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at Crow Creek southwest of this map area (Boerboom and others, 2003a).  In both 
places the ferromonzodiorite is assumed to cut volcanic rocks, and is in turn cut by 
the breccia.  The common occurrence in both places indicates that the breccia dikes 
may be related to emplacement of the ferromonzodiorite.  The ferromonzodiorite 
cannot be portrayed at this map scale and hence is included with unit dbx; it contains 
an estimated 68 percent plagioclase, 11 percent prismatic clinopyroxene, 12 percent 
K-feldspar, 7 percent Fe-Ti oxides, and 2 percent diktytaxitic chlorite.

 pgm  Prismatic ferrogabbro to ferromonzonite—Gray to brownish-gray, medium- to coarse-
grained.  Ranges from subophitic oxide gabbro (estimated 78 percent plagioclase, 10 
percent augite, 7 percent Fe-Ti oxides, 5 percent K-feldspar, and trace amounts of 
quartz and apatite) to prismatic ferromonzonite (estimated 55 percent K-feldspar, 25 
percent plagioclase, 12 percent prismatic augite, 5 percent Fe-Ti oxides, 1 percent 
apatite, and 1 to 2 percent quartz).  Augite shows pronounced schiller-type alteration.  
Possibly similar to map unit hgm shown on the Two Harbors and Castle Danger 
geologic maps to the southwest (Boerboom and others, 2003a, b).  The extension 
of unit pgm to the northwest is inferred from aeromagnetic data and from outcrops 
mapped to the north (Bonnichsen, 1971).  These data also indicate that this may 
represent the southernmost extent of the Cloquet Lake layered series (Miller and 
Green, 2002).

 mi  Geophysically defined mafic intrusion—Inferred from a prominent positive aeromagnetic 
anomaly to be a mafic intrusion buried beneath glacial drift.

 od  Ophitic diabase—Gray, fine- to medium-grained, massive, ophitic to subophitic, 
moderately magnetic, weathers to a distinctive reddish-brown color.  Poorly exposed 
lower margin has scattered plagioclase phenocrysts up to 0.75 centimeter in size.  
Geometry indicates this unit forms a subconformable sill that overlies andesitic and 
ophitic volcanic rocks.  Petrographic examination reveals a strong felty texture of 
plagioclase laths.  Unit has an estimated modal composition of 52 percent plagioclase, 
23 percent subpoikilitic to poikilitic, subprismatic augite, 12 percent pigeonite, 4 
percent altered olivine, 5 percent opaque Fe-Ti oxides, 3 percent mesostatis (probably 
intergrown quartz and K-feldspar), and up to 1 percent apatite.  May correlate with 
a similar unit mapped near Silver Bay by Miller (1988).

  KEWEENAWAN SUPERGROUP

  North Shore Volcanic Group—The volcanic rocks in this map area are part of the upper 
sequence of the southwest limb of the North Shore Volcanic Group (Green, 2002).  
The sequence is further subdivided into informal lithostratigraphic units, as delineated 
by Green (2002).  With the exception of unit nsv in the northwest corner of the map, 
and unit nb just east of the Beaver River diabase (unit brd), the volcanic rocks on 
this map are all part of a lithostratigraphic unit termed the Gooseberry River basalts 
by Green (2002).

The Gooseberry River basalts are here subdivided into map units that are 
delineated on the basis of features that can be discerned on outcrops, augmented 
by petrographic descriptions.  The field criteria include attributes such as color, 
grain size, texture, amygdule composition and abundance, flow thicknesses, flow 
morphology, and weathering characteristics.  Only a few geochemical analyses have 
been acquired from the lava flows within the area of this map (Table 1).

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 laumontite-chlorite facies (Schmidt, 1990, 1993).

