NEXT GENERATION

< SCIENCE
Achieve

Unraveling Earth& Early History 8 High SchoolSample Classroom Task

For States, By States

Introduction

Direct terrestrial eidenceaboutthe formation of Earth and its early histasyrareon Earthitself,
driving scientists look to evidence from other planetary bodies and extraterrestrial rsabehialp
them build a more complete picture of Eéstharly historyln this task, students plot and interpret tk
same observations and data useddigntists to create their own evide#izsed narrative that
chronicles the early history of EartBpecifically, students plot and interpret radiometric age dates
tungsten isotope data and oxygen isotope data from surface samples and meteorites asrfaba
lunar crater count data to build evidence for the occurrence and/or timing of planetary accretion
planetary cooling, Earth core formation, formation of the Moon and the endiifebey
bombardmerit period.

This task was developed using tta¢adfrom several peareviewed scietific journal articles, the citations for
which are lisedat the end of this document.

Standards Bundle

(Standards completely highlighted in bold are faltidressedy the task; where all parts of the standard areadiressedy the task,
bolding represents the parssidressed)

CCSSM

MP.2 Reason abstractly and qualitatively.

MP.4 Model with mathematics.

HSF.IF.9 Compare properties of two functions each represented in a different way
(algebraicallygraphically, numerically in tablespr by verbal descriptions).

HSF.LE.1 Distinguish between situations that can be modeled with linear functions and with
exponentialfunctions.

HSF.LE.5 Interpret the parameters in a linear or exponentiafunctionsin terms of a context.

HSS.ID.1 Represent data with plots on the real number line (dot plotdhistograms, and
boxplots).

HSS.ID.6 Represent data on twaquantitative variables on a scatter plot and describe how
the variables are related.

HSS.ID.6a  Fit a function to the data; use functions fitted to data to solve problems in the
context of data.

HSS.ID.6¢c  Fit a linear function for a scatter plot that suggests a linear association.

HSS.ID.7 Interpret the slope (rate of change) and the intercept (constant term) of a linear
model in the context of data.

HSS.IC.6 Evaluate reports based on data.

NGSS
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HS-ESS16 Apply scientific reasoning andevidencefrom ancient Earth materials, meteorites,
and other planetary surfacego construct an account of Earttis formation and
early history.

CCSSELA/Literacy

W.9-10.1 Write arguments to support claims in an analysis of substantive topiasr texts,
using valid reasoning and relevant and sufficient evidence.
WHSTAO0O WL ite ar gume rdtics pfloicmuesiefdi.oncont ent

W9-10..d & WHSTA
I ntroduce prdeicsitsiengdiashm(tshe cl ai m( s)
and create an organization that est 4
counterehaioms, and evidence.

W.9-10.1.b Develop claim(s)and counterclaimfairly, supplying evidence foreach while
pointing outthe strengths and limitationsof both in a manner thanticipates the
audience's knowledge level and concerns.

WHST.9-10.1.bDevelop claim(s)and counterclaimiairly, supplying data and evidencefor each
while pointing out the strengths and limitations ofbothclaim(s) and counterclaims
in a discipline-appropriate form and in a manner that anticipates the audience's
knowledge level and concerns.

W.9-10.1.c& WHST.9-10.1.c

Use words, phrases, and clauses liok the major sections of the text, create

cohesion, andlarify the relationships between claim(s) and reasons, between

reasons and evidenceand between claim(s) and counterclaims

Information for Classroom Use

Connections to Instruction
This task can be usadthin an instructional unit on early Earth history and evemtsheck for student
understanding regarding the targeted science and math comoiypded within the taskBecause the
interpretation of the plots is essential for successful completion of the other task components, it
recommended thatudents are given ample opportunity to develop their understanding of the plq
before creating #harguments and explanations included in the task. To suppoftabisComponentg
B, E, | and anserve as aheck for understanding, rmative assessmemf math standardsithin
an instructional unit on creating and interpreting pilota math or math/science blended coutdgs
will allow students to revisit plottin@ndultimately haveaccuratelotsas well as an understanding
the benefits and limitations of the technidaethe scienceelated arguments and explanatiofask
Components B through J (and optional Task Component L) could each be used as formative
assessments after the teaotmvers different parts of earystory within an instructional unit, with
Task Component A and K serving asheeck for understanding ftne full unit. Alternatively,the
entiretask(Task componentsiA.) could be combined into ormEgect, provided that the studertiave
completed instruction oall science and math content and principles addressed in the task comp
and detailed by the standards bundles

This task could be tailored to lower levels of the griaaledby providing thescatterplagto the
students rather than expecting them to construcdatterplat on their own, by altering the plotting
parts in Task Component | addSome of these options are currently reflected in the task compon
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http://www.corestandards.org/ELA-Literacy/WHST/9-10/1/
http://www.corestandards.org/ELA-Literacy/WHST/9-10/1/
http://www.corestandards.org/ELA-Literacy/W/9-10/1/b/
http://www.corestandards.org/ELA-Literacy/WHST/9-10/1/b/
http://www.corestandards.org/ELA-Literacy/W/9-10/1/c/

detailed below, as examples of flexibility for different student populations.

The pimary writing focus in this task is on the writing of argument to make, support, and evalua
claims in order to determine the best information to include in an evideased narrative. When
making and supporting claims and/or reasoning from evidence in Task Components B, C, D, E,
students can be formatively assessed on writing argument. boaddtudents can be partially
assessed on writing argument when they construct an explanation for why images are different
Component H and when they explain how subdivided data serve as better supporting evidence
Component J. Finally, bycorporating the claims, evidence and reasoning from the earlier task
components to create an evideiesed narrativefask component K can serve as a check for
understanding for writing arguments as well.

This task has been aligned teet9 10 grade band ELA/Literacy standards for writing argument.
Teachers using this task in1dr 12" grade should refer to the comparable CCSS for thé2Lgrade
band.

Approximate Duration for the Task

The entire task could tals 12 class periods (4%0 minutes eachgpread out over the course of an
instructional unitwith the divisions listed below:

Task Components AndK: 11 2 class periosleach depending on whether students will have the op
of completing the narrative at home

Task Component Bti 2 clasgperiods, depending on whether developing the eviderased claim is
used or finished as homework

Task ComponestC and D up to 1 class pa&rd each depending on whether the explanation is used
homework

Task ComponestE, F, G, and Hup to 1classperiodeach depending on whether the evidefased
evaluation of the claim is used or finished as homework

Task Componestl andJ: 1i 2 class periodsotal

Optional Task Component Lii 2 class period depending on whether the evidetesed evaluation
of the claim is used or finished as homework

Note that this timeline only refers to the approximate time a student may spend eng#ugrgshk
components, and does not reflect any instructional time that may be interwoven with this task.

