,R.2E.

35,T.62N,R.2E.
2,T.63N,R.1HW.

3,T.50N,R.13W.
3,T.50N,R.13H.
12,7.62N,R.4E.
27,T.62N,R.3E.
2,T.61N,R.2HW.

30,T.58N,R.11W,

<3

<3

20

25

<3

- <3

<3

<1
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TABLE V

Selected trace-element characteristics of Keweenawan felsic rocks
compared to tin-bearing South African granite.

1/E Rb Sr. Ba La Ce Y Ir Zn Sn

c-9 E 190 10 1280 54.8 134 50 610 170

D-42 E 220 40 320 102 214 110 580 190

DT-24 E 160 50 1100 111 256 120 640 140

DT-9 E 180 70 1120 84.9 206 70 650 140
F-125a E 190 70 1380 74 .4 172 70 680 150

F-278 E 140 40 1130 145 225 90 580 110

GM-52 E 170 200 1050 87.9 198 100 660 110

H-15 E 160 50 780 16.3 225 90 600 76

MI-26 E 190 70 1090 76.6 290 280 530 64

MI-28 E 50 50 540 35.4 74 20 340 78

MI-40 E 100 140 1400 92.8 221 40 810 160

ML-1 E 120 30 1550 56.3 138 60 600 130

ML-12 E 190 80 1140 97.6 195 80 650 150

ML-32 E 130 30 2250 86.6 169 60 620 56
TL-27a E 130 40 1440 38 220 40 600 110

TM-12 E 170 180 910 43,6 91 70 460 90
McC-13 E 120 120 760 712.3 168 100 720 140

NL-2 E 90 430 900 105 215 70 660 140

BRL-1 I 150 140 1100 89.7 183 80 580 160

C-6 I 220 44 930 80 580 113

D-138 I 150 160 1060 91.5 199 130 1160 290 5
DG-66 I 140 219 780 63 720 112

EM-1 I 160 140 1000 17.2 150 50 450 130

LM-7 I 190 170 1100 129 266 110 960 200

PM-2 I 170 90 1170 70.8 152 80 520 96

PW-6 I 240 60 1070 120 237 120 950 140

WHY-2 I 110 80 1350 59.7 141 60 570 110 <3
F-35 I 150 160 830 76.7 161 70 460 120
SB-105 I 90 150 1110 90.2 193 110 730 170

A: E 176 70 1100 712 100 56 395 125 <5
B, I 225 40 890 100 139 97 433 91 6.5
C I 408 7 260 118 150 146 328 - 26 9

.
Explanation: I = intrusive rocks; E = extrusive; A = Rooiberg felsites,
B = stratiform Bushveld granites; C = tin-bearing Bobbejaankop granite
(Lenthall and Hunter, 1977)




APPENDIX A

WHOLE ROCK ANALYSIS -~ & MAJORS § MINORS - XRF - PW 1600 -~ REFERENCE STANDARDS

MRG-1 SY~-2 G-2 NBS-1lc* NES-97a NBS-99a BX-N GS-N NIM-D NIM-N
SiO2 38.9 60.0 68.8 7.24 43.2 65.3 7.44 65.9 38.3 55.7 Sio2
(39.32) (60.10) (69.22) (6.84) (43.867) (65.2) (7.39) (65.98) (38.96)" (52.64)
A1203 8.41 12,1 15.4 1.40 38.7 20.7 54.0 14.8 0.25 16.3 A1203
(8.50) (12.12) (15.40) (1.30) (38.79) (20.5) (54.53) (14.71) (0.3?) (16.50)
Ca0 14.8 8.01 1.95 50.6 0.10 2.15 0.16 2.55 0.27 11.7 Ca0
(14.77) (7.98) {(1.96) (50.3) (0.11) (2.14) (0.17) (2.51) (0.28) (11.50)
% .
Mgo 13.4 2.68 0.72 0.40 0.17 0.01 0.11 2.28 43.1 7.34 MgO
(13.49) (2.70{ {0.75) (0.42) (0.15) (0.02) (0.1l) (2.31) (43.51) (7.50)
Nazo 0.71 4.31 4.10 0.00 0.04 6.31 0.04 3.84 0.06 2.39 Nazo
(0.71) (4.34) (4.06) (0.02) (0.037) (€.2) (0.06) (3.78) (0.042) (2.46)
xzo 0.18 4.50 - 4.40 0.27 0.52 5.28 0.06 4.68 0;04 0.24 xzo
‘ (0.18) (4.48) (4.486) (0.?8) (0.50) {5.2) (0.07) (4.64) (0.01?) (0.25)
Fe203 17.7 6.20 2.70 0.65 0.45 0.08 23.3 3.70 16.5 8.84 Fe.03
(17.82) (6.28) (2.69) (0.55) (0.45) (0.065) (23.27) (3.76) (16.96) (8.91)
MnoO 0.16 0.32 0.03 0.01 0.00 0.00 0.04 0.05 0.23 0.18 MnO
(0.17) (0.32) {0.03) (0.025) (~) () (0.05) (0.056) (0.22) (0.18)
T102 3.65 0.14 0.50 0.07 1.88 0.02 2.35 0.66 0.03 0.19 Ti02
(3.69) (0.14) (C.48) (0.07) (1.90) (0.007) (2.41) (0.68) (0.62) (0.20)
ons 0.06 0.42 0.13 0.04 0.35 0.02 0.13 0.27 0.01 0.02 P205
(0.06) (0.43) (0.13) (0.04) (0.36) (0.02) (0.13) (0.28) (0.022) (0.03)
Cr203 0.06 0.00° 0.00 0.00 0.03 0.00 0.04 0.01 0.40 0.01 Cr203
(0.07) (0.002) (0.00) (=) (0.03) (=) (0.04) (0.01) (0.42) (0.005)
NOTE: ( ) are vsable values as per Sydney Abbey, 1979 - (~) indicates no values available.
This represents only part of the group of 50 reference materials used for calibrating
the simultaneous spectrometer. Others are available orn request,
* () values are certified NBS values,
INSTRUMENT STASILITY SAMPLE PREPARATION REPRODUCIBILITY
(10 replicate analyses) (42 replicate analyses)
Mean (%) SC({%) Mean (8) SD(%) Mean (%) SD(%) Mean (V) SD(N)
SiOz 39.5 0.06 65.1 0.07 80.7 0.25 65.9 0.25 SiOz
Alzo3 2,82 0.01 18.8 0.03 §.21 0.06 13.0 0.06 A1203
CaO 1.20 0.005 0.10 0.005 0.05 0.n05 0.72 0.005 cao
MgoO 34.6 0.08 0.10 0.005 1.79 0.02 6.08 0.04 Mg0
Na,0 0.13 0.01 2.56 0.03 0.13 0.01 0.60 .02 Na,0
X,0 0.02 0.005 12.9 0.02 1.89 ¢.01 2.51 0.01 K,0
r0203 8.52 0.015 0.12 0.005 4.87 0.03 7.14 6.C3 Fezo3
MnO 0.13 0.00 0.00 0.00 0.08 0.005 0.14 0.005 MnoO
TiO 0.12 0.005 0.03 0.00 0.19 0.005 0.33 0.00S TiO2
PO 0.04 0.00 0.02 0.00 0.05 0.00 0.10 0.00 P205
Cr 03 0.33 0.001 0.00 0.00 6.02 0.00 0.02 6.00 Cr203
1.59 0.08 2.95 0.09 L.0.1.
= NOTE: Mean is the arithmetic mean

SD is standard deviation



USG&S Hawztanvy BasAarT
BHUO-1

DR. J. C. GREEN

DILUTION FACTOR = 7%88

N CONC. PRED. SD. 0BS. SD.
2 SiDZ 4990 49.8 YWT 0.41 %WT 0.23 WT
3 P205 o0.28 0.23 XWT 0.074 YWT 0.085 YWT
4 Ti02 269 2.75 YWT 0.025 YWT 0.025 YWT
7 MnO 0.7 0.1653 YWTERROR CODE = 5 -
ERROR LINE = 27775 -
10 MgD 1.3) 7.29 ZWT 0.05% YWT 0.023 %WT
12 -‘sr 420 417 PPM 4.8 PPM 1.9 PPM
14 A120313.8513.74 VIIT 0.114 YWT 0.053 “WT
15 Fe203T12.23 12.34 YWT 0.107 YWT 0.043 YWT
16 K20 oS¢ 0.572 %WT 0.0138 ¥WT 0.0058 YWT
17 Na20 229 2.17 %WT 0.023 YWT 0.013 YWT
192 Ca0 11,33 11.38 ZWT 0.092 %WT 0.049 YWT
20 Ba 135 139 PPM 2.2 PPM 1.8 PPM
BHVO-1-2

DR. J. C. GREEN

DILUTION FACTOR = 199.71 MULTIELELMENT STOCK DILUTION FACTOR = 19./

CONC. O0BS. SD.
1 Be %' 1.40 PPM 0.014 FPM
2 MnO o3 0.183 %WT 0.0054 ¥WT
3 2Zn 105 106 PPM 1.3 PPM
4 Cu 14D 146 PPM 1.9 PPM
& Au 0.6 PPM 0.48 FFM
8 Sc 31 .3&.2 PPM 0.66 PPM
9 Co 4S5 47 PFM 1.9 PPM
12 Sr 420 446 PPM 12.7 PPM
13 -27 PPM 5.4 PPM
14 N7 120 {14 PPM 1.7 PPM
16 Ba 135 134 FPM 1.7 PPM
: 17 @H o -1 PPM 1.3 PPM
. 18 Cr 300 289 PPM 4.5 PPM
: 19 Rb 0 7.6 PPM 1.04 PPM
: 20 U 320 302 PPM 5.0 PPM

BHVO~-1-1
DR. J. C. GREEN )
DILUTION FACTOR = 1%9.71 MULTIELELMENT STOCK DILUTION FACTOR = 19 ?

CONC. OBRS. SD.

1.1 2 aladd, 2 i1 [ '3 i
L% 4 LB ’ Ty LB ¥

3 Pp0¢ 028 0.2588 ZWT 0.0020 ZWT

6 @D 43 17 PPM 1.4 PPM

7 MRO o7 0.19 YWT 0.011 YWT
3 Zr 8o 171 PPM 4.2 PPM
At a2 4.5 peM

11 Y 27T 25.9 PPM 0.51 PPM
12 Sr 430 442 PPM 17.4 PPM

S Eri—fft PP P

bty PRl B S S
18 (G 21% 61 PPM 2.0 PPM
20 Ba 135 145 PPM 3.1 PPM



WSGS BasarT

BCR=-1
DR. J. C. GREEN
DILUTION FACTOR = 10023

' CONC. PRED. SD.

2 S5i0254.53 54.7 YWT 0.45 YWT

3 P205 .36 0.38 X“WT 0.070 YWT

4 Ti02 2,26 2.29 YWT 0.021 YWT

7 MnO 0.13 0.178% YWTERROR CODE =

ERROR LINE = 27773

10 MgO 3.438 3.3% XWT 0.029 ZWT
12 Sr 330 3492 PPM | 4.1 PPM

14 A1203 13,11 13.68 YWT 0.113 ZWT
15 Fe203Ti%.4V13.53 VWT 0.118 ZWT
16 K20 lo 1.72 YWT 0.023 XWT
17 Na20 330 3.28 ZWT 0.032 YWT
19  Ca0 6971 7.12 YWT 0.058 ZWT
20 Ba 680 743 PPM 7.4 PPM

BCR~-1-2
DR. J. C. GREEN
DILUTION FACTOR = 200.35
CONC.

1 Be 1.6% 1.81 PPM

2 MnOD 0.8 0.181 %WT

3 2Zn_12S 134 PPM

4 Cu 6 14,9 PPM
- G.4 PPA

8 Sc 33 35.1 PPM

9 Co 36 33 PPM

12 Sr 330 331 PPM

13 14 -4 PPM
14 Ni_ lo 9.4 PPM
16 Ba 680 483 PPM
17 @D el 4 PPM
18 Cr IS5 9.5 PPM

12 Rb 41 41 PPM
20 V420 374 PFM

BER-471c. GreEEn
DILUTION FACTOR = 200.35

MULTIELELMENT STOCK DILUTION FACTOR

0BS. SD.
0.020 FPM
0.0060 YWT
1.7 PPM
0.30 PPM
0.4& PPM
0.85 PPM
2.5 PPM
8.6 PPM
4.8 PPM
.1.01 PPM
35.7 PPM
1.8 PPM
0.43 PPM
1.5 PPM
12.5 PPM

MULTIELELMENT STOCK DILUTION FACTOR

CONC. 0Bs. &D.
s e B S
3 P,05 036 0.34 ZWT 0.012 YWT

é ng 5 ? PPM 1.1 PPM

7 Mno 0.8 0.180 “WT 0.0051 XWT
8 Zr 185 174 PPM 3.8 PPM
et o Dy e e

11 Y 40 32.4 FPM 0.40 PFM
12 Sr 330 335 PPM 8.7 PPM

18 (Ga) 22 103 PPM 5.0 FPM
20 Ba 6%0 873 PPM

245.7 PPM

0BS. SD.

0.45 ZUT
0.052 »WT
0.018 “WT

0.012 “WT
2.3 PPM
0.105 ZWT
0.088 “WT
0.016 ZWT
0.022 ZWT
0.052 ZWT
2.9 PPM



US&G&S ANDESITE
AGU-1
DR. J. C. GREEN
DILUTION FACTOR = 10002
, CONC. PRED. SD. 0B3. SD.
2 $i02 5961 57.3 XWT 0.53 ¥WT 0.65 ¥WT
3 'P20O5 0.51 0.47 YT 0.034 YT 0.022 YWT
4 Ti0Z L.ob 1.05 XWT 0.011 YWT 0.012 %WT
7 MnO 0.10 $31 PPM 17.5 FPM 10.5 PPM
10 MgO .52 1.52 YWT 0.013 ¥WT 0.012 “WT
12 Sr 660 473 PPM 7.9 PPM 6.4 PPM
14 - AI203 119 17.1 XWT .15 ZWT 0.17 YWT
15 "Fe203T6,18 6.4% ¥WT 0.054 YWT 0.052 ZWT
16 K20 2.2 2.85 ZWT 0.033 YWT 0.029 YWT
17 Na20 4.32 4.25 YWT 0.045 YWT 0.041 YWT
19 Ca0 494 4.83 JWT 0.042 ¥WT 0.049 ¥WT .
20 Ba oua2 0.130 %WT 0.0014 YWT 0.0013 %WT
ABY-1-2
DR. J. C. GREEN
DILUTION FACTOR = 200.01  MULTIELELMENT STOCK DILUTION. FACTOR = 1
CONC. 0B5. SD.
1 Be 23% 2,26 PFM 0.040 PFM
2 MnO 0.0 $21 PPM 40.7 PFM
3 2n 86 %3 PPM 1.2 PFM
4 Cu_ s§9 &2 PPM 1.9 PPM
' é& Al 0.7 PPM 0.40 PPM
8 Sc |25 13.4 PPM 0.28 FPM
® Co W 15 PPM 1.2 PPM
13 33 55 PPM 7.6 PPM
14 Ni 15 13.3 PPM 0.38 FPM
16 Ba o002 0.13 %WT 0.014 ¥WT
17 64 2 PPM 3.3 PPM
18 Cr 10 8.4 PPM 0.37 PPM
19 Rb &1 &5 PPM 2.7 PPM
20 V125 109 PPM 3.6 PPM
AGU-1-1
: DR. J. C. GREEN
) DILUTION FACTOR = 200.01  MULTIELELMENT STOCK DILUTION FACTOR = 19,!
CONC. 0BS. SD.
S— T A
3 PR 051 0.48 XWT 0.023 YWT
N P e BT e S R RN e
6 @D 5T 21 PPM 3.7 PPM
7 MnD 0.6 994 FPM 25.3 PPM
8 @Da30-2177 PPM 359.7 PPM
= . SIER= 1Y .
11 Y 19 13.8 PPM 0.27 PPM
12 Sr 66D 701 PPM 10.9 PPM
F- 42— RRN- - B B =31
T Ei T e =
18 2l 45 PPM 1.9 PPM
20 Ba 0.2 0.17 VWT 0.018 XWT
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JG-1
DR. J. €. GREEN
DILUTION FACTOR = 2991

CONC. PRED. SD. 0BS. SD.
2 8102 72,36 71.5 YT 0.592 “WT 0.29 YWT
3 P205 o0 0.11 YWT 0.070 “WT 0.044 YWT
4 Tio2 0,21 0.247 JWT 0.0043 YWT 0.0020 ZWT
7 Mn0O 0.06 515 PFM 13.7 PPM 7.3 PPM
10 Mg0 0,16 0.738 “WT 0.0050 ZWT 0.0025 74T
12 Sr iI8s 179 PPM 2.0 PPM 1.3 PFM
14 A1203 1%2014.07 VWT 0.117 ZWT 0.057 XWT
15 Fe203T 2.16 2.0480 ZWT 0.0225 YWT 0.0058 »XWT
18 K20 3.96 3.82 YWT 0.044 XWT 0.026 ZWT
17 Na20 339 .3.26 “WT 0.032 “WT 0.017 7T
19 Ca0 2.1 2.114 XWT 0.0173 “WT 0.0103 »WT
.20 Ba 4&¢0 514 FPM 5.7 PFPM 2.8 PPM

JG-1-2
PR. J. C. GREEN

DILUTION FACTOR = 19?7.75 MULTIELELMENT STOCK DILUTION FACTOR = 19.8

CONC. 0BS. SD.
1 Be 32! 3.3 PPM 0.13 PPM

2 MnOD ook 453 PPM 44.6 PPM

3 Zn 40 42 PPM 1.8 PPM
, 4 Cu_ 4 0.7 PPM 0.40 PPM
! & Au -0.3 PPM 0.22 RFM.
8 sc 7.1 FPM 8.32 PPM

9 Co 6.4 4 PPM 1.9 PPM

12 Sr 185 194 PPM 11.2 PPM

13 26 14 FFM 12.3 PFM
14 Ni 82 4.8 PPM 1.02 PPM

14 Ba 449 545 PPM 4%.0 PFM

17 @O 13.5 38 PPM 4.7 PPM

18 Cr S$3 47 PPM 2.8 PFM

19 Rb 1% 194 PPM 21.9 PPM

20V 24 17 PPM 2.1 PPM

pB713! ¢, erEEN

DILUTIOGN FACTOR = 127.73 MULTIELELMENT STOCK DILUTION FACTOR = 19.8
CONC. 0BS. SD. o
Pt o gam e o o
3 PpOg ooy 854 PPM 50.3 PPM

e e S M 2= o

s 6 @D 7 PPM 1.1 PPM

7 Mn0 0% 575 PPM 18.1 PPM

8 2Zr no? 123 PPM 2.9 PPM
11 Y 312 26.7 PPM 0.51 PPM

12 Sr 185 173 PPM 4.5 PPM
4G+ E—P R 2P

. ‘D_'zl l'r' Q w4 N o

18 Gz 5% 22 PPM 4.7 PPM

20 Ba 466 432 PPM 22.4 PPM

.....
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APPENDIX C

Results of Blind Analyses of Geochemical Standards

1 A2 Bl B2 cl c2 Dl D2 El
Si0,  54.9,54.7  54.53  69.5  69.96  38.3 38.4 69.4  69.96 58.8
Ti0 2.24,2.27 2.26 0.34  0.38 2.63 2.61 0.36  0.38 1.06
A1253 13.7,13.7 13.72  14.7  14.51 9.75 10.25 14.9  14.51 17.3
Fe03  3.7,3.7 3.48 1.1 1.36 l2.8t 12.94t 2.68t 2.83t 6.76%
Fel 8.7 8.96 1.5 1.32
Mn0 0.187,0.179 0.18 0.087  0.09 0.19 0.20 0.08  0.09 0.09
Mg0 3.62,3.59  3.48 0.92 0.95  13.0 13.35 0.93  0.95 1.62
Ca0 7.12,7.12  6.97 2.43  2.45  13.5 13.87 2.49  2.45 5.07
Nap0 3.33,3.31 3.30 3.47  3.55 2.79 3.07 3.72 3.5 4.33
K20 1.71,1.71 1.70 3.95  4.03 1.37 1.41 4.10  4.03 2.92
P205 0.35,0. 34 o.3§ 0.115 o.ég 1.07 ( %.gg 0.13 ( 8’%% 0.49
H20 0.6 0. . .
¢, 0.02 0.11 279 = olg L1 =gy L7
Total  99.6,99.3 99.85?7 98.1  99.977  98.3 100.32  100.0  99.85  100.5
Trace Elements

Al A2 Bl B2 cl c2 D1 D2 El
Ag 0.5 - <0.5 - <0.5
As 2 - <2 - <2
Au* <20 - <20 - 10
Ba 690,710 680 840 850 1200 1050 900 850 1230
Be 1.9,1.7 ~ 1:62- 3.7 3.6
Bi <0.5 - <0.5 - 0.5
Br 2 - 2 - 1
cd <0.2 - <0.2 - <0.2
Ce 160 - 86 70 70
Co 36,38 36 4 5 63 50 6 5 16
Cr 9,10 15 6 12 350 380 9 12 20
Cs 1.5 - 6.7 6 1.8
Cu 14,15 16 21 16 86.0 72 26.0 16 69
Eu 3.4 3.72 1.0 - 1.3

£2

59.61

—
o
(=21

17.19
4.56
2.03
0.10
1.52
4.94
4,32
2.92
0.51

( 0.78

“( 0.02

99.907

E2

.095?

