CRONUS-Earth 

FIRST ANNUAL MEETING

Red Lion Hotel Denver Downtown

Denver, Colorado

November 11-12, 2004

MINUTES OF MEETING

Attendees:  Fred Phillips, Marc Caffee, Kuni Nishiizumi, Mark Kurz, Marek Zreda, Brian Borchers, Greg Balco, Bob Finkel, Tim Jull, Marian Scott, Nat Lifton, Kees Welten, Darin Desilets, Bob Reedy, John Clem, Kyeong Kim, Janet Sisterson, Shasta McGee.

Note:   This was generally an informal meeting and votes were only taken during a short business meeting at the end of the session.

1. Introductions:

Fred asked everyone to identify themselves and he reviewed the history of CRONUS-Earth:

March 2002  Workshop at Lamont-Doherty Earth Observatory, NY

Dec 2002 
Workshop at Lawrence-Livermore National Laboratory 

Feb 2003, April 2003  Steering Committee meetings to hash out the details.

July 2003      Proposal submitted to NSF

Dec 1, 2004
Funding begins*

· Secretary’s note.  It was stated it will begin in Dec 1st, but this is a statement from the program manager.  As of Nov 29th, this date was still not confirmed.

2.  Intercalibration.

Tim Jull summarized the intercalibration & comparison organization, as follows:

· Tim Jull (US coordinator)

· European lab coordinator (R. Wieler, S. Ivy-Ochs)

· Marian Scott (Standardization Program Independent Coordinator).  

He then discussed several concepts.   We need to distinguish between:

· AMS calibration standards: test AMS lab chemistry after extraction and measurement procedures.

· Intercomparison samples: test all procedures at the lab through to AMS measurement.

· Geological calibration samples.  

2.1 The program design has several parts:

AMS standards

Laboratory standards

Common methods of reporting

2.2. AMS

· Intercalibration of AMS results.

· Use NIST AMS standards diluted by Nishiizumi

· 10Be

· 26Al

· 36Cl

· 14C assumed established through existing protocols (TIRI/FIRI/VIRI)

2.3 chemistry and processing


Phase I:  Intercomparison of RAW materials collected for different locations.

· 50kg quartz from 2 standard locations (Bierman) at low and medium latitude, from Namibia and Maine.

· 20-30kg from high latitude site in Antarctica (Bierman/Stone)

· Basaltic samples for 36Cl (Phillips/Stone) 


– amount available unknown.

Samples for the first 2 latitude sites are available and the third will be collected by John Stone and collegues.

Phase II:Later in the program – We need to identify material from successful geologic calibration sites for distribution.  At least one or more sites (e.g. Lake Bonneville) should be chosen for this later intercomparison program.  Optimally, several of the primary sites should be used.   

All samples will be distributed to up to 16 different CRONUS groups from US/Europe who agreed to participate, depending on their expertise.

2.4: Noble Gas Studies

· Noble gas standard prepared by 


J. Schaefer (Lamont).

· Precisely-known 3He, 21Ne and 22Ne concentrations.

· Distributed to participating ~5 US and EU noble-gas labs.

2,5. Distribution will be coordinated by Marian Scott (see later).

2.6. Independent Tests

· Blind-test samples.

· Could be derived from various materials and sites.

· Encourage use of a defined group of secondary standards.

· These should be derived from some of the primary geological calibration sites (see later presentation).

2.7. Common Methods for Reporting Results

· After completion of the calibration, intercomparison and geological calibrations, the steering committee will encourage a common set of:

· Calculation methods

· Half-lives (where in dispute)

· Blank correction procedures

· Error calculations

(see later discussion by Greg Balco on the web-based calculator)

· As far as possible, methods will be intercomparable between different labs and different nuclides

2.8 Finally, Tim summarized some other questions:  

· Are key samples identified?

· How should they be prepared and sampled?

· How much should each laboratory receive?

