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Scientists can estimate the time at which 

rocks at Earth’s surface became exposed 

(through glacial scour, faulting, sediment 

deposition, exhumation, etc.) in a given 

area using terrestrial cosmogenic nuclide 

(TCN) geochronology. The idea behind 

this technique is ingenious in its simplic-

ity. Imagine, for example, a glacier advanc-

ing over the landscape and scouring the 

rocks underneath. As the glacier retreats, 

fresh rock surfaces become exposed to 

the atmosphere. Galactic cosmic rays then 

bombard the fresh minerals exposed at the 

Earth’s surface, producing rare nuclides 

such as  beryllium- 10 (10Be) and aluminum-

 26 (26Al) in the process. Thus, measuring 

the concentration of TCNs in rocks at the 

Earth’s surface allows scientists to estimate 

how long a surface has been exposed and/

or the rate of surface denudation.

The development of TCN geochronology 

over the past few decades has helped revo-

lutionize many branches of Earth science, 

including geomorphology, Quaternary (span-

ning roughly the past 3 million years) paleo-

climatology, and active tectonics. TCN meth-

ods [Gosse and Phillips, 2001] are allowing 

Earth scientists to determine ages for previ-

ously undatable landforms and sediments 

over time scales ranging from centuries to 

a few million years. Numerous publications 

have used TCNs to determine the timing and 

rates of crustal displacement, defi ne the tim-

ing of past glaciations and climate change, 

and measure rates of soil formation, denu-

dation, and landscape evolution. As a con-

sequence, TCN geochronology has become 

a standard dating technique for events up to 

several million years old, along with other 

well- established methods such as radiocar-

bon, uranium series, and optically stimu-

lated luminescence dating. 

Despite its potential usefulness, the meth-

ods and parameters used for interpreting 

TCN data are not yet standardized. Instead, 

they continue to evolve as the result of 

ongoing work aimed at understanding the 

global and temporal distribution of produc-

tion rates. We feel that reporting a mini-

mum set of sample- related parameters is 

required such that published data might be 

reinterpreted in light of new advances and 

to account for interlaboratory differences in 

calibration and analytical technique.

A Checklist for Reporting TCN Data

Without established reporting standards, 

information from published archives could 

be permanently invalidated by new knowl-

edge of the physical parameters underly-

ing TCN production. Only reanalysis of 

He added that it was unfortunate that 

buildings occupied by agencies and orga-

nizations such as the United Nations also 

collapsed during the earthquake. “Had 

they built their buildings to be earthquake-

 resistant, they would have stood amidst all 

the rubble as a symbol that we are capable 

of withstanding this earthquake shaking, 

and that it is not God’s will that everyone 

die. That it is not an act of God, but that it is 

an act of man to build these things poorly.”

Tucker noted that there have been some 

isolated improvements in earthquake haz-

ard preparedness in California and else-

where around the world. But he ques-

tioned whether these improvements are 

keeping pace with problems caused by 

rapid urbanization in developing coun-

tries. “The story is getting boring,” he said, 

referring to repeated earthquake tragedies. 

“It’s always the same thing: that people are 

not prepared and they spend 10 times as 

much money responding to and repairing 

the event than would be necessary if we 

prepared for it rather than waiting until it 

occurred.”

The earthquake in Haiti, Mann told Eos, 

provides the science community with an 

important “learning moment.” Scientists 

and science funders in developed countries 

“need to become more proactive and sys-

tematic about focusing research efforts on 

faults capable of M 6–8 quakes, especially 

in densely populated areas with poor con-

struction practices.” He said funding also 

should be targeted for earthquake engi-

neering and for earthquake education and 

outreach.

Mann, too, expressed concern about 

the potential for seismic events in other 

locations, including possibly along other 

segments of the same fault zone and along 

the parallel Septentrional fault zone (which, 

he indicated, is “exactly the same type of 

‘time bomb’ plate boundary strike- slip fault 

as the EPGFZ ‘time bomb’ was to Port- au-

 Prince and its environs”). 