Assumptions
0 To do this taskteachers andtudents should have a basic knowledge ofrtiprtantevents in

the early history of theolarsystemand have a functional understanding of isotopes,

meteorites and impact craters.

This task assumes that the teachds(spmpletely familiar with the task components,

understangdthe relationships in the data that should be usedidence antiasworked

through the task componettsn/herself

This task builds on studedtsnderstanding of relative ages from middle sche@.(NGSS

MS-ESS14) andassumeshat at the high school level students understand the difference

betweerrelative ages and absolute ages.

0 For this task, students have a general knowledge of radiometric dating: that it is the tech
used to calculate the absolute age of a rock using théifaadf radioactive isotopes and the
measured ratio of daughtergarent isotopes in the rocBpecific knowledge of exactly how {
calculate radiometric age dates for rocks is not a prerequisite for this task.
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0 The termfiplanetary surfac@ghat is used in the performance expectation is a general refg
to the surfaes of both planets and mooftds not restricted to planets only.

The termfiplanetary bodigsas used in this task is a general term that refers to the Moon,
and Earth.

O«

Materials Needed

All materials are providedf the teacher decides to allastudents to use a spreadsheet/plotting
program or graphing calculators, then the students need to have access to such tools and know
use them.

Supplementary Resources
1 Radiometric Dating of Early Solar System Materials:
www.psrd.hawaii.edu/Sept02/isotopicAges.html
wwwgeology.wisc.edu/zircon/Earliest%20Piece/Earliest.html
http://serc.carleton.edu/NAGTWorkshops/earlyearth/questions/zircons.html
www.indiana.edu/~geol105b/images/gaia_chapter 10/Early Life.htm
1 Tungsten and Differentiation of the Moon:
www.psd.hawaii.edu/Nov03/HW.html
www.universetoday.com/19599/agiethe-moon/
1 Cratering Information
www.universetoday.com/99365/witaatersonthe-MooncanteachusaboutEarth/

Accommodations forClassroomTasks

To accurately measure three dimensional learning of the NGSS along with CCSS for
mathematicsmodifications and/oaccommodationshould be provided during instruction and
assessment fatudents with disabilities, English language learnerssamtkents whare speakers of
social or regional varieties o{StarBardEnhglish.h t h

Version 2publishedJanuary2015 ® Page4 of 38
View Creative Commons Attributioh.0 Unported License at @ —

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.


http://www.psrd.hawaii.edu/Sept02/isotopicAges.html
http://www.geology.wisc.edu/zircon/Earliest%20Piece/Earliest.html
http://serc.carleton.edu/NAGTWorkshops/earlyearth/questions/zircons.html
http://www.indiana.edu/~geol105b/images/gaia_chapter_10/Early_Life.htm
http://www.psrd.hawaii.edu/Nov03/Hf-W.html
http://www.universetoday.com/19599/age-of-the-moon/
http://www.universetoday.com/99365/what-craters-on-the-
http://www.universetoday.com/99365/what-craters-on-the-
http://www.universetoday.com/99365/what-craters-on-the-moon-can-teach-us-about-earth/
http://www.universetoday.com/99365/what-craters-on-the-moon-can-teach-us-about-earth/
http://www.universetoday.com/99365/what-craters-on-the-moon-can-teach-us-about-earth/

ClassroomTask

Context

Directterrestrialevidenceaboutthe formation of Earth and its early histasyare leadingscientiststo
look to evidence from other planetary bodies and extraterrestrial materedlp them build a more
complete picture othe early solar system

An important tool for understaling the early history of theolar systenms the use of isotopic ratios,
where the amount of different isotopes of an element in rocks or metéogtaaparedThe ratio of
isotopes of some elements is set once a planetary body is formed and does not change over tir]
creating an isotopic ratithat is unique to that planetary bo@onverselythe ratio of isotopes afther
elements is set at the time the planet forms but then changes as the planet changes, such as w
planetary core forms or when the rocks melt and reform during ignectespesT he isotopes of
some elements are radioactive and unstable; these isotopes break down to other isotopes of th
element or different elements at specific rates that can be used to measure the passage of timg
rock or mineral formedecaise we understand isotopic behaviors so well, we can use patterns \
observdn isotopic ratios to determirtbe age of a rock from a planetary body, how a planetary bo
may have changed since its formation, ametherplanetary bodies that are now segarwere once
part of a single, larger planetary body.

Scientists also compare other planetary bodies with Earth to find evidence fds Earti historylf a
feature is present on other planetary bodies istter systemthen scientists can use that as evidern
supporting the possibility dhe same feature once being present on &astirfaceFor example, if
craters are found on the surface of other planetary bodies in thesalmesystemthen it is very likely
that Earth also experienced cratering in its early histéwgn differences between planetary bodies
be useful if those differences can be accounted for by such things as differences in the size of t
planetary bodies or their location in thelar sysem

In this task you will be interpreting the same observations and data used by scientists to create
own timeline and narrative that chronicles the early history of Earth.

Task Components

A. Using what you already kaonstructcabiad u tmelE a mtel
history for the first billion years following the formation of the Solar System. Include on
timeline the following events:

0 Planetary Accretion

Planetary Cooling

Core Formation

Formation of the Moon

End of HeavyBombardment

Your timelineshouldhave a consistent timescale throughout and indlel@eantinformation

about the timing of events wherever possible. As you consider the different pieces of

evidence in the next task components, adjust and/or label your timetinedont forthis
evidence.

O« O« O« O« O

B. Plot the radiometric ages of Earth and extrateliedstraterials on the dot plot provided (see
Attachments 1 & 2). These ages were calculated using théféalf radioactive isotopes an(
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the measured amount of those isotopes present in actual rock samples. Earth and Moo
samples were collected dirgcffom the surface of the Earth and the Moon. Mars and
chondrite samples were collected as meteorite rocks that fell to Earth. Earth, Moon, anc
sample ages represent the time when those rocks formed on the planetary bodies. The
Moon and planesamples formed when the newly formed planetary bodies cooled off eng
for rocks to crystallize. Chondrite samples represent small clusters of rock material that
and accumulated in space during the formation and accretion of the planets ilathe So
System. Use the data on your dot plot to make an evidwss claim for how much time it
took for planetary cooling to occur following the formation of the Solar System and pland
accretion. Based on your interpretation of the data, updat@beldybur timelindrom task
component A If task component A was not completed, make a prediction of the ages of
planetary body using your data to justify your predication.

C. Using what you know about radiometric age dating methods and the infamrimathe halflife
chart provided (Attachemt 3), construct an argumdat why scientists chose to use the
isotopic systems listed in the data chart in Attachment 1 for dating these samples rather|
other elemental isotopic systems, such as the paribmgen system.

