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nsb Diabasic-textured basaltDark brownish- to purplish-green, fine- to medium-
grained, altered, variably ophitic.  Characterized by felty plagioclase laths,
variably developed clinopyroxene oikocrysts, and abundant diktytaxitic chlorite.
Dominant amygdule fillings of laumontite, calcite, and chlorite.  Flows vary
from less than 3 to 33 feet (1 to 10 meters) in thickness.  Flow bases contain
abundant short pipe amygdules, and the tops typically contain amygdule-rich
bands.  Thicker flows contain vesicle cylinders up to 2.5 feet (0.75 meter) long
in the lower interior portion of the flow.  Flow contacts cannot be shown in
areas of multiple thin flows or in rivers with high cliff banks.

nsd Olivine diabase to diabasic-textured basaltGreen to brown, medium- to coarse-
grained, ophitic, amygdaloidal.  In Stewart River exposures, the north edge shows
an intrusive contact against northward-adjacent basaltic lava flows.  Here rock
is a soft, coarse-grained, chlorite-diktytaxitic and laumontite-amygdaloidal diabase
characterized by silvery green schiller-altered augite oikocrysts, poikilitic olivine,
and skeletal oxide crystals.  Becomes progressively finer-grained and increasingly
amygdaloidal to the south, culminating in lava flows of diabasic-textured basalt
with unusually monomineralic laumontite amygdules, with some crosscutting
dikes of the same texture as the lava flows.  Interpreted as a shallow-level
subvolcanic intrusion that breached the land surface to form lava flows along
its southern (upper) margin.

Larsmont basaltsUniform, monotonous flows that exhibit a pronounced coarsely
ophitic texture.  Commonly show an irregular layering produced by alternating
bands of large and small ophites.  Forms thick flows in which highly amygdaloidal
flow tops vary from smooth and billowy flow lobes to local flow top breccias
filled with siltstone.  Based on rudimentary calculations, the Larsmont basalts
within this map area have a maximum thickness of 2,133 feet (650 meters),
possibly thinning to the northeast.

nlb Diabasic-textured basaltBrownish-green, fine-grained, subophitic, with pipe
vesicles up to 2.5 feet (0.75 meter) long near the flow base and amygdule-layered
flow top; single flow.

nlo Ophitic basaltBrown, fine-grained, typically large-oikocryst (up to 1 centimeter)
texture with lenses of intergranular textured basalt that contain fresh olivine.
Distinguished from unit nto by typically thicker flows and larger oikocryst size.
Contains amygdules of laumontite, calcite, chlorite, and locally, epidote and
prehnite.

Sucker River basaltsThe total thickness of the Sucker River basalts as determined
to the southwest in the Knife River quadrangle (Boerboom and others, 2002b)
is approximately 4,593 feet (1,400 meters).  However, these lavas are very
poorly exposed within the area of this map and the thickness here cannot be
properly estimated.  In the Knife River quadrangle, the Sucker River basalts
consist of thickly interlayered ophitic- and diabasic-textured basalts and an
uppermost flow of basaltic andesite (Boerboom and others, 2002b).

nsa Basaltic andesite, undifferentiatedInferred from outcrop to the southwest, in
the northeast corner of the Knife River quadrangle (Boerboom and others, 2002b).

ns Basalt, undifferentiatedInferred from rare outcrop, water well drill logs, and
correlation with mapped units to the southwest (Boerboom and others, 2002b)
to consist primarily of basaltic lava flows.  Northernmost outcrops are variably
metamorphosed by adjacent intrusions.

Lakewood lavasInferred from mapping to the southwest (Boerboom and others,
2002a) to consist of interstratified felsic to mafic volcanic rocks that are
strongly metamorphosed adjacent to units hgh and pd, shown by hachured areas.

nwb Basalt, undifferentiatedBrownish to greenish-gray, fine-grained, ophitic to
intergranular, variably metamorphosed, exposed in scattered outcrops along the
northern edge of this unit.  Strongly metamorphosed basalts near units hgh and
pd show both ophitic and intergranular textures, with metamorphic mineral
assemblages of orthopyroxene and clinopyroxene, and metamorphosed amygdules
containing orthopyroxene and clinopyroxene, and/or epidote, or banded quartz
amygdules recrystallized to a granoblastic texture.

