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DESCRIPTION OF MAP UNITS

MIDCONTINENT RIFT INTRUSIVE SUPERSUITE

 BEAVER BAY COMPLEX INTRUSIVE ROCKS

  Miscellaneous intrusions

 nhd  Hybrid ferromonzonitic dike—Pink to gray, mostly fine-grained, spherulitic to 
prismatic, intermingled rhyolitic to basaltic rock types that commonly contain 
rounded-resorbed quartz and altered feldspar phenocrysts or xenocrysts, and 
gray, fine-grained globules within pinkish-gray, porphyritic rhyolitic matrix.  
The gray mafic inclusions are typically quench-textured, and both phases were 
likely commingled liquids.  In the intrusion at the southwest corner of the map, 
the northwest end is basaltic and quench-textured, with centimeter-long acicular 
phenocrysts of hollow plagioclase, prismatic to plumose augite, and minor 
suboctahedral magnetite, in a microcrystalline matrix inferred to be devitrified 
glass (Boerboom and Green, 2011).

 fdd  Ferrodiorite dike—Gray, fine- to medium-grained, felty-textured, sparsely 
porphyritic and amygdaloidal.  Dikes contain scattered plagioclase phenocrysts 
up to 1 centimeter in size, and smaller talc and iddingsite-altered phenocrysts 
whose shapes indicate olivine.  Dike margins contain needles and sheaves of 
quench-textured plagioclase and pyroxene, and round amygdules of a fine-grained 
fibrous mineral with cores of calcite, in a matrix of devitrified glass.  Dikes 
are generally northwest-trending, nearly vertical, and as wide as 131 feet (40 
meters).  Where mapped in T. 62 N., R. 4 E., sec. 10, NW 1/4, north of Big Bay, 
unit forms a small dome-like intrusion with a radial columnar joint pattern; this 
is similar to the other dikes but has a higher proportion of chlorite amygdules, 
and scattered pink-altered feldspar phenocrysts and glomerophenocrysts up to 
3 inches (7 centimeters) in size.

 hfm  Quartz ferromonzonite to ferromonzodiorite—Pink to pinkish-gray, fine- to 
coarse-grained, variably prismatic granophyric hybrid felsic rocks that may 
have formed via melting and hybridization of rhyolites and andesites adjacent 
to mafic intrusions.  Rocks typically contain granophyre clots with prismatic 
pyroxene; some contain visible quartz, and the smaller, more fine-grained types 
contain relict quartz and feldspar phenocrysts.  Where this unit occurs along 
the Brule River, as an apparent fringe around unit bdo, it varies internally from 
pink, medium-grained, pyroxene-prismatic granophyric ferromonzonite to gray 
ferromonzodiorite.  The former contains small elliptical granophyric zones 
that contain some unit quartz grains, implying that the magma interacted with 
porphyritic rhyolite, probably at depth.

 hyf  Porphyritic ferromonzonite to ferrodiorite dike—Pink to gray, fine-grained; pink 
felsic to gray intermediate phases whose relationships vary from gradational to 
sharp and mutually crosscutting.  Both phases contain variable proportions (2 
to 10 percent) and sizes (3 to 10 millimeters) of plagioclase phenocrysts as well 
as fewer and smaller phenocrysts of oxides, augite, apatite, and altered olivine.  
Groundmass is composed primarily of fine-grained plagioclase, alkali feldspar, 
and altered pyroxene, and lesser proportions of quartz, apatite, hornblende, oxides, 
and diktytaxitic chlorite; all in varied proportions.  Locally the pinker phase has 
glassy unit quartz grains, implying contamination and commingling of the more 
mafic phase by partially melted rhyolite.  Geochemical analysis of a single sample 
yields a composition of andesite (Table 1, sample GKH-4); however, this unit 
is variable in composition.  Subvertical dike contacts are assumed but contacts 
are not exposed.  This dike is of reversed polarity (H.C. Palmer, unpub. data, 
1972).

 od  Olivine diabase dike—Gray, fine- to medium-grained, ophitic to intergranular-
textured, columnar-jointed dikes up to 33 feet (10 meters) wide, of varied 
orientation.

 fmd  Pyroxene-quartz ferromonzodiorite to granodiorite sill—Pink to grayish-pink, 
medium-grained, prismatic.  Pinker phases contain white-bleached plagioclase 
laths and altered prismatic pyroxene in granophyric matrix (approximately 40 
percent of rock); grayer phases contain fresh intergranular augite, approximately 
10 percent altered olivine, and 18 percent felsic mesostasis, which includes small 
augite prisms dotted with tiny magnetite octahedra, and apatite.  Outcrops of 
this unit form an irregular south-facing dip slope, and the southernmost outcrop, 
inferred to be near the upper margin of a south-dipping sill, is composed of a gray, 
quench-textured mafic-intermediate rock with sparse plagioclase phenocrysts.  
This unit is located in the north half of T. 62 N., R. 3 E., sec. 14, east of the 
Brule River and south of the Flute Reed River.

 pqm  Pyroxene-quartz ferromonzodiorite dike—Pink where weathered, gray on interior 
surfaces, uniformly medium- to coarse-grained, variably prismatic, and uniform in 
texture.  Contains an average of 49 percent plagioclase, 20 percent micrographic 
felsic mesostasis, 22 percent blocky to prismatic augite, 6 percent Fe-Ti oxides, 
up to 3 percent altered pigeonite, and trace amounts of apatite and possible altered 
olivine.  This north–south vertical dike averages 328 feet (100 meters) in width 
and forms a prominent topographic ridge near the east edge of the map area.

 mmi  Mafic magnetic intrusion—Inferred from a prominent high-amplitude positive 
aeromagnetic anomaly and a corresponding weak topographic low that both 
cross the volcanic stratigraphy at a high angle, assumed to represent a buried 
mafic-intermediate composition intrusion.

  Pine Mountain Granophyre—A large body with a reported U-Pb age of 1,095.3 ± 3.8 Ma 
(Vervoort and others, 2007) located mainly to the west of this map area, emplaced 
beneath volcanic rocks of the North Shore Volcanic Group.  This unit ranges in 
composition from micrographic leucogranite to intermediate ferrogranodiorite 
adjacent to more mafic rocks of the Brule River sill to the north.  Mineralogy 
and textures indicate the phases may be gradational with each other, as well 
as the Brule River sill, implying that the Brule River sill, and by extension the 
Lookout and Hovland sills, may all be close to 1,095 Ma in age.

 pmg  Granophyric granite—Pink to brownish-gray, coarse-grained, micrographic, locally 
miariolitic, with varied amounts of prismatic mafic minerals that grade into more 
intermediate compositions (unit pgd).  Contains 25 to 48 percent plagioclase 
rimmed by 15 to 50 percent granophyric alkali feldspar/quartz, 7 to 15 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.  Continuous with the area to the west where it is better exposed (Boerboom 
and Green, 2011).

 pgd  Olivine-augite ferrogranodiorite to quartz ferromonzodiorite—Pinkish-gray where 
weathered, gray on interior surfaces, medium- to coarse-grained, granular to 
prismatic, with clots of pink granophyre (Boerboom and Green, 2011).  Contains 
40 to 48 percent plagioclase, 10 to 18 percent alkali feldspar, 11 to 20 percent 
quartz, 7 to 17 percent augite, 5 to 8 percent fayalitic olivine variably altered 
to iddingsite, trace to 3 percent hornblende, 3 to 7 percent Fe-Ti oxides, 6 to 
8 percent interstitial clay and/or chlorite, trace to 2 percent apatite, and minor 
biotite.  Ilmenite plates and apatite needles are visible in hand samples.

