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DESCRIPTION OF MAP UNITS

  MIDCONTINENT RIFT INTRUSIVE SUPERSUITE

  Miscellaneous intrusions—Subvolcanic, sheetlike intrusions possibly related 
in timing to the Beaver Bay Complex of the Midcontinent Rift 
Intrusive Supersuite.  Intrusions related to the Beaver Bay Complex 
consist of dominantly mafic to locally felsic, generally sheetlike 
bodies that were emplaced into the middle to upper parts of the 
North Shore Volcanic Group of the Keweenawan Supergroup 
(Miller and Green, 2002).  The terminology for the various rock 
groups and formations on this map follows that of Miller and 
others (2002).  Pope (1976) mapped parts of the Silver Creek and 
Lafayette Bluff diabase intrusions in this map area, which were 
remapped by the authors.

  Unnamed intrusions—Small dikes that are sporadically exposed.

 fd  Ferrodiorite to ferromonzodiorite—Gray to brownish-gray, fine- 
to medium fine-grained, felty to trachytic, typically weakly 
porphyritic.  Contains 40 to 70 percent plagioclase, up to 35 
percent felsic mesostasis, 0 to 30 percent clinopyroxene, 2 to 20 
percent Fe-Ti oxides, 0 to 40 percent secondary amphibole, and 
accessory apatite.  Unit occurs as narrow, irregular dikes that are 
generally less than 3 feet (1 meter), but locally as much as 26 feet 
(8 meters) wide.

 od  Ophitic diabase—Gray, fine-grained, felty-textured, commonly 
sparsely porphyritic and chlorite-diktytaxitic. Contains 40 to 50 
percent plagioclase, 25 to 40 percent poikilitic clinopyroxene, 1 to 
5 percent Fe-Ti oxides, 10 to 20 percent variably altered olivine, 
and 0 to 5 percent pigeonite.  Dikes have chilled margins and 
range from 13 to 131 feet (4 to 40 meters) in width. 

  Silver Creek diabase—An irregular, subcordant to discordant, subhorizontal 
intrusion of ophitic olivine diabase that is at least 197 feet (60 
meters) thick.  Unit forms a prominent highland (Nester Bluffs) that 
projects north from Silver Cliff at Lake Superior (Boerboom and 
others, 2003a).  Includes small bodies of porphyritic, intergranular 
gabbro (unit scp) that apparently formed as local differentiates 
within the sill.  Crow Creek has eroded through the sill and 
exposed the underlying volcanic strata just south of this map 
(Boerboom and others, 2003a).  The Silver Creek diabase contains 
few structural or lithological attributes, such as columnar joints, 
sheet joints, or modal layering, and where present, these attributes 
are poorly developed and inconsistent in attitude.  Hence, the 
geometric characteristics of the body are poorly understood.  South 
of this map near Lake Superior (Boerboom and others, 2003a), 
the diabase forms a sheet that dips moderately to the northwest.  
At the southern edge of this map and the adjoining area to the 
south (Boerboom and others, 2003a), the diabase flattens out to 
a subhorizontal sill.  Along most of its length in the eastern part 
of this map, the shape of the body is poorly constrained, but is 
inferred to dip moderately to the east on the basis of an altered 
zone that is assumed to be at the top of the body and a slightly 
eastward-offset aeromagnetic anomaly.

 scp  Porphyritic diabase—Dark gray to greenish-gray, medium- to 
coarse-grained, intergranular to subophitic, felty to moderately 
foliated.  Characterized by porphyritic to bimodal grain size, with 
tabular plagioclase, augite, and altered olivine phenocrysts in a 
fine-grained, quench-textured, mafic groundmass of subprismatic 
clinopyroxene intergrown as a latticework with skeletal plagioclase 
laths.  In general, diabase contains 35 to 60 percent plagioclase, 
15 to 30 percent clinopyroxene, 5 to 10 percent Fe-Ti oxides that 
include relatively abundant ilmenite, up to 5 percent iddingsite-
altered olivine, and 10 to 25 percent fine-grained, quench-textured, 
mafic groundmass.  The northern of these two bodies includes 
coarse-grained, pinkish-gray, quartz ferromonzonite that apparently 
occurs as irregular segregations.  May be analogous to Silver Bay-
type intrusions (for example Miller and others, 1988). 