    Gooseberry River basalts—Mainly ophitic basalt and porphyritic ophitic basalt of olivine 
tholeiite composition, but also includes flows of andesite.  Aeromagnetic anomaly 
patterns clearly indicate that the main package of flows within this map area is one 
continuous sequence that is truncated on the west by the Silver Creek diabase and 
on the east by the Beaver River diabase.  Although disrupted somewhat by the Split 
Rock intrusion and by poorly constrained faults near the Beaver River diabase, the 
stratigraphy on either side of the Split Rock intrusion is very similar.  Porphyritic 
basalt flows, which form a high cuesta in the northeast corner of the map (units 
nsp and nwp), are truncated and apparently repeated by dip-slip faults, but they also 
appear to pinch out laterally to the southwest.  Similarly, the andesite flows (unit 
na) apparently pinch out northeast and southwest of the central, thickest portion 
of the unit.  Thus, units nsp, nwp, and na may occupy a similar stratigraphic level 
within the volcanic pile as thick flows that rapidly pinch out laterally.

 ngp  Gooseberry porphyritic ophitic basalt—Maroonish-gray, fine-grained, with 2 to 8 
percent glassy green, tabular plagioclase phenocrysts and rare glomerophenocrysts.  
Phenocrysts average 1 centimeter in length but commonly are 0.8 to 1.5 inches (2 
to 4 centimeters) long.  Contains augite oikocrysts up to 1 millimeter in diameter; 
amygdules commonly have milky blue-tinted agate rims and crystalline quartz cores.  
Forms a single flow with well-developed flow parting.  The name Gooseberry is 
used informally here to distinguish the unit from the Silver Bay porphyritic basalt 
(unit nsp).

 nbo  Ophitic basalt—Brown (on the weathered surface) to gray (fresh) lava flows characterized 
by augite oikocrysts up to 4 millimeters in diameter.  Locally exhibits irregular ophite 
layering.  Flow contacts are rarely noted, but the uppermost flow beneath unit ngp 
has a 10 foot (3 meter) thick amygdaloidal top with local flow-top breccia and clastic 
dikes.  This flow has amygdules of calcite and pink, hard zeolites, possibly stilbite 
in part, and the flow interior has scattered vuggy amygdules of calcite lined by drusy 
quartz.  The ophitic texture is poorly developed in the lowermost and uppermost 
parts of the flow.  Inland outcrops are deeply weathered to crumbly ophite soil, 
despite forming prominent dip-slope cuestas.  Distinguished from the underlying 
ophitic basalt (unit nsb) by its brown color and prominent ophitic texture.  Weakly 
metamorphosed adjacent to the Beaver River diabase (unit brd).  Flow contacts are 
not well exposed; unit apparently is composed of only two or three thick flows. 

 na  Andesite—Brown, fine- to medium-grained, locally weakly porphyritic, typically shows 
oxidation-lamination-type of flow banding (Green, 1989).  Geochemical analysis of 
a massive flow exposed on lakeshore point south of the Split Rock River (Table 1, 
sample SR-16; Basaltic Volcanism Study Project, 1981) yielded a composition of K-
andesite.  Flow tops exposed beneath unit nbo along the shoreline have characteristic 
flow-top breccia filled with fine-grained sandstone and siltstone.  Internal flow 
contacts were not observed: apparently the unit forms one thick flow.

 npa  Porphyritic andesite—Rusty-brown where weathered, grayish-brown where fresh, 
fine- to medium-grained felty-textured matrix bearing 15 to 40 percent greasy, 
brown-colored, blocky plagioclase laths 0.1 to 1.6 inches (0.3 to 4 centimeters) in 
length.  Contains sparse 1 to 2 inch (3 to 5 centimeter) diameter, drusy quartz-lined 
amygdules, and is cut by rare, thin, red clastic dikes.  Petrographic examination 
of one sample shows the matrix contains approximately 50 percent 0.5 millimeter 
felty plagioclase laths, 21 percent small subhedral-intergranular augite, 25 percent 
brown to colorless groundmass of predominantly K-feldspar mixed with minor 
quartz and rare apatite prisms, and 4 percent opaque oxides.  Unit consists of one 
single flow.