  Brule-Hovland complex—The Brule-Hovland complex is a large, east–west-trending mass 
that extends over 50 miles (80 kilometers) to the west of this map area.  It is 
composed of a number of separate, poorly mapped intrusions that are dominantly 
mafic, but also ferrodioritic to ferromonzonitic in composition.  These intrusions 
crop out south of the approximately 1,107 to 1,099 Ma Duluth Complex and the 
approximately 1,108 Ma (Davis and Green, 1997) reversely-polarized lavas of 
the North Shore Volcanic Group, and below the approximately 1,095 Ma Pine 
Mountain and 1,098.6 ± 3.6 Ma (Vervoort and others, 2007) Eagle Mountain 
granophyre bodies (Miller and Green, 2002, and reference therein).  As currently 
defined, the eastern end of the Brule-Hovland complex includes the Hovland and 
Lookout sills, the Brule River sill, and underlying ophitic gabbros.

    Hovland sill—The Hovland sill, previously mapped in part by Jones (1963), is a gently 
dipping (approximately 15° south), subcordant body composed of a basal 
noncumulate ferrogabbro, a middle zone of cumulate-foliated granophyric 
ferrogabbro, and an upper coarse-grained felsic cap.  Overall the sill is estimated 
to be at least 984 feet (300 meters) thick.  This sill is very similar to but not 
physically continuous with the Lookout sill and may be related in timing and 
paragenesis.

 hfg  Prismatic olivine-pyroxene ferromonzodiorite to ferrogranite—Rusty reddish-
brown where weathered, dark brownish- to greenish-gray where fresh, coarse- 
to very coarse-grained, granophyre-rich, prismatic.  Contains 30 to 50 percent 
strongly zoned andesine (average An

39
Ab

58
Or

3
) to oligoclase, 8 to 15 percent 

variably prismatic ferroaugite (Wo
22

En
41

Fs
37

, Mg# 35), 10 to 15 percent fayalitic 
olivine (Fo

10
) that is mostly altered to reddish-brown iddingsite and varies from 

irregular coarse prismatic grains and clots to acicular trellises up to 12 inches 
(30 centimeters) in length, 2 to 8 percent Fe-Ti oxides, 30 to 40 percent felsic 
mesostasis (combinations of micrographic quartz and alkali feldspar, crystalline 
quartz, and sanidine crystals), 1 to 2 percent apatite, trace amounts of rutile 
within quartz, and rare fine-grained bornite.  The felsic mesostasis also contains 
abundant reddish-brown iddingsite-like needles interpreted to be former fine-
grained masses and prisms of olivine.  Outcrops at the border zone along the 
Brule River are generally darker in color, slightly more fine-grained, and locally 
contain small round chlorite amygdules.  This unit is of normal polarity (K.G. 
Books, unpub. data, 1972).

 hcg  Cumulate ferrogabbro to quartz ferromonzodiorite—Rusty brown where weathered, 
dark brownish- to greenish-gray where fresh, medium- to very coarse-grained, 
strongly cumulate-foliated, and granophyric.  The lowest part of this unit contains 
abundant cumulate ilmenite plates; higher in the stratigraphy magnetite becomes 
dominant over ilmenite.  Overall the cumulate phases consist of Fe-Ti oxides, 
olivine, plagioclase, and prismatic augite crystals up to 1 inch (2 centimeters) 
in length that are randomly oriented within the foliation plane.  Olivine content 
(mostly altered) is generally low, around 2 percent in most of the intrusion, but 
near the top increases to as much as 13 percent.  Pigeonite (Wo

13
En

49
Fs

38
, Mg# 

49) occurs as thin discontinuous rims on augite and as small post-cumulate 
grains within the felsic mesostasis.  Samples examined petrographically 
contain 45 to 55 percent strongly zoned plagioclase, 16 to 33 percent augite, 0 
to 3 percent pigeonite, 5 to 11 percent Fe-Ti oxides, 2 to 13 percent olivine or 
altered olivine, 8 to 15 percent felsic mesostasis, minor apatite, and near the 
top, rare hornblende.  The felsic mesostasis is composed of a mixture of quartz 
paramorphs of tridymite, euhedral sanidine, micrographic to granophyric quartz 
and alkali feldspar, and abundant secondary iddingsite and clay minerals.  Based 
on limited SEM semiquantitative analyses, average Fe/Mg ratios of augite increase 
from the base (augite; Wo

35
En

38
Fs

27
, average Mg# 57) to the top (ferroaugite; 

Wo
37

En
22

Fs
41

, average Mg# 35).  Mg numbers for olivine range from Fo
29

 near 
the base, to Fo

17
 near the top; olivine is typically altered to reddish-brown 

iddingsite and/or green bowlingite (saponite).  Limited feldspar analyses indicate 
that plagioclase becomes increasing sodic, ranging from labradorite to mainly 
andesine at the base (average An

51
Ab

47
Or

2
), and andesine to oligoclase near the 

top (average An
41

Ab
56

Or
3
).  Feldspar within the felsic mesostasis is sanidine 

(average An
2
Ab

45
Or

53
) in composition.

 hgc  Ferrogabbro—Rusty brown where weathered, dark greenish-gray where fresh, 
medium- to coarse-grained, non-foliated, typified by evenly distributed 3- to 
4-millimeter, reddish-brown clots of altered olivine.  Contains 48 to 55 percent 
plagioclase (labradorite), 25 to 35 percent granular augite (Wo

37
En

41
Fs

22
, Mg# 

59 at the base and Wo
32

En
37

Fs
32

, Mg# 54 at the top), up to 2 percent pigeonite 
(Wo

10
En

37
Fs

53
, Mg# 41), up to 5 percent altered olivine clots, 5 to 8 percent Fe-

Ti oxides, 6 to 8 percent felsic mesostasis, 1 percent reddish-brown clay-like 
material, and traces of apatite.

    Lookout sill—The informally named Lookout sill, exposed mainly just north of this      
map area, is a south-dipping (approximately 15°), cumulate-foliated mafic-
intermediate intrusion.  Like the Hovland sill, the cumulate portion contains 
abundant cumulate ilmenite, and is overlain by a poorly exposed felsic phase 
that contains fayalitic olivine.  Named after the Hovland Lookout Tower, which 
is located just north of this map at the apex of a high, east–west elongate knob 
held up by the lower cumulate phase of the intrusion.

 lfg  Prismatic olivine-augite ferromonzodiorite—Pink to rusty-brown where weathered, 
dark brownish-gray where fresh, coarse-grained, variably granophyric.  Contains 
20 to 45 percent plagioclase (andesine to oligoclase), 10 to 30 percent blocky to 
prismatic augite, 3 to 10 percent Fe-Ti oxide minerals, 0 to 5 percent fresh granular 
to prismatic fayalitic olivine (Fo

10
) that commonly forms large trellis-shaped 

crystals, up to 20 percent iddingsite that occurs both as a secondary alteration 
product of larger olivine granules and smaller grains intimately intermixed with 
sanidine, 15 to 40 percent felsic mesostasis (combinations of micrographic quartz 
and alkali feldspar, crystalline quartz and tridymite paramorphs, and sanidine 
crystals), and up to 1 percent apatite.  Quartz commonly contains small rutile 
needles.

 lcg  Cumulate olivine ferrogabbro to quartz ferromonzodiorite—Brownish-gray, coarse-
grained, well-foliated.  Cumulate phases include 35 to 50 percent plagioclase 
(dominantly andesine, to oligoclase), 18 to 26 percent prismatic augite crystals 
up to 1 inch (3 centimeters) in length, 7 to 17 percent subprismatic olivine (Fo

23
 

near the base, Fo
15

 stratigraphically higher up) variably altered to iddingsite, 
5 to 8 percent magnetite plus ilmenite, and up to 2 percent apatite.  Unit also 
contains 10 to 15 percent intercumulus mesostasis, composed of intergrown 
quartz and alkali feldspar, that varies in habit from micrographic to bladed quartz 
paramorphs of tridymite intergrown with feldspar; the mesostasis also contains 
abundant red-brown iddingsite-like material interpreted to be altered fayalitic 
olivine, similar to that in the Hovland sill.