 sco  Altered ophitic olivine diabase—Gray to greenish-gray, medium-
grained, massive.  Similar to the ophitic olivine diabase unit (scd) 
but olivine and pyroxene are altered to various low-temperature 
secondary minerals such as chlorite, actinolite, and iddingsite, and 
plagioclase is variably saussuritized and zeolitized.  Outcrops of 
gray to pink, medium- to very coarse-grained ophitic gabbro just 
upstream of the andesite unit (gba) in Gooseberry River are heavily 
zeolitized, with amygdules and diktytaxitic cavities of pink radial 
laumontite.  This zeolitized gabbro presumably represents a local 
concentration of volatile material, and may indicate a shallow depth 
of emplacement for the sill.  Distribution is poorly constrained, 
and extension beyond exposed outcrops is inferred. 

 scd  Ophitic olivine diabase—Gray, medium fine- to medium coarse-
grained, massive, with black augite oikocrysts typically 2 to 4 
centimeters but as large as 7 centimeters in diameter.  Contains 60 
to 80 percent plagioclase, 10 to 25 percent augite, 6 to 12 percent 
olivine, 1 to 3 percent opaque minerals, 1 to 5 percent felsic 
mesostasis, and accessory apatite.  Isolated erosional remnant-
knobs to the west are slightly more coarse-grained, slightly more 
granophyric, and contain up to 10 percent pigeonite, but otherwise 
are similar to the main body. 

  Lafayette Bluff diabase—An irregular, discordant, sheetlike body composed 
of dark greenish-black, amygdaloidal and porphyritic diabase that 
texturally grades into the adjacent Silver Creek diabase.  Typically 
deeply weathered to a brown, crumbly grus.  Continuous with 
prominent high hills to the south near Lake Superior, where it 
forms irregular dikes.  Contact metamorphism of the adjacent 
volcanic rocks is limited to a few meters in extent. 

 lbd  Diabasic olivine gabbro—Dark greenish-gray, medium- to coarse-
grained, ophitic, typically porphyritic and amygdaloidal.  Readily 
recognized by its distinctive color, softness, variable amygdaloidal 
and porphyritic character, and weathered nature.  Based on previous 
mapping to the south (Boerboom and others, 2003b), contains 55 
to 80 percent generally fresh, fine- to coarse-grained plagioclase; 
10 to 25 percent fresh, ophitic augite; 5 to 12 percent variably 
altered olivine; 2 to 3 percent opaque oxides; trace amounts of 
pigeonite, inverted pigeonite, and orthopyroxene; and minor 
granophyric mesostasis.  Phenocrysts are composed of dark 
greenish-black, tabular, plagioclase crystals up to 3 centimeters in 
length.  Amygdules and diktytaxitic cavities are filled with fibrous 
zeolite minerals. 

  London intrusion—Informal name given to a gabbroic intrusion located 
adjacent to the site of London as designated on the quadrangle 
map.  The intrusion is irregularly but concentrically layered, 
and in exposed areas is characterized by a lower unit of well-
foliated, intergranular ferrogabbro, an intermediate zone of 
variably granophyric ophitic gabbro with layers and segregations 
of ferromonzodioritic rocks, and an upper, central unit of fine- to 
medium-grained ophitic diabase.  The middle and upper zones 
have undergone generally moderate but pervasive hydrothermal 
alteration that has mainly affected olivine.  Forms a prominent, 
circular, positive, aeromagnetic anomaly that extends northeast 
beyond this map area; these aeromagnetic data indicate that the 
eastern terminus of this intrusion is truncated by the Silver Creek 
diabase.  The extension of map units beyond exposed areas is based 
on a prominent aeromagnetic anomaly.  Inferred to form a saucer-
shaped intrusion in which the southern margin has been faulted by a 
somewhat speculative scissors fault.  In this scenario, the hingepoint 
of the fault is centered on the southern margin of the intrusion.  
West of the hingepoint, the northern block is downdropped; east of 
the hingepoint, the northern block is uplifted.  Similar in lithology 
and alteration to the Blesner Lake and Lax Lake intrusions to the 
northeast (Miller, 1988; Miller and others, 1993).

