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INTRODUCTION 

In 1986, the Minnesota Geological Survey (MGS) continued a program of 
scientific test drilling for the purpose of acquiring a better understanding 
of the Precambrian bedrock of Minnesota. The work was undertaken as part of 
Minnesota's contribution to CUSMAP projects of the U.S. Geological Survey 
(USGS) in the International Falls and Roseau 1 0 x 2 0 quadrangles. The acronym 
CUSMAP refers to Conterminous United States Mineral Appraisal Program, a 
cooperative undertaking of the USGS and state geological surveys that, in the 
case of Minnesota, involves federal funding of high-resolution aeromagnetic 
surveys and state funding of follow-up test drilling and limited geologic 
mapping. 

The area investigated in the 1986 core drilling (area D, Fig. 1) is 
covered by variable thicknesses of unconsolidated surficial deposits of 
Quaternary age. Although Precambrian bedrock outcrops occur locally in the 
eastern part of the study area, the only way to sample the bedrock in areas 
covered by surficial deposits is by core drilling. This circular contains 
summarized descriptions of basic lithologic and chemical data derived from the 
18 cores retrieved in the drilling. Brief descriptions of the surficial 
deposits overlying the Precambrian bedrock are also provided. The results 
from the scientific test drilling from 1980 to 1985 are published in MGS 
Information Circular 23 (Southwick and others, 1986). 

The 1986 drilling project was designed to define more clearly the buried 
westward extension of the Rainy Lake-Seine River fault zone and to determine 
the sources of poorly understood aeromagnetic signatures in the Wabigoon 
subprovince rocks lying north of the fault zone. The fault zone and the 
Wabigoon terrane contain significant mineral deposits along strike to the 
northeast in Ontario, where they are exposed (Poulsen, 1982, 1983, 1984; 
Blackburn and others, 1985). 

The selection of drilling targets was guided by as yet unreleased high
resolution aeromagnetic data obtained by the USGS as part of CUSMAP. The 
aeromagnetic data were acquired by a proton precession magnetometer flown 300 
feet (100 m) above the ground along flight lines spaced 1/5 nautical mile 
(approximately 1/4 mile) apart. 

A secondary objective of the drilling program has been the acquisition of 
subsurface data on the stratigraphy, lithology, and thickness of the 
Quaternary surficial deposits which overlie the Precambrian bedrock. A recon
naissance map of the surficial deposits in the Roseau 1 0 x 2 0 quadrangle 
(1:250,000) will be published in 1988. 

LOGISTICS AND DRILLING METHODS 

The drilling was done on state land wherever possible and on private land 
where necessary. Permission was obtained from the Department of Natural 
Resources to drill on state-owned land or from the individual landowners to 
drill on private land. Landowners retained title to all mineral rights. 
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Figure 1--Areas investigated by scientific drilling program. 
Area A: targeted on the Great Lakes teconic zone, Cuyuna district, and 

Cuyuna-Mesabi gap (65 holes). 
Area B: targeted on basement-cover relationships and geologic struc

tures along the south margin of the Animikie basin (11 holes). 
Area C: targeted on geologic structures within the main bowl of the 

Animikie basin (7 holes). 
Area D: targeted on westward extension of the Rainy Lake-Seine River 

fault zone and aeromagnetic signatures north of it in Wabigoon 
subprovince rocks (21 holes). 
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conventional rotary-drilling equipment was used to penetrate the uncon
solidated surficial deposits consisting of Quaternary glaciogenic materials 
and pre-Late Cretaceous saprolitic regolith developed on Precambrian bedrock. 
A 6.25-inch (15.9 cm) diameter hole was drilled through the unconsolidated 
material and as much as 5 feet into hard bedrock. A rotary core barrel (size 
HX) and an impregnated bit were used for coring into Precambrian rock. An 
effort was made in all holes to core 10 feet (3 m) of bedrock. Of the 21 
holes drilled, only 18 cores were recovered, ranging in length from 3 to 10 
feet. Only the 18 drill holes resulting in core are included in this cir
cular, although the logs of the other 3 holes are on file in the offices of 
the MGS in St. Paul. 

In the project area, the Quaternary glaciogenic deposits ranged in 
thickness from 30 to 248 feet (9-76 m), and the regolith from absent to 117 
feet (0-36 m). The drilling was done by Petersen Drilling Company of 
Virginia, Minnesota. 

Mudline cuttings from the unconsolidated overburden were continuously 
moni tored and described by the drill-site geologist. Samples were collected 
at approximately 5-foot (1.5 m) intervals. The unconsolidated interval of 
many holes was logged by down-hole geophysical methods to help refine our 
understanding of the stratigraphy. These geophysical logs are on file at the 
MGS. 

The drill cores of Precambrian rock were logged megascopically and 
described petrographically after one to three thin sections were cut for each 
core. Selected samples from the cores having the most interesting mineral 
potential were sent off for geochemical analysis. The geochemical work was 
performed by analysts at Geochemical Services, Inc. of Torrence, California. 
All cores, overburden samples, and geophysical logs are available for public 
examination at the MGS offices. 

ORGANIZATION OF THE DATA 

The following section includes basic data for every hole from which a 
sample of Precambrian rock was recovered. The data are organized geographi
cally by county, and the four counties involved are arranged alphabetically. 
Within a county, the drill holes occur in numerical order. The location of 
each hole is shown approximately on the appropriate county maps. Locations 
are described precisely on each log in the abbreviated township-range-section 
(T-R-S) system (see below) and plotted on a 1:24,OOO-scale topographic map of 
the particular section of land in which the hole was drilled. 
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Explanation of the abbreviated T-R-S system 

A great majority of townships in Minnesota are north of a zero standard 
parallel and west of a zero principal meridian. Therefore every Minnesota 
township is T.(Y)N., R.(X)W., and, since T. and R. are understood and N. and 
W. apply to all, a particular township can be specified as Y-X. For example, 
T.1 30N., R. 33W., the legal description of Hartford Township in Todd County, 
can be abbreviated as 130-33. Section 29 of Hartford Township would be indi
cated 130-33-29 in the abbreviated T-R-S system. More precise locations 
within a legal section can be specified by the ABCD system, which is a simpli
fication of the "NW1/4SE1/4 ••• II system that traditionally has been used in legal 
land descriptions. In the ABCD system (Fig. 2), A is the northeast quadrant, 
B is the northwest quadrant, C is the southwest quadrant, and D is the south
east quadrant, and the largest quadrant pertaining to a location is given 
first. For example, the location of a hole in the NE1/4 of the SE1/4 of the 
SW1/4 of the SW1/4 of the NW1/4 of section 29, Hartford Township, Todd County, 
would be described as 130-33-29 BCCDA. 