 nsp  Silver Bay porphyritic ophitic basalt—Brownish-gray, massive.  Fine-grained matrix 
with augite oikocrysts up to 3 millimeters in diameter and typically 5 to 10 percent 

gray, blocky-tabular plagioclase phenocrysts.  Contains scattered 0.4 to 1 inch (1 
to 3 centimeter) diameter, open amygdules of milky agate rims coated by vuggy 
quartz.  Forms a single, erosionally resistant flow, at least 66 feet (20 meters) thick, 
that can be traced northeast to Silver Bay, where it has been informally termed the 
Silver Bay porphyritic basalt (Miller, 1988, 2002).

 nwp  Weakly porphyritic ophitic basalt—Brown where weathered to dark grayish-brown 
where fresh, fine-grained.  Contains sparse dark gray to green, blocky-tabular 
plagioclase phenocrysts ranging from 0.3 to 0.75 centimeter in length.  The size 
of augite oikocrysts varies from subophitic to 2 millimeters in diameter.  Contains 
vuggy amygdules of milky white agate lined by vuggy quartz, also small round 
amygdules of chlorite and calcite.  Except for thin flows observed locally, the unit 
generally lacks observable flow contacts and likely is comprised dominantly of a 
single flow.

 nsb  Subophitic to ophitic basalt—Maroonish-brown, fine-grained, soft and altered.  Augite 
oikocrysts vary from small subophitic spots to 2 millimeters in diameter.  Flows 
exhibit well-developed columnar jointing and billowy flow surfaces, particularly in 
Gooseberry River exposures just below the State Highway 61 bridge.  Elsewhere, short 
pipe amygdules are visible at the base of some flows.  Flows average 10 to 13 feet 
(3 to 4 meters) in thickness; the upper one-third is typically strongly amygdaloidal 
with wavy parting surfaces that reflect billowy flow lobes.  Flows are composed of 
olivine tholeiite (Table 1, samples SR-9 and SR-10).

 nob  Ophitic basalt—Lithologically identical to unit nbo, but stratigraphically lower in 
section; its extension to the southwest is uncertain.

 nsu  Volcanic rocks, undifferentiated—Large area of no outcrop, inferred from aeromagnetic 
data to be composed of predominantly mafic to intermediate volcanic rocks.  On 
strike with an area of scattered exposures mapped as andesite and intergranular basalt 
by Green (1982) 0.6 to 1.2 miles (1 to 2 kilometers) to the northeast of this map 
unit.  Part of a larger area defined by a subdued aeromagnetic anomaly that shows 
weak northeast-oriented linear positive anomalies interpreted to be the product of 
varied magnetic susceptibilities of layered volcanic flows.

 nbi  Intergranular basalt to basaltic andesite—Grayish-brown, fine-grained, felty-textured, 
massive, with chlorite-laumontite amygdules.  Similar to unit nsa but only minor 
K-feldspar mesostasis was noted in thin section.

 nsa  Andesite to basaltic andesite—Brownish-gray, fine- to medium-grained, moderately to 
strongly magnetic, intergranular-textured.  Dominantly composed of felty-textured 
plagioclase laths and scattered 0.5 centimeter plagioclase phenocrysts, blocky-
granular augite, and opaque oxides, with trace amounts of apatite and possibly minor 
altered olivine, in a mesostasis of pale brown K-feldspar and diktytaxitic chlorite.  
The unit's southernmost occurrence, exposed in a single outcrop in Mink Creek, is 
weakly porphyritic.  The northernmost occurrence is very sparsely porphyritic, and 
contains amygdules rimmed by laumontite and filled with chlorite.  The extension 
of the unit along strike is unknown.

 nsh  Basaltic hornfels—Gray, fine-grained, felty, intergranular basalt metamorphosed to 
hornfels adjacent to intrusive unit pgm.  Contains amygdules of unknown fibrous 
hematite-dusted zeolite in thick rims, with calcite and possibly chabazite in cores, 
along with disseminated augite of metamorphic origin.  Contains minor disseminated 
native copper.

