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01 OVERVIEW
FTM-TM-01-01 OVERVIEW OF THE FIREARMS AND TOOLMARKS 

TRAINING PROGRAM
1 Introduction
This training program is designed to train Forensic Scientists assigned to the discipline of firearms 
and toolmarks within the Texas Department of Public Safety Crime Laboratory. Trainees will learn 
to properly process, preserve, and identify firearms, toolmarks, serial numbers, and distance 
determinations with the suggested techniques and procedures outlined in this training program.
The Firearms Examiner successfully completing this training program will provide technically 
proficient examinations of physical evidence, accurately report case examinations and results in 
written form, and effectively present their findings as an expert witness. 
Forensic Scientists employed by the Texas Department of Public Safety in the Firearms and 
Toolmarks Section must meet specific requirements as outlined in the job description for Forensic 
Scientist.
An examiner must successfully complete the designated modules in the training manual and must 
also pass practical examinations, written examinations, competency testing, mock trial, and 
supervised casework before obtaining authorization to perform independent casework. 
Trainees having prior experience in forensic firearms identification procedures may be evaluated 
by management in such a way that the training time and program may be modified according to 
their skills and knowledge. Modifications to the training program must be approved by the System 
Quality Manager. 
Those trainees with prior experience will undergo competency testing related to the designated 
modules before obtaining Director authorization to perform work.

2 Purpose
The Firearms Training Program is designed to provide the trainee with sufficient background, 
laboratory skills, education, and supervised hands-on experience to adequately perform work with 
minimal supervision. The training program is approximately 14 to 18 months long. Additional time 
is required for those also being trained in distance determination and/or toolmark examination.

3 Program Format
Modules of instruction may be studied concurrently with other modules as necessary for optimal 
student understanding of the materials and methods presented. Each module will be 
supplemented by required readings, group discussion, independent and directed study, 
independent research, and practical exercises. Specialized schools in the discipline of firearms 
and toolmarks should be completed when available. Trainees should observe more experienced 
examiners during court testimony, when available.

A. General Laboratory Training The trainee will be introduced to general laboratory 
practices, forensic science, quality assurance, evidence management, legal concepts, 
pretrial preparation, court testimony, and general laboratory safety.

B. Firearms Unit will introduce the trainee to history and development of firearms and 
ammunition, history of firearms identification, firearms safety, equipment use, evidence 
handling, firearms, fired components, comparisons, processing and development 
procedures, shooting scene reconstruction, laboratory examinations (case evaluation, 
documentation, and report writing), and legal issues.
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C. Serial Number Restoration Unit will introduce the trainee to equipment use, evidence 
handling, processing and development procedures, laboratory examinations (case 
evaluation, documentation, and report writing), and legal issues.

D. Distance Determination Unit will introduce the trainee to equipment use, evidence 
handling, firearms, fired components, processing and development procedures, specific 
reagents, laboratory examinations (case evaluation, documentation, and report writing), 
and legal issues.

E. Toolmarks Unit will introduce the trainee to equipment use, evidence handling, tools, 
toolmarks and related components, comparisons, processing and development 
procedures, laboratory examinations (case evaluation, documentation, and report writing), 
and legal issues.

4 Safety 
There are numerous safety components including, but not limited to, handling evidence, firearms 
safety, biological and chemical contamination, and mixing reagents. Use appropriate personal 
protective equipment and laboratory safety precautions as outlined in each module and in the 
Health and Safety Manual.

5 Responsibilities
5.1 Trainer Responsibilities

A. The trainer is responsible for providing a training plan and/or outline to the trainee.
B. The trainer will assess, review, evaluate, and sign and date the completion of tasks, 

modules, practical exercises, and exams (written or oral). 
C. The trainer will review and approve items on the Firearms and Toolmarks Training 

Checklist (LAB-FTM-TM-01).
D. Documentation of training records, completion of training assignments, and other training 

records are reviewed and approved by the trainer.
E. Regular meetings between the trainer, trainee, and supervisor, should be held to evaluate 

the trainee’s progress and identify areas that require additional training.
5.2 Trainee Responsibilities

A. The trainee has an obligation to maximize the effectiveness of the training period as an 
opportunity to learn as much as possible in this field. The extent to which the trainee 
exerts himself or herself during this training and evaluation period will bear directly on the 
quality of his/her performance in the laboratory and on the witness stand. The trainee has 
a moral and ethical obligation to prepare himself or herself technically and professionally 
during training in order to be able to perform according to the most rigorous standards.

B. The trainee will be required to maintain a training notebook. The training program requires 
the trainee to keep up with assignments on a self-study basis. The trainee is responsible 
for informing his/her trainer or Supervisor if problems arise at any time during the training 
period.

5.3 Training Notebook
A. During the training program, the trainee is responsible for keeping detailed records in a 

training notebook of his/her training and progress. Completion of modules and/or practical 
exercises will be recorded, dated, and approved by the trainer on the respective training 
checklist.
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B. This notebook will be presented upon request by the trainer or members of lab 
management. Copies of significant training progress will be provided to the trainer for 
inclusion into the trainee’s notebook.

C. Completion of modules and/or practical exercises will be recorded, dated, and signed off 
by the trainer on a training record log (checklist). 

D. The following is a list of items maintained in the training notebook by the trainee:
1. Training record (Training Checklist) of training activities and exercises, as well as 

practical applications
2. List of literature reading assignments with documented completion dates
3. List of in-house training videos and lectures attended
4. Records of all oral and written tests and results will be maintained. This includes 

written, practical and competency/proficiency tests
5. Special project assignments with summary reports, as applicable (optional)
6. Courtroom testimony attended and observations/evaluations
7. Records will be maintained regarding all site visits (laboratories, schools, 

museums, factories) related to training
8. Study notes, including discussion, demonstration or research
9. Supervised casework assignments
10. Workshop or lecture certificates (copy)
11. Mock trial documentation (LAB-313 and LAB-314)

6 Review and Authorization
Firearms, Serial Number Restoration, Distance Determination, and Toolmarks will be undertaken 
as separate units of training. General Laboratory Training must be completed before beginning 
this training program.
6.1 Firearms Unit
The Firearms Unit requirements will conclude with examiner approval to conduct supervised work 
when the following are met:

A. All competency samples are correctly analyzed, which includes a minimum of ten practical 
exams.

B. The trainee successfully completes written assignments and/or exam(s).
C. Successful completion of at least one mock case, which includes examination of evidence 

followed by a mock court designed, conducted, and evaluated by the trainer and 
supervisor. This may be combined with other testing procedures’ mock cases/courts.

D. The training notebook and other training records documenting completion of training 
requirements are reviewed by the trainer.

E. The trainer(s) recommend(s) that the examiner be approved for supervised work.
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6.2 Serial Number Restoration Unit
Serial/Number Restoration Unit requirements will conclude with examiner approval to conduct 
supervised work when the following are met: 

A. All competency samples are correctly analyzed, which includes a minimum of three 
practical exams.

B. The trainee successfully completes written assignments and/or exam(s). 
C. Successful completion of at least one mock case, which includes examination of evidence 

followed by a mock court designed, conducted, and evaluated by the trainer and 
supervisor. This may be combined with other testing procedures’ mock cases/courts.

D. The training notebook and other training records documenting completion of training 
requirements are reviewed by the trainer.

E. The trainer(s) recommend(s) that the examiner be approved for supervised work.
6.3 Distance Determination Unit
Distance Determination Unit requirements will conclude with examiner approval to conduct 
supervised work when the following are met:

A. All competency samples are correctly analyzed which includes a minimum of five practical 
exams.

B. The trainee successfully completes written assignments and/or exam(s).
C. Successful completion of at least one mock case, which includes examination of evidence 

followed by a mock court designed, conducted, and evaluated by the trainer and 
supervisor. This may be combined with other testing procedures’ mock cases/courts.

D. The training notebook and other training records documenting completion of training 
requirements are reviewed by the trainer.

E. The trainer(s) recommend(s) that the examiner be approved for supervised work.
6.4 Toolmarks Unit
Toolmarks Unit requirements will conclude with examiner approval to conduct supervised work 
when the following are met:

A. All competency samples are correctly analyzed, which includes a minimum of ten practical 
exams.

B. The trainee successfully completes written assignments and/or exam(s).
C. Successful completion of at least one mock case, which includes examination of evidence 

followed by a mock court designed, conducted, and evaluated by the trainer and 
supervisor. This may be combined with other testing procedures’ mock cases/courts.

D. The training notebook and other training records documenting completion of training 
requirements are reviewed by the trainer.

E. The trainer(s) recommend(s) that the examiner be approved for supervised work.
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6.5 Supervised Work
Supervised work requirements will conclude with authorization for independent work when the 
following are met:

A. Supervised work consisting of successful completion of at least 20 firearms cases, two 
toolmark cases (if applicable to the examiner’s assigned lab), five distance determination 
cases (if applicable to the examiner’s assigned lab), and two serial number restoration 
cases. Mentor/trainer must initial all relevant pages/results in the examination 
documentation indicating that they concurred with the examination/results.

B. Trainer or designee is consulted at each step of the analysis procedure prior to trainee 
proceeding with that step.

C. The trainer(s) recommend(s) that the examiner be approved for independent work to the 
Quality Manager.

7 Evaluation of Training
The trainee will complete an evaluation of the module/unit content and the trainer the using LAB-
304 (Laboratory Training Program Evaluation Form). 

8 Retraining
Examiners desiring or requiring retraining prior to resumption of testing activities will consult with 
the System Firearm Trainer to review any potential knowledge gaps and deficiencies. The System 
Firearm Trainer will develop an individual training program in consultation with the Comparison 
Program Coordinator, Quality Manager of the laboratory to which the examiner is assigned, and 
the affected individual.
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FTM-TM-01-02 HISTORY OF AMMUNITION AND EARLY FIREARMS 
DEVELOPMENT

Duration Five weeks
Purpose The trainee will become familiar with the history and development of ammunition 

and early firearms
Prerequisite General Laboratory Training Manual

1 Objectives
1.1 Theoretical
The trainee will learn the history and development of ammunition and early firearms and how their 
developments are intertwined. This forms the foundation of how each component interacts with 
one another. The trainee will also have an understanding of how modern ammunition is 
manufactured and how those methods can impact comparisons of fired ammunition components.
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Historical development of firearms and ammunition
B. Current manufacturing methods of ammunition
C. Proper nomenclature
D. Use of available reference materials 

2 Training Outline
2.1 Lesson Plan

A. Develop knowledge of the history of propellant development
1. Components of black powder and their sources
2. Role of components
3. Development of smokeless powder

B. Develop knowledge of the history of cartridge case and bullet development
1. Vocabulary
2. Materials and shapes
3. Development of rimfire and centerfire cartridges

C. Develop knowledge of the history of early firearm development and how it is interrelated to 
propellants, cartridge case and bullet development
1. Develop knowledge of the various lock systems
2. Develop knowledge of important inventors
3. Understand how one mechanism spurred development of future mechanisms

D. Learn about the development and manufacture of modern ammunition, including bullets, 
cartridge cases (rimfire and centerfire), primers, shotgun shells, and components. 

E. The trainer will present PowerPoints for discussion. 
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F. During the ammunition factory tour, the trainer will assist the trainee with understanding 
the processes that are being observed.

2.2 Required Readings and Presentations
A. Dillon, J., “The Manufacture of Conventional Smokeless Powder”; AFTE Journal. 1991; 

23(2):682-693.
B. Henderson, E., “A Tour of Federal Cartridge Company”, AFTE Journal. 2002; 34(3):316-

318.
C. Frost, G. Ammunition Making. NRA Publishing; 1990
D. PowerPoint presentation – Black and Smokeless Powder Development
E. PowerPoint presentation – Ammunition & Early Firearm Development

2.3 Suggested Readings
A. Chang, K. and Abdullah, A. “Macroscopic Examination of Morphological Features of 

Propellant Powders Prevalence in Malaysia”. Malaysia Journal of Forensic Science. 2012; 
3(1):46-51.

B. Davis, T. The Chemistry of Powder and Explosives. Angriff Press; 2012. (reprint)
C. George, W., “Black Powder Firearms – Safety Precautions”. AFTE Journal. 1988; 

20(1):57-58.
D. Lewis, B.R., “Bacon’s Thunderous Sound”. The American Rifleman. May 1952; pp.35-40.
E. Styers, G. “The History of Black Powder”. AFTE Journal. 1987; 19(4):443-446.

3 Practice
3.1 Safety
None 
3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment
Ammunition Reference Collection
3.4 Independent Exercises

A. Prepare a detailed chronological report about the origins and development of black 
powder as an early small arms propellant through the 19th century. Focus on black powder 
itself as early firearms will be covered later in training. Discuss the following:
1. Early researchers and inventors
2. Countries of origins
3. Components of black powder
4. Ratio of components
5. Early documents
6. Sources of raw materials
7. Production methods
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8. Glazing process
9. Grain size
10. Chemistry of combustion
11. Role of each component
12. Mechanical mixture vs. chemical compound
13. End products of combustion
14. Modern improvements

B. Obtain several samples of the various grain sizes of black powder. Preserve them in 
labeled glass vials for future reference. If the trainee’s lab already has these, study the 
similarities and differences.

C. Sketch the cross-section of Berdan and Boxer primers, showing their relation to the head 
of the cartridge. Include several paragraphs discussing the origins, advantages and 
disadvantages of each.

D. Prepare a report discussing the purpose and essential ingredients of priming mixture used 
in modern cartridges.

E. Prepare a report discussing the evolution of the rimfire cartridge from the mid-19th century 
to the current generation of modern 22 caliber rimfire cartridge.

F. Prepare a report discussing the evolution of centerfire cartridge development starting with 
black powder cartridges in the mid-19th century to the current generation of modern 
centerfire cartridges. Be sure to include 
1. Muzzle loaded paper cartridges, 
2. Colt nitrated paper cartridges, 
3. Sharps linen cartridges, 
4. Maynard brass cases and tape primers, 
5. The Mini ball, 
6. Houiller’s pinfire cartridge, 
7. Flobert’s BB cap, 
8. The Volcanic bullet, 
9. Henry’s 44 rimfire, and 
10. Folded head cartridges

G. Early Firearms – Much of early ammunition development discusses early firearms as well. 
1. Prepare a chronological outline of early firearms development from “cannon lock” 

through “percussion lock”.
2. Prepare and submit a chronological report setting out the origins and evolution of 

muzzle loading firearms through percussion systems. Focus should be on the 
advantages of each developmental step and how improvements were stimulated 
by disadvantages of prior system. The report should address and define the 
following systems:
a. Hand cannon
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b. Matchlock

c. Wheel lock

d. Snaphaunce

e. Miquelet

f. True flintlock

g. Mechanical priming systems (firelocks)

h. Chemical priming systems (percussion)

i. Projectiles used

j. Loading and firing sequences of black powder firearms

k. Inventors (where known)

l. Muzzle-loading firearm safeties

m. Safety mechanisms

n. Repeating arms

o. Countries of origin

p. Use of patches

q. Pre-metallic cartridges

r. Projectile improvements

H. Modern Ammunition – Learn the definitions of the following cartridge vocabulary words 
and be prepared for an oral exam discussing them:
1. Cartridge
2. Cartridge case
3. Primer
4. Single based powder
5. Double based powder
6. Bottleneck cartridge
7. Rebated-rim cartridge
8. Rimless cartridge
9. Rimmed cartridge
10. Proof cartridge
11. Shoulder
12. Neck
13. Mouth
14. Head
15. Extractor groove
16. Semi-rimmed cartridge
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17. Tapered cartridge
18. Head stamp
19. Belted cartridge
20. Bunter

I. Learn the difference between caliber, caliber type and caliber designation. Discuss the 
following caliber families: 22 caliber, 30 caliber and 38 caliber in regards to cartridge. 
Explain the differences between the different caliber types specifically in regards to 
cartridges and bullets in a three page report.

