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Caution: As with all pieces of sophisticated scientific gguent, the 2G
Superconducting RockMagnetometers, the sample enating AF units, and
the rock mag units can break. The Paleomag 2007aV/Basic code can also
break. If you encounter an error you are not familith, do your best to
contact someone who is familiar with it, athoih’t panic!If you smell smoke or sense the
equipment becoming unusually hot, shut down thetedrics.Nevershut down the AF
degaussing unit without first turning down the ecohknobs on the amplifier to which it is
connected.

Starting the Visual Basic code

The Paleomag 2007 Visual Basic code can be staitteer from a compiled .EXE file or by
launching the Visual Basic project within Visuald8a6. The latter is the recommended
approach, as it allows you to debug errors in teeas they arise. To launch Paleomag 2007 in
this fashion, open Paleomag.vbp within Visual Bésipically there is a short cut on the Desktop
to do this) and start the code either by clickingloe “Play” button ¥ ) in the toolbar or by

going to the Run menu and selecting “Start witH Ea@mpile.”

Once the code starts, you will encounter a logix. Bgpe a user name into the user name field
and your email address into the email address. fRdduming the email settings in the program
are correctly set, this email address will rec&im®r messages and sample status reminders
during the course of your runs. The user namebigrary, and is used for logging magnetometer
use.

It is also possible to have the messages sentut@sitular phone. E.g. to send messages to your
Verizon phone enter: phonenumber@vtext.com, AT&Imber@txt.att.net, T-Mobile:
phonenumber@tmomail.net, Sprint: phonenumber@ megsagrintpcs.com, etc.

Before you click Ok to log in, read through the neder window. Check to make sure the all
three 2G SQUID boxes and the motor drive box ard/imat else appears in the reminder
window depends upon what optional equipment is eotad to the magnetometer.

If there is a Susceptibility bridge connected, malkee it is turned on and set to the scales
described in the reminder box. If you are planrangloing AF demagnetizations, make sure the
AF unit is on, the AF amplifier is turned all theyup on both channels, and the cooling air is
on. If you are planning on doing rock mag, make¢he IRM Pulse box and the ARM biasing
field box are on. In order to avoid accidental rgmetization of your samples, it is a good idea to
keep the IRM and ARM boxedf when not running rock magnetic measurements.



CAUTION: If the IRM box is on, make sure there atesamples on the sample changer tray
before logging on.

P

@ td ake sure power iz on to the following devices:

1. &l three 2G SQUID boxes

2. Motor Driver Box

3. Bartington susceptibility bridge [zet ta CGS and 1.0)
4. AF units and cooling air, with the AF degausser on
computer control [if you are going to do AF or rockmag)
5. IRM pulze box [if pou are gaing to do rockmag]

B. ARM biaz box [if wou are going to do rockmag]

e

Paleomag Machine Login

User Mame: |use|‘|

Email |user@mit.edu

oK | Cancel

Overall Work flow

1. Load sample sets to be measured into the sang#g registry, specifying the
demagnetization or rock mag steps to be run.

2. If running using the automatic sample changer:
a) Tell the code which samples are in which holes.
b) Send the list of sample-hole assignments tcdneple queue.
c) Start running the sample queue.

3. If running using manual sample changing:

a) Run a holder measurement, specifying the typieght of one of your samples.
Heights are used to center a sample in the segamrd hus, if you are trying to get the bottom
of a sample into the sense region (as would bedke if you were running a rock mag sample in
a tube), you must double the measured height bgfareenter it.

b) Select a sample, enter its height, and measlEater the height as a negative value,
e.g.-1.0 cm.

Sample Index Registry
In the sample index registry, you tell the code wgzample sets you will be working with and
what demagnetization step, AF demagnetization stgp®ck mag steps you will be measuring

with those samples.

1. Select a SAM file by clicking on the “..” buttorext to the Data Directory field and opening
the desired SAM file.



2. If you desire your data to be backed up asuheoccurs(as you should), make sure “Backup
Data” is checked and select the target backup drive

Z If you want to back up data, make sure the checldolecked.

3. Select a type of demagnetization step.

NRM- Natural remanent magnetization measurement

MW — Microwave demagnetization step [not used]

TT— Thermal treatment step; specify temperaturberfitevel” field,

Other—Fill in treatment type in adjacent field and levéhny, in “Level” field; for liquid
nitrogen treatments, Caltech uses the treatmept‘typ” and the level “77”.

AF-Alternating field demagnetization(see “Specifying Remagnetization or Rockmag
Steps” section below)

Rockmag-Rockmag sequence (see “Specifying AF Demagnatizati Rockmag Steps”
section below)

Z If you are running AF or Rockmag sequences, beteu@n the cooling air on. A
message box will remind you to do this.

4. Check directions to measure. Except for AF aadkiRag steps, it is standard to run both Up
and Down measurements on samples. The two aregeeetagether to improve accuracy, and
errors can be detected through mismatches. Forf Aleak samples, it is possible to do both
directions (see discussion below), but it is mgpadal to measure only the Up direction for AFs.
For Rockmag, only one direction can be measurasistiandard to call this the Up direction. If
you’ve already measured the Ups but have encouhtererror and had to reset, you can check
“Up already measured” to use previously measuredata.

Z Make sure the desired checkboxes are checked.cEmeshange unexpectedly
between runs.

5. Enter the number of measurement blocks per cifdemost samples, this should be left at 1,
but for particularly weak samples (e.g. many artgugiform carbonates), this can be increased
to improve the quality of the measurement.