B A 

B A 
B 1 A 

0 iBIAC-
~c~ 0 CiD 

C D 

Figure 2--Location of the hole 
in the example given. 
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Field number 1986-CUSMAP-21 Date Completed __ ~9~/~5~/~8~6 ____________ __ 

MGS unique number 238625 

MGS lab number 2559 -------------------

LOCATION (see map at right) 

T-R-S 158-36-30 AACDDA -----------------------------
County Beltrami 

Quadrangle __ ~G~a~t~e~s~C~o~r~n~e~r~7~.~5~' __ __ 

HOLE PARAMETERS 

Surface elevation 1260 + 5 ft 

Total depth 377 ft 

Elevation , top of 
Precambrian rock 1052 ft 

Core diam . 3 in 
------~~~------------

Length of core run 367-377 ft Core recovered 10 ft 
----~~~---------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-8 
8-67 

67-71 
71-97 
97-120 
120-122 
122-243 

243-360 

360-377 

Description 

QUATERNARY DEPOSITS 

Sand and gravel 
Silty till, olive gray to light olive gray . Clasts of carbonate, 
mafic rock, granite . Calcareous . Seams of sand and gravel at 
14-23, 27-34, 49-51 ft 
Clayey till, gray . Hard, calcareous 
Sandy clay till, gray. Clasts of carbonate. Calcareous 
Layers of sand, sand and gravel with clay 
Clay, light olive gray, hard 
Sandy till, olive gray, with gravel, boulders, and clay-rich zones. 
Clasts of granite, carbonate, schist, metabasalt and other dark, 
fine-grained rocks 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, greenish gray, with zones of sound rock 

SOUND PRECAMBRIAN ROCK 

Crenulated phyllite 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Crenulated chlorite phyllite. 

Mineralogy: Principally chlorite (more than 90% of some layers) together with 
quartz, plagioclase, epidote; lesser amounts of sphene, clinozoisite, calcite. 

Texture: Very fine grained (0.03-0.15 mm) with crenulated foliation. Very 
fine scale compositional layering defined by modal variations in chlorite and 
quartz. 

Structure: Strong layer-parallel schistosity is deformed into complex and con
voluted fold geometry by crosscutting crenulation cleavage. 

CHEMICAL DATA 

Rock type analyzed: ____ ~n~o~a=n=a==l~y~s~e~s~ ____ _ 
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Field number 1986-CUSMAP-2A ---------------------- Date Completed 10/24/86 
----~~---------------

MGS unique number 238693 

MGS lab number 2578 --------------------

LOCATION (see map at right) 

T-R-S 158-28-27 CBAABB -----------------------------
county Koochiching 

Quadrangle Fairland 7.5' ------------------------

HOLE PARAMETERS 

Surface elevation 1160 + 2 ft 

Total depth 153 ft 

Elevation, top of 
Precambrian rock 1020 ft 

Core diam. 3 in 

Length of core run 143-153 ft Core recovered 9.75 ft -------------------------
ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-9 
9-31 
31-50 
50-85.5 
85.5-114 
114-125 
125-130 

130-141 

141-153 

Description 

QUATERNARY DEPOSITS 

Sand ~nd gravel, brown. Clasts of carbonate 
Clayey till, pale yellow to gray. Clasts of carbonate, shale 
Loamy till, gray. Clasts of carbonate, shale 
Silt to silty sand, gray. Clasts of carbonate, shale 
Loamy to clayey till, gray to light gray. Clasts of carbonate 
Clayey silt, gray to light gray 
Silty fine sand 

REGOLITH ON PRECAMBRIAN ROCK 

Highly fractured rock 

SOUND PRECAMBRIAN ROCK 

Granodiorite 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Dominantly gneissic biotite granodiorite in contact with 
less gneissic granite; granite presumed to be younger intrusion because it is 
less foliated, but contact relations are not definitive in core. 

Mineralogy: Granodiorite contains microcline (15%), plagioclase (50%), quartz 
(20%), biotite (15%), together with accessory zircon and small amounts of 
secondary biotite, sericitic muscovite. The granite contains more K-feldspar, 
less plagioclase and trace amounts of chlorite, Fe-oxides after biotite. 

Texture: Megascopically, the granodiorite is medium to coarse grained; 
however, microscopically, a trimodal grain size is evident. Coarsest crystals 
(2-6 mm) resemble megacrysts in finer grained matrix (0.2-0.5 mm). Very finest· 
fraction (0.05 mm) occurs as clumps of tiny granular quartz and biotite. 
Potassium feldspar shows patchy and lamellar microperthite; plagioclase moder
ately to highly sericitized. Coarser quartz strained; plagioclase bent or 
fractured. 

Structure: Statistically homogeneous gneissic rock; gneissic fabric defined by 
oriented mica, shape of largest quartz and feldspar grains. 

CHEMICAL DATA 

Rock Type analyzed: no analyses 
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Field number 1986-CUSMAP-3A 
----~~~~~~~~--

Date Completed ___ '_OLI_2_7LI_8_6 __________ __ 

MGS unique number 238694 

MGS lab number 2579 --------------------

LOCATION (see map at right) 

T-R-S 158-28-35 ADDDD -----------------------------
County Koochiching 

Quadrangle ____ F_a_i_r_l_a_n_d __ 7_.~5 __ ' ______ _ 

HOLE PARAMETERS 

Surface elevation 1146 + 5 ft 

Total depth 249 ft 

Elevation, top of 
Precambrian rock 967 ft 

Core diam. 3 in 

Length of core run 239-249 ft Core recovered 10 ft -------------------------
ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-13 
13-47 
47-105 

105-158 
158-179 

179-223 

223-249 

Description 

QUATERNARY DEPOSITS 

Silty clay till, yellowish brown. Carbonate, shale clasts 
Sandy till, olive to gray. Carbonate, shale clasts 
Coarse sand and fine gravel; artesian water . Carbonate, shale 
clasts 
Sandy clay till, gray. Carbonate, shale clasts 
Silty fine to coarse sand. Carbonate, shale clasts 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, white to light greenish gray. Intermittent zones of 
hard rock, 219-223 ft 

SOUND PRECAMBRIAN ROCK 

Migmatitic biotite paragneiss 
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PETROGRAPHIC DESCRIPTION OF ROCK 

principal rock type: Migmatitic biotite paragneiss consisting of biotite 
schist melanosome (70% of rock) and coarse-grained leucogranite leucosome (30% 
of rock). 

Mineralogy: The melanosome in the uppermost 5 feet of core consists chiefly of 
plagioclase, quartz, biotite, and garnet that have been variably retrograded to 
chlorite, clinozoisite, sericitic muscovite, and more albitic plagioclase. In 
the lowermost 5 feet of core the melanosome consists primarily of the 
retrograde mineral assemblage. Veinlets of calcite and quartz, locally with 
epidote, occur throughout. The leucosome consists predominantly of quartz and 
feldspar. 

Texture: Complex textural relationships are the result of metamorphic pro
cesses followed by repeated episodes of brittle and semi-brittle shearing. 
Where unaffected by transecting shear zones, the melanosome is fine to medium 
grained, neoblastic, and possesses a penetrative schistosity. Within shear 
zones, which occur at all angles to the schistosity, there are two textural 
extremes: (a) the development of a second schistosity within narrow, discrete 
shear bands, and (b) the development of brittle crush zones, mylonite seams, 
and local seams of pseudotachylite. 