0.87?
0.6?
1200

0.05?
0.5?
0.09?

71

16

10

- 1.3
59
1.62

Fl F2
41.6 42.10
0.02 0.01
0.62 0.73
8.22 2.547
5.177
0.13 0.12
42.9 43.50
0.53 0.55
0.10 0.01
0.01 0.00
0.01 0.01
( 4.70
5.08 = o.18
99.7  100.38?
F1 F2
0.5 .010?
2 0.052
<10 0.77
130 47
<0.5 0.012
<1 0.67
<0.2 0.12
a3 -
1 110
2990 2800
<0.5 0.0257
8 8
<0.2 0.002?


https://0.35,0.34
https://1.71,1.71
https://3.33,3.31
https://7.12,7.12
https://3.62,3.59
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APPENDIX C (Cont

Trace Elements

Al A2 Bl B2 Cl C2
Hf 6 -
La 95.3 80
Lu 0.32 -
Mo <5 37
Nb 90 1007
Nd 70 607
Ni 9,9 10 3.8 7 270 260
Pb 30 -
Rb 41,41 47 174 175 50 47
Sb <0.2 -
Sc 35,35 33 7.8 7? 27.0 267
Sm 12.4 122
Sr 343,349 330 308 310 1240 1300
Ta 5 -
Th 11.0 1272
U 3.0 3?7
v 370,390 420 32 38 :
W 4 -
Y 35,36 40 21 21 <10 30
Yb 2 27
in 135,127 125 70 80 200 150
ir 180,180 185 160 150 290 250

ld)

D1

5
46.1
0.44
<5
30
30
8
30
170
<0.2
8.3
5.4
360
<1
18.0
4.9

<3
30
2
84.0
160

107
257
7
30
175
72
57
310
17
42

21
2?

80

150

5.7
730
<1

6.4

2.1

<3
20
1.8
110
220

E2

57
36
0.3?
3?
16?
377
15~
33
67
4.3?
12.5
5.9
660
1.4
6.4
1.95

0.557
19
1.9
86
230

Key: Samples ending in "1" are blind analyses from lab, those endtng in "2" are "usable values"

for each standard from Abbey, 1980.

= no data

Al: duplicate analyses on different runs of BCR-1 basalt (USGS); B

C: BR basalt (CRPG); D: GA granite; E:

AGV-1 andesite (USGS

Analysts: R.L. Knoche - A,B; XRAL - C,D,E,F.

*Auinpw: all others in ppm.

tTotal Fe as Fep03.

); F

GA granite (CRPG);
PCC-1 peridotite (USGS).

F1l F2
<1 -
0.5 0.15?
<0.05 -
<5 0.57
10 17
<5 -
2500 2400
<2 11
10 0.3?
1.7 1.47
9.4 9?
0.1 0.0087
<10 0.4
<1 -
0.5 0.01?
<0.5 0.0057
<3 0.06 ‘
0 : §:
0.2 0.02
39 41
<10 77
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LITHOBEQUHEMISGTRY NORTH SHORE VOLOANICS ANALYSES, 1985

Sample No. uﬂmplp No. Unit Date Coll.Polénalyst 5102
C—14 . ANDES  12-09-d&8 (N XRAL
C-23 HNDF” O2-07-F0 (N) XRAL
L.t 2708684 (R) AhHl
ML—-Z24 10-08-84 (M) ¥
T-%& RSWE (MY
{N)
(R
S (R
10-07-80 (M)
B OE-FT R
BASALT Eian -S4 (M)
BASALT (R?HNDE 44,
Ef‘x":fﬂ. 1 (R ENOCHE Gy 3
) D7 &8 R XRaAL .5
-7 -6 (R FMOCHE 47 .5
10~ UP~F4 (NY  XRAL S50 1.01
BASALT  07-09-&47 (M) XRAL 4G5 1.71
BASALT  26-0&6-70 (N) XRAL 4%.8 2,62

ANL
BNDES
BASALT

0 o i B3

G-10
D-128

i

R

0 N

-
RN

Sl

<
6!
G d
=

fte
-

BASALT 2408670 (M} 47 .3 1.12
BASALT  24-0&-70 (N) 48.5 1.62
BASARND ARl & (M 51.4 2.29
BEASAND 4 (M XRAL % 2.45
BASAND & (N> XRAL 2.57

1.74
2.51
2.04
?,ﬁ9

BASARND
EASAND
BESAND
BASAND

(M) XRAL

(N)HNUFHF
(M) X
(D

i~ 0

I
-~

P oo Lo A .1
~ O OO "-3 ~ u" SRR EalN
. o

BAGHND o (N BT
I1CELND -84 (R K

TOELND
FRHY O
RHYO
RHYO

141 DT~ RHY O

142 F-120a RHYO

1473 F-278 FHY O

GM-52 144 bM“uQ RHY
H-15 145 H~-13 FRHYO

MI-26 14& MI—-2& RHYD 7 &G (D Xhh

MI-28 147 MI-28 REYO 076G (WD

MI--40 148 MIL--40 RHYO OG0T 70 (M) X

14% M1 RHYD 19-0&-70 (NI KRéal.

RHYO B4 ARAL 7.

RHYD 10-08-84 (N) XRAL 7TV

RHYO 84 (M) RRAL 74

FHY D g4 (R)Y  XRAL 7E.7

h
-

O () Sy
&5 (M) nth
75 (WD) KA
4 (M XRAL 7.1
7O {N)  XRAL T
P--&7 (N XAl T2.E
H-77 (WY KReal 72,8

~7& (WY KRAL 7.7
OG--TE {(R) O XRAL 75

§
s L]

o~
—_
b
-t b

~J
[N
RN

~j e

104




LITHOGEOQCHEMISTRY NORTH SHORE VYOLOCANICE ARNALYSES, 19835

Sample No.ALZDE  Feldli Fell FelO3R
C-14 12.2 124 e
C-273% 12.8 12,
LM~ 1&6.4 1G.

ML~Z%4 1301 12,
T~ 12.48 i1,
C—-10 15.9 11.

FelR  MnO Mol Cal NaZll K2
.14 016 1,74 4071 E.03 0 2
.29  0.18 f.74 & .1 1.
7.89 0.0% 2.4868 &2 4 1
9 0.1% 2.5%9 4.53 .8 2.
8.57 0.18 1.8% 5,02 .37 2.01
g.4%  0.13 &.71 10 2.53 G.5

mQLﬁﬁﬂ‘q

D-128 12.6 17.6 0. S0E1 H.08 0 2.94 0 2053
D~130G 15.7 12, Gule FLl4 1102 2082 0.42

.26 4.38 8.71 Z.11 1.21
G.17  A.&HB 2.468  Z2.4F 0 0.805
O.1646 8.49 1006 Z.01 G.32
2. 23 .4 10.5 S

.4 P.5
Ould H.91 F.F7
7 017 4,72 7.05
7 0,12 7.23 0 6.52
P10 0.1lé6 H.1E O 9.72
1

LO% GulB 4.%8  B.05

&3 12.3 15,
EG-19 14.5 11,
F-290 16 11.7
GF-11 8.9 4,
GR-14 9.1 58,4
GRE-20a 14.3% 11.5
BR-24 14.4 5.6 7.3
Mi—37 16.1 10,3

T—&5 16.3 12.7

T~8& 13 15.4

no o

4
L=

~E R
5]
a

TL—-173 16,5 11.73 g.1% 0.1% F.al  11.2 0.72
TL-14 LS. 7 11.% 8.57 ST S | 0.4
C—-12 12.9 15.4 11, .71 762 1.5

4.6 E.3H 0 B0EE

.89 6.52 2.4 1.42

H.06 .58 1.89

D-126 2.3 15.3
F~180 12.5  15.1
F-248 13,4 11.8

287 1341 8.3 5.9 .47 7008 2.86  1.45%
F-28%9 13 12.7 H.45 0 Z2.85  1.3%4
- G2 135,53 11.1 S84 2,01 1.74
T8 12,6 5.6 7R 2.7F 1.26
MoC—13 ‘2.7 12.4 4.11 EF.02 3.95

1.7 4.6 2.57
0.1 0.92 7.465

1.09 .72 5.39

O.25 2.44  &.41
O.24 E.44 5.5
Ga0bH Gubd 1.98 bab

L0400 O “B .86 20146 4.95

NL 2 14.9  6.81
iy 11.4  4.02
D42 2. Tl

DT-24 12,3
DT 2.7 5.4%

FelfSa 11.5  5.24

Fe276 11.3 4.5

.0 ,/

¥ GM-52 12.7 S35 08 G.21 0.9 .8 4.53
: H—-15 11.7 F.E Gubd 2.5 0,03 0.21 0014 3,68 4.61
. MI-26 12.1 Za 41 0.68 2.45  06.0% 0,43 0043 E.16 0 0.946
MI-28 7.13 G.ld .03 Z.71 0.07 0.%92 0.64 2.3F6 1.83

MI-—-40 12.6 4.85 Q.97 LO07 0 0046 G.2F 4.54 0 .71

ML—1 11.8 4,65 G 9% LO6 0 0.7 023 2,52 5.897

M.—-12 12, Sa 59 1.08 G.0h G210 0,31 2.74  &.3EF2

: ML~32 10.5 Fa 04 Gabl O . 0.3 0048 2.74 4.8
s TL~27a 1241 3. 64 GLOE G.48 G.R1 2,97 5.43

O 0.7R 0 0.8 E.15 0 5.16

THM~12 1241 F.05 Ol




LITHOGEDUHEMISTRY NORTH SHORE VOLCANICS ANALYSES, 19835

Sample Np. F205 L.0.1. Totald Fg# Flgan b.I. Li Kb Cs

C-14 0.45  1.85 77.5 BOLT 58.2 P0G 2.
.24 1.1é 996 S H50. 6 50 4.2
. N ..

0.4 1.08 PPt 28,
G. 38 1.31 100.1
D.72 1,47 100.5
0.17  2.3%9 100 T

oy

Oa 37 1,23 100,73

57.8 10 70 1.7
9 HO a6
24.8 200 . 1G 2.3

44,5 70 53

S G E N8

o =~
ind n

W
tH

r.n

By i
Y

N

f

O.11  1.47 100.5 S58. 24, 20

40 1.

1
1
20 1.7
=

I
L,

0,68 F.08  100.1 0.38 5I.Y
ES-19 G.17  0.77 G9.7  0.56 S, 1
Fr290 0.1 I.39 9.9 0.6T b4
GF-11 0.25 . P1.3 0.6 54
GF-16 0,27 9E. 4 0,59 44,3
BF-20a  0.19 E.54 100,73 5% 58,3

] P e SN
0.3 94,7

H
1

GF— 4é

T B AL S | 1001 O.61 4002 20 4.1

0.2 1.62 FTO0.47 B7.4 2

0.3 2.54 50,42 49,3 “1l.1

.11 2.08 = Gubd H4L1 1G 20 <0.7

0.18  2.08 .7 054 S2LE 20 20 20.9

S--12 O.26  2.08 100,11 0.3 dé 8.2 20 &HO 1.6
D—-12 G.% 0.62 9.6 0.2 25 T S 20 100 2.2
F-180 O.48 2,39 100 0.3 483.5 40.4 20 50 <0.5
F-248 0.2 2.85 9.4  O.d4d 3 S0 20 &G 0.5

257 0. 45 93.8 0.3 4%5.5 43 19

F-289 0.3 SWT77 10001 0.42 4E.7 45.2 E0 Z00 <0,
93 Q.03 e P05 100G.1 Gu44  41.7 49 4 1.
TL—8 d. 5 0.47 9.9 G.3E&6 4403 E8.E 20 40 L0,

Mz 01735 1.77 10G.2  0.23 27 5 61,7 120 1.
ML~2 & 0.1 0052 S5 1 FEHLE 0 1.
L9 L 0.E2 o 1 TOR0.3 20 190G .
D42 O, 29 SE 1003 B4 4 16 220G 1.

DT-24 0,07 b 10,8 FbH.6 10 150 2
DT-% 0. 08 D.E2 2074 11,02 Bbé.4 40 180 :

F-120a 0.03 O.1Z 14.7 8.8 87.7 190 D

F-278 0.06 O.22 17.6 3. Bh. 2 20 140G

GM~52 0. 08
H-15 0. 03 :
MI-2& 0,03 1.0t OO, 2 0,322 6.8 .3 P
MI-28 0.1 o 2 1o, 0.28 11.5 1C

MI-40 0.04 1.3 9F.7  0.17 2.3 3.
ML-1 0.05 1.164 . 4 0.23 .8 8
ML—-12 0.0% 1.08 100,35 6.08 2.2 g. 89 10 190G
ML-32 0.03% 0,62 100.4  0.18 B.b& 5. GE.E 10 1350
TL-27a 0.03 1.08 10,2 0,25 2.9 &e F1.7 10 |20
TH-12 0.04  0.77 100,23 0.36 = b7 7w 20 170

10 176 1.
160 1.
190 2
40 S50 0.
20 100
10 120

@
—_
—_
T
o~ id
|84
o~

‘..
-
P
o
Ved
—
.
jax
ke
"
iy
u
4
\ﬁ
o4
B
i

3
~a
IR0 CU RN S I OV 8

M
“Womo
m
GU
L]
I e e A
x a2 s x =

~RIMNENMNEFPONUN DSOS - 0 20ND

3
o
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LITHOBEOUHEMISTRY NORTH SHORE VOLCANICS ANALYHES, 19835

B Sc Y l.a Ce MNd Sm
e 40 HO.3 110 50 10.8
e =0 A7 80 =7 8.
G, 2 o 500 10,
dé&. 1 10 A
L. 4 75 59 11,
19,5 88 .19 4,
51,3 114 &7 z.
4,9 = = 2.
48.2 111 &5 13
24,1 47 ol 4,
10,2 e 1o =

Sample No. /BE

C~14

C-2%

LM

ML—Z4 10
T-26

C~1G 210
D—-158 AH0
D120 140 140G 42
D~-&2 150 EEO 42
ES—-19 E4G EOO zZ2
F-290 230 21E0
GF-11 2.2 FHO 2E9 EE
GF-16 2.7 7RG 259 R
BF-20a JO0 G400 H1
GF-24 2.4 QRO 540 22
ML~37 210 H50 A0 &HO 33
T—&65 290 280 1
T—8é 216 E40 41
TL.—13 410 210 140 B0 24
TL-14 10 250 200 4G X
C—-12 <10 580G &0 A
D—-126 w10 710 460 Zé
F—-18G 10 18 &HO I

50 29

=G RO RN D DR

20

2.7 50 2C 4,

o

7.7 23 11
25. 4 55 24

FEL9 75 44
&0 18 1G
1.1 2 18
3.7 & 53
TG 157 88 .
47 b 104 S50 10,

40, 4 &4 44 10.

Ui Rl

GNBRD
GN~NOBT0 B

o ’ B3 IR 7.3
74 FE 7.3

TL-8 <10 O o 27 8.4

168 7E 19
215 0% 192.8
|34 44 8.4
214 8y 20.8
234 100 =1
PO &0 8.
172 700 14,3
225 1G4 19

MeC-17%
NL~2
C-9 <10
D-4% 10
DT-24 10
DY-% 10
Fe125a

F-278 L10

Ea & 50
f1a S 110
Q.3 120
7 TO
4.6 T

40 4.7 GO

GM--572 £10 B0 7.7 100 190 70 15
H~15 2.3 90 peieti 14 4.7
MI-24 D.E 0 REO 290 g4 23,9

74 =8 6.8
221 &7 1146
1328 47 8
195 90 17.5
1&% H9 1401
BEG 0 b4

51 58 13,7

MI~2 210
MI-40 210
ML~ 1 210

40 3.9 40
A0 4.9 &0
ML~12 210 500 7.8 8o
ML -5 10 10 1.8 &0
TL~27a £10 40 1440 40 4.1 40
TH-12 £10 0 1BO 910 20 5 70




LITHOGEQUHEMISTRY  NORTH SHI 1985

Sample No. BEu Th Yh ] %

C14 2.7 & P25
L2 1.9 .8 7
LM-9 .5 3 1.5
ML-354 @ ) 1.7 20 50
T~ I3 4,7 1.4 50
C-10 1.5 2.5 0.5 ET0 =0
D128 A5 4.9 0.72 =80 3 5.9 2.3
D-130 0.9 .2 0.37 B0 2 G.5 S0.5
D-&62 3 6.8 G0 10 L5
ES~1% 1.3 7 110 it 1
F—290 1.3 2 70 2 0.5

2O

BF-11 :
GF-16
BF-20a 1.5 0P

GF-24

fary
=
ot

ML~37 1.5 1.7 0.26 1 0.5
T—&5 1.7 2.9 0,46 4 Z.EO£0.5
T-86 z.2 5 0.78 7 4.2 0.9

TL~13 0.8 1.6 0.2 2 5

TL-14 .1 2.9 0,35 2 0.5
C—12 2.1 4.2 0,68 5 N

D-126 3 &. 0.9 12 LY

4
F-180 9 0.76
F—-248

F-267

o~
.
i,
H
—
N
-
;
L

1]
i
]
— e @
X R S

F—-3289 1.6 Za4 ] . é
F-92 2nd Zels A 5 0.9
TL-8 2.3 R at 5 0.5 T50 0
MeC-13 4.2 1G.7 : 19 a5 S
ML—-2 5.1 G ta bl 17 1ué 40
-9 -1 baF 1,00 &1 17 2.5 22 E0
D-42 1 1& bk 53 70
7

1
1
DT-24 5t
DT-9 i

.
r
i
.
:
H

i
4

19 11 E.
15 17 3. 20 50
22 16 2.5 10 50

| Fe-12%a
; F-278 =

GM-52 =

L4 0D G LT b e e O NS LY OO0
3
~

0
.
S b

. 8. 3 L2 L & 2.8

H—15 0. . ak 18 19 E.3 HO
MI-26 2 14,9 oy e 20 4,73 70
MI-28 = 2 € 7 Gl .5 &8 40
MI—-40 1. 7.8 1.1%9 814 17 17 E.h 4 40
ML.~1 1. Db 0.9 &HOO 23 10 Eah & b0
ML—12 2. £. I HE0 19 14 IR 10 40
ML-32 2. 7

1é& Sl 2.5 10 40
20 17 =
0. 84 460 1% 71y 4.1 20 40

l\-ﬂ’ T
a

TL-27a
TH-12

LIS
.
NENRL R
-
.
[ ]
b

—
®




LITHOGEOQDHEMISTRY NORTH SHORE VOLCANICE ANALYSES, 1985

M Co INGS Cu

g

Sample No. Tea Cr Mo
C—-14 " .
C-23
LM~

2 10 55
=0 120
44 240
B Pé

1800

1000,

170

140
&T0
711

1 97 5
11
200
50

50

Ll e i % B ol S S O B
)
e
[l

T0.2

120 130

200 50
94 ks
160 130
8% 140
170 190
40 190
110 140
5% 14T
b4 140
9% 150
g8 170
120 140

1400

1300 ey

B e BY o kL .
AR B e % B =

F-248
FeR&7
F-28% 1
F-92 i1

1

1200
I oL
TL-8

MeC-173% 3

ML -2 £ & & 1é 140
-9 1 : 4 i 20 170
D42 2 G540 & 17 100G 150

1& 14
1é& 140
6.5 150
20 110
14 110
7 76
10 &4
45 78
19 160
a0 130
25 150 <0,

i =

DT-24 2
DT-9 2
Fe12%5a 2
F-278 »
5t BM-52
H~15
MI-2é
MI-28
MI~40
ML~ 1
ML~ 12
‘ ML-352
Lh TL~27a
TM-12

7 1 1000
K

570 o

210 s
&0 i

—
EETR A R R

PP R RIRD

K
i

1
2

od
o
5 B

520 &
520 2
- 480 2
) 460 =z
o <1 CREG 17 Sh 0.
270 @ 4 25 116 0.
I 24 G 0.