6. Check “Measure susceptibility” if desired; itgsod to check this by default.

7. Click “Add to Registry.” The sample set will bsted in the registry display at the bottom of
the window. Additional sample sets can be addeeésired. Be careful to make sure that the
magnetometer is not running (even a holder measmgmhile you click “Add to registry” or
“Clear registry”, because otherwise your commantinvait be executed.



B3 Sample Index Registry E]@

Laoad S4M File
D ata Directary: |CDataUsersy J

Sample Code: |iunk j ‘

B ackup D ata: v |IEI & [Fa...]j |eDatasUsersh

Type of demagnetization ™ NRM  AF  TT Level:

step: " Mw  Bockmag  Other il
Diirections to Measure: v Up |w Down
I~ Up already meazurad M blocks per cycle: |1
Iv¥ Measure susceptibility : DOpen SAM file |
File Infa
Latitude Longitude Mag. Dec # of Samples:
|D |SBD |IJ E

SAM file regiztiy

Sample set | Step | Doup? | Do both? | Blocks | Path |
junk MR.. % N 1 C:ADataheerzhjunkjunk. sam

Clear reqgistry

Specifying AF Demagnetization or Rockmag Steps

If you selected “AF” or “Rockmag” as your type afrdagnetization steps, you must specify the
specific steps that you will run. When you sele®E” or “Rockmag”, the Level field in the
Registry window will turn into a “Set levels” butioClick on this button to bring up the “Set
Rock Mag Routine” window.

This window is divided into three parts “PresetSet Steps”, and the step display. The set
display will display the current list of rock magAF steps. It can be cleared by clicking on the
“Clear” button. Individual steps can be deletedsbiecting them and clicking on the “Delete”
button.

= For most AF measurements, you will use the firgt obthe “Set Steps” panel. For

most rock mag measurements, you will use the “Rséganel, first filling in the
check boxes and text fields and then clicking oocknag ‘the Works™.

The “Set Steps” panel has three rows. The firstledgryou add a series of steps. For example, to
add AF steps of 20 G from 0 to 200 G, you wouldcefpe20 G steps up to 200 G of type AF,
linear” and then click add. To add logarithmicalyaced AF steps, for example powers of 2, you
would specify “2 G steps up to 256 G of type ARyddthmic.” The second row lets you add
series of ARM steps. The third row lets you addvittlial steps; when using this row, you will
usually want to ensure that the “Measure” box sciied.

M If you are adding steps individually, make surelteasure box is checked unless you
really want to perform a treatment without measgrihe result.



The “Presets” panel has two parts. The “Hawaiian&ard AF” button will add the quasi-
logarithmically spaced AF steps 25, 50, 100, 200, 4nd 800 G. The “Rockmag ‘the Works™
button uses the fields below it to add a standar@frock mag measurements to the step list.

If you want to measure and demagnetize the NRMrotk mag sample, check the “Measure
and AF demagnetize NRM” box; you will typically wiate do this along all three axes.

If you want to measure the Rotational Remanent Magation (RRM) of a sample, check the
RRM box and fill in the second row, e.g. “1 [rpss] to 5 [rps] in AF 1000 [G], and negative
rotations.” (Note that RRM is a fairly esoteric rm@eement; this is not part of most rock mag
routines.)

If you want to measure the Anhysteretic Remanergridézation of a sample, check the ARM
box and fill in the third row, e.g. “0.5 [G steps]10 [G] in AF 1000 [G].” You will also need to
fill out the text fields in the row below (althougiot necessarily check the AF/IRM box) so that
the ARM can be properly demagnetized.

If you want to acquire and demagnetize Isothernemh&nhent Magnetizations, check the AF/IRM
box and fill out the line, e.g. “1.26 [log G stepsiinimum step size of 20 [G], to an AF
maximum of 3000 [G] and a IRM maximum of 5000 [Gf.}ou specify maximum IRM and AF
larger than the machine’s capability, it will rup to the machine’s maxima (specify in the
program Settings).

If you want to do backfield IRM measurements, chiiek“DC demag via backfield IRM”
button.

After you fill out these five lines, click the “Rkmag ‘the Works™ button to add the specified
steps to the sequence.

=" At Caltech, on most samples we run AF of 25 G fiségps to 150 G, which removes

the low-coercivity component of samples carriedaisly by superparamagnetic
particles are by multidomain magnetite. Howeveis ften a good idea to perform
rock mag measurements including a complete AF deetagtion of NRM on a few
representative end chips to determine the optinkatahge.

At Caltech, the standard rock mag routine involves:

« ARM of 0.5 G (DC biasing field) steps up to 10 G it000 G (z-direction) AF
field

* IRM acquisition and demag with 1.26 log G stepsG2@inimum step size, up to
5000 G IRM/AF

For rock mag measurements performed on samplesashtRM (i.e., end chips
rather than powders), we also demagnetize the NiRRQaall three axes.



To delete steps, select the number on the lefgubia left mouse button. You can also edit a line
by clicking on it with the right mouse button. Aftgoing this, the “Add” button will be
temporarily changed to “Replace”. Make changesédine as if you were adding a new one and

when you are finished click “Replace”.

You can import a rock mag sequence from an “.RM(@’ ¥ou can also save, as a fake “.RMG”
file, the rock mag sequence you built so that yoo'dose it.

When you are done setting the rock mag or AF swjgé, OK. Remember the sample set must
be added to the registry before the new routinegaifect. If, after adding samples to the
registry, you want to alter the steps, select #mee set in the registry list, click on Set Levels
again, and then re-add the sample set to the nggist

B3 Set Rock Mag Routine
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Running Samples with the Automatic Sample Changer

Once sample sets are added to the registry, yotheanrmake measurements. With paleomag
cores or end chips, the easiest way to do thististhve automatic sample changer. To use the
automatic sample changer, go to the “Automatic [@aikection” tab in the Magnetometer

Control window and click on Modify.



