REFLECTING ON
SCIENCE:

Using the primary literature to
engage students in upper-level
science courses




Necessary Skills for Scientists

1. Ability to think critically and independently
* Research projects
* HW assignments/ In-class activities

* L ab exercises

2. Ability to understand and communicate science
* Scientific writing is very difficult to understand

¢ Technical and tedious
* Lots of unfamiliar jargon

* Dull and uninteresting (to some!)

==



Teaching Mineralogy, Petrology, and
Geochemistry in the 215t Century

* August 7 — 10, 2011

* University of Minnesota

 Attended by 70 Geology faculty
from across the country

* Format
* Pre-workshop activity review
* Daily group sessions
» Small group break-out sessions

* Share fairs (poster sessions)




Reading the Literature Assignments

* Short, guided readings that emphasize and apply concepts learned
during lecture

e Goals

1

To give students an understanding of how course content is applied in
current research

To introduce students to reading the primary literature using (hopefully)
interesting and easily readable papers

To improve students’ ability to comprehend scientific papers and to
express their understanding in a written and oral format

To incorporate more discussion into a content-heavy lecture course and
to encourage students to participate in classroom discussions



Format

* Articles are from the journals Geology or Elements
* Typically 4-6 pages in length

* PDFs of journal articles and questions are posted on Reggienet at
least two weeks prior to due date

* Answers to questions are due via Reggient two hours before class
on discussion day

* Responses are used by instructor to guide the discussion, which
varies from ~20 minutes to the entire 50 minutes class period



Assessment

50 Pts.

40 Pts.

30 Pts.

20 Pts

0 Pts

Outstanding performance. Student demonstrates solid conceptual understanding and
insight and is able to make extensions or apply the knowledge to other situations.
Assignment demonstrates a deep level of reflection and thought. Material is well
written, conveys coherent thoughts, and utilizes proper grammar, correct spelling, and
appropriate terminology.

Good performance. Student demonstrates good understanding and mastery of content.
Assignment is of good quality but not exceptional, demonstrating an acceptable level of
reflection and thought. Material is well written, fairly easy to read, and utilizes proper
grammar, correct spelling, and appropriate terminology.

Adequate performance. Student demonstrates minimally adequate understanding and
mastery of content but has difficulty extending or applying knowledge to other
situations. Assignment is adequate but shows minimal thought and reflection. Material
demonstrates adequate writing skills, but may contain several grammatical, spelling, or
terminology errors.

Unacceptable performance. Student demonstrates poor understanding and mastery of
content. Writing indicates little thought and reflection, or is of poor quality, making it
difficult to read or understand.

Assignment is not turned in.



Example Responses

What is the primary question the authors are trying to address?

50/50 The Primary question the authors are trying to address is how MTB's enter new
habitats after being absent for long periods of time, and how they interact with that
new environment. The control of this experiment was the most recent glaciation in
Norway, choosing lakes in a variety of different regions in the country. They would then
analyze the varves in lake sediment deposits to find out when the MTBs first arrived
after the recent glaciation, and when they were abundant.

40/50 To better understand MTB’s ability to withstand the many changing environments
that have taken place over time, this article focuses on MTB’s ability to colonize and
recolonize in new and old habitats. So the question would be how did MTBs recolonize
the 5 lakes of Scandinavia, with an emphasis on the close time proximity with which they
occurred?

30/50 In this paper, the author's are trying to find out how 4 freshwater lakes were
colonized at the same time around 10,000 years ago. The lakes aren't very close to each
other either.

20/50 How did MTBs colonize and recolonize around the world?



Pasteris, J.; Wopenka, B.;
Valsami-Jones, E. Bone and
Tooth Mineralization: Why
Apatite? (2008) Elements, 4,

97-104.

1. What are the basic chemical and
structural difference between bone
and tooth enamel, and how does
the mineral:collagen ratio control
the properties of these materials?

2. What kind of role does nucleation
play in the mineralization of apatite
in bones?

3. How does apatite seem to defy
Pauling’s rules, particularly the
Principle of Parsimony?

4. Why is it so difficult to synthetic
substitutes for bone?

5. Summarize the authors’
argument as to why apatite is the
primary mineral used in
biomineralization of bones and
teeth.

6. What terms did you not
understand?

7. What concepts were hard to
grasp?

Bone and Tooth
Mineralization:
Why Apatite?

Jill D. Pasteris’, Brigitte Wopenka', and Eugenia Valsami-Jones’

Skull of 2 medern horss

hrough evolution, vertebrates have “chosen” the calcium phosphate mical-structural diffes

= = B = 5 # A 4 tween bone and tooth enamel
mineral apatite “f' |'|.Hnern||1e .the!r te.eth a.nd bo-nes. 'I:h|s‘ﬂrt|cle describes hlghllghl the bicogical adaptability
the hey characteristics of apatite in biological mineralization and explores

how the apatite structure allows biclogy to control mineral composition and

functionality. Through the synthesis and testing of calcium phosphates for bio-

materials applications, we have gained further understanding of how sensitive

the chemical and physical properties of apatite are to its growth conditions. remainder collagen

rion  of
Kerworps: apatite, bone, phosphate, blomineralization, blomaterials

WHY APATITE?
Most mineralogists and emists are aware that the

a I:Ilulu ically r time In the same animal, but it also
s glc

lm] on the mat|:1La] properties of bone

ri}, whereas
high -
ntin has charac

n md LI'\'![S”]["! o
1h:|n a simple reservolr of e ents: it can deliver i AT W even at the
element demand.