 lod  Ophitic diabase—Gray to dark greenish-gray, medium-grained, felty 
to locally weakly foliated, oxide- and olivine-bearing.  Oxides are 
commonly subpoikilitic and olivine typically forms subpoikilitic 
clots up to 1 centimeter in diameter, altered to a mixture of chlorite, 
iddingsite/bowlingite, green fibrous amphibole, dusty Fe-oxide, 
and rarely, talc.  Augite is locally uralitized, and forms low- to 
medium-density poikilitic grains that vary from 1 to 7 centimeters 
in diameter.  Contains 50 to 75 percent tabular plagioclase, 16 to 

30 percent augite, 2 to 10 percent Fe-Te oxides, 1 to 10 percent 
olivine, 0 to 5 percent felsic mesostasis, accessory apatite, and 
commonly trace amounts of epidote and chlorite and rare biotite 
and hornblende.  Altered olivine clots commonly contain trace 
amounts of pyrite.  In places, the grain size coarsens and the rock 
approaches the texture of the ophitic gabbro unit (lg).  Locally 
granophyric and pinkish-gray in color. 

 lfm Ferromonzodiorite—Pinkish-gray, medium- to very coarse-grained, 
ophitic to prismatic-intergranular, variably altered by deuteric/
hydrothermal processes.  Includes monzogabbro, quartz ferrodiorite, 
quartz ferromonzodiorite, and quartz ferromonzonite.  Forms 
irregular layers and pods within and gradational into units lig, lod, 
and lfg.  Contains 20 to 73 percent plagioclase, 5 to 50 percent 
felsic mesostasis, 5 to 40 percent clinopyroxene, 0 to 10 percent 
altered olivine, 2 to 10 percent Fe-Ti oxides, up to 2 percent apatite, 
and variable but minor amounts of secondary epidote, actinolite, 
hornblende, and clayey material.  Plagioclase typically forms 
moderately to strongly zoned, variably altered, tabular crystals; 
felsic mesostasis is a mixture of turbid, dusty brown-altered alkali 
feldspar with patchy to radial extinction intergrown with varied 
proportions of quartz, calcite, and epidote; clinopyroxene varies 
in habit from ophitic to prismatic in the more felsic phases, and 
is variably altered to uralite, actinolite, hornblende, and chlorite; 
olivine forms irregular anhedral-interstitial to subpoikilitic patches 
that are mainly altered to a mixture of green chlorite and dusty 
oxides, but also some fibrous actinolitic amphibole.  Oxides 
typically form subskeletal suboctahedral grains. 

 lg Ophitic gabbro—Gray, coarse-grained oxide- and altered olivine-bearing; 
locally granophyric and gradational into ferromonzodiorite (unit 
lfm).  Contains 45 to 70 percent plagioclase, 10 to 40 percent 
ophitic clinopyroxene, 2 to 8 percent subpoikilitic to suboctahedral 
Fe-Ti oxides, trace to 10 percent altered subpoikilitic olivine, up 
to 10 percent felsic mesostasis, and accessory apatite.  In places 
contains secondary epidote and actinolite.  Some outcrops adjacent 
to the north edge of the ophitic diabase unit (lod) are pale green, 
medium-grained, heavily epidote-actinolite altered, and moderately 
trachytic. 

 lig  Massive intergranular ferrogabbro—Gray, medium-grained, 
intergranular, decussate to weakly foliated, weakly porphyritic, 
altered.  Similar mineralogy to unit lfg but fine-grained, more 
altered, and hornblende-bearing.  Forms a narrow topographic low 
through an otherwise well-exposed area near the south margin of 
the intrusion. 

 lfg  Foliated ferrogabbro—Brownish-gray to gray, medium- to coarse-
grained, intergranular, moderately to strongly-foliated.  Contains 
45 to 70 percent tabular plagioclase, 20 to 45 percent granular-
textured augite, 5 to 20 percent granular to anhedral-interstitial 
Fe-Ti oxides, trace to 3 percent olivine that varies from altered, 
coarse-grained clots to small, fresh, granular grains, 0 to 5 percent 
felsic mesostasis, accessory apatite, local trace amounts of inverted 
pigeonite, hypersthene, phlogopite, and biotite, and minor secondary 
epidote and chlorite.  Locally exhibits oxide layering that grades 
on a meter scale from oxide-rich bases to oxide-poor tops.  The 
lithology of this unit to the south of the speculated east–west 
fault is identical to, but slightly more coarse-grained than, the 
main body.  However, in places it contains an elevated proportion 
of felsic mesostasis, to the extent that it locally approaches 
ferromonzodiorite in composition, and the rock commonly exhibits 
an ophitic texture near these more felsic zones.

