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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 varied phases of the Beaver River diabase, the Lake Clara 
diabase, the Leveaux ferrodiorite, and the Monker Lake diabase.  The Beaver 
River diabase and the Leveaux ferrodiorite form erosional remnants of generally 
sheetlike bodies that were emplaced into the upper parts of the North Shore 
Volcanic Group and subsequently affected by faulting.  However, the northern 
margin of the Beaver River diabase, which is marked by a sharp, arcuate, 
positive aeromagnetic anomaly that corresponds to the Finland tectonomagmatic 
discontinuity (Miller and Chandler, 1997), is inferred to be a subvertical 
feeder dike to the main southeast-dipping Beaver River diabase sheets.  
The Finland tectonomagmatic discontinuity is an arcuate feature that likely 
represents a normal fault that was subsequently intruded by the Beaver River 
diabase.  Likewise, the Monker Lake diabase dike has a pronounced arcuate 
shape that mimics the shape of the Finland tectonomagmatic discontinuity, 
and this dike is also inferred to occupy a normal fault that may have formed 
slightly earlier than the Finland tectonomagmatic discontinuity, given that it 
is located farther from the rift axis.

    Beaver River diabase—An informal unit consisting of largely non-cumulate hypabyssal 
mafic to intermediate rocks in an extensive network of dikes and sheets, the 
latter of which commonly form prominent highlands (Miller and others, 2001; 
Boerboom and Green, 2006; Boerboom and others, 2006; Miller and others, 
2006).  The Beaver River diabase is the dominant component of the Beaver 
Bay Complex.

 brf  Pyroxene quartz ferromonzonite—Dark brownish-gray, coarse-grained, 
non- to weakly foliated.  Typically contains irregular clots and stringers of 
pink-weathered granophyre.  Contains an estimated 35 to 55 percent fresh, 
euhedral, strongly zoned plagioclase, 15 to 42 percent radial-textured felsic 
mesostasis composed of alkali feldspar and quartz, 17 to 22 percent fresh, 
blocky to prismatic augite, 2 to 6 percent suboctahedral Fe-Ti oxides, 1 to 8 
percent altered olivine (former subhedral grains altered to orange iddingsite), 
and minor apatite.

 brg   Cumulate-textured ferrogabbro—Rusty-brown where weathered, dark 
greenish-gray where fresh; medium- to coarse-grained, foliated, intergranular-
subprismatic, oxide-augite-plagioclase cumulate.  Locally contains rusty-
weathered and pitted clots of altered poikilitic olivine.  Composed of 
approximately 50 to 60 percent plagioclase, 32 to 37 percent augite, 1 to 10 
percent Fe-Ti oxides, trace to 8 percent olivine, 1 to 5 percent felsic mesostasis, 
and minor apatite.

 brd  Ophitic olivine diabase—Brownish-gray where weathered, gray where fresh, 
medium-grained, massive, with black augite oikocrysts up to 3 centimeters 
in diameter and rare plagioclase phenocrysts up to 2 centimeters in length. 
Locally troctolitic, with thin, discontinuous, olivine-rich layers.  Contains 
scattered inclusions of metamorphosed volcanic and sedimentary rocks 
(unit nhv), granophyre (unit gr), and Leveaux ferrodiorite (units ldp and lda).  
Typically composed of approximately 10 to 15 percent but locally as much as 
50 percent granular olivine, 10 to 35 percent augite, 1 to 4 percent anhedral-
granular Fe-Ti oxides, and minor apatite, in addition to plagioclase. 

 gr  Granite xenolith—Dusky pink, medium- to coarse-grained, granophyric.  
Interpreted as a xenolith in unit brd, but is poorly constrained by outcrop.

    Monker Lake diabase—An informal name (Miller and others, 2001) for a large diabase 
dike that is exposed in scattered outcrops on and to the north of this map area; 
unit can be traced by a prominent, linear, magnetic anomaly.  Aeromagnetic 
data imply that the dike is near vertical, approximately 820 to 984 feet (250 
to 300 meters) thick, and arcuate in overall shape beyond this map.

 mld  Ophitic diabase—Gray, medium-grained, sparsely porphyritic, weakly 
amygdaloidal.  Contains 45 to 55 percent plagioclase, 30 to 40 percent poikilitic 
augite, 7 to 12 percent olivine variably altered to talc or tremolite, 3 to 4 
percent Fe-Ti oxides, rare biotite, and rare, fresh, centimeter-sized, glassy 
plagioclase phenocrysts.  Locally cut by dark green veinlets of actinolitic 
amphibole.

