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DESCRIPTION OF MAP UNITS
MESOPROTEROZOIC

Midcontinent Rift Intrusive Supersuite

  Beaver Bay Complex—Mafic to felsic intrusions emplaced into the North Shore Volcanic 
Group (Miller and Green, 2002).  The Beaver Bay Complex in this map area 
is composed of the Monker Lake diabase and other smaller, miscellaneous 
diabase dikes.

 mld   Monker Lake ophitic diabase—Gray, medium-grained, sparsely porphyritic, 
weakly amygdaloidal.  Contains 45 to 55 percent plagioclase, 30 to 40 
percent poikilitic augite, 10 to 15 percent iddingsite-altered granular olivine, 
3 to 4 percent Fe-Ti oxides, rare biotite, apatite, pigeonite, hornblende, and 
quartz-alkali feldspar mesostasis, and sparse, fresh, centimeter-sized, glassy 
plagioclase phenocrysts.  Only exposed in scattered outcrops but can be 
readily traced by a prominent linear magnetic anomaly.  Aeromagnetic and 
outcrop data imply that the dike is about 31 miles (50 kilometers) in length 
and near vertical in orientation; the width varies from an estimated 656 feet 
(200 meters) at the western edge of this map to approximately 148 feet (45 
meters) to the east.  Informally named by Miller and others (2001).

 od   Miscellaneous diabase intrusions—Gray, fine-grained.  Contain plagioclase, 
poikilitic augite, altered granular olivine, Fe-Ti oxides, and diktytaxitic 
chlorite.  Some diabase exposures in the Kadunce River bed (T. 62 N., R. 2 
E., sec. 35) are flanked by dike-parallel, 16- to 23-foot (5- to 7-meter) wide 
breccia dikes that contain brecciated clasts of basalt/andesite, fine-grained, 
chilled and altered diabase, sandstone, and unit quartz grains that are likely 
derived from porphyritic rhyolite.  These breccia dikes, which are too small 
to show at the scale of this map, are apparently gas-charged intrusive breccias 
emplaced along the margins of the diabase dikes.  The extent of diabase 
dikes outside of the Kadunce River outcrop area is inferred by weak, linear, 
positive aeromagnetic anomalies (dashed), and small units shown in T. 62 N., 
R. 2 E., secs. 30 and 31 at the western margin of this map are sills extended 
from the adjacent Grand Marais quadrangle, where they are exposed at the 
surface (Boerboom and Green, 2010).

  Miscellaneous intrusions—Felsic to intermediate to possibly mafic intrusions        
emplaced into the North Shore Volcanic Group.

 mqm   Mink Lake ferromonzonite—Dark gray, fine-grained, fresh, texturally and 
compositionally homogeneous, massive porphyritic quartz ferromonzonite, 
with a thin, tan-colored, weathered rind.  Contains an estimated 3 to 6 
percent, 1 to 2 millimeter phenocrysts that are typically clotted together 
and are composed of fresh blocky plagioclase, fresh sub-euhedral augite, 
euhedral olivine mostly altered to iddingsite, suboctahedral magnetite, and 
minor apatite.  The groundmass contains an estimated 35 to 40 percent felty 
plagioclase laths, 30 to 50 percent interstitial alkali feldspar, 5 to 8 percent 
interstitial quartz, 5 to 9 percent granular to rectangular-prismatic augite, 
3 to 6 percent blocky magnetite, 4 to 5 percent altered olivine, and minor 
apatite and diktytaxitic chlorite.  Hornblende is typically absent but locally 
composes up to 7 percent of the rock.  The normative composition calculated 
from a chemical analysis (sample K028, Table 1) yields a similar feldspar 
ratio but higher proportion of quartz (16 percent) than the modes determined 
by visual estimates.  Outcrops at the southeastern terminus of this unit are cut 
by numerous thin quartz veinlets, and contain up to 1 percent porphyroblastic 
cubes of pyrite.  Forms a resistant unit that creates a linear, northwest-trending 
topographic feature; based on map patterns this unit was emplaced into the Pine 
Mountain granophyre as well as older volcanic rocks.  The overall character 
of the outcrops—sharp, high spines with steep sides—implies that this unit 
is most likely a dike, despite local, crudely developed, southwest-dipping 
sheet joints and a northeast-plunging columnar joint.  No textural variations 
such as chilled margins or layering were observed.