Basalt xenolithsScattered inclusions within unit hgm.

nh Mafic hornfelsGray, fine-grained, strongly magnetic.  The most strongly
metamorphosed volcanic xenoliths are mineralogically similar to unit hgh but
are distinguished by abundant relict amoeboidal amygdules now replaced by
orthopyroxene, clinopyroxene, or epidote; and by a less ophitic texture.
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Geologic contact.

Fault—Speculated on the basis of geophysical data; D, downthrown side; U, upthrown side.

MAP SYMBOLS

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

Horizontal volcanic flow layering.

Strike and dip of minor faults—Angle in degrees from horizontal.  Sense of movement 
unknown.

Bedrock outcrop.

Anorthosite exposure.

Area of hornfels volcanic rocks, excludes xenoliths.

Strike and dip of flow- and intrusion-parallel joints—Approximates attitude of flow layering 
in volcanic rocks and orientation of sill-like intrusive rocks; angle in degrees from horizontal.

Strike and dip of igneous foliation, textural layering, and modal layering—Angle in degrees 
from horizontal.

Boundary between informal lithostratigraphic units—See Figure 1.
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Lines are solid where observed in outcrop and dashed where projected between outcrops.
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Figure 1.  The relative positions of the informal lithostratigraphic volcanic 
units of Green (2002) and modified by this study of the Two Harbors and 
Castle Danger quadrangles.  The area of this map is highlighted.  The 
Castle Danger quadrangle is published separately as Miscellaneous Map 
M-140 (Boerboom and others, 2003).
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Bedrock Geology, Two Harbors Quadrangle

hgh Gabbronoritic hornfelsGray, fine-grained, variably ophitic and granoblastic,
strongly magnetic.  Contains 55 to 83 percent fresh, felty-textured plagioclase;
5 to 30 percent granular to locally ophitic orthopyroxene; 7 to 25 percent granular
and ophitic augite; 0 to 17 percent fresh to altered granular olivine; and 2 to
10 percent dusty opaque oxides.  Clots of concentrated euhedral orthopyroxene
are suggestive of metamorphosed amygdules.  The augite grains are typically
clouded with small opaque inclusions, possibly due to effects of metamorphism.
Appears to represent a strongly recrystallized, fine-grained mafic intrusion that
contains sporadic but locally abundant xenoliths of coarse-grained anorthosite
(shown as black outcrops).  The westernmost anorthosite xenolith (along the
eastern wall of the creek valley in SE 1/4 sec. 35, T. 54 N., R. 11 W.) contains
pods and irregular layers up to 8 inches (20 centimeters) thick of pure magnetite.
The large outcrop knob in NE 1/4 sec. 35, T. 54 N., R. 11 W. is a xenolith
composed of troctolitic anorthosite with irregular streaks and pods of coarse-
grained, altered olivine.

Sawmill Lake intrusionPoorly exposed unit of gabbro and granophyre, inferred
largely from geophysical data, that occurs mainly to the northwest of this
map (Miller and others, 2002).  Two outcrops of monzodioritic rocks mapped
for this study lie at the southeastern margin of the aeromagnetic anomaly that
defines the limits of this unit.

spm Prismatic pyroxene monzodioritePurplish-gray, fine- to medium-grained,
subprismatic.  The outcrop in SW 1/4 sec. 33, T. 54 N., R.11 W., in the northwest
corner of this quadrangle is medium-grained subprismatic to subophitic, with
approximately 75 percent saussuritized plagioclase laths; 10 percent subophitic
augite; 4 percent altered olivine; 6 percent opaque oxides; and 2 percent
granophyric groundmass.  Outcrop in SW 1/4 sec. 4, T. 53 N., R. 11 W., just
west of this quadrangle, is a mineralogically similar, fine-grained, plagioclase-
phyric rock with minor curved prismatic augite grains visible in hand sample.
May be related to the quartz monzodiorite to granite unit (hqm).