J. Learn the definitions of the following bullet vocabulary words and be prepared for an oral 
exam discussing them:
1. Bullet
2. Cannelure
3. Crimp
4. Ogive
5. Jacketed bullet
6. Round nosed bullet
7. Hollow-point bullet
8. Soft point bullet
9. Spitzer bullet
10. Bullet sizing
11. Wadcutter
12. Semi-wadcutter
13. Truncated nose bullet
14. Brass coated lead bullet
15. Copper coated lead bullet
16. Nylon coated lead bullet
17. “Silvertip” bullet
18. Lubaloy
19. Arsenic
20. Antimony
21. Cast lead bullet
22. Mold marks

K. Learn the definitions of the following shotshell vocabulary words and be prepared for an 
oral exam discussing them:
1. Shotshell
2. Gauge
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3. Battery cup
4. Wadding
5. High brass, low brass
6. “Rule of 17”
7. Shot collar
8. Chilled shot
9. Dram equivalent

3.5 Ammunition factory tour 
After touring an ammunition factory, in a group oral report discuss the following processes: (Note 
the differences between rimfire, centerfire, shotgun cartridges)

1. Blanking
2. Cupping
3. Annealing, washing, pickling
4. Drawing
5. Second wash
6. Trimming
7. Heading
8. Relief annealing
9. Priming
10. Trimming
11. Bunting
12. Tapering and necking
13. Head turning
14. Mouth annealing
15. Piercing flash hole
16. Seating/crimping primer
17. Extrusion
18. Slug cutting
19. Bullet forming press & dies
20. Knurling
21. Brass and copper coatings
22. Lubricants
23. Formation of bullet cores and jackets
24. Final assembly of jacketed bullets
25. Paper and plastic shotshells
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26. Cardboard & felt wadding
27. Plastic wadding components
28. Use of shot tower
29. Use of Bliemeister process
30. Steel & Bismuth shot manufacture
31. Shotshell head construction 

3.6 Pattern Recognition Skills 
A. The trainer or mentor will assign test fires (known matches) from the local laboratory test 

fire reference collection. Record the inventory number of the test fire box, the caliber, the 
cartridge class, and the areas studied on both cartridge cases and bullets.

B. The purpose of this exercise is to start training unskilled eyes to recognize patterns on 
fired ammunition components. This exercise will be continuous throughout training and 
build in complexity and level of observations. 

4 Assessment
4.1 Competency and Qualifying Examination
Successful performance of the assignments and exercises outlined in this module are considered 
to be the completion of this module.  
4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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FTM-TM-01-03 MANUFACTURE OF MODERN FIREARMS
Duration Five to six weeks
Purpose The trainee will become familiar with the manufacture of modern firearms and 

firearm operating systems.
Prerequisite FTM-TM-01-02

1 Objectives
1.1 Theoretical
Building on what was learned in FTM-TM-01-02, the trainee will focus on modern firearm 
manufacturing and the various operating systems. This knowledge will be applied later to 
determine sources of various firearm related toolmarks. The trainee will be able to determine 
make, model, serial number, country of origin, and other marks used to identify firearms.  
1.2 Practical
Following the completion of this module, the trainee will have an understanding of:

A. Manufacturing and machining terms and techniques
B. Basic firearm types, firearm parts, and rifling techniques
C. Identifying marks on firearms and proof marks
D. Fundamentals of operation
E. Terminology

2 Training Outline
2.1 Lesson Plan

A. Manufacture of Modern Firearms 
1. Become familiar with different manufacturing/machining terms and techniques
2. Understand basic firearm types
3. Understand major firearm parts
4. Understand the various rifling techniques
5. Be able to identify firearms 
6. Understand the significance of proof marks

B. Modern Firearms Operation 
1. Understand the fundamentals of operation including 

a. Cycle of fire

b. Types of operation

c. Semi-automatic and full automatic fire

2. Understand manufacturing terminology
3. Understand trainee’s local laboratory collections

C. Examine reference firearms and identify operating systems 
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D. Test firing rules
E. Learn the ATF manufacturing requirements and stamp location requirements for 

identifying firearms
F. Factory tours, as available 

2.2 Required Readings and Presentations 
A. AFTE Glossary Section 8 (Manufacturing and Machining Terminology) 
B. Videos found on YouTube:

1. John Moses Browning Documentary (57:56) 
2. The Genius of John Moses Browning (14:28)
3. The Browning Hi-Power (39:38) 
4. S&W Safety Features (3:00)
5. Colt Factory Tour Part 1 (33:59)
6. How Henry Rifles are Made (14:35)
7. America’s Rifle: The M1 Garand (54:46)
8. AR-15 Components (7:11) 
9. How Revolvers Work (Colt Single Action & Colt Double Action- start @ 11:25) 

(25:32)
10. How a Pistol (Colt 1911) Works (5:20)
11. How a Glock Works (2:54)
12. How an Arisaka Type 14 works (4:50)
13. How an AK-47 works (2:21)
14. How This Rifle Works AK-47 (16:01)
15. How an AR-15 works (5:10)
16. How 3 shot burst works (7:28)
17. How Derringers Work - rimfire (2:02)
18. How Does a Beretta 92 Operate (1:55)
19. View PowerPoint – Identifying firearms
20. View PowerPoint – AOW 
21. View PowerPoint – Machining Techniques

2.3 Suggested Readings
A. Articles

1. Berg, S. “Safety Design: Remington Semi-Automatic Shotguns”. AFTE Journal. 
1989; 21(3):496-499.

2. Chenow, R. W.  and Lemmer, J. T. “Use of Investment Casting in the Manufacture 
of Firearm Components”. AFTE Journal. 1994; 26(1):64-76.
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3. Goddard, C. H. “Proof Tests and Proof Marks”. AFTE Journal. 1983; 15(2):116-
142. (5 parts)

4. Haag, L. C. “Heckler and Koch Polygonal Rifling”. AFTE Journal. 1977; 9(2):45-47.
5. Papke, R. E. “Electrochemical Machining: A New Barrel Making Process”. AFTE 

Journal. 1988; 20(1):48-52.
B. Books

1. Burghart, H., Axelrod, A., Anderson, J. Machine Tool Operation: Part 1. McGraw-
Hill Company; 1936.

2. Burghart, H., Axelrod, A., Anderson, J. Machine Tool Operation: Part 2. McGraw-
Hill Company; 1960.

3. Hatcher J, Jury F, Weller J. Firearms Investigation, Identification and Evidence. 
Philadelphia, Pa.: Ray Riling Arms Books Company; 2006: Chapter 2.

4. LaBounty, C. Rifling Machines and Methods. Labounty Precision Reboring, Inc.; 
2012. 

5. Muramatsua, K. Gun Digest Book of Automatic Pistols Assembly/Disassembly. 
Current Edition. Krause Publications.

6. Muramatsua, K. Gun Digest Book of Centerfire Rifles Assembly/Disassembly. 
Current Edition. Krause Publications.

7. Muramatsua, K. Gun Digest Book of Rimfire Rifles Assembly/Disassembly. Current 
Edition. Krause Publications. 

8. Muramatsua, K. Gun Digest Book of Shotguns Assembly/Disassembly. Current 
Edition. Krause Publications; 2012.

9. Muramatsua, K.. Gun Digest Book of Tactical Weapons Assembly/Disassembly. 
Current Edition. Krause Publications; 2013.

10. Murtz, H.A. The Gun Digest Book of Exploded Gun Drawings. KP Books. 
11. Schneider, Jr., G. Cutting Tool Applications. Farmington Hills, MI: George 

Schneider, Jr.; 2002 (PDF available) 
12. Walker, J. Machining Fundamentals. The Goodheart-Wilcox Company, Inc.; 2004.

3 Practice
3.1 Safety
Firearms and Toolmarks SOP: Firearm Safety chapter
3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment

 Firearms Reference Collection
 Ammunition Reference Collection

3.4 Observed Performance 
The trainer will demonstrate proper firearms handling, disassembly, assembly, and function 
checking to the trainee.
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3.5 Supervised Performance
A. Partially disassemble (field strip) and reassemble firearms from the Firearms Reference 

Collection (FRC) as assigned by the trainer. 
B. The trainee will demonstrate the types of operation of various firearms in the Firearms 

Reference Collection as assigned by the trainer.
3.6 Independent Exercises

A. Numerous techniques are used in the manufacture of modern firearms. Research these 
processes and discuss in trainee notes:
1. Shaping
2. Planing
3. Drilling
4. Reaming
5. Turning
6. Boring
7. Milling

a. Face milling
b. Peripheral (slab) machining

8. Broaching
9. Swaging
10. Abrasive machining

a. Honing
b. Lapping
c. Grinding
d. Sanding
e. Ultrasonic methods 

11. Sawing
12. Filing
13. Electrical machining

a. EDM

b. ECR

14. Investment casting
15. Metal injection molding (MIM)

B. Define the basic nomenclature of handguns, rifles, and shotguns:
1. Revolver (single action, double action)
2. Semiautomatic pistol (single action, double action, simple blowback, recoil 

operated)
3. Derringer
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4. Rifle (bolt action, lever action, semiautomatic)
5. Shotgun (bolt action, lever action, semiautomatic, break open, slide/pump)

C. Understand and define the following firearms parts. Understand that not all firearms will 
have all of the following parts:
1. Breech block & breech bolt (note differences too)
2. Breechface (bolt face)
3. Bolt
4. Extractor
5. Ejector
6. Firing pin
7. Rifling
8. Forcing cone
9. Barrel
10. Bore 
11. Lands; grooves
12. Feed ramp & loading ramp (note differences too)
13. Magazine
14. Clip; charger, En Bloc clip, Stripper clip
15. Ejection port
16. Receiver
17. Choke, choke tubes

D. Define the following rifling and bore finishing techniques:
1. Broach 
2. Button 
3. Hammer forging 
4. Hook method 
5. Scrape method 
6. ECR/EDM 
7. Crowning 
8. Ball burnishing 
9. Bore slugging 
10. Lead lapping

E. Research the history and significance of proof marks as they relate to manufacture.
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F. Fundamentals of Operations
1. View the video series Fundamentals of Small Arms Weapons, Parts I-III found on 

YouTube and write a summary of each section.
a. Fundamentals of Small Arms Weapons Part I; Cycle of Operation (cycle of fire) 

b. Fundamentals of Small Arms Weapons Part II; Types of Operation 

c. Fundamentals of Small Arms Weapons Part III; Semi-automatic and Automatic 
Fire 

2. Define manual operation, semi-automatic and automatic fire.
G. Explain the differences in the following terms in trainee notes:

1. Single action only (SAO)
2. Double action only (DAO)
3. Double action and single action (DA/SA)
4. Blowback action
5. Delayed blowback action
6. Gas-operated action
7. Short recoil operation
8. Long recoil operation

H. Laboratory Collections
1. Understand the Firearms Reference Collection (FRC) in the trainee’s lab:

a. Learn how to locate firearms in the FRC using the FRC database (printed or 
electronic)

b. Know the correct procedure for checking a firearm out of the FRC

c. In particular note the different types of firearms and actions (operating systems) 

2. Understand the Firearms Section Ammunition Reference Collection in the trainee’s 
lab

I. Examine reference firearms and identify operating systems

4 Assessment
4.1 Competency and Qualifying Examination 
Complete oral exams in the PowerPoint presentations. The successful performance of the 
assignments and exercises are considered to be the completion of this module.  
4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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02 FIREARMS UNIT
FTM-TM-02-01 HISTORY OF FIREARMS IDENTIFICATION
Duration One week
Purpose To familiarize the trainee with the history of firearms identification as a science, 

including historical background, concepts, and instrumentation development.
Prerequisite FTM-TM-01-02 and FTM-TM-01-03

1 Objectives 
1.1 Theoretical
This body of knowledge is founded squarely on the previous topics already learned – small arms 
propellants, manufacturing processes, operating systems, and most importantly the cycle of fire. 
The trainee will learn how class, subclass, and individual characteristics are important for the 
basis of identification, elimination or inconclusive opinions and principles of examination of 
firearms, serial number restoration, distance determination, and toolmarks.
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. The history of firearms identification
B. Early landmark cases
C. Types of instruments utilized
D. Use of common nomenclature in Firearms Identification
E. The Association of Firearm and Tool Mark Examiners (AFTE) and the Theory of 

Identification

2 Training Outline
2.1 Lesson Plan 

A. Demonstrate knowledge of the history of Firearms Identification, including:
1. Key people involved in early firearms identification and their contributions.
2. Early landmark cases 
3. Early instruments used in comparisons

B. Demonstrate knowledge of related terminology, including:
1. Interior, exterior and terminal ballistics
2. Types of conclusions
3. Basis for conclusions
4. Probability as it relates to Firearms Identification
5. Class, subclass, and individual characteristics
6. Parts of firearm that leave class characteristics
7. What determines individuality in bullets, cartridge cases, and shotgun shells



System Firearms & Toolmarks Training Manual
Firearms Unit Page: 22 of 128
FTM-TM-02-01  History of Firearms Identification  (2.2)

  Effective Date: 12/30/2019 Go to Table of Contents
  Issued by: System Quality Manager Forms

Printed copy is uncontrolled. Refer to electronic copy for current version.

C. Demonstrate knowledge of AFTE:
1. Formation of AFTE
2. History
3. Membership criteria
4. Code of Ethics
5. Glossary and Journals
6. Criteria for Identification and Theory of Identification

D. Know the importance of laboratory collections
1. Firearms Reference Collection

E. Ammunition reference collection Firearms Identification in the laboratory
1. Become familiar with the Firearms Reference Collection (FRC):

a. Learn how to locate firearms in the FRC using the FRC printed or electronic 
inventory listings and obtain up-to-date copies of this inventory for use.

b. Know the correct procedure for checking a firearm out of the FRC.

c. In particular, note the different types of firearms, actions, etc.