 fmd   Mafic to intermediate intrusion—Massive, gray, fine-grained, intergranular, weakly 
porphyritic quartz ferromonzodiorite to ferrogranodiorite.  An approximately 
82-foot (25-meter) thick marginal phase between this and adjacent volcanic 
rocks contains granophyric clots with coarse-grained, trellis-shaped mafic 
minerals.  The main phase contains approximately 40 percent plagioclase, 
8 to 15 percent alkali feldspar, 8 to 15 percent quartz, 16 percent variably 
altered granular pigeonite, 13 percent granular to prismatic augite, 5 percent 
Fe-Ti oxides, 2 percent interstitial clay minerals, and minor hornblende and 
apatite.  Previously mapped as part of the Brule-Hovland diabase/gabbro 
complex (Miller and others, 2001), but the few available exposures are similar 
to the Mink Lake dike (unit mqm).  This poorly constrained unit is defined by 
a positive aeromagnetic anomaly that corresponds with low and featureless 
topography.  No outcrops of this unit are present in this map area, but the 
rocks described above are exposed just to the east of this map, within the 
magnetic anomaly, and are inferred to represent in part the lithologies that 
produce the geophysical anomaly.

 sld   Scabbard Lake diabase—Gray, fine- to medium-grained, ophitic olivine diabase 
that is somewhat crumbly-weathered.  The outcrops exposed on the south 
bank of the Kadunce River at the boundary of T. 62 N., R. 2 E., secs. 13 and 
14 are fine-grained and have 2-millimeter ophites and up to 5 percent clotted 
plagioclase phenocrysts, whereas outcrops to the south are medium-grained, 
lack phenocrysts, and have 1-centimeter ophites.  Closely spaced sheet joints 
in this area dip consistently to the south at a low angle.  The lowermost, 
fine-grained diabase is composed of approximately 65 percent plagioclase, 
20 percent poikilitic augite, 10 percent altered olivine, 5 percent opaque 
oxides, and minor diktytaxitic chlorite, with scattered 2 to 3 millimeter blocky 
plagioclase phenocrysts.  Unit is an informally named, roughly east–west 
trending body that apparently forms a semi-conformable, south dipping sill.  
Unit is poorly exposed, but scattered outcrops are located along a weak 
topographic feature adjacent to the upper reaches of the Kadunce River.

 bhg Brule-Hovland gabbro (shown only on cross section B–B')—Dark pinkish-
gray to black, medium- to coarse-grained diorite to gabbro, commonly with 
abundant apatite and oxide minerals.  Intermediate phases contain substantial 
granophyric mesostasis.  Emplaced as a sheet-like intrusion beneath the Pine 
Mountain granophyre and above volcanic rocks of the North Shore Volcanic 
Group (Miller and others, 2001).  Unit is exposed north of the map area; on 
this map it is inferred to underlie the Pine Mountain granophyre.

    Pine Mountain granophyre—A large body of micrographic leucogranite emplaced 
beneath volcanic rocks of the North Shore Volcanic Group, located mainly to 
the northwest of this map area (Davidson, 1977), with a reported U-Pb age of 
1,095.3 ± 3.8 Ma (Vervoort and others, 2007).  Includes more intermediate 
compositions such as ferrodiorite and ferrogranodiorite, and contains large 
inclusions of rhyolite (unit nra) and metamorphosed basalt (unit nhb).  Units 
are well exposed in irregular hills east and west of Trout Lake and also in 
scattered exposures west and south of Kimball Lake.

 pmg  Granophyric granite—Pink on weathered surfaces, pink to brownish-gray 
on fresh surfaces, coarse-grained, micrographic, locally miariolitic.  The 
granophyre contains variable amounts of prismatic mafic minerals, and 
grades into more intermediate compositions such as unit pgd.  Contains 25 
to 48 percent turbid, hematite-dusted, blocky plagioclase rimmed by 15 to 50 
percent granophyric alkali feldspar/quartz, 7 to 12 percent variably prismatic 
and variably altered augite, up to 15 percent altered olivine, 5 to 9 percent 
free quartz that commonly exhibits a bladed habit indicative of inverted 
tridymite, 6 to 15 percent Fe-Ti oxides, 2 to 5 percent interstitial clay minerals, 
0 to 1 percent hornblende, and trace amounts of apatite, sphene, and zircon.  
Locally contains rare, glassy quartz grains that are likely xenocrysts or relict 
phenocrysts derived from a partially melted rhyolite precursor.  See sample 
KC-40 (Table 1) for chemical composition.

 pgd  Quartz ferrogranodiorite to ferromonzodiorite—Dark brownish-gray to grayish-
black, medium to very coarse-grained, granular to prismatic.  Contains 40 
to 48 percent plagioclase, 10 to 18 percent alkali feldspar, 11 to 20 percent 
quartz, 7 to 16 percent augite, 5 to 8 percent fayalitic olivine, trace to 3 
percent hornblende, 3 to 6 percent Fe-Ti oxides, 6 to 8 percent interstitial 
clay and/or chlorite, trace to 2 percent apatite.  Augite varies in form from 
subpoikilitic to granular to prismatic; olivine is mostly altered, and varies 
from prismatic to granular.  Ilmenite plates and apatite needles are visible in 
hand samples.  Micrographic alkali feldspar and quartz rim earlier formed, 
blocky, plagioclase crystals.

