
MINNESOTA GEOLOGICAL SURVEY 

PAUL K. SIMS, Director 

K-Ar AGES FOR HORNBLENDE 
FROM GRANITES AND GNEISSES 
AND FOR BASALTIC INTRUSIVES 
IN MINNESOTA 

G. N. Hanson 

Report of Investigations 8 

UNIVERSITY OF MINNESOTA 

MINNEAPOLIS • 1968 





K-Ar AGES FOR HORNBLENDE 
FROM GRANITES AND GNEISSES 
AND FOR BASALTIC INTRUSIVES 
IN MINNESOTA 





CONTENTS 

Page 

Abstract _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
Intr oduction _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 
Analytical methods _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 
Dis cus s ion of ages _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 

Algoman granitic intrusive and metamorphic rocks _ _ _ _ _ 7 
Penokean granitic intrusive rocks_ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 
Basaltic intrusive rocks _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 

Acknowledgements _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 
References cited _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15 
Appendix _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 19 

ILLUSTRA TrONS 

Figure 1. Generalized geologic map of northeastern Minne
sota showing location of samples and K-Ar ages _ -

2. K-Ar ages for hornblende and biotite plotted 
against the distance from the contact with the 
Duluth Gabbro Complex ___________ _ 

3. Map showing location of saInples and K-Ar ages 
for hornblende for granites and gneis ses in the 
Minnesota River valley _____________ _ 

4. Histogram of K-Ar ages of hornblende and biotite 
from rocks involved in the Algoman orogeny - ___ -

5. Generalized geologic map of Minnesota showing 
location of samples and K -Ar ages _________ -

TABLES 

Table 1. K-Ar age determinations __ 

iii 

6 

8 

9 

11 

12,13 

4,5 





K-Ar AGES FOR HORNBLENDE 
FROM GRANITES AND GNEISSES 
AND FOR BASALTIC INTRUSIVES 

IN MINNESOTA 

G. N. Hanson 

ABSTRACT 

K-Ar ages have been determined for hornblende con-

centrates from granitic intrus ive and metamorphic rocks 

from the Minnesota River valley, northeastern Minnesota, 

and an adjacent area in Ontario, which were involved in 

the Algoman orogeny. Nine determinations giving ages 

ranging from 2570 to 2770 m. y. have an average of 2670 

~ 30 m.y. This is significantly older than the age of about 

2500 m.y. indicated by the Rb-Sr andK-Ar methods for 

biotite from these rocks. The age, however, agrees 

with the U -Pb ages of about 2700 m. y. for coexisting zir-

cons. Mineral and whole-rock K-Ar ages for basic rocks 

that invaded the granitic and metamorphic rocks show two 

periods of intrusioninMinnesota--at 1600-1800 m. y. and 

at or before 2100 m. y. --in addition to the late Keweena-

wan igneous activity at about 1100 m. y. 
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INTRODUCTION 

Precambrian rocks in Minnesota and adjacent areas record re
gional metamorphism and intrusion of granitic rocks which occurred 
during the Algoman and Penokean orogenies. After the granitic and 
metamorphic rocks cooled, there was an episode of large-scale frac
turing accompanied by the intrusion of basaltic magma, generally in 
the form of dikes. The purpose of this study was to determine K-Ar 
ages for hornblende in rocks involved in the two orogenies, particu
larly the Algoman orogeny, and by use of the K-Ar method to deter
mine the periods of intrusion of basaltic magma. 

If igneous and metamorphic activity in Precambrian time was 
comparable to the tectonic activity associated with the Paleozoic 
and later orogenies (for example, the Appalachian, the Cordilleran, 
or the Alpine) it would be assumed that the Precambrian events took 
place over an interval of tens or possibly hundreds of millions of 
years. In an orogenic event extending through such a length of time, 
K-Ar ages for hornblende might be expected to record earlier e
vents than would K-Ar ages for biotite, because the hornblende 
tends to retain its radiogenic argon during thermal metamorphism 
to a greater extent than does biotite (Hart, 1961; 1964; Hanson and 
Gast, 1967). 