    Leveaux ferrodiorite—An informal unit that forms a hypabyssal sill-like intrusion 
emplaced semi-conformably into volcanic and sedimentary rocks, and intruded 
by the Beaver River diabase.  Subdivided into an upper unit that is 164 to 230 
feet (50 to 70 meters) thick and strongly porphyritic (unit ldp), and a lower 
unit that is 16 to 66 feet (5 to 20 meters) thick and sparsely porphyritic (unit 
lda).  Locally forms abundant xenoliths within the Beaver River diabase (unit 
brd).  To the southwest (Boerboom and others, 2006), the Leveaux ferrodiorite 
has a thin, sparsely porphyritic, weakly amygdaloidal cap that is not present 
in this quadrangle, presumably due to a slightly deeper erosion level.  This 
intrusion apparently followed a sandstone (unit nes) that may have acted as 
a plane of structural weakness.

 ldp  Porphyritic quartz ferrogabbro to ferrodiorite—Pinkish-gray to grayish-black, 
fine- to medium-grained, intergranular.  Contains 30 to 50 percent euhedral, 
0.5 to 3 centimeter plagioclase phenocrysts with core compositions from 
An

55-65
.  Matrix is composed of 30 to 55 percent plagioclase (An

20-60
), 5 to 

22 percent granular to subprismatic augite (average Wo
39

:En
26

:Fs
35

), 10 to 30 
percent subpoikilitic Fe-Ti oxides, 10 to 30 percent interstitial granophyre, 
0 to 3 percent subprismatic inverted pigeonite, 0 to 3 percent apatite, and 
minor biotite, quartz, and calcite (Albers, 2006).

 lda  Aphyric quartz ferromonzonite to ferrodiorite—Pinkish-gray to grayish-black, 
fine-grained, aphyric to sparsely porphyritic, intergranular.  Locally contains 
up to 3 percent plagioclase phenocrysts; matrix is composed of 25 to 50 
percent plagioclase (An

19-63
), 10 to 27 percent subprismatic augite (average 
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), 4 to 30 percent subpoikilitic Fe-Ti oxides, 8 to 30 percent 
interstitial granophyre, 0 to 3 percent subprismatic inverted pigeonite, 0 to 3 
percent apatite, and minor biotite, quartz, and calcite.  Approximately 82 to 
98 feet (25 to 30 meters) thick where penetrated by water wells in the vicinity 
of Moose and Eagle Mountains.

    Lake Clara diabase—An informal name (Miller and others, 2001) for an irregularly 
shaped diabasic intrusion that is subconformable to the surrounding volcanic 
rocks as an approximately north–south elongate body, best exposed north 
of this map area.  Does not produce an aeromagnetic anomaly; its extent 
is poorly constrained and inferred from a weak, positive, gravity anomaly.  
Aeromagnetic data imply that this unit is intruded by the more magnetic 
Monker Lake diabase.

 lfd  Ferrodiorite with monzodiorite enclaves—Gray, fine-grained, felty-textured 
ferrodiorite containing approximately 15 percent centimeter-sized blebs of 
monzodiorite that contain rare quartz phenocrysts.  Petrographic evidence 
implies that the two phases coexisted as immiscible, comagmatic melts.  Occurs 
as a 20 to 26 foot (6 to 8 meters) wide, northeast-trending dike exposed in 
the Tait River in the northwest corner of this map; the mixture of felsic and 
mafic components implies that the unit is probably related in timing to unit 
lcd.

 lch  Hybrid quartz ferromonzodiorite with mafic enclaves—The ferromonzodiorite 
is pinkish-gray, medium-grained, granophyric, and contains felty plagioclase, 
poikilitic blades of quartz, and altered olivine.  Abundant 1 to 8 centimeter, 
round to blocky mafic enclaves are composed of fine-grained, dark gray, 
quench-textured basaltic rock with small skeletal plagioclase phenocrysts 
and inclusions of altered gabbro.  Interpreted to be hybrid rock formed by 
the mingling of diabase with melted rhyolite (unit nmr) along the margins of 
the Lake Clara diabase (unit lcd).

 lcm  Pyroxene-quartz ferromonzonite—Pink, medium-grained.  Contains an estimated 
42 percent altered plagioclase, 37 percent alkali feldspar, 13 percent quartz, 
4 percent augite, 3 percent Fe-Ti oxides, 1 percent hornblende, and minor 
sphene, apatite, and zircon.  Augite is mostly euhedral blocky to subprismatic, 
but forms 1 to 2 centimeter diameter ophites near unit lcd.  Unit is interpreted 
to be a felsic differentiate of unit lcd rather than a hybrid rock such as unit 
lch, but poor exposure precludes definitive interpretation.

 lcd  Hypersthene-bearing ophitic diabase—Reddish-brown where weathered, gray 
where fresh, medium- to coarse-grained in the interior and fine- to medium-
grained near the margins.  The size of augite oikocrysts varies inversely with 
magnetite content.  Contains approximately 50 to 75 percent plagioclase, 15 
to 25 percent augite, 4 to 8 percent Fe-Ti oxides, 1 to 3 percent hypersthene, 
4 to 25 percent felsic mesostasis, up to 3 percent altered olivine, and minor 

hornblende and apatite.  Outcrops and water well cuttings at the southeastern 
margin of the intrusion are fine-grained, slightly amygdaloidal, and trachytoid.  
This marginal phase is similar in mineralogy, but contains less Fe-Ti oxides, 
more augite, minor pigeonite, and locally, poikilitic biotite.