2. Become familiar with the Firearm Section Ammunition Reference Collection.
2.2 Required Readings

A. Burrard, G. The Identification of Firearms and Forensic Ballistics. A. S. Barnes and 
Company; 1962.

B. Gunther and Gunther. The Identification of Firearms. Skyhorse Publishing; 2015.
C. Hatcher J, Jury F, Weller J. Firearms Investigation, Identification and Evidence. 

Philadelphia, Pa.: Ray Riling Arms Books Company; 2006.
D. Mathews, J. Firearms Identification, Vol 1. Charles C. Thomas Publishing; 1973.
E. Articles:

1. Report on the Formation of the Association of Firearm and Tool Marks Examiners 
2. AFTE By-Laws 

F. AFTE history, ethics, bylaws, Theory of Identification www.afte.org (under about tab)
G. Read and become familiar with the Association of Firearms and Tool Mark Examiners 

(AFTE).  Include its history, current officers, and criteria for membership, committees, 
glossary and journals.
1. History: read the following articles

a. Howe, W. “Report on the Formation of the Association of Firearm and Tool Marks 
Examiners”; AFTE Journal. 1989; 21(2):118-119. 

b. AFTE History 

2. Criteria for membership, current officers, benefits, committees: read the AFTE 
Bylaws 
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3. Code of Ethics 
a. AFTE Code of Ethics 

b. AFTE Procedures for Enforcement of the Code of Ethics; 

c. Ethics will be discussed throughout training and again in-depth near the end of 
training

4. Glossary 
5. Journal
6. AFTE Criteria for Identification and AFTE Theory of Identification 

2.3 Suggested Readings
If other references are encountered in this category, the trainee is encouraged to notify the trainer 
and make notes for future reference. 

A. Firearms Safety
1. Dutton, G. “Firearms Safety in the Laboratory”. AFTE Journal. 1997; 29(1):37-41. 
2. National Laboratory Center, Bureau of Alcohol, Tobacco and Firearms, “Safety 

Guidelines for the Forensic Firearms Examiner.” current edition. 
B. Chemical Safety

1. National Laboratory Center, Bureau of Alcohol, Tobacco and Firearms, “National 
Laboratory Center Safety Procedures Manual”. Current edition. 

2. Occupational Safety and Health Administration. 29 CFR Part 1910; “Occupational 
Exposures to Hazardous Chemicals in Laboratories”. Final Rule. 

3. Safety Data Sheets (SDS), as applicable can be obtained in print or on disk 
from chemical supply houses, and are maintained by all Texas DPS Crime 
Laboratories.

C. Biohazards
1. Ayers, M. "AIDS/HIV Carriers: An Organizational Response". FBI Law Enforcement 

Bulletin. June 1989.
2. Bigbee, P.D. “Collecting and Handling Evidence Infected with Human Disease-

Causing Organisms”. FBI Law Enforcement Bulletin. July 1987. 
3. Bigbee, P.D. “The Law Enforcement Officer and AIDS”. Federal Bureau of 

Investigation; 1988. 
4. Occupational Safety and Health Administration. 

a. "Hepatitis B Vaccination Protection". OSHA Fact Sheet. 2011.

b. "Bloodborne Pathogen Exposure Incidents". OSHA Fact Sheet. 2011.

c. "OSHA's Bloodborne Pathogens Standard”. OSHA Fact Sheet. 2011.

d. "Protecting Yourself When Handling Contaminated Sharps”. OSHA Fact Sheet. 
2011. 

D. Personal Protective Equipment 
1. Ball, P. and Mikko, D. “Protective Optics”. AFTE Journal. 1992; 24(1):80-81. 
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2. Occupational Safety and Health Administration. 
a. “Hearing Conservation”. OSHA 3074; 2002 (Revised).

b. "Personal Protective Equipment (PPE) Reduces Exposure to Bloodborne 
Pathogens”. OSHA Fact Sheet. 2011.

c. “Personal Protective Equipment”. OSHA 3151-12R; 2004. 

d. “Respiratory Protection”. OSHA 3079; 2002 (Revised). 

E. Lead Poisoning 
1. Cayton, J.C. “Blood Lead Tests”. AFTE Journal. 1975; 7(1):40. 
2. Geibel, J. “Ammunition Can Be Hazardous to Your Health (In More than the 

Obvious Way)”. Police and Security News. May-June 1992: 11. 
3. Gregory, A.M. “At Close Range”. American Society of Law Enforcement Trainers 

Journal. 4(2). 
4. Martinez, A.M. “Lead Poisoning”. FBI Law Enforcement Bulletin. August 1993:1-4. 
5. Occupational Safety and Health Administration. “Standards for Occupational 

Exposure to Lead”. Chapter XVII, Title 29, U.S. Department of Labor, Section 
1910.1025. 

6. Physical Plant Safety
7. Occupational Safety and Health Administration. 29 CFR 1910.155, Fire Protection 

Regulations, Subpart L. 
F. Quality Assurance

1. Association of Firearms and Tool Mark Examiners. “Association of Firearm and 
Tool Mark Examiners Quality Assurance Program 1986”. AFTE Journal. 1986; 
18(3):10. 

2. Bradford, L.W. “Barriers to Quality Achievement in Crime Laboratory Operations”. 
AFTE Journal. 1983; 15(2): 71. 

3. Bradford, L.W. “Forensic Firearms Identification: Competence or Incompetence”. 
AFTE Journal. 1979; 11(2):12. 

4. Brundage, D.J. “Proficiency Testing in Illinois”. AFTE Journal. 1980; 12(4):76. 
5. Hodge, E.E. “Guarding Against Error”. AFTE Journal. 1988; 20(3):290-293. 
6. Hodge, E.E. “Guarding Against Error”. AFTE Journal. 1989; 21(2):450-453. 
7. Lucas, D.M. “An American Proficiency Testing Program”. AFTE Journal. 1985; 

17(1):26. 
8. National Criminal Justice Reference Service, “Proficiency Testing Recommended 

for Crime Labs”. AFTE Journal. 1979; 11(2):22. 
9. Serrill, M.S. “Forensic Sciences: Overburdened, Underutilized”. AFTE Journal. 

1980; 12(4):58.
10. Thornton, J.I. “Nationwide Crime Laboratory Proficiency Project”. AFTE Journal. 

1979; 11(2):23. 
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G. Individual Certification
1. Kopera, J. “Summary of the Study of the Feasibility of Certification”. AFTE Journal. 

1992; 24(1):84-90. 
2. Kowalski, K.F. “AFTE Certification Program”. AFTE Journal. 1996; 28(4):287-290. 

H. Laboratory Accreditation
1. ISO/IEC 17025 – Forensic Science Testing and Calibration Laboratories: 

Accreditation Requirements. Current edition.
2. Rabren, C.L. “Laboratory Accreditation”. AFTE Journal. 1982; 14(3):36. 

I. AFTE History and Development
1. AFTE Staff, “Association of Firearm and Tool Mark Examiners Bylaws”. AFTE 

Journal. 1990; 22(1):61-70. 
2. Howe, W.J. “Report on the Formation of the Association of Firearm and Tool Mark 

Examiners”. AFTE Journal. 1989; 21(2):118-119. 
J. Ethics

1. “AFTE Code of Ethics”. AFTE Journal. 1992; 24(3):342-345. 
2. “AFTE Code of Ethics”. AFTE Journal. 1993; 25(1):ix. 
3. “AFTE Procedures for Enforcement of the Code of Ethics”. AFTE Journal. 1990; 

22(4):457-470. 

3 Practice
3.1 Safety 
None
3.2 Standards, Controls, Reagent Preparation 
None
3.3 Equipment 
None 
3.4 Independent Exercises 

A. History of Firearms Identification
1. Research the contributions of the following individuals to the field of firearms 

identification, citing in particular their most noted publications, inventions, early 
high profile cases, and business and scientific relationships to each other, if any. 
Summarize their contributions into 1-3 paragraphs each.
a. Major Gerald Burrard (Great Britain)

b. Professor Victor Balthazard (France)

c. Robert Churchill (Great Britain)

d. John H. Fisher

e. Colonel Calvin H. Goddard, U.S. Army

f. Philip O. Gravelle
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g. Charles O. Gunther and Jack D. Gunther

h. Major General Julian S. Hatcher, U.S. Army

i. Dr. Howard J. Mathews

j. Albert S. Osborne

k. Alexander von Inostranzeff

l. Charles E. Waite

B. Research the following early landmark cases and summarize each in a one page report in 
terms of firearms identification. 

a. The “Affray at Brownsville”

b. The Stielow homicide

c. The Sacco-Vanzetti case

d. The St. Valentine’s Day Massacre

e. The murder of Constable Guttridge (United Kingdom)

C. Research the evolution of the following instruments. Discuss who originally invented or 
adapted it and its original purpose. Emphasis should be on the comparison microscope 
and its development. Indicate the reasons why some of the instruments that have fallen 
into disuse.

a. Comparison microscope

b. Stereo microscope

c. Helixometer

d. Comparison camera

e. Rifling meter

f. Striagraph

D. Terminology 
1. Define interior, exterior, and terminal ballistics. Also describe the relationship 

between the term ballistics and firearms identification, how these two fields are 
related and which areas are the province of the firearms examiner.

2. Formulate an answer to the following questions:
a. Is the forensic science discipline of Firearms and Toolmarks Identification an art 

or science?

b. What are the types of conclusions that can be reached in firearm identification 
comparisons?

c. What is the basis for each of the above conclusions?

d. Is it possible for experts in the forensic science discipline of Firearms and 
Toolmarks Identification to disagree regarding their conclusions?  Why or Why 
Not?

e. How does "probability" relate to firearm identification?
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3. Define in both general forensic context and specifically within the firearms 
identification:
a. Class characteristics

b. Subclass characteristics

c. Individual characteristics

4. Describe in writing, the parts of a firearm which can leave gross/general class 
characteristics on bullets, cartridge cases, and/or shotgun shells, the general 
appearance and the location of these marks and why they are called ‘class 
characteristics’.

5. Explain why bullets fired from different firearms with barrels bearing the same class 
characteristics can usually be distinguished from one another at the microscopic 
level. Relate this distinction to the manufacturing processes used and the fact that 
tools do not last indefinitely. Include a discussion for evaluation of the tool working 
surface for subclass characteristic influence.

6. Do the same as above for cartridge cases and shotgun shells.

4 Assessment
4.1 Competency and Qualifying Examination
There will be a written competency exam over terminology and concepts. 
4.2 Evaluation of Training
The trainee and trainer will complete a checklist and sign-off sheet (LAB-FTM-TM-01).
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FTM-TM-02-02 EQUIPMENT
Duration One week
Purpose The trainee will become familiar with available equipment used in the laboratory in 

order to choose the appropriate sequence and method, use good laboratory 
practice, and maintain a safe working environment.

Prerequisite FTM-TM-02-01, GLT Advanced Topics: Measurement Uncertainty

1 Objectives 
1.1 Theoretical
It is important for the trainee to have a strong foundation with the various equipment used in the 
Firearms and Toolmarks section. In addition to learning how to use the equipment, the trainee will 
learn the maintenance, calibration, and performance checks routinely performed, as well as 
proper documentation. The trainee will have an understanding of the principles of microscopy, 
comparison microscopy, the effects of various lighting, and how to use the equipment. 
Measurement uncertainty will be covered and, at the end of the module, trainees will participate in 
the measurement uncertainty budget. New and emerging technologies will also be discussed.  
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Use and safe operation of equipment
B. Terminology 
C. Performance verification, performance checks, maintenance, and quality control for 

equipment
D. Use of available reference material
E. 3D Virtual Microscopy  

2 Training Outline
2.1 Lesson Plan

A. Microscopy
1. Compound microscope
2. Stereo microscope
3. Comparison microscope
4. Set up comparison microscope
5. Light sources

B. Other Equipment
1. Micrometers and calipers
2. Inertia bullet puller
3. Ruler
4. Balances and scales
5. Video camera and related software
6. Trigger pull measuring devices
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C. Quality Checks
1. Performance verification
2. Performance checks
3. Calibration

D. Measurement Uncertainty (MU)
1. Review from GLT
2. Current firearm MU budgets
3. Documenting and reporting guidelines
4. Participate in MU budgets 

E. Study of 3D microscopy
1. AFTE 2019 Conference DVD
2. Emerging technologies  

F. Become knowledgeable on the instruction manuals and the mechanical and optical 
aspects of the comparison microscope. The purpose of this is to acquaint the trainee with 
the comparison microscope and is not designed for comparative examinations.

G. Other types of Equipment: 
Become familiar with and be able to use the following equipment:

1. Micrometer
2. Inertia bullet puller
3. Ruler/tape measure
4. Balances and scales
5. Stage micrometer
6. Digital (electronic) micrometer
7. Digital caliper
8. Video camera or digital camera and related computer software
9. Trigger pull measuring devices – NRA dead weights, spring gauge, digital force 

gauge
2.2 Required Readings and Presentations

A. GLT Advanced Topics: Measurement Uncertainty
B. FTM-03-18 – Microscopic Comparison
C. Leeds Forensic Systems, Instructions for the LCF Firearms Comparison System.
D. Duez, et al. “Development and Validation of a Virtual Examination Tool for Firearm 

Forensics”. Journal of Forensic Sciences. July 2018; 63(4):1069-1084.
E. Monturo, C. Forensic Firearm Examination. Academic Press; 2019. 

1. Chapter 7 – Equipment Used for Forensic Firearm Examination. pp. 157-162. 
2. Chapter 15 – Emerging Technology in Comparisons. pp. 275-304.
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F. View PowerPoint Presentation – Instrumentation & Microscopy
2.3 Suggested Readings 

A. General
1. Chamberlain, D. “Microscope Comparison Bridge”. AFTE Journal. 1972; 4(1):9. (A 

good description of the optical bridge parts.)
2. Cook, C.W. “Basic Optics”. AFTE Journal. 1985; 17(4):14.
3. Haemmerle, C. “Easily Made Diffusers for Fiber Optic Illuminators”. AFTE Journal. 

1990; 22(4): 446-447.
4. Hueske, E.E. “Application of Fiber Optic Videomicroscopy to Firearm and Toolmark 

Examination: A Further Look”. AFTE Journal. 1993; 25(2):132-139.
5. Hueske, E.E. “Preliminary Report on the Application of Fiber Optic 

Videomicroscopy to Firearm and Toolmark Examination”. AFTE Journal. 1990; 
22(3):280-287.

6. Moran, B. “Building an Inexpensive High Intensity Fluorescent Lighting System for 
the Comparison Microscope”. AFTE Journal. 1997; 29(1):49-54.

