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WINONA

STATE UNIVERSITY

Nancy Peterson
Grants and Sponsored Projects Office

Re: Student Research Reports for
Melissa Maslowski
James Reed
Thomas Stromback

May 7, 2013

Dear Ms. Peterson —

Please find attached the undergraduate research report documents for Melissa Maslowski,
James Reed, and Thomas Stromback. These three students worked on the Sudbury Impact
Layer deposits in northern Minnesota and Thunder Bay, Ontario, over this past year with
Drs. Candace L. Kairies Beatty, W. Lee Beatty, and Jennifer L. B. Anderson in the
Geoscience Department.

These three students (along with Mallery Navis and Christina Slowinski for a total of $3000)
were awarded undergraduate research funds to support their impact-cratering related
projects in February 2012. These funds were used to support their field work in May 2013
at their outcrops in northern Minnesota and Thunder Bay, Ontario.

In addition, these three students were awarded a total of $1000 to support their travel to
Houston, TX, to present their work at the Lunar & Planetary Science Conference in March
2013.

Please find attached a Research Project Abstract and Summary form for each of the three
students along with their co-authored LPSC abstract and the poster they presented at that
conference. They also presented their poster at the Ramaley Research Celebration and
gave a talk as a part of the Geoscience Department’s Earth Talks Series in April 2013.

If you have any further questions, please feel free to contact one of us.
Thank you for your continued support of undergraduate research at WSU!
Sincerely,

Jennifer L. B. Anderson

Candace L. Kairies Beatty
W. Lee Beatty

Winona State University e PO Box 5838 e Winona, MN 55987 ¢ www.winona.edu
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Title of Project
Stratigraphic characterization of Sudbury Ejecta — Outcrop Suite A

Student Name Melissa Maslowski

Faculty Sponsor W. Lee Beatty, Jennifer L.B. Anderson, and Candace L. Kairies Beatty

Department Geoscience

Abstract

Melissa completed field work at the Sudbury Impact Layer deposits in Thunder Bay,
Ontario, in May 2012. She spent the fall semester examining her photos and rock
samples in hand sample and thin section. In addition, she continued her background
research into stromatolites and ejecta deposition.

Melissa submitted a co—authored abstract about her work and that of James Reed and
Thomas Stromback at the Sudbury Impact Layer to the Lunar & Planetary Science
Conference in January 2013. She attended the LPSG in March 2013 and presented as part
of that conference as well as the Undergraduate Research conference held the Sunday
prior to LPSC.

Melissa, Jim, and Tom presented their poster at the Ramaley Research Celebration in
April 2013. Melissa, Jim, and Tom also gave a combined talk about their research as
part of the Geoscience Department’s Earth Talks series in April 2013.

Melissa's Earth Talks slides, LPSC abstract, and poster are attached.

Thank you for supporting undergraduate research!

The end product of this project in electronic format has been submitted to the Provost/Vice President for
Academic Affairs via the Office of Grants & Sponsored Projects Officer (Maxwell 161,
npeterson@winona.edu).
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Faculty Sponsor Jennifer L.B. Anderson, W. Lee Beatty, and Candace L. Kairies Beatty

Department Geoscience

Abstract

Jim completed field work at the Sudbury Impact Layer deposits in the Gunflint Lake
area of Northern MN in May 2012. He spent the fall semester examining his photos and
rock samples in hand sample and thin section and creating a stratigraphic column of
his outcrop. In addition, he continued his background research into ejecta
deposition.

Jim submitted a co—authored abstract about his work as well as that of Melissa
Maslowski and Thomas Stromback at the Sudbury Impact Layer to the Lunar & Planetary
Science Conference in January 2013. He attended the LPSC in March 2013 and presented
as part of that conference as well as the Undergraduate Research conference held the
Sunday prior to LPSC.

Jim, Melissa and Tom presented their poster at the Ramaley Research Gelebration in
April 2013. Jim, Melissa, and Tom also gave a combined talk about their research as
part of the Geoscience Department’s Earth Talks series in April 2013.