KEWEENAWAN SUPERGROUP

  North Shore Volcanic Group—The volcanic rocks and associated interflow 
sedimentary rocks in this map area are near the top of the 4 to 6 mile (7 to 10 
kilometer) thick North Shore Volcanic Group.  They include the upper portion 
of the northeast sequence and the overlying Schroeder-Lutsen sequence, which 
is the uppermost part of the North Shore Volcanic Group in Minnesota (Green, 
1992, 2002).  All are of normal magnetic polarity.  In keeping with prior work 
(for example Boerboom and others, 2002a, b, 2003a, b, 2006; Green, 2002; 
Boerboom and Green, 2004, 2005, 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 by thick flows or flow sequences that form 
mappable units.  The informal lithostratigraphic packages shown on this 
map are correlated, with varied degree of confidence and with modifications 
based on this study, to units identified by Green (2002) to the northeast of 
this map near the Grand Marais area.  These include the Lutsen basalts, the 
Good Harbor Bay lavas (which include the Good Harbor Bay andesites, the 
Cutface Creek sandstone, and the Terrace Point basalt flow of Green, 2002), 
the Croftville basalts (which includes the Pincushion Mountain trachybasalt 
of Green, 2002), and the Devil's Track rhyolite.  The Maple Hill rhyolite, 
Red Cliff basalts, and Kimball Creek rhyolite are also inferred to extend into 
the north part of this map based on geophysical evidence and reconnaissance 
mapping to the north and northeast.

Secondary minerals formed during hydrothermal burial metamorphism 
are abundant in these lavas, especially in the more permeable (fractured and 
amygdaloidal) upper zones of individual flows.  The rocks in this quadrangle 
have been metamorphosed to the thomsonite-scolecite-smectite facies, and 
contain a variety of amygdules filled with calcite, smectite, zeolite minerals, 
chlorite, and quartz.  Minerals identified by x-ray diffraction include heulandite, 
calcite, adularia, mordenite, quartz, laumontite, thomsonite, and mesolite 
(Schmidt, 1993).

    Schroeder-Lutsen sequence—The stratigraphically uppermost portion of the North 
Shore Volcanic Group.  An eroded gap through the base of this sequence, just 
southwest of this map near the Onion River (Boerboom and others, 2006), 
forms the separation point for the Schroeder basalts to the southwest from 
the Lutsen basalts to the northeast.  The two are referred to collectively as 
the Schroeder-Lutsen basalts because they are correlative.  Only the Lutsen 
basalts are present within this map area.  Includes several thin layers of 
interflow sedimentary rocks (sandstone and conglomerate) that are contained 
within the Lutsen basalts.

 nlb  Olivine tholeiite basalt (Lutsen basalts)—Purplish-brown to dark green, 
fine- to medium-grained, subophitic to ophitic, commonly soft and altered, 
with substantial amygdaloidal upper zones and variably developed pipe 
amygdules at flow bases.  Upper flow surfaces commonly exhibit ropy or 
smooth pahoehoe structures, but some flows have relatively thin, rubbly tops.  
Thin, discontinuous sandstone layers are common at flow contacts, as are 
clastic crack-fillings in the flow interiors.  Flows near the base of this unit 
are commonly glomeroporphyritic via small clusters of altered plagioclase 
and red, altered olivine grains.  Small, coeval basalt dikes cut the flows.  
Contacts with the underlying Good Harbor Bay andesite flows are exposed 
on the shoreline southwest of this map (Boerboom and others, 2006), as a 
small erosional window on the shoreline near the center of T. 59 N., R. 3 W., 
sec. 5, and on the Poplar River northwest of State Highway 61 (near sample 
L-19).  Contacts with the underlying Terrace Point basalt flow are exposed 
on a small creek just east of Cook County Highway 4 and on Jonvick Creek 
to the northeast, as well as at several places east of this map.  The sliver of 
Lutsen basalt within the Good Harbor Bay andesites, adjacent to Highway 
61, is inferred to be the base of the Lutsen basalt repeated by faulting.  See 
samples L-3 and L-11 in Table 1 for the chemical composition of representative 
samples.  

 nls  Siltstone and sandstone—Brick red, 7 to 10 foot (2 to 3 meters) thick sandstone 
bodies exposed near the mouth of Jonvick Creek at the east edge of the map, 
and identified in the bottom 10 feet (3 meters) of a water well at the town of 
Lutsen.