FOr the rocks involved in the Algoman orogeny, biotite Rb-Sr 
and K-Ar ages are between 2400 and 2600 m. y. (Goldich and others, 
1961), and zircon U-Pb ages are about 2700 m.y. (Stern, 1964; 
Catanzaro, 1963; Davis and others, 1963; Anderson and Gast, 1964; 
and Anderson, 1964). The ages for the biotite from rocks involved 
in the Penokean orogeny range- from 1600 to 1800 m. y. (Go1dich 
and others, 1961). Go1dich and others (1961) have described the 
geological relationships of the rock units dated in this study, and 
references to the older literature are given in that report. In this 
study, K-Ar ages were determined on hornblende concentrates 
from the Saganaga Granite, Giants Range Granite, Sacred Heart 
Granite, Northern Light Gneiss, hornblende schist from the Knife 
Lake Group, Morton Gneiss, and a hornblende-pyroxene gneiss at 
Granite Falls, all of which would be expected to give Algoman ages. 
Also, a K-Ar age was determined on hornblende from the Rockville 
porphyritic Granite, which should give a Penokean age. 

Radiometric dating of dike swarms in the Canadian Shield 
indicates that some of the swarms may be correlated over dis-
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tances of hundreds of miles and that there are distinct periods of in
trusion which may reflect large-scale fracturing of the continental 
crust (Leech, 1966; Burwash and others, 1963; Fahrig and Wanless, 
1963; Payne and others, 1965; Van Schmus, 1965). As a preliminary 
study to ascertain whether the basaltic intrusive rocks in Minnesota 
are in accord with the patterns found in Canada, K-Ar ages were 
determined on whole-rock samples of three dikes near St. Cloud and 
one dike in Rainy Lake and on a hornblende concentrate from the 
Cedar Mountain Granophyre-Gabbro Complex in the Minnesota 
River valley. 

ANAL YTICAL METHODS 

The analytical results are presented in Table 1. 

Argon-40 was determined by using the mass spectrometer stat
icallyas a manometer without the use of isotopically enriched argon 
tracers. 

The replicate standard deviation for argon is 2 percent. Repli
cate analyses of standard N.l[7T biotite B3203 give an argon content of 
4.01 :: 0.03 x 10-4 cc/gm,- as compared to 3.877:: 0.01 x 10-4 

cc/gm reported by other laboratories. 

The potassium content was determined by x-ray fluorescence 
(Rose, Adler, and Flanagan, 1962). The uncertainty (one standard 
deviation) in it is 1. 5 percent of the total amount of potassium 
present. For potassium contents of less than 0.5 percent the un
certainty is larger. 

The precision of a K-Ar age for a mineral is about 2 percent, 
because most of the ages are based on replicate analyses and be
cause the half life of K40 is small compared to these ages. The 
uncertainty in the accuracy of the ages, however, may be 5 per
cent. 

J:../ Variations in isotopic abundances of strontium, calcium, and 
argon, and related topics, 1962, Department of Geology and 
Geophysics, MIT 
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Tab 1 e l--K-li.1' age determinations 

Field Sample K ':'Ar 
40 

Air Ar40 

number analyzed~1 wght. pet. xlO4cc/gm pet. 

Northeastern Minnesota 

Hornb lende Schist - Knife Lake Group 

IL-2 H 0.501 1. 19 
0.510 1. 13 

1. 15 

G~~aY!.ts Range Grar.ite 

M5217 H 0.550 1. 23 
0.520 1. 25 

M5219 B 6.95 6.57 
7.02 

M5219 H 0.984£ 1 2.05 

1.001TI 
.990-

Northern Light Gn6isB 

M5274 H 0.545 1. 28 
0.590 

Saganaga Granite 

M5275 H 0.460 0.98 
0.458 1. 01 

1. 00 

M5277 H 0.413 0.99 
0.401 1. 01 
0.396U 
0.393U 

Minnesota River valley 

Hornblende-Pyroxene Gneiss at G'1'anite Falte 

M8185-"/ 

M8318 

H 0.883 
0.884 

2.16 

Morton QUQrtz-Monzoni te Gneiss 

H 1. 01 2.22 
2.23 

RI8 

AgeE! 
y. 

2650 

2660 

1540 

2500 

2620 

2570 

2770 

2740 

2590 
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9 KA338~1 H 0.98 2.24 2630 
0.98 2.20 
0.99 

Sacped Heart Granite 

10 KA336~1 H 1.02 2.56 2760 
1.06 2.59 

Central Minnesota 

Roakvi ZZe Porphyri tic Granite 

II RH-21 H 0.893 1. 09 14 1800 
0.894 1. 05 17 

Basaltic Intrusives 

BasaZt Dikes in the vicinity of St. Cloud 

12 M8300 WR 0.776 0.555 25 1280 
0.770 0.568 6 

13 M8301 WR 2.00 1. 73 1460 
1. 96 

14 M8302 WR 0.568 0.550 1570 
0.552 10 

Rainy Lake Dike 

IS M7052c WR 0.455 0.71 2130 
M7052c<:i/ WR 0.656 0.96 2040 

Cedar Mountain Granophyre-Gabbl'o Complex 

16 M8317 H 0.80 0.91 1750 
0.80 

Radiogenic 

~/ H - hornblende 

5:..,1 Analysts, H. H. Thomas and C. O. 
lngamells, U. S. Geological Survey. 
Age reported in Thomas (1963). 