 lpf  Ferromonzodiorite to ferromonzonite—Maroonish-gray, medium-
grained, porphyritic, granophyric, prismatic. Groundmass has local 
quench-textured, radial-plumose texture.  Contains approximately 
55 percent plagioclase, 20 percent felsic mesostasis, 10 percent 
prismatic clinopyroxene, 5 to 10 percent octahedral and bladed 
Fe-Ti oxides, up to 1 percent apatite, and a trace amount of 
hornblende and possible altered olivine.  This is a marginal phase, 
at the base of the London intrusion west of Gustafson Hill, that 
possibly formed by hybridized partial melting and incorporation 
of adjacent andesitic volcanic rocks.

  Highland intrusive complex—Gabbroic (unit hgm) to felsic (unit hqm) 
intrusive rocks, exposed in scattered outcrops in the southwest 
portion of this map.  Geophysical data imply that these exposures 
are at the eastern margin of a locally well-exposed and larger 
intrusive complex that continues westward into the Highland 7.5-
minute quadrangle and southward into the Castle Danger and Two 
Harbors quadrangles (Boerboom and others, 2003a, b).

 hqm  Quartz monzodiorite to granite—Brownish-pink, medium- to coarse-
grained, granophyric, apatitic, altered.  Locally exhibits moderate 
foliation via alignment of coarse-grained, tabular plagioclase, and 
in places contains small miarolitic cavities.  Contains 35 to 40 
percent euhedral, pink-altered plagioclase crystals, 5 to 10 percent 
prismatic, altered augite, and less than 1 percent Fe-Ti oxides in 
a groundmass of mixed quartz (15 to 20 percent) with tridymite 
habit and turbid pink-altered alkali feldspar (35 to 40 percent).  
Also contains traces of apatite, altered olivine, and diktytaxitic 
to miarolitic chlorite and calcite.  Poorly exposed, extent inferred 
from a broad, subdued, subcircular, aeromagnetic anomaly and 
water well log descriptions.

 hmd  Ferromonzodiorite—Pinkish-gray to gray, medium- to coarse-
grained, intergranular-prismatic to subophitic ferrodiorite to quartz 
ferromonzonite.  Contains 35 to 60 percent blocky, moderately 
altered plagioclase, 10 to 50 percent felsic mesostasis with poikilitic 
to bladed quartz intergrown with turbid-altered alkali feldspar, 5 
to 25 percent fresh but slightly uralitized, subprismatic-blocky to 
subophitic augite, 3 to 10 percent blocky-anhedral interstitial Fe-
Ti oxides, 0 to 5 percent iddingsite-altered olivine, and accessory 
apatite.  Inferred to represent a local differentiated mass within 
unit hgm, much like unit lfm in the London intrusion. 

 hgm Gabbroic intrusive rock, undivided—Gray, medium-grained, dominantly 
felty-textured but locally cumulate-foliated, oxide-subpoikilitic, 
variably olivine-poikilitic ophitic diabase.  Just west of the map 
area, this unit contains scattered inclusions of coarse-grained, pale 
green, olivine-bearing anorthosite, and pale gray anorthosite that 
contains clots and segregations of magnetite.  Outcrops in the 
southwest corner of the map and the adjacent area to the west in 
the Highland quadrangle are similar in texture and mineralogy to 
unit lod in the upper portion of the London intrusion; however, 
aeromagnetic data clearly show that the London intrusion is separate 
from and probably post-dates unit hgm.  Continuous with similar 
rocks mapped to the southwest in the Two Harbors quadrangle 
(Boerboom and others, 2003b).  