D. The minerals contained in rocks from the Jack Hills site in Australia have the oldest
radiometric agefound on EarthAs scientists become better able to determine how much
each radioactive isotope is present in a rock or mintey, are finding evidence for older an
older rocks. There was a time when scientists thought that the oldest rocks on Earth wq
than 4 billion years old. Reconsider the dot plot that you made of the radiometric ages.
time cross out/disregasall ages from the Jack Hills samples. Create an evideased
argument for how and why your interpretation of how long it took Earth to accrete and ¢
might be different if the Jack Hills samples were not present in your dot plot.

E. When the oxygeii8data for all samples from one planetary body is plotted against the
oxygenl7 data, the sample points should all roughly fall along a line thaigeeuto that
planetary body. As a resuficientists can use oxygen isotopes to teltiwplanetary body
particularrock might have come from. Oxygen isotopes can also tell scientist§ ¢lated
two planetary bodies aré-or example,fioxygen isotopes from two separate planetary bod
fall on the same line with nearly the same slope and the same intercept, then they may
started out as one single object. If two planetary bodies have similar histories, such as
having been foned from the same originating planetary body, then the oxygen isotope b
lines will also be similar in slope but not in thényercept. If two planetary bodies have ver
different oxygen isotope trendlines (different slopes and intercepts), #neflikitly have had
very different histories since formation of the Solar System. Plot the oxygen isotope dat
(Oxygen18 vs. Oxygeril7) from Earth and extraterrestrial materials on the scatter plot
provided (Attachments 4 & 5). Use separate colors fosgecifically label) the different
classes of samples: chondrite, Mars, Earth, and Moon. Draw a trendline (line of best fit
each class of data and derive a linear equation that describes that trendline.

I. The impact hypothesis is the prefereegblanation for how the Moon formed. Consider
what the oxygen isotope trendlines (lines of best fit) tell you about the relationship betwd
Earth and Mon, and use your observations to idengifydenceo supportan explanatiothat
the Moon formedrom Earth material following a collision with another small planebargy.
Describe your reasoningpecifically addredag the slope and-intercept of the line(s) of bes
fit, the units they represent and how the slope aimdeycept support the claim
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Il. Use the data on the oxygen isotope scatter plot and the dot plot of the radiometric ag
to make an evidendeased claim for where on your timeline the formation of the Moon sh
be placed. Based on your interpretation of the data, upddtialel your timeline.

F. Compare the oxygen isotope scatter plot with the dot plot of the radiometric age dates.
Consider how the data for the planetary bodies (Earth, Moon, and Mars) are similar to o
another, and consider how they are different froendéita for the chondrites. Use your
observationsind interpretationsf the gots and reasoning to construct an argunienbow
the data support the claim that #@Athe <ch
pl anet ary b onmgé and aduster of Blgeseof rock materiahfrom the dot plot, an
slope values of the trendlines (lines of best fit) from the oxygen isotope scatter plot as e
to support your explanation.

G. Consider the provided plot of the tungsten isotope data from Earth and extraterrestrial n
(Attachments 6 & 7). Separate colors indicate the different classes of samples: chondrit
Mars, Earth, and Moon. Tungsten is a metal element that sinkh@tenter of the planetary
body with iron when the core forms. The ratio of tungsten isotopes of newly formed rocl
the surface will be more positive (relativethe standardf the Earth overtime as the core
forms. A group of samples that recordaage of tungsten ratio values were formed as the (
was forming.

Scientists know that the Earth, the Moon, and Mars all have amiglocore at their center.
Consider what the tungsten isotope data tell you about core formation on the diffaretargl
bodies, and use your observasand interpretatioaf the data as evidencesaopport the
claimthatthe impact that formed the Moon occurred afterBhgh's core had already forme
Based on the data and yaeasoningupdate and label yotimeline.

H. Compare the image of the Earth showing the location of known impact sites (red dots of]
in Attachment 9) and compare it with the image of the Moon (Attachment 8). Although t
impact craters are not labeled on the image of the Moon, yostitaasily see where the
impact craters are located. Construchasalkexplanation for wi impact sites on the Earth af
not as obvious as those on the Moon and why scientists must rely on other planetary bg
like the Moon for information about craibeg early in the history of the Solar Systdmyour
explanation, consideand describat least twrocessemay have altered Earth samples an
featuredo bedifferentfrom extraterrestrial samples and features.

I.  When scientists don't have actual séeagrom a planetary body, they cannot directly date {
age of rocks from that body using radiometric age dating. Instead, they use crater dens
estimate the age of any exposed surface. This method works by assuming that the olde
planetary surfaes will be exposed the longest and have the most craters per square kilor
whereas the younger surfaces will not be exposed as long and have fewer craters per s
kilometer. As a resultsurfaces with a greater crater density will be older thaacesfthat
have a lower crater density. To calibrate this method, scientists compared their "crater
counting ages" from thdifferent areas of theurface of the Moon to the radiometric ages of
samples collected in those areas on Apollo Moon missions e $6this data for the Moon is
listed in the chart provided in Attachmetfi Using this data and the plot of the number of
craters per square kilometer relative to the radiometric ages of rocks from those areas
(Attachments 10 & 11), describe the math#aoaéh relationship of the data. Identify which
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parts of the data set have the greatest deviation from the trendline that is provided.

J. If the rate of crater bombardment on a planetary body was constant over time (a consta
cratering rate), then the rétanship between the age of the surface and the crater density
be linear, with one single trendline (line of best fit) for the entire history of the Solar Syst
If the rate of cratering was changing over time, then the data would not be licezntisg
have determined from lunar data and similar cratering data from other planets that the r;
cratering was much higher in the past and changed significantly after a period of heavy
bombardmenapproximately3.8i 3.9 billion years agowith someamount of errar The data
usedtocreatetiecr at er density vs. age scatter
3.8 3.9 billion yeawindow as a guid¢Attachment 10) The trendlines (line of best fit) for
each subset of the data is atdmwn (Attachment 12).(Note: teachers can also either simply
provide the scatterplot without the trendlines, or have students continue working with an
update the scatterplot and trendline from Attachment 11. For this option, direct students
identify andindicate the appropriate trendlines on the scatterplot).

Analyze the provided crater density data, amgiefor how the subdivided data serves as
better supporting evidence for t hedoesthe e
undivideddataset and trendlinn your analysis, @ansider what mathematical relationship(s
best characterizes each data subset, and how different representations allow for that to
visualized Based ontie dataanalysisand your argumentipdate and label yotimeline.

K. Use the data plots and your understanding of the early history of the Solar System to co|
an evidencéased narrative of your timeline that chronicles the formation and early histo
Earth and that justifies the ages and ordeveints in early Earth history with evidence from
the data. In your narrative, make note of which parts of the history of Earth are unique (i
that are unlikely to happen again or are not going to happen again in the history of Earth
which parts rlect processes that are still occurring today.