    North Shore Volcanic Group undifferentiated—Areas of volcanic rocks, either verified by 
mapping or inferred from regional aeromagnetic data, that are separated from the 
main Gooseberry River basalts by intrusions.

 nb  Basaltic andesite to andesite—Brownish-gray, fine-grained, weakly porphyritic, massive, 
fresh.  Felty texture defined by lath-shaped plagioclase laths up to 0.25 millimeter 
in length; clinopyroxene forms small granular to stubby prismatic grains; minor 
proportion of quartz occurs as mesostasis or as diktytaxitic cavity fillings along 
with possible K-feldspar.  Small needles of apatite are common within quartz.

 nsv  Mafic volcanic rocks, undivided—Inferred from a subdued aeromagnetic pattern that 
extends southwest to an area of known basalt outcrops.

 nh  Basaltic hornfels—Gray, fine-grained, flinty metamorphosed basalt.  Epidote of 
metamorphic origin occurs in amygdules with calcite and possible zoisite, and in 
groundmass as replacement of primary augite.  Occurs as a xenolith within the Silver 
Creek diabase (unit scd).
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DESCRIPTION OF MAP UNITS

  MIDCONTINENT RIFT INTRUSIVE SUPERSUITE

  Beaver Bay Complex—Includes multiple intrusions of mostly mafic composition over an area 
of approximately 232 square miles (600 square kilometers) that crosses the general 
boundary between the northeast and southwest limbs of the North Shore Volcanic 
Group (Green, 2002).  Within this map area the Beaver Bay Complex includes the 
southern terminus of the Beaver River diabase, which extends north and northeast 
from its southern terminus in Split Rock Lighthouse State Park as an arcuate body 
approximately 68 miles (110 kilometers) long (Miller and others, 2002).  Other 
intrusions in this map area that are likely part of the Beaver Bay Complex include 
the Split Rock intrusion and the Silver Creek diabase.  See Miller and Green 
(2002) for a complete description of hypabyssal intrusions related to the Beaver 
Bay Complex.

     Silver Bay-type intrusion—Defined by Miller (1988) as an informal lithodemic unit comprised 
of saucer-shaped, zoned, and strongly differentiated gabbroic intrusions that are 
located within the upper parts of the Beaver River diabase sills.  The larger of these, 
located northeast of this map area near Silver Bay, have a coarse-grained marginal 
zone of granophyric gabbro/diorite to quartz monzodiorite and an inner zone of 
medium-grained, equigranular, strongly foliated, layered cumulate gabbroic rocks.  
In this map area, one small intrusion of this type was mapped along the lakeshore 
in Split Rock Lighthouse State Park, near the northeast border of the map.

 sbf  Prismatic ferromonzonite—Brownish-pink, medium-grained.  Contains up to 50 percent 
pink K-feldspar-rich granophyric mesostasis, commonly in 0.4 to 1 inch (1 to 3 
centimeter) diameter patches that contain relatively coarse prismatic clinopyroxene 
grains.  The contact with unit sbm is gradational and somewhat arbitrary.

 sbm  Prismatic ferromonzodiorite to monzogabbro—Brownish-gray, medium-grained, 
felty-textured, moderately magnetic, with variable proportions of granophyre in 
mesostasis.  Contains an estimated 40 percent fresh, zoned, blocky plagioclase; 
15 percent subhedral-prismatic, twinned clinopyroxene that commonly exhibits 
schiller-type alteration; 5 percent subhedral, variably skeletal Fe-Ti oxides; and 
40 percent mesostasis that is dominated by variably altered K-feldspar with minor 
quartz.  Locally cut by small cogenetic felsic dikelets.