B i

3o B RY B e £ 03 B3 F
1

3 RIRIBR)RY BRI ORI M

8]
oy
—
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LITHOGEOCHEMISTRY NORTH

SGample No. A A
C—14 w0 ;

L0,

ES-19
F 2590
GF-11
GF-1&
GF-20a <0,
GF-24
ML—37
T—&5
T-8é
TL=173
TL~14
C-12
D-126
F-180
F-248
F-267
F-289
Feg92
TL~8
McC-17%
NL~2
c-9
D-4%
DT~24
D 'r (‘.})
Fe125a
Fe278
BH-57
H-15
MI~24&
MI-28
MT 40
ML~ 1 :
M1 £0.

o
$

RS R
-
o)

a
-
o

T R orr
L0
P
l\-ﬂ'

~d
2
!
o
P

3
i
ot
o
L]

(ARG S S H
ot
e

SHORE

be

10

<10

210
1 G
S10

10

<10

w10

210

w10
S10
<10

10

10

S 10
S10
10
<10
<10

<10

<10

VOL.CANTCH

& Ft

oy

.Y
l ~y
LA

g
“é
S

143
Y
Al

26
13
10

e

10

ey

.

K1)

Al
e

ANALY

s

O
i
0.

S

SUREOTE N B B % B 2% B 6 B S Q8 7

1@

+
b

ngs

ds BRI ORI ORI RIS O

Er

S R

-

T T N J L J Ty S S PP
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LITHOBEDCHEMIETRY DIKE

Sample No.
2030

GE--1

Ce-10

"}

D165
D170

D-172

L5
B30

GF-47
-
FFe-15

IZZ." I'

DE-1210

Gil.

GEL~5
V- 128
M7 126
M- 7268

M7 G

D123

104 D172
105 D178

107 LW-28

LW-5é

KFrENvIA L

ARALY GEE

Ll |

—
fuf

 red ey
[N

el e w
[IO0 I N S N W R A

Pl ] feed e feed P peed e bed B feed fed jeed e B! e b

Coll . Folénal

N
=

P wws e e
LU A0 a0 A0 A A

41

B i T & e
A

-

I

NI HE

< INCICHEE

XFhl
XAl

KFeAl
XRAL

45,1

[ ol

A%, 50
ATy
G4 . s
A&t &

S T

il a u

4.8

P q oy
-t ll‘ .t
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OCHEMISTRY DI ANALYE 1585

..,,.

LITHOG

Fell FealZR FelR  MnG
10.1 O.léd 5.
34 0,14 %

.17

MNa2i 2
2,58 0.84

-y

o md L] e
J
[ae]
—
-

.
R }
= b1 WG

Rl Ny
e 2 .LU.. .

b

o’

[y

.
st

.
i

ey

YO-RE1 -]
: VE-22 67
, V-2 ':\'7_...;_],
UL’-,",_\ L ).....
D108
D~114d
D-118
D121
D122
D-125
b~ 52 15. 3 2.9 11,
D 1ah 15,7 :
10,
11.5

16.1

i

3

”

H

:
SN

1044
11“lh

gl w o al P

—
.
o
—
IR
"
i

D-174
D-25

L. W22 ".."

T
t,
P
.

i

5
w0

a

Vemor
o~y 0 U N
o~
LA
T,

Iy
.

—

i}

.
£}

£ s "y &
a a2 (s &

=54 ] e
s ow L) 4 Lw et

Ea0léd

e
=t

et ek bbb ek ek e

o i

1 2.83

—
N

FFRP-34 i4. 3
FF--7 14.8
GF "~GU 11.8
14.6

P
R R

15.1 G 6
143 A 0O, 34
GEL-5 15. 8 1354 O, &4
EV-128 1&.4 Ho4 7 0.75

H
O

M-715% 1406 .8 11.4
M-73268 1& Pt
Pl 7 .
I'«!

h
C
J
“

H
L% 4
By
\:1 L

.
1%.9 4.7 1

e 146. 4 1.9 P

il
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L. T THOGEL OCHEMISTRY DIKE ANALYE

Sample No. F203 L.0.I1. Totals i L. Cs
RO-E-0 O Féa D 2
'i}'

CeE—-1 0.5 1 100,33
CE--10 : FH. 6O
-2 100,

.,_
P

ca-= S
CCi--4 Q7.2 7

,.,

~ow
d

x

—

ce--o

44
i
N
o

[ER B
=
~

: G, 5 A
A 4
VC—-221 -1 54
I e F Ay &HO 4,
: V22 /--»4 1 7 2.
Y- s &< 2.
D108 &

p-112
D-118&
D-121

D-122

- ~

D.__ 1 !k ) i a

D "2 Za
G oM 3

D.h.'\r“ (8T8 .. o
L2 D4, 7 =
Lw-Ju 7., 4 14
‘ LW-57 DG 5
‘ Lb~58 G7.9 11
3 /9

gon GF-Z0
i GF 47
B Hid
FZ' F.x —— l LJ
F.! F’ - ':': 4
= [;’- -7
GF—-&HG
FZI F! o "11' l::' ‘ y
DC~131b 0. 4% -0, 69
F—257 0, P8
GRL -2 O.1d
GRL-5 O,1é  0.93
EV—-128 O.19
M7 129 0. 4%

B
a
[y

PRy

DA Y
-~
=

(.54
.55

M7 2 6E O lé T &

M7

A0, b

M- 740 CG.lé Q.98 . 4004 262 54

NN

P

T

(X%



¢ A

LITHOGEOCHEMIZTR

ampls MNo. Be
- 1.8

-
alow 3

Do
A m Lt
o
2.4

Pl
®H

1

4
[SslEE

J
Ho
3
i

) 0 D

koY
i
.

e

3

ES-29 1.

H580 =1
450
&H20

590 40

UD—- ~":()~-~I:;'. <10

D—-108 2.9 204 =83

& 144

1.4

|

- fed

1
i

bt

L]

S

i

Pobod

GUCEJ?UU@
s
Lo

221 181

"’\ \’)[ , hy Agn]
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LITHOGEOCHEMISTRY

Sample No.
2030
Ce-1

—

D122

D125

D132

D-1&62

D168

D173

D172

D-17&

D25

L W28

LW-54

LW~57
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i GR350
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LITHOGEOCHEMISTRY DIKE ANALYSES, 1985

Sample No. Ta My ey W, Fir Co
2030 ) 59
Ce-1 1 16

LE-10 < 40
CcR-2 i < :
L REA 48 &5

L
-

4
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v g e
s~

-
=

b}

0.
S0,

e
-
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—
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&
CE--4 &3 5 4
C D “5 T. E} \‘:1 (:) ::,r "_J
Ca-b6 : 44 80

ce-8 10
ES-21 17
Eg-2i S i
- 5 Qé 113
ES-2 40

E5-29 2é

1

Ve-22 b
VE~204 2 %0 200 0.

VC-227 41 140
V-2 50~ .
D—108 A
D—-112
D-11&
D—-121
D—-122 1
D—-12%5
D 1:"'"\
D142
D—-1&8
L-170
D—172
D—-17&
D-25
LW-28
LH"W&

5
5
5

15:

144

126
129

4(\\)

R T 8 |

2RO

ol atll i

3

250

13
120
200
105
185 $
101 1258
2868 161
e Bé&

GF 50 =1
GP—47 2 20 <0
H-& 1 20 w5
FFRr-15 B85
FF-—-%4 £
P77 109
GF—&40 £
FF-325 115
DC~121b 1 120 5 RAN)

F—257 55

0.

202 133
GBL-2 207 , 5% 214 140 101
GEL~5 1 210 <5 £ 54 190 150 120 <0,
Kv-128 45 b4 190 1S3 107
M7 129 95 520 106 I10 1465

M7 268 204 COBT18s 135 103
M- 7 559 4% 54 46 78 109
M-7 4032 217 56 191 158 102
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Q0 0.2

RN SV SRR oS I
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LITHOGEQCHEMISTRY DIKE

Ag [ATH} (Ge B FL P b i He B
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Fqd 005 10
VO~220-35 40,5 w10 16
D-108

D~112
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D122 0.5 <20 Gé TEOAD.R 0.5
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F-257 :
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: GEL-5 £0.5 20 Ty LR L0.E 4005 Ehs a1
N BEV-128
] M-7129
: M7 268
i M-7 359

M7 402
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LITHOGEDCHEMISTRY DULUTH COMFLEX ANALYSES, 19835

Sample No. Gample No. Unit Date Coll.FolfAnalyst 5102 Tif=2
Sample No. Sample MNo. Unit Date Coll.FolAnalyst 5102 Tip2
D~-102 x7 D102 DLANOR 25-06-84 (N) ENOOHE 49,2 O.84
D—10& =8 L1068 DCANDR 25-06-84 (N ENOUHE 47 .3 1.28
D-110 9 D110 DCANOR 285-0868-84 (N)EMNOCHE 1.9 0.97
DE~&0 40 DE &0 DCAMOR G677 (W) XRAL EOO. 0.6l
Fl—1 41 Bl--1 DCAMOR 84 (MY XRAL 42.1 1.15
ERL~1 42 Bib -1 LOFEL 80 (M) XRAL &7 .05 0.8
Cdy 47 Doy DCFEL 250944 (N) EMNOCHE 7ELA Gy 2%
D-17386 44 D128 DCFEL G3-08-84 (N XRAL bHE.T7 1.08
DE-&66 A4 DiG—hé DOFEL. 077 (N)ENOTHE &H2. 3 1.02
EM-1 A& 0 EM-1L DCFEL G%--04-77 (M) XRAL 7O, 8 0. 53
LM—-7 47 L7 DOFEL. 270684 (M) XRAL &7 0. 4é
Fm-2 48 -2 DOFEL 07-07-70 (M) XRAL 71.5 0.48
Fl-—-& ? F iy DCFEL 84 (R) ARAL 70.8 0.42
WHY -2 50 WHY -2 DCFEL 24-07-84 (N XRAL 7E0 4 O.35
D103 Tl D103 DCINT  25-0&—-84 (M) KNOUHE H52.73 1.58
DG~E0 52 DGE--20 DCINT  26-08-68 (N KNIUHE 4.9 015
DGE-5635 53 DE~&6S DOINT  O%-08-77 (N) KNOTHE G 7 2.19
-1 54 Fpt--1 DOINT  G7--07-70 (W) ARAL Sbsa 7 2.04
F-—-1a 55 Fli~1a DCINT B4 (R} XRAL H51.2 .1
DE-53 WL 3 DEMAF 200872 (N KNODHE 4 G i)
DEMAF (MY ARAL S51.7 DaER
MM (W) X A8 .1 3.2
DEMFA iy 50 1ed4
DEMMA (MY & :
DEMMA bRy XRAL 47 .1 012
DCTROC 250964 (N) ENOCHE A&, 2
DCTROC 2506484 (NI ENOCHE 7.8
LETROS 1068 (NY  XRAL 4%, 9 0.54
DETRAG (M) ARAL 4607 1.54
LETROOC (M) ENOCHE HOL 2 G.4d
DETROC (N ARAL 49,2 (o &5
LCTROG {NJ ENOCHE 4G, 7 1,739
DCTROC {N) XRAL Gt 7 1adS
2 DUTROC (N)  XRAL 4y, 7 2.9
M-7H71 71 M-7&71 DOTROC  G4--0%9-64 (M) ENDCHE a47.
g5-2 7 52 DETROC  25-06-84 (M) ENDOCHE 4és.
TH~62 7 TH-&2 DCTROC  24-07-84 (M) XRAL 47.
DG-3E7 74 DE-x%7 DOUMAF  2&-10-68 (N) XRAL 473,
DG-51 75 LE-51 DCUMAF G261 (NY  XRAL 2.

L4

o~

dé. 8

DG--43
DE-55
D&G--8
ES-22
M- i3

M-73E92

i

R
b
a
L




LITHOGEDCHEMISTRY DULUTH COMFLEX ANALYSED, 1985

¢ FelOR FING MgO Cal Ma20 K20

Sample No.Al1Z03%  FelD3E Fe0 FelOR Mnd HgU Cal Na2 K20
D102 23,9 1.3 4.8 4.8% 0.08 : 1.8 .49 1.12
D—10& 22.9 1.6 b.5%  L78  LHE 0,1 16,3 Z.03 0,57
D-110 25.8 G. 9 Dadh 076 Ga 4 1.1 4,29 0,42
DGE—-&60 2702 4025 O B35 Q.04 12,5 E.37 G. 4
Fil—-1 2E P12 1.82 11 L1G.2 E.34 Q.46

BRL-~1 12.5 7.11 1.4%2 11 0.EE 239 4  E.9
C-é 12.2 1.2 1.5 ©.58 0.04 0.04 0,488 I.72 4.78
D—-178 12.5 . Gh 1,99 0,25 G.73 0 3,41 X 61 2091
D66 15. .11 1.18 2.44 4.6%9 32.89
EM--1 2. OLOR 038 1,467 4013 4.06
L7 12, .41 1.08 GLO% G.5%  1.28 4,11 4.73
Fr-2 12, 4,32 0. 86 0.0F 0.83 0,31 .26 5.48
F-& 27 4,832 G.98 O 0.44  1.0%  E.92 3.1
WHY -2 12.5 .79 0.76 G.08 0 0011 0.68  4.08 4.358
b-1073 12.8 8.4 10.1 4 0.3 0.85 &.87 3.9% Z.24
DE~E0 11.7 S R "{1 .28 321 7.44
DG-65 13,59 09 €.l Badh BL3E 0018 2022 4.9646

1

Sample No.Al20%  Fel0X Fel

7 - ; [ nell'd
IR Hed 156

4,97 0. 59

SN 5 I &

-1 iy 14.5 2.9 10,44 G.18 L8800 4017
Fl-1a 12.7 14,9 2.98 10,73 G.1%9  E.45  7.04 .
DG-53 17.°3 0.5 .75 & F5F o.14 1002 1201 l 91 0.1%

-4 14.75 1%.8 276 F.9EF 0 0.17  B.01 .96 h.b7 1.39
BAR-9 14.4 1.4 .08 11.09  0.1%9 H.bHH G.b66 2.87F 1.21

0173 15.3 1.2 2u &4 P.5 0014 5.E7 1G.4 L.4b 0.74
DE~52 14.4 1&8.1 FoHD 1Z.0E 0 0,21 B.5% 0 B.43 200,39

. FPW-3b 16.1 13,7 BT I T A A O 4.4 Q.72 2.74  0.61
GReZp- 21 1.4 7 7.8Y D 1 E 6.7 Dud o 2035 0022

D-10%5 1.1 i 163 4 39 774 1.7 0.17
DG—-44 19.5 11.4 2.28 @. 02 G2 2.b 0.2
DG~48 17.4 14.4 2.88 7.78 8.9 2.64 0.6
DGE-55 27 0.5 B 7 Z.18 12,1 .44 0.42
DG-8 22.8 8,55 1.71 H.E7 Dubb .43 G. 4
ES-23 19.7 1.9 3.7 2.33  g.40  0.15 4,02 .28 0.74
M-7.358 18.8 14.1 2.82 1015 0.1%  6.83 B.58 2.98 0.44
M—-7392 15,6 15.9 Fa18 11.45 0.18 &6 BLOZ 2.8 0.97
M—-7671 1& 2.1 2,66 2.5¢ Q.18 7.47 10.1 2,45 0.51
g2 15.9 2.1 : 2.4 g, 44 Qo1& bH.15 0 11.5 2,63 0.29
TH-—-&2 2204 7T 1.6 8.75 C .61 1008 2.48  0.21
DG~37 1.87 22 4.4 15.684 1.8 13,85 0,29 002
Db~ 1 2,095 5.8 Talb 25.77 1607 2017 0017 0,035

]

N3G
s
il ~3




LITHOGEOCHEMISTRY DULUTH COMPLEX

Sample Nao.
Sample No.
D—-102
D—-10&
D—-110
DE—&O
Fl—1
ERL—1
L&
D178
DG—&&
M7
FM-2
FW—&
WHY -2
D--10%
DE-30
DGE—-65
Fil-1
Fiu-—-1a
DGE-~33
Fl.—-4
BAE-9

DE~55
DE-8
EG-27
M-73558
M-7392
M~7671
g2
TH~62
DE-37
DEG~51

P05
205

0. 24

G.l
G135
O.11
0.37
O. 14
0.01
0. 25

atnd

O, 2
0. OR
O, 07
O, 08
0. 04
Q.03
0, 09
1.2%9
0. 69

0.0
.38
0.47

- -

(Jo .
0. 49
.19
0, Oy
O. 08
O, 048
0.26
O.11
0. 07
O. 11
0.13
0.38
0. 15
0.05

(& TR
O.03

Q.03

L.0.I. TotalA

T. TotalA
97.8
Y8, 2
7.
100,
100,

i

TIESEEN R

0.54 9.8

14
1.2% P09
1.16 9.9
0.47 10G.1

[y
'

]

"

0,31

Q.7

G733

Q.3

1.7 5%.9
0.3 9.2
P8E.5

100, 3

1005
16,2
FF.é
W 100G
7.8

1001

0 F83.7

-0, A8 P9.8
GF.7

""" G.07 106,58
100.9

~0. 48 100.2
~ a5 9.9
98.%

a7

G.93 160
0. GE P76
-~0.77 1002

Mo #
Py #
0. 359
0. 53
0,51
0.5
0. 44
O.14
G O3
.14

.
[ ]

0.14
.19
G. 24
G.17
O.06&
0. 09
0. 29
Q.27

Q.22

. 54
.71
G. 44
GOu 45
0.47

O d
0. 327
(. 68
0. 44
Ou &4
0. 54
.54
.59

o

0. 535
0. 52
O. 48
0.56
0,52
0.63
0,58

0. 51
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LITHOGEOCHEMISTRY DULUTH COMFLEX ANALYSES, 19835

Sample No. Re S Ea E S hd L.a Ce Nd Sm

Sample No. Be Sr Ea 2 Sc Y L.a Ce M Sm
D102 1.4  4%4 216 10 27
D~10& 0.8 386 1867 7.1 1%
D-110 0.8 468 185 5.7 2 ,
DG~&0 470 <150 4.2 <10 6.9 15 10 1.5
Fl—1 BHG 180 b2 200 19.1 44 2T 5.1
BRL~1 140 1100 11 BO  E9.7 183 GO 1645
C—b& 4.9 4.4 PEO 1.% 8a '
D-178 <10 160 1060 50 16 130 91,5 199 101 22,3
DG~&6 FTub o 219 7BO 1é &
EM-1 140 1000 7 50 77,2 150 L0 12,2
LM=-7 170 1100 ba7 110 129 246 1207 23,3
FH-2 <10 G0 1170 40 b1 BO  70.8 152 59 12.9
Fl-& <10 &O 107G 20 4.3 120 120 237 1724 21.5
WHY -2 10 gO 1350 40 ELT7 L0 59,7 141 48 13%.8
D103 | 80 40 78
DG-30 3.7 =7 120
DE-65 2.9 7
FM-1 <10 &0 b0 678 146 &7 15,6
Fl-1la <10 0 &GO A7 2 145 87 14.7
DG~53 0.3 8
L4 <10 40 o B0.9 &% . S
BAE~-9 S0 B4R 7 37 9.3
C~13 C10 40 IO RELS 556 29 bH.9
DG~-3Z 40 31.9 71 40 8.5
Wk 1 1é.1 A 22 4.1
C~3 T4 G
D~105 1.5 167 bé 20
DG-%4 270 8.7 <100 B.5 710 0.7
DGE~48 26O RO0 17 <10 17.6 %83 200 4.3
DE-55 0.6 386 Ea 8 a
DG~8 IR0 2 S0 0.6 2E 4100 0.1
ES-23 1.4 14 S0
M-7 558 BEO 1% <10 8 16 10 1.8
M-73292 230 2 20 el &1 0 7.1

: M-7&671 1 247 34 26
: -2 1 247 550 7 -

7 w10 G.8
11 .8
b w5 0.4

TH~-&2 290
DG-37 “10
DiG-5 <10

&b H 20 H
1 GO le] =
40 w10 1.