KEWEENAWAN SUPERGROUP

North Shore Volcanic GroupThe volcanic rocks are part of the upper sequence
of the southwest limb of the North Shore Volcanic Group (Green, 2002).  The
sequence is further subdivided into informal lithostratigraphic units (Fig. 1),
as delineated by Green (2002) and modified by this study.  These lithostratigraphic
units are not defined by sharp compositional breaks, but rather have boundaries
distinguished on the basis of relative thicknesses and chemical compositions
of the constituent flows, or they are separated by intervening diabase intrusions.
Within the Two Harbors quadrangle these lithostratigraphic units include
undifferentiated basaltic lavas inferred to be correlative with the Lakewood lavas
and the Sucker River basalts to the southwest, the Larsmont basalts, the newly
designated Stewart River basalts, and the Two Harbors basalts (Fig. 1).

The informal lithostratigraphic units are subdivided into map units that are
delineated on the basis of features that can be discerned on the outcrop, and
are augmented by petrographic descriptions.  The field criteria include attributes
such as grain size, texture, amygdule composition and abundance, flow
thicknesses, and flow morphology.  Many of the units shown in one formation
are indistinguishable from similar units in other formations.

Brannon (1984) conducted a detailed geochemical study of the volcanic
rocks from samples collected on the shoreline of Lake Superior starting near
Duluth and ending at the base of Pork City Hill in Two Harbors.  The textures
and flow morphologies observed in the volcanic flows exhibit a general
correlation to rock chemistry.  The Two Harbors basalts, for example, which
are of quartz tholeiite composition, exhibit very different grain texture and
flow morphology than the Stewart River and Larsmont basalts, which are
both of primitive olivine tholeiite composition.  However, the Stewart River
and Larsmont basalts have different textures.  This implies that other factors,
such as rate of extrusion and volatile content, may have played an important
role in the textural genesis of the lava flows.

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
are metamorphosed to the prehnite-pumpellyite to upper zeolite facies (Schmidt,
1990, 1993).

Two Harbors basaltsBasal ophitic basalt with characteristic small ophite texture,
overlain by resistant, fine-grained, massive, intergranular basalt that forms
the lakeshore points near Two Harbors.  Onland exposures of the Two Harbors
basalts are approximately 656 feet (200 meters) thick, but an indeterminate
thickness lies offshore beneath Lake Superior.  The Two Harbors basalts are
of quartz tholeiite composition (Brannon, 1984).

ntb Intergranular basaltGray to brownish-gray, fine-grained, oxidation-laminated,
with amygdules of quartz, laumontite, calcite, and chlorite.  Flow tops are
commonly of aa type, and highly irregular in morphology.  Red siltstone is
common as thin lenses and crack fillings at tops of flows.  These flows are
well exposed along the point south of Burlington Bay in Two Harbors.

nto Ophitic basaltGray to brownish-gray, fine-grained, fresh, with small oikocrysts
up to 1 millimeter in diameter, and prominent straight to folded oxidation
lamination.  Stretched quartz amygdules are common in flow interiors, amygdules
near tops of flows contain laumontite, chlorite, and calcite.  Flow tops are typically
irregular, rubbly aa-type, with fractures filled by variably prehnite-cemented
clastic dikes, some of which contain traces of native copper.  Flows typically
range from 10 to 33 feet (3 to 10 meters) thick.  Some flows are capped by
thin-lobed flows that are less than 3 feet (1 meter) thick.

Stewart River basaltsInclude several flows of diabasic-textured basalt as well
as an ambiguous unit of intrusive diabase to extrusive diabasic-textured lavas,
well exposed along the banks of the Stewart River.  The Stewart River basalts
had been grouped with the Larsmont basalts by Green (2002), but here are
recognized as a distinct unit.  Based on rudimentary calculations, the Stewart
River basalts are approximately 1,640 feet (500 meters) thick.

DESCRIPTION OF MAP UNITS

MIDCONTINENT RIFT INTRUSIVE SUPERSUITE

Miscellaneous intrusionsSubvolcanic sheet-like intrusions possibly related in timing
to the Beaver Bay Complex of the approximately 1,100 Ma Midcontinent Rift
Intrusive Supersuite (Miller and Green, 2002), emplaced into the North Shore
Volcanic Group of the Keweenawan Supergroup.  The terminology for the various
rock groups and formations on this and the Castle Danger quadrangle (Boerboom
and others, 2003) follows that of Miller and others (2002).