 pqd  Quartz ferrodiorite—Dark gray, medium-grained.  One sample examined 
petrographically contains 49 percent plagioclase, 5 percent granophyric quartz/
alkali feldspar intergrowths, 5 percent free quartz, 24 percent uralitized augite, 
1 percent possible pigeonite, 2 percent hornblende, 8 percent Fe-Ti oxides, 6 
percent interstitial clay minerals, minor apatite, and trace amounts of biotite.  
Augite is blocky-intergranular in form and locally rimmed by hornblende.  
Locally contains slightly higher proportions of pink granophyric mesostasis 
and clots of granophyre; unit is similar to unit pgd but with substantially less 
alkali feldspar component.  This unit was observed only at the south edge of 
Trout Lake, and is probably a variation of unit pgd.

 nhd   Hybrid intrusions—Pink to gray, typically fine-grained but locally medium- to 
coarse-grained, massive, spherulitic to prismatic-textured rhyolitic to basaltic 
rock types.  These contain minor amounts of rounded-resorbed quartz and 
altered feldspar phenocrysts or xenocrysts, acicular to radial-textured, hollow-
cored plagioclase, altered acicular pyroxene and possible ex-olivine grains, 
alkali feldspar, and minor zircon.  Texture and grain size vary; in places 
contains spherules up to 2 centimeters in diameter, in others prismatic, altered 
pyroxene needles up to 5 centimeters in length, and in others centimeter-
sized, dark gray, siliceous nodules back-veined by pink, vuggy quartz veins.  
Contacts between the pinker, siliceous parts of this unit and the adjacent 
ophitic basalts vary from lobate-scalloped to abrupt transitional contacts 
that contain long, acicular pyroxene prisms in a pinkish-gray, fine-grained, 
variably siliceous matrix.  Small mafic inclusions in the more pink siliceous 
phases are typically quench-textured; together these features imply that both 
phases were liquid at the same time.

These small mafic to felsic dike and sill complexes are present in the 
upper parts of the Marr Island lavas (unit nmo) and the Red Cliff basalts (unit 
nrb), and in both cases occur below rhyolite flows (units nkq and nhr) that 
contain abundant quartz phenocrysts.

The upper part of the sill in the southeast corner of the map, beneath the 
Maple Hill rhyolite (unit nhr) is not exposed but estimated to be at least 7 feet 
(2 meters) thick.  Sample KC-51 (Table 1) is likely from an isolated outcrop 
of this unit, as evidenced in the unusually high SiO2 and Mg# values, and low 
K2O + Na2O and Al2O3, compared to typical rhyolites.  In contrast, sample 
K066 (Table 1) is basaltic in composition, similar in chemistry to samples 
of andesite and basalt from the adjacent Marr Island lavas.  However, other 

outcrops of the dike complex from which sample K066 was taken are felsic in 
composition and macroscopically similar to the sill and dike complex in the top 
of the Red Cliff basalts (unit nrb).  Sample K066 (Table 1) is quench-textured 
and contains phenocrysts of acicular, hollow plagioclase (approximately 
31 percent), acicular, curved-prismatic to plumose augite (11 percent), and 
minor suboctahedral magnetite (3 percent), in a microcrystalline matrix 
(approximately 55 percent of rock) that is inferred to be devitrified glass.

KEWEENAWAN SUPERGROUP

  North Shore Volcanic Group—The volcanic rocks in this map area are in the middle 
portion of the upper northeast limb of the 4- to 6-mile (7- to 10-kilometer) thick 
North Shore Volcanic Group (Green, 2002), and all are of normal magnetic 
polarity (Books, 1972).  In keeping with prior work (for example Boerboom 
and others, 2002a, b, 2003a, b; Green, 2002; Boerboom and Green, 2004, 
2005, 2006, 2007; Miller and others, 2006), the North Shore Volcanic Group 
is subdivided into informal lithostratigraphic packages that are separated from 
one another by major breaks in composition, by intrusions or faults across 
which correlation is tenuous, or where thick flows or flow sequences form 
mappable units.  The informal lithostratigraphic packages shown on this map 
follow closely those units identified by Green (2002).  These include the 
Devil Track sequence, the Red Cliff basalts, the Kimball Creek felsites, the 
Marr Island lavas, the Naniboujou basalt, and the Brule River lavas.  Also 
included in the North Shore Volcanic Group are unnamed units of rhyolite 
and metamorphosed basalt that apparently occur as inclusions within the Pine 
Mountain granophyre and related rocks.