L Magnetometer Control E]@

Automatic Data Collection | Manual Data Callection I

Modify

Susceptibiliy scale: [0 =

This will bring up a form in which you can tell g@m where samples are on the magnetometer
tray. You do this with the options on the left hafithe window. For instance, if your samples are
loaded in hole 199, 198, 197, etc., with the &atiple in hole 199, you would set the position of
the first sample to 199, load order to be descepndind then click on Add to List.

The “From File” drop list can be used if you havermthan one sample set loaded into the
registry. In this case, you can use the dropdisipecify a sample set under discussion, add those
samples to the list, then move on to the next samgl and repeat the process.

The options on the right half of the dialog box lgdp all the samples loaded and can generally
be left at their default settings.

Sample Settings

sl f (et gl W Feload position . tultiple holder measurem.ents
& Retumn to start ¢~ _5ave at Repeat Skip
) end v [weak " [strong
Frorn file: [&l] - zamples] zamples)
Final pozition
Load Order R AF Halder
& Retumto ~ Leave at
" Agcending © Descending shart end [ AF Holder before measuring

Add to list

Wiew new zample list | | Send list to command queue Lancel

After adding the sample set to the list, you shalilck on “View new sample list.” This will

bring up a table indicating which samples the doeleeves are in which slots. Individual samples
can be deleted from the list by clicking on therd #ren select “Delete” from the pop up menu.
[N.B., the pop up menu sometimes stops appeasimgdxplicable reasons.]

You should spot check the samples on the tray tersare they are loaded into the right holes
and direction, then click Ok. You can click on “@feif you want to reset the list.



Hole Sample List - New Sample Set
Hole |Sample Hole [ Sample Hole [Sample Hole [Sample Hole [ Sample
1 4 il 121 161 OF
Z 42 82 122 162 =
3 43 a3 123 163 =
[ 4 a4 124 164 Fiirt
5 5 5 125 165
& [ [ 126 168 Senmplecrde
7 47 &7 127 167
- W = e e (" Ascending Descending
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10 i T 130 [ e 170 | e
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12 52 A 132 172
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E ]
E 75
E 76
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13 5 EE] [EE] 179
i 60 | e 00 | e 140 [ e 180 | e
1 61 i 1 i
E: 2
& 3
E 4
E 5
E &
7 &7 107 147 187
£ &8 108 148 188
2 ] 109 143 189
T i AT 150 [ e 190 | e
i ] 1 151 i
A 72 7 152 2z
3 fE] 3 153 3
1] 74 ] 154 4
S 75 115 155 155
E3 76 118 156 196 [kt
6 Fid 17 157 157 [junk3
Ed 78 118 158 158 [junk2
E 7 119 159 199 [junkd
40 | 80 | e 120 | e [ 00 |

If, after closing the sample list, everything apgeakay, click on “Send list to command queue.”
This causes the program to scan through the lishwiples on the tray and generate a set of
instructions for the sample changer.

= There will be a delay after you click “Send lista@mmand queue”. Do not click the

button a second time.

If you are paranoid, you can check this list bysghg “Sample Queue Monitor” from the View
menu. This is an entirely optional step.

To start running through the queue, click on “S@imanger” in the Magnetometer Control
window. If the program is uncertain as to which péslot is under the holder, it will ask you at
this point. It is important to specify this corrgc¢tas an incorrect entry could cause the quartz
glass rod to try to drive itself forcefully intasample, potentially damaging either the rod or the

sample.

Important!
Wwehich gample zlot iz now under the holder 1- 2007 oK
CAREFUL - A wirong angwer here could BREAK, THE -
SYSTEM! Cancel

[200]




The magnetometer will make a holder measuremedtttean commence measuring samples. As
it does it each measurement step, the data willupopn screen. Don’t move the Visual Basic
windows when the magnetometer is working becausesMBetimes freezes some of the
communications during a display change. The masingon such freezing effect is to not record
one of the SQUID readings.
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During the measurement sequence, each of the &mitigns will be plotted in an equal area
projection (you can hide this by pressing Hide)alitomatic sample changer mode, the height of
the samples (in cm, generally negative at MIT) reas by the rod at the time of the pickup is
displayed at the top of the measurement windowmbéhe demag step. Note that the holder
measurements are made at altitude O cm in autosatiple changer mode.

After the measurement sequence, the average masnamted at the bottom of the window as
well as in the equal area projection with its ah3Beellipsoid. Below the latter, the amplitudes of
the measurements on each axis are compared tootimemb of the sample. In case of very weak
measurements (for instance typical Holder measuntsjehe SQUID noise could be controlled
by small SQUID jumps. When the noise is betweem 3 times greater than the moment of a
particular measurement axis, that axis will lightarange. If the noise is more than 5 times
greater than the moment of an axis, that axisligitt up red. For a Holder measurement, you
should consider redoing the Holder measuremengcgay if you intend to measure a sample
that is less than 100 times greater than the hotdenent.



Measurement Window

Sample:  [E0BDE058.1 Ava. Cycles |1 Demag: [TT 350
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Sample Statistics

GOSDE0SE 1 Avg Cpoles 1 Demag: [TT 350

File Path:  [C:AD atahUsers\WewT s\MewT 5. sam { e

Directions: | 1

Sample:

FErint

Std. Dev. ® 0.000000 Signal/Nuoise: 0.000000
Std. Dev. v | 0.000000 SignalHolder: 0.000000
Sid. Dev. 2 0.000000 Sighal/lnduced: | 0.000000
Holder ¥ Holder'r  HolderZ Maoment/ol Fatio
|0.0000E+0 JOL0000E+0  |0.0000E +0 [ 0.0000E+0

Care Geographic  Bedding
Average Dec: [30.00000 [209.7000 | 2030545
Average Ine: [0.000000 [0.000000 |-019.6642

Circular Std. Dev. Hariz. En. Angle UpéDown Ratio
| 02561445 | 0.000000 | 0.000000

If you allow plotting the equal area, a Zijdervelajection will appear in the Measurement
Window at the same time as the Sample Statistindaw appears. You can select the number of
previous steps you want to plot for the current@amr o refresh, change the coordinates of the
plot from Core to Geographic or Bedding. The prasisteps will also appear in the equal area

projection.