L. Additional Optional Task Componenthere are two types of areas on the surface of the
Moon, the lunar mare and the lunar highlands. The lunar mare are the dark, less rugge
lower elevation areas of tHenar surface (see Attachme)twhereas the highlands are the
lighter, more rugged, higher elevation regions. Go back to the plots you created in the
preceding task components and label the mare and highland Moon data samples where
possible. Use thdata, plots, and images as esite to construct an argumdot whether
andhow the data and observations support
igneous rock that formed |l ater in the h
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Alignment and Connections of Task Components to the Standards Bundle

Task Components Aand K ask students to create a timeline and to use that timeline to create a
evidencebased narrative for Eafihearly historyThese tasks together partiaflgdressparts
(individual bullets from Appendix F)f the NGSS practice @onstructing Explanations and
Designing Solutionswhen students develop the narratparts ofthe NGSS disciplinary core ideas ¢
The History of Planet Earth (ESS1.C as it relates té1S-ESS16) andNuclear Processe$PS1.C as
it relates to HS-ESS®6) when citing and using the evidence developed in the taslpart ofthe
crosscutting concept &tability and Change(as it relates toHS-ESS16) whennoting unique and
continuing early Earth events/processes in their narrdtagk Component K by asking students to
use evidence from other task components to construct an evidasee narrative, partialpddresses
ELA/Literacy standardgv.9-10.1,W.9-10.1.a, W.910.1.b, W.910.1.c, WHST.910.1, WHST.9-
10.1.4 WHST.9-10.1.h andWHST.9-10.1.¢ writing argument.

Task Component Basks students to plot radiometric age dates for Earth, Mars, Moon and chon
samplesBYy creating and interpreting these dot plots, the stuadamtglemonstta their understanding
on partsof the CCSSM content standarHS.S.ID.1andpart ofthe NGSS practicAnalyzing and
Interpreting Data. Because the students are interpreting radiometric ages of metestuites)ts are
partially addressingparts ofthe secondary NGSS disciplinary core ideadNatlear ProcessesRS1.G
as it relatesto HS-ESS16) andThe History of Planet Earth (ESS1.C as it relates tt1S-ESS16).
By udng the dot plotasthe basis foevidence to make and support their claim for how much time i
took for planetary accretion and planetary cooling to octudents are partiallfemonstratig their
understanding gbart ofthe NGSS practice dingaging in Argument from Evidenceand part of the
NGSS crosscuttingoncept ofStability and Change.In this task component (and in Task Compond
D), the presentation of the radiometric ages in the dot plot aids in the interpretation of thditiata
the plotting of the age dates provides a context for the use antdhessfof a dot ploBy asking
students to make an evidergased claim, this task component partialtidresseELA/Literacy
standard$V.9-10.1, W.910.1.a, WHST.910.1, andWHST.9-10.1.3 writing argument

Task Component Casks studnts to construct aargumenfor why scientists chose to use certain
isotopic systems over others for finding radiometric age dates of materials formed early in the h
of thesolar systemThis partiallyaddressepart ofthe NGSS disciplinary core ideaMticlear
Proceses(PS1.C as it relatesto HS-ESS16) andpart ofthe NGSS practice dingaging in
Argument from Evidence. Because the students must compare the radiometric data with ttigdsa
of a set of isotopic systems commonly used in age datingtulens akopattially addresgart ofthe
NGSS practice afinalyzing and Interpreting Data andpart ofthe NGSS crosscutting concept of
Scale, Proportion, and Quantity.By asking students to reason from evidence to construct an
explanation, this task component partiatylresse&LA/Literacy standardgv.9-10.1, W.910.1.a,
WHST.9-10.1, andWHST.9-10.1.3 writing argument.

Task Component Dasks student® re-evaluate the claim they made in Task Componeaift&
removingthe Jack Hills age dateBy constructing an evidendsmsed argument for how their origina
claim would change in the light of new data, studeetaonstratéhe inderstanding on parts tfe
NGSS practice of Analyzing and Interpreting Data andEngaging in Argument from Evidence.
Because the students are interpreting radiometric ages of meteorites, siadéilg addresparts of
thesecondary NGSS disciplinary core ideafNotlear ProcessesRS1.C as it relatesto HS-ESST

6) andThe History of Planet Earth (ESS1.C as it relates ttHS-ESS16). By asking students to
create an evidendeased argument, this task component partadigresseELA/Literacy standards
W.9-10.1, W.910.1.a, W.910.1.b, W.910.1.c, WHST.910.1, WHST.9-10.1.3 WHST.9-10.1.h

Version 2publishedJanuary2015 ® Page9 of 38
View Creative Commons Attributioh.0 Unported License at @ —

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.




andWHST.9-10.1.¢ writing argument.

Task Component Easks students to plot oxygen isotope data from Earth and extraterrestrial mg
andto usethesedata as evidender anexplanatioraboutthe origin of the Moon and when
determining the timing of Moon formatioBy creating thescatterplas, determining trendlines (lines
of best fit), and using the data distribution and trendlines (slope and intercept) as evidence tioeas
claim, studentgpartially demonstrate their understandingref CCSSM content standards of
HSS.ID.B.6, HSS.ID.6a, HSS.ID.6¢c, HSID.7 andHSS.IC.6; the CCSSM practices oMP.2 and
MP.4; parts ofthe NGSS practices dhnalyzing and Interpreting Data, Constructing Explanations
and Designing SolutionsandUsing Mathematics and Computational Thinking;andparts ofthe
NGSS crosscutting conceptBatterns. By specifically evaluating the claim about the formation of
Moon using evidence from meteorites and lunanas, studentgartidly demonstrate their
understanding gbart ofthe NGSS disciplinary core idea Dfie History of Planet Earth (ESS1.C as
it relates to HS-ESS16) andpart ofthe crosscutting concept &tability and Change (as it relates tg
HSSESSL16). In this task component (and Task Component F), the plotting and mathematical
modeling of the data via the trendlines provide evidence essential for the evaluation of the clainj
for a deeper understanding of the formation of the Madnile the data provide a contextrfhow
slope and intercept values of trendlines can be important tools for data interpr&watsking
students to use evidence to construct an explanation for how data support a claim as well as to
claim, this task component partiaigldresseELA/Literacy standard$v.9-10.1, W.910.1.a, W.9
10.1.b, W.910.1.c, WHST.910.1, WHST.9-10.1.3 WHST.9-10.1.h andWHST.9-10.1.¢ writing
argument.

