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ABSTRACT
Laser heatind®Ar/3°Ar geochronology provides high analytical precision and accuranyscale spatial
resolution, and statistically significant data sets for the study of geological and planetary processes. A
newly commissioned®Ar/3%Ar laboratory at CPGeo/USP, S&o Paulo, Brazil, equips the Brazilian scientific
community with a new powerful tool applicable to the study of geological and cosmochemical processes.

Detailed information about laboratory layout, environmental conditions, and instrumentation provides the
necessary parameters for the evaluation of the CPGeo?&8F°Ar suitability to a diverse range of appli-

cations. Details about analytical procedures, including mineral separation, irradiation at the IPEN/CNEN
reactor at USP, and mass spectrometric analysis enable potential researchers to design the necessary sampling
and sample preparation program suitable to the objectives of their study.

Finally, the results of calibration tests using Ca and K salts and glasses, international mineral standards,
and in-house mineral standards show that the accuracy and precision obtainetat/#ar laboratory

at CPGeo/USP are comparable to results obtained in the most respected laboratories internationally. The
extensive calibration and standardization procedures undertaken ensure that the results of analytical studies
carried out in our laboratories will gain immediate international credibility, enabling Brazilian students and
scientists to conduct forefront research in earth and planetary sciences.

Key words: geochronology*®Ar/3°Ar method, irradiation, calibration.

INTRODUCTION significant advances in geochronology in the past

decade has been the development and dissemination

Modern geochronology requires high analyti- ) 39
- ) . of fully automated laser heatintfAr/*°Ar analy-
cal precision and accuracy, improved spatial res-

. o N is. The*Ar/2°Ar methodol vel r
olution, and statistically significant data sets, re-SS e%Ar/ ethodology, developed 35years

. s . ago (Merrihue and Turner 1966), has gained enor-
quirements often beyond the capabilities of tradi- 90 ( _ ) 9 )
. . mous momentum in the past two decades with the
tional geochronological methods. One of the most o .
increased availability of affordable laser extraction
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and data reduction (Deino and Potts 1990). ering geochronology (e.g., Vasconcelos et al. 1992,
A newly commissioned®Ar/3°Ar dating lab-  1994a, b, 1999a, b).
oratory at thelnstituto de Geociéncias at Univer- We will present below a full description of

sity of Sdo Paulo, Brazil is the first fully opera- the new CPGeo/USP laboratory installations, equip-
tional*®Ar/3%Ar dating laboratory in South America. ment, analytical procedures, and results of calibra-
The recent construction of tH&Ar/3°Ar laboratory  tion tests and analyses of standards. We will also
facility at CPGeo/USP and the establishment of adiscuss future developments for the laboratory.
cooperation agreement between USP and -

tuto de Pesquisas Energéticas (IPEN) (authorization LABORATORY CONSTRUCTION AND
CNEN/IPEN no. 1130/92), which facilitates the ac- INSTALLATIONS

cess of CPGeo/USP researchers to the IEA-R1 NUrpe cPGeo/USPAr/3%Ar laboratory had ma-

clear reactor at USP, provides the Brazilian geologivJor funding from FAPESP through project 94/0678-
cal community with a new powerful geochronolog- 4 «40p/39a¢ methodology applied to the geody-
ical tool, adding to the already established methods,5mic evolution of Western Gondwana continent”.
of K-Ar, Rb-Sr, Sm-Nd, Pb-Pb and U-Pb. The project enabled importing the most advanced
In addition to its importance in academic re- tachnology for the implementation of this dating
search, the new facility at USP will promote greaterechnique in Brazil. Funding for the acquisition of
interaction between industry and the universityinsirymentation (i.e., mass spectrometer, laser, op-
given that thé®Ar/3%Ar methodology has important iqg system, microscopes, computers, fume-hood,
applications in minerals and energy resources EXploappropriate furniture, etc.) totaled U$ 425.000. An
ration (Vasconcelos 1999a). The fully automated,ygitional R$ 270.000, from FAPESP and PRONEX
facility will provide high precision analysis on a program 41.096.0899.00, were invested in infras-
timely basis, meeting the often rigid requirementsycture (e.g., UPS — uninterrupted power supply
of the mineral and oil exploration industry. — systems, transformers, generator, water cooling
The*°Ar/**Ar geochronology method is a ver- qer grounding and lightning protection, consult-
satile tool suitable to the study of a diverse rang€ing, etc.). Project 94/0678-4 began in 1994 and re-
of geological processes, such as chronology of VO"quired four years for completion. The long con-
canic processes (e.g., McDougall 1981, 1985, Renngyrction period resulted from the careful selection
and Basu 1991, Renne et al. 1992, 1997, Renngs the appropriate spectrometer, negotiations with
2000); dating cooling rates in plutonic rocks (e'g"suppliers in Europe, the long construction period
Harrison 1981); thermochronology of metamorphicto the equipment, refurbishment of the laboratory
terrains (e.g., Harrison and McDougall 1982, Mc- gpace at USP, delays in the acquisition of ancillary
Dougall and Harrison 1999); thermochronology of jstrumentation, and bureaucratic delays in the ac-
shear zones (e.g., Goodwin and Renne 1991, Le&uisition and importing of the equipment.
1995, Dunlap 1997); dating of meteorites (e.g., Tur- The CPGeo/USEPAr/3%Ar laboratory also un-
ner 1969, Podosek and Huneke 1973, McConville ejerwent a long licensing process required by Norm
al. 1988); chronology of tektites and impact eventsg o2 from the National Commission of Nuclear En-
(e.g., Izettetal. 1991, Swisher etal. 1992, Culler €lergy (CNEN) for the irradiation of samples at IPEN
al. 2000); sediment provenance studies (e.g., ReNngn the manipulation of radioactive material. This

et al. 1990); dating of diagenetic processes (€.9icensing process required our research group to:
Girard and Onstott 1991, Smith et al. 1993, On-

stott et al. 1997, Dong et al. 1995, 1997); dating « determine the number of irradiations to be car-
of hydrothermal alteration in mineralized environ- ried out each year, the duration of each irradi-

ments (e.g., Turner and Bannon 1992); and weath-  ation, and the position in the reactor where the
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irradiation should be carried out; the mass spectrometer and extraction line; a restric-
) ) ted access laboratory equipped with a microscope,
dey|se appr(?prlat.e.means of sa'mple encapsty me hood, and a lead-lined cabinet for handling
lation to avoid §p|l!|ng samples in th.e reactor 4nqg storing radioactive samples; a sample prepara-
pool or contaminating the samples with reaCtortion room for grain picking and loading irradiation
water; disks; and a plant room housing two UPS units and

identify the radioisotopes produced during neu-transformers.

tron activation of samples and standards;
ELECTRICAL INSTALLATIONS

deviS(_a appropriat(_e shieldi-ng for transferring, \ie designed and built the electrical installations at
handling, and storing irradiated samples; the “°Ar/3Ar laboratory at CPGeo/USP to provide

equip the laboratory with proper signage andclgan fand continuous power to all the instrumen-
access restrictions required for safe handling@tion in the laboratory. The power supply to the
of radioactive material: electronic components was divided into two inde-

pendent systems, precision electronics and power
train the personnel responsible for the opera-electronics, each equipped with its own UPS unit.
tion; The first system contagra 5 KVA, 220 Vmonophase
, L i ) _ Salicru UPS-5000-MI-CB that supplies power to the
!|cense atechnicianina Rad.loprotectlon Train- MAP-215-50 mass spectrometer, its electronic com-
mg Course_for the preparat.|on, use, and han_ponents, and a Keithley 6512 electrometer. The sec-
dling of radioactive sources; ond system, equipped with a 30 KVA, 220V, three-
implement appropriate procedures in case ofPhase Salicru UPS-30-3MlI, supplies power to a Co-
emergency. herent Innova 90 plus Ar-ion laser, a Newport MM-

3000 motion controller, one turbomolecular pump,
After meeting all the requirements above, thetwo rotary pumps, two getter pumps, one Vac-ion
40Ar/3°Ar laboratory received CNEN license No. pump, one ion gauge, one thermocouple gauge, two
AP-0869, which permits production and handling of power Macintosh computers, two printers, a Sony
small quantities of radioisotopes for research pur+elevision monitor and recorder, and the optical il-
poses. luminators for the sample chamber.

Every stage of the project up to the testing Both UPS systems ensure uninterrupted and
stage in the first semester of 1999 received technicatlean power, minimizing noise, current oscillations,
support from staff from the Berkeley Geochronol- and enabling continuous gas extraction and mass
ogy Center, Berkeley, Ca. The final tests, fine tun-spectrometric analysis independently of inter-
ing, and implementation of the analytical proceduresruptions to the external power supply. In case of
were conducted by the two senior authors. Remajor failure to the power supply to the building,
searchers from CPGeo/USP (K. Kawashita, W. Teix-a 150 KVA, 220V, three-phase diesel Stemac gen-
eira, A. T. Onoe) briefly visited similar laboratories erator automatically switches on and provides con-
abroad to compare instrumentation and exchange ininuous power to the laboratory and annexed facil-
formation about technical procedures. ities. Laboratory components not sensitive to mo-
mentary interruptions in the power supply, such as
the air conditioning systems, Polycold cryocooling
The laboratory complex occupies an area of £48 m device, water pumps, laser refrigeration system, air
divided into four interconnected rooms (Fig. 1);: a compressor, fume hood exhaust system, and room
temperature and humidity controlled room housinglighting, draw their electricity from a circuit directly

LABORATORY SIZE AND RooM LAyouT
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Fig. 1-The CPGeo/USPAr3%Ar Laboratory is divided into four main areas: (1) temperature and humidity controlled room housing

the mass spectrometer, extraction line, and the control station; (2) laboratory equipped with a microscope, fume hood, and a lead-lined
cabinet for handling and storing radioactive samples; (3) sample preparation room for grain picking and loading irradiation disks; and
(4) plant room housing two UPS units and transformers. Air compressor, water cooling tower, and grounding Cu-rods are located in

the external area adjacent to the laboratory.
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linked to the diesel generator. awall-mounted 18.000 BTU/h Springer Mondial air
Finally, the laboratory is equipped with a certi- conditioning unit.

fied grounding and lightning protection system that

ensures safety of the equipment and operators and INSTRUMENTATION

minimizes the effects of static charges, environmen- . .- .
_ ) 9 The laboratory equipment can be divided into two
tal perturbations, and telluric currents.

major units: an ultra-high vacuum extraction line
and the MAP-215-50 mass spectrometer (Fig. 1). A

h . lati o ) i h brief description of the extraction line and the mass
The water installation circuit provides cooling to t espectrometer are provided below.

laser system and getter pumps. It consists of a water
cooling tower (ALPINA 4/2 W20-II-CENT) cou- EXTRACTION LINE

pled to a centrifuge fan that promotes water/air heat _
exchange; two water pumps, operating in alternat-' "€ “Ar/**Ar geochronology laboratory at USP is

ing cycles, to pressurize the system; metal and fibefauiPPed with a home built fully automated noble

water filters to ensure water cleanness: and a wate#@s extraction and purification system, illustrated in
circulation system in PVC pipes. Figs. 2 and 3. The system is composed of an optical

Since the flux and pressure required forcoolingtablev where sample visualization and gas extrac-
the getter pumps are low, the circuit is fed directly ion by @ 6-W continuous Ar-ion laser occurs, and a
from the water tower, passing through a metal il Stainless steel ultra-high vacuum (UHV) gas purifi-
ter installed at the exit from the tower and returning €ation system equipped with a Polycold Cryocooler
directly to the tower reservoir. The laser, however,2Nd two C-50 Fe-Ti-Zr SAES getters.
requires greater cooling capacity and clean water
devoid of colloidal particles, microorganisms, and SAMPLE VISUALIZATION AND LASER OPTICS
dissolved salts. To meet these requirements, lasé@Pure mineral grains or rock fragments are placed in a
refrigeration is achieved by re-circulating distilled copper disk, loaded into the UHV sample chamber,
water cooled through a water/water heat exchangand baked to 150-28C (Fig. 2). Several geome-
unit (Coherent Laserpure 40). Continuous flow fromtries for the sample disks are available, depending
the water cooling tower through the Laserpure coolson the size and the number of samples to be an-
the distilled water in the internal reservoir. Hot wa- alyzed. The most commonly used disks are 145—
ter exiting the Laserpure returns to the upper parpit and 221-pit copper disks (Fig. 4). Once the
of the water cooling tower and descends by grav-samples have been loaded into the pits, the disk is
ity to the bottom reservoir exchanging heat with theplaced in a stainless steel ultra-high vacuum sample
atmosphere as it descends. chamber equipped with a 5-cm wide transparent sil-
ica window that permits viewing the interior of the
ultra-high vacuum sample chamber (Fig. 2). This
Two of the four rooms in thé%Ar/3°Ar laboratory — window also permits shinning a laser beam into the
complex require air-conditioning, particularly the sample chamber. The laser beam is stationary and
mass-spectrometry room, where heat sensitivés focussed at the bottom of the central pit in the
equipment such as the Hall probe and the electromopper disk through a divergent and a convergent
multiplier are housed. The mass-spectrometry rooniens system and a &5%nirror, as illustrated in Fig.
is kept at 23-1°C by two independent air condition- 2. The convergent lens is mounted on a moveable
ing systems (an 18.000 BTU/h Carrier Hi Wall and a stage driven by a Newport 850F linear actuator con-
30.000 BTU/h Carrier Split Modernita). The room trolled via a Newport MM3000 motion controller.
housing the UPS units and transformers is cooled bjvlovement of the stage along the beam path permits