In addition, the temperature and/or field dependesfcthe moment magnitude and bulk

susceptibility are plot below the equal area plot.

If, at any point during a run, you need to pauselitk on the “Pause run” button. The program
will stop making measurements soon, if not immejatand the “Pause run” button will turn

into a “Resume run” button.

If the magnetometer encounters an error during @ ruwill automatically pause the run. You

must remember to resume the run once the erraxasd f




In case of emergency, you can click on the “Hait’ foutton. This will raise the rod to the top
and allow you to remove the sample before the i@&ste program. The vacuum will remain on.

If you are doing both up and down measurementsptbgram will pause after completing the up
measurements, send an email, and wait for thetadkp the sampled\.B., if you are running
multiple sample sets at once, a dialog box askinghe samples to be flipped will pop up for
each sample set, but the program may run a holasrsurement in between dialog boxes. Make
sure the instrument has resumed running sampleséfaving it.

After completing an automatic run, the program wién through the error angles of the samples
and look for those with an error angle above aagethreshold, typically 8 degrees or 15
degrees. If it finds any, it will prompt you to ren them. If you decline to re-run them, click on
Clear in the Rerun Samples dialog box before aliglan Ok. If you want to adjust the threshold
error angle, type in a new error angle and thexk ClRescan”.

B3+ Rerun Samples E]@

The following zamples had large eror angles. Click "0k ta rerun them.

Maximurn error angle: 158.0 m

Directions to Measure: v Up v Down
[ Use up already measured

Hole Sample Circular Std. Dev. | Mament Up/Down File

| Clear | Ok

Running Samples Manually

Occasionally, you may wish to run samples withaihg the automatic sample changer. This
will most commonly be the case if you need to raly @ne sample or if you are using samples
that do not fit the sample handling system, sucRMR tubes. (At Caltech, we have a plastic
adapter that allows NMR tubes to be manually loadexithe vacuum rod.)



For manual measurements, you must know the sanegiéth This height will be used to center
the sample in the sense region; the program wjllstdhe positioning so that the center of the
sample is centered in the sense region. Therafgray wish to center the bottom of a sample in
the sense region, as you would if you were runaitgpe of powder for rock mag, you must
double the height.

Before running manual measurements, you must hoider measurement. Specify the same
height you will be using for the sample measurermemd click on Measure Holder.

To run a sample, select the sample from the dregndmx. For almost all cases, leave the range
set at 1x. Set the sample height, and then clidkleasure Sample.

At the end of the measurement(s), a message bbaskilyou to remove the sample before
pressing ok and turning the vacuum off. Howeverheckbox can be tagged to leave the vacuum
on after the measurement(s) to prevent valuabl@lesnfrom accidentally being dropped by
clicking ok before removing them. Note: if you &lion the checkbox while the vacuum is on and
you are not measuring (Measure Sample button dlekait will switch off the vacuum and the
vacuum motor.

5y Magnetometer Control E]@

Automatic Data Collection  Manual Data Collection ]

Choose Sample: ’m

Sample Height [cm]: .24

Measure Holder | Measure Sample |

[ Keeps the vacuum On Hpenis ol
Susceptibilty scale:  [1.0 -

Automatic Remeasur ementsin Case of SQUID Jumps

Options dialog

ﬁeneral] LComm ports] Email ] Advanced

In order to avoid recording the SQUID jumps, the program needs some parameters:

Definition of a SAUID jump [maximum difference between the zero R
measurements of each SAUIDT - Jump threshold [10-5 emul:

Jump senzitivity fraction: [below the intermediate moment, the jump definition 1
becomes a fraction of the momemnt]

Strongest moment to compare the 2ero measurements (emu): 2E-02

Intermediate moment (emu): [above: Jurnp threshald, below: Jump sensitivity = [1E.06
morment]

Minimum mament for applying the CS0 criteria [emu): 2E-09
Mumnber of tries before accepting the last meazurement [0 = no mail): 5
ak | Cancel | Apply |

The program allows a user to remeasure weak sampliple times (“blocks”) to beat down the
instrument noise. In addition to this feature, pnegram automatically tests each measurement
before the sample statistics window pops up. lfatemuality criteria are not met, the sample is
automatically remeasured and previous bad measutertigown away (not averaged into the



final measurement like a multiple blocks measurdraeries). The maximum allowable number
of automatic remeasurement is specified by the instie Options dialog window (default 5). If
you don’t want to rescan, change that number to 0.

These automatic remeasurements should not be agedd up measurements on weak samples
but rather to mitigate SQUID jumps. What is a SQUUDp? The MIT lab is in a high radio
frequency interference (RFI) environment. RFI baicstin cause the SQUIDs to jump to a
different working voltage or even to go normalsilich a jump occurs during a measurement, one
or both of the two zero measurements or the founpéa measurements can be way off.

The program has two main automatic remeasurembgetrges for SQUIDs jumps: CSD
threshold, and zero measurement criteria.

CSD thresholdThe sample is remeasured if either the CSD exxcsehe user-defined “CSD
Threshold” (in the Options dialog window, Geneedd), signal/noise > 1, or signal/induced > 1.
This mitigates SQUID jumps occurring during therfsample measurements.