Task Component Fasks students tescribehow thescatterplag and trendlines (lines of best fit) of
oxygen isotope data can be used to support the claim that the planetary bodies and chondrites
different formation historieslhis partiallyaddressethe CCSSM content standards éfSS.ID.7 and
HSS.IC.6, pars ofthe NGSS practices dhnalyzing and Interpreting Data, Engaging in Argument
from Evidence,andUsing Mathematics and Computational Thinking the CCSSM practice of
MP.2, andparts ofthe NGSS crosscutting concept®étterns. By specifically constructing an
explanation for how the data support an interpretation of the history of formation of extraterresti
materials using two types of dafeom meteorite@ndfrom Earth and lunar samples, including
radiometric age data, stentscan demonstrate their understandifigparts ofthe NGSS practice of
Engaging in Argument from Evidence the NGSS disciplinary core ideasTie History of Planet
Earth (ESS1.C as it relates tAHS-ESS16) andNuclear Processe$PS1.G as it relatesto HS-
ESS16), and the NGSS crosscutting concepStdbility and Change (as it relates tdHSS ESS16).
By asking students to use evidence to construct an explanation for how data support a claim, tH
component partialladdresseELA/Literacy standardgv.9-10.1, W.9-10.1.a, W.910.1.b, W.910.1.c,
WHST.9-10.1, WHST.9-10.1.4 WHST.9-10.1.h andWHST.9-10.1.¢ writing argument.

Task Component Gasks students to use provided tungsten isotope data to evaluate a claim abd
timing of Moon formation in Eariis history.By using the tungsten data as evidence, students
addressegats ofthe CCSSM content standard ¢iS.S.IC.§ parts ofthe NGSS practice of
Analyzing and Interpreting Data, andparts ofthe NGSS crosscutting conceptRidtterns. By
evaluatng a claim for the timing of early earth events using data from meteorites and lunar sam
students are partially assessedparts ofthe NGSS practice &ngaging in Argument from
Evidence,parts ofthe NGSS disciplinary core ideaDiie History of Planet Earth (ESS1.C as it
relates toHS-ESS16), andparts ofthe NGSS crosscutting conceptSihbility and Change (as it
relates toHSS-ESS16). By asking students to use evidence to construct an explanation for how
support a claim, this task compan@artiallyaddresseELA/Literacy standardgv.9-10.1, W.9

Version 2publishedJanuary2015 ® Pagel0Oof 38
View Creative Commons Attributioh.0 Unported License at @ —

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.




10.1.a, W.910.1.b, W.910.1.c, WHST.910.1, WHST.9-10.1.3 WHST.9-10.1.h andWHST.9-
10.1.¢ writing argument.

Task Component Hasks students to compare impact sites on Earth and the Moon and to const
explanation for why they are different. This partia@tyjdressepart ofthe NGSS practice of
Constructing Explanations and Designing Solutiongart of the NGSS crosscuttingraceptCause
and Effect, andpart ofthe NGSS disciplinary core idea Dfie History of Planet Earth (ESS1.C via
as it relates toHS-ESS16). By asking students use reasoning to construct an explanation for wh
images are different, this task componentiplly addresseELA/Literacy standardsv.9-10.1, W.9
10.1.a, W.910.1.b, WHST.910.1 WHST.9-10.1.9 andWHST.9-10.1.h writing argument.

Task Componenss| and J ask students to plot crater density data against radiometric age data d
samples and then to mathematically describe the data sndtierplotBy plotting the data, choosing
a single trendline (line of best fit), evaluating the fit of the sitrgledline, dividing the data into
subsets and determining which mathematical relationship best models the trendline (linear or
exponential) given the scientific context, studerais demonstrate their understandghe CCSSM
content standards &fSF.IF.9, HSF.LE.1, HSF.LF.5 andHSS.ID.6a;the CCSSM practice ofMP.4;
part ofthe NGSS practices dhnalyzing and Interpreting Data andUsing Mathematics and
Computational Thinking; andparts ofthe NGSS crosscutting conceptskdtterns andScale,
Proportion, and Quantity. By constructing an explanation for how the divided data (including
radiometric age dates of meteorites and lunar samples) are useful for the interpretation of crate
studentgartially addrespart ofthe NGSS practice dngaging in Argument from Evidence parts
of the NGSS disciplinary core ideasTie History of Planet Earth (ESS1.C as it relates t&1S-
ESS16) andNuclear Processes (PS1,@s it relatesto HS-ESS16), part ofthe NGSS crosscutting
concept ofStability and Change (ast relates toHSS ESS16), andthe CCSSM practice ofMP.2.

In this task component, the change in the cratering rate, particularly around the end of heavy
bombardment, is most apparent when plotsedhe interpretation of the data is essential for the
evaluation of the scientific claipwhile the scientific context of cratering provides a dataset with w|
students can demonstrate a deeper understanding of how to use plots to interpret data and hov
the mathematical relationships of the d&wpasking students to use reasoning to determine the be
supporting evidence ifiask Component J students caaddressELA/Literacy standardgv.9-10.1,
W.9-10.1.a, W.910.1.b, WHST.910.1, WHST.9-10.1.3 andWHST.9-10.1.h writing argument

Optional Task Component lasks students to use the difference betwsea andhighland lunar
samples in previous data plots as evidence to evalugiteeaclaim about the timing of the formation
of these regions on the Moy interpreting the datplots, studentsan demonstte their
understandin@f parts ofthe NGSS practices &nalyzing and Interpreting Datandpart ofthe
NGSS crosscutting conceptRidtterns By using the data (including radiometric age data) as evidg
to evaluate the claim, studentegartially assessed guart ofthe NGSS practice &ngaging in
Argument from Evidencethe CCS9M content standard dfiSS.IC.6 the CCSSM practice ofMP.2,
part ofthe NGSS disciplinary core ideaMficlear ProcessefPS1.C as it relates tdHS-ESS16), and
part ofthe NGSS crosscutting concepStébility and Change (as it relates H4S-ESS16). By asking
students to use evidence to construct an explanation for how data and observations support a g
this task component partially assesses ELA/atgrstandard®v.9-10.1, W.910.1.a, W.910.1.b, W.9
10.1.c, WHST.910.1, WHST.910.1.a WHST.910.1.h andWHST.9-10.1.¢ writing argument.

Together,Task Components A, B, C, D, E, F, G, H, |, &nd K addresshe NGSS performance
expectation oHS-ESS16. The task componengxidress severghrts ofthe core idea dESS1.C: The
History of Planet Earth, the secondary core ideaP&1.C: Nuclear Processesnd the crosscutting
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concept ofStability and Changethrough the practic€onstructing Explanations and Designing
Solutions as they relate to HSESS16, by having students develop a timeline for and construct g
narrative of the early history of Earth using as evidence data collected from Earth and extraterrg
materials, including radiometric agates of samples, amg using scientific reasoning to interpret th
meaning of the data and to determine relative timing relationships implied by thBydating
radiometric age dates for Earth and extraterrestrial material, by considering extratbmeserials for
evidence of early events in Eaihhistory not preserved on Earth, and by using scientific reasoniry
synthesizaéhe evidence within a narrative of this early history, including an indication of whether
changes in Earth early listory represent unique events, students completing the task componen
integrating the disciplinary core idea with the crosscutting concept and the practice.