 nlc  Conglomerate—Reddish-brown, coarse-grained pebble conglomerate exposed on 
the shore of Lake Superior just southwest of Lutsen between flows of Lutsen 
basalts.  Clasts are mostly rounded and less than 5 centimeters in diameter; 
larger pebbles are composed of variably calcite- and possibly zeolite-altered 
mafic to felsic volcanic rocks; smaller pebbles to coarse-grained sand matrix 
are composed of volcanic rocks along with lesser amounts of reworked 
sandstone to siltstone, agate, volcanic quartz grains, altered plagioclase, and 
other unidentifiable altered rock types.  The proportion of sand in the matrix 
varies; many conglomerate clasts are surrounded by coarsely crystalline, 
white calcite but commonly contain a matrix of coarse-grained, sandy, lithic 
arkose.  Unit contains only a minor proportion of quartz overall.  The exposed 
thickness of conglomerate is approximately 7 feet (2 meters).

 nis  Indian Camp Creek sandstone—A reddish-brown, fine-grained sandstone to 
siltstone "redbed" that is exposed east of this map area in Indian Camp and 
Spruce Creeks, and intersected (down-dip) in numerous water wells located 
along the shore of Lake Superior. Unit is as much as 200 feet (61 meters) thick 
to the east (Green, 2002), but apparently pinches out rapidly to the southwest.  
Extension into this quadrangle is based on interpretation of a water well log 
from a well located just east of the map area, but the extent and thickness in 
this map area are poorly constrained.  A sample from east of this map area 
is composed of moderately well-sorted and rounded arkosic sandstone made 
up dominantly of slightly altered plagioclase and approximately 7 percent 
opaque oxides, 5 percent fresh augite, 3 to 4 percent mafic to intermediate-
composition volcanic rock fragments, and minor cherty-textured chalcedony, 
cemented by quartz and zeolite.  

    Upper Northeast sequence 

   Good Harbor Bay lavas—An informal lithostratigraphic term given to a conformable 
group of flows and interflow sedimentary rocks; includes a small, unnamed 
basalt flow, the Terrace Point basalt flow, the Cutface Creek sandstone, and 
the Good Harbor Bay andesites.  Southwest of this map area (Boerboom and 
others, 2006), this sequence was grouped with the Onion River lavas, but this 
grouping has been modified based on mapping in this quadrangle.

 ngb   Basalt—Brown where weathered, dark purplish-green where fresh, fine- to 
medium-grained, intergranular, with amygdules of dark green chlorite and 
pink, crumbly-weathered zeolite.  One sample examined petrographically 
contains approximately 65 percent blocky-rectangular plagioclase with strongly 
altered cores, 18 percent intergranular augite with uralitized edges, 5 percent 
blocky Fe-Ti oxides, 4 percent altered olivine, a trace of apatite and felsic 
mesostasis, and 5 percent irregular amygdules of chlorite and possibly alkali 
feldspar.  Forms a small, poorly exposed flow within the upper part of the 
Good Harbor Bay andesites, at the southwest corner of the map area.  Based 
on available outcrop, this unit appears to be a conformable flow within the 
Good Harbor Bay andesites; however, it is petrographically similar to, and 
may be a fault-repeated slice of, the Lutsen basalt.

   Terrace Point basalt flow—An informal name given to a single basalt flow (and 
minor proportions of associated fragmental rocks) that is at least 427 feet 
(130 meters) thick to the east of this map area, but thins to 66 feet (20 meters) 
or less to the west.  This flow forms a pronounced cuesta and dip slope that 
create the "sawtooth mountains" at the eastern margin of this map and the 
adjoining quadrangles to the east as far as Terrace Point, where it projects 
into Lake Superior.  The Terrace Point basalt has traditionally been considered 
to be the basal-most flow of the Lutsen basalts (for example Green, 2002), 
but detailed mapping (shown here and on Boerboom and others, 2006) 
indicates that this flow is instead interlayered with the Good Harbor Bay 
andesite flows, stratigraphically below the Lutsen basalts, and separated by 
an unconformity.

 ngx   Basaltic flow breccia—Brown to locally greenish-altered, massive to 
amygdaloidal fragmental basalt with scattered, small, glassy, plagioclase 
phenocrysts.  Breccia clasts are angular, typically 2 to 4 centimeters, but 
locally as much as 15 centimeters in diameter.  Clasts contain minor to 

abundant devitrified glass as well as other typical basalt minerals.  In some 
samples, interstices between larger clasts are composed of small, devitrified 
glass shards, and locally, sand composed of unit quartz grains, plagioclase, 
and fresh pyroxene in a matrix interpreted to be palagonite or altered ash.  
Cut by lobate, columnar-jointed, subvolcanic dikes of Terrace Point basalt 
(unit ngt).  Interpreted as a basaltic cinder cone that preceded eruption of, 
and was intruded and overrun by, the main Terrace Point basalt flow.  Similar 
rock types and relationships were noted in outcrops northeast of this map 
area.

 ngt    Ophitic, sparsely porphyritic basalt—Gray, fine-grained, relatively fresh, with 
small, round, augite oikocrysts up to 3 millimeters in diameter.  Characterized 
by small, round, amygdules of white thomsonite and scattered, fresh, glassy 
plagioclase phenocrysts up to 1 centimeter in size.  Generally contains 
approximately 55 to 65 percent fresh plagioclase, 23 to 35 percent fresh 
augite, 8 to 12 percent granular-textured altered olivine, and 2 to 3 percent 
Fe-Ti oxides.