Unnamed intrusions

db Diabase dike—The dike in T. 52 N., R. 10 W., sec. 6 at the west edge of Burlington
Bay is a 23 foot (7 meter) thick, N. 28º W.-trending, gray, fine-grained, felty-
textured, subophitic olivine diabase with small, round chlorite amygdules.  The
dike in T. 52 N., R. 11 W., sec. 10 southwest of Two Harbors is 10 feet (3 meters)
thick and trends N. 35º W.  It is composed of gray, fine-grained, finely ophitic
diabase with scattered 1 centimeter plagioclase phenocrysts and a 4 centimeter
diameter inclusion of anorthosite.  Dike widths on map are exaggerated for clarity.

pmd Prismatic pyroxene monzodiorite—A small dike or sill of similar but probably
unrelated rock type to unit spm present in T. 53 N., R.10 W., sec. 6.

pfd Prismatic pyroxene ferrodioriteDark gray, medium fine-grained, strongly
magnetic.  Exposed in a single 6.5 foot (2 meter) thick, N. 80º W.-trending
dike that cuts gabbro from unit hgm in the bed of Silver Creek, at the south
edge of T. 53 N., R. 10 W., sec. 6.  Contains approximately 53 percent felty
plagioclase; 20 percent curved-prismatic, schiller-altered clinopyroxene; 10
percent turbid brown K-feldspar or devitrified glass; and 2 percent quartz.

bfm Porphyritic basalt to prismatic ferromonzodioriteBrownish-pink to dark gray,
aphanitic to fine-grained.  Contains scattered phenocrysts of plagioclase and
augite, and microlitic skeletal plagioclase, prismatic pyroxene, and oxide granules
in a glassy matrix.  Exposed on the lakeshore just east of this map area as a
complex system of irregular subhorizontal intrusions emplaced into volcanic
rocks (see Boerboom and others, 2003).  Poorly exposed within the area of
this map, but petrographically identical to the intrusions exposed along Lake
Superior; interpreted as a thin, updip erosional remnant of the same unit.

pd Granophyric ophitic poikilitic olivine diabaseGray to pinkish-gray, medium-
to coarse-grained, felty-textured.  Outcrops typically exhibit clots of brown,
recessed-weathered poikilitic olivine (up to 5 percent modal volume) and black
augite oikocrysts (5 to 15 percent), both up to 4 centimeters in diameter; coarse
felty to locally strongly foliated, tabular plagioclase (70 to 80 percent);
subpoikilitic clots of oxides (1 to 5 percent); and variable proportions of pink
granophyre mesostasis (1 to 30 percent).  Intruded unit hgh.

gmu Mafic intrusion, inferredBased on a pronounced positive aeromagnetic anomaly,
not exposed.  Red rhyolite is reported in a water well, at a depth of 27 to 165
feet (8 to 50 meters) below ground level, in NW 1/4 sec. 9, T. 53 N., R. 11
W., near the northern margin of the magnetic anomaly.  This may be a felsic
intrusive phase related to a larger mafic intrusion, or alternatively would be
consistent with the types of lava flows found within the Lakewood
lithostratigraphic volcanic unit to the southwest.

Two Harbors intrusions—A small zoned intrusion exposed in outcrops just northwest
of Two Harbors and a similar but smaller unzoned intrusion located 3 miles (5
kilometers) to the north.  The lower section of the southern intrusion consists of
troctolitic diabase; this abruptly gives way to a poikilitic olivine diabase that
grades into a well-foliated intergranular gabbro.  Outcrop data coupled with
water well and geophysical information imply that the intrusion forms an east-
trending synformal body that plunges eastward beneath volcanic rocks.  The
northern intrusion consists of olivine-rich ophitic diabase.  Both of these intrusions
have lithologic similarities to the Silver Creek diabase (Boerboom and others,
2003).  The Two Harbors intrusions are possibly related to a larger mafic body
that is inferred from geophysical modeling to be present beneath the volcanic
strata west and northwest of the main Two Harbors intrusion.