B - biotite 
WR - whole rock 

~I e = 0.584 x 10-IOyr- l 

:::: 4.72 x lO-lOyr- 1 

X40 :::: 0.0118 atom percent of K 

The analytical uncertainty in the ages 
is about 5 percent. 

<:1.1 

~I 

Analysts, H.H. Thomas, R.F. 
Marvin, P. Elmore. U.S. Geological 
Survey. 

Data from Hanson and Hinunelberg 
(19b7). 

Analysts, H. Wiesmann and F. Mc
Dowell. Eidg. Tech. Hochschule. 
Zurich. 

5 
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EXPL A N A T IO N 

!{ I. ·. ·.1 
_ North Shore Volconic Group 

{ 
Imm::l i Vk oinio and. Formal lon, 

BIWabik and Gunflint· Iron - Formations 

~{ Kni fe Lake Group 

Keewatin Group 

• 
Sample locality 

i 
o 

s CAL E 

i i 
10 20 

~ 
Duluth Gabbro Compl.x 

I't t:£.il 
Granite and Gne iss 

( Aoe not indicated ) 

30 mile. 

Figure I--Generalized geologie map of northeastern 
Minnesota shOwing the location of samples 
and K-Ar ages in millions of years (modi
fied from Goldich and others, 1961). Al.l. 
ages are for hornbl.ende except sampl.e 
3, which i ncl.udes an age for biotite 
(B). Sampl.e numbers refer to tabl.e 1.. 
The granitic bodi es are VG-Vermil.ion 
Granite, GR-Giants Range Granite, SB
Snowbank stock, SAG-Saganaga Granite, 
NL-Northern Light Gneiss. 

RI8 
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DISCUSSION OF AGES 

Algoman granitic intrusive and metamorphic rocks 

The granites and metamorphic rocks in northeastern Minnesota 
and adjacent areas in Ontario (fig. 1) that were involved in the Algo
man orogeny give K-Ar and Rb-Sr biotite ages of 2400-2600 m. y. On 
the basis of these biotite ages it has been assumed that the Algoman 
orogeny reached its culmination 2500 m. y. ago (Goldich and others, 
1961). U -Pb zircon ages for these rocks are discordant and give 
ages of 2600-2800 m. y., depending somewhat on the model used to 
explain the discordance (Anderson, 1964; Anderson and Gast, 1964; 
Davis and others, 1963). 

Hornblendes from the Northern Light Gneiss, the Giants Range 
Granite, the Saganaga Granite, and from hornblende schist of the 
Knife Lake Group give ages ranging from 2500-2770 m. y. (fig. 1). 

Sample M52l9 from the Giants Range Granite, which was taken 
only 2. 7 kilometers from the contact with the Duluth Gabbro Com
plex has a hornblende K-Ar age of 2500 m. y. Biotite from the 
same sample has an apparent K-Ar age of 1540 m.y., which indi
cates loss of radiogenic argon resulting from the thermal meta
morphism associated with the intrusion of the Duluth Gabbro 
about 1100 m. y. ago. Comparison of these two ages with those 
from the Snowbank stock (Hanson and Gast, 1967) (fig. 2), which 
similarly was affected by the gabbro, suggests that the hornblende 
K-Ar ages on sample M5219 should be only slightly affected. 