   Cutface Creek sandstone—An informal name given to a sandstone unit of lithic 
arkose composition that is well-exposed in Cutface Creek to the east of this 
map area, where it is at least 249 feet (76 meters) thick (Jirsa, 1980).  This 
sandstone is typically soft and easily eroded relative to the surrounding 
volcanic rocks, and in general is poorly exposed except in major stream 
valleys and steep roadcuts.  In this map area, the upper 3 feet (1 meter) are 
exposed beneath unit ngt in Jonvick Creek (T. 60 N., R. 3 W., sec. 13, SW), in 
a rubbly outcrop exposed on a trail in T. 60 N., R. 3 W., sec. 23, NE, and to 
the southwest in sec. 27, NW, where it forms a thin layer between andesites 
(unit nga) and the Terrace Point basalt (unit ngt), indicating that it pinches 
out to the southwest.

 ngs   Sandstone—Pinkish-tan to maroonish-brown, fine-grained, moderately well-
sorted, lithic arkose.  A sample from Jonvick Creek is composed dominantly 
of angular plagioclase and minor amounts of Fe-Ti oxides, altered volcanic 
rock fragments, quartz, rare epidote, and microcline, cemented by calcite.

   Good Harbor Bay andesites—An informal name given to a series of andesitic lava 
flows (Green, 2002) that are continuous with andesites exposed below the 
Cutface Creek sandstone to the east; on this map, the unit also overlies the 
Terrace Point basalt.  Unit is juxtaposed against the Leveaux ferrodiorite by 
the Moose Mountain fault, which is identified by a brittle, quartz-filled fault 
breccia and anastomosing breccia zones exposed in T. 60 N., R. 3 W., secs. 
29 and 32, and elsewhere by topography and breaks in aeromagnetic anomaly 
patterns.

 nga    Porphyritic andesite—Tan where weathered, brownish-gray where fresh, fine-
grained, with scattered, small, altered plagioclase phenocrysts and varied but 
minor amounts of small magnetite, augite, and altered olivine phenocrysts.  
Flows typically have a 7 to 10 foot (2 to 3 meters) thick scoriaceous flow-top 
breccia, having a matrix of fine-grained, tan-colored sandstone; amygdules 
are composed of calcite, chlorite, zeolites, and drusy quartz.  The base of 
the flows are typically flaggy and the flow interiors are typically massive.  
See samples L-14 and L-19 in Table 1 for the chemical composition of 
representative samples.

   Eagle Mountain ophitic basalt—An informal lithostratigraphic term given to an 
ophitic basalt flow that occurs beneath the Leveaux ferrodiorite, on the north 
slope of Eagle and Moose Mountains.  Includes a relatively thick sandstone 
that overlies the basalt.  Isolated by faults from other supracrustal units.

 nes   Sandstone—Brown to pinkish-tan, medium-grained, subrounded and well sorted 
lithic arkose.  Some intervals are composed dominantly of well-rounded quartz 
grains, and overall appears to contain substantially more quartz than other 
typical interflow sandstone units.  Petrographic examination of one sample 
shows the rock to be cemented by calcite and chalcedony, and to contain sand 
derived dominantly from Keweenawan sources (agate, chalcedony, altered mafic 
volcanic rock fragments, Fe-Ti oxides, monocrystalline quartz, spherulitic 
rhyolite, plagioclase, reworked siltstone, and zircon), and some grains of 
possible Archean sources (microcline, polycrystalline undulose quartz, and 
epidote).  Does not crop out but is intersected in several water wells in the 
vicinity of Moose and Eagle Mountains, where it occurs between units neo 
and lda as a layer ranging from 20 to 60 feet (6 to 18 meters) thick, implying 
that it is variably cut out by emplacement of the Leveaux ferrodiorite.

 neo   Ophitic basalt—Brown where weathered, brownish-gray where fresh, fine-
grained, with augite oikocrysts up to 4 millimeters in diameter.  Contains 
weakly trachytic plagioclase, augite, altered olivine, granular to subpoikilitic 
Fe-Ti oxides, and minor apatite-bearing felsic mesostasis.  Amygdules are 
composed of banded chalcedony (agate) and calcite.  Observed in scattered 
outcrops and in several water well cutting sets near Eagle and Moose 
Mountains.  Southwest of this map area (Boerboom and others, 2006) it was 
grouped with Onion River lavas.