  Beaver Crossing intrusion—Poorly exposed body inferred by aeromagnetic 
data to form a small, subcircular intrusion that is inferred to 
predate both the London intrusion and Silver Creek diabase, but 
relationships are ambiguous due to the lack of outcrop.

 bcg  Gabbro to ferromonzonite—Dark gray, medium-grained, well-foliated, 
intergranular, apatitic ferrogabbro; dark pinkish-gray, medium- to 
coarse-grained, felty-textured to weakly foliated, locally porphyritic 
granophyric gabbro to ferrodiorite; and pinkish-gray quartz 
ferromonzodiorite.  Apatitic ferrogabbro contains approximately 
55 percent lath-shaped plagioclase, 31 percent granular, uralitized 
pyroxene, 11 percent Fe-Ti oxides, and 4 percent felsic mesostasis; 
granophyric gabbro to ferrodiorite composed of approximately 80 
percent blocky plagioclase, 7 to 10 percent clinopyroxene, 2 to 3 
percent Fe-Ti oxides, 5 to 6 percent felsic mesostasis, and up to 
1 percent altered olivine; and quartz ferromonzodiorite contains 
approximately 45 percent zoned tabular plagioclase, 20 percent 
partly uralitized clinopyroxene, 10 percent Fe-Ti oxides, 20 percent 
felsic mesostasis, and 4 percent hornblende.  Relationships between 
phases are indeterminable due to very limited exposure.  

  KEWEENAWAN SUPERGROUP

  North Shore Volcanic Group—The volcanic rocks in this map area are part 
of the upper sequence of the southwest limb of the North Shore 
Volcanic Group (Green, 2002).  This sequence is further subdivided 
into informal lithostratigraphic units, as delineated by Green 
(2002).  The volcanic rocks exposed southeast of the Silver Creek 

diabase are part of the Gooseberry River lavas lithostratigraphic 
unit (Green, 2002).  The sequence of basalt (unit gbb) and andesite 
(unit gba) exposed along the Gooseberry River and Dago Creek 
southeast of the Silver Creek diabase are separated from the 
main package of Gooseberry River basalt (unit gbo) on the basis 
of differences in texture and/or chemical composition.  The area 
northeast of this sequence is unexposed and shown as volcanic 
rocks, undivided.  The volcanic rocks between the Silver Creek 
diabase and the London intrusion cannot be confidently correlated 
with any of the established lithostratigraphic units and are here 
termed the Gustafson Hill lavas. 

Secondary minerals formed during hydrothermal burial 
metamorphism are abundant in these lavas, especially in the 
more permeable (fractured and amygdaloidal) upper zones of 
individual flows.  Based on cursory observations, the rocks in this 
quadrangle have been metamorphosed to the laumontite-chlorite 
facies (Schmidt, 1993).  No prehnite was observed in any of the 
volcanic rock amygdules. 

  Gooseberry River lavas—Mainly ophitic basalt and weakly porphyritic ophitic 
basalt of olivine tholeiite and quartz tholeiite composition, but 
also includes flows of andesite.  Aeromagnetic anomaly patterns 
clearly indicate that this package of flows is continuous with the 
same sequence to the east, as mapped in the Split Rock Point 
quadrangle (Boerboom and Green, 2004), and is truncated on the 
west by the Silver Creek diabase. 

 gbo  Subophitic to ophitic basalt—Maroonish-brown, fine-grained, soft 
and altered, poorly exposed and generally weathered to crumbly 
soil composed of ophites liberated by weathering processes.  Augite 
oikocrysts vary from small, subophitic spots to 4 millimeters in 
diameter.  A roof pendant above the Lafayette Bluff diabase (unit 
lbd) is slightly harder and fresher than typical, but is essentially 
unmetamorphosed except within a few meters of the diabase.  
Analysis of a sample from this pendant (Table 1, sample TN-043) 
has a composition consistent with that of the Gooseberry River 
basalts to the east (Boerboom and Green, 2004).  No flow features 
were observed due to poor outcrop. 

 gbb  Intergranular, sparsely porphyritic basalt—Brown to greenish-
brown, fine-grained, felty-textured, with scattered, pink-altered 
plagioclase phenocrysts up to 1 centimeter in length.  Contains pale 
green pseudomorphs of small, euhedral, olivine grains, diktytaxitic 
chlorite, and small amygdules of laumontite, chlorite, calcite, 
and minor quartz.  Some petrographic samples containing clots 
of pale brown, gray birefringent felsic (?) mesostasis containing 
trellis-patterned opaque oxide grains were noted.  Flow interiors 
are locally very coarse-grained, subophitic, and pegmatitic, 
with laumontite- and calcite-filled amygdules greater than 10 
centimeters in diameter.  Individual flows range from 3 to 16 (?) 
feet (1 to 5 meters) thick, typically with pipe amygdules near the 
base and flaggy-parted amygdule-banded flow tops.  Geochemical 
analyses indicate compositions ranging from primitive olivine 
tholeiite to quartz tholeiite, possibly verging on basaltic andesite 
(Table 1). 