Jim' s Earth Talks slides, LPSC abstract, and poster are attached.

Thank you for supporting undergraduate research!

The end product of this project in electronic format has been submitted to the Provost/Vice President for
Academic Affairs via the Office of Grants & Sponsored Projects Officer (Maxwell 161,
npeterson@winona.edu).

Student Signature Date
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Stratigraphic Characterization and Visualizing the Sudbury Ejecta Deposits in Northern
Minnesota — Outcrop Suite C

Student Name Thomas Stromback

Faculty Sponsor Candace L. Kairies Beatty, Jennifer L.B. Anderson, and W. Lee Beatty,

Department Geoscience

Abstract

Tom completed field work at the Sudbury Impact Layer deposits in the Gunflint Lake
area of Northern MN in May 2012. He spent the fall semester examining his photos and
rock samples in hand sample and thin section and creating a stratigraphic column of
his outcrop. In addition, he continued his background research into ejecta
deposition.

Tom submitted a co—authored abstract about his work as well as that of Melissa
Maslowski and James Reed at the Sudbury Impact Layer to the Lunar & Planetary Science
Conference in January 2013. He attended the LPSC in March 2013 and presented as part
of that conference as well as the Undergraduate Research conference held the Sunday
prior to LPSC.

Tom, Jim, and Melissa presented their poster at the Ramaley Research Celebration in
April 2013. Tom, Jim, and Melissa also gave a combined talk about their research as
part of the Geoscience Department’s Earth Talks series in April 2013.

Tom' s Earth Talks slides, LPSC abstract, and poster are attached.

Thank you for supporting undergraduate research!

The end product of this project in electronic format has been submitted to the Provost/Vice President for
Academic Affairs via the Office of Grants & Sponsored Projects Officer (Maxwell 161,
npeterson@winona.edu).

Student Signature Date

Faculty Sponsor Signature Date
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Using Microstratigraphy and Stromatolite Clastic Behavior to Characterize the Emplacement of the Sudbury
Impact Layer in Ontario and Minnesota. J.P. Reed, M.L. Maslowski, T.J. Stromback, W.L. Beatty, C.L. Kairies
Beatty, and J.L.B. Anderson, Department of Geoscience, Winona State University, Winona, MN. (corresponding
author: JLAnderson@winona.edu)
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Figure 1. Location of Sudbury
Impact Layer (SIL) deposits
discussed in this paper (black
squares) relative to the Sud-
bury impact site. (From [1])
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Introduction: The Sudbury Impact Layer (SIL) was
deposited 1.85 Ga as ejecta from the Sudbury impact
event in Sudbury, Ontario, was deposited over the up-
per Midwest and Canada [2]. The SIL has been identi-
fied in outcrop and core samples up to 950 km away
from the Sudbury crater in southern Ontario [2], north-
ern Minnesota [2,3], and the upper peninsula of Michi-
gan [4,5] (Figure 1). Following the general description
of [1], a typical SIL sequence includes a shocked
mega- and meso-breccia at its base comprised of de-
formed country rock (in the outcrops we observed,
banded iron formations sometimes including stromato-

lites), a gritstone boundary layer, and a thinner ejecta igure 2 xaple larger lapilli found near Gunfln Lake
layer with larger lapillistones (Figure 2) beneath small- MN, some with concentric zoning. These are generally ob-

er spherules (Figure 3). The SIL is unique in that the served above the breccia and below the spherules (Figure 3).
unit (up to 30 m thick in some places) formed in less

than one day and preserves an incredibly detailed rec-
ord of distal ejecta emplacement from one of the larg-
est known impact events on Earth.

We are currently working on two lines of research at
the SIL outcrops in Thunder Bay, Ontario, and near
Gunflint Lake in northern Minnesota. First, we are
examining the behavior of lithofied stromatolites as
“quasi-clasts” during the deformation, brecciation, and
mixing of local banded iron formations as the shock
wave passed and ejecta was deposited. Second, we are
analyzing the microstratigraphy of the lapilli-bearing
ejecta layers at two outcrops near Gunflint Lake, MN,
to better define the processes at work when the ejecta
was deposited.