Structure: The small-scale shear zones discussed above have locally subdivided 
the rock into centimeter-scale polygonal blocks· that have been displaced 
slightly with respect to each other and subsequently healed. In addition, 
there are larger, more continuous shear zones of somewhat larger displacement. 
Isoclinal to more open ptygmatic folding of leucogranite veins preceded the 
shearing event. 

Comments: The shear zones in this core are interpreted as manifestations of 
regional shearing along the Rainy Lake-Seine River fault zone. 

CHEMICAL DATA 

Rock type analyzed: Chlorite-rich retrograded melanosome from depth 247 ft 

Minor elements (ppm) 

Ag 0.068 Zn 31.7 

As <1.0 Bi <0.25 

Au 0.002 Cd <0.25 

Cu 4.65 Ga 22.0 

Hg <0.1 Pd <0.1 

Mo 2.06 Pt <0.25 

Pb 2.27 Se <1.0 

Sb 0.257 Sn 0.662 

TI <0.5 Te <0.5 
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Field number 1986-CUSMAP-5 Date Completed ___ 1_1~/~3~/~8~6 ____________ _ 

MGS unique number 238669 

MGS lab number 2582 --------------------

LOCATION (see map at right) 

T-R-S 160-28-36 CCODDA 

county Koochiching 

Quadrangle ____ S_t_r_a_t_t __ o_n __ 7~._5_' ______ __ 

HOLE PARAMETERS 

Surface elevation 1100 + 5 ft 

Total depth 202 ft 

Elevation, top of 
Precambrian rock 936 ft 

--------~------

Core diam . 3 in ------------------------
Length of core run 198-202 ft Core recovered 4 ft -------------------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-19 
19-61 
61-67 
67-71 
71-155 
155-159 
159-164 

164-189 

189-202 

Description 

QUATERNARY DEPOSITS 

Lacustrine silt and clay, brown to gray 
Clayey till, gray. Carbonate, shale clasts 
Lacustrine clay, gray 
Sand and gravel 
Clayey till, gray. Carbonate, shale clasts 
Sand and gravel 
Boulder 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, greenish gray 

SOUND PRECAMBRIAN ROCK 

Biotite schist 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Biotite schist, probably derived from graywacke. 

Mineralogy: Plagioclase, quartz, biotite, sericitic muscovite, epidote 
(locally overgrown on allanite). Accessory chlorite (var. penninite), apatite, 
sphene, zircon, clinozoisite, opaques. 

Texture: Very fine grained (0.01-0.7 mm), foliated. Weak development of pen
ninite porphyroblasts that crosscut foliation. Primary textures somewhat 
modified by recrystallization, especially quartz. 

Structure: Compositionally massive. Single foliation most evident microscopi
cally. 

CHEMICAL DATA 

Rock type analyzed: no analyses 
------------~----------
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Field number 1986-CUSMAP-26A 
----~~~~~~~~~ 

Date Completed 10/29/86 
----~~~-------------

MGS unique number 238695 

MGS lab number 2580 --------------------

LOCATION (see map at right) 

T-R-S 157-28- 11 ABCCCB 

county Koochiching 

Quadrangle ____ F~a~i~r~1~a_n~d~7~.~5~' ______ _ 

HOLE PARAMETERS 

Surface elevation 1156 + 5 ft --------=-------
Total depth 194 . 5 ft 

----~-----------------

Elevation, top of 
Precambrian rock 1021 ft 

Core diam. 3 in 

Length of core run 191 . 0-194 . 5 ft Core recovered 3 . 5 ft -------------------------
ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0 - 56 
56- 62 
62-103 
103-115 

115-130 
130-135 

135-184 
184-191 

191-194 . 5 

Description 

QUATERNARY DEPOSITS 

Loamy till, gray brown to olive gray. Carbonate, shale clasts 
Lacustrine silty clay, gray 
Loamy till, gray . Carbonate, shale clasts 
Loamy till with beds of lacustrine clay and silt, gray. Carbonate, 
shale clasts 
Loamy to sandy till, gray. Carbonate, shale clasts 
Rocky sandy till, gray. Precambrian clasts 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, greenish gray to bluish gray, with some hard zones 
Rock with soft zones 

SOUND PRECAMBRIAN ROCK 

Diabase 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Slightly porphyritic, fine-grained diabase; a Proterozoic 
dike of the Kenora-Kabetogama swarm. 

Mineralogy: Phenocrysts: pigeonite, plagioclase. Groundmass: pigeonite, 
plagioclase, epidote. Secondary antigorite(?), calcite. Serpentine and 
minor pyrrhotite on fractures. 

Texture: Fine-grained (0.3-0.5 mm) felty groundmass; weakly porphyritic 
(phenocrysts, 2-3 mm). 

Structure: Massive 

CHEMICAL DATA 

Rock type analyzed: no analyses 
----------~~--------
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Field number 1986-CUSMAP-10 ---------------------- Date Completed ___ 1_0LI_1_1LI_8_6 __________ __ 

MGS unique number 238663 

MGS lab number 2575 --------------------

LOCATION (see map at right) 

T-R-S 160-31-20 AABBBC 
--------------~~~~--------

County Lake of the Woods 

Quadrangle __ ~P~i~t~t~ ___ 7~. ~5_' ________ __ 

HOLE PARAMETERS 

Surface elevation 1113 + 2 ft 
--------~--------

Total depth 171.9 ft ------------------------
Elevation, top of 

Precambrian rock 970 ft 

Core diam. 3 in 
--~~~----------------

Length of core run 162-171.9 ft 

1119 111 9 

j + 
I 

1,118 

Core recovered 9.75 ft --------------------------
ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-11 
11 - 20 
20-39 
39-86 

86-96 

96-143 

143-171.9 

Description 

QUATERNARY DEPOSITS 

Silty clay, dark grayish brown 
Loamy till, grayish brown to gray; clasts of carbonate 
Very silty sand and gravel 
Gravelly till, gray, and silty gravel; abundant 
clasts of carbonate 
Clayey till, gray, with cobbles and smaller clasts of carbonate, 
dark fine-grained igneous rock 
Bouldery sandy till, light greenish gray to light gray; clasts of 
granite, greenstone 

SOUND PRECAMBRIAN ROCK 

Metasedimentary schist; some partially weathered intervals 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Strongly layered schistose rock, possibly derived from a 
laminated, volcanogenic sedimentary protolith. Layers range from 0.5 to 40 cm 
in thickness, with the preponderance thinner than 3 cm. 

Mineralogy: Layers consist of different proportions of actinolite, pla
gioclase, clinozoisite, hornblende, chlorite, quartz, epidote. Thinner, fine
grained layers tend to be dominantly actinolite, clinozoisite, and plagioclase. 
Thicker, coarser grained layers consist of quartz and epidote flanked by 
hornblende-rich margins. Accessory sphene, sulfides occur throughout rock. 

Texture: Original textures completely modified by recrystallization and 
development of metamorphic fabric. Strong layer-parallel foliation is carried 
chiefly by aligned amphiboles and chlorite. 