Secondary minerals formed by hydrothermal alteration during burial 
metamorphism are abundant in these lavas, especially in the more permeable 
(fractured and amygdaloidal) upper zones of individual flows.  Most of the 
rocks in this quadrangle contain typical zeolite mineral assemblages along 
with chlorite, quartz, and calcite.  The amygdules in the large basalt xenolith 
northeast of Trout Lake (unit nhb) contain abundant clinozoisite and epidote, 
likely due to thermal metamorphism from proximity to the Pine Mountain 
granophyre and related rocks, as well as the Duluth Complex, which is located 
a short distance to the north of this map, and is projected to underlie these 
volcanic rocks.

Upper Northeast sequence 

  Devil Track sequence—Predominantly felsic volcanic rocks, mostly exposed in the 
Devil Track River to the west, in the Grand Marais quadrangle (Boerboom 
and Green, 2010).  Composed of the lowermost Maple Hill rhyolite, the 
thin Woods Creek basalt flow, and the uppermost Devil Track rhyolite, all 
informally named units.

 ndr  Devil Track rhyolite—Light pink to grayish-pink, fine-grained and saccharoidal-
textured, aphyric.  Contains abundant small, tabular paramorphs of quartz 
after primary tridymite, commonly showing a flow structure and increasing 
in grain size toward the center of the flow (Green and Fitz, 1993).  Typically 
contains a strong flaggy parting, and also exhibits planar flow layering that 
is gently warped and is generally not parallel to the flaggy parting; neither 
parting nor flow layering provide consistent measured structural orientations.  
See Boerboom and Green (2010) for the chemical composition of this rhyolite.  
The Devil Track rhyolite is an informal lithostratigraphic term (Green, 2002) 
given to this 755- to 984-foot (230- to 300-meter) thick flow that extends at 
least 25 miles (40 kilometers) west and inland from the mouth of Devil Track 
River (and an unknown distance to the east, beneath Lake Superior).  This is 
the largest known flow of felsic volcanic rocks in the North Shore Volcanic 
Group and is inferred to have been either a hot superliquidus lava flow or 
possibly a thick, hot rheoignimbrite that flowed and underwent complete 
recrystallization after deposition (Green and Fitz, 1993).

 nwo  Woods Creek basalt—Gray, fine-grained, ophitic basalt with 2 to 3 millimeter 
diameter augite oikocrysts, altered granular olivine, opaque oxides, and 
diktytaxitic chlorite and calcite.  For a more detailed description see Boerboom 
and Green (2010).  This thin flow occurs near the top of the Maple Hill rhyolite 
and is exposed in Woods Creek just west of this map area (Boerboom and 
Green, 2010).  Unit is also intersected by a water well located at the very 
southwest corner of this map, which penetrated 33 feet (10 meters) of basalt 
between the Devil Track and Maple Hill rhyolites.

 nhr  Maple Hill rhyolite—Pink to maroon, fine-grained, porphyritic rhyolite.  The upper 
part of the flow has quartz-lined, stretched vesicles and amygdules of quartz 
and calcite, and local veinlets of purple fluorite.  Below the upper vesiculated 
zone the rhyolite commonly shows tightly folded flow layering, and locally 
contains abundant spherulites and lithophysae as large as 3 centimeters.  In 
general, unit contains 4 to 6 percent alkali feldspar phenocrysts, 2 to 4 percent 
quartz phenocrysts, and rare microphenocrysts of zircon in a groundmass of 
fine-grained quartz and feldspar with minor fluorite (Fitz, 1988), as well as 
phenocrysts of plagioclase, altered Fe-olivine and Fe-augite, and Fe oxides 
(Green and Fitz, 1993).  Sample KC-16 (Table 1) is from this unit.  This 
rhyolite, in contrast to the aphyric Devil Track rhyolite, contains abundant 
phenocrysts.  It extends west over 12 miles (20 kilometers) inland from Lake 
Superior, and varies in thickness from 262 to 394 feet (80 to 120 meters).  
Structures such as lineated vesicles and folded vesicle trains, coupled with 
the lack of pyroclastic textures, indicates that this rhyolite erupted as a lava 
flow rather than as a rheoignimbrite (Green and Fitz, 1993).

 nrb Red Cliff Basalts—Brownish-gray, fine- to medium-grained, sparsely porphyritic 
basalt with gray ophite spots up to 4 millimeters in diameter.  Locally (T. 
61 N., R. 2 E., sec. 9, SE ¼ on the shore) contains up to 15 percent blocky 
plagioclase phenocrysts as large as 15 centimeters in size, as well as xenocrysts 
of coarse-grained anorthosite, but typically contains only 1 percent or less 
plagioclase phenocrysts up to 2 centimeters in size.  A modal analysis of 
a typical sample (sample KC-9, Table 1) yields 57.5 percent plagioclase 
(An60-70), 26.4 percent augite (En22-38), 9.5 percent altered olivine, 2.8 percent 
Fe-Ti oxides, 5.3 percent interstitial Fe-clay or chloritic minerals, and traces 
of pigeonite, biotite, calcite, and apatite.  An informal name (Green, 2002) 
for a series of variably porphyritic basalt flows exposed at Red Cliff point 
and along the shore to the west for over 2 miles (3 kilometers), as well as 
on several high knobs inland.  The lavas are dominantly of olivine tholeiite 
composition, and 820 to 984 feet (250 to 300 meters) in total thickness.