'7_,,-’ $ ‘ /

Figure 3. Example of spherules found near Gunflint Lake,
MN. Scale bar is 1 cm.
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Methods — Stromatolites: Stromatolite-bearing SIL
deposits in the Thunder Bay, Ontario area were noted
by previous researchers[1,2], but the stromatolites in
these outcrops were not examined in detail. For this
investigation, stromatolites at three outcrops were cata-
loged. High-resolution panoramas of two of the out-
crops were captured using a GigaPan Epic robotic
camera mount. Samples were collected from float at
two of the outcrops.

Methods — Microstratigraphy: Two outcrops near
Gunflint Lake, MN, showing the transition from ejec-
ta-absent to ejecta-bearing layers within the SIL were
selected for this study. Each outcrop was carefully
measured and described in detail. Representative sam-
ples from the transition and ejecta-bearing layers were
collected. A high-resolution panorama of each outcrop
was captured using a GigaPan Epic robotic camera
mount. Hand samples were cut and scanned at high
resolution to observe the structural characteristics of
the transition from ejecta-absent to ejecta-bearing units
as well as the number, size and shape distribution of
lapilli (Figure 4). Petrographic thin sections of these
samples are also being prepared.

%"

Figure 4. Cross-section of a lapilli-bearing sample (Gunflint
Lake, MN) with outlined lapilli. Scale bar is 1 cm.

Preliminary Results — Stromatolites: We ob-
served two types of stromatolite growth forms: lateral-
ly linked hemispheroids (LLH) and stacked hemi-
spheroids (SH), after [6]. At two of the outcrops we
observed stromatolites in situ showing evidence of
truncation. A hemispheroidal stromatolite in one of the
hand samples appears to have been truncated abruptly
and covered with a mix of lapilli and mm-scale brec-
cia (Figure 5). Other stromatolites of both morpholo-
gies appear to have been entrained in the ejecta curtain
and deposited as clasts in the SIL.

Abstract #2709

Figure 5. Cross-section of a hemispheroidal stromatolite
from the SIL (Thunder Bay, Ontario) showing sharp trunca-
tion (arrows). Note large lapilli and breccia above truncation.
Scale bar is 1 cm.

Preliminary Results — Microstratigraphy: Most
lapilli observed in hand samples appear to be oval-
shaped rather than spherical (Figure 4). Lapilli in some
hand samples also appear to be somewhat imbricated.

Future work — Stromatolites: We will examine
petrographic thin sections of the stromatolite shown in
Figure 5 to better characterize the planed boundary and
ejecta deposit. We will also investigate the distribution
of stromatolites within the SIL breccia to discern pos-
sible patterns of deposition based on clast size and
morphology.

Future Work - Microstratigraphy: We will
complete an analysis of the size and shape distribution
of lapilli and spherules in thin section. We will also
prepare large- and small-scale stratigraphic sections of
the SIL outcrops and attempt to correlate the two.

References: [1] Jirsa, MA, et al. (2011) GSA Field Guide 24, p. 147-
169, doi:10.1130/2011.0024(08). [2] Addison, WD, et al. (2005)
Geology, v. 33, d0i:10.1130/G21048.1. [3] Jirsa, MA (2010) Inst. of
Lake Superior Geology: 56™ Annual Meeting, v. 56. [4] Pufahl, PK,
et al. (2007) Geology, v. 35, p. 827-830. [5] Cannon, WF, et al.
(2010) GSA Bull., v. 122, doi:10.1130/B26517.1. [6] Logan. BW, et
al. (1964) The Journal of Geology, p. 68-83.