Structure: Foliation and compositional layering are parallel and dip about 
70°. Axial surfaces of small-scale, intrafolial, isoclinal folds are parallel 
to foliation. 

Comments: Strong layering difficult to interpret because no primary textural 
evidence remains. Tentative suggestion of a volcanogenic sedimentary origin is 
based on present composition, fine-scale layering, and lack of definite evi-

"dence for mylonitization. 

CHEMICAL DATA 

Rock type analyzed: Volcanogenic metasedimentary rock 

Minor elements (ppm) 

Ag 0.115 Zn 48.7 

As <1.0 Bi <0.25 

Au 0.002 Cd <0.25 

Cu 300.0 Ga 4.27 

Hg <0.1 Pd <0.1 

Mo 0.875 Pt <0.25 

Pb 1.14 Se 1.74 

Sb 0.328 Sn <0.5 

Tl <0.5 Te <0.5 
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Field number ----------------1986-CUSMAP-11 Date Completed 10/14/86 
---~~~--------------

MGS unique number 238664 

MGS lab number 2576 ----------------

LOCATION (see map at right) 
1I?9 

T-R-S 159-31-9 BBBBBD 
----~~-~-------------

county Lake of the Woods 

Quadrangle Baudette SW 7.5' 
--------------~----

HOLE PARAMETERS 

Surface elevation 1128 ± 2 ft 

Total depth 293 ft 

Elevation, top of 
Precambrian rock 906 ft 

=-------.:.~.....:::.-=---

Core diam. 3 in 
-~~~------------

Length of core run 283-293 ft Core recovered 9.6 ft -----------------------
ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-4 
4-84 

84-124 

124-146 
146-190 

190-202 
202-217 

217-222 

222-277 

277-293 

Description 

QUATERNARY DEPOSITS 

TOpsoil and clay, light olive gray 
Clayey to loamy till, light yellowish brown to gray; 
clasts of carbonate, shale 
Silty clay, clayey silt, sandy silt, gray; silt, greenish 
gray. Sand seam, 96-99 ft 
Blocks, boulders, cobbly sand in till or colluvium 
Reworked regolith: sandy loam, light gray to white, 
quartzose; variegated sandy loam to clay loam 
Reworked regolith: clay, very dark gray. Clay loam, variegated 
Reworked regolith: sandy loam to loamy sand, light greenish 
gray to white, quartzose 
Reworked regolith: clay loam, greenish gray 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, greenish gray; zones of soft rock 

SOUND PRECAMBRIAN ROCK 

Porphyritic syenite, moderately foliated 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Porphyritic syenite, moderately foliated 

Mineralogy: Megacrysts (70-75%) of perthitic microcline. Groundmass (25-30%) 
composed of green biotite, hydrogarnet, and plagioclase, together with smaller 
amounts of epidote, sphene, and a very fine grained granular phase tentatively 
identified as diopside. Accessory minerals are apatite, zircon. 

Texture: Original porphyritic texture has been modified by deformation and 
secondary recrystallization. Megacrysts of microcline, 7-10 mm, are subhedral 
to euhedral, perthitic. The groundmass material surrounding the microcline 
megacrysts is of variable grain size and texture, ranging from fine-grained 
decussate to poikiloblastic over millimeter-scale distances. Poikiloblastic 
groundmass biotite contains subhedral to euhedral inclusions of hydrogarnet, 
sphene, apatite. 

Structure: Foliation due to alignment of feldspar megacrysts. 

Comments: The potassium feldspar megacrysts are primary igneous relicts. The 
groundmass assemblage is interpreted to have formed deuterically or metamorphi
cally from primary igneous hornblende. The pronounced foliation may be due to 
igneous flow, metamorphic processes, or a combination of both. 

CHEMICAL DATA 

Rock type analyzed: no analyses 
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Field number 1986-CUSMAP-15 Date Completed ___ 1~OL/~2L/_8~6 ____________ _ ----------------------
MGS unique number 238638 ------------------
MGS lab number 2573 ----------------------

LOCATION (see map at right) 

T-R-S 159-32-3 CCBBBA 
------------------~~~~---

County Lake of the Woods 

Quadrangle Graceton SE 7.5' --------------------------

HOLE PARAMETERS 

Surface elevation 1165 ± 2 ft 

Total depth 243.25 ft 

Elevation, top of 
Precambrian rock 972 ft -----------------

Core diam. 3 in 
--------~~------------

Length of core run 239-243.25 Core recovered less than 1 ft 
--~~~~~~~~-------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-48 
48-52 
52-83 
83-89 
89-110 
110-147 

147-157 
157-179 
179-193 

193-235 

235-243.3 

Description 

QUATERNARY DEPOSITS 

Loamy till, gray. Carbonate, shale clasts 
Lacustrine clay, gray 
Loamy till, gray. Carbonate, shale clasts 
Lacustrine clay, gray 
Lacustrine silt, gray to light gray 
Loamy to silty till with clay seams, gray to light gray_ 
Carbonate, shale clasts 
Lacustrine silty clay, gray to light gray 
Gravelly sandy till, greenish gray. Precambrian clasts 
Gravelly sandy till with boulders, greenish gray. Precambrian 
clasts 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, white to blue-green, with zones of hard rock 

SOUND PRECAMBRIAN ROCK 

Weathered chlorite schist; fresh material was not obtained 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Metamorphosed andesite tuff-breccia. 

Mineralogy: Plagioclase (heavily saussuritized megacrysts), dark megacrysts 
consisting of mats of dominantly biotite, some epidote, quartzofeldspathic(?) 
material. Groundmass: plagioclase, chlorite, epidote, biotite, clinozoisite, 
quartz, opaques, cummingtonite(?). 

Texture: Brecciated, foliated. Clasts can be discerned in core, however, only 
one apparent rock type is present: very fine grained, porphyritic, weakly 
foliated, possibly bedded. Relict plagioclase phenocrysts up to 2 mm. 
Foliation defined by parallel orientation of micaceous and acicular minerals 
and elongation of clots of biotite-epidote. 

Structure: Highly fractured core sample possibly because core only penetrated 
weathered zone of bedrock. Weak foliation is nearly vertical. Coarse, frac
tured quartzofeldspathic veins, also vertical. 

Comments: Core weathered and fractured, mostly in small pieces; poor sample. 