  Kimball Creek felsites—An informal lithostratigraphic term for two relatively thick 
flow sequences—the approximately 984-foot (300-meter) thick Kimball 
Creek rhyolite, the underlying, approximately 1,601-foot (488-meter) thick 
Kadunce icelandites, and a thin basal flow of porphyritic rhyolite referred to 
as "porphyritic quartz latite" by Fitz (1988) that is approximately 210 feet 
(64 meters) thick.  A more detailed description of the Kimball Creek felsites 
can be found in Fitz (1988).

 nkr  Kimball Creek rhyolite—Grayish-pink, fine-grained, porphyritic rhyolite with 
phenocrysts of plagioclase, alkali feldspar, magnetite, altered augite, and rare 
quartz, zircon, and apatite in a groundmass of fine-grained felty plagioclase 
and petrographically unidentifiable altered mafic minerals all surrounded by 
alkali feldspar and variably poikilitic quartz (Fitz, 1988).  The phenocrysts 
are commonly clustered, similar to the Kadunce icelandite (unit nki).  The 
SiO2 content (samples KC-17, KC-18, Table 1) is slightly higher than the 
icelandites but lower than a typical rhyolite.  However, like the Devil Track 
rhyolite, this flow contains tabular quartz paramorphs after tridymite, which 
become coarser-grained toward the middle of the flow.  Exposures near the 
top of this unit located on the shore in T. 61 N., R. 2 E., sec. 10, and inland to 
the west near the center of T. 61 N., R. 2 E., sec. 9, exhibit fiamme textures 
and tightly folded flow layering.  Flow layering is restricted to the top and 
bottom of this unit, and the majority of the exposures are fine-grained uniform 
rhyolite that do not contain recognizable flow structures (Fitz, 1988).  The 
aspect ratio of this unit is similar to the Devil Track rhyolite.  This is estimated 
to be the second largest felsite flow in the North Shore Volcanic Group, and 
is interpreted to be a rheoignimbrite (Green and Fitz, 1993).

 nki  Kadunce icelandite—Pinkish-brown, fine-grained, porphyritic icelandite 
flows with phenocrysts of plagioclase, altered Fe-olivine, altered Fe-augite, 
magnetite, and apatite in a fine-grained matrix of felty plagioclase, altered 
mafic minerals, alkali feldspar, Fe-Ti oxides, and quartz (Fitz, 1988); 
scoriaceous stretched-amygdule flow tops were noted both internal to and 
near the top of this unit, indicating it is composed of multiple flows.  See 
Table 1 for chemical analyses (samples GM 016A, KC-1, KC-2, KC-54, MI-
2).  Sample KC-1 contains a typical phenocryst assemblage composed of 4.7 
percent albitized plagioclase (An1.5Or0.5-2), 1.3 percent augite (En41Wo31Fs28), 
0.6 percent oxides, and traces of apatite in a groundmass of approximately 28 
percent plagioclase(An2-4Or2), 38 percent alkali feldspar, 8 percent quartz, 5 
percent pyroxene, 4 percent possible altered olivine, 5 percent opaques, and 
5.4 percent chlorite.  On this map, the Kadunce icelandite incorporates two 
units portrayed as separate by Fitz (1988)—the thicker Kadunce icelandites, 
which are composed of multiple flows, and the lower, thinner Range Line 
icelandite.  These units are indistinguishable in the field and thus combined.  
The aspect ratio of the Kadunce icelandite is likely similar to the Kimball 
Creek rhyolite.