WATER INSTALLATIONS

AIR CONDITIONING
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Fig. 2 — Schematic diagram illustrating the main optical components in the laser-heating and sample visualization line. The diagram
also illustrates the ultra-high vacuum sample chamber where single crystals or rock fragments are inserted; the sample chamber moves
on computer controlled linear actuators allowing the grains in the sample chamber to be positioned directly under the stationary laser

beam.

focussing or enlarging the beam at the bottom of theng heating and also permits the whole heating oper-
pits in the sample disk (Fig. 2). ation to be remotely controlled or recorded on tape
Every pit in the copper disk can be placed di- or DVD for future studies.
rectly under the laser beam by moving the sample
chamber, which sits on a moveable stage driven by asgr HEATING
two Newport 850F linear actuators computer con-
trolled via the Newport MM3000 motion controller.
Total travel distance is 50 mm in the x and y direc-
tions, which permits exposing all pits in the copper
disk to the laser beam (Fig. 2).
The samples in the sample chamber are directl

The composition of the sample chamber window
limits the type of laser beam that can be used for
gas extraction: silica window is transparent to Ar-
ion lasers, but absorbs at the common operating fre-
quency of CQ and UV lasers. We use a Coherent
monitored on a SONY 21" Trinitron video screen )éW continuous Ar-ion laser, which emits in the 480-
540 nm wavelenth. A focussed laser beam (beam

(Fig. 1). Image is captured via a Digital CCD | .
: . diameter ca. 10-20m) is used to fuse the sample
camera mounted on an Opto binocular microscope

aligned at 991to the direction of the laser beam. An when total fusion analysis is desirable. The laser

image of the sample pit is reflected into the camerabeam can also be calibrated and preset to desired

through a 48 front surface Al-coated mirror (Fig. beamldlamgt?r E)e'i' 2tn;m) WT'C: permits a Iarlge
1). The image is illuminated through a light source >2TPI€ grain to be heated nearly Nomogeneously.

emitting from the microscope. Direct monitoring Two distinct modes of operation are possible

permits evaluating the behavior of the sample dur-Wlth the extraction systemtotal fusion, when the

laser output power is computer-driven to 3-6 W for
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Fig. 3 — This diagram depicts the layout and the main components constituting the core of the ultra-high vacuum extraction line. All

components are made of stainless steel and bakeable to 38@-400

10-30 seconds, the rock or mineral sample is heatetion appropriate for the study, and the sensitivity and
to~ 1300-2000C and fuses, releasing all of its Ar resolution of the mass spectrometer where the gas
content in a single step; andcremental heating  will be analyzed. If a laser energy output resolution
(or step heating), in which the laser output power greater than that possible with the laser control is de-
is computer-driven to a predetermined value, whichsired, neutral density filters can be placed between
depends on the nature of the mineral or rock unthe divergent and convergent lenses to increase at-
der study, and maintained at that output intensitytenuation of the laser beam (Fig. 2).

for 30-60 seconds. This procedure is repeated sev-

eral times for a sample, at progressively higher lasef3AS PURIFICATION

output power. In the incremental heating method,The gas extracted from a sample must be stripped
several fractions of the Ar gas contained in a sam-of all active gases (N O,, CO;, Hp, H,0, hy-

ple, extracted at progressively higher temperaturesdrocarbons, etc.) before mass spectrometric anal-
are analyzed. Laser output power and the numbeysis. Purification is achieved by allowing the gas to
of steps to be analyzed depend on the nature, sizéiow through a series of cleaning devices mounted
age, and K-content of the sample, the desired resolun an ultra-high vacuum stainless steel extraction
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Fig. 4 — The sample disks routinely used at the CPGeo/t$8F3°Ar Laboratory
contain either 145, 2.1 mm wells, or 221, 1.7 mm wells, imposing a limit on the largest
single crystals or rock fragments (2.1 mm) analyzed by the laser heating method. The
analysis of larger grains, although possible, requires specially made sample disks.

line. Ultra-high vacuum in the extraction line is Gases extracted from mineral/rock samples ex-
achieved and maintained through a VARIAN Turbo- pand into the first stage of the extraction line by
V7LP pump backed by an Edwards E2M5 rotary flowing through a hollow stainless steel tube par-
pump, a VARIAN Noble Diode Vac-lon pump and tially obstructed by a vertical internal wall (cold
two SAES GP50 getter pumps, as illustrated in Fig.finger). The gas must flow through the tip of the
3. The rotary pump is isolated from the turbo pumptube, which is cooled to —138€ through the use of

by an Edwards FL20K filtering system and a Ed-an external Polycold cryocooling device (Fig. 1).
wards BRV-10MK isolation valve to prevent catas- The cold finger helps to freeze GOH,0, hydro-
trophic oil vapor back-flow into the ultra high vac- carbons and other active gases, but does not impede
uum extraction line in the case of turbo pump fail- the passage of noble gases. Any remaining active
ure. Extraction line pressure is monitored through agas not trapped by the cold finger is cracked and ad-
VARIAN UHV-24 nude ionization gauge mounted sorbed onto a SAES C-50 getter cartridge operated
at the exit of the extraction system. The ultra-highat 2.2 A (400-500C) (Fig. 3). After 1-5 minute
vacuum line is equipped with a number of manualcleaning time, the gas is automatically allowed to
and computer controlled valves that allow the flow expand into the second stage of the extraction line,
of gas through the system to be predetermined andlso equipped with a SAES C-50 getter cartridge
remotely controlled, and total extraction line volume operated at 2% to ensure complete removal of ac-
is 406 cc. tive gases (Fig. 3). After an additional 2-5 minute
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cleanup time, the gas is allowed to expand into thehe sample and purified in the extraction line expands
mass spectrometer. Equilibration time is 45s, aftefinto the mass spectrometer, minimizing uncertain-

which mass spectrometry starts. ties due to kinetic-dependent mass discrimination of
Ar isotopes.
MAP-215-50 MASS SPECTROMETER At installation, mass spectrometer sensitivity

The Mass Analyser Products (UK) MAP-215-50 Was 86 x 10-*amps.torr %, “Ar rise rate was % x
mass spectrometer at USP is a 15-cm radius with ext0°A.min~* (ca. 87x10~*3cc.min*) and resolu-
tended geometry and 50mm®sector electrostatic tion was 446, with the mass spectrometer operating
analyzer equipped with a Nier-type source (Nierat 3kV and 20QuA trap current. Since the signals
1940), which ensures high sensitivity and resolutionshown in this study were measured in the electron
(Fig. 5). The mass spectrometer houses two indemultiplier, but sensitivity calculations were carried
pendent collectors, a Faraday collector positionedut in the Faraday detector, it is useful to know the
on the high-mass side of the optic axis and a Balzergelative signals between the two detectors. The feed-
217 electron multiplier positioned on the low-massback resistor used in amplifiers for the Faraday de-
side (Fig. 5). A fixed collector slit enables masstector is 181 and feedback resistor for amplifiers
resolution of ca. 440-450 (10% valley), allowing in the electron multiplier is 1%2; operating gain in
the resolution of all argon peaks from their nearestihe multiplier relative to the Faraday detector was
neighbor hydrocarbon interferences, making it ide-1.2 x 10%.
ally suited for analyzing small gas volumes. Periodic scans, from mass/e 3to 60, in dynamic
The mass-spectrometer vacuumis achieved ang@nd static modes, provide information on the clean-
maintained by an Leybold TRIVAC E D2,5E rotary ness of the system. Representative scans are shown
pump, a VARIAN 30 Ls! Triode ion pump, and a in Fig. 6.
SAES GP50 getter pump equipped with a C-50 car-
tridge. A foreline MDC KMST-100-2 trap and a
Leybold MD-16 manual valve placed between the AUTOMATION
rotary pump and the mass spectrometer prevent oil
back flow into the spectrometer. The ion and getteiThe laboratory is fully automated through Mass
pumps are isolated from the source through VAR-Spec v. 5.11, a Macintosh MS Basic software writ-
IAN all metal valves. The valve isolating the Triode ten specifically for*°Ar/3°Ar analysis and data re-
ion pump from the source (Fig. 5) has been au-duction (Deino 1996, unpublished software man-
tomated in-house to permit remote control throughual). A schematic illustration of the automation in-
pneumatic-driven linear actuators, enabling full au-terface at the USP laboratory is shown in Fig. 7.
tomation of the mass-spectrometric analysis. Full automation is possible because the extraction
The mass spectrometer is directly linked to theline and the mass spectrometer are equipped with re-
extraction line through a stainless steel inlet tubemotely controlled pneumatic-actuated valves. The
(Figs. 1 and 5). The volume in the masssequence of programmable steps in fully automated
spectrometer-inlet tube assembly is isolated fronmode depends on the type of analysis to be carried
the extraction line through a pneumatic controlledout: mass spectrometer blank, full system blank, air
valve. An additional all-metal mini-valve between pipette, or unknown analysis. A brief description
the mass spectrometer and the inlet tube permitsf each type of analysis and automation procedures
completely closing the spectrometer from the ex-during gas extraction and purification are described
ternal environment in case of emergency. The masbelow. Mass spectrometric procedures are the same
spectrometer -inlet tube volume is 1390 cc, whichfor all types of analyses and will be described sub-
ensures that 77% of the gas volume extracted fronsequently.
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Fig. 5—The schematic diagram of the MAP-215-50 noble gas mass spectrometer used
at USP illustrates the relative positions of the sample inlet, the ionizing source, and the
detectors. A pneumatically driven valve separating the source from the VAC-ION pump
permits full automation of sample analysis. Up to 221 samples can be pre-programmed
and run in fully automated mode.

MS BLANK ing the amount of each Ar isotope accumulated in

Atthe CPGeo/USFAI/3Ar laboratory, MS blanks the extraction Ilne_and thfa mas_s spectrometer when
the whole system is kept in static mode for the same

are measured every time a new sample disk is loaded

for analysis and the extraction line is baked-out (ap_perlod of time used when cleaning a fraction of gas

. o extracted from a sample (typically 2-10 minutes).

proximately once a month). Valve positions and . i )
L . .. _The stepsin full system blank analysis and the posi-

cleaning times at each stage are illustrated in Fig. 8., - o
tions of the valves in each step are shown in Fig. 9.

At the CPGeo/USPPAr/3%Ar laboratory, we
measure full system blanks immediately before and
High resolution*®Ar/3°Ar geochronology depends immediately after a mineral/rock grain is analyzed;
on accurate measurement of Arisotope ratios. To erwe also program full system blanks during a min-
sure accurate measurement of the relative volumegral/rock analysis, depending on the type of material
of Ar isotopes extracted from a sample, the massetp be analyzed and the amount of gas expected from
of each Ar isotope present in the extraction line andthe grain. In special circumstances, we may pro-
mass spectrometer (full system blank) must be subgram a full system blank between each step of a
tracted from the mass of these isotopes measured gample if the amount of gas is expected to be very
a sample. This information is obtained by measurJow or very high or if we desire to monitor the vari-

FuLL SYSTEM BLANK
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Fig. 6 — Continuous scans, from m/e 3 to 44, in dynamic (a) and static (b) modes, illustrate the low blanks achieved in the USP

extraction line-mass spectrometer assembly. Scans were controlled by incrementally changing the magnetic field (MF) position.

An. Acad. Bras. Cienc., (2002)74 (2)



308 PAULO M. VASCONCELOS et al.

Power Macintosh
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Fig. 7 — Full automation of the system is achieved using the software Mass Spec run (Deino 1996, unpublished software manual) on a

L

—5

!