BIOAPATITE AND EXAMPLES
OF BIOMINERALIZATION

hJI:ni a hierarchic
1 spatial scales |

ranging propertl
-l..ntln EI.'LJII'L\.[ an-J paths

v, u..'1l adu; bwopenia@levee wustladu
clum or ph.uspha

(Glimcher 2006; Bo

Evemewrs, You. &, pr. 97-104 ‘i. ApPrrL 2008

2 I:I-Fertmlnl af Minenlo Matural History Mussum,
(114



Student Reaction - Year 1

1. Students saw the readings as extra work instead of as an
additional learning opportunity

* They felt that the RTLs took away from time that was better spent
lecturing

2. Students were overwhelmed by the frequency of readings
* Every week (with the exception of test weeks)
* Lots of effort required - students could not keep up

3. Students felt that the weight of each RTL in their overall grade
did not represent the effort required

* 1% for each RTL , 10% total
* No motivation or energy to do well



Changes After Year 1

1. Reduced the number of RTLs to six and made each assignment
worth 2% of the final grade (12% total)

* Can allocate more time for each discussion

2. Focused more of my attention on highlighting the connection
between the lecture material and the readings

* Changed the order or readings

* Discuss why each article is important and how it applies to concepts
covered in class



Students Responses to Changes

1. Changes have resulted in a significant improvement in student
performance

* During the 2011-2012 academic year, one-third of the students failed to
regularly turn in their assignments

* Now it is rare for even a single student to miss an assignment

2. Student responses to questions have also improved significantly
» Students are taking the assignment more seriously

3. Participation in discussions has also improved

* Room for improvement



Bonneville, S.; Smiths, M.; Brown, A,;
Harrington, J.; Leake, J.; Brydson, R.;
Benning, L. Plant-driven fungal
weathering: Early stages of mineral
alteration on the nanometer scale
(2009) Geology, 37, 615-618.

1. What is the purpose of this study?

2. The authors used several different
techniques (e.g. FIB, TEM, STEM-EDS,
STXM) to image and analyze the
weathered biotite lamellae. Research
one of these techniques, and describe
how it works and why it is useful in

geology.

3. What structural and compositional
changes did the authors’ observe with
increasing hypha-lamellae exposure
time (from lamellae1 to lamellae 3)? Be
specific.

4. What are the authors’ overall
conclusions about plant-driven fungal
weathering of rocks?

5. Do you think this type of plant-
driven weathering would be
prominent in the Bloomington-Normal
area? Why or why not?

6. What terms did you not understand?

7. What concepts were hard to grasp?

Plant-driven fungal weathering: Early stages of mineral alteration at

the nanometer scale

Steeve Bonneville”, Mark M. Smits?, Andrew Brown?®, John Harrington®, Jonathan R. Leake?, Rik Brydson®, and

Liane G. Benning'

'Earth and Biosphere Institute, School of Earth and Environment, University of Leads, Leads LS2 9JT, UK
*Dapartment of Animal and Plant Sciences, Univarsity of Sheffiald, Westarn Bank, Sheffiald S10 2TN, UK
*Leads Electran Microscopy and Spectroscopy Cantre, Institute for Materials Research, Univarsity of Leeds, Leeds LS2 9JT, UK

ABSTRACT

Plant-driven fungal weathering is a major pathway of soil
formation, vet the precise mechanism by which mycorrhiza alter
minerals is poorly understood. Here we report the first direct in situ
ohservations of the effects of & soil fungus on the surface of & min-
eral over which it grew in a controlled experiment. An ectomycor-
rhizal fungos was grown in symbiosis with a tree seedling so that
individual hyphae expanded across the surface of a biotite flake
over a period of three months, Ultramicroscopic and speciroscopic
analysis of the fungus-hiotite interfaces revealed intimate fungal-
mineral attachment, biomechanical forcing, aliered interlayer spac-
ings, substantial depletion of potassium (~50 nm depth), oxidation
of the biotite Fe(Il), and the formation of vermiculite and clusters of
Fe(IIT} oxides. Our study demonstrates the biomechanical-chemical
alteration interplay at the fungus-biotite interface at the nanometer
scale, Specifically, the weathering process is initiated by physical dis-
tortion of the lattice structure of biotite within | pm of the attached
fungal hypha. Only subsequently does the distorted volume become
chemically altered through dissolution and oxidation reactions that
lead to mineral neoformation.