CHEMICAL DATA 

Rock type analyzed: _____ n_o ___ a_n_a_l~y~s~e~s ______ _ 
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Field number 1986-CUSMAP-16 
--~~~~~~~~----

Date Completed 9/18/86 
--~--~---------------

MGS unique number 238629 -------------------
MGS lab number 2569 ----------------------

LOCATION (see map at right) 

T-R-S 160-33-31 CCCBAC 
--------------~~~~~--------

county Lake of the Woods 

Quadrangle Graceton NW 7.5' ------------------------

HOLE PARAMETERS 

Surface elevation 1238 + 2 ft 

Total depth 315 ft 

Elevation, top of 
Precambrian rock 1025 ft 

Core diam. 3 in ------------------------
Length of core run 306-315 ft Core recovered 6.9 ft 

----~-------------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-7 
7-25 
25-34 
34-94 
94-99 
99-185 
185-198 
198-204 
204-213 

213-300 

300-315 

Description 

QUATERNARY DEPOSITS 

Sand and gravel, carbonate clasts 
Loamy till, gray. Carbonate clasts 
Lacustrine silt and clay, gray 
Loamy till, gray. Carbonate, shale clasts 
Sand and gravel 
Loamy to silty till, gray to light gray. Carbonate clasts 
Coarse sandy till, greenish gray 
Boulders 
Boulder of granitic rock 

REGOLITH ON PRECAMBRIAN ROCK 

Sandy clay, light green to greenish blue, quartz-rich 

SOUND PRECAMBRIAN ROCK 

Gneissic tonalite 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Gneissic hornblende-biotite tonalite. 

Mineralogy: Quartz, plagioclase, biotite, hornblende, epidote. Accessory 
sphene, apatite, pyrite, magnetite. Secondary epidote, sericite, clinozoisite. 

Texture: Medium- to coarse-grained. Foliated. Lath-shaped crystals of pla
gioclase oriented parallel to foliation; some are bent and/or broken. Quartz 
shows strain, some with undulatory extinction, some with preliminary develop
ment of subgrains. Some quartz is recrystallized. 

Structure: Moderately developed megascopic foliation is approximately perpen
dicular to core axis (approximately horizontal). Sparse coarse-grained to 
pegmatitic quartzofeldspathic veins. 

Comments: One part of thin section appeared slightly porphyritic with coarser 
plagioclase laths (2-4 mm) surrounded by finer quartz-biotite-hornblende
plagioclase-epidote (0.5-1 mm). 

CHEMICAL DATA 

Rock type analyzed: ____ ~n~o~~a~n~a~l~y~s~e~s~ ____ __ 
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Field number 1986-CUSMAP-17 
------~~~~~~~--

Date Completed 9/25/86 
--~--~---------------

MGS unique number 238630 

MGS lab number 2570 --------------------

LOCATION (see map at right) 

T-R-S 159-33-18 CABCDA 

County Lake of the Woods 

Quadrangle Graceton SW 7.5' --------------------------

HOLE PARAMETERS 

Surface elevation 1276 + 2 ft 

Total depth 190 ft 

Elevation, top of 
Precambrian rock 1113 ft 

Core diam. 3 in 
------~~~------------

Length of core run 180-190 ft Core recovered 10 ft 
----~~~---------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-26 
26-51 

51-55 
55-73 
73-77 
77-97 
97-122 
122-132 
132-155 
1 55-162 
162-168 

168-170 

1 70-190 

Description 

QUATERNARY DEPOSITS 

Silty sand and gravel. Carbonate, shale clasts 
Loamy to silty till, minor silt beds, gray to light gray. 
Carbonate, shale clasts 
Sand and gravel. Carbonate clasts 
Loamy to clayey till, gray. Carbonate, shale clasts 
Coarse sand and gravel. Carbonate clasts 
Silty to clayey till, gray. Carbonate clasts 
Sand and gravel. Precambrian clasts 
Coarse sandy till, greenish gray. Precambrian clasts 
Coarse sand and gravel. Precambrian clasts 
Sandy silt, gray to light gray 
Sand and gravel. Precambrian clasts 

REGOLITH ON PRECAMBRIAN ROCK 

Somewhat gritty clay, dark greenish gray 

SOUND PRECAMBRIAN ROCK 

Weathered to slightly weathered gabbro 

28 



PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Quartz-bearing gabbro 

Mineralogy: Heavily sericitized plagioclase, clinopyroxene, magnetite. 
Accessory quartz. Secondary sericite, hornblende, biotite, chlorite, calcite, 
antigorite, sulfides. 

Texture: Medium-grained (1-3 mm), hypidiomorphic granular; clinopyroxene 
moderately altered to hornblende, biotite, chlorite, and/or antigorite. 
Plagioclase almost completely pseudomorphed by sericite. Magnetite forms both 
euhedral and skeletal grains. 

Structure: Essentially massive. Lowermost 6 feet of core is fractured with 
slickensides on fracture surfaces. Subparallel annealed fractures that dip 
about 20° and are spaced 3-8 mm apart occur in local clusters. 

Comments: Rock is moderately magnetic. 

CHEMICAL DATA 

Rock type analyzed: quartz-bearing gabbro 

Minor elements (ppm) 

Ag 0.075 Zn 82.7 

As <1 .0 Bi <0.25 

Au 0.248 Cd <0.25 

Cu 43.6 Ga 8.28 

Hg <0.1 Pd <0.1 

Mo 0.462 Pt <0.25 

Pb 9.0 Se <1.0 

Sb 0.303 Sn 0.526 

Tl <0.5 Te <0.5 
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Field number 1986-CUSMAP-18 ---------------------- Date Completed 9/28/86 
--~--~----------------

MGS uni que number 238637 ------------------
MGS lab number 2571 --------------------

LOCATION (see map at right) 

T-R-S 159-33-31 BBCBDB 

county Lake of the Woods 

Quadrangle ____ G~r~a~c~e~t~o~n~S~W~7~.~5~' ____ _ 

HOLE PARAMETERS 

Surface elevation 1275 + 2 ft 

Total depth 338 ft 

Elevation, top of 
Precambrian rock 1045 ft 

Core diam. 3 in 
------~~~------------

Length of core run 335-338 ft Core recovered 1.65 ft ---------------------------
ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-35 
35-87 
87-101 
101-130 
130-180 
180-220 
220-224 
224-230 

230-335 
335-338 

Description 

QUATERNARY DEPOSITS 

Sand and gravel. Carbonate clasts 
Fine silty till and silt, greenish gray. Carbonate clasts 
Sand and gravel. Carbonate clasts 
Silty clay, silt, very fine sand, greenish gray to gray 
Loamy to sandy till, gray to light gray. Carbonate clasts 
Rocky, sandy till, gray to l i ght gray 
Sand and gravel 
Sandy till, with gravel, gray 

REGOLITH ON PRECAMBRIAN ROCK 

Slightly sandy clay, white 
Metamorphosed plagioclase porphyry, cons i derably wea t hered. No 
sample recovered of fresh rock 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Metamorphosed plagioclase porphyry, considerably 
weathered. 

Mineralogy: Former compositionally zoned plagioclase phenocrysts as large as 5 
mm in diameter have been converted to a fine-grained mat of sericite intergrown 
with variable amounts of granular clinozoisite. Metamorphosed groundmass con
sists chiefly of pale olive-green to olive-brown montmorillonitic clay, 
together with fine-grained chlorite, sericite, clinozoisite, epidote, sodic 
plagioclase, and quartz. It is inferred that the groundmass consisted of the 
metamorphic assemblage chlorite-epidote-oligoclase-quartz prior to weathering. 
Thin crosscutting veinlets (approx. 2 mm thick) contain quartz, calcite, and 
epidote. Trace amounts of iron oxide, pyrite are unevenly distributed. 