· Is there a need for homogeneity testing?

· Can we ensure participation?

· Identify participants for particular samples and standards.

· Will there be a need for more samples than the original ones specified?

Potential other questions

· Distribution of raw samples from CRONUS-Earth geological calibration sites:

· 5 primary calibration sites.

· 3 secondary sites.

· 2 core sampling sites (Chile, Antarctica).

Sample collection is initially coordinated by research team/PIs for that site.  We need to ensure sufficient sample is collected for general distribution?

· Coordination and distribution of  CRONUS-EU geological calibration samples. 

· Left up to the PIs collecting the samples at those locations.

· Access to samples for other PIs? 

3.  TCN inter-comparisons

Marian Scott introduced an overview of the intercomparison program and logistics.

3.1 Time line of activities

· Design the inter-comparison

· Identify (in principle) suitable samples (and criteria)

· Agree timescale for results

· Define format for reporting results

· Access samples and pre-test them if appropriate

· Inform laboratories and ask for expression of interest to participate

· Distribute samples

· Wait for deadline and then extend

· Analyse results and report to laboratories

3.2 Design I –samples

· Questions to consider

· How many measurements can a laboratory be expected to make?

· What types and how many materials should be included

· Should duplicates (blind) be included

3.3 Design II –samples

· Questions to consider

· How long should each experimental phase take?

· How should the results be reported (should include the analytical uncertainty)

· What additional information might prove useful to explain any differences

· Should advise be offered/extra material made available

3.4 Design III –samples

· Questions to consider

· Are the materials homogeneous?

· How should they be prepared and sampled?

· How much should each laboratory receive?

· Is there a need for homogeneity testing (minimum of 8 replicate measurements per material)

3.5 Organisation I –contact laboratories

· Create a database for all participants

· Seek agreement to participate

· Inform laboratories of timescale and work-load and any conditions (e.g. anonymity of laboratory)

3.6 Organisation II –distribution

· Send out samples (ask for confirmation of arrival)

· Issue result reporting form

· Stress deadline for return of results

· Remind laboratories one month before deadline that results are due

· Extend deadline

3.7 Analysis I - preliminary

· Create database of results, entries should be double checked- 

· distribute tabulated raw results to labs for confirmation that there are no errors

· Include some simple exploratory analysis

3.8 Analysis II - formal

· Formal analysis following a specified plan of analysis?

· Report results to laboratories

· Seek comments

4. Report of status of Purdue (Marc Caffee) and Livermore (Bob Finkel)

Marc gave a review of the current status of the Purdue AMS.  The machine now runs at 7MV with no sparks and can run at 10MV.  They have run 600 26Al samples and will run 300 10Be samples in the next week.  26Al current is low, 0.5-1.2uA.  Usually running operation is 50 samples, incl standards and blanks per day.

Bob Finkel reviewed the high throughput at Livermore and their studies of huge numbers of samples with runs at very high ion beam currents.  These included 12310 14C samples with currents up to 300uA, 150 3H samples, 2380 10Be samples at 15uA, 430 26Al samples run at 1.2uA, 630 36Cl samples run at 35uA, 370 129I samples run at 40uA and 1550 41Ca samples run at 2uA.  He also mentioned studies of Pu but these are not really relevant to CRONUS.  The have also changed to stainless steel target holders for Be from Al, which improved the blank and experimented with various packing materials.  Nb seems to be optimal for Be measurements for poorly-understood reasons.  

5. Geological Calibration (Greg Balco)

Greg Balco made a report on behalf of John Stone on the status of the geologic calibration.  He summarized briefly the status of the Lake Bonneville (Utah; yr 1) field geological calibration site (GC).

a. Bonneville GC site:  The minutes of the previous meeting on Mar 23rd indicate that 2 persons from the steering committee should assist in the GC organization.  A discussion ensued as to whether we should combine the field trip with a “geological calibration workshop” also scheduled for yr. 1.  One group favored a small team to visit Bonneville after the “workshop”.  There was some suggestions the workshop could be tied to an upcoming Goldschmidt Conference in Moscow, Idaho (May 20-25, 2005).  Eventually, it was agreed the workshop should be shortly after the Goldschmidt Conference in Salt Lake City or some nearby locale (Park City, Utah was suggested).  