7. Ziegler, P.A. “Examination Techniques: The Beam Splitter and Reverse Lighting”. 
AFTE Journal. 1983; 15(2):37.

B. Periodicals
Schlueter and Gumpertz. “The Stereomicroscope – Instrumentation and Techniques”. 
American Laboratory. April 1976. 
C. Basic References

1. Allen, T. Microscopy: A Very Short Introduction. Oxford University Press; 2015.
2. Levine and Johnstone. The Ultimate Guide to Your Microscope. Sterling 

Publishing; 2007.
3. Murphy, D. Fundamentals of Light Microscopy and Electronic Imaging. John Wiley 

and Sons; 2001.
4. Needham, G.H. The Microscope A Practical Guide. Thomas Books; 1968.

3 Practice
3.1 Safety
Standard laboratory precautions;use universal precautions 
3.2 Standards, Controls, Reagent Preparation
The trainee will use appropriate NIST traceable standards, as applicable, in conducting 
performance verifications/checks as stated in the Standard Operating Procedures.
3.3 Equipment

 Stereo Microscope 
 Comparison Microscope 
 Micrometer 
 Calipers 
 Balance 
 Scales 
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 Ruler 
 Tape Measure 
 Bullet Puller 
 Stage Micrometer 
 NRA dead weights 
 Spring Gauge 
 Digital force gauge 

3.4 Observed Performance
The trainee will observe the trainer using the equipment prior to assessment.  
3.5 Supervised Performance
The trainee will demonstrate knowledge of how to use each piece of equipment to the trainer.  
3.6 Independent Exercises

A. Microscopy
1. Differentiate between the following. Note the differences and similarities in each, 

both mechanically and optically.
a. Compound microscope

b. Stereo microscope

c. Comparison microscope

2. Set up a comparison microscope for your vision requirements and focus the 
“hairline”.  Familiarize yourself with each set of objective lenses on your 
comparison microscope.

3. Become familiar with the following types of light sources, which are in use on the 
comparison microscopes.
a. Fluorescent

b. Fiber optics (with and without filters)

c. How to use various light diffusers 

4. Using each type of light source in the field of view on a comparison microscope, 
note the differences in the quality of each using the following different surfaces:  
a. lead bullets, 

b. jacketed bullets, 

c. various types of cartridge cases, and 

d. various types of surfaces containing impressed and striated toolmarks  

Manipulate the above light source, if possible.  Gain an appreciation for the effects 
of varying the angle and intensity for each light source on each type of surface.  

5. Define and note the differences:
a. Validation

b. Performance verification
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c. Performance check

d. Calibration

6. Learn how to conduct performance checks on the appropriate equipment.
B. Measurement Uncertainty

1. Review measurement uncertainty from the General Laboratory Training Manual.
2. Discuss current firearm measurement uncertainty budgets, documentation, and 

reporting guidelines
3. Participate in measurement uncertainty budgets for length and trigger pull. 

C. Study of 3D microscopy
1. Read related article(s) and view AFTE 2019 Conference DVD.
2. Write a short summary of the emerging technologies.

4 Assessment
A. The completed assignments and exercises are considered to be the completion of this 

module.   
B. The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-

FTM-TM-01). 
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FTM-TM-02-03 EXAMINATION OF FIREARMS
Duration Two weeks
Purpose The trainee will become familiar with the basic operation of firearms, firearms 

parts, firearms range and safety rules, firearms safety mechanisms, and safety 
hazards.

Prerequisite FTM-TM-01-02, FTM-TM-01-03, FTM-TM-02-02

1 Objectives 
1.1 Theoretical
The trainee will learn how to conduct an examination of a firearm for proper function from the 
perspective of physical evidence and forensic science. This mandates an approach which always 
considers safety first, transient forms of trace and associative evidence, and the technical 
protocols for examining the firearm itself. The trainee will also learn how to properly document the 
examination by recording the collection of the data and observations. The trainee will become 
familiar with numerous types of firearms, firearm operating systems, firearm components, proper 
and safe handling of firearms, how to safely load and unload firearms, and how to collect data 
using some of the equipment discussed in FTM-TM-02-02.
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Assembly/disassembly of general types of firearms
B. Firearms safeties and their function
C. Different operating systems of firearms
D. Major component parts of firearms
E. Range and safety rules
F. How to safely load and unload firearms
G. Trigger pull determination
H. Barrel and overall length determination

2 Training Outline
2.1 Lesson Plan

A. Firearm Safe Handling
1. Basic safety rules and guidelines
2. Secure storage
3. Preliminary exams
4. Safety checks
5. Black powder safety
6. Test firing safety
7. The use of PPE
8. Bullet recovery methods
9. General range rules
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B. Definitions - Types of firearm operation and cycle of fire 
1. Revolvers – single and double action
2. Pistols –single shot and semi-automatic (single and double action)
3. Rifles and Shotguns – bolt action, automatic loading, pump action, single shot
4. Submachine gun
5. “Assault” rifles

C. Definitions - Auto loading firearms 
1. Gas and Recoil operated rifle and shotgun
2. Pistols

a. Blowback

b. Delayed blowback

c. Gas operated 

d. Short recoil action

e. Long recoil action

D. General - Revolvers 
1. Single action, double action, single and double action 
2. Major parts and differences

E. General - Pistols
1. Walther and Browning 
2. Types of pistols

a. Toggle cocking

b. Rear cocking type

c. Single/Double action recoil operated

d. Single action gas operated

3. Hammer fired versus striker fired pistols
F. Become familiar with and handle 25 automatic pistols

1. Raven Arms
2. Colt Jr
3. Beretta
4. Bauer

G. Become familiar with and handle 22 caliber firearms
1. Browning automatic loading rifle
2. Winchester rifle model 62
3. Remington rifle model 582
4. Ruger rifle model 10/22
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5. Ruger pistol, model Mark II (or III or IV)
6. Colt model Woodsman
7. Raven, Lorcin, Jennings pistols

H. Become familiar with and handle rifles and shotguns
1. Bolt action 
2. Lever action 
3. Pump action 
4. Automatic loading
5. Break open

I. Firing range
1. Firing range construction
2. Range safety rules
3. Proper test firing and alternate methods of test firing
4. Safe handling, making safe, and transporting firearms to/from the range

J. Safety mechanisms
1. Recognize safeties
2. How safeties function
3. Malfunctioning safeties
4. Types of safeties

K. Measuring trigger pull 
L. Measuring barrel and overall length
M. Terminology relating to safe operation of a firearm
N. Misfires, including causes and actions to take
O. Trace collection
P. Fully automatic firearms
Q. Restoring firearms to function

2.2 Required Readings
DPS Firearms and Toolmarks SOP

A. FTM-01-05 – Worksheets
B. FTM-01-06 – Standard Abbreviations and Definitions
C. FTM-01-07 – Item Counting Guidelines
D. FTM-01-08 – Measurement Uncertainty Estimate
E. FTM-02-01 – Physical Evidence Examination
F. FTM-03-01 – Firearm Safety
G. FTM-03-02 – Trigger Pull Examination 
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H. FTM-03-03 – Barrel and Overall Firearm Length
I. FTM-03-04 – Rusty Firearm Examination
J. FTM-03-05 – Malfunctioning Firearm Examination
K. FTM-03-06 – Bore Chamber Casting
L. FTM-03-08 – Recovery Methods
M. FTM-03-09 – Remote Firing
N. FTM-03-10 – Downloading
O. FTM-03-11 – Primed Cartridge Case/Shotshell
P. FTM-03-19 – Trace Material Examination

2.3 Suggested Readings 
A. Belk, J. UnSafe By Design. Truth ‘n Shootin’ Books; 2014.
B. Berg, S. “Safety Notch: Design Dangers Through The Ages”. AFTE Journal. 1994; 26(1), 

pp. 4-10.
C. Finor, J.M. “Uncontrollable Full Automatic Fire Occurring in a Walther Pistol, Model PP”. 

AFTE Journal. 1996; 28(1), pp.174-185.
D. Muramatsua, K. Gun Digest Book of Automatic Pistols Assembly/Disassembly. Current 

Edition. Krause Publications. 
E. Muramatsua, K. Gun Digest Book of Centerfire Rifles Assembly/Disassembly. Current 

Edition. Krause Publications. 
F. Muramatsua, K. Gun Digest Book of Rimfire Rifles Assembly/Disassembly.  Current 

Edition. Krause Publications. 
G. Muramatsua, K. Gun Digest Book of Shotguns Assembly/Disassembly. Current Edition. 

Krause Publications. 
H. Murtz, H.A. The Gun Digest Book of Exploded Gun Drawings. KP Books. 2005.
I. Noedel, M. et al. “Drop testing a .45 Auto Colt 1911”. AFTE Journal. 1997; 29(2) pp. 183-

185.
J. Roberts and Andrews. The Official NRA Guide to Firearms Assembly: Pistols and 

Revolvers. Stoeger Publishing Company; 2007. 
K. Roberts and Andrews. The Official NRA Guide to Firearms Assembly: Rifles and 

Shotguns. Stoeger Publishing Company; 2007. 
L. Wood, J.B. Gun Digest Book of Revolvers Assembly/Disassembly. Krause Publications; 

2011.
M. Manufacturers’ information

3 Practice
3.1 Safety

A. Standard laboratory precautions
B. Range Safety Rules
C. Firearm Safety
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3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment

 Firearms Reference Collection
 Ammunition Reference Collection

3.4 Observed Performance
A. The trainee will observe the handling, disassembly, assembly, and test firing of firearms by 

the trainer, mentor, and/or Firearms Section personnel.
B. Review the following topics with the trainer:

1. Basic safety rules and guidelines for handling firearms
2. Secure storage of firearms
3. General preliminary examination procedures
4. Safety checks for all firearms
5. Black powder firearm safety and propellants
6. Test firing protocols and safety
7. Eye and ear protection, use of respirators
8. Bullet recovery methods
9. General range rules

C. Explain and illustrate the differences between a gas-operated and a recoil-operated auto 
loading rifle / shotgun.

D. Explain and illustrate the differences between the following types of auto loading pistols:
1. Blowback action
2. Delayed blowback action
3. Gas-operated action
4. Short recoil action
5. Long recoil action
6. Be able to describe the differences in their mechanisms and identify each part by 

name.
a. Toggle cocking type, single action (example Luger P08 Semiautomatic pistol)

b. Rear cocking type, single action (examples Nambu/Arisaka Type 14 
Semiautomatic pistol or Ruger Mark I, II, III, or IV)

c. Single/Double action, recoil operated (example Smith & Wesson Series 5900 
Semiautomatic pistol)

d. Single action, gas operated (example Desert Eagle Semiautomatic pistol)

E. Discuss the causes of misfires, including faulty ammunition, light strikes, and defects on 
the bolt or breech face. Discuss and demonstrate the action to be taken should a misfire 
occur.



System Firearms & Toolmarks Training Manual
Firearms Unit Page: 38 of 128
FTM-TM-02-03  Examination of Firearms  (3.5)

  Effective Date: 12/30/2019 Go to Table of Contents
  Issued by: System Quality Manager Forms

Printed copy is uncontrolled. Refer to electronic copy for current version.

F. Discuss the collection and evidentiary potential of foreign deposits or trace material on 
evidence firearms. Include the following types:
1. Blood
2. Bone
3. Soft tissue
4. Glass
5. Bore residues
6. Cylinder halos
7. Hair
8. Fiber
9. Fingerprints
10. Paint

G. Review various firearm reference files, databases, and print media. 
H. Discuss the techniques to determine if a firearm has been altered to fire fully automatic 

mode. 
I. Discuss the normal forensic laboratory capabilities for restoring an inoperable firearm to 

operating condition. Consider the limited overlap of the role of the firearms examiner with 
the role of a true gunsmith.

3.5 Supervised Performance
The trainer observes the performance of the trainee for the partial disassemble (field strip) and 
reassemble of various types of firearms from the Firearms Reference Collection (FRC). 

A. Demonstrate how to place firearms in a safe condition 
B. Demonstrate how to load and unload each 
C. Demonstrate how to handle and carry these firearms in the laboratory
D. Demonstrate how to safely test fire each of these different types of firearms.

3.6 Independent Exercises
A. Define each of the following types of firearms and explain in detail the operation of each 

type to include the loading of cartridges and the subsequent movement of the cartridge 
case and/or bullet after firing.  Be able to understand and explain the cycle of fire for each 
general type of firearm listed below.
1. Revolver, single and double action
2. Auto loading pistol, single and double action
3. Derringer and single shot pistols
4. Bolt-action rifle and shotgun
5. Auto loading rifle and shotgun
6. Pump-action rifle and shotgun
7. Various single shot rifles and shotguns
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8. Submachine gun
9. Assault rifle

B. Identify the major parts and make appropriate notes for six different revolvers - single-
action only (2), double-action only (2) and single/double action (2).  
1. Obtain a copy of an exploded drawing of each of the revolvers.  
2. Ensure that the drawing identifies all of the parts of the firearm.  
3. Be able to describe the differences in their mechanisms and identify each part by 

name.
C. Identify the major parts and make appropriate notes for the four different Browning and 

Walther pistols.  
1. Obtain a copy of an exploded drawing of each of the pistols.  
2. Ensure that the drawing identifies all of the parts of the firearm.  
3. Learn the names of the major components and how they interact.  
4. Be able to describe the differences in their mechanisms and identify each part by 

name.  
5. Understand the evolution of firearm development between the Browning and 

Walther designed firearms.
D. Identify the major parts and make appropriate notes for the following types of pistols.  

1. Obtain a copy of an exploded drawing of each of the pistols (other pistols may be 
substituted based upon availability and the trainer’s discretion).  