In southwestern Minnesota the Morton Quartz Monzonite 
Gneiss and the Montevideo Granite Gneiss of Lund (1956) are 
possibly 3500 m.y. old, as indicated by U-Pb zircon ages 
(Catanzaro, 1963; Stern, 1964), and were involved in a region
al metamorphism during the Algoman orogeny. Hornblendes 
from the Morton Quartz Monzonite Gneiss, the Sacred Heart 
Granite, and the hornblende-pyroxene gneiss at Granite Falls 
give ages that range from 2590 to 2760 m.y. and average 2680 
m. y. (fig. 3). The region also was affected by a thermal meta
morphism at about 1800 m. y., which is reflected by the appar
ent biotite ages of 1800 m. y. from rocks that crop out between 
Granite Falls, Minnesota and Milbank, South Dakota (Goldich 
and others, 1961). Possibly this thermal event induced par
tialloss of radiogenic daughters from biotites in other parts of 
the Minnesota River valley as well, but apparently did not induce 
loss of argon from the hornblendes. 
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Figure 2--K-Ar ages for hornblende and biotite for the 
Snowbank stock and for sample M5219 from 
the Giants Range Granite plotted against the 
distance from the contact with the Duluth Gab
bro Complex. It can be seen that the bio
tite from the Giants Range Granite vir
tually fits the curve for the Snowbank 
stock biotites of the same grain size 
0.3 - 0.8 mm diameter. This agreement 
suggests that the shape of the Duluth 
Gabbro and the dip of the basal contact 
were essentially the same over the two 
areas. Hanson and Cast, 196?, give a 
more comprehensive discussion of the 
problem. 
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Figure 3 - -Map showing location of samples and K-Ar 
ages for hornblende in millions of years for 
granites and gneisses in the Minnesota River 
valley, southwestern Minnesota. Samp le num-
bers refer to table l. 
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The average age for the nine hornblendes involved in the Algo
man orogeny (excluding M52l9) is 2670 ~ 30 m. y.; the range in age 
is from 2570 to 2760 m. y. (fig. 4). The hornblende K-Ar ages are 
as great or greater than the maximum biotite K-Ar ages and essen
tially equivalent to the zircon U - Pb ages for the rocks involved in 
the Algoman orogeny. The fact that associated biotite ages are 
lower may reflect heating over long periods of time at temperatures 
of about 300 0 C. during the later stages of the Algoman orogeny. 
The biotite ages may also show the effect of later thermal events 
as is the case in the Minnesota River valley. 
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Penokean Granitic Intrusive Rocks 

A hornblende concentrate from the Rockville Porphyritic Gran
ite of Woyski (1949) at Rockville gives a K-Ar age of 1800 m. y. (fig. 
5). Although too much emphasis should not be placed on one mineral 
age, this age is older than the K -Ar age of 1650 m. y. for biotite 
from the same rock (Goldich and others, 1961), and is more compa
rable to the biotite ages (1750-1800 m. y.) of the older tonalites in 
east-central Minnesota. 

Basaltic Intrusive Rocks 

Except for the basaltic dikes near Granite Falls (Hanson and 
Himmelberg, in press; Goldich and others, 1961) and certain lam
prophyres, it has been assumed that most of the dikes in Minnesota 
are of Keweenawan age (Grout and others, 1951, p. 1057). The 
Keweenawan intrusive rocks --in particular the Duluth Gabbro Com
plex--occur along the north shore of Lake Superior and give ages of 
about 1100 m.y.(Goldich and others, 1961; Silver and Green, 1963; 
and Faure, 1964). 

Three samples of basalt dikes that cut the St. Cloud Red Granite 
and the Rockville Porphyritic Granite of Woyski (1949) in the vicin
ity of St. Cloud give K-Ar whole-rock ages of 1280, 1460, and 1570 
m. y. These whole-rock ages may have been reduced, however, by 
low temperature diffusion of argon. Although it has been found that 
basaltic rocks on the order of millions of years old give reliable 
whole-rock K-Ar ages (McDougal, 1964; Dalrymple and Hirooka, 
1965), older basaltic material on the order of hundreds to thou
sands of millions of years may give ages that are low, presumably 
because of low-temperature diffusion of argon (Burwash and others, 
1963; McDougall and others, 1963; Leech, 1966). Assuming that 
the dikes in the vicinity of St. Cloud were intruded at the same 
time, it is concluded that they are between 1570 m. y., the oldest 
whole rock K-Ar age, and 1800 m. y., the age of the host rock. 

In the vicinity of Granite Falls, field relations show that mafic 
igneous rocks intruded gneisses during at least two separate periods. 
A hornblende K-Ar age from a tholeiitic diabase dike gives an age 
of 2080 m. y. Hornblendes from hornblende-andesite dikes give 
ages of about 1750 m. y. (Hanson and Himmelberg, in press). Hall 
(1899) may have been correct in assuming that there is a relation
ship between the time of intrusion of the basaltic dikes in the St. 
Cloud area and at least the hornblende-andesite dikes in the Gran
ite Falls area; however, both sets of dikes are older than the 
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K - Ar Hornblende 
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K-Ar Biotite 
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Figure 4--Histogram of K-Ar ages of hornblende and 
biotite concentrates from igneous and meta
morphic rocks involved in the Algoman oro
geny in Minnesota and Ontario. The l700-
l800 m.y. old biotites are from the 
Montevideo-Granite Falls area, where 
the ages were lowered due to loss of 
radiogenic argon during a thermal e
vent l700-l800 m.y. ago. A K-Ar age 
for hornblende from this area was not 
lowered. The K-Ar ages for biotite 
are from Goldich and others (l96l). 