The group agreed that Nat Lifton should lead the GC group to Bonneville, with assistance from Jay Quade (Arizona), Thure Cerling (Utah) and Fred Phillips (2nd CRONUS person).  There was some discussion as to the involvement of John Stone, but Balco had no information (see later minutes).  The GC group will report back to the steering committee as to costs (c.f. minutes of 3/23/04).

The purpose of the workshop is to discuss sampling protocols, sampling methods and chemical methods.  

b. Year 2 sites.

Balco listed the year 2 sites, but had no specific recommendations.  There ensured a long discussion at these sites.  The sites listed in the final work statement (July 2004) to NSF list the following sites, the names of the principal scientists for each site follows:

Isle of Skye, Scotland.  (Marc Caffee, Lewis Owen (Riverside), Mark Kurz, Joerg Schaefer, John Stone).  This site is not controversial.

Puget Lowland, Washington State.  (Terry Swanson & students, others?).  This site is also not controversial.

Hawaii (Mark Kurz, Joerg Schaefer, Fred Phillips, Marek Zreda).  It was mentioned by Mark Kurz that there are still “big issues” regarding site selection, access, etc., for the Hawaiian sites.

Breque, Peru.  (Dan Farber, Geoff Seltzer and others).  Little information was available as no proponent of this site was present.

Of these, the Peru site came in for considerable discussion as to whether it would occur, the first two sites were less controversial.  It was agreed that the proponents for each GC site in year 2, that the scientific group must present the research plan by the time of the workshop in June 2005, if that site is to be considered..

Additional costs:  An advance field assessment of each site(s) many be required.  

c. Timetables for each site:

It was generally agreed we need to make arrangements for the year 2 sites solid.  This including having as much scientific information as possible ready by next June, and plans, logistics and any permit issues must be well in hand.

d.  Year 3:

We should try to have formal plans for year 3 in place by year 2, if not by the time of the workshop in 6/2005.  

6. Website Management.

Marc Caffee (Communications) is supervising development of the CRONUS website.
He reported progress in setting up the server and he expected to have this running in the next several months.

7. Cosmic ray fluxes, past and present (Lifton, Zreda, Desilets)

Nat noted production rates are only well-established at a few sites and we have to use scaling models from modern data to extrapolate into the past.  We need to tie cosmic-ray (CR) production the the cosmogenic nuclide (CN) production rates in rocks.  Limited data are due to the scarcity of samples of well-established age.

a. neutron monitors.  Nat listed the locations of monitors available n the web, from work of the Bartol Research Institute (www.bartol.edu), which contains all this information.  In order to use n-monitor data to produce a scaling model, we need to be able to measure the entire n spectrum.  We also need to be able to test scaling data over millennial time scales, which is currently impossible.

b. Marek Zreda remarked that we can correlate n-measurements we can make today with CN production rates.

c. We can’t measure scaling factors directly but we can measure neutrons. Different nuclides have different median energies and production excitation functions, hence scale differently to the neutron flux.  No one attenuation length applies to all CN.

d. 16O(n,x)10Be is the closest reaction which scales to the NM-64 neutron-monitor spectrum.  For bare neutron counters, 32S(n,p) 32P is closest.

e. Darin Desilets noted that attenuation length in air is different for different-energy neutrons.  He showed a model of neutrons interacting with a neutron monitor.  The counter only counts when the neutrons are thermalized by the shielding of the monitor.  Modelling is required to remove multiple events.  Typical count rates for sea level in a 3m2 counter are 600/hr.  Inelastic collisions in Pb give rise to evaporation neutrons which are eventually thermalized (i.e. slowed to the thermal vibrational energy of protons).