Texture: Porphyritic igneous texture has been modified first by metamorphic 
recrystallization under conditions of the greenschist facies and later by 
weathering. 

Structure: Massive to weakly foliated. 

Comments: Rock inferred to be of andesitic composition; not analyzed because 
of weathered condition of sample. 

CHEMICAL DATA 

Rock Type analyzed: no analyses 
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Field number 1986-CUSMAP-19 ---------------------- Date Completed 9/9/86 
--~~~-----------------

MGS unique number 238623 

MGS lab number 2567 --------------------

LOCATION (see map at right) 

T-R-S 159-35-3 BCCBCA 
----~~~~~~~~~-------

county Lake of the Woods 

Quadrangle __ ~w~i~n~t~e~r~R~o~a~d~L~a~k~e~S~W~~7~.~5 __ ' 

HOLE PARAMETERS 

Surface elevation 1275 + 2 ft 

Total depth 246 ft 

Elevation, top of 
Precambrian rock 1045 ft 

Core diam. 3 in 
----~~~~------------

Length of core run 236-246 ft 

.... -- - ""F 

Core recovered 8.5 ft 

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-22 
22-60 

60-63.5 
63.5-81 
81-84 
84-177 

177-230 

230-230.5 

230.5-246 

Description 

QUATERNARY DEPOSITS 

Silty sand, sand and gravel 
Sandy gravelly till, olive gray. Clasts of carbonate, some granite 
and black fine-grained rock. Slightly calcareous 
Sand and gravel 
Silty sandy till, dark gray 
Sand and gravel 
Sandy gravelly till with seams of clay and cobbles, olive gray to 
gray. Clasts of granite, dark mafic rock, less carbonate. Sand 
seam, 120-124 ft 
Clay till, brownish gray, with cobbles. Clasts of granite, dark
gray metavolcanic rock and/or metagraywacke, minor carbonate 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, greenish gray 

SOUND PRECAMBRIAN ROCK 

Brecciated and veined mafic volcanic rock 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Brecciated, veined mafic volcanic rock. 

Mineralogy: Host rock: actinolite-tremolite, plagioclase, clinozoisite, 
chlorite (as porphyroblasts). Secondary chlorite after amphibole. Rare 
native copper on fracture surfaces. Veins are of four types. Type 1: 
calcite. Type 2: quartz (containing elongate fluid inclusions), calcite and 
minor ankerite(?). Type 3: quartz and chlorite, locally foliated as if 
sheared. Type 4: foliated chlorite, clinozoisite, and sphene (shear zones?). 
Veins commonly contain dispersed sulfides. 

Textures: Host rock: very fine grained «0.01 mm), felty amphibole ground
mass with porphyroblasts (0.15 mm) of chlorite. Actinolite-tremolite needles 
have altered ends of feather-like chlorite. Veins: Most of the veins are 
strain-free. However, in thin section, quartz-chlorite veins locally contain 
ribbon quartz. 

Structure: Several generations of millimeter- to centimeter-wide veins 
crosscut one another, commonly with some offset. Most numerous are vertical 
carbonate veins of type 1. These are parallel to wider zones (up to several 
centimeters) of deformation containing fragments of host rock and altered 
fragments of earlier carbonate vein material. A second set of carbonate veins 
is subhorizontal. 

Comments: Although the core is highly veined, it is dominantly a single 
lithology of metamorphosed mafic volcanic rock. Deformation and veining have 
involved both shearing and brittle crackling suggestions of autobrecciation. 
Toward the base of the cored interval, veining is more intense and angular 
'clasts' of virtually 100% chlorite are present. Quartz as veins and per
vasive quartz-flooding is much more prevalent in the lowermost foot of core. 

CHEMICAL DATA 

Rock type analyzed: Brecciated, veined mafic volcanic rock 

Minor elements (ppm) 

Ag 0.612 Zn 101.0 

As 3.02 Bi 0.268 

Au 0.157 Cd <0.25 

Cu 365.0 Ga 8.52 

Hg 0.331 Pd <0.1 

Mo 2.56 Pt <0.25 

Pb 19.5 Se 1.17 

Sb 8.51 Sn 10.3 

Tl <0.5 Te <0.5 
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Field number 1986-CUSMAP-23 
--------~~~~~----

Date Completed 8/20/86 
--~--~----------------

MGS unique number 238626 

MGS lab number 2556 --------------------

LOCATION (see map at right) 

T-R-S 160-36-6 ABBBAA 
----------~~~~------------

County Lake of the Woods 

Quadrangle Mulligan Lake NE 7.5' ---------'----------------

HOLE PARAMETERS 

Surface elevation 1206 + 2 ft 

Total depth 257 ft 

Elevation, top of 
Precambrian rock 1009.5 ft 

Core diam. 3 in -------------------------

~ -= . -

+ 

Length of core run 247-257 ft Core recovered 9.5 ft 
----~~~~-------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-10 
10-86 
86-97 
97-108 

108-116 
116-152 
152-162 
162-196.5 

196.5-199 
199-245.5 

245.5-257 

Description 

QUATERNARY DEPOSITS 

Sand, silt loam, sandy loam 
Sandy clay to loamy till, gray; clasts of carbonate, granite 
Sand and gravel grading downward to clayey silt to silt 
Loamy till, light gray; clasts of carbonate, shale, various 
crystalline rocks 
Clayey silt to silt, greenish gray 
Loamy to clayey till, light gray; clasts of greenstone 
Gravel 
Sandy clay to clayey till, gray; clasts of sandstone, gneiss, 
diorite 

REGOLITH ON PRECAMBRIAN ROCK 

Clay, gray 
Sandy clay, greenish to bluish gray 

SOUND PRECAMBRIAN ROCK 

Metamorphosed feldspar porphyry 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Metamorphosed dacite porphyry. 

Mineralogy: Phenocrysts as large as 2 mm are plagioclase, somewhat sericitized, 
with relict compositional zoning perserved locally. The recrystallized ground
mass consists primarily of quartz, plagioclase, biotite, and hornblende. 
Accessory apatite, iron oxides, and secondary calcite, chlorite are minor 
constituents. 

Texture: Fine-grained; remnant porphyritic texture; groundmass completely 
recrystallized with a spaced schistosity defined by aligned biotite in 
discrete, anastomosing films. The microlithons between biotite films consist 
chiefly of granoblastic quartz and feldspar. 

Structure: Schistosity dips 30°-45°. Degree of foliation varies abruptly; 
zones of strongly gneissose to schistose rock 10-50 cm thick alternate with 
zones of similar thickness in which foliation is inconspicuous. 

Comments: This rock has been regionally metamorphosed and may also have 
undergone contact effects at the margin of a mafic pluton. The variability in 
development of foliation noted above suggests deformation by ductile shear 
prior to metamorphic annealing. 