Power Macintosh 7100 computer. The system permits automated laser operation, gas extraction and purification, mass spectrometric
analysis, and data reduction, interpretation, and plotting. The whole system can be remotely operated via the internet, and it has
been routinely run from Australia during the past year, making telechronology a common procedure at the CP&&ai3%%

Laboratory.

ation in the system blank during the gas extraction3). Figure 10 illustrates the intensity of the signal
procedure. Blank values fall quickly after bake-out obtained from an air pipette at the USP laboratory.
and the system is ready for analysis within a day Air pipettes are also used to calculate Arisotope
after exchanging sample disks. Figure 10 illustratesnass discrimination due to kinetic effects, ioniza-
the behavior of the blanks in the system at the USRion efficiency, electron multiplier mass dependent

laboratory. response, etc. (McDougall and Harrison 1999, p.
88). An air pipette is measured between each sam-
AIR PIPETTE ple and the discrimination (D) value is calculated

To measure mass spectrometer sensitivity, a knowaccording to the equation below
amountof gas mustbe introduced into the mass spec-
trometer and the intensity of the signal measured in
the Faraday detector. At the USPAr/3°Ar labo-  whereRr; is the true value of the isotope rati®,, is
ratory, we introduce 0.2 cc of purified air from an the measured value of the isotope ratio, 20 is

air pipette (containing approximately2lx 10712 the mass difference between the two isotopes (Renne
moles of Ar) extracted from a 2-liter reservoir at- 2000). The calculated D value is entered into the
tached to the ultra-high vacuum extraction line (Fig.preferencesfile for the Mass Spec program, enabling

A
D =[R//RyY™™
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Pumping Mode Analysis - 8 cycles - Duration = 24 min

SAMPLE
CHAMBER
P
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CHAMBER
P

AR PIPETTE

Automated Manual
Valve Valve

oren ] (o)
crosen [X] ®

Fig. 8 — Diagrammatic illustration of the analytical steps, valves layout, and duration of each procedure during the analysis of a MS

blank. Total duration of a MS blank analysis is approximately 24 min.

automatic correction for mass discrimination effectsheating schedule that ensures, for each step, the re-
during sample analysis. lease of gas volumes comparable with the gas vol-
Valve positions and cleaning times at each stageimes introduced by an air pipette. This procedure
during air pipette analyses are illustrated in Fig. 11.ensures that the discrimination correction deduced
Figure 12aillustrates tHAr/36Ar values measured from the air pipette measurements is applicable to
for a series of air pipettes (in excess of 500) analyzedhe gas samples. We have demonstrated, however,
at the USP laboratory. The results indicate that thehat gas samples ranging from 1/50 to approximately
ratios are relatively constant at ca. 289 (average0 times the volume of an air pipette do not show
= 28914 + 10.86, forn = 731, which includes volume dependent discrimination and are suitable
outliers; and average 28948+2.17, forn = 723, for analysis in our system. The lowermost values
when outliers associated with operating errors areaneasurable depend on system blanks, and signals
deleted), similar to measurements for this parameteb-10 times above blank values are suitable for anal-
carried out in other laboratories and resulting in theysis.
discrimination factors illustrated in Fig. 12b. Figure 10 illustrates the range in gas volumes
extracted during the analysis of a sample disk con-
taining single crystals of Fish Canyon sanidine stan-

_ _ o dards of variable grain sizes. A sample/blank ratio
During sample analysis, each grain in the sampleyt 1.1 js desireable for precise analysis, but smaller

disk is pre-programmed for gas extraction. Samplé&ignais can be reliably measured. Figure 14 illus-
pit position, laser output power, laser beam diamey 516 the range of sample signals measured for gases
ter, laser rise rate and time at full intensity, and gas.yiracted during the analysis of grains of feldspar,
clean-up time are programmed for each grain. Aftélyjgtite muscovite, and phologopite of variable sizes
extraction from the grain, the gas expands through, 4 ranging in age from 80-1900 Ma. All samples
the cold finger into the first stage of the sample chamy oo analyzed by the incremental heating method,
ber. Valve positions and cleaning times for eachyq 4ir pipette was analyzed between each sample

stage are illustrated in Fig. 13. grain, and a blank was analyzed between every two
During gas extraction we attempt to devise a

UNKNOWN
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Gas Extraction - Duration = 30-50 s First Stage Cleanup - Duration = 180 s
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Fig. 9 — Diagrammatic illustration of the analytical steps, valves layout, and duration of each procedure during the analysis of a full

system blank. Total duration of a full system blank analysis is approximately 28 min.

steps of the unknowns. The data in Fig. 14 displaylow the dashed line in the diagram generally yield
a large range in the size of the gas fraction extracteghoorly defined apparent ages.

from samples during incremental heating analyses

and also illustrate clearly the variation in the full MASS SPECTROMETRY

system blank during sample analysis. Immed""‘teh’Mass spectrometric analysis is fully automated and

_after a large signal, the b_Iank_wiII rise momentar- is carried out by the peak hopping method, where
lly (memory effects) but will quickly fall as sample mass/e positions 40, 39, 38, 37, 36, and baseline at

analysis progresses. The results also show that dug—6 2 and 35.8 are measured (Fig. 15). As soon as a

ing laser-incremental heating analysis is not alway%as fraction enters the mass spectrometer, the com-
possible to ensure that a step will release SUfﬁCienbuter drives the magnet to the position of the last
gas for successful analyses. The unknown steps b‘fs'otope measured in the previous cycle, mass/e 36,
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Size of “°Ar Signal in Blanks, Air Pipettes, and FC Standard Sanidine

July 31-August 20, 2000
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Fig. 10 — This plot illustrates the size of tABAr signal (in nA of current measured in the electron multiplier) obtained for blanks, air
pipettes, and grains of Fish Canyon sanidine standards analyzed at the USP laboratory. Notice the rapid decrease in the blank values
immediately after bake out of the extraction line and the more gentle but continuous decrease in blank values. Air-pipette signals
remain relatively constant throughout the analysis of a sample disk. The variation in the intensity*@tisegnal obtained from

single crystals of Fish Canyon sanidine standards illustrates the range of signals that can be accurately measured in our system.

to minimize hysteresis effects and then to the posi39, 38, 37, and 36. To ensure precision, the signals
tion corresponding to the middle of tH8Ar peak  at mass/e 40, 39, 38 and 37 are measured 7 times
top. After 45 seconds, vadv# 7 closes and ®Ar  (integration times of 0.35s with 5 integrations per
peak auto-centering procedure ensures that the extisplayed count) and the signal at mass/e 36 is mea-
act location of the center of tH8Ar peak is deter- sured 25 times. Five to ten cycles are measured for
mined. This auto-centering procedure permits coreach fraction of gas extracted (Fig. 15). Once the
recting for minor drifts in the magnetic field. After 5-10 cycles, from mass/e 40 to 36, are complete, the
auto-centering on mass/e 40, the system measurémseline at mass/e 36.5 is measured again. These
the baseline at positions 36.2 and 35.8 to accounmeasurements are extrapolated to time zero (time of
for detection system noises. gas inlet into the mass spectrometer) and the extrap-
The magnetic field position for ti?Ar peak  olated values are used in age calculation (Fig. 15).
top is updated into the MF Table and the positions An important parameter during mass spectrom-
for mass/e 39, 38, 37, and 36 are automatically upetry is the shape of the signal intensity for each iso-
dated. A cycle is completed by measuring mass/dope vs. time curve (isotope evolution). Linear or
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Pipette Evacuation - Duration = 30 s
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Fig. 11 — Diagrammatic illustration of the analytical steps, valves layout, and duration of each procedure during the analysis of an air

pipette. Total duration of an air pipette analysis is approximately 28 min.

slightly parabolic isotope evolutions permit precisethe mass spectrometer source, a phenomenon gener-
and accurate extrapolation to time zero. Figure 15lly associated with the presence of active gases (i.e.,
illustrates typical evolutions for a blank, a sanidine H) or large volumes of He (Renne 2000) in the ion-
standard, and an air pipette analyses at the USP latzation source. Figure 16 illustrates evolutions for
The nearly linear evolutions obtained suggest thasingle grains of USGS muscovite standard P-207
the gas allowed into the mass spectrometer is suittDalrymple and Lanphere 1969) with and without
ably clean. Evolutions that deviate from linear or the use of the cryocooler. The peak suppression no-
slightly parabolic curves indicate peak supression irticeable in the first column, but absent in the second,
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Instability in high voltage supply-

-emission regulator connector
1 1 1 1 1 1 1 1 1 1 )
o w N © wn ~ © < - ©
o 'd N 3 wn N (=] © d o
- o *? @ hi d w0 @ ~ 5
- - = - = = = - - -
< < < < < < < < < <

Sample Number
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Fig. 12 — Figure 12a illustrates tH@Ar/36Ar values obtained from the analysis of air pipettes during an eight-month period. The

ratios measured are relatively stable, except for a period when a loose connector between the emission regulator-high voltage supply
introduced some noise in the system. Once this problem was resolved, the air ﬁ?pat?@Ar values stabilized at ca. 289. The

40Ar/36Ar values result in the discrimination values illustrated in Fig. 12b.
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Pumping Mode
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Fig. 13 — Diagrammatic illustration of the analytical steps, valves layout, and duration of each procedure during the analysis of a

unknown sample. Total duration of each analysis is approximately 32 min.

attests to the effectiveness of the cryocooler as a gason are fast and permit dating many grains from

purification device.

ANALYTICAL PROCEDURES

The versatility of the*®Ar/2°Ar methodology pro-
vides several options for sample analysistal fu-
sion of mineral/grain separate,incremental-
heating gasextraction (Turner 1969, Reynolds and
Muecke 1978) of mineral/grain separatejmsitu
total fusion (Sutter and Hartung 1984).

The total fusion method and then situ fu-

An. Acad. Bras. Cienc., (2002)74 (2)

the same sample. However, a total fusi&r/3°Ar
analysis is equivalent to a K-Ar analysis. The to-
tal fusion method does not provide information on
a sample’s Ar retention properties, the presence of
multiple generations or contaminants, and the pos-
sible Ar and/or K losses and gains by the sample. In
situ laser fusion analysis presents several other com-
plications. Generally, in situ analysis is desirable in
polished thin sections, where the mineral to be ana-
lyzed has been petrographically described (Dong et
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Size of “Ar Signal in Blanks, Air Pipettes, and Unknowns
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Fig. 14 — This series of blanks, air pipettes, and unknown analyses illustrate the behavior of blanks and air pipettes throughout the
analysis of disk of samples. It is possible to notice the stability of the air pipette signals and the progressive decrease in the system
blank with time, except for momentary increases in blank levels immediately after a large sample signal (memory effects). The figure
also illustrates the large dynamic range of signals measurable in the syste?ﬂd]l@z nA of current in the multiplier). The values

plotted below blanks identify instances in which the laser output power programmed for a step was insufficient to extract any gas from
the sample or instances in which the sample heated was already completely degassed. In these cases, subtraction of the blank values
from the small signals measured results in values plotting below the blank line. The dashed line illustrates the approximate desirable
minimum value of*CAr necessary for accurate and precise analysis. Signals similar or slightly above blank values generally result in

imprecise results.

al. 1997). Irradiation of odd shape samples, suchas The main types of analyses performed at the
thin sections, requires special procedures for placingPGeo/USP*Ar/3°Ar laboratory are total fusion
flux monitors as close as possible to the grain to beand incremental heating analysis of single grains,
analyzed. The large sections irradiated also requirgrain clusters, or rock fragments. Total fusion anal-
special sample handling devices in the sample chamysis are ideal for clean, single phase, homogeneous
ber. Finally, thin section sized-samples increase thgrains with a simple thermal history, when the dis-
background in the sample chamber/extraction linetribution of radiogenic*®Ar* and neutron induced
For the reasons above we do not routinely carry out®Ar is expected to be uniform throughout the grain.
in situ laser fusion. We have so far restricted the single fusion method
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Isotope evolution for Unknown
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Fig. 15 — The isotope signal vs. time curve (isotope evolution) illustrated in this figure show the generally linear or slightly parabolic
curves obtained in the MAP-215-50 spectrometer. The curves also illustrate the typical ascending evolutions for blanks and descending
evolutions for stronger (air pipettes or unknowns) signals. Each cluster of points identifies a cycle. Several measurements of the top

of the peak for each mass/e position (7 measurements for mass/e 40, 39, 38, and 37 and 25 measurements for mass/e 36) at each cycle
improve the precision of the analyses. The measurement of several (5-10) cycles for each isotope ensures greater precision when
extrapolating the values measured to time zero, which is the value used in age calculation.

to the analysis of standards, which, in general, meeprocedure for unknown analysis. The incremental
the requirements above. fusion method, however, requires effective coupling
The incremental heating method is our choserbetween the sample and the laser, which is a func-
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Fig. 16 — The evolutions in the first column correspond to a gas fraction from a hydrous sample (P-207 muscovite) analyzed without
the use of the Polycold cryocooler in the extraction line. The second column illustrates evolutions for the gas fraction extracted from
another P-207 muscovite grain, this time using the cryocooler to trap active gases and water. The peak suppression observed in column

one, and generally associated with the presence of active gase®4{H\», CO,, H>0) in the mass spectrometer source, is absent in
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tion of the laser wavelength and the crystal bond vi-ted to standard crushing and sieving procedures and
bration frequency. Most minerals/rocks couple well pure mineral separates, in the desired size range,
with Ar-ion lasers. However, optically transparent can be obtained. Alternatively, minerals can be ex-
Fe-poor silicates such as quartz and alkali-feldspardracted from desirable areas in the sample (alteration
particularly sanidine, do not couple well, precluding haloes in hydrothermal veins, growth bands in su-
their analysis by the incremental heating methodpergene minerals and ocean floor manganese nod-
Coupling between these crystals and Ar-ion lasersiles, etc.). To this end, sample preparation proce-
in total fusion analyses is ensured by the additiondures should be compatible with the objectives of
of a dark glass made under high vacuum conditionghe study and the types of minerals available for

(zero-age glass or ZAG). geochronology. Detailed procedures for mineral
separation for geochronology of volcanic rocks is
SAMPLE PREPARATION given by Renne (2000). Vasconcelos (1999b) pro-

Sample preparation procedures must take into convides stepwise procedures for sampling and mineral
sideration the type of material (rock, sediment,separation fof°Ar/3°Ar geochronology of weather-
weathering profile, etc.) to be analyzed and theng processes.
objective of the project. Only grains smaller than
2.1 mm are analyzed by the laser-heating methoéRRADIATIOl\I
at the CPGeo/USP laboratory, since 2.1 mm is théAr/*?Ar analysis requires the creation of Ar iso-
maximum diameter of the wells in the sample diskstopes by neutron bombardment in a nuclear reactor.
routinely used (Fig. 4). Grains in tf®2-2.0 mm  Theirradiation is necessary because irffie/3°Ar
range are ideal fdAr/3°Ar analysis using the laser- method, K is indirectly measured by the generation
heating method. Samples larger than 2.0 mm ar@f the nucleogenié®Ar isotope by the reactio?PK
difficult to heat homogeneously with the laser beam (n,p) *°Ar (Merrihue and Turner 1966) and time is
and samples smaller than 0.2 mm may be difficultobtained by the relationship:
to manipulate.