Evidence Statements

Task Component A
0 Students constructtanelinethatis based on an appropriate linear scale from 4.6 to 3.6 bi
yearsaga
The timeline contains the following events:
Planetary Accretion
Planetary Cooling
Core Formation
Formation of the Moon
End of Heavy Bombardment

O«

W (W (W (W (W

Task Component B
0 Studentgepresenthe radiometric ages of chondrites, Mars, Earth and the on the dot plot
0 Students make @aimthatincludes the idea th#ttook around 100 million years (actual cite
timespanwill vary) for planetary accretion and cooling to occur followihg formation of thg
solar system
In support of the claim, students cite data from the dot plot indicatinghbatritesvere
material left over from the process of planetary accretion (building blocks s deim
accretion) and reasdhat the agefahe chondrites represents the timing of accretion.
Students support thaaim by citing the gap in age between youngest chondrite meteorites
the oldest rocks from the planetary bodies (Mars, Earth and the Movigwed on the plot
as evidence for the age estimate.
Studentglescribehatthe oldest rocks on the planetary bodiesethe first rocks to form on 3
cooling planet andeasorthat the age of these rocks represents the timing of the end of
significant planetary cooling.
Students update thdiimelineto reflectthe formation of thesolar systenat approximatelyt.6
billion yearsaga
0 Students update their timeline to refldot range of time between accretion and cooling of
Earth to be betweespproximately4 4 billion and4 .5 billion yearsaga
0 Students update theaimelineto indicatethataccretion occugdbefore cooling.

O«

O«

O«

O«

Task Component C
0 Students make a claim that includes the idea that scientists chose to use one set of isot
systems over another based on the ability ofgirsttem to date older rocks, such as those t
were formed during the formation of solar system objects
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Studentgite the following as evidence for their claim:

0 Based on a comparison of the charts, isotopic systems with longdivbsalére used tq
date rocks from the early history of the solar system, such as chrondites, older M
Earth, and Moon samples

0 Based o a comparison of the charts, isotopic systems with shortelivedfare used
to date younger rocks

Students evaluate and describe how the evidence is relevant to supporting thim ¢reein
evaluation, students includlee ideahatthe halflife length is directly related to how fast (the
temporal scale on which) the original material transitions to the new material.

In their argument, studentslate the evidence and evaluation to support the claimaspning
that:

2 A radiometric age date &spr@ortional agecalculated by comparing the measure
guantity(number) of the parent isotopes with the measgrethtity(number) of the
daughter isotopes.

2 For an isotopic system with a very short He#, there will not be enough (or any)
parent materideft over to measure and use to calculate the age of a very old roc

2 Foran isotopic system with a very long hifé, there will not be enough daughter
material produced to measure and use to calculate the age of a very young rock

O«

(@4

(@4

Task Component D
0 Students make a claithatthe interpretationdi ow | ong it took for
cooling to occur would change from an estimatapgdroximatelyL00 million years to an
estimate ohearly600 million years (actuaimesparestimates will vary).
To support the claim, studerdescribetheagegap between chondrite meteorites and the o
age of Earth samples (witind without the Jack Hills samplesis viewed on the plpas
evidence for the age estimate.
Students evaluate the evidermeidentifying and describing the relevance of the evidence
the claim, and sufficiency of the evidence $apporting the claim
0 To support the claim, studentdate the evidence and evaluation to the claimrehgoimg
that
0 Without the Jack Hills saptes, the dot plalemonstratea larger age gapetween
chondrite meteorites and the oldest age of Earth samples

0 The larger gajpndicates a great@mount of time between accretion and cooling

O«

O«

Task Component E
0 Students represent, identify and laltel bxygen isotope data for chondrites, Mars, Earth a
the Moon on thecatterplat
0 Students drawrendlineson the scatterplot that show an increasing liner relationship (with
positive slopejor the chondrite, Mars, Earth aiMbon data.
Students derivan equation that models each trendline (chondrite, Mars, EartthaiMbon)
on thescatterplot
|. Based on observation and interpretation of the scatterpldergsdentify and usehe
following patterns asvidence to support the explanation
2 Theoxygen isotope data for Earth and the Moon would lie approximately along tf
same trendline
2 TheEarth and Moon trendlines are comparable and have approximately the sam
and yintercept
0 |. Students support the explanationdhypwing theireasoningincludingthat because the
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oxygen isotope data for Earth and the Moon would lie on approximately the same trendl
(comparable slope andigtercept), the Moon material and Earth material ikedy once part
of the same planetary body.
0 Il. Students maka claimthat the formation of the Moon occurred at a time between
approximately 4 billion and 46 billion years ago.
0 Il. Students support theaim by identifyingand describinghe followingpatterndgn their plots
as supporting evidence:
2 Based on obseations and interpretation of tiseatterplotthe oxygen isotope data fg
Earth and the Moon would lie approximately along the same trendline
2 Based orthe dot plottheoldest Earth and Moon samples have approximately the
age
Il. Students describgow the evidence supports the claim by reasoning that
2 Because the oxygen isotope data for Earth and the Moon would lie on approximg
the same trendline (comparable slope anatgrcept), the Moon material and Earth
material werdikely once part of th same planetary body.
2 Because the oldest Earth and Moon sampleaggeoximatelythe same age, the
impact event that formed the Mobkely occurred before the formation of the oldes
Earth and Moon samples.
2 The collision that formed the Modikely occurred after the two colliding planetary
bodies accreted but before Earth cooled.
0 Students update and laltleé timeline they began task component Anow including and
labelingthe formation of the Moon a@point betweerapproximatelyt .4 billion ard 46 billion
years agpafter planetary accretion and before planetary cooling.

(@4

Task Component F
0 Students construct an argument thabports thgivenclaim that the chondrites followed a
different formation history from the planetary bodies
0 Studentsdentify anddescribethe following evidencéor the givenclaim:
2 Based on the scatterplotibie oxygen isotope daténe Earth, Moon and Mars
trendlines have approximately the same slope
3 Based on thecatterplobf the oxygen isotope datae chondritedrendline has a
different slope from that of the Earth, Moon and Mars trendlines
3 Based orthe dot plotthe oldest rocks in the data range for the Earth, Moon, and |
have approximately the same age
2 Based orthe dot plotthe chondrite ages have a ratigat does not overlap with and
much older than the age range of samples from the Earth, Moon, and Mars
Students evaluate the evidenceifsrelevance to the claiand its sufficiency for supporting
the claim.
Studentssynthesize theelevant and suffientevidenceo construct an argument that
3 Thedata support a commdarmation history for EartitheMoon and Marsbecause
the slope of the trendlines for theygen isotope data of Eartoon and Mars rocks
are approximately the same and becausagkeof the oldest rocks from these
planetary bodies are approximately the same
2 Thedata indicate thathondrites followed a different history from the planetary bqg
because the slope of the trendline for the oxygen isotope data for chondrifie=y &nt]
from that of EarththeMoon and Mars and because the age dates for the chondrit
much older than any rocks from the planetary bodies

O«

O«
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Task Component G
0 Students identify the followingatterns agvidence from the tungsten isotope plot to suppol
thegivenclaim:

2 The data from the Moon and Mars show a large range in tungsten isotope values
are more positive than the standard.

2 The data from the Earth cluster around zero and do not show adaggein tungsten
isotope values that are more positive than the standard.