    Brule River sill—An informal name given to a cumulate-foliated, variably granophyric 
mafic sill that occurs just west of the Brule River.

 bcg  Cumulate gabbro to quartz monzogabbro—Brownish- to pinkish-gray where 
weathered, gray where fresh, medium- to coarse-grained, variably granophyric.  
The lowest part exhibits moderate to strong cumulate foliation (cumulate 
plagioclase, augite, Fe-Ti oxide minerals, and minor apatite), contains locally 
abundant ilmenite, and only minor post-cumulus poikilitic olivine and felsic 
mesostasis.  Stratigraphically higher parts of the unit have layers that exhibit 

moderate cumulate foliation with layers that have foliation-parallel prismatic to 
poikilitic olivine, alternating with more coarse-grained granophyre-rich layers.  
Contains 42 to 50 percent plagioclase, 30 to 38 percent augite, 6 to 10 percent 
Fe-Ti oxides, trace to 10 percent iddingsite (after olivine), 3 to 13 percent felsic 
mesostasis (mostly granophyric, but including crystalline quartz and sanidine), 
up to 3 percent secondary clay-like minerals, up to 1.5 percent hornblende, 
0.8 percent apatite, and trace amounts of pigeonite and biotite.  Similar to the 
Lookout and Hovland sill cumulate phases (units lcg and hcg), but overall contains 
less olivine, and is more granophyric in its upper portion; may grade into the 
overlying granodiorite phase of the Pine Mountain Granophyre.

    Chicago Bay ophitic diabase—An informal name given to an apparent sill-like body of 
diabase that underlies the Hovland sill, well exposed along the Lake Superior 
shoreline and inland from Chicago Bay.

 cbd  Ophitic olivine diabase—Gray, medium-grained, massive; locally more olivine-rich 
and verging on augite troctolite.  Contains 60 to 65 percent plagioclase (dominantly 
labradorite but includes andesine and bytownite; average An

66
Ab

33
Or

1
), 11 to 20 

percent ophitic augite (Wo
38

En
43

Fs
19

, Mg# 70), 2 to 3 percent Fe-Ti oxides, 7 to 
20 percent partially iddingsite-altered olivine (average Fo

60
), trace to 5 percent 

felsic mesostasis and quartz, up to 2 percent hypersthene, up to 1.5 percent fine-
grained chlorite and/or clay mesostasis, and trace amounts of pigeonite, apatite, 
hornblende, and biotite.  The extent of this unit is well established in the Hovland 
quadrangle by outcrops, water well cuttings, and topography; extension to the 
west in the Marr Island quadrangle is based on one set of water well cuttings.  
This unit is of normal polarity (H.C. Palmer, unpub. data, 1972).

    Horseshoe Bay diabase—An informal name given to locally well-exposed diabase bodies 
that apparently underlie the Chicago Bay ophitic diabase.  Units are well exposed 
along the Lake Superior shoreline around Horseshoe Bay, and inland to varied 
degrees.

 htd  Ophitic troctolitic diabase—Gray, fine-grained, massive, with thin, discontinuous 
olivine bands, and streaks of more coarse-grained augite and plagioclase.  Locally 
contains decimeter-scale inclusions of coarse-grained ophitic gabbro; olivine-rich 
bands wrap around these inclusions.  Aligned plagioclase and slightly elongate 
augite oikocrysts and oxide sub-oikocrysts define a strong trachytoid fabric; 
plagioclase within the augite oikocrysts generally is only poorly foliated.  Contains 
approximately 65 percent plagioclase (dominantly labradorite, to bytownite; 
average An

62
Ab

36
Or

2
), 25 percent fresh, granular olivine (Fo

62-72
), 5 percent 

ophitic augite (Wo
40

En
44

Fs
25

, Mg# 70), 1 percent Fe-Ti oxides, trace amounts 
of biotite or phlogopite, apatite, and green felty chlorite or clay minerals in the 
mesostasis.  Orientation of discontinuous olivine streaks and irregular, thick sheet 
joints indicate this unit forms a gently south-dipping sill.  Possibly grades into 
unit hod, and may be a marginal, olivine-rich phase to that unit or to unit cbd.

 hfd  Prismatic pyroxene-quartz ferromonzonite—Brown where weathered, dark brown 
to green where fresh, coarse- to very coarse-grained.  One sample examined 
petrographically contains 40 percent strongly zoned plagioclase, 20 percent 
variably uralitized prismatic augite, 8 percent Fe-Ti oxide minerals, 20 percent 
felsic mesostasis that is dominated by micrographic quartz/alkali feldspar but also 
includes crystalline quartz and sanidine, 10 percent red-brown secondary clay-type 
minerals, 1 percent hornblende, and nearly 1 percent apatite.  Curved-prismatic 
pyroxene crystals up to 1 inch (3 centimeters) in length are locally lineated in a 
near-vertical orientation.  Units forms small plug-like bodies within or marginal 
to the Horseshoe Bay ophitic diabase (unit hod), and may have formed as partial 
melt segregations from the underlying rhyolite; the diabase texture grades from 
ophitic to intergranular and weakly granophyric, into increasingly coarse-grained, 
granophyric, and prismatic ferromonzodiorite.

 hod  Ophitic diabase—Gray, medium-grained, massive; augite oikocrysts range from 
0.5 to 1.5 centimeters.  Contains 40 to 60 percent plagioclase (bytownite to 
labradorite; average An

68
Ab

31
Or

1
), 23 to 30 percent poikilitic augite (average 

Wo
35

En
46

Fs
19

, Mg# 70), 5 to 15 percent granular olivine (Fo
50-58

) variably altered 
to iddingsite, 4 to 6 percent Fe-Ti oxides, 1 to 4 percent greenish-brown clay-
like mesostasis, up to 3 percent felsic mesostasis, and trace amounts of apatite, 
pigeonite (Wo

14
En

54
Fs

32
, Mg# 63), and hypersthene.  Flanked locally by narrow 

hybrid melt zones (unit hfm), especially where intruded into rhyolite, and contains 
large inclusions of basalt (unit hba).  This unit is of normal polarity (H.C. Palmer, 
unpub. data, 1972).

    Reservation River diabase—A gently dipping sheet-like body, confined to the northeast 
corner and present mainly to the north and east of this map area; intrudes 
reversely-polarized lava flows.  Overall not well defined and relationships to 
other intrusive rocks in the area are poorly understood (Miller and Green, 2002).  
This unit is of normal polarity (K.G. Books, unpub. data, 1972).

 rrd  Reservation River diabase—Gray, medium-grained, ophitic olivine diabase.  In 
addition to plagioclase contains granular olivine, pyroxene oikocrysts up to 2 
inches (5 centimeters) in diameter, locally poikilitic magnetite (up to 1 centimeter), 
and scattered plagioclase phenocrysts up to 1.5 centimeters in size.