Noting that the Haiti earthquake 

released about the same amount of energy 

(32 megatons) as the largest thermonuclear 

bomb ever tested and has affected millions 

of people, Mann added, “Countries with 

faults threatening dense populations need 

to approach earthquake ‘defense’ with the 

same energy, consistency, and level of sci-

entifi c spending as devoted to their military 

defense.”

For more information, visit http:// 

 earthquake .usgs .gov/  earthquakes/ 

 eqinthenews/ 2010/  us2010rja6/, http:// web 

.ics .purdue .edu/  ~ecalais/  haiti/, and http:// 

www .jsg .utexas .edu/ news/ rels/ 011310 .html .

—RANDY SHOWSTACK, Staff Writer

Fig. 1. Red star indicates the epicenter of the magnitude 7.0 earthquake on 12 January. Green 
circles indicate some of the aftershocks. Historic earthquakes are in red and pink; focal depths 
are in kilometers. Topography and epicenter information courtesy of U.S. Geological Survey. The 
figure is reproduced and modified with permission from the British Geological Survey © Natural 
Environment Research Council.
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Table 1. Example of a Table for Reporting Analytical Results of Terrestrial Cosmogenic Nuclide 10Be Geochronology

Sample Location

(°N/°W)

Elevation

(m above 

sea 

level)

Thick-

nessa 

(cm)

Production Rate
(atoms g  -1 yr   -1 )

Shield-

ing d 

Factor

Denudation 

Rate

(mm yr   -1 )

Quartze

(g)

Be Carrier 

(mg)

10Be/ 9Bef,g 

(× 10-13  )

10Be Concentra tiong,h,i 

(106 atoms g   -1 SiO2  )

Ageg,j,k

(ka)

Spallationb Muonsc

EOS-1 37.5947/118.0571 1750 1 17.33 0.35 1 0 20.0923 0.2668 25.16 ± 0.36 2.23 ± 0.04 129.9 ± 11.8

EOS-2 37.5946/118.0570 1752 2 17.21 0.349 1 0 20.3301 0.2671 24.60 ± 0.32 2.16 ± 0.04 126.4 ± 11.5

EOS-3 37.5947/118.0589 1730 2 16.94 0.346 1 0 20.0780 0.2657 26.36 ± 0.34 2.33 ± 0.04 139.0 ± 12.7

EOS-4 37.5948/118.0588 1753 3 17.08 0.348 1 0 20.1309 0.2628 23.18 ± 0.30 2.02 ± 0.03 119.0 ± 10.8

EOS-5 37.5943/118.0537 1760 2 17.30 0.35 1 0 20.1210 0.2641 22.09 ± 0.28 1.93 ± 0.03 112.4  ± 10.2

EOS-6 37.5950/118.0537 1729 3 16.79 0.345 1 0 20.1563 0.2641 19.21 ± 0.31 1.68 ± 0.03 100.2 ± 9.1

aThe tops of all samples were exposed at the surface.
bConstant (time-invariant) local production rate based on Lal [1991] and Stone [2000]. A sea level, high-latitude value of 4.8 at 10Be g  -1 quartz was used.
cConstant (time-invariant) local production rate based on Heisinger et al. [2002a, 2002b].
dNo geometric shielding correction for topography was necessary (horizon < 20° in all directions).
eA density of 2.7 g cm-3 was used based on the granitic composition of the surface samples.
fIsotope ratios were normalized to 10Be standards prepared by Nishiizumi et al. [2007] with a value of 2.85 × 1012 and using a 10Be half-life of 1.36 × 106 years.
gUncertainties are reported at the 1σ confi dence level.
hA mean blank value of 53,540 ± 10,845 10Be atoms (10Be/ 9Be = 2.994 × 10-15 ± 6.03 × 10-16) was used to correct for background.
iPropagated uncertainties include error in the blank, carrier mass (1%), and counting statistics.
jPropagated error in the model ages include a 6% uncertainty in the production rate of 10Be and a 4% uncertainty in the 10Be decay constant.
kBeryllium-10 model ages were calculated with the Cosmic-Ray Produced Nuclide Systematics (CRONUS) Earth online calculator [Balco et al., 2008] version 2.1 (http://hess.ess.washington.edu/).
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sometimes irreplaceable samples would 

allow updated interpretation. To address 

these concerns, a standardized list of data 

should be reported whenever TCN- derived 

surface exposure ages and denudation rates 

are published [e.g., Gosse et al., 1996; Dunai 

and Stuart, 2009].