f. Darin also discussed bare-walled counters, which can be flown in aircraft or mounted on vehicles to measure the low E-flux and compare this to the high-E flux.  The attenuation length measured by airborne monitoring of thermal n gives 150-190g/cm2.  There are >9 latitude surveys and 2 comprehensive altitude and latitude surveys with shielded counters.  For bare counters, there is 1 latitude and 1 altitude-latitude survey.  We hope eventually to be able to say n-monitors scale with CN.

g. Other issues: angular sensitivity, E sensitivity, muon sensitivity of these devices.

h. Sisterson noted that it is important to consider n-flux distributions so that the best studies of n cross-sections can be devised.

i. Nat returned to CN sample collection from various latitude and altitude sites.  Scaling for 14C is expected to be 83% spallation, 15% slow muons, 2% fast muons, based on the work of Heisinger et al (2002).  However, other studies suggest muons are much less important. 

j. A bad fit scaling would give a systematic bias in the production rates.  Nat demonstrated some test examples.  

k. The importance of the Antarctic depth profile (5-10m) to resolve the muon effects was noted.

8. Direct determination of absolute CR production (Kurz)

Mark Kurz discussed direct determination of CR production rates, scaling factors as a function of altitude and latitude, production rate variations for different CN (i.e. energy dependence), temporal variations by comparison with “time-integrated” records and instantaneous records (e.g. neutron monitors).  

a. Mark summarized the target-network experiments (TNE), which now consist of:

3He, T  from H2O and SiO2
21Ne from SiO2
10Be from H2O

32P from CS2
Originally 7 sites and 7 latitudes, 5 targets per site was envisioned.  This needs to be reduced to 5 sites based on the revised work plan (July 2004).  

Original sites

Ecuador 

0oN

Costa Rica 

10 oN

Hawaii 

20 oN

Tucson, Arizona 
33 oN

Boulder, Colorado
40 oN

Bozeman, Montana
45 oN

Anchorage, Alaska
60 oN

Kuni recommended a better site was Echo Lake, CO, some suggested the White Mountains of California and Fred suggested a site in southern Mexico based on a magnetic rigidity cut-off there of 9-10MV.

The purpose of the TNE experiments is to verify parameters derived from other data such as neutrons.  Marek Zreda noted that we do not need 5 sites; two will suffice to cross check with target results.  We should do a few sites well rather than a lot of sites less well.  Mark Kurz disagreed; he thinks more sites is better because there may be factors of which we are not aware; hence by placing targets on more sites, we may be able to learn something new.

Marek noted we need a direct measure of production rate from spallation reactions to compare cosmogenic nuclide results to neutron monitors.  Fred suggested expanding the 32P studies as part of this work.  

Finally, Mark summarized the proposed noble-gas studies and introduced Joerg Schaefer.

b. Joerg discussed the development of the SiO2 quartz target materials.

c. Marek added the following goals (see table):

- determine the attenuation length at two known geomagnetic cutoff rigidities.

- determine absolute production rates of  36Cl from K and Ca at these rigidities.  

Target



Hawaii (13GV)
California (4GV)
Target type

O(n,x)10Be


yes


yes


primary

32S(n,p)32P


yes


yes


primary

Lesser goals

K(n,x)36Cl


yes


yes


secondary

Ca(n,x)36Cl


yes


yes


secondary

· Secretary’s note:  The K and Ca targets were not included in the final work statement, this is additional work as a secondary objective.

9. Cross Sections (Marc Caffee, Janet Sisterson and Kuni Nishiizumi)

Marc summarized the cross section studies.  These include:

· “white” neutrons (broad spectrum) irradiations.

· Neutrons at known energies

All irradiations will begin as soon as possible, due to the need to obtain permission for irradiations and also to allow the samples to “cool” for later analysis after decay of short-lived nuclides such as 22Na.  