Zero measurement criterioftf a jump occurs after the first zero measurenoentst before
second zero measurment, the four sample measuremgrite similar and not flagged by the
CSD criteria (the vertical SQUID is particularlysseptible to this problem for obvious reasons).
To detect such jumps, the program compares theénmmeasurements. The user defines the
acceptable difference between the two zero measuntsmand if the actual difference is above
this threshold the sample is remeasured.

In particular, we have defined four ranges and definitions of a SQUID jump during the zero
measurements:

» For a sample magnetization above 2E-2 emu, the BWill not be stable and the
comparison between the two zero measurements etilbé& done;

» Above 1E-6, the SQUID jump is detected when th&etehce between the zero
measurements is above 0.1E-5 emu for any axis;

» Between 1E-6 and 8E-9 emu, the threshold is prapaito the moment: the sample will
be remeasured if the difference between the two @erasurements exceeds the measured
magnetization x JumpSensitivity / 1E-5 where Junmg8#ity is a user-defined value.
The default value of JumpSensitivity is 1, whiclvaks jumps of the order of magnitude
of the moment without remeasurement;

» Below 8E-9emu, only a large jump (above 0.1E-5 @ewuaxis) will provoke a
remeasurement.

Ending your session

To end your session, click “Log out.” To stop thhegram click Cancel in the login box. In case
the vacuum is on, a message box gives you thelpladysio remove the sample.



Common Errors
Unacceptable motor slop

Unacceptable motor slop errors occur when the D@radail to reach their target positions.
This is often due to misaligned sample pickup satignment of the instrument. If the former,
the problem can often be fixed by using the DC msthiagnostic routine to Home to Top, then
adjusting the sample position.

Among other things, unacceptable slop errors caamnme) time to wipe and teflon-spray the
rails, or b) time to clean out the guide hole ie fhexiglass plate, or c) time to clean out the
turning bearings, or d) time to adjust the tensiorihe up-down drive belt, or e€) time to clean the
debris off the tray.

AF Error: TRACK ERROR

The track error is the most dangerous of the AE emors. If the AF unit gets stuck ramping up,
the coil can melt. Generally, if this is the cagmy will hear the humming produced by the AF
colil.

Check the AF unit. If the Zero light is on, ther tinachine has safely ramped down. If both the
Zero light and Track lights are on, then the maehias reset. In either case, it is ok to Resume.
Otherwise, turn down both the knobs on the AF aifieplithen shut off the AF control unit. Let
both sit for a minute, then turn the knobs on tmgl#ier back up and the AF control unit back
on.

Sequential track errors generally indicate thatARecoils are too warm. Let the instrument sit
paused for half an hour or so before resuming measnts.

AF Alert: NO DONE FROM AF BOX

Changing the default delay from 1 to 2 has esdgnghminated all AF errors at MIT. We
expect this will solve the AF errors for other ihgions as well. Nevertheless, in case you do
still see them, we describe below the two previpasimmon AF errors and what they mean.

If you receive an email about an AF error with téet “AF status=zero” (this is usually not a
“bad” AF error), the Done from the box arrived wpaickly. Thus, the program is waiting for
more than 90 seconds for the Done while the AFisrgtving a blank answer. To solve that
alert, you should increase the Delay time of theuAR.

If you receive an email about an AF error with thet “Target amplitude reported as zero, so
unit appears to have reset.” then during the cygére ramping down, the AF unit switched
from one coil to another (this is a “bad” error aften results in cooking your sample). The coil
which ramped up was switched off at the highedfiapplying an ARM-like moment on the
sample. Moreover, the Helmholtz coils (transversg)ires more current for the same field on
the solenoid coil (axial). In case of a ramp upXowhich switch on Z for the ramp down, the AF
field seen by the sample will be much greater tharexpected one, which could be increase the



disaster on the magnetization. To solve that ajert,should increase the Delay time of the AF
unit.



Tipsand Tricks
Splitting a sample set in two

Let’'s say you want to split sample set T into twbsets, T1 and T2. Create two new directories
parallel to the directory T, called T1 and T2. Cdpgam into both these directories, and the
samples files you want in each subset to the réispetirectory. Then, rename T.sam in T1 to
T1l.sam and edit it with a text editor (say, Notgpsalthat it only lists the samples in subset T1.
Do the same with T2.

Preparing rock mag sample sets before measuring mas

When you do rock mag measurements, it's a goodtml&aow the mass of your sample before
hand. Sometimes, however, you won't know this be&etting up the .SAM file. Let’s say, for
example, you have a large paleomag data set andigouto run rockmag on a subset of the
samples. Use the Excel worksheet to create a neleaset, keeping the volume listed in the
worksheet at 1.0.

Then, before you run each sample, edit its sanilplevith a text editor so that the sixth field of
the second row is the newly measured mass of thpleaYou can open the sample file by
selecting the sample in the Manual MagnetometetrGbpanel and then clicking “Open Sample
File.” Make sure that the number you enter is noterthan five characters long and that its final
character is in the same position at the last caraf the “1.0” string that you're replacing.

Cleaning the glass rod

The glass rod will periodically need to be cleane@enerally, if the moment of the empty
holder is too high for your liking you can do a cjuclean with Kimwipes and alcohol.
Alternatively you can lower the rod into the AF i@g(from the DC Motors window) and
perform Clean Coils (from the AF Degausser window).

Do not attempt removal and chemical cleaning ofrtitkif you are not familiar with the system.
The rod can easily break....