    Miscellaneous intrusions inferred to be related to the Brule-Hovland complex—Poorly 
mapped units included within the Brule-Hovland complex north of the Brule River, 
Lookout, and Hovland sills, composed mainly of ophitic gabbro and diabase.

 bfg  Quartz ferromonzonite to ferromonzodiorite—A pink to dark green, medium- to 
very coarse-grained, hybrid intrusion that is locally aplitic and also cut by thin 
comagmatic pink aplite dikes.  This unit varies widely in texture and composition, 
from medium-grained, dark gray oxide-augite-rich ferromonzodiorite to pink, 
very coarse-grained quartz ferromonzonite that contains "chicken track"-textured, 
altered prismatic augite crystals up to 4 inches (10 centimeters) in length.  Its 
relationship to surrounding rocks is not clear; unit differs from unit lfg in texture 
and lack of olivine or olivine alteration products.  Contains a large xenolith, 
approximately 197 x 33 feet (60 x 10 meters) in size, of pale green, fine-grained, 
strongly sericite-altered rhyolite with relict quartz and feldspar phenocryst.

 bhd  Ophitic olivine gabbro to diabase—Gray, medium-grained, ophitic, with rare 
plagioclase phenocrysts up to 1.5 centimeters; locally exhibits streaky mineral 
layering that dips gently to the south.  Contains 55 to 70 percent plagioclase, 15 
to 20 percent subophitic to mostly ophitic augite as 1- to 3-centimeter oikocrysts, 
5 to 15 percent granular, variably iddingsite-altered olivine, 5 percent Fe-Ti 
oxides, up to 5 percent felsic mesostasis, and traces of apatite and hornblende.  
A poorly defined unit based on scattered outcrops and minor reconnaissance 
mapping to the north of this map area, where it also contains numerous large 
xenoliths of metamorphosed mafic-intermediate volcanic rocks, sandstone, and 
minor porphyritic rhyolite.

 bdo  Subophitic diabase—Gray, fine- to medium-grained, subophitic.  Contains 
approximately 5 percent granophyric mesostasis and trace amounts of hornblende 
in addition to plagioclase, augite, altered olivine, and oxide minerals; relationship 
to the Brule-Hovland complex is speculative, as is its portrayal as a round shape.  
Rimmed by felsic rocks that are grouped with unit hfm.

  Carlson Creek gabbro complex—An informal name given to large bodies of anorthositic 
gabbro and rocks of more intermediate composition that may be related.  Contact 
relationships between phases are obscure, but where exposed along the northern 
margins of the gabbroic phase it apparently grades into the intermediate phase 

through zones that vary in texture and composition.  In contrast, in Carlson 
Creek along the southern margin of the unit the gabbroic anorthosite appears to 
be sharply chilled against intermediate-felsic intrusive rocks.  Both intermediate 
and gabbroic phases are inferred to be intruded by the Horseshoe Bay diabase, as 
local outcrops of the latter contain small xenoliths of coarse-grained anorthositic 
rocks.

 cgo  Augite-olivine quartz ferromonzonite to ferromonzodiorite—Pinkish-brown where 
weathered, pinkish-gray where fresh, coarse-grained, with quartz- and feldspar-
lined miariolitic cavities; typically deeply weathered to grus.  One sample 
examined petrographically contains 36 percent strongly zoned plagioclase, 13 
percent slightly uralitized granular to prismatic augite, 4 percent Fe-Ti oxide 
minerals, 3 percent fresh fayalitic olivine and 16 percent iddingsite pseudomorphs 
of prismatic-rectangular olivine crystals, 10 percent sanidine, 8 percent quartz, 5 
percent granophyre, and less than 1 percent each apatite, hornblende, and biotite.  
A poorly defined map unit separated from unit cgf on the basis that this rock 
contains abundant fayalitic olivine and prismatic versus ophitic augite.  This is 
similar to units lfg and hfg, and could be a xenolith of unit lfg.

 cgf  Augite ferromonzodiorite to quartz ferrogabbro—Rusty brown where weathered, 
brownish-gray where fresh, medium- to coarse-grained.  A poorly defined unit of 
mafic-intermediate composition rocks that contain 45 to 50 percent strongly zoned 
and variably altered plagioclase, 25 to 30 percent augite, 7 to 10 percent Fe-Ti 
oxide minerals, 3 to 10 percent felsic mesostasis that includes quartz, sanidine, 
and granophyre, 2 percent fine-grained chlorite and/or clay in the mesostasis, 
up to 1 percent apatite, generally trace amounts but locally as much as 4 percent 
pigeonite, and trace amounts of hypersthene, inverted pigeonite, hornblende, 
and rare rutile.  Augite in more felsic phases is partially uralitized, prismatic, 
and variably ophitic; in more gabbroic phases it is blocky and mostly fresh.  At 
the eastern end of the northernmost occurrence, unit contains large xenoliths of 
coarse-grained anorthosite (unit ca).  Extent as shown is highly speculative and 
relationships to surrounding intrusive rock types are unknown, except a possible 
gradational relationship with unit cga was observed locally, as described in that 
unit.

 cvg  Vari-textured gabbro—Gray, coarse- to very coarse-grained, variably olivine-poikilitic 
and zeolite-altered.  Some outcrops are coarse-grained, coarsely ophitic, and 
patchily altered to pink zeolite minerals; these show a strong irregular, shallowly 
south-dipping, flaggy parting.  Other outcrops are fresh and unaltered, typically 
medium- to coarse-grained but locally very coarse-grained, with approximately 10 
percent centimeter-sized pits from weathered olivine oikocrysts.  Its relationship 
to unit cgf is not clear, and the extent portrayed on the map is speculative.

 cgn  Ophitic olivine gabbronorite—Gray, fine- to medium-grained, massive, fresh.  
Contains approximately 60 percent fresh, tabular, zoned plagioclase, 11 to 18 
percent subophitic to ophitic hypersthene, 10 to 17 percent augite that forms 
high-density ophitic clots, 4 to 8 percent granular olivine that is variably altered 
to red-brown iddingsite, 5 to 6 percent Fe-Ti oxide minerals, and trace amounts 
of apatite, biotite, and sanidine.  Possibly chilled against unit cvg to the north; 
its relationship to unit cga to the south is unknown.

 cpg  Pegmatitic gabbro—Black and white, composed of fresh, strongly zoned, blocky 
plagioclase up to 4 inches (10 centimeters) in length and similar-sized prismatic 
to ophitic, fresh black augite, and generally minor proportions of Fe-Ti oxides 
and interstitial clay-like material that contains abundant apatite prisms.  In places 
contains up to 35 percent brown-weathered granophyric mesostasis that contains 
visible quartz granules; the granophyric zones also contain approximately 5 percent 
coarse skeletal-octahedral magnetite crystals as large as 1 inch (2 centimeters) 
in size.  Contact with the surrounding anorthositic gabbro is irregular, and rafts 
of gabbroic anorthosite are enclosed within pegmatite.

 cga  Coarsely ophitic gabbroic anorthosite—Brownish-gray where weathered, gray 
where fresh, massive, coarse-grained.  Composed of 75 to 85 percent blocky, 
generally moderately to strongly altered plagioclase, up to 20 percent augite as 
oikocrysts up to 2 inches (6 centimeters) in diameter, up to 6 percent altered 
olivine and Fe-Ti oxides, up to 1 percent mesostasis of fine-grained chlorite or 
clay mixed with alkali feldspar and apatite, and traces of pigeonite and secondary 
biotite.  Outcrops along the northwestern margin of the western occurrence of 
this unit become increasingly granophyric to the northwest and may grade into 
unit cgf.

 cgd  Ophitic olivine diabase border phase—Dark gray, fine- to medium-grained, sparsely 
porphyritic; augite oikocrysts tend to form high-density clots.  This unit is only 
locally exposed along the margins of unit cga, and the grain and oikocryst size 
increase away from contacts with adjacent hybrid granophyric rocks (unit hfm) 
into coarse-grained gabbro (unit cga).  Contains 10 to 15 percent granular, variably 
altered olivine, 1 to 3 percent Fe-Ti oxides, and trace amounts of apatite, biotite, 
chlorite, and 4- to 5-millimeter plagioclase phenocrysts, in addition to the main 
phases of plagioclase and augite.

 ca  Anorthosite—White, coarse- to very coarse-grained, massive with local zones of 
cataclastic deformation.  Inferred to occur as xenoliths within unit cgf, although 
contacts are not exposed.  Forms smooth rounded outcrop knobs, and its extent 
away from outcrops is inferred from sharp topographic features visible on lidar 
elevation data.