2. Ensure that the drawing identifies all of the parts of the firearm.  
E. Identify the major parts and make appropriate notes for the following pistols (other pistols 

may be substituted based upon availability and the trainer’s discretion).  
1. Obtain a copy of an exploded drawing of each of the pistols listed below.  
2. Ensure that the drawing identifies all of the parts of the firearm.  
3. Be able to describe the differences in their mechanisms and identify each part by 

name.
a. Glock, Model 17 or 19 Semiautomatic pistol

b. SIG-Sauer, Model P226, Semiautomatic pistol

F. Identify the major parts and make appropriate notes for the following 25 Auto firearms 
(other pistols may be substituted based upon availability and the trainer’s discretion).  
1. Obtain a copy of an exploded drawing of each of the pistols listed below.  
2. Ensure that the drawing identifies all of the parts of the firearm.  
3. Be able to describe the differences in their mechanisms and identify each part by 

name.
a. 25 Auto caliber Raven Arms pistol
b. 25 Auto caliber Colt Jr. pistol
c. 25 Auto caliber Beretta pistol
d. 25 Auto caliber Bauer pistol
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G. Identify the major parts and make appropriate notes for the following 22 caliber firearms 
(other firearms may be substituted based upon availability and the trainer’s discretion). 
Identify the major parts and make appropriate notes.
1. Obtain a copy of an exploded drawing of each of the firearms listed below.  
2. Ensure that the drawing identifies all of the parts of the firearm.  
3. Be able to describe the differences in their mechanisms and identify each part by 

name.
a. 22 caliber Browning auto loading rifle

b. 22 caliber Winchester rifle, Model 62

c. 22 caliber Remington rifle, Model 582

d. 22 caliber Ruger rifle, Model 10/22

e. 22 caliber Ruger pistol, Mk II

f. 22 caliber Colt pistol, Woodsman

g. 22 caliber Raven, Lorcin, Jennings pistols

H. Identify the major parts and make appropriate notes for the rifles below.  
1. Bolt action rifle (example Remington model 700)
2. Lever action rifle (example Winchester model 94)
3. Pump action rifle (example Remington model 572)
4. Autoloading rifle (examples Ruger 10/22, Colt AR-15, Garand M-1)
5. Break open rifle (examples H&R Handi-Rifle, CVA firearms)

I. Identify the major parts and make appropriate notes for the following shotguns.  
1. Bolt action shotgun (examples Mossberg 185-K, Savage 220 Slug Gun)
2. Lever action shotgun (examples Century Arms PW87, Chiappa 1887)
3. Pump action shotgun (examples Remington 870, Mossberg 550)
4. Autoloading shotgun (examples Remington 1100, Benelli M4, Browning A5)
5. Break open shotgun (examples H&R Topper, Browning Citori 725)

J. Firing Range
1. Become familiar with the firearms range including its physical dimensions, 

construction of walls and backstop, and bullet velocity limitations.
2. Become familiar with the range safety rules regarding firearms.
3. Understand how to test fire firearms thought to be possibly unsafe (remote firing 

device).
4. Become familiar with the use of all the equipment on the range. 
5. Understand the range rules and emergency medical treatment procedures.
6. Demonstrate how to place firearms in a safe condition, how to load and unload 

each, how to handle and carry these firearms in the laboratory, and how to safely 
test fire each of these different types of firearms.
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K. Understand the various safety mechanisms employed in each common design of each 
type of firearm. 
1. Understand how to recognize which safeties are present on a given firearm.
2. Understand how the firing mechanisms are blocked, interrupted, or otherwise 

stopped from operating by these safeties. 
3. Understand how to recognize when one of these safeties is malfunctioning and 

whether or not that malfunction may cause an accidental discharge.
4. Example safety mechanisms are listed below:

a. Manual Safeties – These safeties have an “on” and “off” position that is set by the 
individual handling the firearm.  These include cross bolt, lever safety, tang 
safety, sliding button safety, thumb safety, wing safety, slide lock safety, etc.  
These safeties work in a variety of ways and may function in a similar method to 
the other safeties listed below.  It may be necessary to determine how a particular 
manual safety operates in order to properly determine any malfunctions.  
Examples include:

i. Some block or disconnect trigger when engaged

ii. Some function as a de-cocker which de-cocks the hammer and blocks it 
from striking the firing pin assembly or moves the firing pin assembly 
away from the reach of the hammer

iii. Some lock the slide closed and block the trigger

iv. Some block the movement of the sear  

b. Push-Off (Full Cock) – This is a safety test which involves pushing on the 
hammer to determine if it is possible to cause the sear to disengage from the 
notch in the hammer which holds it in a cocked position, thereby allowing the 
hammer to fall forward.  It is important to note that other safety mechanisms 
present on the firearm may prevent accidental discharge in this manner despite a 
push-off incident.  If a firearm is suspected of being capable of discharging due to 
push-off, confirmation should be sought using primed cartridge cases.

c. Jar-Off (Full Cock) – This is a safety test which involves striking the backstrap or 
back of a firearm with a rubber mallet to determine if it is possible to cause the 
sear to disengage from the notch in the hammer which holds it in a cocked 
position, thereby allowing the hammer to fall forward.  It is important to note that 
other safety mechanisms present on the firearm may prevent accidental 
discharge in this manner despite a jar-off incident.  If a firearm is suspected of 
being capable of discharging due to jar-off, confirmation should be sought using 
primed cartridge cases.

d. Half and/or Quarter Cock – These hold a hammer nose from primer or a hammer 
from firing pin assembly.  They may function to catch the hammer and prohibit the 
firearm from firing if the trigger is not held rearward during the firing process.  
Also consider Jar-Off and Push-Off (as above for Full Cock) at each of these 
positions.

e. Disconnector – This prohibits a firearm from firing when slide is out of battery or 
in a fully automatic mode. 

f. Magazine Safety – This prohibits the firearm from firing when the magazine is not 
inserted into the magazine well to a certain point.  The trainee may wish to 
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determine at what that point is and document it: full insertion, half insertion, and 
partial insertion.

g. Transfer Bar – This prohibits the firearm from firing unless the trigger is held 
rearward during the firing process.  This is accomplished by interposing a 
physical object between the hammer and the striker or firing pin assembly to 
allow transfer of kinetic energy from the former to the latter.  Alternatively, it can 
be considered as not allowing the hammer to transfer its energy to the striker or 
firing pin assembly unless the trigger is held rearward during the firing process.  

h. Hammer Block – This prohibits the firearm from firing unless the trigger is held 
rearward during the firing process by blocking a hammer nose from striking the 
primer or the hammer from striking the firing pin assembly.  This is accomplished 
by means of interposing a physical object to impede the forward motion of the 
hammer unless the trigger is held rearward during the firing process.

i. Rebound Safety – This causes the trigger to return to its normal position and 
rebounds the hammer away from firing pin assembly or hammer nose from 
primer.

j. Firing Pin Block – This prohibits the forward movement of the firing pin through 
the firing pin aperture unless the trigger is held rearward during the firing process.

k. Grip Safety – This prohibits firearm from firing unless the safety mechanism 
(typically located on the backstrap of the firearm) is depressed.  It may also block 
rearward movement of the trigger. 

l. Trigger Safety – this prohibits the rearward movement of the trigger unless a 
lever on the forward part of the trigger is depressed or unless the lower portion of 
a hinged trigger is in alignment with the upper portion of the trigger in order to 
pivot the trigger blocking mechanism away from the frame of the pistol.

m. Automatic Safety – This type of safety returns the firearm to “Safe” when the 
action of the firearm is opened.

n. Key-Operated / Keyed Safety – This is a manual safety that requires a separate 
key and prohibits some internal mechanism from operating (such as blocking the 
sear, blocking the trigger, locking the hammer, etc.) when used to lock the firearm 
in the safe configuration.

o. Loaded Chamber Indicator - While not technically a safety, this mechanism is a 
visible or physical projection that indicates whether or not there is a cartridge or 
cartridge case in the chamber of the barrel.

p. Cocking Indicator – While not technically a safety, this mechanism is a visible or 
physical projection that indicates whether or not the striker or firing pin assembly 
is cocked.

q. Other proprietary safeties may also be encountered; this list is for example 
purposes only and should be considered neither mandatory nor comprehensive.

L. Determine the trigger pull on at least one firearm from each type of firearm.
M. Determine the barrel and overall length on at least one firearm from each type of firearm.
N. Identify the implications of the following terms as they relate to safety in the operation of a 

firearm.
1. Excessive headspace
2. Bore obstruction
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3. Barrel bulge
4. Broken extractor
5. Push off
6. Trigger shoe
7. False half cock
8. Slam fire
9. Inadequate/improper sear engagement
10. Defective safety
11. High primer
12. Improper/defective ammunition
13. Overloads
14. Hang fire/delayed firing
15. Broken/defective sear tip and sear notch
16. Rail splitting
17. Hairline cracks
18. Improper timing
19. Excessive pressure
20. Dented barrel
21. Jar off

4 Assessment
4.1 Competency and Qualifying Examination

A. The trainee will demonstrate competency for each type of firearm provided by the trainer.  
The trainee will:
1. Give a basic description of each firearm
2. Name the basic parts of each firearm
3. Check the loaded condition of each firearm
4. List and check the safeties of each firearm
5. Load and unload each firearm using snap caps or ‘dummy rounds’

B. A written competency exam will be given to assess terminology and concepts.  
4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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FTM-TM-02-04 EXAMINATION OF CARTRIDGE CASES
Duration One month
Purpose Familiarize the trainee with basic cartridge case examination
Prerequisite FTM-TM-01-02; FTM-TM-02-02, FTM-02-03

1 Objectives 
1.1 Theoretical
The trainee will learn the principles of cartridge case identification. There will be a focus on 
learning class characteristics, identifying individual characteristic patterns, as well as 
understanding how to evaluate specimens for subclass characteristics. The trainee will be able to 
differentiate between markings imparted by firearms on cartridge cases and learn how to apply 
the principles of the AFTE Theory of Identification to arrive at opinions using the range of 
conclusions. 
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Determination of manufacture and caliber
B. Reloading of ammunition
C. Determination of class, subclass, and individual characteristics
D. Nomenclature 
E. Firing and recovery of tests
F. Selection of test ammunition, downloading, and shooting primed cases
G. Cartridge case comparison 
H. Use of available reference material 

2 Training Outline
2.1 Lesson Plan

A. Demonstrate knowledge of terminology specific to cartridge case examinations
B. Demonstrate knowledge of cartridge case comparisons:

1. Use of Cartridge Case Worksheet (LAB-FTM-03)
2. Ammunition storage areas

C. Gain experience comparing cartridge cases for marks imparted by firearms
1. Cycle marks versus fired marks
2. Different primer and case body metals
3. Differences between 22 Shot, 22 Long and 22 Long Rifle cartridge cases
4. Reloading marks 
5. Class characteristics of similar firearms
6. Fluted chambers
7. Gas-operated military style rifles



System Firearms & Toolmarks Training Manual
Firearms Unit Page: 45 of 128
FTM-TM-02-04  Examination of Cartridge Cases  (2.2)

  Effective Date: 12/30/2019 Go to Table of Contents
  Issued by: System Quality Manager Forms

Printed copy is uncontrolled. Refer to electronic copy for current version.

8. Cartridge case manufacturing marks
9. Cartridge cases fired in dirty firearms versus clean firearms

D. Demonstrate knowledge of subclass characteristics through attendance of a Subclass 
Characteristics workshop 

2.2 Required Readings
A. DPS Firearms and Toolmarks SOP

1. FTM-01-04 – Reporting Guidelines
2. FTM-03-17 – Physical Examination and Classification of Fired Evidence 

B. Biasotti, A. and Murdock, J. “‘Criteria for Identification’ or ‘State of the Art’ of Firearm and 
Toolmark Identification”; AFTE Journal. 1984 16(4):16-34.

C. Nichols, R. “Subclass Characteristics: From Origin to Evaluation”. AFTE Journal. 2018. 
50(2):68-88.

D. Rivera, G. “Subclass Characteristics in Smith & Wesson SW40VE Sigma Pistols”. AFTE 
Journal. 2007 39(3):247-253.

E. Thompson, E. “False Breechface ID’s”; AFTE Journal. 1996; 28(2):95-96. 
F. Uchiyama, T. “Similarity Among Breech Face Marks Fired from Guns with Close Serial 

Numbers”; AFTE Journal. 1986; 18(3):15-52.
G. Wolslagel, P. “Class Characteristics Useful in the Differentiation of an Expended Cartridge 

Case Fired by the AK Series of Rifles from a SKS Semiautomatic Rifle”; AFTE Journal. 
1996 (28)2:77-79.

2.3 Suggested Readings 
A. General

1. Berg, S.O. “Could You Have Identified It?” AFTE Newsletter 10, 1970.
2. Bouley, B. “Determination of Firing Sequence by Cartridge Case Markings”. AFTE 

Journal. 1995; 27(3):237-241.
3. Byrd, S. C. “Misleading Cartridge Case Markings”. AFTE Journal. 1989:21(3):522-

523. 
4. Hampton, Jr. H. “Headstamp Designator +P”. AFTE Journal. 1974; 6(2):10.
5. Kennington, R. H. and Galan, J. I. “Ejector Type Marks on Unfired Cartridges”. 

AFTE Journal. 1987; 19(4):452.
6. Lapierre, J.A.G. “Additional Identifying Features Dealing with Revolvers”. AFTE 

Journal. 1978; 10(3):36.
7. Walsh, K.A. and Buckleton, J.S. “Firing Sequence Involving Two 303 British 

Cartridges”. AFTE Journal. 1991; 23(3):816-819.
8. Welch, N. E. “Matching a Bullet to a Cartridge Case”. AFTE Journal. 1981; 

13(4):79. 
B. Firing Pin Impressions

1. Cochrane, D. W. “Firing Pin or Ejector?” AFTE Journal. 1981: 13(4): 106.
2. Fraser, D. A. “Rimfire Firing Pin Impressions”. AFTE Journal. 1983; 15(3): 85.
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3. Frazier, R. A. “Firing Pin Impressions: Their Relationship to Hammer Fall 
Conditions”. AFTE Journal. 1989; 21(3):295-298.

4. Matty, W, and Johnson, T. “Comparison of Manufacturing Marks on Smith & 
Wesson Firing Pins”. AFTE Journal. 1984; 16(3): 51.

5. Miller, J. “Pressure Effects on Firing Pin Impression Depth”. AFTE Journal. 1995; 
27(3): 242-245.

6. Ojena, S. M. and Murdock, J. E. “Evaluation of an alibi: Relative Firing Pin 
Impression Depths”. AFTE Journal. 1981; 13(3): 79.

C. Anvil Marks
1. Dutton, G. “Anvil Bounce”. AFTE Journal. 1996; 28(4): 243-246.
2. Ernest, R. N. “Anvil Marks in Centerfire Cartridge Cases”. AFTE Journal. 1992: 

24(4):997-999.
3. Tuira, Y. J. and Ziegler, P. A. “Anvil Bounce”. AFTE Journal. 1995; 27(4):318-319.

D. Manufacturing Marks
1. Dutton, G. “Manufacturing Marks on 12 Gauge Cartridges”. AFTE Journal. 1997, 

29(2):170-172.
2. Klees, G. “Aberrant Manufacturing Marks on Federal Ammunition”. AFTE Journal. 

1997; 29(1):21-23.
3. Matty, W. “The Formation and Persistence of Toolmarks in the Cartridge Case 

Head Forming Process”. AFTE Journal. 1983; 15(1): 108.
4. Swim, J. D. “Firearms Examiners Beware”. AFTE Journal. 1979; 11(1):33-34.

E. Breech Face Marks
1. Cook, C. W. “Breech Face Markings from a Non-Operable Weapon”. AFTE 

Journal. 1983: 15(4): 53.
2. Matty, W. “Raven .25 Automatic Pistol Breech Face Toolmarks”. AFTE Journal. 

1984; 16(3):57.
3. Wilson, R. J. “A “Mikrosil” Breech Face Comparison”. AFTE Journal. 1983; 15(4): 

24.
F. Chamber Marks

1. Dickinson, J. A. H. “Identification of Firearms by Chamber Marks on the Expended 
Cartridge Case”. AFTE Journal. 1976; 8(1): 25.