B3 O
—
rn




LITHOGEOCHEMISTRY DULUTH COMFLEX ANALYSES,

HSample No.
Sample No.
D—-102
D106
D~-110
DE—-&0
kL1
ERL~1
C—-b6
D-1738
DG—&6é
EM-1
LM-—-7
FM--2
Fl—&
WHY -2
D—-103
DE-ZE0
DG—65
FM—-1
FW-1la
D653
L4
BAE-
13
DE-32
FW-5h
-3
D—-10%5
DE-Z4
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EC~ e
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LITHOGEOCHEMISTRY

Sample No.
Sample No.
D102
D—-10&
D—-116
DE-&0
Fil—1
ERL-—-1
C—&
D—-1ZE8
DG—&&
EM-—-1
L.M—7
Fv-32
Fl-—&
WHY -2
D—~103%
LE~20
DE-&5
-1
Fi-—-1a
DG5S
Fl—-4
BAE--2
C—-13
DGE—32
Fw-f—jb
C-2
D105
DG-34

; DGE-—-48
LGE-55
pG-4
SRS
M--7558
M~737%
M-7471
52
TH—-62
DGE-E7
DG-51

Ta
Ta

Y — |-=

£

3

i1
i

= 7§ pd LF

"y

L)
al

DULUTH

44
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5
200
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202
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ANALYBES,
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ey
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LITHOGEDCHEMISTRY DULUTH COMFLEX ANALYSES, 1985

Sample No. Ag AT} Gie & S e Sh Ei Se
Sample No. Ag Au Ge &n i As &h Bi Se
D—-1G2
D-10&
D—-110

DE-—-&0 L20 22 0.2 O
FlL—1 710 & 3
EBRL-1 L20 ) I O, =

C-&
D158 .G <10 10 k) 5O 5 1 0.5 =
DGE-bé

Eff—1 a4 & 0.0
LM-7 420 A & 0.4
FM-2 <10 10 14 0.3
FW-& 10 16 24 0.2
WHY 2 w10 10 L3 26 G2

<05 10 <10 E0 = G. 2 G005
SO0 <10 =160 1é& A G5 0.5

<10 10
10
10 <10

R0

S

5 410

BAR-9
C—-13
DE~32
Fl-5h
C~3
D105
DG~Z4 OGS 420 w0

oG

DE-48 0.5 420 24
DE-55

DE-8 £0.5  <F0 18 2R L0020 0.5 L
ES-23

M-7258 “ 20 R0, E T0.5
M~-7392 2t 2 G. 3 0.5

M-7671 N
52

: TH~&2 0.5 420 22 <2
DG-37 1.5 20 10 w2
LG6-51 0.5 0 & w2

S0.5

r
P | 1_.1

0.8

[

b

SRRV
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LGS BEAVER BAY CRFX AND OTHER FEWEENAWAN ITRNTRUSTONS

Samplae No.
e 29 A BRFEL
SR-105 26 SE-105 IR
2% 31 257
F~a46&

I001-21. 4

Sample No. Unit Date Coll.FoléAnalyst 5102 Ti02

) H1-08-65 (M) XRAL £, 2 1.17
OE-0OB-84 (M) XRAL &S50 h Go8
(N} XRAL. 5%3.5 1«64
(WY XRal G7.6 1.81
(MY KRAL 47.9 1.38
(W) XRAL B0, 2

Fr256
F-275
SR-28
TH=6%5
ALN-1
EAE-1
C-4
Ch~é
D40
ML~

BREMAF

BEMAF
O IINT
O I MAF
OEITMAF
O IMAF
Ol THaF
R T e
OETMEF

01-0&-B4
01 ~0é-E4
B ()5

84

Ly O3y TF T
(:) \'? - (:3 I)’ ’17 (,

(R
(ki
(M)

(N) K

{\D
(Fs

(MY EROCHE

(R

XRAal
AL
ARAL
XRAL

NOCHE

XRAL
KRl

XRAk

47,
47,
51
47.4
4%5. 6
49,5
47.2
45,5

e

£
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LGC BEAVER RBAY CRX AND OTHER EEWEENAWAN INTRUSTONS

Sample No.ALZ0T Fel03 Fell FeRO3R FeOR  Mn0 MgO Cal
-8 2.3 D58 .12 4,02 0.11 1.6%9 2.57
SE-105 12.3 .42 1.88 4.78 013 0,42 2.6
F-237 1.4 18.7 .74 13046 G, G.a4 6.58
F—4é6 11.4 14.7 2094 16,58 0.2 1.13 0 9.57
FO01~-21.4 1& 12.4 2480 B.9E 0 00017 85,31 1004
F-256 1é 12.6 2.52  9.07  0.1% 4,94 PuT
F-275 15.7 16.3 F.26 11.7E GOy
Sk~-23 12.8 i8. 2

i

'

t

B.76 F.19  1.18
A

TH-&S i4.6 14,73 0. 21
ALN-~1 12.4 1& G. 18 .05 2062 0011

EAR-1 1E.7 2.8 14.8 Q.23 8.3 2.82 0.5
C—4 18. = i1 G.14 ?.81 2.81 .99

&5 Fal i.24
o 5 2,88 O

Ch—é& 11.9 16.9 7
7
B.16 2.94 1.18

=40 1%.5 Ta5 F.E
NL—3E 19.7 8.%




LGC BEAVER BAY CFPX AND OTHER FEWEENAWAN INTRUSITONS

Sample No. F2035 L..0.1. Totald FgH  Flgdn
23 0.236 1.9% 9.2 O.4 19,2
SE-105 O.11 0. 85 100,35 G, OF 707
-2 0.27  3.08 100,33 0,08 25.7
Fadb Q.45 i 100,35 0,14 26.3
TOoL-21.4 .14 A Q.é
Fe8é 0. 27 10,3 0,44
TG0, 1 0.4l

GG o ;

3
\}‘ C? . (Z?

10 <005

1o .0 30 .

0. 21 4 2.

10 20 .

A7 I8.8 40 2.8

0. 16
023

AlnN-—~1 .47 A 2.2 A5 1o (LI
BaE--1 Ui 54 98. 4 ' 5

C—4 0.5 1.16 TO0.E 40

Ch-4& 0.4  0.85 98,8 20 &HO 2.3
D40 O.73 7.9 20

NL—Z Q.27 .93 100.4 20 H0 2.




LGBC BEAVER RBAY CFX AND OTHER FEWEENAWAN INTRUSIONG

Sample No. e =T Ea I3
F-25 10 1460 BI0 40
SE-1035 ;

G0

70

10

Zool-21.4

e T 210 e - RE
. g )
Fe275 e
5528 <10 s 22

S0

G 40

TiH~&5
ALN--1
BAE~1 1.9
C—4
Ch—-6 10
D~4G 4.1
ML —~3 210 710 H60 100

';7 C) e
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LG BEAVER BAY CFX AND OTHER EEWEENAWAN INTRUSTONS
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LGC BEAVER

Sample No.
F-33
SR-105
F-237
F-4é
Zo01-21.4
F-256
F—-275
k28
TH~&G
ALMN~-1
BEAR-1
C—4
CD—é&
D40
ML -3

BAY

CEY

140

AND

Cr

10
10
w10
200
100
EZ00
24
40
40
=1

a

18

OTHER

Mo

A ol
o vd
o B

el

FEWEENAWARN

1700

1000

1600

HEO

INTRUS TONE

440
8
200
110
100
4%
20
74
&

l)’ C; .

44
24

=9

Cu
21
1&

Q1O

2RO

116
13260
ZO0
140
150
z40
410
220
140
ShH0

190

Zn

126
170
200
240
150
17360
1460

220

170
190

182
140

2807

240
Q3

S,
L0,
S0,
30,
20,
<0,
S0,
20,
L0,
S0y

Cd

By PRI R

b
4

B3R PRI OBY U B

S0.2

.2



LGT BEAVER BAY OPX AND OTHER KEWEENAWAN TNTRUSTONS

Au Gie 5n Fh Hr
10 S 10 2
10 0O
S10
20 <10
O30
5 10 10
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10 S0
<20

S20

Sample No.
F-25
SR-105
F--2%7
F—dé&
I001-21.4
F-256
F-275
SB-28
- TH-&5
ALMN-1
BAR~1

oG

o

i
H

g

b e e e e e R R

G4 L0.5 . 50 g - ; IC0.H I <1
CD-6 0.5 <16 210 14 2R 6.7 GuE 5 %

D~40
ML~ 0.5 “10 <10 20 e 0.2 20,5 <3 1
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APPENDIX H

MICROPROBE MINERAL ANALYSES

Crp03 NiO

0.09

Si0p Al,03 Nap0 Ca0 Fe0 Mg0 Ti0p MnO -Kgo Total
F-237 BBINT CPX
(3) 45.31 0.79 0.25 19.02 29.34 1.23 0.92 0.70 0.0 (0.0) 97.56
oLV
(4) 29.80 0.00 0.08 0.52 67.18 0.40 0.08 1.69 0.01 (0.0) 99.77
A MAG
(3) 0.41 0.21 0.12 0.21 82.54 0.02 7.23 0.32 0.0 (0.0) 91.07
LM-7  DCFEL CPX
(3) 46.15 1,52 0.62 19.15 15.38 7.15 0.37 0.66 0.0 (0.0) 91.00
SB-28 BBMAF MAG
(3) 0.25 2.10 0.09 0.2077.60 0.12 5.94 0.76 0.10 0.06 87.22
CPX
(2) 49.40 1.62 0.34 17.91 12.65 12.98 0.89 0.33 0.01 0.00 96.41
GWL-3 DCTROC oLv
(3) 34.64 0.02 0.07 0.18 34.43 27.15 0.03 0.48 0.02 0.09 97.11
F-237 BBINT PLG
(3) 58.88 26.01 7.54 7.26 0.28 0.00 0.62 100.58
LM-7  DCFEL PLG
(3) 57.75 21.85 7.78 5.40 0.67 0.00 1.02 94.48
SB-28 BBMAF PLG zoned
(4) 54.89 27.83 5.86 10.04 0.35 0.01 0.45 99.43
GWL-3 DCTROC PLG
(3) 52.40 30.07 4.68 11.80 0.19 0.04 0.49 99.67
NE-2-302 DCMMA PLG
(5) 53.90 30.02 5.20 11.11 0.08 0.00 0.23 100.54
GWL-1 DCTROC PLG rim «
(5) 53.99 29.68 4.44 12.26 0.43 0.13 0.35 101.29
PLG intermed.
(3) 52.96 30.37 4.26 12.32 0.33 0.09 0.40 100.73
PLG core
(5) 52.45 30.52 4.26 12.30 0.32 0.09 0.41 100.35
F-275 BBMAF PLG
" (6) b54.46 28.77 5.15 11.30 0.49 0.09 0.31 100.56
NL-1  DCINT CPX
(1) 51.37 1.45 0.31 17.03 16.77 12.11 0.04 99.07
PLG
(3) 57.69 26.43 6.47 8.57 0.44 0.60 100.28
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APPENDIX H (continued)

MICROPROBE MINERAL ANALYSES

Si0p Al03 Nag0 Ca0 FeO0 Mg0 Ti0p Ma0 Crp03 Ni0 Kp0  Total
GKF-46 BBINT PLG rim ’
(5) 62.67 23.08 8.90 4.88 0.47 0.05 0.58 100.84
PLG core :
(4) 58.42 26.10 7.31 7.42 0.47 0.09 0.40 100.20
NE-2-302 DCMMA . - CPX
(4) 49.48 2.77 0.49 19.85 8.40 15.96 1.01 0.29 0.06 0.04 98. 35
oLV
(3) 38.07 .02 .07 .09 23.79 38.16 .03 .50 .04 .05 100. 81
MAG
(3) 0.10 2.92 .10 .22 72.72 3.05 15.40 .55 1.95 .11 97.11
ILM
(3) .05 .08 .06 .10 43.63 4.45 50.55 .78 .10 .04 99.84
GWL-1 DCTROC CPX
(3) 51.49 2.82 .47 21.66 9.00 13.22 1.22 .22 .14 .00 100. 26
oLV
(3) 37.26 .05 .08 .12 34.56 28.21 .03 .48 .00 .06 100.84
F-275 BBMAF oLV
(3) 33.98 .03 .09 .25 47.78 20.46 .05 .67 .00 .00 103. 30
CPX
(6) 51.41 1.19 .34 17.10 15.77 13.14 .73 .49 .00 .00 100.17
NL-1  DCINT CPX small
(5) 48.31 1.36 .31 17.43 18.97 11.20 .84 .43 .02 .00 98.89
CPX large
(3) 48.70 1.06 .29 18.05 20.92 8.87 .76 .48 .00 .00 99.13
GKF-46 BBINT CPX
(3) 49.33 .67 .33 19.08 25.81 4.32 .66 .56 .01 .00 100.76
BL-2 DCTROC CPX rim on ol.
(3) 49.59 2.73 .35 17.87 10.14 16.04 1.37 .23 .36 .00 98.71
oLV
(3) 37.35 .00 .08 .10 28.14 34.09 .00 .40 .00 .08 100. 24
$-2  DCTROC CPX .
(3) 51.25 1.74 .35 17.04 13.62 14.26 .99 .32 .05 .00 99.63
oLV :
(3) 35.85 .00 .09 .13 39.11 24.69 .02 .55 .01 .09 100.53
ILM
(3) .08 .13 .10 .09 45.99 2.76 51.60 .42 .11 .04 101.34
SE-3-309 DCMMA CPX
(5) 49.79 1.83 .46 19.22 13.51 12.80 1.10 .29 .04 .02 99.05
oLV
(3) 35.35 .04 .08 .39 42.37 22.72 .06 .62 .00 .09 101.72
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APPENDIX H (continued)
MICROPROBE MINERAL ANALYSES

Si0p Al,03 Nap0 Ca0 Fe0 Mg0 Ti0p Mn0 Crp03 Ni0 Kp0  Total

D-105 DCTROC oLV :
(3) 35.46 .05 .08 .12 41.39 24.16 .04 .52 .02 .03 101.87
CPX '
(3) 50.28 1.96 .37 20.13 11.66 13.37 .89 .33 .08 .06 - 99.13
Cc-3 DCTROC - CPX zoned?
(5) 51.58 1.83 .34 17.87 10.68 16.26 .72 .29 .03 .04 - 99.64
oLV
(3) 37.09 .00 .07 .12 30.52 34.04 .05 .41 .03 .08 102.43
OPX rim on ol.
(3) 53.28 1.21 .07 1.34 17.78 24.67 .38 .41 .02 .03 99.18
BL-2 DCTROC PLG
(5) 51.22 29.99 3.76 13.44 .63 .30 .27 99.61
S-2 DCTROC PLG ‘
(4) 54.86 28.07 5.19 11.16 .37 .03 .47 100.15
SE-3-309 DCANOR PLG :
(3) 52.45 29.61 4.29 12.96 .50 .12 .33 100.26
D-105 DCTROC PLG
(5) 55.02 27.81 5.41 11.19 .33 .09 .31 100.16
Cc-3 DCTROC PLG
(3) 52.36 29.48 3.91 13.77 .54 .08 .20 100.34
SE-1-812 DCANOR PLG
(2) 54.80 28.02 5.76 10.59 .34 .09 .20 99.80
_ PLG rim
(3) 54.78 27.87 5.75 10.46 .30 .03 .21 99.40
PLG core
(3) 54.58 28.63 5.31 11.15 .26 .05 .26 100.24
SE-1-627 DCANOR PLG
(3) 54.94 28.38 5.77 10.38 .22 .11 .26 100.07
T-65  BASALT PLG pheno.
(3) 51.46 30.07 3.86 13.53 .54 .21 _ .17 99.84
PLG laths
(6) 51.23 28.97 3.84 13.31 1.09 .32 .16 98.91
SE-1-812 DCANOR oLV ‘
(3) 33.91 .02 .08 .09 46.49 19.73 .02 .62 .02 .02 101.00

OPX rim on ol. :
(3) 51.61 .58 .08 .57 25.62 19.11 .06 .54 .03 .02 98.21



APPENDIX H (continued)
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MICROPROBE MINERAL ANALYSES

Si0p Al,03 Na0 Ca0 Fed) Mg0 Ti0p MnO Crp03 Ni0 Ko0 Total
CPX '
(3) 49.61 2.01 .34 20.90 11.31 12.96 .70 .28 .01 .02 98.14
BIO :
(4) 37.90 13.65 .25 .09 13.97 15.68 3.50 .03 .00 .02 (n.a.) 85.09
MAG )
(2) A7 2.22 0 .11 .11 85.61 .15 5.95 .21 .23 .05 94.80
SE-1-627 DCANOR oLv
(3) 35.70 .00 .08 .08 36.98 27.11 .02 .52 .05 .09 100.62
CPX
(5) 50.49 1.69 .44 19.05 11.07 14.06 .89 .24 .03 .03 98.00
BIO
(2) 38.75 12.52 .24 .02 11.06 17.66 2.69 .06 (OO .07 (n.a,) 83.06
T-65 BASALT oLv
(3) 36.66 .00 .08 .37 30.51 31.65 .00 .43 .00 11 99.81
CPX zoned
(3) 50.16 1.74 .34 15.15 15.37 13.95 1.14 .39 .05 .03 98.33
DG-34 DCTROC CPX zoned
(5) 51.69 2.22 .42 20.81 9.12 14.86 71 .23 .07 .06 100.19
oLv
(3) 36.36 24 .09 .09 33.04 30.32 .00 . .45 .03 .11 100.73
BIO
(3) 37.59 15.66 .22 .04 10.52 15.02 4.80 .03 .18 .08 (n.a.) 87.15
ILM
(2) .09 .11 .10 .11 46.60 2.52 50.02 .44 .18 .05 100.23
DG-37 DCUMAF oLv
(3) 35.76 .00 .09 .12 38.30 26.19 .00 .53 .00 .08 101.08
CPX zoned, variable
(5) 50.46 2.03 .33 15.37 15.46 15.31 .66 .35 .10 .04 100.10
ILM
(3) .07 .05 .10 .12 47.85 1.64 49.18 .52 .13 .00 99.64
DG-1 DCTROC oLV
(3) 37.08 .15 .10 .16 31.94 33.07 .00 .43 .00 .07 103.00
DG-60 DCANOR OPX '
(3) 52.65 .87 .08 .92 22.11 22.48 .18 .49 .00 .00 99.77
oLv
(3) 35.76 .09 .09 .09 37.81 27.09 . 00 .53 .00 .10 101.55
DG-59 DCTROC oLv
(3) 36.58 .00 .10 .12 33.03 30.46 .03 .47 .00 .09 100.88
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APPENDIX H (continued)

MICROPROBE MINERAL ANALYSES

Si0p Al03 Nap0 Ca0 Fe0 Mg0 Ti0p MnO Crp03 Ni0 Ky0  Total
DG-34 DCTROC PLG
(3) 52.21 30.41 4.10 13.28 .33 .24 .32 100.88
DG-1  DCTROC PLG ,
(3) 53.93 28.21 5.06 11.68 .47 .16 .33 99.85
DG-60 DCANOR PLG
(5) 51.85 29.81 3.95 13.72 .41 .01 .20 99.96
DG-59 DCTROC PLG
(4) 54.12 27.77 5.10 11.45 .24 .00 .42 99.09
DG-51 DCUMAF PLG
(5) 49.22 32.16 2.66 15.77 .18 .07 .15 100.21
oLV
(3) 35.65 .00 .08 .21 35.65 26.92 .04 .47 .00 .07 99.09
DU-15-2435 DCMMA PLG
(4) 53.51 28.24 5.20 11.37 .44 .13 .07 98.96
DUV-15-2435.5 DCMMA PLG zoned, variable
(5) 54.97 28.01 5.42 10.88 .20 .07 .24 99,79
DU-15-2435 DCMMA oLV
(3) 38.26 .09 .08 .08 21.94 38.74 .02 .26 .00 .15 99.61
ILM
(2) .11 .00 .10 .11 41.69 4.62 50.89 .49 .15 .05 98.21
MAG (A1, Ti, Cr-rich)
(2) .07 4.90 .09 .11 70.99 2.01 9.00 .31 7.41 .17 95.07
DU-15-2435 DCMMA SPN
(1) .06 49.04 .09 .06 27.25 11.55 .31 .16 8.45 .19 97.16
DG-51 DCUMAF ILM
(1) 10 .19 .10 .08 41.65 3.22 51.55 .49 .35 .05 97.76
DUV-15-2435.5 DCMMA MAG (A1, Ti, Cr-rich)
(1) .15 4.93 .09 .09 72.32 1.70 9.01 .33 6.11 .15 94.88
ILM
(2) .07 .00 .09 .10 41.88 4.20 50.99 .48 .15 .03 97.99
DG-51 DCUMAF HBL
(3) 43.53 9.86 2.73 11.15 10.20 14.38 2.50 .12 .40 .04 94.90
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APPENDIX H (continued)