0 Students evaluate the evidenceitsrelevance to the clai@nd its sufficiency for supporting
the claim

0 In support of the claipstudentssynthesizaherelevant and sufficiergvidencewith reasoing
that

2 The range in positive tungsten isotope values for Mars and the Moon represent
evidence of core formation in these planetary bodies.

2 Although Earth did form a core at some point in the past, the cluster of tungsten
isotope valies indicate that the oldest surface rocks on Earth do not preserve evi
for the formation of the core.

2 Because the Moon shows evidedeore formation but Earth does not, the eviden
suggests that Earthoés cor ermédalre Meod. b 6

0 Students update their timeline to show tihat formaton of the core on Eartbccurred after
planetary accretion but before the formation of the Moon.

Task Component H
0 Students construct axplanatiorthatsurface and tectonic processggerating on Eartiare the
cause for the lack or obfuscation of impact craters and samples that preserve fidence
Earthdés early history.
Students identify and describay two of the following as an example of the surface and
tectonic processes:
2 destrucion of rock during weatheringnderosion
3 burial of rock by sediment during deposition
2 destruction of crust during subduction
2 changes in the roatturing mountain building events
3 destruction of rock during crustal melting volcanism
0 In their explanation, students describasoing that other planetary bodies experienced the
same or similar events in their early history as Eaml because of that the early history of
those other planetary bodialghisorgzn be use
0 In their explanation, students identggmples and surface features from extraterrestrial bo
as preserving evidenad events in the early history of tiselar systenmanddescribeeasoimg
that the surface antectonic processes affery Earth sampleand featurehave not affected
extraterrestrial samplemd features

O«

Task Component |

0 Students correctly represdanar crater density and radiometric age data osd¢hterplat

0 Students identify and indicate thethematical relatiwship that best characterizes the entire
dataseflinear, exponential, etc.), and students draingle trendline that represents this
relationship.

Students identifytte parts of the dataset that show the greatest deviation from the trendli
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Task Component J
0 Students identifysbgroups of the lunar craters densigysusradiometric age dataased on
the table and scatterplot
0 Students identify and indicateet mathematical relationship that best characterizes each o
data subsets (linear, exponential, etc.), dmava trendline for eactlatasethat represents thi
relationship if trendlines were not alreadyven
0 Studentsdentify and describthe comection between the changing rate of cratering and tl]
number of trendlines needed to fully cheterize the dataset, aimtludethe followingideas
2 Thedata are best represented by more than one trendline.
2 Thetrendlines that best fit the data are cetesit with a change in cratering rate aro
3.8hillion to 3.9 hillion years agowith room for error (3.63.9 hillion years)
0 Students make the claim that the subdivided data serves as better supporting evidence
scientists6 | materiagrate tiatoasthé undividedfdataset and teendline
0 Studentsdentify and describthe following evidence in support of their claim
2 A subgroup of dathasages older than around 3lion to 3.9 billion yearsandis
best characterized by an exponential trendline.
2 A subgroup of dathasages younger than around Bilion to 3.9 billion yearsandis
characterized by a linear trendline.
2 The daado not show a good fit to the single trendline in the undivithedset
2 Theparts of the plot where the data deviate the greatest from the single trendling
represent data points with ages older than arounkiilBdn to 3.9 billion years.
Students eaate the evidence for relevanoeand support athe claim
Studentsdescribehefollowing reasonindor their argument
2 Theentire dataset does not fit either a single linear or a single exponential trendl
which is consistent with the scienti@isterpretation of a changing rate of cratering.
2 Thedeviation of thedata from the single trendlirs¢around 3.5oillion to 3.9 billion
yearsagoand the division in the datasstaround 3.5illion to 3.9 billion yearsagoto
create subsets are consistent with the scieditigespretation that there was major
change in cratering rate around that time period.
Students update their timeline to shtthve End of Heavy Bombardment to have occurred
around 3.8 billion years ago and after planetary cooling.

O¢ O«

O«

Task Component K
0 In theirnarrative, students identignd describe the following as important events in the eg
history of Earth and indicate the order of their occurrence (oldest to youngest) as follows
1. Formation of theSolar System
2. Planetary Accretion
3. Core Formation
4. Formation of the Moon
5. Planetary Cooling
6. End of Heavy Bombardment
0 In their narrative, students identify
3 Theformation of thesolar systenataround4.6 billion years ago.
32 Planetaryaccretion, core formation andddn formation occurring between
approximaely 4.4 billion and 46 billion yearsaga
3 Significantcooling of Earth byaround4.4 billion years ago.
2 Theend of heavy bombardment bBpproximately3.8 billion to 3.9 billion years ago.
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0 In their narrative, studentiescribethat all of the liste@ventsareuniquechanges thagave
rise to relatively stable conditions afterwandhe history of Earth.

In their narrative, students identify and descthe=following as evidence from ancient Eart}
and extraterrestrial materials:

2 radiometric ages dhe oldest rock samples

2 the yintercept and/or slope values of trénds of oxygen isotope data

2 the range in tungsten isotope ratio data

2 the patterns of data of plotted lunar surface crater dersispissample age

In their narrative, studentescribeheir synthesis of the evidence, including

2 The approximatelyt.6 billion-year age of the oldest chondrite meteorites indicates
age of thesolar systenbbecause these samples were formed during the first stages
accretion.

2 Theapproximately.0 billionyear age of the oldest Earth materials (as corroborat
by the oldest agef samplegrom other planetary bodies) indicates the timing of
planetary cooling because the Earth must cool enough for rocks to form on the g

2 The similarities in oxygersotope data (slope andntercept of the trendline) indicats
that the Moon formed from Earth material, and the similarities in ages of the oldg
Earth and Moon rocks indicate that the Moon formed before both of those planet
bodies cooled.

2 The small rage in tungsten isotope data for Earth as compaitadthe wider, positive
range in tungsten isotope data for Mars sugdbsatd/loon formationoccurredafter
Earthcore formation because evidence for the formation of theveasenot preserved
on Earth andnay have been destroyed during Moon formation.