2. Hamby, J. E. “Adapter Cartridges & Insert Barrels”. AFTE Journal. 1979; 11(2): 42.
3. James, C.R. “Fluted and Annular-Grooved Chamber Markings”. paper delivered at 

the AFTE annual training seminar, Tampa, 1998.
4. Krcma, V. “Fluted and Annular Grooved Barrel Chambers in Firearms”. Journal of 

Forensic Sciences. 1966; 41(3): 407-417.
5. Miller, J. “Chamber Marks from Dry-Fire Damage”. AFTE Journal. 1992; 24(2): 

162-164.
6. Shem, R. J. “Fireformed Chamber Striations on Rimfire Cartridge Cases”. AFTE 

Journal. 1987; 19(3): 282-283.
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G. Bunter Marks
Dodson, R. V. and Masson, J. J. “Bunter Marks; What Do They Mean”. AFTE Journal. 
1997; 29(1):33-36.

H. Reloading Marks
1. Ackley, P. O. Handbook for Shooters and Reloaders. Volume I. Plaza Publishing; 

1996. 
2. Ackley, P. O. Handbook for Shooters and Reloaders. Volume II. Plaza Publishing; 

1998.
3. Barnes Bullets Staff. Barnes Reloading Manual, Number 4. Barnes Bullets; 2008.
4. Griffin, T. J. Lyman Reloading Handbook. 49th Edition. Lyman Products 

Corporation; 2012.
5. Hornady Staff. Hornady Handbook of Cartridge Reloading. 8th Edition. Hornady 

Manufacturing; 2010 
6. James, C. R. The ABCs of Reloading. 9th Edition. Krause Publications; 2010.
7. LaVoy, T. A. and Willmer, J. H. “Tool Markings From a Reloading Die”. AFTE 

Journal. 1979; 11(2):37.
8. NRA Staff. The NRA Handloaders Guide. National Rifle Association; 1969.
9. Ramage, C. K. Lyman Cast Bullet Handbook. 3rd Edition. Lyman Products 

Corporation; 2009. 
10. Sharpe, P. B. Complete Guide to Handloading. 3rd Edition. Funk and Wagnalls; 

1953.
11. Sierra Staff. Rifle and Handgun Reloading Data. 5th Edition. Sierra Bullets; 2003.
12. Speer Staff. Speer Reloading Manual: Rifle and Pistol. 13th Edition. Blount; 2003.
13. Steindler, R. A. Shooter’s Bible Reloader’s Guide. 2nd Edition. Follett Publishing; 

1968.

3 Practice
3.1 Safety

A. Firearms Safety
B. Range Safety Rules
C. Standard Laboratory Precautions

3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment

 Ammunition Reference Collection
 Comparison Microscope
 Cotton/Kevlar Box
 Firearms Reference Collection
 Water Tank
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3.4 Observed Performance
A. The trainee will observe the trainer conduct microscopic cartridge case examinations.
B. Discuss with the trainer the feasibility of comparing and identifying manufacturing marks 

on a fired cartridge case from a scene to cartridges associated to a suspect. Identify 
various types of manufacturing toolmarks, including bunter marks, which may be present 
on cartridges or cartridge cases and which may constitute subclass characteristics.    

C. Discuss the possibility of comparing and identifying reloading-type marks on 
cartridges/cartridge cases.  Identify the various types of marks that may be indicative of 
reloaded ammunition.  Become familiar with the reloading equipment in the section or 
attend reloading training if reloading equipment is not available in the section.  Become 
familiar with the procedures used in reloading cartridges.  Reload several cartridges and 
compare reloading-type marks on these cartridges with each other.

3.5 Supervised Performance
The trainer will observe the trainee performing microscopic cartridge case comparisons to include 
the identification of various toolmarks present on cartridge cases and associate them with the tool 
surface that created them.
3.6 Independent Exercises

A. Cartridge Case Terminology
1. Define the following terms in relation to a cartridge/cartridge case. Differentiate 

between loading, cycling, and firing marks:
a. Class characteristics 

b. Caliber

c. Breechface marks

d. Chamber marks

e. Firing pin impression

f. Extractor marks

g. Ejector marks

h. Ejection port marks

i. Feed ramp marks

j. Magazine lip marks

B. Compare the known cartridge cases in the assignments below using the following 
guidelines.
1. The Cartridge Case Worksheet form should be filled out completely.
2. List the identifying number of each set of known tests
3. For the FPI, indicate the class characteristics and location of individual pattern 

marks observed 
4. For the primer, list in each category as per the assignment sheet.
5. For each area examined, indicate whether there is enough data to use for 

identification (based on that area).  
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C. Access the FTM SOP and become familiar with FTM-03-17 regarding the examination of 
cartridges and cartridge cases.

D. Assignments
1. Test fire each of the following firearms at least three times (other firearms may be 

substituted based upon availability and the trainer’s discretion).  Using the test fired 
cartridge cases, visually relate the markings imparted to the fired cartridge case 
with the part on the firearm which produced these markings.  
a. 9mm SWD, M11/Nine pistol

b. 9mm Glock pistol

c. 45 Auto, Colt pistol, Model 1911 pistol

d. 22 LR, Ruger, MKII, pistol

e. 22 LR, Ruger, 10/22, rifle

2. Using the above firearms, load and extract at least three cartridges and visually 
compare the fired cartridge cases to the cycled cartridges.  Microscopically 
examine all of the markings with each other.

3. Using the test fired cartridge cases and cycled cartridges from above, 
microscopically compare all of the markings with each other. Include the following 
types of markings:
a. Firing pin impression

b. Breechface marks

c. Chamber marks

d. Anvil marks

e. Extractor marks

f. Ramp marks

g. Slide drag marks

h. Slide scuff marks

i. Ejection port scuff marks

j. Magazine lip marks

4. Test fire the following firearms using comparable CCI, Remington, Federal, and 
Winchester ammunition of the appropriate caliber type for each firearm.  Select 
ammunition with both nickel and brass primers.  Test fire each firearm at least 
three times using each brand of ammunition (other firearms and ammunition may 
be substituted based upon availability and the trainer’s discretion).  Microscopically 
examine all of the markings with each other, including the types of marks outlined 
above. Using the Cartridge Case Worksheet, record observations, take photos, 
and indicate the criteria used for making conclusions (identification, elimination, 
inconclusive) and if any subclass characteristics were present.
a. 38 Special, Smith & Wesson, Model 10, revolver
b. 357 Magnum, Smith & Wesson, Model 19, revolver
c. 9mm Luger, Smith & Wesson, Model 669, pistol
d. 22 Long Rifle, Colt, Woodsman, pistol
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5. Test fire a 22 Long Rifle caliber Smith and Wesson revolver. Fire six 22 Long Rifle 
cartridges, six 22 Long caliber cartridges, and six 22 Short caliber cartridges of the 
same manufacturer (other firearms and ammunition may be substituted based 
upon availability and the trainer’s discretion).  Mark each cartridge to note the 
chamber in which it is fired.  Examine the markings imparted to the fired cartridge 
cases, including firing pin impression, breechface marks, chamber marks, and 
anvil marks. Using the Cartridge Case Worksheet, record observations, take 
photos, and indicate the criteria used for making conclusions (identification, 
elimination, inconclusive) and if any subclass characteristics were present.

6. Using test fired cartridge cases from 9 mm Luger Glock, Smith & Wesson Sigma 
series, and Springfield model XDS pistols, visually relate the markings to the 
component on the firearm producing them. Inter-compare all of the marks on the 
respective pairs to determine if they can be identified with each other. Pay 
particular attention to the firing pin impressions and surrounding areas, observing 
their size, shape, and the flat primer sheared area adjacent to it. Using the 
Cartridge Case Worksheet, record observations, take photos, and indicate the 
criteria used for making conclusions (identification, elimination, inconclusive) and if 
any subclass characteristics were present. 

7. Complete the same assignment above comparing Glock Gen 5 pistols and Smith & 
Wesson M&P series pistols (if firearms are available).

8. Examine test fired cartridge cases that were fired in fluted chambers. Examples of 
firearms include H&K rifles, models MP5, 53, 91, 93 and 94 and some CETME 
rifles. Note the value of fluted chambers on the form of class, subclass and 
individual characteristics. Inter-compare them to objectively determine if they can 
be identified to each other. Using the Cartridge Case Worksheet, record 
observations, take photos, and indicate the criteria used for making conclusions 
(identification, elimination, inconclusive) and if any subclass characteristics were 
present.

9. Examine test fired cartridge cases from an AK-47, an SKS and an M16A1. Inter-
compare them to objectively determine if they can be identified to each other. Be 
especially aware of the possibility of identifiable marks from the ejection port of the 
AK-47. Using the Cartridge Case Worksheet, record observations, take photos, 
and indicate the criteria used for making conclusions (identification, elimination, 
inconclusive) and if any subclass characteristics were present.

10. Obtain test firings from the following types of firearms and then thoroughly clean 
the breech and bore areas of each firearm.  Test fire these firearms again and 
compare the cartridge cases.
a. Semiautomatic centerfire pistol

b. Semiautomatic rimfire pistol

c. Centerfire revolver

d. Rimfire revolver

E. If possible, attend a subclass determination workshop.
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4 Assessment 
4.1 Competency and Qualifying Examination 

A. The trainee will demonstrate competency by successful completion of at least 5 cartridge 
case comparisons. Previously analyzed proficiency tests can be used for this purpose.  
The competency examination will include documentation that simulates casework 
(worksheets, report, etc.). 

B. Successful completion of a written competency exam over terminology and concepts is 
required. 

4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01). 
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FTM-TM-02-05 EXAMINATION OF SHOTSHELLS
Duration One week
Purpose Familiarize the trainee with the basic understanding of shotshell examination
Prerequisite FTM-TM-01-02, FTM-TM-02-02, FTM-02-03, FTM-02-04

1 Objectives 
1.1 Theoretical
This module is a continuation of the Examination of Cartridge Cases module (FTM-TM-02-04), 
with an emphasis on the examination of the shotshell cartridge case. The trainee will learn how to 
determine the source of marks on the shotshell and how to apply the principles of the AFTE 
Theory of Identification to arrive at opinions using the range of conclusions. 
Following the completion of this module the trainee will have an understanding of the different 
components of shotshell ammunition and fired versus unfired shotshell components.
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Shotguns and shotgun ammunition
B. Shotshell components
C. Terminology 
D. Shotshell comparison
E. Determination of shot size and bore sizes

2 Training Outline
2.1 Lesson Plan

A. Demonstrate knowledge of terminology specific to shotshell examinations
B. Demonstrate knowledge of shotshell comparisons:

1. Use of the Projectile Worksheet (LAB-FTM-02) and Cartridge Case Worksheet 
(LAB-FTM-03)

2. Ammunition storage areas
C. Gain experience comparing shotshells for marks imparted by firearms

1. Cycle marks versus fired marks
2. Different primer and case body metals
3. Differences between the various shotshell gauges
4. Reloading marks 
5. Class characteristics of similar firearms
6. Shotshell manufacturing marks

D. Become familiar with the use of the Ammunition Reference Collection in regards to the 
determination of gauge and manufacturer of fired shotshell components.  Know the 
limitations in regards to making such determinations. 

E. Learn the significance of the Rule of 17 as it applies to shot size.
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2.2 Required Readings
A. Carroll, J. “Heads or Tails: The Use of Dimes in a 12 Gauge Shotshell”. AFTE Journal. 

2013; 45(3):252-259.
B. DPS Firearms and Toolmarks SOP

1. FTM-03-15 – Wadding Determination
2. FTM-03-16 – Shot Determination
3. FTM-03-17 – Physical Examination and Classification of Fired Evidence.

2.3 Suggested Readings 
A. Basic References 

1. Burrard, G. The Identification of Firearms and Forensic Ballistics. 3rd Revised 
Edition. A. S. Barnes; 1962.

2. Davis, J. E. An Introduction to Tool Marks, Firearms and the Striagraph. Charles C. 
Thomas; 1958

3. Griffin, T. J. Lyman Shotshell Reloading Handbook. 5th Edition. Lyman Products; 
2015.

4. Gunther and Gunther. The Identification of Firearms. Skyhorse Publishing; 2015.
5. Hatcher, J. S. Hatcher’s Notebook. The Stackpole Company; 1962.
6. Hatcher J, Jury F, Weller J. Firearms Investigation, Identification and Evidence. 

Philadelphia, Pa.: Ray Riling Arms Books Company; 2006. 
7. Heard, B. J. Handbook of Firearms and Ballistics: Examining and Interpreting  

Forensic Evidence. 2nd Edition. Wiley-Blackwell; 2008 
8. Horn, W. R. Headstamps and Cartridge Identification Data. The Horn Company; 

1962.
9. Kuhnhausen, J. The Remington M870 and M1100/M11-87 Shotguns: A Shop 

Manual. Heritage Gun Books; 1992.
10. Mathews, J. H. Firearms Identification, Volume I. Charles C. Thomas; 1962.
11. Mathews, J. H. Firearms Identification, Volume II. Charles C. Thomas; 1962.
12. Mathews, J. H. Firearms Identification, Volume III. Charles C. Thomas; 1973.
13. Muramatsu, K. Gun Digest Book of Shotguns Assembly/Disassembly. 3rd Edition. 

Krause Publications; 2012.
14. NRA Staff. NRA Firearms Fact Book. 3rd Edition. National Rifle Association; 1994. 
15. O’Connor, J. The Shotgun Book. Alfred A. Knopf; 1965.
16. Roberts and Andrews. The Official NRA Guide to Firearms Assembly: Rifles and 

Shotguns. Stoeger Publishing Company; 2007.
17. White and Munhall. Cartridge Headstamp Guide. H. P. White Laboratory; 1963.

B. Shotshells
1. Gallant, J.J. “Will Plastic Shotshells Hinder Firearms Identification?”. AFTE 

Journal. 1987; 19(1):17. 
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2. Hueske, E. “Forensic Aspects of Shotshell Buffers”. AFTE Journal. 1983 15(2):26-
30.

3. Mason, J.J. “An Unusual Identification of All-Plastic Shotshell Cases”. AFTE 
Journal. 1989; 21(4):635.

4. Stevens, K. and Gallant, J. “Identification of Non-toxic Shot”. AFTE Journal. 2006, 
38(4):265-300.

C. General
1. Arrowood, M and Bullock, J. “Identification of a 12 Gauge Slug”. AFTE Journal. 

1983, 15(2):58-59.
2. Davis, J.E. “Test Tool Marks from Weapon Parts May Facilitate Comparisons”. 

AFTE Journal. 1972; 4(3A):28. 
3. Hart, R.P. “Information on Weapons Frequently Encountered”. AFTE Journal. 