 nkq  Porphyritic rhyolite—Brick red to purplish-pink, fine-grained to aphanitic, 
with 2 to 5 percent phenocrysts of quartz, feldspar, magnetite, and mafic 
silicate pseudomorphs; collapsed pumiceous lapilli imply that this flow is 
a rheoignimbrite  (Fitz, 1988).  The middle and upper portions of the flow 
contain many stretched vesicles and exhibit tightly folded flow layering, and 
is typically brecciated, with clasts up to 1 foot (0.3 meter) in size of angular 
pumiceous rhyolite.  Clots of white kaolinitic clay material are common in 
the upper and middle parts of the flow, and the flow interior exhibits relict 
glass shards and perlitic textures between vesiculated breccia fragments.  A 
thin spherulitic interval separates the main vesiculated and brecciated part 
of the flow from the flow base, which in the basal 10 feet (3 meters) is a 
nearly aphanitic, deep maroon-colored, sparsely porphyritic, welded tuff.  See 
Table 1 for chemical analysis (sample K007).  This flow as portrayed here 
extends at least 4 miles (7 kilometers) inland from Lake Superior; however, 
the westernmost outcrops are only 2 miles (3.5 kilometers) from the shore.  
Fitz (1988) reported outcrops located some 14 miles (22 kilometers) west 
of the Kadunce River that appear to be the same rock unit, but the lack of 
intervening outcrop makes this correlation tenuous at present.

  Marr Island lavas—A thick (approximately 3,200 feet [975 meters]) sequence of mafic 
to intermediate lava flows (Green, 2002), which extend westward from the 
Marr Island quadrangle into this map area.  Only scattered exposures are 
available.

 nmo  Ophitic basalt—Brown to dark greenish-gray, fine-grained, with scattered 
plagioclase phenocrysts.  The uppermost flow, beneath unit nkq, is apparently 
one thick, single flow.  The top of this flow (exposed locally in small creek 
beds such as in T. 62 N., R. 2 E., sec. 36 at southeast edge of map, and in the 
Kadunce River bed) is made of a 3- to 7-foot (1- to 2-meter) thick flow-top 
breccia with fragments of amygdaloidal basalt as large as 3 feet (1 meter) in a 
matrix of reddish-brown sandstone.  No other flow contacts were observed in 
this uppermost ophitic basalt flow.  Other thin flows of ophitic basalt outcrop 
near the base of the Marr Island lavas, in the hills located in T. 62 N., R. 2 
E., secs. 22 and 23, but the lateral extent of these flows beyond the outcrop 
area is unknown.  Although the chemical composition of the one analyzed 
sample (sample K051, Table 1) is of typical Fe-tholeiite composition, the 
Mg# and TiO2 content are similar to the Marr Island andesite (unit nma).  It 
is likely that there are other thin ophitic basalt flows within the Marr Island 
lavas that are not exposed.

 nma  Andesite—Gray, fine-grained, felty- and intergranular-textured, with scattered, 
small, rectangular plagioclase phenocrysts; exposed surfaces have a thin, 
tan-brown, weathered rind.  Very fresh, hard, and massive in most outcrops, 
with only rare amygdules of chlorite or quartz.  The mineralogy of this unit 
is typical for andesites, with fine-grained felty plagioclase, small granular 
augite, and Fe-Ti oxide grains set in a mesostasis of alkali feldspar, with 
varied proportions of diktytaxitic chlorite or clay minerals.

 nnb Naniboujou basalt—Dark brown to grayish-brown, fine-grained, intergranular-
textured basalt flows that are locally weakly plagioclase-phyric.  This basalt 
contains felty plagioclase laths, granular to prismatic augite that locally 
contains cores of pigeonite, interstitial alkali feldspar, Fe-Ti oxides, minor 
apatite, and variable amounts of diktytaxitic chlorite and quartz.  Only the 
upper part of this unit is exposed in this map area; its flows contain amygdules 
of pink, radial zeolite minerals and calcite.  This unit is composed of a series 
of intergranular basalt flows (Green, 2002), which extend northwest from 
the adjacent Marr Island quadrangle into this map area.  Along strike to the 
southeast on the shore of Lake Superior these flows are nearly 650 feet (198 
meters) in total thickness, but they may thin to the northwest.

  Brule River lavas—An informal lithostratigraphic term for two relatively thick felsic 
flows—the Devil's Kettle rhyolite and underlying Trout Lake rhyolite, which 
are approximately 2,400 feet (732 meters) in combined thickness, and a thin, 
intervening andesite flow that is approximately 200 feet (61 meters) thick.

 ndk  Devil's Kettle rhyolite—Pink to grayish-pink, fine-grained to aphanitic, 
porphyritic rhyolite similar to the Trout Lake rhyolite (unit ntr), interpreted 
to be a lava flow.  Contains approximately 3 to 5 percent quartz phenocrysts 
and 7 to 8 percent feldspar phenocrysts; fragmental textures are evident in 
one of the exposures.  Named after exposures in the vicinity of the Devil's 
Kettle on the Brule River in the Marr Island quadrangle to the east, but only 
rare exposures are present within this map area.  Davis and Green (1997) 
reported an age of 1,097.7 ± 1.7 Ma for this unit.

 nna  Andesite—Dark gray with a thin, tan-brown weathered rind, fine-grained, 
massive, weakly porphyritic, with rare, small quartz amygdules.  The lone 
outcrop of this unit is cut by many thin and discontinuous quartz veinlets.  
This poorly exposed unit is based on an outcrop located south of unit pmg, 
at the south edge of T. 62 N., R. 2 E., sec. 13.