    Beaver River diabase—An informal unit consisting of non-cumulate hypabyssal mafic rocks 
that form an extensive swarm of dikes and sills to the northeast of this map area; 
forms one of the dominant components of the Beaver Bay Complex.

 brd  Ophitic olivine diabase—Gray, medium-grained, massive, with black augite oikocrysts 
up to 1 inch (3 centimeters) in diameter, characteristic multiply-stacked plagioclase 
laths, and rare plagioclase phenocrysts up to 1 centimeter in length.  Contains 
abundant inclusions of anorthosite (shown in black) that range from less than 3 to 
787 feet (1 to 240 meters) in diameter.  Miller (1998) listed a modal composition of 
50 to 60 percent groundmass plagioclase, 0 to 5 percent plagioclase phenocrysts, 15 
to 35 percent ophitic augite, 5 to 15 percent olivine, and 2 to 10 percent anhedral-
granular Fe-Ti oxides for samples taken from the continuation of the Beaver River 
diabase in a map area adjacent to the east and northeast of this map.

  Miscellaneous intrusions—Subvolcanic sheetlike intrusions possibly related in timing to the 
Beaver Bay Complex of the Midcontinent Rift Intrusive Supersuite (Miller and Green, 
2002), emplaced mainly into the North Shore Volcanic Group of the Keweenawan 
Supergroup.

   Split Rock intrusion—North–south elongate intrusion that cuts across volcanic stratigraphy 
and apparently has a south-plunging synclinal form.  Consists of a thin lower mafic 
unit and more widespread upper felsic unit.  Although contact relations indicate the 
felsite intrudes the underlying mafic phase, this is most likely caused by remobilization 
of partially melted felsite against the mafic phase.  However, the underlying mafic 
phase is not chilled against the felsite, indicating that the two contrasting rock types 
may have been emplaced nearly contemporaneously.  Flow-banded textures in the 
felsite indicate a shallow depth of emplacement; flow banding varies in orientation 
but generally has a shallow dip toward the central axis of the intrusion.

 srf  Felsite—Pink, fine-grained, flow-banded, with scattered small, variably altered 
plagioclase phenocrysts and scattered but ubiquitous altered mafic enclaves likely 
derived from the intergranular ferrodiabase unit (srm).  Poikilitic quartz and weak 
spherulitic textures were identified petrographically.  Unit has a flow-banded 
texture and composition similar to a rhyolite flow, and the rock exhibits a strong, 
irregular parting.  Margins of this unit against unit srm vary from gradational over 
a few centimeters to sharp, with irregular dikelets of felsite intruding into unit srm 
and cobble-sized rounded enclaves of unit srm in felsite adjacent to the contact.  
Compositionally similar to K-rich granite (Table 1, sample SR-51).

 srm  Intergranular ferrodiabase—Dark gray, fine- to medium-grained, massive, locally 
contains scattered small plagioclase phenocrysts.  Petrographically contains an 
estimated 55 to 60 percent plagioclase, 15 to 25 percent granular augite, 8 to 10 
percent Fe-Ti oxides, and trace amounts of quartz, apatite, and possible K-feldspar.  
Possible altered olivine was noted in one sample but was difficult to discern due to 
replacement by secondary oxide minerals.

   Silver Creek diabase—Irregularly subcordant to discordant hypabyssal intrusion of uniform 
ophitic olivine diabase that forms a continuous low ridge that extends southwest to 
Silver Cliff on Lake Superior (Boerboom and others, 2003a).  At its southern extent 
near Lake Superior, the diabase forms an irregular sill, but outcrop patterns and 
aeromagnetic data imply that the diabase in this map area is in the form of a dike.

 scd  Ophitic olivine diabase—Gray, medium-grained, massive, with black augite 
oikocrysts typically 0.4 to 1 inch (1 to 3 centimeters) in diameter.  Predominantly 
fresh plagioclase with characteristic multiply-stacked crystals, along with poikilitic 
augite, intergranular to locally subpoikilitic olivine, Fe-Ti oxides, minor pigeonite, 
and minor granophyre mesostasis.