CHEMICAL DATA 

Rock type analyzed: no analyses 
----------~---------
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Field number 1986-CUSMAP-24 ---------------------- Date Completed __ ~8~/_2~3~/_8_6 ____________ _ 

MGS unique number 238627 

MGS lab number 2557 --------------------

LOCATION (see map at right) 

T-R-S __ ~1~6~0_-~36~-_1~8~B~C~C~B~C~C~ ______ _ 

county Lake of the Woods 

Quadrangle Mulligan Lake NE 7.5' 

HOLE PARAMETERS 

Surface elevation 1219 + 2 ft 

Total depth 301.5 ft 

Elevation, top of 
Precambrian rock 1002.5 ft 

Core diam. 3 in ------------------------

I '. 
I -. 

:~., 

Length of core run 291.5-301.5 ft Core recovered 10 ft 
----~~~---------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-10 
10-36 

36-56 
56-91 

91-120 

120-152 
152-190 
190-202 
202-216.5 

216.5-290 

290-301.5 

Description 

QUATERNARY DEPOSITS 

Sand and clayey silt 
Clayey to loamy till, gray; clasts of carbonate. Layers of 
sand and gravel 
Sand and silt 
Sandy clay till with cobbles, light gray; clasts of granite, 
some carbonate. Layers of sand and gravel 
Clayey till, gray; clasts of carbonate and dark Precambrian 
grains 
Silty clay, fine sand, sand and gravel with clay layers 
Clayey till, gray. Layers of sand and gravel 
Clay, gray 
Loamy to clayey till, gray; clasts of carbonate. Layer of 
sand and gravel, 206-209 ft 

REGOLITH ON PRECAMBRIAN ROCK 

Sandy clay, greenish gray 

SOUND PRECAMBRIAN ROCK 

Tonalite 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Hornblende tonalite. 

Mineralogy: Plagioclase (55%), hornblende (25%), quartz (15-20%), biotite 
(5-7%). Accessory epidote, apatite, zircon, sphene, sulfide (pyrite and 
chalcopyrite), oxides. Secondary minerals include biotite after hornblende, 
penninite and sphene after biotite, sericite after plagioclase, clinozoisite, 
and leucoxene. 

Texture: Medium-grained hypidiomorphic granular, significantly altered. 
Plagioclase heavily sericitized. Quartz strained. Biotite bent, locally. 

Structure: Weak to moderate megascopic foliation dips 60°. 

Comments: A coarse-grained granite partially transects core below depth 300 
ft. The granite-tonalite contact is irregular and diffuse, suggesting some 
amount of assimilation of one rock by the other. Relative age relations are 
unclear. 

CHEMICAL DATA 

Rock type analyzed: Hornblende tonalite 

Minor elements (ppm) 

Ag 0.032 Zn 94.1 

As <1.0 Bi <0.25 

Au 0.001 Cd <0.25 

Cu 24.8 Ga 9.88 

Hg <0.1 Pd <0.1 

Mo 0.972 Pt <0.25 

Pb 3.92 Se <1.18 

Sb 0.328 Sn <0.5 

Tl <0.536 Te <0.5 
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Field number 1986-CUSMAP-25 

------------------~--
Date Completed 8/27/86 __ -L __ ~ ____________ ___ 

MGS unique number 238628 

MGS lab number 2558 --------------------

LOCATION (see map at right) 

T-R-S ____ 1_5_9-_3_6_-_6~B~B~C~C~B~D~ ______ __ 

county Lake of the Woods 

Quadrangle ____ M~u~l~l~i~g~a~n __ L~a~k_e __ 7_.~5 __ ' __ 

HOLE PARAMETERS 

Surface elevation 1233 + 2 ft 

Total depth 353 ft 

Elevation, top of 
Precambrian rock 987 ft 

Core diam. 3 in 

Length of core run 343-353 ft Core recovered 

6 

6 

; c 
/ :;-" 

/ 

/ ,- - I 
\ ' L' 
" I , ---_/ 

'---- - i , , 
1 
1 
~ . 

..., ,. 
'~ I 

.ll- _I 
~ - : i , 

U"iJ 

-~--~~,-) 
9 ft -------------------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-9 
9-13 
13-17 
17-43 

43-54 
54-134 

134-139 
139-161 

161-213 
213-220 
220-246 

246-326.5 
326.5-330 

330-353 

Description 

QUATERNARY DEPOSITS 

Sand 
Sandy clay loam till, gray; clasts of carbonate 
Gravelly sand, carbonate-rich 
Sandy clay loam to sandy loam till with cobbles; clasts of 
Precambrian rocks, carbonate 
Gravelly sand to silt 
Loamy to clayey till, light gray to gray; clasts of carbonate, 
granite. Seam of sand and gravel, 66-68 ft; clay and clayey silt, 
107-111 ft; sand and gravel, 111-116 ft 
Clayey silt to silt, grayish brown to dark gray 
Clayey to sandy clay till, greenish gray; clasts of dark 
Precambrian rock. Seam of sandy gravel, 146-150 ft 
Sand and gravel, silt, clayey silt 
Clayey till, light gray 
Sandy to clayey till, greenish gray; clasts of granite and rego
lith 

REGOLITH ON PRECAMBRIAN ROCK 

Silty clay, greenish to bluish gray 
Clay, dark gray to brown 

SOUND PRECAMBRIAN ROCK 

Metasedimentary schist 38 



PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Metasedimentary biotite schist, derived from 
graywacke/shale. 

Mineralogy: Porphyroblasts: biotite, somewhat poikiloblastic; possible cor
dierite, completely altered to a mat of mostly white mica, minor chlorite and 
quartz. Groundmass: biotite, chlorite (var. penninite), muscovite, quartz, 
plagioclase. Accessory zircon (within biotite porphyroblasts), tourmaline, 
iron oxides and sulfides. Trace of secondary native copper. 

Texture: Fine-grained (0.07-0.3 mm), porphyroblastic (biotite, <1 mm; altered 
cordierite(?), 2-3 mm), foliated. Sedimentary textures entirely modified by 
recrystallization. 

Structure: Core shows remnant bedding dipping 55° and two foliations inclined 
to bedding. The first foliation is a continuous schistosity of variable dip; 
it is deformed by a subvertical crenulation cleavage. porphyroblasts appear 
to have formed toward end of first metamorphic event because they are wrapped 
by the crenulation cleavage and have pressure shadows. Intersection 
lineations due to the intersection of the foliations with bedding are well 
developed on bedding surfaces. 

Comments: Second metamorphic event appears to have taken place under lower 
grade conditions than the first event. The first foliation is largely defined 
by biotite, whereas the subsequent crenulation cleavage is defined by chlorite 
and iron oxides. 

CHEMICAL DATA 

Rock type analyzed: no analyses 
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Field number ----------------------1986-CUSMAP-27 Date Completed 9/29/86 
--~--~---------------

MGS unique number 238639 

MGS lab number 2572 -------------------

LOCATION (see map at right) 

T-R-S 157-34-13 AAABBD 
--------------~~~~-------

County Lake of the Woods 

Quadrangle Oaks Corner 7.5' 
----------------~-------

HOLE PARAMETERS 

Surface elevation 1200 + 2 ft 

Total depth 53 ft 

Elevation, top of 
Precambrian rock 1170.5 ft 

Core diam. 3 in 
------~~~------------

Length of core run 43-53 ft Core recovered 10 ft 

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-6 
6-19 
19-29.5 

29.5-53 

Description 

QUATERNARY DEPOSITS 

Silt, sand and gravel 
Clayey till, dark gray. Clasts of carbonate, granite 
Silty sandy till, gray to light gray, with cobbles of granite, 
dark mafic rock, some carbonate 

SOUND PRECAMBRIAN ROCK 

Hornblende schist 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Hornblende schist. 