Keweenawan intrusive rocks of the North Shore. 

11 

In the Minnesota River valley, about 40 miles southeast of Gran
ite Falls, the roughly circular Cedar Mountain Granophyre-Gabbro 
complex, which has a maximum dimension of half a mile, intrudes 
the Morton Quartz Monzonite Gneiss. Hornblende from the com-
plex gives a K-Ar age of 1750 m. y. , which agrees with the previously 
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Figure 5 - -Generalized geologic map of Minnesota showing 
the location of samples and K-Ar ages in millions 
of years of basic intrusive rocks and a sample of 
Rockville Porphyry Granite (II-H). H, horn
bZende; WR, whoZe rock. SampZe A is for 
hornbZende from a thoZeiitic dike and B is 
the average hornbZende age for hornbZende
andesite dikes at Granite FaZZs, Minnesota. 
C is the age of the Zate Keweenawan intru
sives and extrusiV6S, D is a K-Ar age for 
biotite from a Zamprophyre dike that cuts 
the Saganaga Granite (GoZdich and others, 
Z96Z, KA 70), and E is a minimum Rb-Sr age 
for biotite from a Zamprophyre dike that 
cuts metasedimentary rocks of the Knife 
Lake Group (Hanson and Gast, Z967, BC760Z). 

RI8 
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Sandstone and shale 

(Coleraine Formation northern 
Minnesota; Windrow Formation 

southern Minnesota) 
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brian; Lower. Middle and Upper 
Ordovician;and Middle Devonian 
age} 
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(Fond du Lac Formation 
and Hinckley Sandstone) 
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anorthosite and granopbyre; 

age is 1. 1 billion years) 
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Sioux Quartzite 

·:Dominantly quartzite with thin 
beds of argillite or pipestone) 

Penokean intrusive rocks 

(Quartz diorite, quartz monzonite, 
granodiorite, and granite; age is 
1. 7 billion years) 

Argillite and graywacke 

(Virginia Argillite, Thomson Slate 
and Rove Argillite) 

Iron-formation 

(Biwabik Iron-formation of Mesabi 
range and Trammald Formation of 

Cuyuna range) 

Undifferentiated metamorphic and 
intrusive rocks 

(Includes Ely Greenstone, Knife 
Lake Group. Giants Range Granite 
and Vermilion Granite of northern 
Minnesota; Soudan Iron-formation 
is interbedded in the Ely Green
stone; and gneisses and intrusive 
igneous rocks of the Minnesota 
River Valley) 

13 
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determined K-Ar biotite age of 1750 m. y. (Goldich and others, 1961). 
It is probable that the Cedar Mountain Granophyre-Gabbro complex 
is nearly contemporaneous with the hornblende-andesite dikes near 
Granite Falls. 

In the vicinity of Rainy Lake, mafic dikes as much as 200 feet 
thick cut granites and gneisses that are 2600 m. y. old (Goldich and 
others, 1961; Davis and others, 1963). Whole-rock K-Ar ages of 
2130 m.y. and 2040 m.y. were obtained on the chilled margin of 
an lSO-foot-thick dike on Fransen Island. If low-temperature 
diffusion took place, this is a minimum age. 

A lamprophyre dike that cuts metasediments of the Knife Lake 
Group near Snowbank Lake, Minnesota, gives a Rb-Sr age for biotite 
of 1560 m.y. (RbS7A.~= 1.47 x 10-11years- l ). Comparison of this 
age with those of the Snowbank stock, which were lowered by the 
thermal metamorphism associated with the intrusion of the Duluth 
Gabbro, would indicate that the lamprophyre dike is approximately 
2600 m. y. old (Hanson and Gast, 1967). A lamprophyre dike cutting 
the Saganaga Granite gives a K-Ar age for biotite of lS00 m. y. 
(Goldich and others, 1961). 