 ntr  Trout Lake rhyolite—Pink to grayish-pink, fine-grained, strongly porphyritic 
rhyolite, with tightly folded flow layering and coarse-grained spherulitic 
textures locally developed in fold axes; possible flattened fiamme textures 
are present in places.  Contains up to 10 percent each euhedral quartz, red-
altered feldspar phenocrysts, and rare phenocrysts of altered mafic minerals 
and zircon.  Matrix and feldspar phenocrysts typically exhibit a fine-grained 
granoblastic texture, possibly due to metamorphism caused by emplacement 
of the nearby Pine Mountain granophyre.  Sample K041 (Table 1) is from 
this unit.  Informally named due to locations of outcrops in a band east and 
west of the south side of Trout Lake, near the northern margin of this map 
area.

  Miscellaneous rhyolite and basalt—Volcanic rock xenoliths within the Pine            
Mountain granophyre and related intrusive rocks.

 nra  Aphyric rhyolite—Pink, fine-grained, vesicular, flow-banded locally with 
fine-grained gray inclusions that may be the product of partial melting and 
hybridization due to the proximity of the Pine Mountain granophyre.  Some 
outcrops exhibit possible flow breccia with sandstone infilling, and microscopic 
textures include possible pumiceous fragments.

 nhb  Metamorphosed basalt—Gray, fine-grained, sparsely porphyritic, variably 
amygdaloidal and locally cut by metamorphosed clastic dikes and recrystallized 
quartz-epidote veins.  An exposed flow contact observed just north of this map 
area shows a sand-infilled flow-top breccia beneath a flow base that contains 
stretched amygdules, textures typically associated with quartz tholeiite basalts 
and andesites.  However, the chemical composition (sample K048, Table 1) 
is quite primitive.  Contains felty plagioclase, granular-recrystallized augite, 
abundant fine-grained, blocky, opaque oxides, and possible talc; epidote and 
clinozoisite are abundant in amygdules, and rare purple fluorite and apatite 
were noted in amygdules with quartz.
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Table 1.  Geochemical analyses of samples from the Kadunce River quadrangle. 
MAJor eleMeNTS, weight percent oxides

Sample SiO2 Al2O3 TiO2 CaO Na2O K2o Mno fe2O3 feo MGo P2O5 H2O CO2 loI Tota K2O+Na2O Mg#

GM 016A 65.22 12.85 0.41 0.32 3.70 4.30 0.12 10.50 nd 1.32 0.149 nd nd 1.68 101.24 8.00 20.00
GM 109A 55.35 13.41 2.04 5.20 2.98 2.45 0.18 11.09 nd 3.46 0.791 nd nd 2.37 99.44 5.43 38.00
K007 72.15 11.28 0.41 0.14 0.39 8.71 0.04 5.61 nd 0.40 0.05 nd nd 0.69 100.20 9.10 12.37
K028 59.12 12.44 1.44 3.47 2.67 3.62 0.22 12.68 nd 1.79 0.40 nd nd 2.01 100.07 6.29 22.12
K041 72.31 12.52 0.43 0.26 1.93 6.11 0.06 4.83 nd 0.66 0.04 nd nd 1.37 100.81 8.04 21.59
K048 48.03 16.04 1.68 11.29 2.52 0.24 0.15 11.89 nd 7.68 0.17 nd nd 0.90 100.65 2.76 56.35
K050B 61.39 13.84 1.69 4.46 3.44 2.88 0.10 9.01 nd 2.53 0.36 nd nd 1.71 101.62 6.32 35.99
K051 49.20 13.60 2.20 8.29 2.65 0.80 0.28 14.55 nd 4.63 0.44 nd nd 4.61 101.38 3.45 38.9
K066 51.58 13.18 2.34 7.45 2.92 1.09 0.21 13.58 nd 4.66 0.50 nd nd 3.40 101.05 4.01 40.71
KC-1 64.32 12.64 1.11 2.40 3.78 4.12 0.12 5.89 2.72 0.90 0.310 1.74 0.01 0.76 100.06 7.90 23.41
KC-2 59.26 12.39 1.78 3.98 3.78 3.24 1.31 6.10 4.77 1.10 0.46 1.90 nd nd 99.07 7.02 16.18
KC-9 46.98 16.06 1.81 9.59 2.64 0.50 0.17 5.28 6.63 6.32 0.250 2.79 0.16 nd 99.23 3.14 49.85
KC-16 71.52 11.56 0.38 0.22 3.00 7.04 0.12 3.62 0.97 0.46 0.000 1.18 nd nd 100.08 10.04 16.24
KC-17 69.88 12.77 0.48 0.94 4.53 3.45 0.67 4.32 2.66 0.67 0.110 0.74 0.10 nd 99.74 7.98 15.42
KC-18 70.80 12.15 0.54 0.90 4.00 4.92 0.14 4.12 1.10 0.28 0.080 1.83 nd nd 99.67 8.92 9.41
KC-40 66.5 12.1 1.02 0.98 3.2 5.18 0.07 6.99 nd 2.02 0.13 nd nd 1.54 99.9 8.38 36.62
KC-51 75.80 10.40 0.37 0.91 2.39 4.32 0.09 3.16 nd 0.76 0.040 nd nd 1.70 100.30 6.71 32.20
KC-54 61.1 12.5 1.6 2.13 3.85 3.57 0.14 10.3 nd 2.12 0.45 nd nd 2.16 100.1 7.42 29.16
MI-2 62.60 12.01 1.09 2.22 4.04 4.15 0.12 8.18 2.02 1.40 0.280 1.72 0.64 1.77 99.87 8.19 21.18