When the desired phase is extremely fine
grained, itis possible to load several individual crys-wherea is the total decay constant f8¥ (5.543

tals in the sample wells and heat these grains withc10-19%-1) (McDougall and Harrison 1999);
a defocused laser beam. This procedure, howevey,, is the decay constant 8fK to “°Ar (0.5808 x

suffers from the difficulty in ensuring that each grain 10-195-1) (McDougall and Harrison 1999%°Ar*

in the copper well is evenly exposed to the lasefis the total amount of radiogenfAr (obtained by
beam, and it often results in heterogeneous heatingubtracting the atmospherf€Ar and “CArx from
of the sample. Spectra obtained when grains argnhe total amount of°Ar measured from the sam-
heated to different temperatures may be difficult tople, where™Ar is the amount of°Ar generated by
interpret and, whenever possible, laser heating ofhe reactiorfK (n,p)“°Ar); and3Ar, is the amount
several grains at the same time is avoided. Finallyof nucleogenic®Ar generated by the reactiofiK
the grain size should also be commensurate with then, p) 3%Ar (obtained by subtracting tH€Arc, from
expected age for the sample: younger samples, relahe total amount of°Ar measured from an aliquot
tively poor in“°Ar*, require larger grains (1-2mm);  of the sample, wher&Arc, is the amount ofAr
grains from older samples, rich fAr*, should be  generated by the reactidfCa (n,«) 3°Ar).

smaller (0.2-1.0 mm) to avoid creating large mem- ] is a dimensionless irradiation parameter de-
ory effects or overloading the electron multiplier.  fined as

When a properly equipped mineral separation 9. 40
laboratory is available, the samples can be submit- J ="K/ K)()‘/’\e)A/WE)"(E)dE

t = YHAnlJ.(*%Ar % /3%Ar) + 1)
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where®*K is the original amount of°K present in  proposed by Renne et al. (1998). For samples older
the sample?®K is the originalamount d°K present  than 700 Ma we use hornblende standard HB3gr
in the samplej and A, are defined as abovey is (10794 1 Ma) (Roddick 1983).
the duration of the irradiationp(E) is the neutron
flux at energy Ep (E) is the neutron capture cross Lid
section at energy E for the reactidik (n,p) *°Ar.

The irradiation parameter J is determined by

> <> o>
irradiating a neutron fluence standard of known age A — S A
placed in the same irradiation container as the un-Disk| > === ===, 3 8 mm
known. Measurements of the amounts*&r and < 4

3%Ar, produced in the standard provides the infor- ! :
mation necessary for calculating J: ‘

. 0 39 — 185mm—
J=(e" =1/ Ar x /77 Ary)
where tis the known age of the standard, determine@ig. 17 — The irradiation disks used at the CPGeo/USP Ar Lab-
independently; is defined as aboveé®Ar* is the  oratory are made of 6063 T5 aluminum and are fitted with a lid
total amount of radiogenit’Ar measured from the  to prevent sample cross-contamination. Neutron fluence monitor
standard3°Ary is the amount of nucleogeniAr  positions (S) are also illustrated in the diagram.

generated by the reactiéPK (n,p) 3°Ar in the stan-
dard. Once the sample and standards are placed inthe

Measurement of°Ar* and 3°Ary in the sam-  correct positions in the irradiation disks (Fig. 17),
ple and standard requires correction for interferingthe disks are closed with appropriate lids and in-

isotopes created by the reactidi€a (n,nr) 3°Ar,  dividually wrapped with Al-foil.  Individually
40Ca (ne) 37Ar, 42Ca (n,«) 3%Ar, and“%K (n,p)4°Ar  wrapped disks are stacked and wrapped together

(Brereton 1970). with Al-foil and placed in a silica tube. This tube is
sealed, ensuring that the samples are not exposed to
IRRADIATION PROCEDURES excessive heating during encapsulation. The sealed

Samples (single crystal, cluster of crystals, rockvial is placed, through remote manipulation tongs,
fragment, glass, etc.) analyzed at the CPGeo/USside a 1.5 mm-wall Cd-container that is stored in-
laboratory are irradiated, together with appropriateside the reactor pool. The Cd-container is finally
neutron flux standards, at the IPEN/CNEN IEA- placed in a rotatable Al-rod and this rod is placed in
R1 nuclear reactor. The samples and standards afge irradiation position 58-5 (Fig. 18), just outside
placed into aluminum containers as illustrated inthe reactor core. After irradiation, the Cd-container
Fig. 17. Several standards are suitable as flux moris removed from the rotatable Al-rod, is remotely
itor and the choice of standard depends on the exopened inside the reactor pool, and only the sealed
pected age for the samp|e to be ana|yzed_ For youn§i tube is removed from the reactor pOOl. This pro-
samples € 4 Ma) we use the Alder Creek sanidine cedure ensures that the sample is properly shielded
standard (1186 0.013 Ma) (Turrin et al. 1994). from excessive thermal neutrons, it avoids handling
For samples in the 2—100 Ma age range, we use Fisff irradiated Cd (highly radioactive), and italso min-
Canyon sanidine, which has an age of®8+ 0.09  imizestherisk of spilling samples inthe reactor pool.
Ma (Renne etal. 1998). For the 50—700 Ma interval

we may choose to we use biotite standard GA-1550 HE IEA-RT NUCLEAR REACTOR AT IPEN/CNEN
(MacDougall and Harrison 1999); however, we haveThe IPEN/CNEN reactor located at USP is a swim-
adopted the 98 + 0.5 Ma age for this standard as ming pool reactor with 5 mega-Watts capacity cur-
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Fig. 18 — The IEA-R1 nuclear reactor at IPEN/CNEN uses 25 fuel elements (disposedsinsanfatrix as illustrated in (a). The
irradiation positions available (hatched areas) are mostly outside the core, which makes them subject to heterogeneous neutron fluxes.
Position EIF58 (arrow) is the one currently used for irradiating minerals/rock sampIéQAd|39Ar geochronology. Figure 19b
illustrates the theoretical neutron flux in the reactor (A-B). The actual flux in irradiation positions EIBE, EIRA34, and EIRA24, EIF58

are illustrated in (c). The fluxes in these positions were determined by measuring the activities produced during the irradiation of gold

foils with the reactor operating at SMW.

rently operating at 2 mega-Watts. The reactor useplacing the IEA-R1 reactor well within the neu-
24 fuel elements, composed of 18 plates @BiJAl  tron flux values of other reactors used*fér/3°Ar

e U30gAl, arranged in a matrix of 5% 5 elements, geochronology (McDougall and Harrison 1999, p.
as shown in Fig. 18. The reactor core is surrounded6).

by graphite reflectors and is water cooled. The re-

actor currently operates in 64-hour shifts (MondayREACTOR CALIBRATION

morning to Wednesday night) imposing limits on Since the IPEN reactor has not been previously cali-
the maximum duration of any continuous irradia- brated for*°Ar/3°Ar geochronology, a series of tests
tion. The theoretical neutron flux in the reactor is are necessary to determine the appropriate irradia-
illustrated in Fig. 18b. Experimental measurementgion procedures and correction parameters. To de-
of fast, epithermal, and thermal neutrons, using goldermine the horizontal variation in the neutron flux
foil, at position 58-5 (and with the reactor operatingat the scale of a single irradiation disk (1.8 cm)
at SMW capacity) are ca..7 x 10'3, 29 x 10*3,  and the precision with which the J-factor can be
and 47 x 10*3 n.cnm2.s7! respectively (Fig. 18c), determined for a disk, Fish Canyon sanidine stan-
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dards, arranged in a radial distribution in the irradi-measured is illustrated in Fig. 20. The results are
ation disk as shown in Fig. 19, were irradiated for comparable to similar tests carried out in the Oregon
24.6 hours. J-factors measured for the disk range&tate University (USA) triga reactor (Vasconcelos,
from 0.001535 to 0.001790, yielding a mean valueunpublished results), indicating that the vertical neu-
of 0.001635, standard deviation of 0.00013, and dron flux does not pose problems for the sample sizes
coefficient of variation of 7.9% (Fig. 19), values un- and the sample disks used in the USP laboratory.
acceptable for precise and accurf&r/3°Ar analy- Finally, to derive correction factors for the re-
sis. The large range of J-values obtained for a singlactions*°Ca (n,nx) 2Ar, 4°Ca (ng) 3Ar, and*?Ca
disk indicates that the horizontal heterogeneity in(n) 3°Ar we irradiated grains of natural fluorite
the neutron flux in the IPEN reactor is very large atwhich were degassed at ca. 12G0n the K-Ar ex-
the irradiation position used. traction line at USP and synthetic Ca-Si-glass. To

To circumvent this problem, a 30-hour irradi- correct for the reactiod’K (n,p) 4%Ar, we irradi-
ation was carried-out with the samples placed in aated synthetic KSO, salt grains precipitated from
rotatable Al-rod driven by an external motor. The a solution made with analytical grade salts. To-
9 m-long rod was inserted into the reactor positiontal fusion analysis of these grains yielded the cor-
EIF58 and the samples were rotated during the irrarection factors listed in Table |. These values are
diation. The rotational and precessional movementsimilar to values for these correction factors ob-
of the sample container inside the Al-rod ensuregdained from similar reactors elsewhere (McDougall
that each position in the irradiation disks receivesand Harrison 1999). Thefar/3’Ar)Ca correction
the same neutron dosage, despite the heterogentactor originally obtained from the natural fluorite
ity intrinsic to the neutron flux. J-factors calculated sample[15.52(+0.15) x 10~4] was higher than the
from the analysis of a minimum of 10 grains of sani- same correction factor obtained from the irradiation
dine Fish Canyon standards from each well rangeaf the synthetic Ca-Si-gla$6.41(+£0.04) x 1074
from 0.004792t0 0.004828 (Fig. 19), yielding meanand twice as large as values obtained for other reac-
value of 0.00481, standard deviation of 0.0000095tors. The higher correction factor obtained from the
and a coefficient of variation of 0.197% for the J- natural fluorite sample probably indicates trace K
factor in a disk, parameters well suited f8Ar/3°Ar  contents in the fluorite, and these values have been
geochronology. discarded.