   Croftville lavas—An informal lithostratigraphic term given to a series of flows 
composed of intergranular to ophitic basalt, porphyritic basalt, and basaltic 
andesite (Green, 2002), named after exposures to the northeast near the town 
of Croftville, northeast of Grand Marais.  Correlation from this map east to 
Croftville is tenuous and based on aeromagnetic and topographic distinctions 
and reconnaissance mapping.  The lavas are interbedded with sandstone that 
is inferred from sparse water well data, geophysical data, and topographic 
features.  The lowermost unit of these lavas (unit ncp) may be correlative with 
the Pincushion Mountain trachybasalt (Green, 2002), but petrographic and 
aeromagnetic data indicate that it is part of the same sequence as the middle 
and upper flows (unit ncb).  In this map area, all the basalt flows in this group 
contain abundant pigeonite, a distinctive characteristic that is uncommon for 
other flows.

 ncb   Ophitic to intergranular pigeonitic basalt—Brown, medium- to fine-grained, 
ophitic to locally intergranular.  Characterized petrographically by abundant 
subprismatic but also subophitic pigeonite and relatively abundant alkali 
feldspar/felsic mesostasis.  Contains an estimated 50 to 70 percent felty 
plagioclase, 10 to 15 percent ophitic to locally granular augite, 5 to 17 percent 
pigeonite, 0 to 12 percent altered olivine, 2 to 12 percent Fe-Ti oxides, 1 to 
7 percent felsic mesostasis, trace to 1 percent apatite, 0 to 1 percent quartz, 
and 0 to 2 percent secondary clay in interstices.

 ncr   Rhyolite—Maroon, fine-grained, weakly feldspar-phyric.  Intersected in two 
water wells to the east of this map, on the north side of Deer Yard Lake.  Unit 
is apparently a single flow interbedded with flows of unit ncb and is no more 
than 10 feet (3 meters) thick.

 nca   Andesite—Brown, fine-grained, intergranular, variably porphyritic, with 
granophyric mesostasis.  Distribution is poorly constrained and shown only 
where there is sufficient evidence to infer its presence.  A water well southeast 
of Caribou Lake intersects at least four separate 60 to 100 foot (18 to 30 meters) 
thick lava flows.  Flow tops intersected in this section contain amygdules of 
pink agate, pink zeolite, dark green chlorite, and minor sandstone.

 ncp   Basalt—Dark greenish- to brownish-gray with a thin, brown-weathered rind, 
fine- to medium-grained, sparsely plagioclase-phyric, variably ophitic.  
Contains scattered, fresh, blocky-rectangular plagioclase phenocrysts up to 
2 centimeters in length.  An isolated outcrop at the southeast edge of the unit 
(T. 61 N., R. 3 W., sec. 36, north half) is fine-grained intergranular basalt 
that contains elongate amygdules of milky quartz, and is inferred to be near 
a flow top.  In general, this basalt is composed of approximately 50 to 70 
percent plagioclase, 10 to 15 percent augite, 8 to 15 percent pigeonite, 8 to 
20 percent felsic mesostasis (dominantly alkali feldspar, some quartz), 3 to 10 
percent Fe-Ti oxides, up to 1 percent apatite, and minor hornblende.  Some 
samples have relatively coarse-grained plagioclase, pigeonite, and augite 
grains in a red-brown matrix of devitrified glass.  Pyroxene grains have a 
distinctive subprismatic and subophitic habit; augite generally forms rims over 
pigeonite.  Aeromagnetic data indicate that this unit may be continuous with 
the Pincushion Mountain trachybasalt to the east near Grand Marais (Green, 
2002), but the basalt there is strongly porphyritic, and this correlation is 
uncertain.  Petrographic and aeromagnetic evidence indicate that this unit is 
related to unit ncb, and that it forms the lowermost flow of the Croftville lavas.  
See sample L-16 in Table 1 for the chemical composition of a representative 
sample.

 ncs   Sandstone—Pinkish-brown to pale green, fine-grained.  This sandstone was 
not examined petrographically, but is tentatively classified as lithic arkose 
based on macroscopic observation.  Unit was identified by a combination of 
water well data, aeromagnetic anomaly patterns, and topographic patterns.  
The northernmost sandstone, below unit ncp, was intersected in a water well 
located north of the western tip of Caribou Lake, as a 10 foot (3 meters) 
thick layer below basalt (unit ncp) and above rhyolite (unit ndr).  Another 
well, located 1 mile (1.6 kilometers) northeast of this map area, intersected 
sandstone from 0 to 80 feet (24 meters) deep, above rhyolite.  This northern 
sandstone corresponds to a negative linear aeromagnetic anomaly, but is 
not expressed well in the topography of the land surface.  The middle 
sandstone unit (adjacent to Bigsby Lake) is identified from a well located 
approximately 2 miles (3 kilometers) northeast of this map, the bottom 15 
feet (5 meters) of which intersected sandstone beneath basalt (unit ncb).  
This sandstone corresponds with both a pronounced, linear, topographic low 
and a linear, negative, aeromagnetic anomaly.  The extension of sandstone 
beneath Caribou Lake is speculative.  The topographic and aeromagnetic 
patterns created by these sandstones continue several miles to the northeast 
of this map area.