 gba  Andesite—Brownish-gray to maroon, fine- to medium fine-grained, 
felty-intergranular, sparsely porphyritic, with granular to prismatic 
altered pyroxene, 5 to 15 percent felsic mesostasis that includes 
small apatite grains, and small granular oxides, including secondary 
granules of sphene and/or leucoxene.  Rock is locally medium- to 
coarse-grained, in patchy laumontite-rich zones.  Flow thicknesses 
are poorly constrained, although one was noted as approximately 
10 feet (3 meters) thick; this may not be representative of the 
average flow thickness.  Geochemical analyses indicate andesite 
to ferroandesite composition (Table 1). 

 gbu  Volcanic rock, undifferentiated—Large area of no outcrop, inferred 
to be composed of predominantly mafic to intermediate volcanic 
rocks.  Scattered outcrops to the east (Boerboom and Green, 2004) 
of andesite and intergranular basalt are consistent with the lithology 
of units gba and gbb, but lack of outcrop precludes mapping the 
units individually northeast of Dago Creek and the Gooseberry 
River.  The dashed line is based on a subdued linear magnetic 
anomaly and shows the inferred line of demarcation between 
andesitic and basaltic rocks.  The southern margin against unit gbo 
is deduced from a weak, linear, northeast-striking, aeromagnetic 
anomaly that may reflect flow stratigraphy.

  Gustafson Hill lavas—Informal lithostratigraphic term given to a sequence 
of variably exposed volcanic rocks that have apparently been 
substantially disrupted by faulting and emplacement of nearby 
intrusive rocks.  Separated from the Gooseberry River sequence 
by the Silver Creek diabase (unit scd).  The upper andesitic flows 
(units ghp and gha) are apparently very thick and massive, with 
few exposed flow contacts.  Where observed, both units ghp and 
gha exhibit scoriaceous flow tops.  The basalt flows of unit ghb, 
exposed in the Gooseberry River in the southwest corner of T. 54 
N., R. 11 W., sec. 11, just downstream from Lake County Road 
3, exhibit typical basalt flow morphologies.

 ghp  Porphyritic andesite—Maroon to gray, fine-grained, intergranular.  
Contains 5 to 8 percent weakly zoned, moderately altered 
plagioclase laths up to 1 centimeter in length; the rest of the rock 
is fine-grained, felty plagioclase laths, granular clinopyroxene, 
granular Fe-Ti oxides, altered olivine, apatite, rare native copper 
and hornblende, and turbid, grayish-brown, felsic mesostasis that 
contains some quartz with tridymite habit.  Apparently consists of 
two thick, individual flows of undetermined thickness; the poorly 
exposed top of the lower flow is very fine-grained to intersertal-
textured, scoriaceous andesite with small plagioclase phenocrysts 
and weathered-out amygdules containing laumontite, quartz, and 
chlorite.  Outcrops commonly form steep, frost-shattered knobs 
covered with 4- to 8-inch (10- to 20-centimeter) thick slabs that 
form steep talus slopes.  Analysis from the upper ghp unit is listed 
in Table 1. 

Table 1.  Geochemical analyses of rock samples located on the Two Harbors Northeast quadrangle.  Minor elements are in parts per million.  Locations are shown on the map; analyses conducted by the Minnesota Department of Natural Resources (MN DNR) and 
Macalester College, St. Paul, Minnesota.