KEWEENAWAN SUPERGROUP

  NORTH SHORE VOLCANIC GROUP—The volcanic rocks in this map area cross the 
boundary between the normally-polarized upper and reversely-polarized lower 
portions of the northeast limb of the 4- to 6-mile (7- to 10-kilometer) thick North 
Shore Volcanic Group (Books, 1972; Green, 2002).  In keeping with prior work 
(for example Boerboom and others, 2002a, b, 2003a, b; Green, 2002; Boerboom 
and Green, 2004, 2005, 2006, 2007, 2008, 2010, 2011; 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, 
magnetic polarity, intrusions or faults across which correlation is tenuous, reversals 
in magnetic polarity, or where thick flows or flow sequences form mappable 
units.  The informal lithostratigraphic packages shown on this map closely 
follow those units identified by Green (2002).  These include the Kimball Creek 
felsites, the Marr Island lavas, the Brule River lavas, and the Hovland lavas.  The 
Naniboujou basalts, an informal term for intergranular basalt flows used in the 
past (for example Green, 2002; Boerboom and Green, 2011), is here folded into 
the Marr Island lavas on the basis that more detailed mapping has shown that 
those basalts are indistinguishable from the bulk of the Marr Island lava sequence.  
Also included in the North Shore Volcanic Group but not assigned to any of the 
lithostratigraphic units are volcanic xenoliths within intrusive 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; however, in proximity to mafic intrusions the volcanic rocks 
contain minor garnet and/or epidote.

  Upper Northeast sequence—Normal magnetic polarity, mafic to felsic volcanic rocks and 
minor interflow sandstone.

    Kimball Creek felsites—An informal lithostratigraphic term that includes the Kimball 
Creek rhyolite, the Kadunce icelandites, and a thin basal flow of porphyritic 
rhyolite.  The bulk of this sequence is west of this map area, in the adjacent 
Kadunce River quadrangle and only the lowest part is within this map area.  See 
Boerboom and Green (2011) for a more thorough description.

 nki  Kadunce icelandites—Pinkish-brown, fine-grained, porphyritic icelandite with small 
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.  The basal portion of the Kadunce icelandites 
at its eastern edge was also referred to as the Rangeline icelandite (Green and 
Fitz, 1993), but on prior maps to the west (Boerboom and Green, 2011), these 
units were found to be indistinguishable in the field and thus combined.  See 
Table 1 for chemical analysis (sample MI-2).

 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  
(Green and Fitz, 1993).  Unit is poorly exposed in this map area, mainly as rubble 
piles interpreted to represent outcrops reworked by wave action.

    Marr Island lavas—A thick sequence of mafic to intermediate lava flows (Green, 2002) 
that is approximately 3,281 feet (1,000 meters) thick.  The basal portion of this 
unit at its eastern end is composed largely of a series of intergranular basalt flows 
that have been referred to as the Naniboujou basalts (Green, 2002); however, 
detailed mapping has shown that similar lava flows are present throughout the 
Marr Island lavas, hence the Naniboujou basalts are here included within the 
larger Marr Island lava package.

 nmo  Ophitic basalt—Brown to dark greenish-gray, fine-grained, with scattered 
fresh, glassy, 2- to 3-millimeter plagioclase phenocrysts.  The groundmass is 
composed of fine-grained, fresh, variably trachytoid lath-shaped plagioclase, 1- to 
3-millimeter augite oikocrysts, granular olivine mostly altered to iddingsite, and 
minor pigeonite.  The chemical composition of the one analyzed sample (Table 
1, sample MI-14A) is of typical Fe-tholeiite composition.  Lidar elevation data 
indicates that there may be at least four thick flow units.

 nba  Prismatic-intergranular basalt to basaltic andesite—Tan-brown where weathered, 
dark gray where fresh, fine-grained, massive, sparsely porphyritic, very hard 
and fresh; locally exhibits weak oxidation-lamination.  Contains scattered small 
phenocrysts of fresh, glassy plagioclase (average An
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of augite and altered, euhedral olivine, in a matrix of felty to trachytic lath-shaped 
plagioclase (average An
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), granular to weakly prismatic clinopyroxene, 

Fe-Ti oxide minerals, glass and devitrified glass, and trace amounts of apatite 
and possible alkali feldspar.  Clinopyroxene varies from dominantly augite in 
the southwestern unit to prismatic Mg-rich pigeonite (average Wo
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63) in the northeastern unit.  Fresh glass, locally abundant in the northeastern 
unit, contains abundant needles of apatite, and sample MI-35 (Table 1) contains 
minute globules showing liquid immiscibility in its glassy interstices (Green, 
1968; Roedder and Weiblen, 1971).  The upper parts of flows contain abundant 
large stretched vesicles lined with agate and crystalline quartz; also amygdules 
of chlorite, zeolite minerals, calcite, and a mineral tentatively identified as 
pumpellyite.  Upper flow surfaces, where exposed, are mainly smooth and 
billowy.  Flow thickness is difficult to determine due to the nature of the outcrop, 
but most appear to be at least 10 feet (3 meters) thick, and relatively thick beds 
of interflow sandstone (unit nis) are common.  Geochemical analyses (Table 1) 
indicate these rocks range from ferroandesite to high-Fe transitional tholeiitic 
basalt.

 npa  Coarsely porphyritic andesite—Pinkish-tan where weathered, maroon and gray 
mottled where fresh; fine-grained, with up to 10 percent blocky, red-stained 
plagioclase phenocrysts that are typically 1 to 2 centimeters, but in places up to 
10 centimeters (4 inches), in size.  Oxidation-lamination is commonly visible 
and loose blocks of this rock contain phenocrysts that are flow-aligned parallel 
to oxidation-lamination.  Flow interior contains stretched agate amygdules, 
and the one place where the upper flow portion was observed the rock contains 
abundant small amygdules of pink zeolite minerals.

 na  Pigeonitic andesite—Pinkish-brown where weathered, dark gray where fresh, fine-
grained, massive, sparsely porphyritic, intergranular, weakly diktytaxitic.  Contains 
generally rare and small, blocky, pinkish-orange altered plagioclase phenocrysts, 
but in places there are up to 3 to 4 percent centimeter-sized plagioclase phenocrysts.  
The groundmass is composed of variably trachytoid lath-shaped plagioclase, 
granular augite, varied proportions of prismatic pigeonite, Fe-Ti oxide minerals, 
and trace amounts of apatite and rare altered olivine.  The groundmass contains 
up to 3 percent alkali feldspar and possibly devitrified glass.  Amygdaloidal 
flow tops, where observed, contain abundant amygdules of mainly pink zeolite 
minerals, along with chlorite and calcite.  Some flows contain large amygdules 
of pink zeolite elongate parallel to the flow base, and in the flow interiors large 
vesicles lined with quartz crystals.  Where observed, flow-tops have smooth and 
billowy morphology.  Geochemical analyses (Table 1) indicate rocks of this unit 
range from ferroandesite to andesite to basaltic andesite in composition.

 nic  Icelandite—Tan where weathered, brownish-gray where fresh, fine-grained, 
porphyritic.  Unit contains scattered small phenocrysts composed dominantly of 
chalky-weathered, lath-shaped plagioclase, as well as lesser apatite, Fe-Ti oxide 
minerals, and altered olivine in a matrix of fine-grained plagioclase, alkali feldspar, 
Fe-Ti oxide minerals, apatite, and granular leucoxene that may be secondary after 
pyroxene, as well as minor fresh pyroxene.  Cut by thin clastic dikes, and upper 
portions of flows contain slightly stretched amygdules of dominantly quartz.  
This unit is difficult to distinguish from the adjacent andesitic lavas in the field, 
hence is shown as a thick but rapidly pinched-out flow, and some of the units 
to the northwest that are depicted as andesite may be proven to be icelandite if 
more geochemical analyses were obtained.  Chemical composition is listed in 
Table 1 (sample MI-19).

 nmr  Aphyric rhyolite—Maroonish-brown, fine-grained, locally contains small, sparse 
feldspar phenocrysts, with few round amygdules of quartz and chlorite.  See 
Table 1 for whole-rock composition (sample MH136B).  Exposed only in a small 
drainage near the west bank of the Brule River.