1981; 13(4):51. 
4. Heard, B.J. “A Case of Interest”. AFTE Journal. 1978; 10(2):21. 
5. McKay, S.A. “Class Characteristics of Shotguns from Shell Markings”. AFTE 

Journal. 1971; 3(3):34. 
6. Nennstiel, R. “A Computer-Supported Method of Firearm Type Determination”. 

AFTE Journal. 1986; 18(4):4. 
7. Rathman, G.A. “An Unusual Cartridge Case Identification”. AFTE Journal. 1976; 

8(4):29.
8. Silliman, J.R. “Crime Scene Search: Evidence at the Scene of a Shotgun 

Shooting”. AFTE Journal. 1977; 9(2):111. 
9. Watkins, R.L. and Haag, L.C. “Shotgun Evidence”. AFTE Journal. 1978; 10(3):10. 

D. Headstamps 
1. Al Khalifa, A.K. “Headstamps With Arabic Markings”. AFTE Journal. 1983; 

15(2):64. 
2. Barabash, T. “New Cartridge”. AFTE Journal. 1978; 10(3):46. 
3. Bridgemon, R.R. “Aguila Cartridges”. AFTE Journal. 1985; 17(2):116. 
4. Clanet, C. “French Small-Firearm Cartridge Headstamps”. AFTE Journal. 1972; 

4(2):26. 
5. Cassidy, F.H. “What Caused the Unusual Headstamp Mark?”. AFTE Journal. 

1989; 21(4):655. 
6. Dougherty, P.M. “Eldorado Cartridge Corporation Headstamps”. AFTE Journal. 

1990; 22(4):443. 
7. Edwards, R.L. “Circumferential Fractures”. 1991; AFTE Journal. 23(3):806-807. 
8. Edwards and Moss, “A New Type of Ammunition by MFS (Matravideki 

Femmuvek)”. AFTE Journal. 1993; 25(4):254-258. 
9. Ernest, R.N. and Fite, K. “A Remington Cartridge Made By Winchester”. AFTE 

Journal. 1989; 21(3):520. 
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10. Green, K. “Remington Announces a New Headstamp for Rimfire Cartridges”. AFTE 
Journal. 1983; 15(3):18. 

11. Haag, L.C. “Korean Ammunition Available in North America”. AFTE Journal. 1981; 
13(1):7. 

12. “Stirling 22 Rimfire Ammunition”. AFTE Journal. 1977; 9(2):226. 
13. Hall, J.M. “American Ballistics ‘Grand Slam’ Cartridge”. AFTE Journal. 1991; 

23(2):679-681. 
14. Hamby, J.E. “Information on Delay Cartridges”. AFTE Journal. 1974; 6(1):5. 
15. Hamby, J.E. “Japanese Ammunition Information”. AFTE Journal. 1976; 8(2):19. 
16. Hamby, J.E. “A New Headstamp on KTW Metal Piercing Cartridges”. AFTE 

Journal. 1971; 3(5):16. 
17. Hamby, J.E. “Tests on the Squibman .22 Caliber Cartridge”. AFTE Journal. 1971; 

3(2):29. 
18. Hamby, J.E. “Two ‘New’ Cartridges”. AFTE Journal. 1978; 10(3):47. 
19. Hampton, H.L. “Letter From SAAMI: Headstamp Explanation”. AFTE Journal. 

1974; 6(2):14. 
20. Harden, L.R. “Geco Headstamp Information”. AFTE Journal. 1973; 5(3):10. 
21. Harden, L.R. “Hi-Jacker Cartridge”. AFTE Journal. 1977; 9(1):39. 
22. Heard, B.J. “Ammunition Information”. AFTE Journal. 1983; 15(1):65. 
23. Heard, B.J. “New CBC Ammunition”. AFTE Journal. 1983; 15(2):16. 
24. Heflin, T.F. “9MM Steyr Cartridge Conversions”. AFTE Journal. 1987; 19(3):262-

265. 
25. Heflin, T.F. ”Information on Various Cartridges”. AFTE Journal. 1985; 17(2):85. 
26. Interpol, “Cartridge Identification”. AFTE Journal. 1976; 8(4):72. 
27. Interpol, “Cartridge Identification”. AFTE Journal. 1977; 9(1):69. 
28.  Interpol, “Interpol: Cartridge Information”. AFTE Journal. 1976; 8(2):114. 
29. Johnson, T.D. “Imported Ammunition”. AFTE Journal. 1979; 11(1):36. 
30. Johnson, T.D. and Matty, W.G. “Starline Brass”. AFTE Journal. 1984; 16(4):60. 
31. Kass, G.A. “Ammunition Information (Manufacturer & Headstamp)”. AFTE Journal. 

1983; 15(2):9. 
32. Kass, G.A. “Headstamps”. AFTE Journal. 1990; 22(3):346-347. 
33. Kass, G.A. “Headstamps”. AFTE Journal. 1991; 23(2):659. 
34. Kass and O’Clair, “Headstamps”. AFTE Journal. 1991; 23(3):874-875.
35. Kellett, P.M. “Egyptian Headstamp”. AFTE Journal. 1990; 22(2):226. 
36. Kellett, P.M. “The Comparison and Identification of Toolmarks on the Base of 

Remington Semi-Jacketed Bullets”. AFTE Journal. 1984; 16(3):81. 
37. Lomoro, V.J. “.22 Short, .22 Long Rifle and Now the .22 In-Between”. AFTE 

Journal. 1975; 7(2):33. 
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38. Lorsbach, L.A. “Dots Make a Difference”. AFTE Journal. 1976; 8(2):15. 
39. Lutz, M.C. “Explosive Projectiles for Small Arms”. AFTE Journal. 1973; 5(1):12. 
40. Lutz, M.C. “Special .380 Submachine Gun Cartridge for MAC (Ingram) SMG”. 

AFTE Journal. 1972; 4(3):35. 
41. Lutz, M.C. “Winchester & Hirtenberg Ammunition Sold by Sears Roebuck and 

Federal Cartridge Company”. AFTE Journal. 1974; 6(4):14. 
42. Matthews, J.W. “9X19 SP Headstamp”. AFTE Journal. 1980; 12(1):40. 
43. Matty, W. “Wahib Arms Ammunition Information”. AFTE Journal. 1983; 15(1):68. 
44. Moline, K. and Lansing, J. “Ammunition Information”. AFTE Journal. 1993; 

25(3):204-205. 
45. Molnar, S. “An Observation While Firing ‘HP’ Ammunition”. AFTE Newsletter 16; 

1971. 
46. Nennstiel, R. “A Collection of Headstamps and Projectiles”. AFTE Journal. 1985; 

17(4):7. 
47. Nicholson, T. “Headstamp Oddity”. AFTE Newsletter 7; 1970. 
48. Nielsen, F.I. “Unusual Head Stamps”. AFTE Journal. 1973; 5(5):27. 
49. Poust, W.R. “Headstamp Impressions in Oily Residue”. AFTE Journal. 1987; 

19(3):300. 
50. Poust, W.R. “Observation of Different Headstamps in Same Box of Ammunition”. 

AFTE Journal. 1982; 14(2):12. 
51. Poust, W.R. “Smith & Wesson Information”. AFTE Journal. 1979; 11(1):22. 
52. Smith, A.G. “Cartridges Offered by Centennial Arms Corporation”. AFTE Journal. 

1974; 6(3):16. 
53. Smith, O.C. “Headstamps from Desert Storm”. AFTE Journal. 1993; 25(2):110-111. 
54. Smith, R.J. “Star Ammunition”. AFTE Journal. 1975; 7(3):57. 
55. Steidler, R.A. “Caliber .22 Ammunition With B Headstamp”. AFTE Journal. 1973; 

5(1):27. 
56. Stubits, F. “A New Cartridge: The 22 Caliber Devestator”. AFTE Journal. 1981; 

13(3):15. 
57. Tokanoand Uchiyama, “Double Marked WW Headstamp”. AFTE Journal. 1989; 

21(4):583. 
58. Tulleners, F.A. “New Headstamp Cascade Cartridge International”. AFTE Journal. 

1979; 11(2):87. 
59. Waite, M.D. “Identification of Browning Arms Co. Ammunition”. AFTE Journal. 

1973; 5(3):26. 
60. Woodin, W.H. “Military and Police Ammunition Research Identification”. AFTE 

Journal. 1981; 13(4):102.
E. Shot Buffer Material

1. Freels, R.H. and Wheeler, B.P. “Forensic Analysis of Shot Buffering Materials”. 
AFTE Journal. 1983; 15(2):31. 
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2. Hueske, E.E. “Forensic Aspects of Shotshell Buffers”. AFTE Journal. 1983; 
15(2):26. 

3. Thornton, J.I. and Guarino, K. “Polyethylene Shotshell Buffer & Determination of 
Trajectory”. AFTE Journal. 1984; 16(3):132.

F. Shot Pellets 
1. MacPhee, H.M. “Determination of Shot Content In Fired Shot Shells”. AFTE 

Journal. 1978; 10(2):24. 
2. Mann, M.J. Espinza, E.O. Ralston, R.M. Stroud, R.K, Scanlan, M.D. and Strauss, 

S.J. “Shot Pellets: An Overview”. AFTE Journal. 1994; 26(3):223-241. 
3. Mann, M.J. Ferguson, W. Henderson, C. and Stroud, R. “Analysis of Unusual 

Home Made Shot Pellets From Louisiana”. AFTE Journal. 1994; 26(3):242-250.
4. McFawn, P. “A Comparison of International Lead Shot Size and Cartridge Loading 

as an Aid to the Forensic Ballistic Examiner”. AFTE Journal. 1993 25(2): 114-115.
G. Shotshell Slugs

1. Arrowood, M.C. and Bullock, J.J. “Identification of a 12 Gauge Slug”. AFTE 
Journal. 1983; 15(2):58. 

2. Ernest, R.N. “Exploring the Possibility of Matching Fired Shotgun Ammunition 
Components to Unaltered Shotguns”. AFTE Journal. 1992; 24(1):28-36. 

3. Freels, R.H. “Comparison of a Shotshell Shot Collar to a Cut Barrel”. AFTE 
Journal. 1983; 15(3):21. 

4. Galan, J.I. “Identification of a Rifled Slug Through Front Sight Defect”. AFTE 
Journal. 1986; 18(4):62. 

5. Hueske, E.E. “Class Characteristics of Mossberg C-Lect-Choke Barrels with 
Factory Porting”. AFTE Journal. 1990; 22(4):401-407. 

6. Royse, D. “Identification Made on a Fired 00 Buckshot Pellet”. AFTE Journal. 
1996; 28(4):252-253. 

7. Thompson, J. “Identification of a Rifled Slug”. AFTE Journal. 1994; 26(2):136-138. 
8. Townshend, D.G. “Identification of Rifled Slugs”. AFTE Journal. 1970; 2(1):21.

H. Shotshell Wadding
1. Christansen, R.P. “Tricky Wads”. AFTE Journal. 1978; 10(1):27. 
2. Edmondson, R. “Shotgun Sports”. AFTE Journal. 1990; 22(1):90. 
3. Edmondson, R. “Shotgun Sports”. AFTE Journal. 1990; 22(1):91. 
4. Edmondson, R. “Shotgun Sports”. AFTE Journal. 1990; 22(2):230. 
5. Edmondson, R. “Shotgun Sports”. AFTE Journal. 1990; 22(2):230-231. 
6. Franovich, J. “20 Gauge Filler Wads Used in 12 Gauge Shotgun Shells”. AFTE 

Journal. 1996; 28(2):92-94. 
7. Hamman, J.E. “Loading Machine Marks on Federal Shotshell Wads”. AFTE 

Journal. 1980; 12(1):36.
8. McJunkins, S.P. “Identification of Plastic Shotgun Waddings”. AFTE Journal. 1970; 

2(4):24.
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I. Firing Pin Impressions 
1. Cochrane, D.W. “Firing Pin or Ejector?”. AFTE Journal. 1981; 13(4):106. 
2. Fraser, D.A. “Rimfire Firing Pin Impressions”. AFTE Journal. 1983; 15(3):85. 
3. Frazier, R.A. “Firing Pin Impressions: Their Relationship To Hammer Fall 

Conditions”. AFTE Journal. 1989; 21(2):589-92. 
4. Haag, L.C. “Firing Pin Protrusion and Impression Depth Measurement”. AFTE 

Journal. 1990; 22(3):295-298. 
5. Matty, W. and Johnson, T. “A Comparison of Manufacturing Marks on Smith & 

Wesson Firing Pins”. AFTE Journal. 1984; 16(3):51. 
6. McBrayer, W.S. “Unique Firing Pin Impression”. AFTE Journal. 1981; 13(4):116. 
7. Miller, J. “Pressure Effects on Firing Pin Impression Depth”. AFTE Journal. 1995; 

27(3):242-245. 
8. Ojena, S.M. and Murdock, J.E. “An Evaluation of an Alibi: Relative Firing Pin 

Impression Depths”. AFTE Journal. 1981; 13(3):79. 
9. Verbeke, D.J. and Stauffer, J.C. “Unique Firing Pin Identification”. AFTE Journal. 

1975; 7(1):59.
J. Manufacturing Marks

1. Dutton, G. “Manufacturing Marks on 12 Gauge Cartridges”. AFTE Journal. 1997; 
29(2):170-172. 

2. Klees, G. “Aberrant Manufacturing Marks on Federal Ammunition”. AFTE Journal. 
1997; 29(1):21-23. 

3. LaVoy, T.A. and Willmer, J.H. “Tool Markings From a Reloading Die”. AFTE 
Journal. 1979; 11(2):37. 

4. Matty, W. “The Formation and Persistence of Toolmarks in the Cartridge Case 
Head Forming Process”. AFTE Journal. 1983; 15(1):108. 

5. Quirk, T.W. “Toolmarks on Primers of ‘Rio’ Brand Ammunition”. AFTE Journal. 
1987; 19(3):309-310. 

6. Robinson, M.K. “Another Manufactured Toolmark”. AFTE Journal. 1996; 28(3):164-
165. 

7. Swim, J.D. “Firearms Examiners Beware”. AFTE Journal. 1979; 11(1):33-34.
K. Breech Face Marks 

1. Esposito, A.J. “Apparent Mirror Image Breech Face Marking in the Stevens Model 
311 Side by Side Shotgun”. AFTE Journal. 1995; 27(3):200-201. 

2. Thompson, E. “False Breech Face ID’s”. AFTE Journal. 1996; 28(2):95-96. 
3. Uchiyama, T. “Similarity Among Breech Face Marks Fired from Guns with Close 

Serial Numbers”. AFTE Journal. 1986; 18(3):15. 
4. Wilson, R.J. “Mikrosil Breech Face Comparison”. AFTE Journal. 1983; 15(4):24.