Sample Source SiO
2
 Al2O3

 CaO MgO Na
2
O K

2
O Fe

2
O

3
t MnO TiO

2
 P

2
O

5
 LOI Total Rb Sr Y Zr Nb Sc Cr Co Ni Cu Zn Ba La Ce Nd Sm Eu Yb Lu Hf Th U V Ga Pb

TH-63 MN DNR 51.3 14.6 8.76 2.77 3.19 1.18 14.3 0.21 2.52 0.33 0.92 99.9 40 180 50 260 30 39.0 40 34 20 190 170 300 31.0 73 30 9.0 2.2 6 0.86 8 4.4 1.7   

TN-001B Macalester  52.42 11.75 7.18 2.80 2.84 2.19 17.19 0.259 3.286 0.414 0.36 100.70 89 270 67 358 22 37 1 38 8 180 158 495 34 68       3 3 159 22 11

TN-002 Macalester  54.44 13.02 6.72 1.99 3.00 1.89 15.19 0.206 2.398 0.486 1.00 100.34 66 240 73 422 25 29 8 41 9 203 166 438 39 70       6 2 128 25 10

TN-009A Macalester  49.36 12.06 7.13 3.59 3.16 1.93 17.63 0.25 3.45 0.34 1.37 100.26 53 205 57 301 18 41 4 43 12 156 155 336 26 52       3 3 289 25 9

TN-011 Macalester  48.43 12.63 4.90 4.87 3.77 2.07 17.22 0.23 3.23 0.39 2.32 100.05 72 193 65 343 22 46 20 47 22 121 182 706 34 50       4 2 397 24 6

TN-013 Macalester  50.14 11.63 6.37 3.47 3.34 0.98 16.16 0.194 2.916 0.326 4.45 99.98 28 155 55 295 19 42 23 47 25 196 168 317 25 47       5 3 386 22 7

TN-014 Macalester 51.41 11.80 7.33 3.15 2.93 1.64 17.24 0.23 3.36 0.37 0.66 100.12 61 233 60 325 20 38 5 42 12 165 155 435 28 54       4 3 262 22 8

TN-020 Macalester 50.45 12.85 5.13 6.20 3.86 1.26 15.57 0.178 2.578 0.279 2.25 100.59 46 253 49 257 16 42 115 49 49 203 138 362 25 35       4 1 376 24 5

TN-022 Macalester  48.88 13.32 5.65 6.00 3.18 2.52 15.80 0.270 2.729 0.299 2.10 100.76 108 206 52 273 16 45 118 51 49 108 163 848 25 39       2 2 402 24 7

TN-023 Macalester  50.99 11.78 4.64 4.24 2.52 3.35 16.80 0.218 3.026 0.414 1.83 99.80 121 234 65 357 21 38 2 43 12 299 166 1846 32 56       2 3 279 21 6

TN-024 Macalester  50.32 12.48 4.47 4.54 3.81 1.91 16.42 0.242 2.999 0.382 1.66 99.23 46 89 65 352 22 40 7 40 16 159 157 392 31 48       6 2 324 24 5

TN-025 Macalester  48.12 13.30 6.75 6.49 3.75 0.77 15.66 0.290 2.354 0.257 2.86 100.60 30 155 46 243 16 35 125 56 79 93 185 330 26 34       5 2 343 25 8

TN-026 Macalester  51.04 12.64 4.58 6.13 4.01 1.12 15.28 0.314 2.523 0.274 2.36 100.28 16 94 49 256 16 40 104 43 44 206 178 181 23 32       6 3 381 23 8

TN-033A Macalester  54.54 12.90 5.24 3.85 3.45 2.54 13.44 0.199 2.156 0.251 1.55 100.12 103 284 54 313 18 31 118 35 38 70 133 515 32 59       4 2 297 21 10

TN-034 Macalester  57.25 12.34 2.72 3.51 2.03 5.70 12.17 0.131 1.987 0.277 2.26 100.37 83 119 48 315 18 29 93 38 37 400 134 555 23 54       6 3 227 18 9

TN-043 Macalester  49.86 15.35 10.35 6.17 2.20 0.27 12.99 0.141 1.674 0.243 0.89 100.15 5 307 26 135 10 33 177 58 134 101 119 158 16 33       2 0 277 22 4

TN-050 Macalester  53.48 11.76 5.77 2.92 3.19 2.64 16.06 0.224 2.895 0.353 0.90 100.19 98 325 59 324 19 37 7 40 15 129 160 633 27 58       3 2 273 21 9

TN-052 Macalester  52.32 12.01 5.58 3.57 3.70 1.74 16.32 0.235 2.999 0.358 1.53 100.37 53 153 61 334 20 37 8 38 13 171 157 362 34 54       6 3 326 22 8