Diagnostic Options

The dialog boxes available from the Diagnostics umaiow you access to the inner workings of
the program. They allow you to monitor the commatians the program sends to the different
external units, as well as to send arbitrary condeda them. The most commonly used
functions are described below.

AF Degausser

Connect: establishes a connection to the AF box.

Send Status: Sends a “DSS” status string requélsetdF box. Response is displayed in the
input window.

Active Coil System: Switches between the axial sadsverse coil. Which coil is on which
Cartesian coordinate is specify in the programirggst

Set Amplitude without Calibration: Allows you totdhe amplitude on the AF unit in internal
units.

Set Amplitude: Sets amplitude in Gauss.

Set Delay: Sets the duration of the unit delayeaikgfield. Default on the Caltech systems is 1.
Default on the MIT system is 2 to avoid the AF Aler

Set Ramp: Sets the ramp rate. Default on the Gattgstems is 3.

Execute Ramp: Allows you to execute a ramp Up, r@oywn, or ramp Cycle. Be extremely
careful when executing a ramp Up, as prolongedgsrat peak field can cause the coils to melt.

Clean Coils: Executes a maximum field cycle on emdhb.

Waiting time: Allows a delay between each axis &uéfis O second). This can be used to keep
the coils and metallic samples cool during highrARs.



AF Degausser

Connect | Send Status | M
Olutput: Input:

I~ Locked

Active Coil System

Rk ' PR Set Amplitude w/o
| Uncalibrated Amplitude: |4 Calibration
" Transverse
Amplitude: [ Set Amplitude
Clean Cails

Drelay: 2 - Set Delay
Fiamp: 3 p Set Ramp
RampMode: [z + Execute Ramp ID_ ‘wiaiting time [in 5]

between ramps

DC Motors

Connections: Opens/Closes comm port connectioac¢h motor.

Active Controls: Controls which motor will be coalled by motor non-specific functions.
Move to Position: Moves to specified target positad specified velocity.

Home to Top: Moves Up/Down motor as far up as fmesind resets zero position.

Sample pickup: Lowers Up/Down motor to sample pickosition (near the base of the slot).

Sample Dropoff: Lowers Up/Down motor to sample afbposition, which takes the height of
the sample into account.

Change Height: Moves Up/Down motor to specifiedjhei

Change Turn Angle: Rotates turning motor to spedifingle.

Change Hole: Moves tray to specified hole.

Spin sample: Spins turning motor at specified rotatate.

Set position: Fills in the target position fieldthé specified level.

Zero T/P: Resets motor position to zero.

Relabel P: Sets current motor position to equalevat target position field.

Set Current Hole: Sets current sample tray posttoralue in Change Hole field.

Read Position: Reads position of active motor.



Read Angle: Reads turning motor angle.

Read hole: Reads sample changer slot.

Motor control

T;rngset Velosity Set position Connections

[~ Changsr
Move to Position: 0 4000000 M AT [ Tuming q
Af Cail | 1AM Hi [ Up/Dawn
HometaTop | ChangeHeigt | [0
Zeww | SColl _active Conrols
SamplzFickup | Change Tum Angle:| [a Meas

Sample Dropoff | Change Hole: | [0

Spin Sample (rps): Output: “

Input: |

Zen T/ | RelabelP | Set Curent Hole |

Last Pos Read Read position

Clear Poll
Pall Matar Status Last Turn Angle Read angle
Last Hole Read Fiead hole
‘ Reset Stop -

Close

Calibration of the Sample Rod Vertical Positioning

In Paleomag 2007, an automated sequence, accessibléhe Settings window, has been
introduced which helps to define the different foss used during measurements. However,
you need to have some pre-existing parameters geitalefined (number of motor steps for a 1
cm up/down motion, the difference in motor stepsvieen the AF/IRM and the measuring
position, as well as some rough ideas of the measemt and sample changer plate relative
positions).

You should use the susceptibility standard frontiBgton (or any standard to verify the
measures). Write the 4 digits of the Kvol find b Bartington standard, or uncheck the
susceptibility tag if it is another sample. Plalce sample in sample changer plate hole 1 and be
sure that hole 199 is free. Then, let the sequantéor 4 to 8 minutes in order to find:

* the top and bottom of the sample changer (Samplaipiand Sample Dropoff positions);

» the measurement position where the SQUIDs aredddatthe magnetometer, with the
zeroing situated at ~5000 units (+-500) above;

 the new AF and IRM positions (calculated relatiweite measuring position if you are
not using the susceptibility coil);

* if you are using the Bartington standard, it wil@adefine the AF and IRM positions by
measuring their distance relative to the suscédipyilzioil (much more sensitive to
positioning than the SQUIDs). The moment suscdjtjitmalibration factor (in CGS
units) can be changed if the susceptibility measergs are not centered around the
standard Kvol value provided by Bartington.

Off course, you should validate the new positianmtike sure they are reasonable. You can plot
in Excel the text file (default is CalibRod in theogram (not user) directory) which has recorded
all the measurements. You should restart the pnogiféer using this automated sequence.

ARM/IRM Controller

ARM Bias Field: Sets ARM biasing field.



Fire IRM Voltage: Charges up to specified voltagd &en fires.
Fire peak field: Charges up to specified field &meh fires.
Interrupt: Interrupts charging cycle.

HF Coil/LF Coil: Allows you to switch between coibs systems with multiple coils. The
Caltech instruments currently have only a LF coil.

Negative polarity: Switches the polarity on thel.c®his is an option on the Caltech instruments.
There is not room on the AF units to accommodath hegative polarity and HF coil options.

Read IRM Voltage: Reads IRM voltage on instrumevith a feedback line.