Acknowledgements: We would like to give special thanks to Dr.
Mark Jirsa and Dr. Paul Weiblen of the MN Geological Survey and
Dr. Phillip Frahlick of Lakehead University, Thunder Bay, Ontario.
This project is funded by a WSU Undergraduate Student Research
Award as well as WSU Faculty Professional Improvement Funds.
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(Figures 7A, 7C, 7D, 7E, 7F). . .
Gunflint Lake Pressure Solution Features

Lapilli and ignimbrite facies in samples of the SIL from Gunflint Lake
show evidence of what appear to be pressure solution features, includ-

ing stylolites (Figures 5A, 5B, 5D), concave-convex grain contacts (Figure
5B, 5D) and volume loss {Figure 5C, 5D).

The nature of the deposits varied from outcrop to outcrop. The five outcrops
discussed here display evidence of at least four different depositional
scenarios, some within a few kilometers of each other. Larger "lapilli" are
present in Thunder Bay and in Gunflint Lake (Figures 3, 7C), while smaller
“spherules” are observed only at Gunflint Lake (Figures 7D, 7E). At some
outcrops, lapilli are deposited directly on breccia (Figures 2B, 7). At others,
layers of fine-grained ignimbrite lie below lapilli (Figure 7F). Some lapilli-
bearing layers are clast-supported (Figure 5B, 7C), while other spherule-
bearing layers are thinly interbedded with ignimbrite (Figure 7D). These
differences make correlation difficult and suggest that the emplacement
mechanism(s) were more complex than those responsible for most
sedimentary and volcaniclastic deposits.

Figure 5. Apparent pressure solution features in Gunflint Lake SIL rocks. A. Stylolites in ignimbrite, Outcrop GFOO5. B. Stylolites and concave-
convex grain contacts in lapilli-bearing unit, Outcrop GFOO5. C. Volume loss in lapilli-bearing unit, Outcrop GF003. D. Stylolites, concave-convex
grain contacts and volume loss in lapilli-bearing unit, Outcrop GFOO05. All scale bars equal 1 cm.

BASAL UNIT — Thunder Bay

Stromatolites (sedimentary structures built by photosynthesizing bacteria) are common in several
outcrops of the Gunflint Formation in Thunder Bay, Ontario. Many display laterally-linked
hemispheroidal (LLH) and stacked hemispheroidal (SH) morphologies that are useful in determining
their original orientation [6]. Examination of stromatolite orientations at three outcrops in the
Thunder Bay area suggests two primary mechanisms of bedrock deformation related to the
Sudbury impact: (1) Truncation or planing of the upper layers of bedrock (Figures 2, 3) and (2)
entrainment and deposition of bedrock clasts (Figure 4). These imply that the base surge and lower
portion of the ejecta cloud was energetic enough to plane off the country rock and turbulent
enough to entrain large (> 1 m) blocks and redeposit them.

Interpretation of the SIL deposits at Gunflint Lake is further complicated by
contact metamorphism from the overlying Logan Intrusions (1.115 Ga).
Metamorphism at Gunflint Lake appears to have resulted in lapilli that are
compacted when compared to lapilli from unmetamorphosed Thunder Bay
deposits (Table 1). It may also be the cause of pressure-solution features that
appear in Gunflint Lake rocks (Figure 5).

Table 1. Lapilli size and flattening in Gunflint Lake and Thunder Bay deposits.
2 i yeer <4 Figure 4. LLH-SH stromatolite-bearing boulders at the Grand Trunk Pacific Railroad site [5]. Major

Location: Gunflint Thunder Bay stromatolite-bearing blocks outlined in yellow show the random orientation of clasts in this deposit. Outcrop
Avg. Lapilli Grain Size: 4.61 +/- 1.42 mm 7.37 4/-3.15 mm height is approximately 6 m.
Avg. Flattening: 43 +/- 15 % 19 +/- 13 % View the GigaPan panorama of this outcrop at www.gigapan.com/gigapans/114729