  Unnamed intrusions
 dbx  Diatreme-like breccia dike—Greenish- to pinkish-gray intrusive breccia characterized 

by angular clasts that range from less than 0.04 inch to 1.5 feet (1 millimeter to 0.5 
meter) in diameter.  The dike is exposed on a small point along the Lake Superior 
shoreline 492 feet (150 meters) southwest of the mouth of the Split Rock River 
(NW1/4 sec. 7, T. 54 N., R. 8 W.) as a vertical, north-striking, 10 foot (3 meter) 
wide dike that cuts adjacent volcanic and intrusive rocks.  Clast types include ophitic 
basalt, intergranular basalt, green chlorite-altered clasts (possibly volcanic glass) 
containing tiny plagioclase laths, prismatic monzodiorite, and interflow sedimentary 
rocks that are typically altered.  Matrix is composed of heavily altered sand-sized 
material that is largely replaced by a mat of fine-grained fibrous zeolites and pale 
green chlorite.  Some unaltered individual quartz, feldspar, and pyroxene grains 
are present in minor amounts in matrix.  Interpreted as an explosive discharge of 
volatile elements through layered volcanic rocks and hypabyssal intrusive rocks.

Unit includes medium-grained prismatic ferromonzodiorite that occurs in an 
outcrop in Lake Superior adjacent to the breccia dike.  This ferromonzodiorite is cut 
by the breccia, and is identical to that associated with a similar breccia dike mapped 

Geologic contact.

Contact between individual lava flows—Shown only where exposed and mappable at this scale.

MAP SYMBOLS

Strike and dip of minor faults—Vertical and inclined, angle in degrees from horizontal.  Sense of 
movement is unknown.

Strike and dip of intrusive contact.

Bedrock outcrop—Identified during fieldwork for this map.

Columnar joint—Solid arrow points in direction of plunge; angle in degrees from horizontal.

Glacial striation—Arrow indicates inferred direction of ice movement.

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

Strike and dip of flow- and intrusion-parallel joints—Approximates attitude of flow layering in 
volcanic rocks and magmatic layering in intrusive rocks; vertical, horizontal, and inclined, angle 
in degrees from horizontal.

D
U

Geologic contact, inferred—Separates areas with poorly constrained boundaries from areas with 
better geologic control.

Fault showing sense of displacement—Location of fault speculated on the basis of distribution of 
mapped bedrock types.  D, downthrown side; U, upthrown side.
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Table 1.  Geochemical analyses of five rock samples located on the Split Rock Point quadrangle.  Minor elements in parts per million; 
(–) denotes element was not detected.  Locations shown on map.

Sample Map unit Rock type SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 H2O LOI Total

SR-9 nsb Ol tholeiite 47.38 0.99 17.32 7.72 2.29 0.12 7.65 11.5 2.11 0.13 0.1 3.33  100.64

SR-10 nsb Ol tholeiite 46.91 0.89 17.65 6.43 3.38 0.16 8.04 11.46 2.22 0.17 0 .04 2.98  100.33

Flow 177 nbo Ol tholeiite 46.21 1.36 16.43 11.73  0.16 7.86 9.46 2.37 0.2 0.14  4.78 100.7

SR-16 na Andesite 55.2 1.61 13.51 4.16 6.43 0.16 4.39 5.53 3.74 1.9 0.22 2.75  99.67

SR-51 srf Felsite 72.5 0.55 12.1 3.75  0.05 0.75 0.23 1.81 7.47 0.1  0.7 100.01

Sample Rb Sr Ba Cr Ni Zn La Ce Nd Sm Eu Tb Yb Lu Hf Ta Th U Nb Y Co Sc S

SR-9 – 228 53 292 205  5.02 12.9 8.1 2.31 0.9 0.49 1.41 0.21 1.7 0.39 0.4 1.4 50 50 48 28.5 

SR-10 12.4 281 43 307 249  4.53 12 7.5 2.06 0.85 0.39 1.36 0.19 1.7 0.46 0.4 – 20 20 54 27.5 

Flow 177 6 245 88 205 172 81 8 12 27      5 <1 1 1 7 23 47 30 

SR-16   524 48 - 100 41.5 85  9.97 2.27 1.96 5.5 0.82 7.8 1.2 5.9 0.9 20 30 36 26.8 0.06

SR-51 160 80 1100 16 4 74 89.9 160 61 10.1 1.91 1.5 4.36 0.61 12 1.7 13 3.2 25 37 5.5 7.21 