SeleCT MINor eleMeNTS, parts per million

Sample Sc v Cr Co Ni Cu Zn rb Sr Y Zr Nb Ba Hf Pb Th U

K007 10 6 1 1 0 50 67 158 37 54 578 31 2041 16 25 13 2
K028 30 4 0 10 0 80 194 101 171 82 557 37 906 16 29 11 3
K041 8 12 2 1 0 16 118 171 100 56 502 31 1577 15 27 12 3
K048 43 268 259 47 116 181 85 3 296 22 90 8 131 3 4 1 0
K050B 22 166 6 23 11 38 104 93 366 29 224 13 897 7 14 7 2
K051 33 203 43 41 57 139 132 15 362 38 173 12 376 5 7 3 1
K066 34 174 31 33 28 1018 175 24 415 40 303 15 406 8 9 5 1
KC-9 28.0 nd 205 48.3 180 nd nd 10.5 288.4 nd 118 7 nd 3.65 v 1.45 nd
KC-40 nd nd 17 13 <50 16 80 130 <100 71 460 35 930 13 <2 11 3
KC-51 nd 8 <10 1.5 4 71 140 90 280 90 740 40 2000 17 10 13 3.1
KC-54 nd 40 <10 15 4 210 250 120 200 50 510 20 890 13 6 11 3
MI-2 18.4  11 6.32   120       19  11.6

rAre eArTH eleMeNTS, parts per million 

Sample la Ce Pr Nd Sm eu Gd Tb dy Ho er Tm Yb lu

K007 89.63 177.87 20.21 88.49 15.91 3.92 12.57 1.89 10.31 2.39 6.16 1.06 6.83 1.02
K028 69.54 156.87 17.38 81.08 17.15 4.02 16.45 2.64 14.56 3.30 7.85 1.28 7.81 1.14
K041 75.27 172.97 17.97 79.90 15.49 3.22 12.78 1.97 10.63 2.39 5.82 0.96 5.94 0.87
K048 11.18 25.38 3.50 17.25 4.34 1.56 4.59 0.76 4.28 0.96 2.24 0.35 2.04 0.29
K050B 42.95 92.96 10.72 46.45 8.81 2.18 7.37 1.07 5.56 1.21 2.87 0.45 2.70 0.39
K051 26.66 58.99 7.64 36.12 8.20 2.46 8.17 1.31 7.20 1.61 3.79 0.59 3.50 0.51
K066 34.91 78.80 9.91 46.34 10.07 3.33 9.48 1.46 7.80 1.72 4.00 0.62 3.68 0.54
KC-9 15.2 33.5 nd nd 4.80 1.58 nd 0.83 nd nd nd nd 2.35 0.36
KC-40 72.7 135  nd 62 11.7 2.45 nd 1.9 nd nd nd nd 6.41 0.94
KC-51 99.4 177 nd 74 12.6 3.05 nd 2 nd nd nd nd 6.55 0.99
KC-54 76.6 149 nd 67 13.4 3.44 nd 2 nd nd nd nd 6.53 0.94
MI-2 81.5 183   17.9 3.88  3.04     9 1.3

nd—not determined

"K0" and "GM" series results provided by Rick Knurr, 2011, University of Minnesota Department of Geology and Geophysics, analytical geochemistry lab 
instrument: Thermo Scientific iCAP 6500 dual view ICP-oeS (Inductively Coupled Plasma—optical emission Spectrometer).
"KC-" series and "MI-2" results provided by John C. Green, University of Minnesota duluth, department of Geological Sciences.  Analyses completed by 
NASA—Johnson Space Center, 1979, Method Instrumental Neutron Activation Analysis.
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 Location of geochemical sample listed in Table 1.
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