   Devil's Track rhyolite—An informal lithostratigraphic term (Green and Fitz, 1993; 
Green, 2002) named after exposures northeast of this map area, along the 
Devil's Track River northeast of Grand Marais.  Correlation northeastward 
from this map is based on aeromagnetic and topographic distinctions coupled 
with unpublished reconnaissance mapping by John Green.  This rhyolite is 
typically sparsely porphyritic to aphyric (Green and Fitz, 1993), but here 
exposures of porphyritic rhyolite near the base are included, because outcrop 
is insufficient to delineate subunits.  Includes a small flow of ophitic basalt 
at the base of the rhyolite, exposed on the Tait River in the northwest portion 
of the map.

 ndr   Variably porphyritic rhyolite—Pinkish-tan to reddish-brown, fine-grained.   
Rhyolite intersected in a water well just below sandstone unit ncs is spherulitic.  
An outcrop near the top of the unit in Mistletoe Creek is sparsely feldspar-

phyric and contains traces of fluorite.  Outcrops on the Tait River, near the 
base of this unit, contain abundant feldspar and minor quartz phenocrysts.  
The extent is largely inferred from a broad, featureless, aeromagnetic anomaly 
pattern.

 ndo   Ophitic basalt—Purplish-gray, fine- to medium-grained, contains augite oikocrysts 
up to 0.5 millimeter in diameter.  The flow top contains abundant amygdules 
of calcite, pink zeolite, chlorite, and smectite.  Consists of one flow that is 
approximately 16 feet (5 meters) thick, exposed in the Tait River.

   Maple Hill rhyolite—An informal lithostratigraphic term (Green and Fitz, 1993; 
Green, 2002) named after exposures far to the northeast of this map area 
on Maple Hill, north of Grand Marais; tenuous correlation is based on 
aeromagnetic and topographic distinctions coupled with unpublished 
reconnaissance mapping to the north and east.

 nmr   Porphyritic rhyolite—Pinkish-tan to reddish-brown, fine-grained, with 
phenocrysts of altered plagioclase (up to 5 percent), fewer phenocrysts of 
quartz and K-feldspar, and rarely, Fe-Ti oxides and altered prismatic mafic 
grains.  The groundmass is composed of turbid-altered feldspar, poikilitic 
quartz, minor amounts of altered mafic minerals, and rare zircon.  Typically 
exhibits flaggy flow parting, but near unit lch is massive and slightly 
recrystallized.

   Red Cliff lavas—An informal lithostratigraphic term (Green, 2002) named after 
exposures northeast of this map area on Lake Superior near Red Cliff 
point, northeast of Grand Marais; correlation is based on aeromagnetic and 
topographic distinctions coupled with unpublished reconnaissance mapping 
to the north and east.

 nrb   Andesite to basalt—Fine- to medium-grained, weakly plagioclase-phyric, 
intergranular.  Not exposed in this map area, but samples from two water 
wells located south of Christine Lake and additional reconnaissance field 
mapping to the northeast indicates the unit is composed of basaltic to andesitic 
lavas. 

   Kimball Creek rhyolite—An informal lithostratigraphic term (Green and Fitz, 
1993; Green, 2002) named after exposures northeast of this map area on 
Kimball Creek, northeast of Grand Marais; correlation is based on aeromagnetic 
and topographic distinctions coupled with unpublished reconnaissance mapping 
to the north and east.

 nkr   Porphyritic rhyolite—Grayish-pink, fine-grained, locally spherulitic, with 
scattered quartz and feldspar phenocrysts.  Intersected in one drill hole just 
south of Christine Lake, below andesite of unit nrb.  Map distribution is poorly 
constrained.

   Volcanic and sedimentary rocks, undivided—Isolated units that cannot be 
confidently assigned to any of the named sequences, and areas of no outcrop 
inferred from aeromagnetic data to consist of various types of volcanic rocks.  
Includes metamorphosed sedimentary and volcanic rocks in and near the 
Beaver River diabase.

 nvu   Volcanic rocks, undivided—Mafic to felsic lavas and minor interflow sandstones 
that are part of the upper northeast sequence of the North Shore Volcanic 
Group.