MICROPROBE MINERAL ANALYSES

SULFIDES

Fe As S Co N1 Cu Mn Total

R
DG-37 DCUMAF o PYRHOTITE
(2) 62.82 0.00 36.58 0.03 0.00 0.00 0.02 99.45
DUV-15-2435.5 DCMMA CHALCOPYRITE
(2) 29.79 0.35 34.27 0.03 0.01 32.53 0.01 96.97
(X): number in parentheses is the number of spot
analyses averaged to give the following values
CPX: clinopyroxene (augite)
OPX: orthopyroxene
OLV: olivine
PLG: plagioclase
MAG: magnetite
ILM: 1ilmenite
BIO: biotite
HBL: hornblende
SPN: spinel (Cr-hercynite)

(n.a.): not analyzed
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APPENDIX I

Analytical Reports from LGC Analytical Labs

A: R. Knoche, Univ, of Minnesota

B: XRAL, Toronto
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Ni 23 ' s 22 129 48 | 184 Y3 | 3y 24 | 24
Cu 22 1SYf 266 tol | oS | 125 200 | 59 | 140, (360
Zn (33 1% I8 138) 124 | 98 133 | 163 | Jol |240
Kb 27 T2 i 28 | 25| s¥% 2 20| 19! ¢ | 20
Sy 920 1305 1359 | S04 w46 1259 245 1294 |25 |16
Y 29 169 | €0.] 0. 40,121 uyri 49, 23 | %o
Zv 150 290 95 230 120
Ba sS40 60 . 450|320, FBO 113 239 690! 109 | 257


https://Ba.sea.It

R. L. Knothe

Disbore Bosalt Busalt | Bamit Diwe Basolt Bualt Gi® Bomft Basalt

BAG-L 173359 M77b3 T2y W24 AT fv 3:,%*3 =

31 |32 (33 |34 [35 |36 D112 {D-118
% uit, : -
5;0, us6 (467 WR6 4B3 ¥R2 |41 | sis §L+s.o 6y |62
Tio, 458|299 1,67 | L30]| 252 166 125 0315] 2.26] 3.18
Ri, 0, 137 11331160 16k e |16.0 ke ‘173 6.4 13.3
Fe,0y ERSRT R REN RSN ¥ s 3.5 ey "
Fe0 e 18" 297 98" g en 69 ad ;q‘f’i't 20"
Mn 0O oznf.I 02_195 0,173 0.136 0.202 o.(?g olés 0.135" 0.325 1.0%
Mg0 450 swY WBe| RIF| SIT| REH 633 0.2 bug kIS
CaD 83 693000 | 83 | 83 o %6 120 9% R3T
Noy 0 2.82 oo 135';' 2.10] .57 245 2.32 (.9) 2,30 2.3)
K.0 0.50 038 oso. 1.32] L¥1| 0.5) 088 019 05 o063
Hlo'l- 7 { ‘ :
€0y S o . B
?.0¢ 0.5% oML .0.16 | o.lo ] t;‘.‘i‘lz 0.15 o141 o.omé 021 036
Tetaul JeH 9L 985 19673 | 98.9 982 718 8.5 9%6 972
Total b 1.3 165 133 [12.6 166 132 IL3 21 1o 187

: |
7P™ | | L
Be 1.9 l.?; 0.8 0.9 1.1; 1.0 L. 03 INA .7
Sc 3 31 34 36 | 26 3 33 3 3¢ W9
vV 390 - 320 240 250 | 230 22305 246 200 (250 330
Cr 21 42 204 21| 95 1202 115 270 | 148 | oy
Co s9 s% 53 56| 52 s¥ uyg so.| 56 53
N ¢f 46 185191 | 106 (180 8% 200 | i1H3 | SB
Cu g/0 78 (35 IST | 310 1381 591 IS |266 | 360
Zn 182 109 103 102|165 101 86, 55 |i30. 1152
RL 5 21 é}, st-| W 9 léi 2 | lo. | 10
Sy 51T 3%S 27¢ |49 293 (267 319! 343 224 3R
Y Wi 3 28 | 2% | 5| z.e;sz 8 |37 | 4
Ay ’ 120 | 110 1ol ol 22 (170 300
Ba 207 252 1M1 (89| 0 120, 323, 71 |16 200,
o S



https://Ba.rGl.lt
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R.L.Knoche

Rasolt
D-121 D-125 1_13-152 D-162 &_w-zs Lw-56|LW-57|LW-58 |€Q-3 |[CQ-¥
Si0, 480 %60 b |SU3 b2 | 465 | 465 |4H0 des HIT
TA0, 2.5 'z.ozi 2.6} 3.24%1.2% .32 0.9%| 2273 WH8 | hoy
Al, 0, 1.5 (169 153|133 (s |58 VRS [l6s 127 130
25t 26% sl gal a0 2 L6 .50 3.03 2 ot
Fea0s W' 3'%5# 2"?1&4 g'%wg e LA\‘ T e 33 l.(z,;%_z.'s*'
FeO 83 | 9.3 1109 &Y %0 | 99 | 46 |11 2 s
Mno 0.23] 0.509§ 0.202) o.zézf 0.205 0200 0407 0210 0.135 o.186]
MgO S.II; '}.33§ 6:20| 3.90 623 S.H9 8.1§ s:ssg 43| 42
Ca0 2% | 633 25 | 608 5| 1.5 107 | UF | e | 138
Na,0 2.50 1.l1§ 261 343 233 LSS 1.14-; 2.60% 234 3.09
K.0 0¥t 2.6 0.43] 1.03) 658 0.66 0.6 0.60 1.2%] L6
H,0% : 1 | L
Co, ; ‘, |
P, 05 031 o0.a¥ 035 0.500 03| 023 0088 028 0.50 |0.39
Total 978 963 989 | 968 | 9673 94 959 (919  9%0 |92
TR Wl 133 162 | 1Y LRE IS 97 13,9 S0 S0
: E r _. ! ‘
L o | |
Be 20 13 L8 24 W3 L o L3 26| 2.3
Sc o35 3% L.sz 35| 3% 321 32 | 30 |25
\ 290 l 260? 296 | 290 260 250 | 220 | 230 |420 |330
Cr 1320 U I s 15 tH Lo | 1R | 4g | 63
Co S3 s¢| S8 3¢ s¢: s2 sp| 52| bs | s
Ni W2 | 1M 1290 96| 162 158 230 162 | %8 | 84
Cu 330 | 230 | 360| 18| 280| 300 | ¥} | 250 280 |19
Zin (HE] 126| 138) 220] 135 (3% 180, 130, 1S3 | 138
Rb 61 20 131 220 I3 16 { 30 1| 23 |28
Svy 20% 7_161: 205 300. l‘i?} 22} @7.%0. 245 | 663 | 655
Y 43 29| 42| sb 33( 36 1} 1 35 36 | 3¢
Zv 00 . 220 34D 380, 30! GO | 260
Ba 1+ 3:3|i IR0 1010 160, 18] | F2 | 135 | 233|358
] | |


https://2s?---i.02

R. L. Knoche

Basalt

Q-5 |C0-6 |¢Q-8 |ES-26| ES-2F|ES29 [PP-3% KV-128 10-3-C | g Ao+
% wit. % J
5;0, 48,6 (501 #8343 4O |519 s |#5.7 a1 |52
TA0, 338 | 56| Yol 3.2F Yob| L20| LSO| L39 2.21|2.92
AL 0, 12,9 2.9 |nko Ewm 3 PR3 3 ed Usi¥ .S
Fe,0; 32.@ 2.6") 3.1 342 24" i 17 24 1.27_2.52’""
FeO W 1.6 e 98 iU a8 oA s i s
MnO 0.193 0.1L7 0.7.0!52 0,19 0.3l 0.9 0499 0,187-,? 0.4621) 0.1%1
MgO 6T el | 430 482|336 SB2| 6¥0 RIL . sin 239
Ca0 38 34| 3.2 AT 6381| %5 160 100 | B | 636
Na,0 2.80| 200 | o5 2.85] 134 247 226 219 2.58] 2.93
K.0 1,25 1 .20 | 1.0l 1260 LS| 1S | oupt 0'355 o.%¢ | L37
H,0* | | o
R | I S
P.0s 0.53 | 0.4 76t 045t as4! 015 | odd- 073 023 0.8
Totol 770 988 98,9 | 9%F | 9%5 | 9%8 | 991 9RF T65 THb
Tetal Fe 16,2 |54 bkl V31163 (12.0 [IhS 143 3E 164

i ! ! i , :
o S
Be 2.45 2.5 3.0? 3.%% 28 1.2x 0'8§ o1 L3 2,3
Sc 35 0 25 18 . 2% 28 3% 397 1 33 3¢ | 3]
\4 4SO 1360 210 ! 390 | 330 (260 |360 240 [250 |210
Cr 35 | wEod0. 0S| yo,l %6 86 w9 LK | 6
Co co. 55128  4al W wa | s¥ |4 | 57|39
Ni 2580, | do. 100,| 69 so.| $S 190 |jo/ | I8
Cu 28% 231 | 23 290 | 350 127 | 185 [ 1S3 |222 | 270.
Zn 160, | 14 | 130, Q) | 17¥5 | 100, 1o, . 107 | WY | 1T
Rb 33| 23 | 2¢ 35| 49| 25| 15 | 0 |23 | s¢
Sy 525 667 | 1460 436 |uaf | 258 | 195 183 244 |38
Y 39| 3% 25 40| sl | 29 26 24 35|53
Zv | 160 {100 90 | 190
Ba 386 | 382 410 | 450 480 | 400 | 141 406 | 233 58O
| i
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XRF — WHOLE ROCK ANMALYSIS

UNIVERSITY OF MINNESOTA

e Atin: J.C. GREEN CUSTOMER No. 1088
GEOLOGY DEPT-LITHOCHEMISTRY
DULUTH, MINNESOTA 35612 DATE SUBMITTED
USA 21-FEB-35
REPORT 23785 REF. FILE 192921 ODATE REPORTED 1Z-MAR-25

XRF W R. A, SUMS INCLUDE ALL ELEMENTS DETERMINED.
FOR SUMMATION ELEMENTS ARE CALCULATED AS OXIDES.
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SAMPLE

3001-21. 47 F
ALN-1  exTwa®
BRL-1 DcFEL
B-10 DikECL
ES-19  ehspir
D-122 Dikewv
[-168 ©ikEDY
D-170 ke
-172  Dweedy
I-176  dwedw
DC-121B Dikeve
I6-8 D(TRec
IG-32 dcmnA
I6-34 »>ctec
IG-48 Dcirec
DG-60 DCANOR
EM-1 DCFEL

F-290 ®BaspT

(-1

(FoR-1)

GBL-5 'Dik;:‘;:
(6c-14 awves
GP-20A OpAsY
H4 9Dikeee
IM-7 DiFeEL
-9 ANDES
M-7358 DCTacc
M-7392 Dovece

TH*62 devee ¢

- TH-63 it

S102

47.9

47.4

67.3

48.9

5L 6

44, 4

43.0

8.6

37.7

45.0

49.2

453

45.9

467

70.3

46. 4

3.3

69. 4

47.3

50.9

34 4

63.0

469
46. 9

47.1

AL203

12.3
14.5

16. 6

10.8

16.1

16.0

14.7

9.75

14.9

....
A
X

13-MAR-85

CAD

10.6

9. 63

994

831

7.38

17.7

0. 48

8.74

MG

5.59

3. 69

5.59

.02

778

1.96

1.74

39

2,60

6. 69
764

277

REPORT 23735

NA20

239

r
o~
ra

337

413

2.01

279

232

3.03

25

4.00
2.98

2.80

K20
Q.34
0. 11

3.99

0. 40
0.39
0.26
0. b6
0.40
4.06
0.32
1.37
410

0. 64

N
o
=

0.79

2.93

475

1.81

0. 44

0.97

0.21

1.18

Y0
FE203 ¥ N
LN
24 017
e
10 018
(i -
71 ol
161 01
115 01
131 040
Pt
55 013
ok
163 o.n
932 068

156 09

168 020
i.7ll
85 009
Gin
B1 02

Wa 017

L2504
et

497 0.03

12 01

12.3 0.19

268 008 O
phuAR ke e
34 0.18
* g
7.5y
127 . 01
2,30
15 014
S 2
1.3, 0.13
540 0.09
109 . 0.09
01 015
ot

159 018
799 0.09

143 0
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T102

135

3.97

0.80

>~

50

[
o
~O

[
~
—

r

87

336

0. 65

399

1. 36

0.61

¢.93

205

0 14

0. 47

0. 14

0.92

1.00

.32

0.31

Q. 49

0. 07

0.49

0.04

0. 11

0.03

0.13

107

0.13

0. 45

0. 12

.38

0.4

0.33

N PAGE 1
¢
(R203  LOI  SUn
0.03 -0.07 9.4
0ol 631 W6
002 023 994
— 023 B
— 0T W7
0.02 431 9.4
0,00 608 9.3
— 377 9.0
—— 106 99.4
0.01 547 9.2
— -0. 6% 93.8
— 007 100.5
0.03 -053 99.4
— 000 97
—— -0.33 99.8
0.02  0.47 100.7
0.03 054 99.8
002 3 999
— 27 w3
— 119 100.0
— om 97
— LB 9.5
—- 354 100.3
— 13 100.2
— 123 99
0ol 108 9.6
0.04 -0.46 100.2
—  -0.50 9.9
— 093 100.0
.01 0.62 999



SAMPLE
3001-21. 4
ALN-1
BRL-1
ce-10
£S-19
D-122
D-148
D-170
D-172
D-176

BC-121B

0G-32
D6-34
BG-48

BG-60

GBL-5
GKC-14
GP-208
H-6
L#-7
L9
M-7358
M-7392
TH-62

TH-43

o

o

310

10

170

<10

70

<10

<10

160

{10

RB

10

10

130

70

S 70

20

20

10

10

10

10

160

10

30

170

40

%0

10

100

190

1a

<10

40

240

330

130

510

340

2
el
=

120

140

1240

360

270

220

300

180

10

20

80

20

10

70

80

30

30

<10

40

10

{40

10

30

10

10

20

10

40

10

30

110

30

20

20

IR

20

280

380

310

110

140

540

610

190

190

180

10

290

10

120

450
70

230

180

110

310

140

290

260

340

50

210

10

NB

40

30

50

30

20

60

30

30

50

10

30

10

20

30

30

40

90

40

30

40

10



X-~RAY ASSAY LABORAYCRIES LIMITED
1885 LESLIE STREET. DON MILLSs ONTARIO M38 3J4

PHONE 416-445-5755 TELEX 06-986941

CERTIFICATE OF ANALYSIS

T0: UNIVERSITY OF MINNESOTA o
ATTN: JeoCe GREEN CUSTOMER NO. 108¢

GEOLOGY DEPT-LITHOCHEMISTRY

DULUTHy MINNESOTA 55812 DATE SUBMITTED

USA 21-FEB-85
REPORT 23785 S REF., FILE 19391-55

13 C.PULPS+17 PULPS REQ.#344432 P.0. B161065

WERE ANALYSED AS FOLLOWS:

METHOD DETECTION LIMIT
AU PPB NA 20,000
NA PPM NA 100.000
WRMAJ X WR 0.010
SC PPM NA 0.100
CR PPM NA 2.000
WRMIN PPM WR 10.000
MN PPM DCP 2.000
FE % NA 0.050
CO PPHM NA 1.000
NI PPM oCP 1.000
CuU PPM DCP 0.560
IN PPM , DCP 0.500
AS PPM NA 2.000
SE PPM NA 3,000
BR PPM NA 1.000
RB PPM NA 20.000
SR PPM NA 500.000
MO PPM NA 5.000
AG PPM DCP 0.500
Co PPM pce 0.200
SB PPM NA 0.200
CS PPM NA 0.500
BA PPM NA 150.000
LA PPM NA 04500
CE PPM NA 3,000
ND PPM NA 10,000
SM PPM NA 0.100
EU PPM NA 0.200
YB PPM NA 1.000

LU PPM NA 0.050



METHOD CETECTION LIMIT

HF PPM NA 1.000
TA PPM NA 1.000
W PP¥ NA 3.00C
PE PPM DCP 2.000
Bl PPM pce 0500
TH PPM NA 0.500
U PPM NA 0.500

X-RAY ASSAY LABORATORIES LIMITED

R ’
DATE 13"MAR“85 o CERTIFIED 8Y k.";:;‘o.‘,oo;..L.(.;ci’;;/(

L

[ N )
¢ 7.



X-RAY ASSAY LABORATORIES 13-MAR-8S5 REPCRT 23785 REF.FILE 19391-S5 PAGE 1 OF

T

SAVMPLE AU PPB NA PEN\ SC PPM CR PPM MN PPM™
O S o ——
3001-21+4 <20 18000 33.0 330 200 1100
ALN-1 <20 19000 27.0 B2 40 11200
BRL-1 <20 28000 11.0 256 <0 ' 810
€g-10 20 23000 29.0 40 1300
ES-19 <20 17000 32.0 130 [ 960
D-122 <20 16000 | 3540 24@- 14¢ | 2500
D-168 <20 17000 3540 83~ <0 | 1500
D-170 <20 16000 | 37.0 9 | 1600
D-172 <20 20000 4440 150 ! 4900
D-176 <20 16000 41.C 216 v1c 6000
DC-1218 <20 21000 3440 120 - 1300
DG-8 <20 28000 442 52 . 580
0G-32 <20 14000 36.0 310- 50 1600
0G-34 <20 19000 8a7 210 " 820
DG-48 <20 20000 17.0 140 1200
DG-60 <20 25000 42 286 4c 380
EM-1 <20 28000 7.0 266 \c 600
£-290 <20 . 16000 33.0 236 \AD 1100
FBR-1 <20 . 23000 27.0 350 1200
FGR-1 <€2¢ © 26000 8.3 9 . 640
GBL-5 <20 . 18000 3640 210 1200
GKC-14 <20 22000 29.0 10 1100
GP-2CA <20 . 17000 31.0 97 880
H=-6 <20 132000 18.0 20 890
LM-7 <20 128000 6.7 <2 780
LM-9 <20 129000 13.0 136~ 2° 760
M-7358 <20 123000 | 13.0 436~ 2°¢ 850
M-7392 <20 . 23000 2640 190 1300
TH-62 <20 . 18000 / 6.5 20 630
TH-63 <20 125000/ - 39.0 486 40 1400

l\“(/ S Y
L\az e & ! |
( Uj‘\ﬂ_,t;c,( \‘(/t : ' Cone. \i:’x‘ wls

"‘(.v"r 1914 J»LlS



X-RAY ASSAY LABORATORIES 13-MAR-85 REPORT 23785 REF.FILE 19391-S5 PAGE 2 OF

SANPLE FE 2% CO PPM NI PPM Cu PPM IN PPM
3001-21.4 8.90 | 60 200 110. 150
ALN-1 112 48 76 340, 190.
BRL-1 . S5e18 7 8 39.0 160.