Janet Sisterson discussed the need for the cross sections.  

-If no cross section exists, we can use the corresponding proton cross section

-theoretical models can be used.  

-the cross section can be inferred from thick stacks

- none of these strategies is as good as an actual measurement of the neutron cross sections.

Janet discussed the LANSCE irradiations: 0-800MeV neutron broad spectrum.

· We would get the cross sections for 10Be, 14C, Ne, 26Al from O and Si.

· Remove lowest-energy neutrons with a polyethylene absorber, giving 0.1-750MeV

· 2-3 irradiations.

· 5 days to produce 10Be and Ne isotopes in 3mm-thick targets

· 0.5 days to produce He

· 1 day for 26Al and 14C

· Total irradiation time: 15 days.

· Total stack will attenuate 10% of the beam.

· Irradiation times determined by no of atoms needed to be able to measure them easily at AMS labs.

· Short-lived nuclides are measured using non-destructive γ-ray spectroscopy.

· N-fluence monitored using a U-fission chamber.

Kuni discussed the specific-energy irradiations at the Osaka University Research Center for Nuclear Physics (OU) facility.  

Cross sections are being determined beyond CRONUS for extraterrestrial studies and nuclear engineering studies.

Targets: Si, SiO2, Si3N4, KNO3, CaCO3, Ti, Fe and Ni.

Nuclides of interest: all

The neutrons are produced by bombarding an Li target with p at high energy to produce high-energy neutrons.  Different n spectra result at different p energies. A large Al foild is used to establish fluence.  Short-lived nuclides measured using very low-level counter (100m underground).  Chemical separation used for long-lived nuclides.  Cross sections estimated to be ~10% accurate.

10. Wrap-up discussion day 1 (Phillips)

There was a discussion about when the formal meetings should be held: at GSA, AGU or elsewhere?  CRONUS sponsorship of other meetings (perhaps just the logo) might be useful to highlight CRONUS activities.  

Bob Finkel and Tim Jull asked if CRONUS would sponsor a session at the AMS-10 meeting in Berkeley, CA (Sept 2005).  This would not involve any CRONUS funds.  

It was proposed there should be a formal CRONUS session at the 2005 AGU meeting.  Tim Jull and Mark Kurz were tasked with arranging this session.  Kurz will report back on the AGU-2005 option to the steering committee.  

· Secretarial note:  this should not conflict with the recent demand of the program manager for special sessions in 2007/2009.

Other discussion:  Publication of results.  The final report of CRONUS might be a Special Volume in some monograph such as the AGU series.  Earlier results:  All papers should indicate they are supported by CRONUS and give the grant number.

Other policy matters:  Releasing data to other CRONUS PIs, is up to the PIs concerned but should be done with reasonable discretion.  (see later minutes).

Day 2.  Meeting reconvenes.

11. Physics-based modeling.

a. Bob Reedy and Kyeong Kim discussed Physics-based calculations of production rates.  

Kyeong summarized the MCNPX calculations for thermal n vs latitude.  It was noted there are problems at the air/surface boundary, which affect n profiles in cores.  Bob Reedy followed up with more discussion about the LCS calculations (of Masarik & Reedy).  6 nuclide production rates will be estimated.  He reviewed his flux calculations.  A number of questions arose: How accurate can this be done?  How about muon calculations?  

Bob noted this project would have a low level of effort due to severely reduced funding for this item.

b. Jozef Masarik discussed different aspects of modeling.  He asked “how doe we simulate the magnetic field?”.  He discussed the effects of geomagnetic latitude on production rates both of atmospheric and in-situ CN.  References:  Integrated production srates as a function of age using changes in the geomagnetic field (Frank et al., 1997; Guyodo and Valet, 1999).  Nat noted polar wander can affect these calculations at more than the 5% error proposed by Jozef.