 nob  Ophitic basalt—Brown where weathered, brown to greenish-gray where fresh, fine-
grained, massive, locally sparsely porphyritic, tholeiitic (Table 1, sample MH005).  
Composed of fine-grained, locally trachytic lath-shaped plagioclase, subophitic 
to ophitic augite, granular iddingsite after olivine, Fe-Ti oxide minerals, minor 
apatite and pigeonite, and minor diktytaxitic quartz and chlorite/clay minerals.  
Separated from unit nmo on the basis that it forms thin flows intercalated with 
andesite lava flows.

 nis  Interflow sandstone—Brownish-red, fine- to medium-grained, subangular, 
moderately well-sorted, and well-cemented by zeolite minerals.  Sand grain clast 
types include plagioclase, fresh clinopyroxene, unit quartz grains likely sourced 
from porphyritic rhyolite, agate/chalcedony, mafic volcanic rocks, opaque Fe-Ti 

oxide minerals, siltstone, and altered aphanitic to glassy volcanic rocks.  Some 
thick, low-angle planar bedding is visible on outcrops, partly obscured by the 
tendency of rock to break into thick bedding-plane slabs.  Forms layers up to 33 
feet (10 meters) thick in some places and in others forms thin discontinuous layers 
within volcanic rocks with thin clastic dikes extending down into fractures below.  
Shown only where exposed in outcrop, but extended slightly along strike.

 nmb  Strongly amygdaloidal basalt—Brown, very fine-grained, soft, with 20 to 50 percent 
small amygdules of dominantly chlorite, chalky-weathered zeolites, calcite, and 
minor quartz throughout flow thicknesses; commonly nearly scoriaceous.  Flow 
contacts are nearly indistinguishable due to an overall highly amygdaloidal 
character.

 nmi  Andesite to basalt, undivided—Areas of no exposure and with no lidar elevation 
surface to confidently extend flow unit contacts; inferred to be underlain by 
volcanic units from the southeast.

    Brule River lavas—An informal lithostratigraphic term for a thick upper sequence of 
porphyritic rhyolite that is approximately 2,526 feet (770 meters) thick, and a 
lower series of felsic to mafic flows.

 ndk  Devil's Kettle porphyritic rhyolite—Pink to pinkish-maroon, fine-grained to 
aphanitic, porphyritic rhyolite.  The phenocryst assemblage consists of up to 10 
percent quartz, 10 to 15 percent orthoclase and plagioclase, and fewer altered 
Fe-silicate minerals, Fe-Ti oxide minerals, and rare zircon and apatite.  Within 
the fine-grained quartzofeldspathic matrix, quartz paramorphs of tridymite are 
abundant, both in the matrix and in cavity fillings, and trace amounts of fluorite 
are common.  The outcrops commonly exhibit flow banding, and in places 
probable welded fiamme textures.  The northern/lower part of this unit includes 
rocks continuous with rhyolite to the west in the Kadunce River quadrangle that 
was earlier mapped as the Trout Lake rhyolite (Boerboom and Green, 2011), 
but given the nearly identical characteristics of these rhyolites and the lack of 
any exposures of intervening mafic volcanic rocks in this map area, here the 
Devil's Kettle and the eastern extension of what was mapped as the Trout Lake 
rhyolite are combined into a single unit, for which the term Devil's Kettle has 
precedent (Green, 2002).  This rock unit is named after exposures that contain 
the Devil's Kettle on the Brule River, in Judge C.R. Magney State Park.  Davis 
and Green (1997) reported an age of 1,097.7 ± 1.7 Ma for this unit, which is 
normally polarized (K.G. Books, unpub. data, 1972).  See Table 1 for chemical 
analyses.

 nbp  Strongly porphyritic intergranular basalt—Brownish-gray, fine-grained, with 
approximately 25 to 40 percent blocky-rectangular, pink, zeolite-altered, randomly-
oriented plagioclase phenocrysts up to 2 inches (5 centimeters) in size in a 
groundmass composed primarily of felty plagioclase laths, altered clinopyroxene, 
semi-opaque altered mesostasis, Fe-Ti oxide minerals, diktytaxitic chlorite, and 
possible altered olivine and alkali feldspar.

 nbo  Ophitic basalt—Brownish-gray, fine-grained, chlorite-diktytaxitic; exposed in 
the Brule River as a flow at least 115 feet (35 meters) thick, with amygdule 
layering in its upper exposed portion.  Its overall extent and distribution are 
poorly constrained.

 nb  Sparsely porphyritic intergranular basalt—Brown to gray, fine-grained, with 
scattered blocky, highly altered plagioclase phenocrysts up to 1 centimeter.  Rock 
is composed of fine-grained, felty-random plagioclase laths, strongly altered but 
apparently prismatic pyroxene, and abundant semi-opaque red-brown groundmass 
that may be devitrified glass.  A single, approximately 26-foot (8-meter) thick 
flow is exposed above unit nbf and below unit nbo in the Brule River.  The flow 
base is massive, with round amygdules of quartz, calcite, and minor laumontite; 
the upper 10 feet (3 meters) of the flow are scoriaceous, with abundant small 
round calcite amygdules, and overlain by a 2-foot (0.6-meter) thick interflow 
sandstone.  Two other small occurrences of this unit within rhyolite (unit nbf) 
are included with this unit; these are known from sparse outcrop and water well 
data.

 nbf  Feldspar-phyric rhyolite—Pinkish-maroon, very fine-grained to aphanitic, commonly 
with variably folded flow banding and local traces of fluorite.  Phenocrysts are 
dominantly feldspar and lesser magnetite, and rare small quartz.  Unit commonly 
contains quartz-lined partings and vesicles, and upper parts of flows, where 
observed, contain abundant small stretched amygdules of dark green chlorite, 
quartz, and calcite.  Thin interflow sandstone is present on top of rhyolite at 
exposures on the Brule River, beneath basalt unit nb.  Outcrops of this unit 
adjacent to unit htd (Table 1, sample MH124) and enclosed within the Horseshoe 
Bay ophitic diabase (unit hod) are grayish-pink, spherulitic, and contain minor 
amounts of garnet due to contact metamorphism.  A sample from the gravel pit 
north of Horseshoe Bay gave a U-Pb zircon age of 1,100.2 ± 2 Ma (the Big Bay 
rhyolite of Davis and Green, 1997).  This map unit includes several disparate 
subunits, all of which have similar phenocryst assemblages and flow characteristics 
where observed in outcrop.

 nbs  Pigeonitic ferroandesite flow or quartz ferromonzodiorite sill—Tan-brown where 
weathered, dark gray where fresh, mostly fine-grained, felty-intergranular to 
prismatic, massive, sparsely and weakly porphyritic.  Weathered surfaces have 
characteristic 2-millimeter oxide clots that give the rock a spotted appearance.  
Contains approximately 35 to 50 percent zoned, lath-shaped plagioclase, 10 to 
25 percent felsic mesostasis including alkali feldspar, poikilitic quartz, and minor 
micrographic granophyre, 10 to 15 percent prismatic pigeonite, 10 to 15 percent 
irregular-granular, variably uralitized augite, 5 to 6 percent Fe-Ti oxide clots, up 
to 2 percent apatite, and up to 1 percent each hornblende and diktytaxitic clay-
like minerals.  Coarse-grained segregations, some with trellis-shaped olivine or 
pyroxene contained in granophyric clots, are locally present but rare.  Also in 
local areas contains diktytaxitic chlorite, quartz, and calcite.  Outcrops at the 
very eastern end of this unit, west of Horseshoe Bay, are metamorphosed and 
contain rare small round amygdules filled with alkali feldspar, quartz, fibrous 
amphibole, garnet, and calcite.  Overall unit is very massive, and forms the 
high cliff on the west bank of the Brule River, in T. 62 N., R. 3 E., sec. 9.  The 
composition based on one geochemical analysis is that of ferroandesite (Table 
1, sample MI-41).