The discrepancy in J/hour values between the
first and second irradiations arises from differences STANDARD ANALYSIS
in the shelves where the samples were irradiated angrespective of the quality of instrumentation, envi-
not due to differences in reactor operating condi-ronmental conditions, or analytical procedures im-
tions. At both irradiations the reactor was Operatiﬂgp|emented in a laboratory, the only reliable test of
a 2MW output. At 5 MW, the rapid neutron flux at the accuracy and precision of geochronology re-
shelf 1 is 1891 x 102, while the flux at shelf 8 is  suits is the routine analysis of international stan-
1.013x 10" n.cn2.s°%; samples positioned in dif-  dards. To this end, we irradiated and analyzed the
ferent shelves within position EIF58 will be subject standards listed in Table I, obtaining the results
to neutron fluxes which may vary by up to a factor shown in Tables Il and Ill, and illustrated below.
of 5.4. The standards were irradiated and analyzed as un-

Fish Canyon sanidine standards, arranged itknowns using Fish Canyon sanidine (Berkeley split
radial geometry as shown in Fig. 17 and irradiatedy 2, 590-71qum size range), irradiated in the ge-
in ten different sample disks stacked into a verti-ometry shown in Fig. 17, as the neutron fluence
cal column, as illustrated in Fig. 20 (insert), were monitor. All standards, except for P-207 and JTS-1
also analyzed. The vertical variation in neutron flux muscovite and two crystals of GA 1550 biotite, were

An. Acad. Bras. Cienc., (2002)74 (2)



322 PAULO M. VASCONCELOS et al.

SPA9901
without
rotation
Position

J for Disk:
24.6-hour irradiation
Max 0.001790
Min 0.001535
Mean = 0.001635
Stdev = 0.00013
Coef. Variation = 7.9%

SPA0001
with
rotation
Position
58-5

#0142

0.004810 #01591\\0.004812 )/’ #0153 0.004792
0.004824 0.004814

#0149 \ /%0158 #0160 #0154 #0143
0.004812 0.004828 0.004825 0.004812 0.004796

#0157

J for Disk:
30-hour irradiation
Max 0.004828

Min 0.004792
Mean = 0.00481
Stdev = 0.0000095
Coef. Variation = 0.197%

0.004809

Fig. 19 — The numbers in each irradiation disk well (a and b) illustrate the J factors obtained through the irradiation of Fish Canyon
sanidine neutron fluence monitors. The disk in (a) was irradiated in a stationary position, yielding a 7.9% coefficient of variation for the

J factor, revealing the large horizontal heterogeneity in the neutron flux. These results indicate that sample irradiation in a stationary
position is unsuitable fotOAr/3%Ar geochronology unless samples and standards are placed in the same well. This solution, although
possible, would require the analysis of neutron fluence monitors for each sample analyzed, decreasing dramatically the productivity of
the laboratory. Figure 19b illustrates the extremely homogeneous distribution in J-factors (coefficient of variation = 0.197%) obtained
when a disk of Fish Canyon sanidine neutron fluence monitors is irradiated in a rotatable Al-rod. The rotational and precessional
movement of the disk during irradiation ensures that each pit position receives approximately the same neutron dosage, compensating

for the heterogeneity in the neutron flux.
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Irradiation SPA0001
J Factors at each position in irradiation ampoule

323

0.00480 : | . | | |
Y = MO + M1*x + ... M8%¢ + M9*x°
MO 0.0045802
0.00475 | M1 5.46546-06 1
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Fig. 20 — Fish Canyon sanidine neutron fluence monitors positioned in a cross pattern in the irradiation disks as illustrated in Fig. 17

were irradiated and analyzed for each of the 10 stacked disks illustrated in the insert. The J factors measured illustrate the vertical

heterogeneity in the neutron flux.

Relative position (mm)

TABLEI

Data on the IPEN-USP nuclear reactor used for irradiation by the CP-Geo Ar Laboratory.

Reactor, location, Type Cadmium Slow Epithermal Fast
and irradiation Shielding Neutron flux Neutron flux Neutron flux
position nen2s Y | (nem2sY | (nenm2sl
(x1013) (x1013) (x1013)
IPEN IEA-R1
USP, Sao Paulo, Brazi| swimming pool
EIF (58-Level 5) swimming pool | 1.5 mm Cd 4.72 291 1.68
Reactor, location, Jih GOAr/37Anca | CoAr/BTAnca | (%Ar/3PAnKk
and irradiation (x10™%) (x10~% (x10~%4 (x10~%
position
IPEN IEA-R1
USP, Sé&o Paulo, Brazi
EIF (58-Level 5) 1.6 2.39+£0.01 6.41+0.04 7.7+2
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analyzed by the laser total fusion method. Itis worth(Fig. 22b), atthea level, yield weighted mean ages
noting that during the analysis of all standards (ex-of 17.3+0.3 Ma for Bern4B and 1.8$3+0.17 Ma for
cept P-207, two grains from GA 1550, and JTS-1)Bern 4M, results indistinguishable, at the 2on-

a poor connection between the high voltage supplyfidence interval, from the accepted values for these
and the emission regulator in the mass spectromestandards (Table I11). It is not possible, at this stage,
ter (since then fixed) introduced undesirable noisdo ascertain whether the spread of the results reflects
in the system, lowering the quality of the analytical true heterogeneity in the grains analyzed or whether
results. Despite these technical difficulties, we will it reflects noise in the instrumentation, as discussed
show below that the results obtained for the interna-above.

tional standards analyzed are indistinguishable, at

the 2 level, from the accepted age values for these ALA KA-86 (LEPIDOLITE) &

standards. PaLA KA-83 (K-FELDSPAR)

Ten grains of KA-86 and 9 grains of KA-83 (10-
20 mesh) were irradiated and analyzed by the total
Fourty grains of Alder Creek sanidine (10-20 mesh)fusion method. The results, also plotted a¥A6
were irradiated as shown in Fig. 21c (insert) andreleased vs. apparent age in Fig. 23a, show that the
analyzed by the total fusion method. Laser-mineralapparent ages obtained are again not reproducible
interaction was ensured through the use of zero agat 1o level. Probability density plots for the grains
glasses placed in the same sample wells as the ienalyzed (Fig. 23b) yield weighted mean ages of
radiated grains. One grain failed to interact with 92.6+0.5 Ma for KA-83 and 979+ 0.3 Ma for KA-

the laser and yielded no results. The results foi86, results indistinguishable, at the Zonfidence
the other grains, separated into two distinct pop-interval, fromthe accepted values forthese standards
ulations due to differences in irradiation positions (Table IIl). Again, it is not possible at this stage to
(Fig. 21c insert), are illustrated in Fig. 21 and ascertain whether the spread of the results reflects
listed in Table Il. Two grains yield distinctively dif- true heterogeneity in the grains analyzed or whether
ferent results (1.34 and 1.26 Ma, respectively) fromit reflects analytical uncertainties.

the other 37 grains analyzed. It is unclear at this

stage whether these outliers indicate heterogeneit{A-1950BIOTITE

in the sample population. The diagrams and theTwenty-four single crystals or fragments of crystals
tabulated results show that the measured age for thisf GA 1550 biotite, irradiated in two different disks,
standard (11894 0.005 Ma) is indistinguishable, at were analyzed by the total fusion methods. The re-
the 2 confidence level, from the proposed valuessults (listed in Table Il and illustrated in Fig. 24a
for this standard (1.86+ 0.006, Turrin etal. 1994; and b) reveal a relatively homogenous age distribu-
1.194+ 0.007 Ma, Renne et al. 1998). tion, with a mean weighted value for all the grains
analyzed of 998+ 0.15 Ma. This value is indistin-
guishable for the proposed value,8& 0.5 Ma, for
Nine grains of Bern 4M and 6 grains of Bern 4B this standard (Renne et al. 1998). Two single crys-
(10-20 mesh) were irradiated and analyzed by théals were also analyzed by the incremental-heating
total fusion method. The total fusion results, plot- method (Fig. 24c and d), yielding plateau ages of
ted as %°Ar released vs. apparent age in Fig. 22a,98.0 & 0.3 and 973 + 0.3 Ma (each step displays
show that the apparent ages are not reproducible &> errors and plateau ages are defined as three or
1o level; however, the results cluster around the acimore contiguous steps whose uncertainty are within
cepted K-Ar values for these standards (Table 111).20 from the mean), results also compatible with the
Probability density plots for the grains analyzed proposed age for these standards.

ALDER CREEK SANIDINE

BERN 4M (MuscoVITE) & BERN 4B (BIOTITE)
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TABLE Il (continuation)
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Run ID# Sample Mineral 40/—\r/39Ar 38Ar/gg;’-\r 37Ar/39Ar 3G’Ar/?’gAr 404 % /39Ar % Rad Age + Irrad. J + 404 404,
(Ma) (Ma) (nA) (moles)
304-02 GA-1550 biotite 11,681 1,56E-02 0,00E+00 -1,66E-03 12,17 104,2 99,12 0,70 SPA0001-16 0,00464 1,57E-06 0,811 1,55E-14
304-03 GA-1550 biotite 12,859 1,62E-02 0,00E+00 2,26E-03 12,19 94,8 99,27 0,95 SPA0001-16 0,00464 1,57E-06 0,686 1,39E-14
304-04 GA-1550 biotite 12,906 1,69E-02 0,00E+00 2,50E-03 12,17 94,3 99,08 0,66 SPA0001-16 0,00464 1,57E-06 0,503 9,63E-15
304-05 GA-1550 biotite 12,919 1,77E-02 5,74E-03 2,94E-03 12,05 93,3 98,16 0,38 SPA0001-16 0,00464 1,57E-06 0,602 1,15E-14
304-06 GA-1550 biotite 13,297 1,56E-02 2,10E-02 3,53E-03 12,25 92,2 99,77 0,40 SPA0001-16 0,00464 1,57E-06 0,676 1,30E-14
304-07 GA-1550 biotite 12,851 1,65E-02 0,00E+00 1,63E-03 12,37 96,3 100,68 0,67 SPA0001-16 0,00464 1,57E-06 0,425 8,13E-15
304-08 GA-1550 biotite 12,707 1,48E-02 0,00E+00 1,54E-03 12,25 96,4 99,75 041 SPA0001-16 0,00464 1,57E-06 0,619 1,20E-14
304-09 GA-1550 biotite 13,093 1,18E-02 3,23E-03 3,08E-03 12,18 93,0 99,19 081 SPA0001-16 0,00464 1,57E-06 1,335 2,72E-14
304-10 GA-1550 biotite 13,130 1,63E-02 0,00E+00 2,87E-03 12,28 935 99,99 0,33 SPA0001-16 0,00464 1,57E-06 0,527 1,01E-14
304-11 GA-1550 biotite 12,479 1,71E-02 1,52E-02 1,52E-03 12,03 96,4 97,98 0,25 SPA0001-16 0,00464 1,57E-06 1,495 2,85E-14
304-12 GA-1550 biotite 12,573 1,68E-02 0,00E+00 1,51E-03 12,13 96,5 98,75 023 SPA0001-16 0,00464 1,57E-06 1,828 3,49E-14
315-01 GA-1550 biotite 14,058 1,79E-02 2,99E-03 5,97E-03 12,29 875 99,45 0,34 SPA0001-17 0,00461 1,54E-06 1,264 2,49E-14
315-02 GA-1550 biotite 12,575 1,73E-02 0,00E+00 1,33E-03 12,18 96,9 98,56 0,44 SPA0001-17 0,00461 1,54E-06 0,651 1,25E-14
315-03 GA-1550 biotite 12,491 1,60E-02 3,68E-03 1,24E-03 12,13 97,1 98,13 0,37 SPA0001-17 0,00461 1,54E-06 0,678 1,29E-14
315-04 GA-1550 biotite 13,221 1,60E-02 3,27E-03 3,20E-03 12,28 92,9 99,32 042 SPA0001-17 0,00461 1,54E-06 0,583 1,11E-14
315-05 GA-1550 biotite 12,925 1,57E-02 0,00E+00 2,07E-03 12,31 95,3 99,59 0,30 SPA0001-17 0,00461 1,54E-06 0,809 1,55E-14
315-06 GA-1550 biotite 12,696 1,59E-02 1,90E-03 1,39E-03 12,28 96,8 99,38 0,33 SPA0001-17 0,00461 1,54E-06 0,867 1,66E-14
315-07 GA-1550 biotite 13,425 1,82E-02 0,00E+00 4,16E-03 12,20 90,8 98,68 0,73 SPA0001-17 0,00461 1,54E-06 0,463 8,71E-15
315-08 GA-1550 biotite 13,443 1,51E-02 0,00E+00 4,09E-03 12,23 91,0 98,98 0,45 SPA0001-17 0,00461 1,54E-06 0,572 1,09E-14
315-09 GA-1550 biotite 14,049 1,67E-02 0,00E+00 5,98E-03 12,28 87,4 99,35 0,28 SPA0001-17 0,00461 1,54E-06 1,205 2,30E-14
315-10 GA-1550 biotite 12,634 1,53E-02 0,00E+00 1,11E-03 12,31 97,4 99,54 0,36 SPA0001-17 0,00461 1,54E-06 0,640 1,22E-14
315-11 GA-1550 biotite 13,034 1,57E-02 0,00E+00 2,58E-03 12,27 94,1 99,26 0,44 SPA0001-17 0,00461 1,54E-06 0,569 1,09E-14
315-12 GA-1550 biotite 13,004 1,73E-02 2,05E-03 2,54E-03 12,25 94,2 99,13 0,33 SPA0001-17 0,00461 1,54E-06 0,898 1,72E-14
315-13 GA-1550 biotite 13,043 1,70E-02 3,79E-03 2,68E-03 12,25 93,9 99,11 0,30 SPA0001-17 0,00461 1,54E-06 1,044 1,99E-14

arithmetic mean = 99,17 0,45

stdev = 0,61
median=99,22 0,39

weighted mean =+ error = 99.08 & 0.15 Ma
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TABLE Il (continuation)