Acknowledgements: We would like to give special thanks to Dr. Mark Jirsa and Dr. Paul
Weiblen of the MN Geological Survey and Dr. Phillip Frahlick of Lakehead University, Thunder
Bay, Ontario. This project is funded by a WSU Undergraduate Student Research Award,
Undergraduate Student Travel Award, and Faculty Professional Improvement Funds. Partial
funding for LPSC was provided by NASA’s Science Mission Directorate through the YSS
Undergraduate Conference.
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doi:10.1130/2011.0024(08). [2] Addison, WD, et al. (2005) Geology, v. 33, doi:10.1130/
G21048.1. [3] Jirsa, MA (2010) Inst. of Lake Superior Geology: 56th Annual Meeting, v. 56. [4]
Branney, MJ & Brown, RJ {(2011) J. Geology, v. 119, p. 275-292. [5] Addison, WD et al. (2010)
in GSA Special Paper 465, p. 245-268. [6] Logan, BW, et al. (1964) The Journal of Geology, p.
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Figure 2. d A. Map view of the Private Drive outcrop [5] showing Figure 3. A. Cross-section of truncated SH stromatolite from Highway 588 outcrop [5]. B. Inset of A. showing
truncated LLH-SH stromatolites. & B. Same outcrop in cross-section, the contact between truncated cherty stromatolite and overlying ejecta deposit. Note the zone of alteration
truncated in situ LLH-SH stromatolites overlain by ejecta. and the large concentrically-zoned lapilli resting unconformably on the planed stromatolite.

» BEDROCK PLANING AND ENTRAINMENT » DEPOSITION OF FRACTURED BEDROCK, ASH, LAPILLI AND SPHERULES
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% Enviror ime of deposition truncation
% Orient: up)

Gunflint Site

Thunder Bay Work

ition of bedrock
Ontario

VL GUNFLINT LAKE
o

~~ -

Minnesota

Minneapoli® | Wisconsin Michigan

> Sudbury Impact
rom The Thunder Bay Outcrop
& Looked at two d outcro hin the Gunflint
LHSH stromatolite t the Grand Trunk Pacific R site. Yellow Lake Region
andom orientation of clast: approximately 6 m.
“Jim's outcrop”
1.6 km apart
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General Geology SIL units

& This area is part of the Gunflint Iron Formati 13 Non—Ejecta Bearing
& The upper portion of the Gunflint Iron @ Mega-Breccia
Formation has been incorporated within % Meso-Breccia
SIL (Sudi ipact Layer)
q Sl P t0 B0m thick o
a f shocked mega and meso-breccia of &E] eCt
the ed countr < % Ignimi
o (Ironstone matrix and chert clas 3 Lapilli
w5 Opverlain by the Sudbury eject, @ Spherules
= Entire area has been contagt metamorphosed by
the Logan Intrusions (115 Ga)s

Mega-Breccia ¥ : 2 g : Meso-Breccia

|

& Large disorganized,
broken up pieces of rock

Ignimbrite (Ash) Lapilli

lidified
ash aggregates that
accumulate more ash
particles as it's
picked up in
debris clou

& Volcanic term for a
consolidated rock
from a pyroclastic
flow
In our case fr
debris cloud ¢
similar to a
Py stic flow but
on orders of
magnitude larger

Millimeters
centimeters in
with concentric
laminations around
an ash core

ally rounded to
semi-rounded in
shape
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Spherules

& An ash aggregates
formed high

in the debris cloud
and then drop;
out last being
smaller and li;
than lapilli.

» Rounded to semi
rounded, millimeter
size particles

N !ml\ca-&u

s f
ErTEgs

Spherules interbedded with
Ignimbrite > 27 cm outcrop
thickness.

Mega-Breccia

Lapilli > 6 cm outcrop
thickness.

Mega-breccia >1 m
outcrop thickness

Spherules interbedded with Ignimbrite

Lap_illi __

Surface




& Non-ejecta & ejecta bearing units

w Lateral variation of all units at outcrop scale

Ejecta bearing units

& Lapilli absent from lower
ignimbrite unit.

& Spherules found up-section near
outcrop.

& Grain size of ates
(spherules & lapi ade
normally, decreasing up-section.