This is an enigmatic unit that may be a thick, south-dipping sill; however, 
some outcrops scattered along the southern edge of the unit are weakly to strongly 
amygdaloidal, with round amygdules of calcite, chlorite, and banded agate, 
implying that it has an amygdaloidal flow top, or alternatively, an amygdaloidal 
upper sill margin.  If it is a flow it must have been a very thick lava pond, and if 
it is a sill it is unusual in that it is uniformly medium- to fine-grained throughout 
its entire thickness, except for a tiny proportion of coarse-grained segregations.  
It is shown here as a thick lava flow because it appears to be conformable with 
the surrounding volcanic strata, with the caveat that it may be a sill.

 nbq  Porphyritic rhyolite—Pink, fine-grained, with quartz and feldspar phenocrysts.  
Poorly exposed; the only outcrops are at the eastern margin of T. 62 N., R. 4 E., 
sec. 17, adjacent to a thin marginal hybrid (unit hfm).

 nhs  Sandstone—Pinkish-gray to brown, metamorphosed; bedding is visible via thin 
magnetite-rich layers; contains abundant angular plagioclase and minor fresh 
pyroxene, secondary granular epidote, and clasts of porphyritic, aphanitic mafic-

intermediate volcanic rocks and fine-grained basalt.  Exposed only at the western 
end of the mapped area, its overall extent is inferred from subtle topography 
visible on lidar imagery.

 nha  Andesitic hornfels—Gray, dense, very fine-grained.  Contains relict amygdules 
composed of quartz, feldspar, brown garnet, and epidote; the matrix of rock 
contains patches of poikilitic quartz possibly indicative of partial melting.

  Lower Northeast sequence—Reversed magnetic polarity, dominantly intermediate to    
felsic volcanic rocks.

    Hovland lavas—An informal lithostratigraphic term for an approximately 2-mile 
(3-kilometer) thick series of volcanic rocks that vary widely in composition from 
intergranular basalt through rhyolite (Miller and others, 2001).  U-Pb zircon 
ages from the lower parts of this lava sequence to the east and north of this map 
area indicate they were erupted at approximately 1,108 Ma (Davis and Green, 
1997).

 nrh  Feldspar-phyric rhyolite—Maroonish-gray to pink, feldspar-phyric, finely spherulitic 
rhyolite that also contains a minor proportion of small altered mafic phenocrysts 
and small quartz-lined miariolitic cavities.  Known only from one set of water 
well cuttings located near Lake Superior.

 nhp  Strongly porphyritic trachyandesite—Brown to gray, fine-grained but typically very 
coarsely porphyritic, with up to 40 percent large tabular plagioclase phenocrysts 
that are commonly 2 to 4 centimeters in size and locally flow-aligned.  Also 
contains up to 1 percent small phenocrysts of Fe-Ti oxide minerals, and minor small 
phenocrysts of altered mafic silicate minerals.  The groundmass is composed of 
small plagioclase laths, interstitial alkali feldspar, small blocky magnetite granules 
(up to 15 percent), altered olivine (4 percent), and minor secondary epidote, 
chlorite, and other fine-grained alteration products.  Varied but generally minor 
amounts of epidote are present within and adjacent to plagioclase phenocrysts, 
and also within amygdules.  Single whole-rock geochemical analysis indicates 
trachyandesite to andesite; see Table 1 for chemical composition (sample 
H-5B).

  Miscellaneous lavas—Unknown polarity, units contained within intrusions or with no 
exposures.  May include some normally polarized lava flows.

 hba  Coarse-grained ophitic amygdaloidal basalt—Brownish-gray where weathered, 
dark gray where fresh, medium-grained with randomly oriented plagioclase laths.  
Outcrops contain abundant round amygdules, which on the weathered surface 
typically have rusty brown rims and green cores, also fewer but typically larger 
amygdules that are pale greenish-white in color.  The dark-colored amygdules 
are fine-grained scaly-radial chlorite or chlorite-like mineral; the composition 
of the white amygdules is unknown.  Composed of altered plagioclase, variably 
altered augite that forms medium to high density ophite clots up to 4 millimeters 
in size, and lesser amounts of irregular-blocky to skeletal Fe-Ti oxide minerals 
and possible altered olivine, and trace amounts of apatite.  Local anhedral-
interstitial zones contain quench-textured, needle-shaped plagioclase and prismatic 
pyroxene in a matrix of possible devitrified glass.  Some outcrops exhibit strong 
amygdule layering; and the outcrops on the small island in Lake Superior just 
east of Horseshoe Bay contain pipe amygdules.  Although the texture and grain 
size is more typical of ophitic diabase, the abundance of amygdules and local 
pipe vesicles, along with the pervasive alteration, indicate that this is most likely 
a relatively coarse-grained ophitic basalt that forms large xenoliths within the 
Horseshoe Bay ophitic diabase (unit hod).

 nnu  Mafic to felsic volcanic rock, undivided—Areas of no outcrop inferred to be 
underlain by volcanic rocks.
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MAJoR ELEMENTS, weight percent oxides
Sample Sio2 Al2o3 Tio2 Cao Na2o K2o Mno fE2o3 MGo P2o5 LoI Total K2o+Na2o  Map unit
GKH-4 57.31 13.39 1.62 3.61 3.88 2.66 0.17 13.18 1.89 0.59 3.25 100.06 6.54 hyf
MH035A 59.77 14.00 1.60 5.66 3.25 2.36 0.09 9.41 2.29 0.36 1.22 100.02 5.61 na
MH037A 57.8 12.87 1.60 2.72 4.29 2.70 0.23 13.8 1.76 0.45 1.57 99.77 6.99 na
MH038 54.69 11.60 2.77 3.75 3.55 2.07 0.27 15.43 3.44 0.41 1.93 99.92 4.36 na
MH039A 54.05 13.03 2.31 2.61 4.09 1.67 0.21 13.30 5.15 0.29 2.93 99.63 5.78 na
MI-16 54.02 13.96 1.87 7.5 2.77 1.2 0.22 13.27 3.14 0.25 0 99.63 3.97 na
MI-23 52.95 14.15 1.75 7.09 3.02 1 0.26 12.45 4.09 0.35 1.73 98 4.02 na
MI-31 53.58 14.02 1.86 7.44 3.11 1.42 0.26 12.38 3.58 0.31 1.8 99.18 4.53 na
MI-4A 55.01 14.13 1.65 5.62 3.79 2.07 0.11 10.01 2.88 0.39 5.52 100.87 5.86 na
MH002B 54.75 13.70 2.20 7.06 3.55 1.03 0.19 12.55 3.69 0.66 0.87 100.25 4.58 nba
MH009 53.31 14.26 1.91 7.68 3.33 0.73 0.18 12.50 4.53 0.54 1.12 100.08 4.06 nba
MH036B 51.59 15.07 1.79 7.67 3.31 1.29 0.15 12.97 4.92 0.36 1.04 100.15 4.6 nba
MH136B 70.37 12.29 0.88 0.65 3.26 4.97 0.09 4.86 1.45 0.19 0.99 99.99 8.23 nmr
MI-33 51.28 15.32 1.92 8.84 2.98 0.9 0.26 12.85 4.74 0.39 1.71 100.25 3.88 nba
MI-35 56.38 13.64 1.69 5.76 3.71 0.79 0.2 12.79 2.58 0.76 2.41 99.65 4.5 nba
MH124 71.35 11.55 0.72 1.17 3.5 4.13 0.113 5.66 0.6 0.14 0.43 99.39 7.63 nbf
MI-41 55.45 13.32 1.12 6.96 3.08 1.55 0.14 12.75 4.09 0.51 1.79 99.75 4.63 nbs
MI-26 73.3 12.1 0 0.43 12.1 0.32 0.09 3.41 0.43 0.03 0.54 99.57 12.42 ndk
MI-28 80 7.13 0.77 0.64 2.36 1.83 0.07 5.16 0.92 0.1 1.23 100.26 4.19 ndk
MI-40 71.2 12.6 0.48 0.23 4.54 3.71 0.07 4.85 0.46 0.04 1.31 99.6 8.25 ndk
H-5B 53.22 17.55 2.05 4.79 5.35 1.76 0.13 11.5 2.33 0.51 1.43 99.93 7.11 nhp
MI-19 61.21 11.58 1.44 2.19 3.09 3.42 0.28 12.38 1.48 0.35 2.57 99.48 6.51 nic
MI-2 62.6 12.01 1.09 2.22 4.04 4.15 0.12 10.43 1.4 0.28 2.97 100.8 8.19 nki
MI-14A 47.14 14.73 2.1 9.34 2.8 0.51 0.3 14.71 4.9 0.2 2.51 98.66 3.31 nmo
MH005 50.55 14.39 1.97 8.33 2.75 0.79 0.18 14.8 4.97 0.24 1.1 100.07 3.54 nob
MH016 52.19 14.53 1.83 8.03 2.96 1.2 0.3 12.59 5.05 0.44 0.95 100.07 4.16 nob
MH039B 48.96 14.25 1.72 9.57 2.44 0.65 0.13 12.17 6.77 0.3 0 96.96 3.09 nob