Run ID# Sample Mineral 40Ar/39Ar 38Ar/39Ar 37Ar/3-9Ar 3E’Ar/ggAr 40p; /39Ar % Rad Age + Irrad. J + 404, 404,
(Ma) (Ma) (nA) (moles)
194-02 BERN-4M muscovite 3,067 1,13E-02 8,90E-04 2,83E-03 2,229 72,7 18,92 0,23 SPA0001-11 0,00473 1,58E-06 0,360 6,88E-15
194-03 BERN-4M muscovite 2,820 1,14E-02 0,00E+00 2,03E-03 2,219 78,7 18,84 0,12 SPA0001-11 0,00473 1,58E-06 0,522 9,98E-15
194-04 BERN-4M muscovite 3372 1,12E-02 2,35E-03 3,74E-03 2,265 67,2 19,23 0,35 SPA0001-11 0,00473 1,58E-06 0,332 6,29E-15
194-05 BERN-4M muscovite 3,839 1,14E-02 4,03E-04 5,34E-03 2,261 58,9 19,19 0,19 SPA0001-11 0,00473 1,58E-06 0,543 1,04E-14
194-06 BERN-4M muscovite 2,467 1,06E-02 0,00E+00 1,23E-03 2,104 85,3 17,87 0,13 SPA0001-11 0,00473 1,58E-06 0,351 6,77E-15
194-07 BERN-4M muscovite 4,112 1,17E-02 3,69E-04 6,67E-03 2,142 52,1 18,18 0,29 SPA0001-11 0,00473 1,58E-06 0,506 9,80E-15
194-08 BERN-4M muscovite 3121 1,09E-02 0,00E+00 3,10E-03 2,202 70,6 18,70 0,22 SPA0001-11 0,00473 1,58E-06 0,389 7,42E-15
194-09 BERN-4M muscovite 3,041 1,10E-02 3,72E-03 2,95E-03 2,169 713 18,41 0,28 SPA0001-11 0,00473 1,58E-06 0,680 1,30E-14
194-10 BERN-4M muscovite 2,959 1,11E-02 1,12E-05 2,72E-03 2,154 72,8 18,29 0,14 SPA0001-11 0,00473 1,58E-06 0,474 9,04E-15
arithmetic mean = 18,63 0,22
stdev = 0,47
median=18,70 0,22
weighted mean + error = 18.53 + 0.17 Ma
172-02 BERN-4B biotite 2,297 1,07E-02 8,01E-03 8,83E-04 2,036 88,7 17,22 0,16 SPA0001-10 0,00471 1,59E-06 0,176 3,36E-15
172-04 BERN-4B biotite 2,442 1,07E-02 0,00E+00 9,25E-04 2,168 88,8 18,33 0,23 SPA0001-10 0,00471 1,59E-06 0,153 2,91E-15
172-05 BERN-4B biotite 2,346 1,06E-02 0,00E+00 9,01E-04 2,079 88,6 17,58 0,25 SPA0001-10 0,00471 1,59E-06 0,114 2,16E-15
172-06 BERN-4B biotite 2,566 1,13E-02 0,00E+00 1,58E-03 2,097 817 17,73 0,30 SPA0001-10 0,00471 1,59E-06 0,085 1,62E-15
172-07 BERN-4B biotite 2,384 1,13E-02 9,63E-03 1,21E-03 2,026 85,0 17,14 0,23 SPA0001-10 0,00471 1,59E-06 0,116 2,22E-15
172-10 BERN-4B biotite 2,268 1,06E-02 0,00E+00 9,40E-04 1,990 87,8 16,83 0,16 SPA0001-10 0,00471 1,59E-06 0,217 4,10E-15
172-09A BERN-4B biotite 2,611 1,07E-02 0,00E+00 9,52E-04 2,329 89,2 19,68 1,27 SPA0001-10 0,00471 1,59E-06 0,022 4,26E-16

arithmetic mean=17,79 0,22

stdev = 0,96

median=17,58 0,23

weighted mean =+ error = 17.3 + 0.2 Ma
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TABLE Il (continuation)

Run ID# Sample Mineral 40Ar/SgAr 38Ar/sgAr 37/—\r/39Ar 36;’-\r/g’gAr 40pr % /39Ar % Rad Age + Irrad. J + 404, 404,
(Ma) (Ma) (nA) (moles)
183-01 KA-86 lepidolite 12,410 1,12E-02 0,00E+00 1,96E-03 11,832 95,3 98,24 0,25 SPA0001-11 0,00473 1,58E-06 13,449 2,57E-13
183-02 KA-86 lepidolite 12,301 1,11E-02 0,00E+00 1,91E-03 11,737 95,4 97,47 0,19 SPA0001-11 0,00473 1,58E-06 15,132 2,89E-13
183-03 KA-86 lepidolite 12,116 1,11E-02 0,00E+00 9,33E-04 11,840 97,7 98,30 0,37 SPA0001-11 0,00473 1,58E-06 11,394 2,17E-13
183-04 KA-86 lepidolite 12,692 1,14E-02 0,00E+00 2,74E-03 11,880 93,6 98,63 0,42 SPA0001-11 0,00473 1,58E-06 10,165 1,94E-13
183-05 KA-86 lepidolite 12,162 1,11E-02 0,00E+00 1,27E-03 11,786 96,9 97,87 0,26 SPA0001-11 0,00473 1,58E-06 18,894 3,65E-13
183-06 KA-86 lepidolite 12,570 1,12E-02 1,33E-03 2,73E-03 11,762 93,6 97,67 0,25 SPA0001-11 0,00473 1,58E-06 3,230 6,17E-14
183-07 KA-86 lepidolite 12,168 1,10E-02 0,00E+00 1,46E-03 11,735 96,4 97,46 0,23 SPA0001-11 0,00473 1,58E-06 5,702 1,09E-13
183-08 KA-86 lepidolite 12,910 1,15E-02 0,00E+00 3,14E-03 11,983 92,8 99,46 0,62 SPA0001-11 0,00473 1,58E-06 11,059 2,15E-13
183-09 KA-86 lepidolite 12,515 1,13E-02 0,00E+00 2,45E-03 11,791 94,2 97,91 0,26 SPA0001-11 0,00473 1,58E-06 13,926 2,66E-13
183-10 KA-86 lepidolite 12,655 1,14E-02 0,00E+00 2,84E-03 11,817 934 98,12 0,28 SPA0001-11 0,00473 1,58E-06 1,733 3,32E-14
arithmetic mean =98,11 0,31
stdev = 0,60
median=98,01 0,26
weighted mean =+ error = 97.9 + 0.3 Ma

187-01 KA-83 orthoclase 11,692 1,10E-02 0,00E+00 1,74E-03 11,177 95,6 92,94 0,25 SPA0001-11 0,00473 1,58E-06 28,935 5,55E-13
187-02 KA-83 orthoclase 11,752 1,10E-02 0,00E+00 2,05E-03 11,145 94,8 92,68 0,22 SPA0001-11 0,00473 1,58E-06 16,932 3,25E-13
187-03 KA-83 orthoclase 11,690 1,10E-02 0,00E+00 1,43E-03 11,268 96,4 93,67 0,44 SPA0001-11 0,00473 1,58E-06 21,477 4,17E-13
187-04 KA-83 orthoclase 14,322 1,28E-02 0,00E+00 1,09E-02 11,112 776 92,41 0,50 SPA0001-11 0,00473 1,58E-06 25,838 5,00E-13
187-05 KA-83 orthoclase 11,784 1,09E-02 0,00E+00 2,51E-03 11,041 93,7 91,84 0,45 SPA0001-11 0,00473 1,58E-06 32,994 6,29E-13
187-06 KA-83 orthoclase 12,159 1,13E-02 0,00E+00 3,15E-03 11,226 92,3 93,34 0,22 SPA0001-11 0,00473 1,58E-06 56,626 1,08E-12
187-07 KA-83 orthoclase 12,088 1,13E-02 0,00E+00 3,33E-03 11,102 91,8 92,33 0,19 SPA0001-11 0,00473 1,58E-06 21,943 4,19E-13
187-08 KA-83 orthoclase 11,630 1,10E-02 0,00E+00 1,58E-03 11,163 96,0 92,83 0,28 SPA0001-11 0,00473 1,58E-06 43,322 8,28E-13
187-09 KA-83 orthoclase 11,851 1,13E-02 0,00E+00 2,95E-03 10,980 92,7 91,34 0,23 SPA0001-11 0,00473 1,58E-06 14,512 2,78E-13

arithmetic mean = 92,60 0,31
stdev = 0,72
median=92,68 0,25
weighted mean + error = 92.6 = 0.5 Ma
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TABLE Il (continuation)
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Run ID# Sample Mineral 40/-\r/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/?’gAr 404 4 /39Ar % Rad Age + Irrad. J + 404, 404,
(Ma) (Ma) (nA) (moles)
0198-01A P-205 muscovite 12,23 1,41E-02 0,00E+00 1,59E-02 7,55 61,7 63,26 10,56 SPA0001-11 0,00473 1,58E-06 0,013 2,38E-16
0198-01B P-205 muscovite 11,71 9,31E-03 0,00E+00 6,23E-03 9,87 84,3 82,28 2,17 SPA0001-11 0,00473 1,58E-06 0,065 1,26E-15
0198-01C P-205 muscovite 10,35 1,10E-02 0,00E+00 1,44E-03 9,92 95,9 82,76 0,36 SPA0001-11 0,00473 1,58E-06 0,489 9,31E-15
0198-01D P-205 muscovite 10,28 1,09E-02 0,00E+00 9,65E-04 9,99 97,2 83,33 0,22 SPA0001-11 0,00473 1,58E-06 1,460 2,80E-14
0198-01E P-205 muscovite 9,75 1,05E-02 0,00E+00 2,27E-04 9,69 99,3 80,81 0,20 SPA0001-11 0,00473 1,58E-06 1,631 3,12E-14
0198-01F P-205 muscovite 9,69 1,04E-02 1,44E-03 1,98E-04 9,63 99,4 80,35 0,22 SPA0001-11 0,00473 1,58E-06 1,063 2,03E-14
0198-01G P-205 muscovite 9,85 1,03E-02 1,71E-02 3,86E-04 9,74 98,9 81,22 0,59 SPA0001-11 0,00473 1,58E-06 0,232 4,45E-15
0198-01H P-205 muscovite 9,85 1,06E-02 9,25E-03 1,42E-04 9,81 99,6 81,79 0,25 SPA0001-11 0,00473 1,58E-06 0,944 1,80E-14
0198-011 P-205 muscovite 10,03 1,10E-02 2,82E-02 4,18E-04 991 98,8 82,64 0,51 SPA0001-11 0,00473 1,58E-06 0,298 5,67E-15
0198-02A P-205 muscovite 11,74 1,31E-02 0,00E+00 1,22E-02 8,14 69,3 68,18 2,54 SPA0001-11 0,00473 1,58E-06 0,058 111E-15
0198-02B P-205 muscovite 10,51 1,11E-02 0,00E+00 2,13E-03 9,88 94 82,41 0,76 SPA0001-11 0,00473 1,58E-06 0,198 3,77E-15
0198-02C P-205 muscovite 10,27 1,07E-02 0,00E+00 5,70E-04 10,10 98,4 84,17 0,22 SPA0001-11 0,00473 1,58E-06 1,162 2,21E-14
0198-02D P-205 muscovite 9,96 1,10E-02 1,23E-03 2,57E-04 9,89 99,2 82,46 0,23 SPA0001-11 0,00473 1,58E-06 0,994 1,90E-14
0198-02E P-205 muscovite 10,03 1,10E-02 1,23E-02 5,03E-04 9,88 98,5 82,42 0,30 SPA0001-11 0,00473 1,58E-06 0,587 112E-14
0198-02F P-205 muscovite 9,98 1,06E-02 0,00E+00 1,95E-04 9,92 99,4 82,71 0,40 SPA0001-11 0,00473 1,58E-06 0,374 7,15E-15
0198-02G P-205 muscovite 10,09 9,50E-03 0,00E+00 -6,36E-04 10,27 101,9 85,60 0,91 SPA0001-11 0,00473 1,58E-06 0,128 2,44E-15
0198-02H P-205 muscovite 10,07 1,02E-02 1,06E-02 9,32E-07 10,07 100 83,91 1,16 SPA0001-11 0,00473 1,58E-06 0,111 2,12E-15
0198-02I P-205 muscovite 10,07 1,05E-02 1,74E-02 5,17E-05 10,05 99,9 83,81 0,46 SPA0001-11 0,00473 1,58E-06 0,327 6,23E-15
0198-02J P-205 muscovite 10,04 1,04E-02 0,00E+00 -6,47E-04 10,23 101,9 85,26 147 SPA0001-11 0,00473 1,58E-06 0,076 1,45E-15
0198-03A P-205 muscovite 10,15 1,37E-02 1,86E-01 1,00E-02 7,20 70,9 60,41 5,64 SPA0001-11 0,00473 1,58E-06 0,019 3,69E-16
0198-03B P-205 muscovite 23,17 1,88E-02 2,49E-02 4,86E-02 8,81 38 73,65 341 SPA0001-11 0,00473 1,58E-06 0,140 2,68E-15
0198-03C P-205 muscovite 14,10 1,38E-02 0,00E+00 1,20E-02 10,55 748 87,84 1,09 SPA0001-11 0,00473 1,58E-06 0,228 4,35E-15
0198-03D P-205 muscovite 10,58 1,11E-02 1,96E-03 2,79E-04 10,49 99,2 87,40 0,31 SPA0001-11 0,00473 1,58E-06 0,825 1,58E-14
0198-03E P-205 muscovite 9,88 1,10E-02 0,00E+00 1,27E-04 9,84 99,6 82,10 0,21 SPA0001-11 0,00473 1,58E-06 1,466 2,81E-14
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TABLE Il (continuation)