INTRODUCTHON

Moany rocks at the Eanh’s surface were formed originally at high
lemperature and pressure in a2 reducing environment. Tectonic forces
have now exposed them 1o the skow but inevitable action of oxygenated
solutions that rigger chemical reactions and physical alterations. result-
ing in the formation of secondary mineral phases, such as clays. that are
more stable at Earh's surface conditions. Resistant primary and second-
ary minerals are redistributed to form sediments and soils upon which
the entire temestrial biosphere depends. Rock weathering through disso-
lution reactions also affects the chemical compositions of ground water,
river and lake water, and ultimately oceans (Banfield and Nealson, 1997
Therefore, weathering leads 10 a major geochemical fractionation near the
Earth's surface. Over geological time, such processes have contributed w0
shape the compasitions of the mantle, crust. hvdrosphere, and atmosphere
{Berner, 20041

While rock weathering was classically thought of as an inorganic
process. it 1s now recognized that plants, and especially forests. accelerate
weathering rates by a factor of 4 1o 10 compared to geologically similar,
nonvegetaied areas (Moulton et al.. 20000, More than B0% of plant mols
form symbiotic associations {mycoerhiza) with soil fungi, and in boseal
and temperate regions, as moch as W% of the woody tree root tips are
covered by eclomycomrhizal fungal sheaths (as much as 600 km of fun-
eal mycelium per kg of soil) {Ek. 1997: Read and Perez-Moreno, 2003).
Thus, virtually all nutrients iaken up by trees pass through these fungi, and
in return, the fungi receive 200%—30% of the carbon fixed during photo-
svnthesis by the host plands (Hogberg and Hisgberg, 2002). Therefore. the
fungi play a key mle in the mineralogical modification that characterizes

“E-mail: s bonneville @ see leeds ac.uk.

0 A Geological Socicty of America. Far permission @0 o«
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weathering. removing. for example, K. P, Ca, Mg. and Fe, and providing
«carbon that becomes fixed into soil carbonate minerals { Balogh-Brunstad
et al.. 2008). This link between biological mineral weathering and pho-
tosynthesis may have plaved a crucial role in the Earth's climate history
{Bearling and Berner, 2005). Kennedy et al. (2006} sugpestad that the
expansion of soil biola and especially fungi duning the Late Proterozoic
helped create conditions suitable for animal life. Indeed. molacular clock
evidence suggests that fungi appeared on land ca. 700 Ma ago (Heckman
et al., 2001} and the earliest fossil record of mycorrhiza dates from 400
Ma ago (Remy et al., 19940, The acceleration of weathering kinetics due
Lo the action of soil fungi increased the formation of clay minerals. which
efficiently bind organic matter. and hence this process favored carbon
burial in soils and in continental margins. This increased carbon sequestra-
tion coupled to photosynthesis may have triggered the rise in atmospheric
oxveen levels in the Late Proterozoic that allowed the development of
large tarrestrial eukaryotic organisms {Derry. 20065,

Hitherio, mineral weathering by myveorrhizal fungi was postulated to
rely primarily on the ability of fungi w0 exude orpanic ligands and peotons
and thus alter soil solution composition {Adeyemi and Gadd, 2005: Gadd,
2007; Kraemer, 2004: Wallander and Wickman, 1999, However. most
mycorrhizal fungi grow in unsaturated soils and are intolemm of water-
lopging. Their mycelial networks strongly attach to mineral surfaces, and
therefore weathering processes are likely to be initizted and to procead
directly at the mineml-fungi interdface. This interface therefore, may play
a far greater mle in initiating and comrolling the weathering rates than
previously thought. We repon here, for the first time, in situ observations
at the nanomeater scale of the early stages of weathering of biotite by an
ectomycorrhizal fungos, Panlfis fmolunes, grown under axenic and con-
trolled temperature. humidity, and photoperiod conditions in symbicsis
with a boreal pine tree. Pirs svlvestas (Fig. 1A see also the GSA Data
Repository'). This approach recreates the essentinl symbiotic relationship
between the tree and the mycorrhizal fungus under the tvpical unsaturated
conditions found in soils, while excluding all other potential weathering
pathways {i.e.. soil pore water and other zoil microorganisms).

METHODS

Pinus svlvestris (Scots pine) and Parifius imvoelaius (ectomycorhi-
zal fungi) were first grown separately on cellophane-covered agar plates
under aseptic conditions for four weeks. Seedlings of Pinus selvestris
were then aseptically transfemad onto Pavillus imveluties cultivated plates.
After 10 weeks of growth, mols of Pines syfvesinis were well colonized
and had developed a svmbiotic relationship with the fungi, Paviliuy ime-
fufus, as evidenced by the formation of characteristic shor T shape rods
entangled in dense hyphal networks. Both tree and fungi were then trans-

'GSA Datn Repository flem 2008144, (1) methods For cultivation. jon milling,
TEM anabysis and chemical composition of bictite and growth medum: (2) ohser-
walices of kypha by Environmental SEM a1 varicus hydratics states: and (3) raw
data of STEM-EDS of lamella 3, is available ooline a1 waw geosociely.org/pubs!
F200% him, or on request from ediling @ geoscciety.org or Documents Secretary,
GEA, PO Box 9140, Boulder, CO 80301, USA.

oalact Copyright Permissions, G3A. or editing @ geosociety.org.
65941 4 fgares: Data Repository ilem 2009144, 415
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