ARM/IRM Controller
ARM IRM MC Cantroller
Woltage: [Eiiz Show
Bias field [G):
— Peakfd (B [ Epe ’:F::d‘; o
et 1
I HF Cail
' (0 o Interrupt IRM v ,U_
™ Lock coil selection Read IRM Vi
[~ Megative Polarity (BT 1
IRk Trim; 0

Vacuum
Vacuum Connect: Flips valves that connects thetguggass rod to the vacuum.

Vacuum Motor: Toggles relay indicating that thetioment wants to the vacuum motor to be on.

Vacuum

Output: Input:

" 0On s 0Off

Wacuum Connect:

“Wacuum hotor: " Un + EIfF

Carnect Reset Cloze




Appendix 1: Data File Formats

.SAM files:The SAM file lists all the samples in a sample Bethould be stored in a directory of
the same name as the file.

[The following description is modified from the dgouentation for Craig Jones’ Paleomag
routines at http://cires.colorado.edu/people/jaragy/PMag_Formats.html.]

East Rotated Bl ock (East end of block east of Wst End Wash)q

36.2 245.3 14.0 42.2 45.89
erbl. Oa 12. 3aaf
erb2. 0a 23. 4aby

The first line is a comment line. The fields of #exond line are the locality's latitude (first 5
characters) in °N, locality longitude (next 5 aftespace) in °E, and the magnetic declination
(next 5 after a space) in °E of °N. Two fields ¢altow the magnetic declination: the azimuth

and plunge of a fold axis (both are 5 charactdaes afspace). The following two fields can be
added by PaleoMag and will usually be blank betmiag the code. These are the average strike
and dip of the beds at the locality (used for theorrected reference directions; see "Equal Area
Options..." under the Edit menu, above), both @s@ad 5 characters. All following lines are the
filenames of samples from this locality with theaigraphic level (8 characters and underlined,
indicating that it is added by PaleoMag to the déad CIT format) and the site id (optional),
which is two letters (case-dependant).

Sample filesThe data for each file is stored in a sample filentified by the name given in the
.SAM file. The sample files must be created betbeesample is run.

T c112-0.03 1

0.03264.0 90.0 0.0 0.0 1.09
NRM  350.2 28.3 350.2 28.3 1.26E-06 002.7 241.4 -7.7 0.004660
0. 003571 0.001195 bpwei ss 2007-08-30 12: 39: 231

[The following description is taken from the docurtaion for Craig Jones’ Paleomag routines.]

In the first line the first four characters are tbeality id, the next 9 the sample id, and the
remainder (to 255) is a sample comment.

In the second line, the first character is ignotkd,next 6 comprise the stratigraphic level
(usually in meters). The remaining fields are ladl same format: first character ignored (should
be a blank space) and then 5 characters used. @besige core strike, core dip, bedding strike,
bedding dip, and core volume or mass. Conventiomsliacussed below. CIT format can include
fold axis and plunge, which at present is unused.

The following lines are in the order the demagragtons were carried out. The first 2 characters
(3 for NRM only) is the demag type (AF for altenngtfield, TT for thermal, CH for chemical,
etc.), the next 4 (3 for NRM) is the demag levél {or thermal, mT for alternating field, etc.),
the next 6 (first blank for all the following fieddl for geographic ("in situ") declination of the



sample’'s magnetic vector, next 6 for geographilnaton, next 6 for stratigraphic declination,
next 6 for stratigraphic inclination, next 9 forrnalized intensity (emu/cm”3; multiply by the
core volume/mass to get the actual measured ctaesity), next 6 for measurement error angle,
next 6 for core plate declination, next 6 for cplate inclination, and the next three fields of 8
each are the standard deviations of the measuram#rd core's X, y, and z coordinates in 10"5
emu. The final three fields contain the user naslagg, and time of measurement

.RMG files:When making susceptibility measurements or runnegg magnetics experiments,
data are also stored in a comma-delineated .RMGd8 shown below. Fields are labeled in a
header row.

anbl-20030923-b3bottom, Vol : 1, 1

,Level ,Bias Field (G, Spin Speed(rps),Hold Tine (s), M (emu), Std. Dev.
Z, Mz/ Vol , Morent Susceptibility(ermu/ Ce), Mk (emu), Std. Dev. X M

(emu), Std. Dev. Y 1|

I nst runment : Lowenst am 2G Magnet onet er Sanple Changer, 0, 0, 0, 0, O
, 0, 0,0, 0,0 0, 0"

Ti me: 5/ 22/ 2006 10:21:35AM O, O, O, 0, 0,0, 0,0, 0, 0, 0,
(O

AFmax, 850 , 0, 0, O ,-1.83039034923165E-08 , 3.42212710508044E- 10, -
1.83039034923165E-08 , 0 ,-2.85789943823964E-09 , 1.29382514677378E-09
,4.70175056067857E-09 , 2.16783152297401E-09 1

ARM 1000 , 0, O, 0 ,-1.50331035063758E-08 , 3.99137640235756E-10, -
1.50331035063758E-08 , 0 , 4.44277505705283E-08 , 2.51525292791469E-
09, - 5. 08489944918086E-09 , 8.4611914977449E-10



Appendix 2: Using the SampleHeader SunCompass Excel Sheet to Create .SAM and Sample
files

The easiest way to set up the .SAM and samplefblegour paleomag and rockmag runs is to
use the SampleHeaderSunCompass Excel spreadstsighet! by James Martin at Caltech.

When you start the spreadsheet, a dialog box poytat for basic site information. Type in the
new file name, the path where the data directoflyb®icreated, location directory, and location
information. It is often easiest to create the dltactory on the desktop and then copy it to its
destination on both the main server and the baskuyer.