Post-Impact Events

1.) Fireball

2.) Shockwave

3.) Base Surge (Density Current)
4.) Air Blast

bariis 1 cm.

Stratigraphic Column of

ATMOSPHERE

Diagram of ejecta curtain and base surge formation.
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Non-Ejecta bearing units

Lapilli

Ignimbrite

M

breccia

Mega-
breccia

S

Stratigraphic Column of GF-005

Comparison of Gunflint Outcrops
Lapilli
+ Upper and lower members preses
¢ Varying unit thicknesses
Dis nuous units
apilli distribution in ignimbrite
unit varies

Meso-
breccia

breccia

Stratigraphic Column of GF-003 Stratigraphic Column of

Shockwave

& 10.9-13 magnitude earthquake at epicenter in
Sudbury Ontario.

& Brittle deformation of bedrock in both Thunder
Bay and then Gunflint Lake.

Uppermost section of shocked meg; at obliqu
outerop 003 in Gunflint Lake. Approx. outcrop width is 5 m.

lites in Thunder
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Base Surge Base Surge

- Lapilli in
& Leading edge of base surge & Formation of stratified debris cloud: = i Ignimbrite
planes bedrock and brecciated . % Lower, stronger currents promote accretion
stromatolites in Thunder Bay. | -~ of ash (accretionary lapilli).
: % Upper, weaker currents form smaller ash ] |
Initial base surge eventually aggregates (spherules). Ignimbrite
forms drop o1 its of
accretion:
ignimbrite
bedrock.

@ Initially, ignimi Continuously
deposited.

breccia

Stratigraphic Column of GF-005

Base Surge : Debris Cloud Fallout

Lapilli in

3 5 Ignimbrite
Ignimbrite e

a ' e s Base surge has passed.
& Some accretionary lapilli accumulate & Base surge has passed
in lower currents, depositing above

and with ash. Ash deposition continues from debris 4 i T Lapilli in

Ignimbrite

Absence of lapilli in lower ignimbrite & Spherules depositlast, above lapilli.
unit.

Mega-

breccia

Stratigraphic Column of GF-003
breccia

H '
Joutdnd sccretzims | 3
in‘lower zrls of currert and h e £ \ L] peliets fallout onto deposit fo
, Decoma accretonary lapil : i | current has stopped form & thin pedet fall Layer
. eh ~

A v

“Thin section 2 ] breccia

tapill. Stratigraphic Column of GF-005 Spherule lenses in ignimbrite at GF-003. *Scale is in cm.

Pressure Solution Features

& Under great pressure, grains undergo dissolution
where they can contact other grains, resulting in:

Stylolites: gular seams perpendicular to
direction

Concave/convexrelationships: Grains press into one

another.

Missing mass: Grains can be dissolffed along
seams.

Thin section of stylolites in ignimbrite.
*Scale bar is 1 cm.




oncave contacts in concentrically zoned accretionary lapilli.

ion of ash pellet (spherule), missing cut by stylolite.
baris1cm

Post-Depositional Events

& Burial
@ Rove Formation 1.836 Ga

& Contact metamorphism
@ Logan Intrusions 1.115 Ga
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Thin section of lapill
*Scale bar is 1 cm.

Lapilli Variation Between G.F. and T.B.

Avg.

size
{mm)s

ph g
1 Gunflint and Thunder B

Location: Gunflint

Thunder Bay

Avg. Lapilli Grain Size: | 4.61+/-142mm |

Aug. Flattening: 43 +/-15 %

737 4/-3.15 mm
19 /- 13 %

Table 1: 1 nd flattening in Gunflint Lake and

Thunder B

Conclusions

Ejecta-bearing SIL deposits consistent with those from
other large impacts and volcaniclastic pr

associated with deposition mechanisms

surge/debris flow.

ice for ballistic emplacement of ejecta is present.

Topography may have influenced distribution of debris
flow depos

Contact metamorphisfifand burial has altered deposits
Gunflint Lake to a cértain extents
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