We present here a list of essential data 

that should be reported in any manuscript 

dealing with new TCN ages or denuda-

tion rates. This inventory and Table 1 can 

be used as a checklist by both authors and 

manuscript reviewers to ensure that pub-

lished data can be compared between lab-

oratories and can be updated in light of 

future advances. Some of these parameters 

are known perfectly within measurement 

uncertainty (e.g., latitude, longitude, and 

altitude in tectonically stable regions) while 

others are model- dependent (e.g., altitude in 

rapidly uplifting regions, denudation rates). 

Nevertheless, since all of these parame-

ters are required to allow interpretation of 

measured TCN concentrations, it should be 

made clear to the reader what values were 

used. Note that we do not deal with TCNs 

other than 10Be and 26Al. The essential data 

include the following:

• sample name;

• latitude and longitude (decimal degrees);

• elevation (measured in meters above or 

below sea level);

• sample density for rock or sediment 

(measured in grams per cubic centimeter);

• sample thickness or minimum and maxi-

mum depth of sample below surface (mea-

sured in centimeters);

• skyline shielding factor (dimensionless) 

including accounting for sample strike and 

dip;

• phase analyzed, e.g., quartz or sanidine, 

and its mass (measured in grams);

• chemical composition of phase ana-

lyzed including 9Be (if available), 27Al, and 

relevant target elements;

• mass of Be and/or Al carrier added 

(measured in milligrams);

• accelerator mass spectrometry (AMS) 

standards (e.g., either from the National Insti-

tute of Standards and Technology or from 

Nishiizumi et al. [2007]) and values used;

• decay constant/half- life for 10Be and/or 26Al;

• measured 10Be/9Be and/or 26Al/27Al ratio 

of samples (including errors and confi dence 

level);

• 10Be and/or 26Al blank correction 

expressed either as 10Be/9Be and/or 26Al/27Al 

ratio or as number of atoms of 10Be and/or 26Al;

• 10Be and/or 26Al concentration (mea-

sured in atoms per gram of quartz or other 

mineral phases, including errors and confi -

dence level);

• latitude and altitude scaling factors 

(dimensionless) and the scaling model used, 

including pressure correction;

• rate of denudation of surface samples 

(measured in millimeters per year);

• production rates from spallation (induced 

by cosmic rays hitting a target nucleus and 

fragmenting it) and muon capture (induced 

by capture of negative muons by a target 

nucleus), measured in atoms per gram per 

year and specifi ed as being calculated for sea 

level and high latitude, or local values);

• surface exposure age or denudation rate 

(including errors and confi dence level); and

• the method or calculator used to deter-

mine surface exposure age or denudation 

rate [e.g., Balco et al., 2008]. 

Most publications use the term “erosion 

rate” when referring to the items in the list 

relating to the rate of denudation of sur-

face samples. But strictly speaking, it is the 

rate of denudation, which includes weath-

ering; the in situ breakdown of rock; and 

erosion, the breakdown of rock involving a 

transporting agent. 

We recommend including these data in 

a single table with all necessary explana-

tions listed as footnotes to facilitate easy 

access to such information. An example 

of this format is given in Table 1. For jour-

nals with strict page limits, these data can 

be included in tabular form as data reposi-

tory items. Through adhering to these stan-

dards, authors can ensure that the records 

they publish will become part of a perma-

nent archive of conditions at Earth’s surface 

and allow for the reinterpretation of data 

following advances in TCN geochronology. 
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