TN-054A Macalester  53.09 12.415 4.39 4.375 2.74 2.18 17.1 0.230 2.665 0.720 1.55 99.905 90 223 79 427 25 33 <1 37 6 510 207 721 39 67       5 2 62 24 8

TN-054B Macalester  49.86 11.99 6.48 3.52 4.01 1.48 17.84 0.25 3.55 0.34 1.01 100.34 48 258 55 287 19 40 7 46 14 171 173 304 23 45       4 3 340 23 8

TN-126 Macalester  51.89 13.27 6.90 2.84 3.07 1.92 15.52 0.22 2.66 0.41 0.82 99.52 66 243 65 351 21 32 13 38 14 255 157 475 34 64       4 2 210 25 10

TN-167A Macalester  50.33 13.34 5.82 3.62 4.03 1.29 16.34 0.194 3.010 0.352 1.87 100.20 38 122 60 325 20 36 8 41 18 151 164 374 29 49       7 3 332 25 9

TN-167B Macalester  49.40 12.97 7.98 2.99 2.03 1.63 15.24 0.253 2.767 0.333 4.83 100.43 59 165 56 305 19 37 8 43 18 236 154 538 29 55       5 2 298 26 8

TN-169 Macalester  50.71 12.21 7.47 3.40 3.66 1.58 16.43 0.227 2.951 0.329 1.09 100.05 51 168 57 302 19 39 21 40 20 222 157 360 28 53       4 2 379 24 6

 gha  Weakly porphyritic andesite—Maroonish-gray to gray, fine- to 
medium-grained, intergranular, sparsely porphyritic via scattered, 
small, plagioclase phenocrysts, weakly amygdaloidal.  Contains 
45 to 65 percent felty plagioclase laths, 7 to 45 percent felsic 
mesostasis, 5 to 20 percent granular to subprismatic clinopyroxene, 
10 to 12 percent granular to bladed to locally trellis-patterned Fe-
Ti oxides, 2 to 5 percent altered olivine, up to 1 percent apatite, 
diktytaxitic chlorite, and rare native copper.  Apparently forms 
thick, individual flows that are each at least 50 feet (15 meters) 
thick; outcrops commonly form steep, frost-shattered talus slopes.  
Analyses from the upper gha unit are listed in Table 1.

 ghb  Porphyritic intergranular basalt to basaltic andesite—Maroon 
to gray, fine-grained, felty, variably porphyritic, amygdaloidal, 
and diktytaxitic.  Contains as much as 3 percent lath- to tabular-
shaped plagioclase phenocrysts up to 1.5 centimeters long that are 
variably altered to turbid pink material and zeolite minerals in a 
matrix of fine-grained, felty, and altered plagioclase, granular to 
locally subprismatic clinopyroxene variably altered to fine-grained 
leucoxene-like mineral, minor altered olivine, fine-grained granular 
oxides variably replaced by fine-grained sphene and/or leucoxene, 
and minor secondary epidote.  Amygdules are dominantly chlorite, 
with some quartz, calcite, and pink laumontite; also diktytaxitic 
chlorite.  An outcrop in a road cut on Lake County Road 3 (T. 54 
N., R. 11 W., sec. 14, NW 1/4) exposes a single flow; at least three 
individual flows are exposed in Gooseberry River outcrops (T. 54 
N., R. 11 W., sec. 11, SW 1/4).  The flows are poorly exposed, but 
are estimated to be approximately 30 to 100 feet (9 to 30 meters) 
thick.  Unit is geochemically similar to unit gbb (Table 1). 

 gvh  Volcanic hornfels—Speculative; inferred from a strong, northeast-
trending, positive, linear, aeromagnetic anomaly to be mafic 
volcanic rocks, presumably equivalent to unit ghv, that contain 
elevated magnetite content due to thermal metamorphism from 
surrounding intrusions.  The anomaly crosses beneath an outlier of 
Silver Creek diabase, and continues to the southwest beneath the 
Highland intrusive complex, thus may be partially or completely 
buried beneath a thin intrusive veneer. 

 ghv  Mafic to intermediate volcanic rocks, undivided—Area of no 
exposure, assumed on the basis of weak, northeast-oriented, 
aeromagnetic anomalies to be underlain by lava flows. 
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