Setup Sample Header

— File Information:

- 1
X
File Name: I T Brawse |
0K |
File Path: I CADocuments and Settingsibweissih 3

Location Description:

bahamas december 2005 Cancel

— Location Information:

Degrees: MInutes:  Seconds:
Latitude: | 25:026 | O [0 & North © South
Longitude: | 28184 [0 [ o &~ East © West

Suncompass Type:

GMT Offset: | -5 * Clockwise

" Counter-Clockwise

Then, fill out the spreadsheet. For each sampéeséimple name will be the file name plus the
sample number.

For rock mag samples, we typically use the voluield to store mass, either in g or mg.
(Specify which in a parenthetical comment in theadiption, e.g. “(mass in mg)”.) Otherwise,
we commonly leave volume set to 1.

When the spreadsheet is filled out, click on Créddader Files to create the header files.



E Microsoft Excel e =|0] x|
File Edt Yiew Insert Format Tools Data  Window Help  Acrobat Type aguestion for help (= 2 @
DEHR SRAY| I BR-< | vro- @ = -4 2 [[@Ppow -0@ . an vlﬂv1u7 B % , 0 oA
Al - % File Information,
Eewwew p [ c[olE[] F T & T W [ U [ & T K [ Ufomiearj [ W [ToTP[lalrR[IS8] T TUl

1 [Fite "'f"""ﬁi“": Setup Header Create Header

7 [Name:  Location Path: Files Files

3T CADocuments and Settingstbweissiy Documents\DatatSample Changer Dafa Filesimalool

4 Remember: Location name + sample number must be no more than 8.3 characters long

G Calculate Magnetic
| 6 |Location Information: Doclintions

7 Lattitude:  Longitude: GMT offset SunT;;];np. Mean: SD: Description:

£l 2503 221.84 -4 c 84,08 2.42 hahamas december 2005

9 | Overtype the first row for your first sample Show B lock Show Sun Dont enter walues in vellow cells - they are calculated. Pink cells are sometimes calculater
10 then enter subsequent samples on the next row Samples Compass - Sun Compass Information -

11 Sample information: -- Block Samples — Date/Time

Sample Strat. Block Block Block |Core Plate Core Plate Bedding = Bedding N Fold Shadow year - -

12 Mumber Position |Strike Dip Angle| Strike Dip Strike Dip Volume | Fold Axis Plunge May. Dec. Angle day month nan) hour | min Date Time

13 c112-0037 0.03] 264 a0 o 1] 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

14| ci1z-0077 0.07] 264 a0 a 0 1 83.31 13 13 12 2005 12 8 13-Dec-2005 12:08

15 ci1z2-0127 0.12] 264 a0 o 1} 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

16| c112-0177 0.17 264 a0 a 0 1 83.31 13 13 12 2005 12 8 13-Dec-2005 12:08

17| c112-0257 0.245] 264 a0 o 1} 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

18| ci1z2-0.327 0.32 264 a0 a 0 1 83.31 13 13 12 2005 12 8 13-Dec-2005 12:08

189 c112-0407 0.40| 264 a0 o 1} 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

0| ci1z-0507 0.50 264 a0 a 0 1 83.31 13 13 12 2005 12 8 13-Dec-2005 12:08

il c112-0657 0.64] 264 a0 o 1} 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

2| ciz-07s" 0.745 264 a0 a 0 1 83.31 13 13 12 2005 12 8 13-Dec-2005 12:08

23 ci1z2-0807 0.90] 264 a0 o 1} 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

24| c112-1.057 1.08 264 a0 a 0 1 83.31 13 13 12 2005 12 8 13-Dec-2005 12:08

25 ci1z2-1.207 1.20] 264 a0 o 1} 1 83.31 13 13 12 2004 12 8 13-Dec-2005 12:08)

26 s112a” 0.00 27 0 a 0 1 8240 k] 13 12 2005 13 34 13-Dec-2005 13:34)

27 si12p” 0.00] 270 1} o 1} 1 a3.70 33 13 12 2004 13 39) 13-Dec-2005 13:39

22 s112c” 0.00 27 0 a 0 1 I3 40 13 12 2005 13 43 13-Dec-2005 13:43

29 si12d” 0.00] 270 1} o 1} 1 82.49 36 13 12 2004 13 46| 13-Dec-2005 13:46

30 s112e” 0.00 27 0 a 0 1 78.45 L] 13 12 2005 13 32 13-Dec-2005 13:38

31 ¢128-0.057 0.04] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

32| 1280457 0.15 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

33| c128-0257 0.245] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

34| c128-0.357 0.35 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

35 c128-0457 0.45] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

36| c128-0.557 0.55 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

37| c128-0857 0.64] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

3% c128-0.807 0.80 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

39 c129p-0837 0.93] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

40| ¢1290-1.057 1.08 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

41| c129p-1.207 1.20] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

42 | c1290-1.357 1.35 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

43| c129p-1.507 1.50] 180 a0 o 1} 1 87.55 102 14 12 2004 13 13 14-Dec-2005 1313

44 | ¢1290-1.637 1.63 190 a0 a 0 1 a7.55 102 14 12 2005 13 13 14-Dec-2005 13:13

45 s129a" 0.00] 270 1} o 1} 1 79.05 42 14 12 2004 13 57| 14-Dec-2005 13:57

46 s1200" 0.00 27 0 a 0 1 88.76 k] 14 12 2005 14 0] 14-Dec-2005 14:00

47 s128c” 0.00] 270 1} o 1} 1 a4.71 38 14 12 2004 14 4 14-Dec-2005 14:04)

4 120" 0.000 1} 0 a 0 1 14 12 2005 14 7/ 14-Dec-2005 1407 ol
M 4 » #[\Sheetl {Sheetz £ Sheets 1] | »
Ready UM £