tfg Foliated gabbroDark greenish- to brownish-gray, fine- to medium-grained, well-
foliated, intergranular.  Contains approximately 63 percent fresh, strongly aligned
plagioclase; 30 percent schiller-altered blocky to sub-prismatic intergranular
cumulus augite; 5 percent blocky to subpoikilitic opaque oxides; 1 percent
pigeonite; and 1 to 2 percent interstitial quartz.  Rock is possibly a plagioclase-
augite-oxide cumulate.

tsd Intergranular subpoikilitic olivine diabaseGreenish-gray, fine- to medium-
grained, felty-textured.  Contains 55 to 70 percent fresh to slightly altered,
randomly-oriented, tabular plagioclase; 30 to 35 percent granular to subhedral-
prismatic augite; 0 to 2 percent altered subpoikilitic olivine; 0 to 2 percent total
inverted pigeonite, pigeonite, and orthopyroxene; 7 to 10 percent subpoikilitic
opaques; and local minor granophyre in mesostasis.

ttd Troctolitic diabaseBrownish-gray, fine- to medium-grained, massive, ophitic.
Contains 65 to 75 percent fresh, randomly oriented, tabular plagioclase; 15 to
30 percent mostly fresh, granular-textured olivine; 5 to 8 percent fresh, ophitic
augite; 0 to 2 percent ophitic inverted pigeonite; 0 to 2 percent ophitic
orthopyroxene; and minor opaque minerals.

tod Ophitic olivine diabaseGray, fine- to medium-grained, fresh, felty-textured,
olivine-rich.  Contains 55 to 60 percent fresh, stubby plagioclase laths and
scattered small phenocrysts; 25 to 35 percent fresh, granular olivine; 10 to 25
percent augite as 1 to 2 centimeter diameter low-density oikocrysts; 1 to 4 percent
ophitic orthopyroxene; and up to 1 percent opaque oxides.  Minor patches of
zeolite alteration.  Included with the Two Harbors intrusions on the basis of
similar mineralogy, texture, and inferred timing of emplacement.

Highland intrusive complexMixed gabbroic to felsic intrusive rocks exposed in
scattered outcrops at the north edge of the map.  Anorthosite xenoliths are
common within the mafic phases.  Geophysical data imply that these exposures
are at the southern margin of a larger intrusive complex that continues northward
into the Highland quadrangle.  Includes a fine-grained, diabasic-textured,
anorthosite inclusion-bearing phase (unit hgh), which is intruded and
metamorphosed by the later intrusive phases (units hqm and hgm).

hqm Quartz monzodiorite to graniteDusky to brick red, medium- to coarse-grained,
felty texture defined by randomly oriented laths of plagioclase and altered prismatic
augite.  Contains 25 to 35 percent euhedral, pink-altered plagioclase crystals and
2 to 5 percent prismatic, altered augite in a groundmass of mixed quartz (15 to
20 percent) and turbid pink K-feldspar and altered plagioclase (45 to 55 percent).
Also contains apatite, diktytaxitic chlorite and zeolite, scattered quartz-lined
miarolitic cavities, and abundant euhedral zircons.  Grades into unit hgm.

hgm Gabbroic to monzogabbroic intrusive rocks, undividedVaried rock types
including dark gray, medium- to coarse-grained, well foliated intergranular gabbro
that is well-exposed in the upper reaches of Silver Creek in T. 53 N., R. 10
W., secs. 6 and 7 east of Lake County Road 2.  This gabbro contains irregular,
shallow-dipping layers or segregations of pegmatite with coarse prismatic
pyroxene and clots of pink granophyre.  Other exposures within this unit consist
of medium- to coarse-grained, felty-textured to laminated, intergranular to ophitic
gabbro, monzogabbro, and gabbronorite, all of which contain little or no olivine.
Scattered but locally abundant xenoliths of coarse-grained, light gray anorthosite
(shown as black outcrops) are common throughout this unit.  A large roadcut
at the crest of Lake County Road 2 north of Two Harbors (T. 53 N., R. 11 W.,
sec. 1 and T. 53 N., R. 10 W., sec. 6) consists of ophitic oxide-olivine
gabbronoritic diabase.  The southern limit of this mixed gabbro unit is inferred
from aeromagnetic data and is highly speculative.