- CQ-10 1le6 58 100 290« 190«
ES-19 © B8e22 46 80 57«0 92.0
D-122 i 9447 68 180 280 . 290.
D-168 P 11a2 30 22 290. 230
D-170 f1la6 31 19 290. 220.
D-172 © 6480 31 92 380. 220
pD-176 " 11.3 60 150 400. 360
DC-1218 12.1 58 140 580 180
DG-32 . 130 57 120 330. 210.
DG-34 i Be37 69 310 130. 93 .0
DG—-48 1043 69 240 140, 160«
0G-60 f 34Cl1 17 69 97«0 4840
EM-1 3,44 5 10 2640 130
F~290 : 8.10 52 220 110, 98 &0
FBR-1 1 9.20 63 270 B6e0 200
GBL-5 9.70 64 190 150« 120.
GKC-14 ‘ 9.20 26 10 55«0 170«
GP-20A ; 830 438 70 120. 98 .0
H-6 T Be20 30 41 200. 150«
LM-7 3,94 <5 5 28.0 200.
M-7358 10.0 . 66 180 250. 110.
M-7392 1led | 67 210 280. 180«
TH-62 5459 55 23C 3640 6640
TH-6€2 10.3 34 20 190. 170«

0{, (u‘ "“L
? Wt



X-RAY ASSAY LABCRATORIES 13-MAR-85 REPORT 23785 REF.FILE 19391-S55 PAGE~~\3

SANPLE AS PPN SE PPM BR PPM Rgfbpnx” SR PPM \
3001-21.4 <2 <3 1 20 <500
ALN-1 s <3 1 <20 <500
BRL-1 3 <3 1 ;180 <500 ,

- €¢-10 3 <3 3 I 50 600 |
ES-19 <2 <3 <1 ;40 - <500 j

— D=122 <2 <3 2 ¢ 20 - <500 /
D-168 10 <3 2 i 90 <500 /
D-170 45 <3 1 / 100 <500 !
D-172 <2 <3 3 I <20 <500
D-176 370 <3 2 i 20 <500
LC-1218 <2 <3 <1 | <20 <500 |
DG-8 <2 <3 <1 ! <20 <500 |
DG-32 <2 <3 <1 | 20 <500 |
DG-34 <2 <3 2 ‘ <20 <500 /
06-48 2 <3 2 I20 <500 |
DG-60 <2 <3 <1 t <20 <500
EM-1 ‘ 2 <3 1 150 <500
F-290 - <2 <3 <1 | <20 <500 |
FBR-1 2 <3 2 L 70 1500 |
FGR-1 <2 <3 2 t 210 <500 !
GBL-S <2 <3 <1 ;20 <500 !
GKC-14 8 <3 <1 . 120 <500 |
GP-204A <2 <3 <1 .20 <500 |
H-6 3 <3 2 . 110 600 |
LM-7 2 <3 <1 . 220 <500 |
LM=-9 <2 ' <3 1 . 60 1500 |
M-7358 <2 <3 <1 i <20 <500
M=-7392 2 <3 1 . 50 /<500
TH-62 <2 <3 1 1 <20 <500 |

TH-63 <2 <3 <1 . 40 <500/


https://3001-21.lt

WHOLE ROCK ANALYSIS - ppm TRACES - XRF - PW 1600 - REFERENCE STANDARDS

MRG-1 . sY-2 sy-3 G-2 Mica Fe Mica Mg GS~-N NIM-G NIM-L NIM-S
Rb <10 210 200 170 2240 1250 180 310 190 490 Rb
(8) (220) (208) (170) (2200) (13002?) (190?) (320) (190) (530)
Sr 220 260 300 510 <10 20 640 <10 4500 - 60 Sr
(260) (275) (306) (480) (5) (257) (5702) (10) (4600) (62)
Y 10 140 730 20 40 10 10 160 40 <10 Y
(16?) (130) (740) (993 (257?) (=) (=) (145) (257) (37}
ir 100 280 340 320 900 10 230 . 280 11400 10 . r
(105) (280) (320) (300) (8007?) (207?) (2407) (300) (11200) (33?)
% Xb 30 10 - - 120 10 300 - 130 10 60 1000 <10 Nb
(207?) (237?) (130) (132) (270?) (1202) (-} (53?) (360) (3.5?)
Ba 100 420 390 1500 190 3800 1350 100 500 2350 Ba
(50?) (460) (430) (1%00) (145) (40002) (1400?) (1202) (450) (2400)

NOTE: ( ) are usable values as per Sydney Abbey, 1979 -~ (~) indicates no values available
This represents only part of the group of 50 reference materials used for calibrating

the simultaneocus spectrometer. Others are available on reguest.

gt

INSTRUMENT STABILITY SAﬁPLE PﬁEPARKEION REPRODU&IBILITY
(10 replicate analyses) (42 replicate analyses)
Mean (ppm) SD(ppm) Mean(ppm) SD{ppm) Mean (ppm) SD{ppm) Mean (ppm) SD(ppm)

Rb 210 10 200 10 30 10 220 20

Sr 260 10 4400 40 <10 10 340 10

Y 130 10 50 10 20 10 590 20

2r 280 10 11500 40 60 10 280 10

. NP 10 10 980 20 20 10 870 20
G Ba 420 20 520 20 660 10 ‘ 1200 40

NOTE: Mean is the arithmetic mean
SD is standard deviation



X=-RAY ASSAY LABCORATORIES 13-MAR-85 REPORT 23785 REF.FILE 19391-S5 PAGE 4 OF

SAMPLE MO PPM AG PPM Ch PPM S8 PPM CS PPM
3001-21.4 <5 <0e5 <0e2 <0.2 <0.5
ALN-1 <5 0.5 0.2 0.2 0.9
BRL-1 <5 <0.5 <0.2 0.2 3e5
€Q-10 <5 <0e5 0.2 Oe4 3.0
ES-19 <5 <0e5 <042 <02 la7

" D-122 <5 <0.% <0e2 <0.2 2.7
D-168 <5 05 <042 2.0 3.0
D-170 T 045 <02 0.9 2e4
D-172 <5 l«0 0.2 0.3 246
D-176 <5 0.5 <0e2 0.3 23
bDC-1218 <5 <045 0.2 0.2 <05
DG-32 5 0.5 <0e2 <0.2 1.2
DG-34 <5 <Qe5 <042 <0a2 <05
DG-48 <5 <0e5 <0e2 <0.+2 2.0
DG-€0 <5 <0.5 <0.2 <0.2 0.5
EM-1 <5 <0.5 <02 0.3 3e5
F-290 <5 <0.5 0.2 <0.2 <0.5
FBR"’. <5 0.5 (O.Z <02 1.5
GBL-5 <5 <05 <Ce2 <0.2 23
GKC-14 <5 <0e5 <02 0«5 2.8
GP-2CA <5 0«5 <0e2 <0.2 le5
H-6 <5 <05 <0e2 <0e2 548
LM-17 <5 <065 <0.2 0.4 25
L M-9 <5 <0.5 <0e2 0.2 6.0
M-7358 <5 <05 <0e2 <0e2 1.0
M-7392 <5 <095 <0e2 0.3 25
TH-62 <5 <05 <0.2 <0.2 0.5




X-RAY ASSAY 1ABORATYORIES 13-MAR-B5 REPORT 23785 REF.FILE 19391-S5 PAGE S5 OF

SAMPLE BA PPM LA PPM CE PPM ND PPM SM PPM
3001-21.4 200 12.1 30 10 3e7
ALN-1 20C 3942 90 40 945
BRL-1 1100 89.7 183 90 1645

- €Q-10 400 46e4 103 50 11.5
ES-19 300 2401 47 -~ 20 4¢3
D-122 20¢C 159 37 20 5«0
D-168 700 6T.4 151 80 17«6
p-170 600 722 164 80 18.5
0D-172 300 2444 62 30 7.8
0-176 300 2648 59 30 - Te3
DC-1218 400 3242 72 40 Be5
0G-8 - 200 0.6 <3 <10 <0el
DG-32 1400 319 71 40 Be5
DG-34 <150 3.5 7 <10 0.7
DG-48 200 1756 38 20 4.3
DG-60 <150 6.9 15 10 15
EM-1 1000 . 77.2 150 60 12.2
F-29C <150 10.2 25 10 3.1
FBR-1 1200 954 3 160 70 12 o4
FGR-1 900 4641 86 30 Set
GBL-5 <150 12.8 32 10 4.1
GKC-14 800 503 110 50 10.8
GP-204 400 25.7 50 20 4.6
H-6 900 43,2 91 40 9.5
LM-7 1100 129. 266 120 23.3
LM-9 500 59.2 122 S0 10.8
M-7358 20C 8.0 18 10 le.8
M-T7392 300 28.0 61 30 Tel
TH-62 <150 3.6 7 <10 0.8
TH-63 300 31.0 13 30 9.0



X~-RAY ASSAY LABORATORIES 13-MAR-85 REPORT 23785 REFLFILE 19391-SS5 PAGE 6 OF

SAFPLE EU PPM YB PPM LU PPM HF PPM TA PPM
3001-21.4 let 3 0e33 3 <1
ALN-1 2.9 4 0.61 8 1
BRL-1 248 9 130 18 2
-CQ-10C 3.5 3 050 9 <1
£S-19 1.3 2 0.34 3 <1

. D=122 1.8 3 0e45 4 <1
- D-168 440 10 1.48 16 2
D-170 442 11 159 17 2
p-172 246 5 0.69 7 - <1
D-176 2.3 4 0.69 6 <1
DC-1218 23 5 0.68 6 1
DG-8 . <02 <1 <0.05% <1 <1
DG-32 27 5 0.76 8 1
DG-34 0.6 <1 0.08 1 <1
DG-48 le4 2 0«35 3 <1
DG~-60 le4 1 0.13 1 <1
EM-1 1.9 6 0.88 13 2
F-29¢C 1.3 2 0.32 2 <1
FBR-1 34 2 0e32 6 5
FGR-1 1.0 2 Oet 4 5 <1
- GBL-S 1.5 3 0«39 3 <1
GKC-14 27 6 Oe84 10 <1
GP-20A 1e5 2 0.28 4 1
H-6 2.8 4 0.57 9 1
LM-7 3e7 12 1.78 27 5
LM-9 3.5 3 0.32 9 2
M-7358 1.2 1 0.18 1 <1
M-7392 243 4 0.58 5 <1
TH-62 Oeb <1 0.08 1 <1
TH-63 242 6 0.86 8 <1



X-RAY ASSAY LABORATORIES 13-MAR-B5 REPORT 23785 REF.FILE 19391-55 PAGE 7 OfF 7

SAMPLE W PPM PB PPM BI PPM TH PPM U PPM
3001-21.4 <3 28 <05 lel <05
ALN-1 3 26 <05 51 le7
BRL-1 <3 30 <05 14.0 3.9
€Q-10 <3 30 <0e5 4.8 1.8
ES-19 <3 20 <0e5 3e1 1.0
D-122 <3 96 <045 le6 0.6
0D-170 <3 32 <0e5 9.8 29
D-172 <3 48 <05 266 0.9
D-176 <3 32 <0.5 201 - 09
DC-1218 <3 30 <045 lel 0.9
DG-8 - .<3 18 <05 0.5 <05
DG-32 <3 30 <05 2e4 0.8
DG-34 <3 20 De5 <0e5 <045
DG-48 <3 24 ’ <0.5 23 0.7
DG-60 <3 22 0.5 Qo7 <0e5
EM-1 <3 24 <0e5 13.0 4ol
F=-290 <3 24 <G5 C.8 <05
FBR~1 4 30 0.5 11.0 3.0
GBL-5 <3 20 <0.5 l.0 <0e5
GP-20A <3 18 <05 3.3 lel
LM-7 <3 34 0e5 20.0 6.8
LM-9 <3 26 <05 5¢9 le5
M-7358 <3 20 <0e5 0.8 <05
M-7392 <3 28 <0.5 3.5 1.0
TH-62 <3 22 <05 0.5 <05
TH-63 <3 24 0«5 4e4 le7



X X RRRRR A L
XX XX RR RR AAA LL
XX XX RR RR AA AA LL
XXX RR RR AA AA LL
XXX . . RRRRR AAAAAAA L
XX XX RR RR AA AA LL
XX XX RR RR AA AA N T O O
X X RR R AA AA N R

XRF — WHOLE ROCK ANALYSIZ

UNIVERSITY OF MINNESOTA
Attn: J €. GREEN

GEOLOGY DEPT-LITHOCHEMISTRY
DULUTH, MINNESOTA 55812 DATE SUBMITTED
USA 11-APR-83

CUSTOMER No. 1088

REPORT 24355 REF. FILE 19752 DATE REPORTED 1&—MAY-—-85

XRF W. R. A. SUMS INCLUDE ALL ELEMENTS DETERMINED.
FOR SUMMATION ELEMENTS ARE CALCULATED AS OXIDES.



X-RAY ASSAY LABORATORIES

SAMPLE
c-9
t-10
C-12
t-13
D-42
D-138
DT-9
DT-24
F-35
F-46
F-180
F-248
F-256
F-278
F~289
OH-52
MI-28

MI-40

Mm-1z
ML-32
M-34

M-37

5B-28
TL-13
TL-278

WHY-2

§102

1

48.8

51. 4

50.0

89.0

637

70.0

69.1

66.2

7.6

2.6

b

50.2

2.8

54.3

70.7

80.0

N2

73.0

70.8

ALZ203

1.4

15.9

129

12.5

13.4

16.0

11.3

13.0

127

7.13

126

12.7

16-MAY-35

CAD

0.15

10.0

1.62

10. 4

1w

4

9.70

0.86

3. 43

0.90

0. 64

0.23

0.23

0.21

NGO

0.52

67

0.73

116

0.24

1. 69

1.13

389

418

4.94

0.58

421

0.21

0.92

0.46

0.21

REPORT 24255

NA2D
0.92
252
2.43
2 48
3.32
3.51
3. 44
2. 44

337

215

285
3.80
234
4.54
232

274

K20

1.65

0. 50

0.76

3.39

391

.30

&4

39

2.34

1. 43

1.89

on

493

3.97

6. 32

FE203

4.02

11.8

14.7

15.1

4.30

12.7

3.31

314

485

4.65

5. 3%

T102

0.36

1.43

2

1. 64

0. 30

1. 08

0.33

0.35

117

1.81

257

1.74

1.8t

0.39

2.04

0.54

0.77

0.48

0.38

0. 34

REFERENCE FILE 19752

P205

0.04

0.17

0.26

0.30

011

0.25

0.08

0.48

0.20

0.27

0. 06

0.31

0.08

0.10

0. 04

0.03

0.09

SMPMISS SMPMISS SMPMISS SMPMISS SMPMISS SMPMISS SMPMISS SMPMISS SMPMISS

36, &

30.0

33.0

36.7

71.5

47.4

47.3

74.0

734

13.1

16. 1

19.7

12.0

12.4

12.8

16.5

4 53

6.52

B 16

417

0.31

811

11.2

0.21

25

1.23

220

1. 88

3.96

7.61

0.48

011

3.80

3.90

3.94

3.48

3.26

240

219

297

4.08

2.80
1. 44
118
2. b4
5.48
0.92
0.72
5. 43

455

12.5

10.3

8%

14.5

432

18.2

11.3

322

204

0.48

39

1.12

0.33

0.3

0.38

0. 11

0.27

0.58

0.08

0.16

0. i1

0. 05

\ifi

CR203

€0.01

€0. 01

<0.01

0.04

{0. 0t

0.01

Lol
0.85
2.39

2.08

1. 16
o
1.23
1.47
1.93
1.93
239
2.85
1.3
2.3
37
1.31

1.23

116
1.08

SMPMISS

33
0.93
1.70
1.16
1.54
208
1.08

0.31

100. 3
100. 3
100. 1
100.2
100. 1
100.0
100. 4
9.7
99.2
100.3
100.0
99.4
100. 3
100. 2
100.1
100. 4
100. 3
99.7
100. 4

100.3

100. 1
100. 1
100. 4
99.9
99.9
99.6
100. 2
100. 2

100. 2



SAMPLE

C-10
C-12
C-13
D-42
D-138
bT-9
DT-24
F-35
F-46
F-130

F-248

F-278
F-289
52
M-8

MI-40

M-12
M.-32
M-34
m-37

N3

SB-28
TL-13
TL-274

WHY-2

RB

190

10

20

220

150

180

160

150

70

30

140

30

170

100
120

190

10

230

220
40
160
70
50
140
190
250
200
260
40
310

200

140
30

80

30

20

40

110

130

70

70

70

40

70

30

90

100

20

40

&0

80

SMPMISS SMPMISS SMPMISS

70

0

100

170

230

350

710

130

90

160

40

10

30

&0

B8O

30

20

40

60

IR

610

140

220

160

380

1160

650

640

460

570

300

370

170

380

210

660

340

810

600

630

NB

30

30

40

30

70

70

40

60

30

20

20

30

40

10

&0

40

320

1060

1120

1100

830

610

630

510

350

1130

630

1030

540

1400

1550

1140

SMPHISS SMPMISS SMPMISS

280

60

150

510

520

620

500

570

30

10

30

60

40

40

20

30

40

730

3%0

360

1170

350

100

1440

1330



B

1885

X=RAY
LESLIE

PHONE 4]

ASSAY LABORATORIES LIMITED

STREETs OON MILLSe ONTARIO M38 3J4

6-445-5755

CERTIFICATE

TO: UNIVERSITY OF MINNESUGTA
ATTN: J.C.
GEOLOGY DEPT-LITHOCHEMISTRY
ODULUTHs MI

usa

RE PORT

No

ra—

24255

9 C.PULPS+23 PULPS P.O.

GREEN

NNESOTA

55812

TELEX 06-986947
OF ANALYSIS
CUSTOMER NO.
DATE SUBMITTED
11-APR-85

REFe FILE 19752-€t4

Q-173232 PROJes LGC

" WERE ANALYSED AS FOLLOWS:

AU
LI
BE
B P
WR M
SC
v P
CR
MN
co
NI
cu
IN
GE
AS
St
BR
WRM
®0
AG
cD
s8
CcS
LA
CE
ND
SM
EU
Y8
LU

PPB
PPM
pPPM
PM
Ad %
PPM
PM
PPM
PPM
PPM
PPM
PPM
PPM
PPM
PPM
PPM
PPM
IN PPH
PPM
PPM
PPM
PP M
PP M
PPM
PPM
PPM
PPM
PPM
PPM
PPM

METHOD

NA
Al
DCP
oCP
WR
MNA
DCP
NA
oLe
NA
oee
DLP
oee
pLe
NA
NA
NA
WR
NA
DCP
sop
NA
NA
NA
NA
NA
NA
NA
NA
NA

CETECTION LIMIT
10.000
10.000
10.000
10.000

0.010
0.100
10,000
2.000
2.000
1.000
1.000
04500
04500
10.000
2.000
1.000
10.000
5.000
0.500
0.20G0
0.200
0.500
0.500
3.:000
5.000
0.100
04200
0.200
Ge050

1088



METHOO DETECTION LIMIT

HF PPM NA 1.000
Ta PPM NA 1.000
W PPM NA 3.000
PB PPH oCP 2.000 "
BI PPM bce 0.500
TH PPM NA 0.500
U PPM NA 0.500

X—RAY ASSAY LABORATORIES LIMITED
T e )
RN € < - g
T




X—RAY ASSAY LABORATORIES 16-MAY-BS REPORT 24255 REF.FILE 19752-E4 PAGE 1 OF

SAMPLE AU PP8B LI PPM BE PPM B PPM 5C PPM Vv PPM
C-9 <10 20 <10 40 3.8 22
c-10 10 20 <10 50 32.0 270
C-12 <10 20 <10 60 39,0 330
c-13 <10 10 <10 ‘ 40 37.0 270
D-42 <10 10 <10 50 6e5 52
D-133 <10 10 <10 50 ' 18.0 22
DT-9 <10 40 <10 50 Te? 4
i DT-24 <10 10 <10 50 9.3 14
: F-35 <10 30 <10 40 14.0 62
F-46 20 10 <L0 50 2640 8
F-180 <10 20 <10 60 33.0 . 360
F-248 <10 20 <10 50 29.0 260
F-256 <10 - .- 10 <10 50 31.0 290
F-278 10 20 <10 40 4.7 20
F-289 <10 30 <10 50 29.0 290
- " GM-52 <10 10 <10 50 7.7 10
MI-28 <10 40 <10 50 11.0 68
MI-40 <10 20 <10 40 3.9 4
ML-1 <10 10 <10 40 4.9 6
ML-12 <10 10 <10 50 7.8 10

ML-32 SMP MI[SS SMP MISS SMP MISS SMP MISS SMP MISS SMP MISS
ML-34 BO 10 <10 70 2540 260
ML-37 <10 20 <10 60 33,0 270
NL-3 <10 20 <10 100 15.0 180
PM-1 <10 20 <10 60 , 23.0 22
T oPM-2 <10 20 <10 40 6el 12
$8-28 © <10 10 <10 70 41.0 750
TE-13 ~16 ¥0 <10 50 34.0 250
TL-27A <10 10 <10 40 4.1 6
WHY =2 <10 <10 <10 490 3.7 4