Run ID# Sample Mineral 40Ar/39Ar 38Ar/ST)Ar 37Ar/3§Ar 36Ar/?’gAr 404 % /39Ar % Rad Age + Irrad. J + 404r 40pr
(Ma) (Ma) (nA) (moles)
0198-03F P-205 muscovite 9,55 1,08E-02 0,00E+00 7,12E-05 9,53 99,8 79,54 0,27 SPA0001-11 0,00473 1,58E-06 0,652 1,24E-14
0198-03G P-205 muscovite 9,85 1,09E-02 0,00E+00 3,26E-04 9,75 99 81,33 0,25 SPA0001-11 0,00473 1,58E-06 0,836 1,60E-14
0198-03H P-205 muscovite 9,87 1,06E-02 0,00E+00 3,83E-04 9,75 98,9 81,35 0,48 SPA0001-11 0,00473 1,58E-06 0,294 5,66E-15
0198-03I P-205 muscovite 9,93 1,09E-02 5,94E-04 2,49E-04 9,86 99,3 82,23 0,27 SPA0001-11 0,00473 1,58E-06 0,658 1,26E-14
0198-03J P-205 muscovite 9,95 1,09E-02 7,41E-03 1,19-04 9,92 99,7 82,69 0,30 SPA0001-11 0,00473 1,58E-06 0,589 1,13E-14
0198-04A P-205 muscovite 10,64 1,13E-02 0,00E+00 9,70E-03 7,77 73 65,10 2,20 SPA0001-11 0,00473 1,58E-06 0,057 1,10E-15
0198-04B P-205 muscovite 11,24 1,17E-02 1,28E-02 3,72E-03 10,15 90,2 84,57 054 SPA0001-11 0,00473 1,58E-06 0,377 7,19E-15
0198-04C P-205 muscovite 10,15 1,09E-02 2,97E-04 5,93E-04 9,97 98,3 83,16 0,19 SPA0001-11 0,00473 1,58E-06 1,660 3,17E-14
0198-04D P-205 muscovite 9,73 1,08E-02 0,00E+00 1,94E-04 9,67 99,4 80,67 0,23 SPA0001-11 0,00473 1,58E-06 0,969 1,85E-14
0198-04E P-205 muscovite 9,68 1,09E-02 0,00E+00 3,79E-04 9,57 98,8 79,87 0,23 SPA0001-11 0,00473 1,58E-06 0,899 1,72E-14
0198-04F P-205 muscovite 9,66 1,08E-02 3,42E-03 5,10E-04 9,51 98,4 79,35 0,35 SPA0001-11 0,00473 1,58E-06 0,429 8,20E-15
0198-04G P-205 muscovite 9,60 1,12E-02 6,16E-05 6,26E-04 9,42 98,1 78,61 0,49 SPA0001-11 0,00473 1,58E-06 0,268 5,12E-15
0198-04H P-205 muscovite 9,50 1,10E-02 0,00E+00 7,34E-04 9,28 97,7 77,50 0,40 SPA0001-11 0,00473 1,58E-06 0,385 7,31E-15
0198-041 P-205 muscovite 9,87 1,15E-02 8,23E-03 4,45E-04 9,74 98,7 81,24 0,56 SPA0001-11 0,00473 1,58E-06 0,234 4,49E-15
0198-04J P-205 muscovite 9,86 1,08E-02 1,14E-02 2,11E-04 9,79 99,4 81,70 041 SPA0001-11 0,00473 1,58E-06 0,338 6,46E-15
0198-05A P-205 muscovite 12,75 1,42E-02 0,00E+00 1,51E-02 8,28 64,9 69,32 315 SPA0001-11 0,00473 1,58E-06 0,046 8,78E-16
0198-05B P-205 muscovite 10,40 1,06E-02 0,00E+00 1,54E-03 9,94 95,6 82,88 041 SPA0001-11 0,00473 1,58E-06 0,453 8,63E-15
0198-05C P-205 muscovite 10,01 1,08E-02 3,45E-03 9,39E-04 9,73 97,2 81,18 0,28 SPA0001-11 0,00473 1,58E-06 0,648 1,24E-14
0198-05D P-205 muscovite 10,13 1,11E-02 0,00E+00 5,68E-04 9,97 98,3 83,10 0,20 SPA0001-11 0,00473 1,58E-06 1911 3,66E-14
0198-05E P-205 muscovite 9,82 1,07E-02 0,00E+00 1,21E-04 9,79 99,6 81,63 0,20 SPA0001-11 0,00473 1,58E-06 1,376 2,62E-14
0198-05F P-205 muscovite 9,76 1,07E-02 0,00E+00 1,56E-04 9,71 99,5 81,02 0,31 SPA0001-11 0,00473 1,58E-06 0,573 1,09E-14
0198-05G P-205 muscovite 9,83 1,05E-02 0,00E+00 2,54E-04 9,76 99,2 81,41 0,37 SPA0001-11 0,00473 1,58E-06 0,402 7,66E-15
0198-05H P-205 muscovite 9,88 1,05E-02 0,00E+00 3,15E-04 9,79 99,1 81,66 0,45 SPA0001-11 0,00473 1,58E-06 0,287 5,50E-15
0198-05I P-205 muscovite 9,97 1,05E-02 0,00E+00 3,35E-05 9,96 99,9 83,04 0,29 SPA0001-11 0,00473 1,58E-06 0,515 9,81E-15
0198-05J P-205 muscovite 9,91 1,06E-02 0,00E+00 -1,04E-04 9,94 100,3 82,89 0,32 SPA0001-11 0,00473 1,58E-06 0,536 1,03E-14

arithmetic mean = 80,36 0,60

stdev = 5,72

median=81,65 0,31

weighted mean + error = 82.0 + 0.5 Ma
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TABLE Il (continuation)

Run ID# Sample Mineral 4’OAr/agAr 38Ar/?’gAr 37Ar/‘?’gAr 36Ar/3gAr 404 4 /39Ar % Rad Age + Irrad. J + 404, 40p,
(Ma) (Ma) (nA) (moles)
0184-01A JIS1 muscovite 100,32 3,02E-02 0,00E+00 1,07E-01 68,64 68,4 507,26 14,34 SPA0001-11 0,00473 1,58E-06 0,136 2,60E-15
0184-01B JIs1 muscovite 77,16 1,49E-02 0,00E+00 9,90E-03 74,23 96,2 542,90 6,20 SPA0001-11 0,00473 1,58E-06 0,256 4,89E-15
0184-01C JIS1 muscovite 81,62 1,14E-02 0,00E+00 1,06E-02 78,50 96,2 569,64 4,51 SPA0001-11 0,00473 1,58E-06 0,560 1,07E-14
0184-01D JIS1 muscovite 78,21 1,12E-02 0,00E+00 3,16E-03 7727 98,8 562,01 193 SPA0001-11 0,00473 1,58E-06 1,531 2,93E-14
0184-01E JIS1 muscovite 78,14 1,09E-02 0,00E+00 2,26E-03 77,47 99,1 563,24 1,30 SPA0001-11 0,00473 1,58E-06 5,664 1,08E-13
0184-01F JIS1 muscovite 77,76 1,09E-02 0,00E+00 7,75E-04 77,53 99,7 563,61 1,09 SPA0001-11 0,00473 1,58E-06 12,120 2,33E-13
0184-01G JIS1 muscovite 77,45 1,08E-02 0,00E+00 1,10E-03 77,12 99,6 561,08 117 SPA0001-11 0,00473 1,58E-06 13,268 2,54E-13
0184-01H JIS1 muscovite 78,02 1,13E-02 0,00E+00 2,38E-03 77,31 99,1 562,26 112 SPA0001-11 0,00473 1,58E-06 21,700 4,15E-13
0184-011 JIS1 muscovite 77,71 1,10E-02 0,00E+00 4,52E-04 77,58 99,8 563,91 1,18 SPA0001-11 0,00473 1,58E-06 25,493 4,88E-13
0184-01J JIS1 muscovite 77,89 1,07E-02 0,00E+00 1,22E-04 77,86 100 565,65 1,03 SPA0001-11 0,00473 1,58E-06 29,245 5,60E-13
0184-02A JIS1 muscovite 73,97 1,26E-02 0,00E+00 8,44E-03 71,47 96,6 525,39 514 SPA0001-11 0,00473 1,58E-06 0,341 6,53E-15
0184-02B JIS1 muscovite 80,74 1,27E-02 2,49E-03 4,78E-03 79,33 98,3 574,83 3,60 SPA0001-11 0,00473 1,58E-06 0,754 1,44E-14
0184-02C JIS1 muscovite 77,95 1,14E-02 0,00E+00 1,05E-03 77,65 99,6 564,33 1,48 SPA0001-11 0,00473 1,58E-06 3272 6,25E-14
0184-02D JIS1 muscovite 77,59 1,12E-02 0,00E+00 9,01E-04 77,32 99,7 562,30 112 SPA0001-11 0,00473 1,58E-06 9,931 1,89E-13
0184-02E JIS1 muscovite 7717 1,09E-02 0,00E+00 2,72E-04 77,08 99,9 560,83 129 SPA0001-11 0,00473 1,58E-06 19,319 3,69E-13
0184-02F JIS1 muscovite 77,23 1,08E-02 0,00E+00 7,02E-05 77,21 100 561,60 1,16 SPA0001-11 0,00473 1,58E-06 9,699 1,86E-13
0184-02G JIS1 muscovite 77,50 1,08E-02 0,00E+00 2,75E-04 77,42 99,9 562,90 113 SPA0001-11 0,00473 1,58E-06 7,582 1,45E-13
0184-02H JIS1 muscovite 77,82 1,08E-02 0,00E+00 1,88E-04 77,77 99,9 565,09 138 SPA0001-11 0,00473 1,58E-06 5,125 9,80E-14
0184-021 JIS1 muscovite 77,20 1,09E-02 0,00E+00 2,30E-05 77,19 100 561,52 1,56 SPA0001-11 0,00473 1,58E-06 2,036 3,88E-14
0184-02J JIS1 muscovite 78,07 1,09E-02 0,00E+00 2,84E-05 78,06 100 566,93 1,05 SPA0001-11 0,00473 1,58E-06 12,630 2,41E-13

arithmetic mean = 558,36 2,64

stdev =15,77

median=562,60 1,30

weighted mean =+ error = 563.2 £+ 0.9 Ma

The results above were obtained using Fish Canyon sanidine as the neutron fluence monitor. Five individual
crystals of sanidine wereirradiated from each pit, as shownin Fig. 17, and atotal of 25 grains were analysed

for calculating the J factor for each disk.
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Pa—

Fig. 21 — Thirty-nine single crystals of Alder Creek sanidine standards irradiated in the positions shown in Fig. 21c (insert) and
analyzed by the total fusion method yield the resultsillustrated in (a). The total fusion results (1) are plotted in a cumulative %39Ar
released vs. apparent age diagram, an unusual way of illustrating total fusion results, to facilitate visualizing the relative sizes of the
grains (approximately proportional to the amount of 3% rel eased). The plot also helps visualizing the reproducibility of the results
among grains of the same sample (sameirradiation pit) and between samples. The resultsfor two grains are quite distinct from the rest
of the samples, possibly indicating heterogeneity in the sample or the presence of a contaminant. It isalso clear from the diagrams that
the results are not reproducible at the 1o confidence level. The integrated ages (equivalent to atotal fusion age and, in the absence of
recoil, to the K-Ar age for the sample) calculated from the total gas yielded from each sample are 1.198 + 0.002 and 1.180 + 0.002,
compatible, at the 20 confidence level, with the proposed age for these standards. The probability density plot for the results (c)
illustrate awell defined age distribution with mean weighted averages for grains from each sampleyielding ages of 1.178 + 0.004 and
1.199 + 0.009. The mean weighted average for the entire sampleis 1.189 4 0.005, aresult entirely compatible with the accepted value
for this standard (Table I11).

TABLE 111

Standards analyzed at USP.