SELECT MINoR ELEMENTS, parts per million
Sample Sc v Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba U Map unit
GKH-4               hyf
MH035A 17.4 208.1 19.8 27.5 34.5 45.4 115.7 123.4 460.5 16.6 271.4 13.9 828.5  na
MH037A 22.7 13.6 -0.1 16.3 14.3 114.7 213.2 138.7 152.5 78.1 600.7 37.8 573.2  na
MH038 33.8 89.8 1.9 36.1 16.1 352.9 175 123.9 201.4 56.6 433.7 30.2 590.8  na
MH039A 30.8 337.2 9.3 47.9 54.7 71.4 268 105.8 191 76 456.7 32.4 528.7  na
MI-16 24.7  55 46.1 80   29 360    510  na
MI-23 24.4  91 41 120   45.5 250    690  na
MI-31 81 32.3   47.9  27.6 1.3 780 1.3 7.2    na
MI-4A 18.4  14 26 15  80 102 288  263 14   na
MH002B 22.1 188.2 32 34.2 54.6 55.1 127.1 118.3 491.1 20.7 241.4 13.7 651.7  nba
MH009 23 180.1 64.6 41.1 97 77.1 134.2 121.5 444.1 20.7 230.6 13.4 552.5  nba
MH036B 26.9 212.2 96.4 47.5 139.5 36.4 114.5 106.8 356.4 17.3 199.1 13.5 534.7  nba
MH136B 13.1 61.6 4.2 7.7 16.1 27.6 99.3 152.5 115.8 89.3 664.3 43.5 1091.6  nmr
MI-33 25.5  99 51.7 130   12.7 360    410  nba
MI-35               nba
MH124 10.3 36.1 5.6 4.2 12.5 10.3 101.5 181.2 122.7 115.3 782.6 55.3 877.4  nbf
MI-41 25.5  56 36.3 80   50.7 220    460  nbs
MI-26 2.3  10 3 4 10 64 190 70 280 530 70 1090 4.3 ndk
MI-28 11 68 15 8 19 430 78 50 50 20 340 40 540 3.5 ndk
MI-40 3.9 4 3 2 3 19 160 100 140 40 810 40 1400 3.6 ndk
H-5B               nhp
MI-19 21.1  2.7 18.4    110 140    960  nic
MI-2 18.4  11 6.32   120        nki
MI-14A 29.1  110 55.2 140   6 330    290  nmo
MH005 28.4 269.3 99 55.7 127.9 72.2 152.8 93.4 315.6 15.1 161.1 11.4 350.2  nob
MH016 23.8 184.5 74.5 44.9 105.3 86.7 125 97.7 368.3 19.7 211.3 13.5 451.6  nob
MH039B  270.4 121.7 47.3 119.7 78.1 95.7 82.4 276 18.8 176.9 12.6 312.8  nob

RARE EARTH ELEMENTS, parts per million 
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Hf Ta Map unit
GKH-4                hyf
MH035A 45.9 93.4              na
MH037A 95 140.7              na
MH038 48.8 74.2              na
MH039A 49.6 54.7              na
MI-16 28.3 60.9   6.27 1.92  0.92     2.83 5.4 1.4 na
MI-23 39.7 84.7   8.95 2.69  1.26     3.81 7.8 1.5 na
MI-31 70   7.88 2.52 1.14  3.35     0.53 7.2 1.3 na
MI-4A 45.7 100   8.93 2.1  1.02     2.7 7.2 0.9 na
MH002B 44 77.2              nba
MH009 38.5 66.5              nba
MH036B 33 52.6              nba
MH136B 52.2 101              nmr
MI-33 24.6 54.5   6.24 2.02  0.92     2.55 4.6 1.2 nba
MI-35                nba
MH124 79.1 163              nbf
MI-41 32.2 71.4   8.56 2.3  1.31     3.71 7 1.5 nbs
MI-26 76.6 290  84 23.9 2.9  5.6     14.9 18 3 ndk
MI-28 35.4 74  38 6.8 1       3.7 9 1 ndk
MI-40 92.8 221  67 11.6 1.1  1     7.8 17 2 ndk
H-5B                nhp
MI-19 61.5 138   17.2 3.64  2.72     8.45 16 3.4 nic
MI-2 81.5 183   17.9 3.88  3.04     9 19 3.3 nki
MI-14A 17.3 40.3   5.52 1.83  0.84     2.7 4.3 1 nmo
MH005 21.8 36.9              nob
MH016 34.6 63.4              nob
MH039B 25.5 39.6              nob
blank—element not determined
"MH" series provided by Jeff Thole, Macalester College; major and trace elements were analyzed by wavelength dispersive x-ray fluorescence.  
Major elements were determined from fused glass beads composed of the sample and lithium metaborate and lithium tetraborate.  Trace 
element concentrations were determined from pressed powder pellets.
"MI," "H," and "GKH" series provided by John Green, University of Minnesota Duluth.  Analyses completed by various methods at various 
laboratories.

Table 1.  Geochemical analyses of samples from the Marr Island and Hovland quadrangles. 
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MAP SYMBOLS

 Geologic contact—Degree of accuracy is dependent upon outcrop control.  Unit 
borders where no contact line is shown represent the transition between areas of 
undifferentiated and mappable volcanic units.

 Geologic contact, approximate—Degree of accuracy is dependent upon outcrop 
control.

 Contact between individual lava flows—Shown only where map scale permits.  Shown 
beneath Lake Superior where flow bases are visible on aerial photographs.

 Prominent lineament in bedrock—Visible from lidar elevation data.

 Weak lineament in bedrock—Visible from lidar elevation data.

 Strike and dip of inclined flow layering in volcanic rocks and bedding in sedimentary 
rock—Angle in degrees from horizontal; includes flow parting and oxidation 
lamination in volcanic rocks.

 Strike and dip of flow- and intrusion-parallel joint—Angle in degrees from 
horizontal; approximates the attitude of flow layering in volcanic rocks and the 
orientation of sill-like intrusive rocks.  Joints measured in intrusive rocks may 
not be representative of true sill orientation.

 Strike and dip of magmatic igneous foliation—Angle in degrees from horizontal; 
approximates the attitude of orientation of sill-like intrusive rocks.

 Trend and plunge of columnar jointing—Angle in degrees from horizontal; appears 
only in unit hod.

 Glacial striation—Arrow indicates inferred direction of ice movement.

 Bedrock outcrop.

 Location of water well with cuttings or downhole geophysical gamma log.

 Location of geochemical sample listed in Table 1.

 Diabase dike (unit od).
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