B

SMP.MISS. - SAMPLE WAS NOT RECEIVED AT XRAL



X-RAY ASSAY LABORATORIES 16-MAY~-B5 REPORT 24255 REFLFILE 19752-t£4 PAGE 2 OF

SAMPLE CR PPM MN PPM _  nCO PPM NI PPM Cu PPM IN PPM
c-9 2 280 2 5 20.0 170
c-10 288 200 1000 50 150 67.0 110.
c-12 45 930 44 52 85.0 140.
c-13 269 130 1100 48 67 100. 120.
D-42 33 540 8 17 , 100. 190.
~ D-138 <2 19300 6 10 5940 290
DT-9 6 570 5 3 16.0 140.
DT-24 <2 1000 3 4 16.0 140.
F-35 <2 880 9 6 91.0 120.
_ F-a6 166 £\0 1700 18 8 220. ' 240,
F-180 23 1400 40 38 40,0 190.
F-243 +18- 40 13090 37 53 110. 140
F-256 100 - - 1000 45 110 120. _ 130.
F-278 <2 310 2 5 20.0 110.
F-289 2o 40 1290 31 38 6440 140
GM-52 <2 500 3 4 14.0 110.
Mi-28 15 530 8 19 430, 78.0
MI-40 3 520 2 3 19.0 160.
ML-1 5 480 2 4 6e5 130.
. ML-12 <2 460 2 4 2540 150,
ML-32 SMP MISS SMP MISS SMP MISS SMP MISS SMP MISS SMP MISS
ML-34 o610 1200 33 32 9640 170.
ML-37 380~ 3cC 890 490 160 5.0 98.0
NL-3 18 680 25 39 190. 93.0
- PM-1 89 Lo 1400 21 9 82.0 210.
PM-2 486~ <10 380 4 10 33.0 96.0
SB-28 24 1600 56 43 140. 220,
TL-13 330 990 438 250 94,0 83.0
TL-27A 4 270 2 4 25.0 110,
WHY -2 <2 400 2 4 20.0 110.
4
e
13 Suly AT

S“P.M[SS-'- SAMPLE WAS NOT RECEIVED AT XRAL



X—-RAY ASSAY LABORATORIES 16-MAY-85 REPORT 24255 REF.FILE 19752-E4 PAGE 3 OF

SAMPLE GE PPM AS PPM SE PPM BR PPM MO PPM AG PPM
C-9 <10 6 <3 1 <5 <0e5
C-10 <10 <2 <3 <1 <5 <05
C-12 <10 <2 <3 <1 <5 <05
c-13 <10 <2 <3 <1 <5 <05
D-42 <10 7 <3 1 <5 <0.5
D-138 <10 5 3 1 5 <0.5
DT-9 <10 12 <3 <1 <5 <05
DT-24 <10 <4 <3 <1 7 <05
£-35 <10 4 <3 2 <5 <05
F-46 <10 4 <3 <1 <5 <0.5
F-130 10 <2 <3 <1 <5 <0+5
F-248 <10 <2 <3 <1 <5 <0e5
F-256 <10 <2 <3 <1 <5 <0e5
F-278 10 <2 <3 2 <5 <0e5
F-289 <10 <2 <3 <1 <5 <05
GM-52 <10 4 <3 1 <5 <0e5
M1-28 <10 <2 <3 1 <5 <05
MI-40 <10 <2 <3 <1 <5 <05
ML-1 <10 <2 <3 <1 <5 <0.5
ML-12 <10 7 <4 1 <5 <0e5
ML=32 SMP MISS SMP M15S SMP MISS  SMP MISS SMP MISS SMP MISS
ML-34 <10 3 <3 1 <5 <045
ML-37 <10 5 <3 1 <5 <045
NL-3 <10 <2 <3 ' <1 <5 <0.5
PM-1 <10 3 <3 1 <5 <0.5
PM-2 <10 <2 <3 <1 <5 <05
$8-28 <10 2 <3 <1 <5 <05
TL-13 <10 8 <3 <1 <5 <0.5
TL-2T7A <10 <2 <3 <1 <5 <0.5
WHY -2 <10 <2 <3 1 <5 <05

(S

#. SMPLMISS., - SAMPLE WAS NOT RECEIVED AT XRAL



X-RAY ASSAY LAGORATDRIES 16-MAY-85 REPORT 24255 REF.FILE 19752-€4 PAGE & OF

SAMPLE CD PPM S3 PPM CS PPM LA PPM CE PPM ND PPM
C-9 <042 De3 3.1 5448 134 44
£-10 <0a.2 <De2 2.3 19.5 88 19
c-12 <0.2 <02 le6 2847 69 33
C-13 <0.2 <02 2.0 2545 59 29

_ D-42 <0.2 .2 1.9 102. 214 89
D-138 <0.2 1.0 Te7 91.5 199 - 101
DT-9 <0.2 0.8 22 8445 206 60
DT-24 <042 Oe7 2.5 111. 256 100
F-35% <0.2 0.5 3.3 ToeT 161 74
F-46 <0.2 0.2 3.0 6841 165 70
F-180 <02 <0.2 <De5 4746 104 = 50
F-248 <De2 <0.2 <0.5 4044 94 44
F-256 <0.2 <02 2.3 28.8 58 ; 28
F-278 <0.2 <02 2.0 145, 225 106
F-289 <042 <02 <0e6 37.9 83 33
GM-52 <0.2 0eb 1.5 8749 198 70
MI-28 <0.2 0e2 <0.6 35.4 T4 38
MI-40 <042 <02 1.2 92.8 221 67
ML~-1 <02 0.2 2.7 5603 138 43
ML-12 <042 046 le4 97.6 195 90
ML-32 SMP MISS SYP MISS SMP MISS SMP MISS SMP MISS SMP MISS
ML-34 <02 0.2 le7 4641 100 43
ML-37 <0.2 042 4ol Te7 23 11
NL-3 <042 <02 2.8 2642 53 217
pPM-1 <0.2 De2 2.1 6748 146 69
PM-2 <042 0.3 2.0 70.8 152 59
SB-28 <0.2 <02 2.4 19.7 45 22
TL-13 <0,2 0«3 <0.7 6e9 18 10
TL-27A <0.2 <0.2 1.2 38.0 220 30
WHY -2 0.2 0.2 <l.0 5947 141 68

SMP.MISSe -~ SAMPLE WAS NOUT RECEIVED AT XRAL



g

S5

X-RAY ASSAY LABORATORIES 1l6-MAY-85 REPORT 24255 REF.FILE 19752-€4 PAGE 5 OF

SAMPLE SM PPHM Ey PPM Y8 PPM LU PPH HE PPM TA PPM
-9 8.6 1.1 649 1.05 17 1
c-10 4e2 ].-ls 243 Ce43 3 <1
€-12 T+5 2.1 bo2 0.68 5 <1
€C-13 6.9 1.5 3.3 053 5 <1
D-42 2048 1.3 11.0 le74 15 2
0-138 2263 4.7 13.3 2415 27 3
DT-9 12.3 1.3 Bel l.24 138 2
DY-24 21.0 34 14.0 2.00 24 2
F-35 14.5 29 Tet 1.10 13 <1
F-46 17.2 4.2 9.9 1452 15 3
F-180 107 3.3 5«0 076 7 1
F-24R 105 2.3 6.6 1.0% 9 2
F-256 6.0 1.2 3.1 0«53 4 <1
F-218 19.0 2e5 3.8 l.26 15 2
F-2139 7.3 le6 3e4 De54 5 <1
GM-52 15.0 262 8.7 1.36 22 2
MI-28 6.8 l.0 3a7 D60 9 1
MI-40 11.6 lel 7.8 1.19 17 2
ML-1 8.0 lo4 5¢6 0.99 23 2
ML-12 17.5 245 8.3 l.23 13 2
ML-32 SMP MISS $4P MISS SMP MISS SMP MISS SMP MISS SMPp MISS
ML-34 9.0 2.0 3.6 0.61 5 <1
ML-37 264 1.5 1e7 De26 1 <1
NL-3 5.8 243 1.9 0«36 4 <1
PM-1 15.6 3.2 7.7 1.13 12 2
PM-2 12.93 2.3 6e7 1.05 13- 2
SB8-28 53 1.9 het 0.70 15 <1
TL-13 26 U.8 l.6 0.27 2 <1
TL-2T7A beh 0.8 6.7 l.12 20 1
WHY -2 13.8 243 Sel C.85 16 1

;:SMP.MISS. - SAMPLE WAS NOT RECEIVED AT XRAL

-



X-RAY ASSAY LABORATORIES 16-MAY-85 REPORT 24255 REFLFILE 19752-£E4 PAGE 6 OF

SAMPLE W PPM P2 PPM 31 PPM TH PPM U PPM
-9 <3 16 <0.5 12.0 2.5
c-10 <3 28 <0.5 lae4 Oeb
£-12 <3 32 <0a5 442 0.8
c-13 3 28 <0«5 2.8 0e6

i D-42 3 36 <0«5 - 20.0 6e3
D-134 <3 50 <0.5 1640 443
DT-9 <3 12 <0.5 1540 3.6
DT-24 <12 22 <05 1740 7.8
F-39% <3 24 <0e5 12.0C 249
F-46 <3 30 <0e5 9.2 246

h " F-180 <3 30 <0e5 4e2 1.0
F-256 <3 - - 26 <0e5 2.8 <0.5
F-289 <3 26 <05 349 Oeb
GM-52 <3 26 <0.5 16 .0 2.5
MI-28 <3 15 <045 9.1 3.5
MI-40 <3 10 <D.5 17.0 3.6
ML-1 <3 12 <0.5 10.0 3.3
ML-12 3 24 <De5 16«0 3.3
ML-32 SMP MISS SMP MISS SMP MISS SMP MISS SHMP MISS
ML-34 <3 36 <045 5.8 le7
ML-37 <3 26 <05 0.5 <De5
NL-3 <3 28 <0.5 3.0 1.2
PM-1 3 30 <0.5 9.5 2.5

T PM-2 <3 14 <0e5 13.0 3.9
SB8-28 <3 32 <0.5 3e2 0.9
TL-13 <3 28 <0.5 0e5 <le5
TL-27A <3 12 <0.5 17.0 3.0
WHY =2 3 26 <05 8,0 2.7

SMP.MISS. — SAMPLE WAS NOT RECEIVED AT XRAL



X X RRRRR A LL
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XX XX RR RR AL AL 1 1O T O I
X X RR R Al AA 1 O I

XRF — WHOLE ROCK ANALYSIS

UNIVERSITY OF MINNESOTA

Attn: J C. GREEN CUSTOMER No. 1088
GEOLOGY DEPT-LITHOCHEMISTRY

DULUTH, MINNESOTA 35612 DATE SUBMITTED
USA 2-MAY-85

REFPORT 24297 REF. FILE 19396 DATE REPORTED 2Z—-MAY-—85

XRF W. R. A SUMS INCLUDE ALL ELEMENTS DETERMINED.
FOR SUMMATION ELEMENTS ARE CALCULATED AS OXIDES.



X-RAY ASSAY LABORATORIES 22-1AY-35 REPORT 24297  REFEREMCE FILE 198%6 PAGE 1

SAMPLE S102  AL203  CAD MGO NA2G K20 FEZ03  MNO TIOZ P05 CR203 LOI SUM

AN-1 88 17.3 907 162 433 292 &7 009 106 0B - L77 100.3
BAB-9 8.1 144 B 566 283 121 154 0.19 3% 047 - 0.16 100.5
c-4 .35 183 9.81 388 281 09 111 .14 222 030 002 116 100.3
C-23 56.4 128 600 274 310 193 129 0.18 i.95 0.24 <0.01 116 996
oe-1 5.0 151 7.68 277 336 167 137 614 321 032 — 1.60 100.3
£e-2 49.1 147 887 5.5 272 0.8 153 0.1y 221 077 — ~ 0,47 100.3
23 0.1 172 %66 393 2% L1000 120 v 0.15 240 0% - 0.31 100.4
I-62 47.5 123 871 43 211 121 158 0.26 397 068 --; 3.08 1001
b-128 9.3 126 305 331 294 253 174 0.23 419 057 - 1.23 100.3
D-130 482 157 1.2 714 253 042 126 0.1 091 011 - 1.47 100.5
DG-37 431 1.87 135 138 0.29 002 220 .31 454 003 006 003 9946
B6-31 26.3 255 217 167 017 005 358 0.3%9 167 .03 -— 077 100.2
F-92 N2 135 3.8 399 301 174 111 .20 2¢2 031 - 293 100.1
F-1250 723 1LS 0.64 037 V 1.98 660 524 006 042 005 034 070 100.7
F-237 335 106 658 04 319 178 187 0.34 164 027 —- 308 100.3
F-275 47.7 157 7860 521 278 079 163 0.1y 232 021 004 100 100.1
GP-47 60.5 131 422 123 3163 316 992 012 133 027 - 223 100.0
H-15 750 117 0.14 021 3468 461 320 003 032 003 -—- 0.70 99.8
KL-1 9.1 230 102 324 33 04 912 o1l L15 037 -—  -0.23 1001
MCC-13 8.0 127 411 Let 302 395 124 0.14 169 033 - 1.77 100.2
MI-26 733 121 0.43 043 316 55 34 009 032 003 — 103 100.2
NL-2 6.2 149 L70 110 44 257 68 010 05 009 — 1.23 100.1
PD-1 4.6 0.62 033 429 0.16 001 822 013 002 001 - 3.08 939.7
FW-36 7.1 161 972 460 274 0.61 157 0.15 312 01% - 0.00 100.1
$B-105 5.6 123 263 0.42 4464 330 942 013 08 011 - 0.85 100.5
T-63 49.3 163 972 515 267 062 127 016 171 0 — 1.62 100.3
T-84 9.8 130 805 493 257 0.9 154 0.18 2462 030 001 254 100.5
T-%6 9.2 1246 w02 18 337 201 L9 018 L% 072 - 1.47 100.5
VC;226-7C 485 123 .19 3462 273 L& 175 018 424 053 — 0.93 9%.6

VC-227-4 66.0 149 0.82 297 273 121 673 006 068 014 - 277 100.2
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X-RAY ASSAY LABORATORIES LIMITED
1885 LESLIE STREETs DON MILLS, ONTARIO M33 3J4

PHONE 416-445-5755 TzlEX 06-986947

CERTIFICATE OF ANALYSIS

TO: UNIVERSITY OF MINNESOTA

ATTN: J.C. GREEN CUSTOMER NO. 108
GEOLOGY DEPT-LITHOCHEMISTRY
DULUTHy MINNESOTA 5581¢ DATE SUBMITTED
USA 23-MAY-85
(ZYHND
REPORT 24451 o REF. FILE 20020-PH

30 PULPS PoDs Q175870 PROJ LGC

WERE ANALYSED AS FOLLOWS:

METHOD DETECTION LIMIT
AU PPB NA 10.000
SC PPM NA 0.100
CO PPM NA 1.000
NI PPM oCcP 1.000
CU PPM pee 0,500
IN PPM pce 0.500
AS PPM NA 2,000
SE PPM NA 3.000
BR PPM NA 1.000
MO PPM NA 5,000
AG PPM pce 0.500
CD PPM oce 0.200
S8 PPM NA 0+200
CS PPM NA 0.500
LA PPM NA 0.500
CE PPM NA 3.000
ND PPM NA 5000
SM PPM NA 0.100
EU PPM NA C.200
Y8 PPM NA 0.200
LU PPM NA 0.050
HF PPM NA 1.000
TA PPM NA 1.000
W PPM NA 3.000
P8 PPM pre 2.000
81 PPM nce N0.500
TH PPM NA 0+500 !
U PPM NA 0.500

X-RAY ASSAY LAB /'/mnljs L MI&ED

i G A A j\
DATE 14-JUN-85 CERTIFIED BY {oaeldanliliidinest .




X-RAY ASSAY LABORATORIES 14-JUN-35 REPORT 24451 REF.FILE 20020-PH PAGE 1 OF

SAMPLE AU PPB SC PPM CO PPM NI PPM Cu PPM
AN-1 10 13.0 16 20 69,0
BAB-9 10 37.0 55 130 310.
C-4 50 27«0 35 79 220«
C-23 <10 32.0 30 30 120.
cQ-2 <10 39.0 54 110 - 250,
D-25 <10 29.0 35 73 220
D-62 <10 42.0 44 83 420
D-128 10 30.0 : 48 13 540.
D-130 <10 42.0 51 130 170.
DG-37 20 100. 100 410 2200.
DG-51 30 40.0 170 3 82.0
F-92 <10 32.0 40 39 - 9940
F-237 <10 33.0 8 440 910 .
F-275 10 21.0 57 100 200.
GP-47 10 150 11 11 120.
H-15 <10 2+3 37 3 7.0
Kt-1 <10 6e2 33 ) 210.
MCC-13 <10 21.0 15 5 120.
MI-26 <10 2.3 3 4 10.0
NL-2 10 Ts1 2 6 16.0
PD~-1 <10 F.4 1 2500 8.0
PW-58 <10 32.0 51 160 51.0
SB8-105 10 11.0 3 3 1640
T-65 <190 31.0 50 120 120.
T-86 10 41,0 48 45 200.
T-96 <10 2640 21 ] 2640
vC-226~-T7C 70 32.0 52 85 390.

VC-22T7-4 10 18.0 21 67 53.0



X-RAY ASSAY LABORATDRIES 1&4-JUN-85 REPORT 24451 REF.FILE 20020-PH PAGE 2 OF

SAMPLE IN PPM AS PPM SE PPM BR PPM MO PPM
AN-1 110. <2 <3 1 <5
BAB-9 180. 2 3 2 <5
C-4 140. 3 <3 <1 <5
t-23 170. 11 <3 2 5
cQ-1 220 3 <3 <1 <5
€Q-2 160, <2 <3 <1 <5
D-25 150. 2 <3 <1 <5
D-62 200, 2 <3 <1 <5
D-128 240 3 <3 1 <5
D-130 130. <2 <3 1 <5
DG-37 150, <2 3 1 <5
DG-51 280, <2 <3 <1 <5
F-92 150. <2 <3 1 <5
F-125A 150. 15 <3 <1 <5
F-237 200. <2 <3 <1 <5
F=-275 160 <2 <3 <1 <5
GP-47 180. <2 5 <1 <5
H-15 7640 2 &4 <1 5
KL-1 960 <2 <3 <1 <5
MCC-13 140. <2 <3 1 <5
MI-26 6440 110 3 1 <5
NL-2 140. <2 5 1 <5
PD-1 39.0 <2 <3 <1 <5
PW-58 170. <2 <3 <1 <5
$B-105 170, <2 <3 2 <5
T-65 130. <2 <3 <1 <5
T-86 150. 2 <3 <1 <5
T-96 170. <2 <3 1 <5
vC€-226-7C 200. 5 3 3 <5
VC-227-4 110. 4 <3 2 <5




X—-RAY ASSAY LABDRATORIES 14-JUN-85 REPDRT 24451 REF.FILE 20020-PH PAGE 3 OF

SAMPLE AG PPM CDh PPM SB PPM CS PPM LA PPM
AN-1 <05 <0.2 448 1.8 415
BAB-Q <005 (O-Z D.4 2-8 34'2
C“? (0.5 <002 0.3 6.0 2‘908
c-23 <05 <0e?2 Cet 4e2 3760
Ce-1 <045 <G0a.2 0.2 3.1 45 .0
CQ“‘Z <045 <0e2 <0.2 2ot 19.7
p-25 <05 <0.2 0.3 2e 4 33.5
D-62 <0.5 <0e2 06 {l.l 482
D-128 <05 <0.2 0.3 3.0 513
D-130 <05 <Js2 <0.2 <1.0 4.5
DG-37 1.5 <0.2 <02 <l1.0 2e%
BDG-51 0.5 <D.2 0.3 <0.5 1.2
F-92 <Ce5 <0.2 <0s2 1.7 36.1
F-125A <05 <0.2 De8 3.4 Thets
F“237 <De5 <042 <De2 l.9 758
F-275 <05 <0«2 <042 22 20.0
GP-47 <0.5 <0.2 0.3 4.0 7667
H-15 <045 <0-2 De 4 1.9 16.3
KL-1 <0.5 <0.2 <D.2 <D.6 19.1
MCC-13 <de5 <0.2 05 l.4 7243
MI-26 <0«5 <Ds2 1.7 2.8 T6.6
NL-2 <05 <0.2 0.3 1.8 105.
PD-1 0.5 <0.2 1.7 <0.5 <0.5
PW-58B 0.5 <0.2 De2 2.5 l6el
S$B8-105 <05 <0.2 <0.2 l.6 90«2
T-65 <D.5 <0e2 <J«2 2«0 254
T-86 <05 <0.2 <0.2 <l.1 32.9
T~-96 <O s 0.2 {0.2 1«6 61 o4
VC-226-T7C <D.5 <0.2 0.2 4.7 5448
vC-227-4 <0.5 <0.2 D.9 2e 4 32.3