Fred noted we need to integrate geomagnetic field effects at low latitude and effects of polar wander into CRONUS.

12. Web-based calculations

a. Greg Balco discussed the U Washington web-based system.  The ideal is to get people to use a standard calculation to report their exposure ages.  The program will run on MATLAB webserver at UW.  This server can regurgitate HTML which we would otherwise have to do off-line.  The program has a modular structure for ease of modification.  We need to buy the server to develop the MATLAB code.  Eventually, calculation of 10Be, 26Al, 36Cl data will be possible.  Target date for release is Summer 2005.  Marek suggested a demo version be available by the time of the Salt Lake City workshop.

b. Marek discussed the “I-CRONUS” calculator.  This is software for interpretation of cosmogenic isotope inventories using a combination of modeling, software engineering and artificial intelligence.  Goal is to determine model ages after determination of production rates, “apparent” ages, landform information and erosion rates.  This would be a tool for CRONUS-related studies as it would use artificial intelligence to make best-case recommendations about specific results, i.e. which of several outcomes is more acceptable, using this decision-making technology.

c. Brian Borchers discussed predictive modeling and gave an introductory discourse on parameter estimation, optimization and statistics.  He recommended use of Monte Carlo techniques for final error estimation.   He noted classical regression techniques assume x is known accurately and y includes all the errors.  He discussed chi-squared tests, estimation of the p-value, etc.  

Since many of our variables have some covariance, we may need to establish a covariance matrix.

He also discussed Bayesian statistics and use of prior information to refine the uncertainty in the model parameters.  This means successive iterations of improved estimates can be used to refine earlier estimates.  We could also have a hierarchical Bayesian approach to estimate effectiveness of model predictions.  

Reference:  D. S. Silva (1996)  Data Analysis:  A Bayesian tutorial for scientists.

It’s important for all of us to interact with Fred and Brian B. concerning the mathematical formulation of models and providing datasets.

Note:  Brian has kindly provided his powerpoint presentation for anyone who needs a copy.

13. Issues arising and general business meeting.

a. Various attendees noted it was a requirement of the bylaws for steering committee members to make “every effort” to attend meetings.  It was felt the geological calibration was vital to the success of CRONUS and critical for the GC organization to be well-founded and communicate with the wider group.  There was concern expressed about the frequent absence of the GC coordinator.

b. It was agreed there was no need for a separate steering committee meeting and some business items were addressed.

It was agreed that:

i. We confirm the 4 geological calibration sites for year 2 will occur:  SKYE (Owens/Caffee), HAWAII (Kurz), BREQUE (Farber), PUGET LOWLAND (Swanson).  

ii. It is necessary that plans for these 4 sites be ready by the Salt Lake City workshop.  (Note:  If they are not ready, the coordinators of these sites risk cancellation of this GC site)

iii. Fred will contact John Stone about the GC management.  

iv. If the GC coordinator is unavailable, it was agreed unanimously that Nat Lifton act as geological calibration coordinator if and when necessary.

v. The Salt Lake City workshop will be organized by Nat Lifton, Jay Quade and Thure Cerling.  (Tim Jull will give assistance as needed and Fred will coordinate financial matters).

vi. Budgets for the year 2 GC sites should be prepared in advance of the Salt Lake City workshop.

vii. Nat will work with Quade, Cerling and Fred Phillips to develop plans for the Bonneville GC field visit, including a budget.

viii. Fred will contact Enriqueta Barrera concerning formal letters of commitment from NSF.  

ix. Mark Kurz (with assistance of Tim Jull) will coordinate a Union session at AGU in Dec 2005 (San Francisco).

Final comments:  Marek noted the need to improve communication with all PIs outside of the steering committee.  

Travel notes:  Fred indicated that people should hold onto their receipts for future reimbursement by New Mexico Tech, after CRONUS funding has started.  We can charge for set up costs 90-days in advance of the official start date.

The meeting adjourned at 12 noon.