2 The difference between the pattern of data before andagipeoximately3.8billion to
3.9 billion years ago on plots of lunar crater dengitgsusrock age indicate a
significant change in the rate of crateram@undthe end of heavy bombardment.

(@4

O«

Optional Task Component L

0 Students identify and label the mare and highland Moon data samples
0 Students include statementhatthe evidence supports the part of gieenclaim that states
fithe mare regions are younger aréandfif o r mdurihg core formation 0
0 Intheir argument, students identify and descthefollowingevidence:
3 Based on thenage of the Moarthere is a greater crater density in the highland
regions tharin the mare regions
2 Based orthe dot plot of radiometric age datessmples from the mare regions have
younger ages than the samples from the highland regions
2 Based orthe tungsten isotope iiatplot, the mare rock data have a wide, positive
range of tungsten isotope values
0 Students evaluate the data available for relevance and sufficiency to support the claim,
identifying that the evidence supports part of, but not the entire, given claintierg isno
evidence of igneous rock)
0 In their argument, students relate the evidence to the claim tigrfgllowing reasoning:

2 Alower crater density in the mare regions than in the highlands regions indicates
the mare surface has not been exqubt cratering event®r as long as the highland
regionshave beentherefore indicating that the mare regioae younger than the
highlands regionsThis isconsistent with the radiometric ages of the lunar sample

3 Therange in tungsten isotop&lues indicates that the core was forming while the
mare rocks were forming
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Attachment 1. Absolute Radiometric Ages Data Chart

EARLY SOLAR SYSTEM MATERIAL MOON
Isotopic Isotopic
Dating Dating
Rock type Age (my) | Error (+/-) | Method Rock type Age (my) [Error (+/-)| Method
Chondrite Meteorite 4568.2 0.3 Pb-Pb Highlands Sample 4426 65 U-Pb
Chondrite Meteorite 4566 0.7 Pb-Pb Highlands Sample 4339 5 U-Pb
Chondrite Meteorite 4565.1 0.9 Pb-Pb Highlands Sample 4320 2 U-Pb
Chondrite Meteorite 4564 0.7 Pb-Pb Highlands Sample 4245 75 U-Pb
Chondrite Meteorite 4562.5 0.8 Pb-Pb Highlands Sample 4216 7 U-Pb
Chondrite Meteorite 4560.9 0.7 Pb-Pb Highlands Sample 4141 5 U-Pb
Chondrite Meteorite 4557.8 0.4 Pb-Pb Highlands Sample 3965 25 U-Pb
Chondrite Meteorite 4556 6 Pb-Pb Mare Sample 3800 20 Ar-Ar
Chondrite Meteorite 4551.4 0.6 Pb-Pb Mare Sample 3770 70 Ar-Ar
Chondrite Meteorite 4547.6 3.2 Pb-Pb Mare Sample 3750 10 Rb-Sr
Chondrite Meteorite 4543.6 2.1 Pb-Pb Mare Sample 3660 40 Ar-Ar
Chondrite Meteorite 4539.5 1 Pb-Pb Mare Sample 3580 10 Ar-Ar
Chondrite Meteorite 4526.8 0.9 Pb-Pb Mare Sample 3570 50 Ar-Ar
Chondrite Meteorite 4521.1 0.5 Pb-Pb Mare Sample 3310 40 Ar-Ar
Chondrite Meteorite 4515.5 2.5 Pb-Pb Mare Sample 3250 60 Ar-Ar
Chondrite Meteorite 4510.7 0.5 Pb-Pb Mare Sample 3200 50 Sm-Nd
Chondrite Meteorite 4504.4 0.5 Pb-Pb Mare Sample 3150 10 Ar-Ar
Mare Sample 3110 90 Ar-Ar
MARS EARTH
Dating Dating
Rock type Age (my) | Error (+/-) | Method Rock type Age (my) [Error (+/-)| Method
Mars Meteorite 4428 25 U-Pb Jack Hills-Australia 4404 68 Pb-Pb
Mars Meteorite 4070 40 Ar -Ar Jack Hills-Australia 4363 8 Pb-Pb
Mars Meteorite 4040 100 U-Pb Jack Hills-Australia 4355 4 Pb-Pb
Mars Meteorite 3920 100 Ar -Ar Jack Hills-Australia 4341 6 Pb-Pb
Mars Meteorite 1330 30 Ar -Ar Jack Hills-Australia 4276 6 Pb-Pb
Mars Meteorite 1320 40 Ar -Ar Acasta-Canada 3939 31 Pb-Pb
Mars Meteorite 1320 70 Ar -Ar Iltasg-Greenland 3871 1" U-Pb
Mars Meteorite 327 12 Sm-Nd Nuvvuagittug-Canada 3818 190 U-Pb
Mars Meteorite 212 62 U-Pb Iltasg-Greenland 3809 i U-Pb
Mars Meteorite 178 3 Sm-Nd Nuvvuagittug-Canada 3751 10 U-Pb
Mars Meteorite 173 70 Sm-Nd Acasta-Canada 3737 23 Pb-Pb
Acasta-Canada 3665 34 Pb-Pb
ltasg-Greenland 3644 6 U-Pb
ltasg-Greenland 3606 8 U-Pb
Acasta-Canada 3581 56 Pb-Pb
Vaalbara-Africa 3416 5 U-Pb
Vaalbara-Africa 3334 3 U-Pb
Vaalbara-Africa 3298 3 U-Pb
Vaalbara-Africa 3074 6 U-Pb
Vaalbara-Africa 2871 30 Sm-Nd
Vaalbara-Africa 2860 20 Sm-Nd
Vaalbara-Africa 2765 8 U-Pb
Vaalbara-Africa 2714 8 U-Pb
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Attachment 2. Absolute Radiometric

Ages Dot Plot

Note: Teachers may choose to have their studer
design their own plots rather than be given the
plot on this page

Radiometric Age of Sample (million years)

4600

4500

4400

4300

4200

4100

4000

3900

3800

3700

3600

3500

3400

3300

3200

3100

3000

2900

2800

Absolute Radiometric Ages

T T T T

Chrondrites Mars Moon Earth

Version 2publishedJanuary2015
View Creative Commons Attributioh.0 Unported License at

Pagel9 of 38

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.




Alternative Dot Plot
Absolute Radiometric Age@n millions of years)
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Attachment 3. Radiometric Dating Isotopic System HaH_ife Chart

Radioactive

Isotopic Half-life

System (billion years)

Sm-Nd 106
Rb-Sr 48.8
U-Pb 4.47
Ar-Ar 1.248
Be-B 0.00152
Cl-Ar 0.0003
C-N 0.00000573
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Attachment 4. Oxygen Isotope Data
Chart

Version 2publishedJanuary2015 ® Page22 of 38
View Creative Commons Attributioh.0 Unported License at @ —

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.