X=RAY ASSAY LABORATORIES 1le-JUN=-85 REPORT 24451 REF.FILE 20020-PH PAGC & OF

SAMPLE CE PPM ND PPM SM pPM EU PPM YB PPM
AN-1 790 27 57 1.3 1.8
BAB-9 79 37 9.3 2e5 445
C-4 56 27 640 2.0 3.2
£-23 80 37 8.2 1.8 3.8
CQ-1 100 2 11.3 3.5 442
0’25 79 41 9.2 2.8 4e8
D-128 114 67 12.8 3¢5 4.9
D-130 12 g 2e2 0.9 202
CG-37 15 11 3.8 0.9 28
DG-51 6 <5 Deb 0.3 1.0
F-92 T T4 33 Te3 262 3eb
F-125A 172 70 1443 2.8 Tet
F=-237 166 30 2046 55 10.5
F-275 45 22 53 1.6 3.1
GP-47 157 75 1640 3.0 62
H-15 225 14 4e7 0.7 9.3
KL-1 44 23 5.1 1.3 2e4
MCC-13 168 73 19.0 4e2 10.7
MI-26 290 84 23.9 249 14.9
NL~2 215 105 19.8 501 4e5
PD-1 <3 <5 <0.1 <0.2 <0e2
PW-58 35 22 4e1 leb 1.9
SB-105 183 94 20.1 4e8 11.8
T-65 55 24 506 le7 29
T"Bb 75 44 Bab 2-2 50
T-96 125 59 117 3.3 43
VC-226-1C 117 62 13.4 4.3 5.3
vC-227-4 65 25 53 0.7 243



[ PSR

X-RAY ASSAY LABODRATORIES 14-JUN-85 REPORT 24451 REF.FILE 20020-PH PAGE 5 OF

SAMPLE LU PPM HF PPM TA PPM W PPM
AN-1 0.29 4 <1 <3
BA8-9 0.73 7 <1 3
C-4 0,49 5 <1 <3
c-23 0.62 6 <1 <3
cQ-1 0.63 8 1 <3
CQ-2 0.50 4 <1 <7
D-25 0.74% 6 <1 <3
D-62 1,05 10 1 <3
D~128 0.72 9 2 <3
D-130 0.37 2 <1 <3
DG-37 0.35 2 1 <3
DG-51 0.18 3 2 <3
F-92 0.53 5 <1 <3
F-1254A le14 19 2 <3
F-237 1.65 13 3 <3
F-275 D.48 5 <1 <3
GP-47 0.99 15 2 <3
H-15 1.53 18 5 210
KL-1 0.38 2 1 <3
mMcc-13 166 19 3 <3
MI-26 2.21 18 3 42
NL-2 D.65 17 4 <3
PD-1 <0,05 <1 <1 <3
PW-58 0.27 3 <1 <3
$B8-105 1.75 19 2 <3
T-65 0«46 4 <1 <3
T-86 0,78 7 2 <3
T-96 0.69 9 <1 <3
VC-226-7C 0.74 10 2 <3

VC-227-4 0.33 4 <1 <3



X-RAY ASSAY LASORATORIES 14-JUN-85 REPORT 24451 REF.FILE 20020-PH PAGE 6 OF

SAMPLE P8 PPM BI PPM TH PPM U PPM
AN-1 28 Ue3 Sed 2.1
BAB-9 10 Deb 6.5 leb
C"‘o 8 <05 3ot le4
C-23 12 <05 Te2 2.0
€Q-1 8 <0.5 603 1.6
€cQ-2 4 <De5 23 <Das5
b-25 6 <0e5 406 1.6
D-62 B <De3 6e5 25
D-128 5 <05 6.9 2.3
D-130 <2 <0e5 D5 <0.5
DG-37 10 1.0 <0.5 <0e5
DG-51 3 <0.5 <05 <0+5
F-92 8 <05 3e4 D09
F-125A 22 <045 11.0 3.3
F-237 4 <0e5 69 l.8
F-275 6 <D«5 2«8 0.9
GP-47 14 <045 12.0 442
H-15 14 <Ve5 19.0 3.3
KL-1 6 <D«5 1.9 0.5
MCC-13 14 <05 12.0 3.5
MI-26 14 05 2040 443
NL-2 16 <0.5 16.0 1.6
PW-58B 4 <05 1.9 <De5
$8-105 6 <0+5 14.0 3.2
T-65 6 <0.5 2+3 <05
T-86 10 <0.5 4.2 D9
T-96 10 <045 567 le4
VvC-226-7C 10 <05 Te2 243
VC"227"4 16 Oe5 Teb 2:9



X=R4Y A5SAY LARBCRATCOIES LIMITCE

188  LESULIE STRELT, CON MILLS, CNTARIC ¥33 3J4
PHCNE 416-445-575¢ TELEX CE-GREG4T

CoRTIFICATD CF ANALYSIS

TC: UNIVERSITY CF MINNESTSTA o
ATTAS Jele GREEN CLSTCOMER MNG. 1082

CECLCCY CEPT-LITHCCHIMISTRY

CLLUTFy MINNESCTA K812 LATE SUSMITTEL

usSa 18-Jui-§€5
REPCRTY 25C2¢C Coe RFEF. FILE 20572-C1

€S FULPS FPe3e CL75213 PRLCUL. CAR-LCC

WERE ANALYSED AS FOLLOWS:

METHCC CETECTICN LIVMIT

Y PpM ARF 3.CCC
IR PPV XD F 3.CCC
hNE PPM XoF 2. CC
SN PPN EMs 2.CCC
Le PPN MNA C.1CC
CE PO¥ NA 1.CCC
NC pevV NA 3.CCC
Sy ppy NA CaClC
gL pPOM WA C.CEC
TE ppw A Cel1CC
Y& PpPM R C.CE:C
LL PPN NA CaC1lC
. PPM fNA 1.CCC
T+ PHBM AR 1C.CCC

A-RAY £S5SAY LABC?{\TCRI(b LIMIYEL

NATE 13-ALC-3¢ CERTIFIED TV “sessessssenescsgens

L
T

P

1



NCTE:T CETECTICN LIMITS FCR Y. ZRs NG BRE

CLEVATELD DU TU Skali S2MPLE SIZC.




X~RAY ASSAY ULAPCRATCRIES
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15~
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Y per

11C
70
tC

en
v

60
20
4C
40
3C
5¢
5C

3C

20C

~

U

-8% RLPCRT 25C3C

HOPPRYN NE P
180 10
32¢ 2C
“50 4Q
104 20
284 <1¢
27C 20
310 3¢
271G 3C
400 2C
£10 10
370 2C
18¢ <1¢
21¢C 1C
230 <1lC
150 1C
182 <l¢
26 <16
&80 3C
3290 2C
&30 2C
320 2C
310 i
15¢ <1t
25C 30
i2¢ 2¢C
160 2C
zaC <1g
265G <190
R0 1CG
128 <16
27C 2C
310 3C
25 EAN
423 3C
28 1
310 2¢
176 1¢

REFLFTILE

2N8l2-D1 PAGE
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== 16~5
5 _—
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3 - -
<3 -~
- 29.8
<3 -~
3 -
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X-RAY AS5AY LAPCRATCRIES 13-AUG-85 ROPORT 25(C20 REfWIMILE 20872-D1 PAGE 2

SAMPLE Y opu IR oPEw NE PP SN PPN L ppe
LW-56 40 26¢C <10 -- 18.2
Li-57 2¢C AG <10 -~ --
Lw-52 3¢ 170 <1c -- --
M-T126 30 120 <1g -- -~
¥-72¢8 3¢ 120 <1e -- -
M-T3€5 40 23¢ 2¢ -~ --
M-74C2 3c 150 c -- --
M-T671 1e 50 <1¢ -- -~
#C-1 -- -- -- 3 --
MI-11 -~ -~ -~ <3 --
ML-1 -~ ~ -- <3 --
pP-7 25 20¢ <1c -- --
PP-15 40 320 2¢ -- -

Pp-24 30 100 <1c -- --
PP-35 4C 240 10 -- --
PP-3¢ 20 110 <1 -- --
vC-221-14 -- -~ -- -- 5243
WHY -2 -- -- -~ <3 - --

20-3-¢C 3C 179 <1¢C - -




¥X-RAY ASSAY LARCRATCRIES 13-AUG-385 REPORT 25C3C RiEF.FILE 203572-C1 PAGE 3

SAMPLE CE PPy NG PPN SK PpH EL PP¥ TE pPM

OF



X~-RAY a4aSSAY LAECRATORIES 13-AUC-RS REPORT 25C20 REF.FILE 20S72-01 PAGE 4

SeMPLE C: PEM K PPM S¢ PPy EL PPV TG PP

M-7126 -- -- -- - --
M-7268 -- -- -- -- --
“-73¢6 - - -- -— --
M-T4C2 -- -- -~ - -
M=TET1 -- -- -- -~ -
MC-1 -- -- -- -- -
MI-11 -~ . -~ -~ -- --
ML-1 -~ -- -- -- S --
PP-1 -- -- -- -- --
PP-15 R -- -- -- . -
PP-34 -- -- -~ -- --
PP-35 -- -- -~ -- -~
PP-36 -~ -- - -~ -~
VC-221-14A 115 61 12.7 3.58 1.8
WHY =2 -- -- - -~ --
26-3-C -- -- -- -- --




X—RAY ASSAY (28CRATCRIES 13-40L5-85 KEPGRT

SAMPLE

LL PPN

~J

5¢C

(9%

~
v

REFeFILE 20387¢-D1

Mo ormoen s B o B B o Bap B B o)
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LY IRve DN B e NN S I ORI LI e S I & IR &
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w o |
™~ 22 oMo
[ I B o)
N P =J

M-21
GM-31
GP~11
GP-16
GP=-24
GP-3¢C
GP-¢&C
GR-2
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LW-8
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X-RAY ASSAY LABCRATCRIES

SAMPLE

REFLEILE

6572-51

LA~S¢
LW-57
Lw-58
M-T7126
M—-72€8
M=-73¢6
M-74C ¢
M-7€71
MC-1
Mi-11
ML-1
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PP-15
PP-34
pp-3S
PP-3¢€
vC-221-14
WHY=2
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-RAY ASSAY LABORATORIES

1835 LESLIE STRELT,

PHONE 415-445-5755

DON MILLS

LIMITED
DNTARIO M38 3J4

TELEX 06-986947

CeRTIFICATE 0OF ANALYSIS

TO: UNIVERSITY OF MINNESCTA
ATTN: J.Ce GREEN
GEOLOGY DEPT-LITHOCHEMISTRY
DULUTHs MINMNESOTA 55612
Usa '

REPORT 247756

28 PULPS
WERE ANALYSED

METHDD

CR PPM MA

CATE 18-JUL-85

2% UNLESS INSTRUCTED OTHERWISE wWE

AS FOLLOWS:

CUSTOMER NO. 1088

DATE SUSMITTED
25-JUN-85

REFe FILE 20307-51

DETECTION LIMIT
10.000

CERTIFIED BY eaieowy

L \

WILL DISCARD PULPS 1@5‘5‘?3****-m~.

AND REJECTS 20 DAYS FROIM DATE JF THIS REPIRT



SAMPLE

X-RAY ASSAY LA3DRATIRIES

13-JUL-35

3001-21.4

200

REPORTY 24776 REFLFILE

20307-S1 PAGE

1



X X RRRRR A LL

XX XX RR RR ARA LL
XX XX RR RR AA AA LL
XXX RR RR AR AA LL
XXX RRRRR AAAAAARA LL
XX XX RR RR AR AA LL
XX XX RR RR AR AA LLLbLLLL
X X RR R AR AA L

XRF - WHOLE ROCK ANALYSIS

UNIVERSITY OF MINNESOTA

Attn: J.C. GREEN CUSTOMER No. 1088
GEOLOGY DEPT-LITHOCHEMISTRY
DULUTH, MINNESOTA 35812 DATE SUBMITTED
UsA 18-JL-85
REPORT 25134 REF. FILE 203585 DATE REPORTED 21-AUG-85

XRF W. R. A, SUMS INCLUDE ALL ELEMENTS DETERMINED.
FOR SUMMATION ELEMENTS ARE CALCULATED AS OXIDES.



X-RAY ASSAY LABORATORIES 21-AUG-83 REPORT 25134  REFERENCE FILE 20385 PAGE 1

SAPLE 5102 A203 CAD M0 NA20 K0 FEX3 MO TIOZ PXS Ll G
o 2 119 763 413 310 126 169 020 513 040 085 988
D126 39 122 A% 226 33 3M 153 018 245 09 062 9.4
KL-4 5.7 13 7.9 S0 267 13 138 017 2% 038 02 1003
n-n 7.2 105 048 030 274 480 308 — 02 003 062 1004
M3 5.5 138 730 514 299 128 134 019 207 042 185 1001
PH-1 5.2 127 7.0 345 33 18 149 019 310 0% 039 9.2
Ph-5 08 127 109 0 392 510 AR -— 082 004 047 101
1-18 SL8 126 772 3% 273 12 156 020 28 0% 047 999
TL-114 85 157 931 634 291 09 119 016 1462 018 208 957
™12 77 121 08 079 315 516 305 — 034 004 077 100.2

¥C-230-3 e 129 370 43% 230 1467 152 0.24 3143 038 423 93



SAMPLE RB SR Y R NB  BA
-6 0 30 20 240 0 340
D-126 100 340 &0 40 80 710
KL-4 {10 230 30 20 N 370
n-32 10 0 &0 620 40 25
n-3 20 310 40 190 30 430
PH-1A 70 260 60 430 &0 510
PH-4 240 60 120 90 90 1070
T-18 0 240 0 260 % 510
TL-114 20 20 20 130 30 200

™-12 170 180 70 460 40 910

VC-230-3 50 140 S 320 20 3%



X-RAY ASSAY LABORATORIES LIMITED
1885 LESLIE STREET, DON MILLSy ONTARID M38 3J4

PHONE 416-445-5755 TELEX 06-9B6947

CERTIFICATE OF ANALYSIS

TO: UNIVERSITY OF MINNESOTA :
ATTN: J.C. GREEN CUSTOMER NDO. 108¢%

GEOLOGY DEPT-LITHOCHEMISTRY

DULUTH, MINNESQTA 55812 DATE SUBMITTED

USA 18-JUL-85
REPORT 25134 REF. FILE 20585-H4

11 PULPS P.0O. Q179213 PROJ. DNR-LGC

WERE ANALYSED AS FOLLOWS:

METHDD DETECTION LIMIT
AU PPB NA 10.000
L1 PPH AA 10.0G0
BE PPM pLP 10.000
B PPM pce 10.000
WRMAJ % WR 0,010
SC PPH NA 0.100
vV PPM DCP 10.000
CR PPM NA 2,000
MN PP ocP 2.000
CC PPM NA 1.000
NI PPM pee 1.000
CU PPM DLP 0.500
IN PPM De P 0.500
GE PPM bCe 10.000
AS PPM NA 2.000
SE PPM NA 3.000
BR PPM NA 1.000
WRMIN PPM WR 10.000
MO PPM NA 5.000
AG PPM pCP 0.500
CO PPM oCe 0.200
SB PPM NA 0.200
CS PPM NA . 0.500
LA PPH NA 0.500
CE PPM NA 34000
ND PPM NA 5.000
S5M PPM NA G.100
EU PPM NA 0.200
YB PPM NA 0.200

Ly PPM NA 0.050



METHOD DETECTION LIMIT

HE PP#M NA 1.000
TA PPM NA 1.000
W PPM NA . 3.000
P8 PPM pee 2.000
BI PPM bee 0.500C
TH PPM NA 0.500
U PpPM NA 0.500

X-RAY ASSAY LA3ORATORIES LIMITED

DATE 21-AUG-85 CERTIFIED B8Y




NCTE @ CETCCOTIDN LIMITS ARE VARKTAMLE

CUF TO THE GATURE OF SAMDLES,




X~-RAY ASSAY LABORATORIES 21-AUG-85 REPDRTY 25134 REF.FILE 20585-H4 PAGE

SAMPLE AU PPB Ll PPM BE PPM g PPM SC PPM
€Cb-6 <10 30 <10 30 41.0
0-126 <190 20 <10 40 2640
KL-4 <10 30 <10 40 230
ML-32 <10 10 <10 10 1.8
ML-36 <10 20 <10 50 34.0
PH-1A <10 20 <i0 30 31.0
PW-6 <10 10 <10 20 4.3
TL-18 <10 20 <10 30 33.0
TL-114 <10 20 <10 40 3640
TM-12 <10 20 <10 20 540

VvC-230-3 <10 20 <10 40 47.0



X—~-RAY ASSAY LABORATORIES 21-AUG-85 REPORT 25134 REF.FILE 20585-H4 PAGE 2 OF

SAMPLE CR PPM MN PPM CO PPM NI PPM CU PPM IN PPM
co-6 4 -- 45 46 140. 260,
D-126 <2 -- 2 15 170. 190.
KL-4 100 - 45 120 230 160.
ML-32 6 300 <1 230 17.0 56.0
ML-36 96 - 45 85 4340 170
PW-1A 17 -- 34 38 2004 190.
PW-6 <2 440 1 5 2440 140.
TL-18 32 -— 43 54 8840 170.
TL-114 210 - 45 140 160, ' 130.
TM-12 11 310 3 16 24.0 90.0

vC-230-3 11 -- 46 16 340 5940




X—-RAY ASSAY LABORATORIES 21-AUG-B5 REPORT 25134 REF.FILE 20535-H4 PAGE 3 GF 6

SAMPLE GE PPM AS PPM SE PPM BR PPM Mg PPM AG PPM
CD-6 <10 <2 <5 3 <5 <05
D-126 <10 2 <4 2 <5 <0e5
KL-4 <10 <2 <3 <1 <5 <0.%
ML-32 <l0 P <3 1 <5 <05
ML-36 <10 <2 <3 <1 <5 <05
PU-1A <10 3 <3 2 <5 <0.5
PH-6 <10 <2 <3 1 <5 <05
TL-18 <10 <2 <3 <1 <5 <0+5
TL-114 <10 2 <3 1 <5 <05
TM-12 <10 <2 <3 1 <5 <0.5
vC-230-3 <10 4 3 <1 <5 <0+5



X-RAY ASSAY LABORATORIES 21-AUG-BS5 REPORTY 25134 REF.FILE 20585-H4 PAGE 4 OF

SAMPLE CO PPM S8 PPM CS PPM LA PPM CE PPHM ND PPM
CD-6 <02 0.7 23 3344 16 39
D-126 <0.2 0.3 262 T45 157 88
KL-4 <0.2 0.2 265 30.9 63 34
ML-32 <042 <02 1.2 Bb6e2 169 69
ML-36 <0.2 <0e2 1.9 3041 63 . 30
PW-14A <0.2 D3 3.8 67.2 145 - 87
PW-06 <0.2 0.2 1.8 120. 237 134
TL-18 <042 <02 <05 4l.6 87 37
TL-114 <0.2 De3 <0e5 14.1 35 ' 18
THM-12 <0.2 Oet 2s1 8B7.6 174 o 67

23 27 4346 91 58

VC-230-3  <0.2




X—-RAY ASSAY LABORATORIES 21-AUG-85 REPORT 25134 REF.FILE 20585-H4 PAGE 5 OF

SAMPLE S PPHM tyU PP YB PPM Lty PPM HF PPM TA PPM
CD-6 9.0 2.2 3e4% 0047 6 1
D-126 17.7 3.0 be 4 0.9C 12 2
KL-% 7.3 1.7 3.7 Ce56 6 1
ML-32 l4al 23 7.5 1.00 16 <1
ML-36 7.0 1.3 2.8 0,44 4 <1
PW-1A 14.7 3.1 Se9 0.87 10 2
Pw-6 215 2.9 10.0 1.38 23 3
TL-18 Bett 243 3.3 De52 5 1
TL-114 4.4 1.1 249 Je35 3 <1
TM-12 137 1.3 5.9 U«86 13 2
vC-230-3 10.3 2.0 445 0.63 8 1



X-RAY ASSAY LABORATORIES 21-AUG-85 REPORT 25134 REF.FILE 20585-H4 PAGE 6 OF

TM-12 3 13 <0.5
VC-230-3 <3 14 <05

—

SAMPLE W PPM P3 PPM Bl PPH TH PPH U PPM
CD-6 <3 14 0.5 3.6 la5
D-126 <3 14 <05 9.5 3.9
KL-4% <3 14 <045 4.0 l.1
ML-32 <3 12 <0e5 9.6 25
ML-36 <3 12 <0e5 1.9 0.6
PH~-1A <3 L6 <0e5 962 246
TL-18 <3 14 <D.5 3.6 0.5

le3 0e5
5.0 4.1
662 245