 npt   Porphyritic trachyandesite—Pinkish-tan where weathered, brownish-gray 
where fresh, strongly porphyritic, massive to strongly amygdaloidal.  Contains 
up to 5 percent pink- to white-altered, tabular plagioclase phenocrysts that 
are typically 1 to 2 centimeters, but as much as 6 centimeters, in length.  
Amygdaloidal zones contain abundant, large, stretched vesicles lined with 
drusy quartz, and amygdules of chlorite and calcite; some outcrops are of 
sandstone-filled flow-top breccia.  Petrographic examination shows three types 
of plagioclase phenocrysts: large ones that are altered to a mixture of calcite 
and zeolite, interpreted as possible xenocrystic grains; intermediate-sized 
1 to 2 millimeter grains that are moderately altered and have a distinctive 
wormy texture; and small, fresh phenocrysts interpreted to have crystallized 
in place.  Also contains rare pseudomorphs of bright green chlorite after 
pyroxene phenocrysts, and rare phenocrysts of unit quartz.  The groundmass 
is composed of reddish-brown, patchy to radial-habit, low-birefringent alkali 
feldspar or devitrified glass that contains trellis- to plumose-shaped microlitic 
pyroxene rimmed by tiny granular Fe-Ti oxides, skeletal plagioclase, and clots 
of fine-grained, quenched, textured basaltic rock.  In general, outcrops of 
this rock are broken and frost-heaved, but several measurements of apparent 
flow-parallel parting joints consistently strike to the northwest, parallel to the 
local topography, and dip northeast, indicating that this unit may have been 
structurally disrupted by emplacement of the nearby Beaver River diabase.  
Both the composition and relationships to other volcanic rocks are poorly 
constrained.  The unit is inferred to be isolated by faults.

 nhv   Metamorphosed andesite, basalt, and sandstone—Basalt and andesite are gray, 
fine-grained, intergranular, flinty, and conchoidally-fractured, with rare, small, 
plagioclase phenocrysts.  Local pale green, fine-grained, metamorphosed clastic 
dikes contain epidote and show relict bedding.  Metamorphosed amygdules 
contain augite, alkali feldspar, quartz, apatite, and minor biotite.  An outcrop 
of metamorphosed sandstone (T. 60 N., R. 3 W., sec. 15, near the center of 
the map) is pinkish-gray, with relict cross-bedding and irregular, thin veins 
of pink felsic granitoid rock that formed by partial melting of the sandstone.  
Sandstone is composed of sericite-altered plagioclase, augite, and minor 
sphene, all surrounded by poikilitic quartz.  Granitic veins are composed of 
plagioclase rimmed by micrographic intergrowths of quartz and alkali feldspar, 
yellowish-green augite, and granular sphene.  Inferred to occur adjacent to 
or as inclusions within the Beaver River diabase.
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Table 1.  Geochemical analyses of rock samples from the Lutsen quadrangle.  Major elements are in weight percent oxides; minor elements are in parts per million.  Locations are shown on the map.

 Unit   Location Source SiO2 TiO2 Al2O3 Fe2O3* Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 H2O LOI Sum Cr Ni Rb Ba Sr La Sc Co Cu Zn Ce Nd Sm Eu Tb Yb Lu Hf Th U Pb Ta Mo Se V W As Sb

L-3 nlb  60-3-33 DC NASA (1980) 45.99 1.28 17.77  -  7.1 9.6 0.18 6.19 10.62 2.48 0.3 0.08 3.69  -  105.3 162 110 9 100 250 9.2 28 46.4  -   -  21.9  -  3.36 1.23 0.63 2 0.3 2.6 0.8  -   -  0.7  -   -   -   -   -   - 

L-11 nlb  60-2-19 CA NASA (1980) 46.46 1.13 16.81  -  4.74 3.86 0.29 7.98 10.41 3.4 0.17 0.11 4.7  -  100.06 243 180  -  90 300 11.4 27 48.1  -   -  26.2  -  3.56 1.22 0.63 2.06 0.3 2.7 1.3  -   -  0.7  -   -   -   -   -   - 

L-14 nga  60-3-28 AD Green (1989) 60 1.6 12.6 11.5  -   -  0.14 2.52 0.91 3.6 4.27 0.47  -  2.47 100.3 <10 4 160 850  -   -   17 12 80  -   -   -   -   -   -   -   -   -   -  <2  <2 18.5 20 1 7 0.2

L-16 ncp  61-3-35 CC NASA (1979) 51.7 2.12 13.74  -  5.15 7.83 0.18 4.52 7.83 2.79 0.83 0.31 2.46  -  99.49 52 63 30 490 291 28.5 26.3 48.1  -   -  63.5 36.8 7.17 2 1.13 3.1 0.48 5.6 2.8 1.1  -  1.1  -   -   -   -   -   - 

L-19 nga  60-3-33 AC NASA (1980) 51.28 2.53 13.24  -  8.02 13.4 0.24 3.82 8 2.69 1.06 0.27 2.45  -  99.33 46  -  9 310 180 29.9 34.9 48.1  -   -  69  -  8.7 2.33 1.56 4.65 0.67 7.6 3.9  -   -  0.6  -   -   -   -   -   - 

* total iron reported as Fe
2
O

3
- not determined

NASA (1979) and (1980) references are unpublished analyses conducted by NASA at the Johnson Space Center, Houston, Texas.
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