Std No. Mineral K-Ar 4OAr/39Ar 40Ar/39Ar
(Ma) 1o (Ma) 1o (Ma) £1o
(published) weighted mean =+ error

(error propagation according to Taylor, 1982)
includes error in J

(CPGeo/USP Lab)

Skl muscovite | 572.7 +10.7% - 563.2+0.9
GA 1550 biotite 97.9+0.9¢ 98.8 +£0.5¢ 99.08 + 0.15
KA-86 lepidolite 97.3+3.1° - 97.9+0.3
KA-83 | orthoclase | 95.4+ 3.9 - 926405
P-207 muscovite 81.0+2.1¢ - 82.0+ 05
FC-2 sanidine - 28.02 + 0.16¢ [28.02]

B4M muscovite 18.6 £ 0.4¢ - 18.53+ 0.17
B4B biotite 17.3+0.2¢ - 17.30+0.20
AC sanidine 1.124+0.02¢ 1.194 + 0.007¢ 1.189 + 0.005

1.186 =+ 0.006/

a McDougall and Harrison, 1999. b. University of S&o Paulo (K-Ar ages- K-Ar laboratory, unpub-
lished results). c. Dalrymple and Lamphere, 1969. d. Roddick, 1983. e. Renneet al., 1998. f. Turrin
eta., 1994. Agein|[ ] isthe nominal age for the neutron fluence monitor used to calculate the other
40Ar/39Ar ages in the column.

USGS P-207 MUSCOVITE used in “°Ar/®°Ar geochronology. The incremen-

tal heating analysis of five grains of P-207 yield
The USGS P-207 muscovite was used extensively ~ Slightly disturbed spectra, none of which producesa
as a standard in K-Ar geochronology (Dalrymple well-defined plateau ages (Fig. 25a-f). Sinceinstru-
and Lanphere 1969, p. 114-115) but has not been ~ Mentation noise was no longer afactor during these

An. Acad. Bras. Cienc., (2002) 74 (2)
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Fig. 22—Bern4M (muscovite) and Bern 4B (biotite) standards analyzed by the total fusion method are plotted in the cumulative %3°Ar
released vs. apparent age diagram shown in (). The results for each standard population are not reproducible at the 1o confidence
level; however, the integrated ages, 17.39 4+ 0.09 and 18.59 + 0.08 Ma, are remarkably close to the proposed K-Ar ages for these
standards (Table I11). Probability density plots (b) for the resultsin (a) show some scatter but the weighted mean ages calculated for

each standard is entirely consistent with the proposed ages for these minerals.
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Fig. 23— PalaKA-86 (lepidolite) and PalaKA-83 (K-spar) standards analyzed by the total fusion method are plotted in the cumulative
%39Ar released vs. apparent age diagram shown in (a). The results for each standard population are not reproducible at the 1o
confidence level; however, the integrated ages, 98.12 + 0.12 and 92.73 & 0.11 Ma, are within 20 from the proposed K-Ar ages for
these minerals (Table I11). Probability density plots (b) for the results in (&) show relatively well defined distributions; the weighted
mean ages calculated for each standard is consistent with the proposed ages for these minerals at the 2o confidence level.

An. Acad. Bras. Cienc., (2002) 74 (2)



336 PAULO M. VASCONCELOS et a.

— 80
40 §
a
120 0
15 . -
Grains 0315/GA 1550 Biotite
© 110
g ’(7992610.12 Ma—‘
=
g 105
98.9+0.2 Ma
< [ 7
€ 100 EE%%EE
c
[
I
S 9 . P
g Grains 0304/GA 1550 Biotite
< o
85
a Integrated Age = 99.16 + 0.11 Ma
80 Integrated Age = 99.03 + 0.17 Ma
0 10 20 30 40 50 60 70 80 90 100
Cumulative %*°Ar Released
p’ e
40 F
E| Q
200 0
180 “OAr/*Ar Step-heating Spectrum for Grain 0304-02
GA 1550 - Bitotite
160
)
= 140
]
o 120 98.0+0.3 Ma %
<
+= 100 + —
o H
5 80
s
60
< |
40
20
o c) Integrated Age = 97.7 + 0.3 Ma

10 20 30 40 50 60 70 80 90 100

Cumulative %*Ar Released

B :
% 025 .
8 0.151 "gé
o
2005 L 0
£ 40 S
J‘._ 20 §
o 3
16+ 2
14+
124
2 99.32
= 10/
o Grains 0304
® 81 GA 1550 Biotite
K]
g © 99.8
o 4 ’ Grains 0315
5] 98.9+0.3 ) 99.19+015 GA 1550 Biotite
b)
0 \
80 85 90 95 100 105 110 15 120

Age (Ma)
LI:I_‘ 80

“OAr/*°Ar Step-heating Spectrum for Grain 0304-05
180 GA 1550 - Bitotite

160

Pey %

IS
S

200

o

140
k
100
80

“|d
) Integrated Age = 97.0 + 0.3 Ma

10 20 30 40 50 60 70 80 90 100
Cumulative %> Ar Released

97.3+0.3 Ma

Apparent Age (Ma)

Fig. 24 — Two samples, one composed of 11 grains and the other composed of 13 grains of GA 1550 biotite crystals, irradiated in
different disks, were analyzed by thetotal fusion method. Theresults, illustratedin (&) yield well defined age distributionsand integrated
ages compatible with the K-Ar and the proposed 40139y age for this standard. |deograms plotted for each sample population yield

welghted mean ages of 98.9+ 0.3 and 99.19+ 0.15 Mafor the two groups. An ideogram plotted for al the grains (grains 0304 + 0315)
yields a high probability peak at 99.32 and a weighted mean age of 99.08 + 0.15 Ma; the proposed age for this standard is 98.8 + 0.5
Ma, indicating that the USP results are entirely compatible with the expected ages for the samples. Figures 24 (c) and (d) illustrate

incremental heating analyses of two grainsof GA 1550 biatite (each step plotted with 20 errors). Both grainsyield well-defined plateau

ages, one at 98.0 + 0.3 Maand the other at 97.3 + 0.3 Ma, also within 20 confidence level for the proposed age for this standard.

analyses, the disturbed spectra may suggest that the
grainsmay have undergone partial argon losses after
precipitation or have domains susceptible to recoil
losses (Fig. 25c), indicating that P-207 may not
be a suitable standard for “°Ar/**Ar geochronology.
A probability density plot for al the results from
P-207 grains yield a broad age distribution (simi-
lar to the broad distribution in K-Ar ages obtained
during an international interlaboratory comparison
for P-207; Dalrymple and Lanphere 1969), but the

An. Acad. Bras. Cienc., (2002) 74 (2)

weighted mean “°Ar/3°Ar age (82.0 + 0.5 Ma) is
compatible with the mean K-Ar age obtained for
P-207 (81.0 &+ 2.1 Ma) in the interlaboratory com-
parison.

JTS-1 MUSCOVITE

Thismuscoviteisused asan internal standard at the
USPK-Ar laboratory. Incremental-heating analysis
of two grains from this standard yield the spectra
illustrated in Fig. 26aand b. One grain yield two
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Fig. 25— Five grains of muscovite standard P-207 analyzed by the laser incremental heating method yield disturbed spectra and fail to
reach plateaus, suggesting that the samples may have been subject to partial “CAr* losses. The large spread in the ideogram illustrated
in (f) nevertheless yields a weighted mean age of 82.0 + 0.5 Ma, entirely compatible with the proposed K-Ar age for this standard
(8.0t 21Ma).

An. Acad. Bras. Cienc., (2002) 74 (2)



338 PAULO M. VASCONCELOS et a.

plateau ages (562.9+ 0.6 and 564.14+0.7 Ma) while
the other grain yield a plateau age of 562.1 + 0.6
Ma (each individua step shows 20 errors). The
ideograms for the two grains (Fig. 26c¢) yield re-
producible results, with weighted mean agesfor the
two grainsof 563.2+ 1.0 and 563.2+ 1.4 Ma. The
weighted mean age for al the analysis for the two
grains[563.2+0.9Ma(10)] iswithin error from the
K-Ar age, determined at the USP K-Ar laboratory,
for this sample [572.69 + 10.73Mal.

FUTURE DEVELOPMENTSAND CONCLUSIONS

The experimental results illustrated above indicate
that the Ar Laboratory at CPGeo/USP is fully op-
erational. The instrumentation has been repeatedly
tested in fully automated mode with exceptional re-
sults. Few instrumentation faults and design prob-
lems have been identified and corrected. The anal-
yses of mass spectrometer blanks, extraction line
blanks, and air aliquots reveal very low blanks, the
steady maintenance of the ultra-high vacuum, and
analytical parameters (beam stability, sensitivity,
discrimination, etc.) suitable for modern °Ar/®°Ar
geochronol ogy.

Results from calibration tests for the nuclear
reactor are extremely encouraging, indicating that
the IPEN reactor is suitable for the type of irradi-
ation necessary for modern, precise, and accurate
4OAr/*Ar geochronology. Insightful advice from
reactor operators, such astheintroduction of thero-
tational device for sample irradiation, circumvents
the problem of heterogeneous neutron flux, ensur-
ing that Jfactors calculated for a sample disk are
applicableto all samplesin that disk, irrespective of
its position in relation to the neutron fluence mon-
itors. The Jfactors obtained indicate that the flux
of fast neutrons is high enough for the generation
of suitable quantities of 3°Ar in K-bearing samples
and that irradiations of 5-64 hours suffice for most
geochronological applicationsat thereactor position
currently used. The calibration tests for interfering
isotope reactions at the IPEN reactor yield param-
eters very similar to those obtained for other reac-
tors used in “°Ar/3°Ar geochronology. We intend to

An. Acad. Bras. Cienc., (2002) 74 (2)

monitor these parameters for each irradiation using
Ca-Si- and K-Fe-Si-glasses used in other laborato-
ries to ascertain the precision and the accuracy of
the parameters measured for the IEA-R1 nuclear re-
actor at IPEN/CNEN, ensuring the quality of the
geochronology results obtained at the Ar Labora-
tory at CPGeo/USP. We also intend to investigate
the irradiation of samples in a core position (posi-
tion EIBE, Fig. 18), which would provide a more
intense neutron flux and require shorter irradiations.

Geochronological investigations requiring to-
tal fusion and incremental-heating analysis of sin-
gle grains or clusters of grains (except for grains
that do not couple with Ar-ion lasers such as sani-
dine) can beroutinely carried out at the USP labora-
tory. Futureacquisition of aCO, laser, the appropri-
ate optical components, and a new sample chamber
equipped with a zinc selenide window will permit
step-heating analysis of minera grains (i.e., sani-
dine) that do not coupl e efficiently with Ar-ion lasers
and which, at the present moment, can only be ana-
lyzed by thetotal fusion method at USP. Acquisition
of aresistancefurnacefor temperaturecontrolled ex-
perimentswill makethermochronological studieson
single grains or multiple grains from samples with
athermally complex history also possible. In addi-
tion, aresistancefurnacewill enabletheincremental
heating analysis of fine grained samples (illite, ben-
tonite, etc.), expanding the range of applicability of
the Ar Laboratory at CPGeo/USP to the study of
diagenetic and low temperature metamorphic pro-
Cesses.
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Fig. 26 — Incremental-heating analysis of two JT'S muscovite crystals yield well defined plateau ages (562.9 + 0.6 and 564.1 + 0.7
Mafor one grain and 562.1 + 0.6 Mafor the other) (each individual step shows 20 errors). Theideograms for the two grains (c) yield
reproducible results, with weighted mean agesfor the two grains of 563.2 4+ 1.0 and 563.2 + 1.4 Ma. The weighted mean age for every
step analyzed [563.2 &+ 0.9Ma(10)] is within error from the K-Ar age for this sample (572.69 + 10.73 Ma).
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RESUMO

A geocronologia de “CAr/3°Ar por aguecimento a
laser permite alta precisdo e acurécia analitica, tem re-
solucéo espacial em escala micrométrica, e fornece um
ndmero de dados estati sticamente significantes para o es-
tudo de processos geoldgicos e planetarios. Um recém
construido laboratdrio de “°Ar/3°Ar no CPGeo/USP, So
Paulo, Brazil, mune a sociedade cientifica brasileira com
umatécnicaeficaz aplicével aos estudos geol 6gicos e cos-
moquimicos.

Informag@es detalhadas sobre a montagem do laborat6-
rio, as condi¢Bes ambientais, e ainstrumentacéo instalada
fornecem os parémetros necessérios para uma avaliagé
da adequacdo do laboratério do CPGeo/USP para uma
diversa gama de aplicag@es. Detalhes sobre procedimen-
tos andliticos, inclusive separagcd mineral, irradiagd no
reator do |PEN/CNEN naUSP, e andlise de spectrometria
de massa permite pesguisadores interessados a elaborar
procedimentos de amostragem e preparacé de amostras
adequados aos objetivos de seus estudos.

Finalmente, os resultados de testes de calibragé usando
saisevidrosde CaeK, padrBes mineraisinternacionais, e
padrfesinternos mostram que aacuréaciae precisao dosre-
suldados obtidos no laborat6rio do CPGeo/USP séo com-
paravei saresultados obtidosnosmelhoreslaboratériosin-
ternacionais. Os exaustivos procedimentos de calibragéo
e padronizagéo efetuados garantem que os estudos anal iti-
cos efetuados em nosso laboratério ganhardo credibili-
dade internacional imediata, permitindo estudantes e ci-
entistas brasileiros a conduzirem pesqguisas de ponta nas
areas de ciéncias daterra e planetéria.

Palavras-chave: geocronologia, método “CAr/3%Ar, irra-
diag®o, calibragéo.
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