Mineralogy: Hornblende, plagioclase, chlorite (var. penninite), biotite, apa
tite, actinolite-tremolite(?), sulfides, iron oxides, epidote(?). 

Texture: Fine-grained, foliated. Primary textures are entirely modified by 
recrystallization. Plagioclase grains are dominantly polygonal, approximately 
0.7 mm in size. Hornblende prisms as long as 2 mm are commonly altered in 
part to chlorite. 

Structure: Strong foliation is defined by orientation of hornblende prisms 
and chlorite. Fine-scale compositional layering defined by modal variations 
of hornblende and plagioclase. Layering is offset by fractures. 

Comments: Metamorphic fabric is parallel to compositional layering. The 
layering may be original bedding, in which case a volcaniclastic protolith is 
suggested. 

CHEMICAL DATA 

Rock type analyzed: Hornblende schist 

Minor elements (ppm) 

Ag 0.095 Zn 82.0 

As 4.26 Bi <0.25 

Au 0.002 Cd <0.25 

Cu 170.0 Ga 10.2 

Hg <0.1 Pd <0.1 

Mo 0.731 Pt <0.25 

Pb 1.91 Se 1.84 

Sb 0.479 Sn <0.5 

Tl <0.5 Te <0.5 
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Field number ------------------------1986-CUSMAP-20 Date Completed 9/10/86 
--~--~-----------------

MGS unique number 238624 

MGS lab number 2568 ----------------------

LOCATION (see map at right) 

T-R-S 161-35-35 CCBBBA 
--------------~~~~-------

County Roseau 

Quadrangle Winter Road Lake NW 7.5' 
----~~~~~~~~~~~~ 

HOLE PARAMETERS 

Surface elevation 1224 + 2 ft 
------~=-~~--

Total depth 179.3 ft -------------------------
Elevation, top of 

Precambrian rock 1067 ft 

Core diam. 3 in --------------------------
Length of core run 170.5-179.3 ft Core recovered 8.3 ft 

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-12 
12-36 

36-69 
69-90 
90-157 

157-169 

169-179.3 

Description 

QUATERNARY DEPOSITS 

Fine sand and silt, sand and gravel 
Silty clay till, gray. Clasts of carbonate. Layer of silt, 19-25 
ft 
Clayey till, dark gray. Hard, calcareous. Layer of silt, 41-44 ft 
Sandy clay till, gray to olive gray. Clasts of granite 
Very coarse sandy to gravelly till, light gray to gray. Clasts of 
dark igneous rock, granite; less abundant chert, carbonate 

REGOLITH ON PRECAMBRIAN ROCK 

Gritty clay, greenish gray and white. Intermittent horizons of 
hard rock 

SOUND PRECAMBRIAN ROCK 

Tonalite 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Biotite tonalite 

Mineralogy: Plagioclase (45-50%), quartz (30-35%), biotite (10-12%). 
Accessory apatite, zircon, allanite, sphene, pyrite, magnetite. Secondary epi
dote, clinozoisite, and sericitic muscovite after plagioclase; chlorite and 
muscovite after biotite. 

Texture: Medium-grained hypidiomorphic granular, weakly foliated. Quartz 
shows strain as undulatory extinction, preliminary development of subgrains, or 
deformation lamellae. Uppermost foot of core is more highly strained and 
altered than the remainder. Bulk of core shows only minor deformation. 

Structure: Weakly developed vertical foliation. 

CHEMICAL DATA 

Rock type analyzed: ____ ~n~o __ ~a~n~a~l~y~s~e_s~ ____ __ 
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Field number 1986-CUSMAP-22 ---------------------- Date Completed 8/15/86 
--~--~----------------

MGS unique number 237127 

MGS lab number 2555 ---------------------

LOCATION (see map at right) 

T-R-S 161-36-29 CBCBAA 
--------------~~~~-------

County Roseau 

Quadrangle Mulligan Lake NE 7 . 5' 

HOLE PARAMETERS 

Surface elevation 1207 + 2 ft 

Total depth 384.2 ft ::::....:.------

Elevation, top of 
Precambrian rock 948 ft -----------------

Core diam . 3 in -------------------------
Length of core run 358.25-364.2 ft 
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Core recovered 5.9 ft 
----~~~~-------------

ABBREVIATED LITHOLOGIC LOG (intervals recorded are depths in feet) 

Interval 

0-18 
18-40 

40-104 

104-188 

188-248 

248-259 
259-351 

351-364 

Description 

QUATERNARY DEPOSITS 

Fine sand and minor fine gravel 
Silty to loamy till, yellowish brown to dark gray, slightly 
calcareous; clasts of carbonate, granite. Fine sand seam, 
34-38 ft 
Fine gravel, sand, and silt, variegated. Clasts of carbonate, 
granite, basalt(?), black shale. Black, hard, carbonaceous seam, 
52-53 ft 
Silty sandy till (with cobbles from 104-118 ft), light gray to 
olive gray, slightly calcareous; clasts of granite, quartz 
Sand and silt, variegated; clasts of carbonate, weathered granite. 
Thin seam of black, carbonaceous material at 239 ft 

REGOLITH ON PRECAMBRIAN ROCK 

Reworked regolith: Subangular quartz sand 
No sample except very fine chlorite flakes 

SOUND PRECAMBRIAN ROCK 

Porphyritic granodiorite 
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PETROGRAPHIC DESCRIPTION OF CORE 

Principal rock type: Weakly porphyritic hornblende-biotite granodiorite in 
contact with hornblende diorite. 

Mineralogy: Granodiorite: plagioclase (40%), microcline (5%), quartz (20%), 
biotite (8-10%), hornblende (5-7%), with megacrysts of microcline (15%). 
Accessory minerals include apatite, sphene, zircon, opaques. Secondary 
minerals are chlorite, epidote, calcite, and opaques. Diorite consists mainly 
of plagioclase (60-65%), hornblende and biotite (35-40%). 

Texture: Granodiorite: medium- to coarse-grained hypidiomorphic granular 
with phenocrysts up to 12 mm. Quartz somewhat strained. Locally, plagioclase 
shows bent and/or broken twinning. Plagioclase zoned and slightly to 
moderately altered in core. 

Structure: Essentially massive. 

Comments: Contact relations are ambiguous between the two rock types. The 
more leucocratic granodiorite makes up the upper 2/3 of the core except for a 
small zone of the diorite (xenolith? apophysis?). The lowermost 2 ft of core 
is made up of the melanocratic diorite. 

CHEMICAL DATA 

Rock type analyzed: ____ n_o __ a_n_a_l~y_s_e_s ______ __ 
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