Considering the uncertainties in interpreting whole-rock K-Ar 
ages and the paucity of data, the periods of basaltic intrusion in 
Minnesota agree with those recognized in Canada at 2100-2400 m.y., 
1700-2000 m.y., and 1000-1200 m.y. (Leech, 1966; Burwash and 
others, 1963; Fahrig and Wanless, 1963; Van Schmus, 1964; Payne 
and others, 1965; and Fairbairn and others, 1960). 
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APPENDIX 

Sample Locations 

is hornblende schist, a metamorphosed phase of the 
Knife Lake Group, from road cut on west side St. Louis 
county road 21, north-central part sec. 6, T. 60 N., 
R. 13 W., Minnesota (collected by P. K. Sims). 

is from the Giants Range Granite, first large outcrop 
south of the Ely Greenstone on State Highway 1. About 
700' south of line between section 2 and 11 on west line 
of section 11, T. 62 N., R. 12 W., St. Louis Co., 
Minnesota. 

is from the Giants Range Granite on State Highway 1, 
on the line dividing sections 25 and 36, T. 62 N. , 
R. 12 W., St. Louis Co., Minnesota. 

is from the Northern Light Gneiss, Savage Bay, North
ern Light Lake, lat. 4So 15.6' N, long. 90° 42. S' W, 
Thunder Bay District, Ontario (COllected by D. H. 
Anderson). 

is from the Saganaga Granite in Northern Light Lake, 
immediately south of Nelson Bay, lat. 4So 13.4' N, 
long. 90° 41. S' W, Thunder Bay District, Ontario 
(collected by D. H. Anderson). 

is from the Saganaga Granite on southern end of east
ern branch of bay co.nnecting Sea Gull Lake and Saga
naga Lake, lat. 4So 10.0' N, long. 90° 52. 6' W~ 
Cook County, Minnesota (collected by D. H. Anderson). 

is from a hornblende-pyroxene gneiss near Granite 
Falls, SEl/4 NW1/4 sec. 4, T. 115 N., R. 39 W., 
Yellow Medicine County, Minnesota (COllected by G. R. 
Hirnrnelberg). 

is from an abandoned quarry in Morton Quartz-Mon
zonite Gneiss west of Railroad Spur NW corner, SW 1/4 
sec. 32, T. 113 N., R. 34 W., Renville County, 
Minnesota. 

Same location as MS31S (COllected by S. S. Goldich). 
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10. KA336 is from Sacred Heart Granite consisting of pegrnatitic 
hornblende and red potassiw:n feldspar on SW corner 
sec. 8, T. 114 N., R. 37 W., Redwood County, Minne
sota (collected by S. S. Goldich). 

11. RH-2l from the Rockville Porphyritic Granite, quarry one
half mile south of Rockville, SEI/4 NWI/4 sec. 16, 
T. 123 N., R. 29 W., Stearns County, Minnesota 
(collected by R. K. Hogberg). 

12. M8300 is from a four-foot fine-grained basaltic dike which 
strikes N. 70° E., has a vertical dip, and cuts the 
St. Cloud Red Granite in a quarry 1 1/2 miles south 
of the junction of Highways 23 and 52, in the south-
west part of St. Cloud, NEI/4 SWI/4 sec. 20, T. 124 N., 
R. 28 W., Stearns County, Minnesota. 

13. M830l is from a fine-grained porphyritic basalt dike which 
cuts the St. Cloud Red Granite in a quarry near the 
center of the west line of section 20, T. 124 N. , 
R. 28 W., Stearns County, Minnesota. The dike is 
poorly exposed and only a part of one contact can be 
seen. 

14. M8302 is from a six-foot fine-grained basaltic dike which 
cuts the Rockville Porphyritic Granite in a quarry 4 1/2 
miles east of Rockville and immediately north of High
way 23, Stearns County, Minnesota. The dike strikes 
N. 35° E. 

15. M7052c consists of two pieces from the chilled border on the 
SW edge of the dike on Fransen Island, which is the 
third island NW of Stop Island, lat. 48° 37.5' N, 
long. 93° IS' W. About 1/2 mile south of the Inter
national Boundary, Koochiching County, Minnesota. 
The dike is 180 feet thick and strikes N. 40° W. 

16. M83l7 is from the granophyre-gabbro of the Cedar Mountain 
Complex on the northwest edge on top of the annular 
outcrop in the SEI/4 NEI/4 sec. 15, T. 112 N., 
R. 34 W., about 1 mile south of Franklin, Redwood 
County, Minnesota. 
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