L. Chamber Marks 
1. Della Penna, A. “Chamber Markings?”. AFTE Journal. 1974; 6(2):22. 
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2. Dickinson, J.A.H. “Identification of Firearms by Chamber Marks on the Expended 
Cartridge Case”. AFTE Journal. 1976; 8(1):25. 

3. Hamby, J.E. “Adapter Cartridges & Insert Barrels”. AFTE Journal. 1979; 11(4):23. 
4. Hamby, J.E. “Cartridge Adapters”. AFTE Journal. 1975; 7(3):16. 
5. Miller, J. “Chamber Marks from Dry-Fire Damage”. AFTE Journal. 1992; 24(2):162-

164. 
M. Bunter Marks 

1. Dodson, R.V. and Masson, J.J. “Bunter Marks: What Do They Mean”. AFTE 
Journal. 1997; 29(1):33-36. 

2. Johnson, T.D. and Matty, W.G. “Starline Brass”. AFTE Journal. 1984; 16(4):60. 
3. Matty, W. “The Formation and Persistence of Toolmarks in the Cartridge Case 

Head Forming Process”. AFTE Journal. 1983; 15(1):108. 
4. Zahn, M.S. “Unique Markings on a Shotshell Head Due to a Worn or Chipped 

Bunter Tool”. AFTE Journal. 1984; 16(3):8. 

3 Practice
3.1 Safety

A. Standard Laboratory Precautions
B. Firearm Safety
C. Range Safety Rules

3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment

 Ammunition Reference Collection
 Comparison Microscope
 Electronic Scale
 Firearms Reference Collection 
 Firearms Range
 Micrometer/Caliper

3.4 Observed Performance
A. The trainee will observe the trainer conduct microscopic shotshell examinations.
B. Discuss in detail the procedures used in reloading shotshells and become familiar with the 

shotshell reloading equipment in the Firearm Section.  
1. Understand how to recognize reloaded shotshells from an examination of the 

shotshell casing and/or its components.  
2. Reload shotshells using the shotshell reloading equipment in the section or attend 

reloading training if reloading equipment is not available in the section.  
3. Become familiar with and examine the reloaded shotshells for reloading-type 

marks.
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3.5 Supervised Performance
The trainer will observe the trainee performing microscopic comparisons to include the 
identification of various marks imparted by shotguns and associate them with the tool (part) 
surface that created them. 
3.6 Independent Exercises

A. Determine what type of examinations may be conducted and what conclusions can be 
reached from an examination of the following components.  Prepare a written report of 
observed findings and obtain examples of each.
1. Shot, deformed and un-deformed
2. Fired card or fiber wads
3. Fired plastic wads
4. Fired shotshells (fired cases)
5. Unfired shotshells (shotshell cartridges)
6. Shot buffer material
7. Shot collar and shot cup

B. Research the current U.S. shot sizes and weights and obtain a chart reflecting the data.  
Become familiar with the variations in shot size and composition. Be aware of the 
differences in US sizes versus worldwide. 

C. Test fire a shotgun with a sawed-off barrel from the Firearms Reference Collection (or 
obtain a shotgun and saw off a portion of the barrel) using a Remington shotshell with a 
power piston wad (other ammunition may be substituted based upon availability and the 
trainer’s discretion).  Recover the test shotshell wads and make microscopic comparisons 
of marks imparted to the test wads.  

D. Test fire the shotgun types listed below using at least three test shotshells from each 
shotgun and microscopically compare the marks imparted to these shotshell cases (other 
shotguns may be substituted based upon availability and the trainer’s discretion).  Include 
in the comparisons the following types of marks:  firing pin impression, breechface marks 
(primer, battery cup, and head), extractor marks, ejector marks, chamber marks, and any 
other mechanism marks.  Photograph these marks and discuss the significance of 
identifying any of these types of marks.  
1. Bolt action shotgun (example Marlin, Model 55)-
2. Semiautomatic shotgun (example Remington, Model 1100)
3. Pump action shotgun (example Mossberg, Model 500)
4. Single shot, top break shotgun (example J.C. Higgins, Model 1011)
5. Double barrel, over and under shotgun (example Beretta, Silver Snipe)
6. Double barrel, side by side shotgun (example Stevens, Model 311)

E. Using a 12 gauge shotgun (example - Remington, Model 1100, shotgun, or other similar 
shotgun from the Firearms Reference Collection), obtain at least three test shotshell cases 
with various types of ammunition (suggested types are listed below or other ammunition 
may be substituted based upon availability and the trainer’s discretion).  Recover a 
representative number of the fired pellets and fired wadding from each test firing, if 
possible.  Compare markings on these test shotshell cases with each other.  Examine the 
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fired components that are recovered and compare them to unfired components of the 
same type.  In a report, discuss the significance of the findings. Suggested types of 
ammunition:
1. Remington, Magnum, 00 Buck
2. Remington, Shur-Shot, 8 shot
3. Federal, Magnum, 00 Buck
4. Federal, Field Load, 9 shot
5. Activ, Field Load, 7 shot
6. Activ, Magnum, BB shot
7. Winchester, Xpert, 6 shot
8. Winchester, Super-X, 7 shot

F. Examine eight sets of shot pellets using case worksheets. Determine the possible pellet 
sizes for each set. If possible, also determine the shot shell load (gauge). 

G. Examine a set of ten shot wads. Determine the type, gauge and, if possible, the 
manufacturer, brand and/or shot load of each wad.

4 Assessment
4.1 Competency and Qualifying Examination

A. Competency 
1. The trainee will demonstrate competency by successfully completing at least two 

shotshell comparison exams supplied by the trainer.  These competency exams 
will include documentation that simulates casework (worksheets, report, etc.). 

2. The trainee will demonstrate competency by examining four sets of shot pellets to 
determine pellet sizes and possible loads. These competency exams will include 
documentation that simulates casework (worksheets, report, etc.)

B. Written Examination
At the completion of the module, a written exam will be given to test terminology and concepts 
used in the examination of shotshell components. 

4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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FTM-TM-02-06 EXAMINATION OF BULLETS
Duration One month
Purpose Familiarize the trainee with basic projectile/bullet examination
Prerequisite FTM-TM-01-02, FTM-TM-02-02, FTM-TM-02-03

1 Objectives 
1.1 Theoretical
The trainee will learn the principles of bullet/projectile identification. There will be a focus on 
learning class characteristics, identifying individual characteristic patterns, as well as 
understanding how to evaluate specimens for subclass characteristics. The trainee will be able to 
differentiate between markings imparted by firearms on bullets and learn how to apply the 
principles of the AFTE Theory of Identification to arrive at opinions using the range of conclusions. 
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Terminology 
B. Determination of manufacture and caliber
C. Determination of class, subclass, and individual characteristics
D. Use of General Rifling Characteristics
E. Firing and recovery of tests
F. Selection of test ammunition
G. Bullet comparison 
H. Use of available reference material 

2 Training Outline
2.1 Lesson Plan

A. Demonstrate knowledge of bullet terminology
B. Understand how various physical characteristics relate to the examination of bullets
C. Understand how to use various characteristic databases 
D. Demonstrate knowledge of how to determine caliber, firearm type, and potential firearm 

list using databases
E. Demonstrate general knowledge of bullet comparisons:

1. Use of Projectile Worksheet (LAB-FTM-02)
2. Determining the difference between lead bullets and lead bullet cores
3. Polygonally rifled firearms
4. Bullet recovery from various bullet capture devices
5. Ammunition storage
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F. Demonstrate specific knowledge of bullet comparisons as they relate to various 
construction materials: 
1. Diameter differences between fired and unfired bullets 
2. 22 caliber bullets 
3. 38 caliber bullets 
4. 9mm Luger bullets 
5. 30 caliber rifle bullets
6. 32 S&W versus 32 Auto
7. Bullet hole in metal

G. Gain experience comparing “known match” to “known non-match” bullets.
H. Gain experience comparing bullets fired from consecutively manufactured barrels 
I. Gain experience comparing mutilated bullets to pristine fired bullets from the same firearm
J. Bullet Comparison Resources/Databases

1. Become familiar with the Ammunition Reference File (Standard Ammunition File).  
Understand how to search this file in order to determine the manufacturer of fired 
bullets.  Discuss any problems encountered when using this file.

2. Become familiar with the Test Reference File
3. Become familiar with various General Rifling Characteristics (GRC) 

files/databases. Understand how to use this file to compile a list of firearms in a no-
gun case. 

K. General Bullet Comparison
1. Become knowledgeable about the facilities in the section for the recovery of fired 

test bullets.  Understand when and how to use the horizontal recovery tank, Kevlar 
boxes, and cotton boxes, and their limitations.  Understand and observe all safety 
rules.

1. Become familiar with the ammunition storage areas in the section and how to 
locate test ammunition.

L. Understand the feasibility of determining caliber and/or the rifling characteristics of a fired 
bullet from an examination of a bullet hole in metal.

2.2 Required readings
A. Biasotti, A.A. “Bullet Bearing Surface Composition and Rifling (Bore) Conditions as 

Variables in the Reproduction of Individual Characteristics on Fired Bullets”. AFTE 
Journal.. 1981; 13(2):94. 

B. Dragan, P. “Land & Groove ‘Count’ from Bullet Cores”. AFTE Journal. 1978; 10(2):28.
C. Neel, M. and Wells, M. “A Comprehensive Statistical Analysis of Striated Tool Mark 

Examinations Part 1: Comparing Known Matches to Known Non-Matches.” AFTE Journal. 
2007 39(3):176-198.

D. Laskowski, G.E. “The Identification of a Bullet to a Firearm Using a Barrel Cast”. AFTE 
Journal. 1997; 29(2):215-222. 
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E. Taroni, F. M. Champod, C. Margot, P. “Statistics: A Future in Tool Marks Comparison”. 
AFTE Journal. 1996, 28 (4), 222-229.

F. FTM-01-04 Reporting Guidelines
G. FTM-03-27 Physical Examination and Classification

2.3 Suggested Readings
A. General

1. Burrard, G. The Identification of Firearms and Forensic Ballistics. 3rd Revised 
Edition. A. S. Barnes; 1962.

2. Davis, J. E. An Introduction to Tool Marks, Firearms and the Striagraph. Charles C. 
Thomas; 1958

3. FBI Laboratory. General Rifling Characteristics File, current edition. 
4. Gunther and Gunther. The Identification of Firearms. Skyhorse Publishing; 2015.
5. Hatcher, J. S. Hatcher’s Notebook. The Stackpole Company; 1962.
6. Hatcher J, Jury F, Weller J. Firearms Investigation, Identification And Evidence. 

Philadelphia, Pa.: Ray Riling Arms Books Company; 2006. 
7. Heard, B. J. Handbook of Firearms and Ballistics: Examining and Interpreting  

Forensic Evidence. 2nd Edition. Wiley-Blackwell; 2008 
8. Mathews, J. H. Firearms Identification, Volume I. Charles C. Thomas; 1962.
9. Mathews, J. H. Firearms Identification, Volume II. Charles C. Thomas; 1962.
10. Mathews, J. H. Firearms Identification, Volume III. Charles C. Thomas; 1973.

B. General Rifling Characteristics 
1. Anderson, C.E. “General Rifling Characteristics Using the Personal Computer”. 

AFTE Journal. 1990; 22(4):431-433. 
2. Anderson, C.E. Martinson, D. and Burnham, R. “Update of Houston’s General 

Rifling Characteristics Computer System”. AFTE Journal. 1991; 23(4):1005. 
3. Baney, R.E. “Smith & Wesson’s Model39 and 59 Rifled 5 Right”. AFTE Journal. 

1978; 10(2):18. 
4. Baney, R.E. “A Smooth Bore Tanfoglio Pistol”. AFTE Journal. 1992; 24(2):177-178. 
5. Bell, P.D. and Mikko, D.M. “Iraqi Model 74 Semiautomatic Pistol”. AFTE Journal. 

1992; 24(1):23-27. 
6. Berry, L. “Additional Information Concerning Sterling Arms Company”. AFTE 

Journal. 1981; 13(2):16. 
7. Bullock, J.J. “Interesting Rifling”. AFTE Journal. 1982; 14(1):63. 
8. Butler, D.J. “The 7mm Nambu”. AFTE Journal. 1972; 4(4):30. 
9. Butler, D.J. and Sachs, S. “The Type 54 Tokarev Pistol”. AFTE Journal. 1990; 

22(2):160-162. 
10. Carr, J.C. “Lorcin L25 - A Barrel With Class”. AFTE Journal. 1992; 24(1):17-21. 
11. Carr, J. and Fadul, T. “Miami Barrel”. AFTE Journal. 1997; 29(2):232-234. 
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12. Cashman, P.J. and Thornton, J.I. “A Rapid Method for Determining Rifling Pitch”. 
AFTE Journal. 1975; 7(3):21. 

13. Cassidy, F.H. “Nomograph for Calculation of the Number of Lands and Grooves”. 
AFTE Journal. 1981; 13(4):67. 

14. Cassidy, F.H. “Reflections on Measurements of Gun Land and Groove 
Dimensions”. AFTE Journal. 1983; 15(1):81. 

15. Cayton, J.C. “Bullet Recovered From Jesse James Grave”. AFTE Journal. 1979; 
11(3):57. 

16. Chenow, R.W. “Mendoza Model K 62 Single Shot Pistol”. AFTE Journal. 1980; 
12(2):28. 

17. Chenow, R.W. “Revolver/Pistol Rifling Class Characteristics”. AFTE Journal. 1979; 
11(2):89. 

18. Chenow, R.W. “Rifling Change for Llama 22 Caliber Pistols”. AFTE Journal. 1983; 
15(2):12. 

19. Christansen, R.P. “Raven Arms”. AFTE Journal. 1977; 9(2):59. 
20. Churchman, J.A. “The Reproduction of Characteristics of Cooey Rifles”. 1981; 

13(1):46. 
21. Churchman, J.A. “Criminalistics Laboratory Information System”. AFTE Journal. 

1980; 12(3):72. 
22. Churchman, J.A. “Criminalistics Laboratory Information System”. AFTE Journal. 

1980; 12(4):75. 
23. Davis, J.E. “Land-Impression Widths -- A Simplified Measuring Set-Up”. AFTE 

Journal. 1976; 8(4):14. 
24. Denio, D.J. “Inverted Bullet Jacket”. AFTE Journal. 1982; 14(1):65. 
25. Deobald, G.W. “Winchester Model 94: 6R vs. 4R”. AFTE Journal. 1977; 9(1):18. 
26. Dunbar, D.A. “Identification of a Fired Sabot and a Distance Determination 

Involving a Shotshell Cartridge”. AFTE Journal. 1997; 29(1):26-29. 
27. Ernest, R.N. “Bryco Arms - Change in Rifling”. AFTE Journal. 1992; 24(1):22. 
28. Fadul, T.G. “The Pen Pistol”. AFTE Journal. 1995; 27(4):294-296. 
29. Fournier, R.J. and Lemmer, J.T. “Type Sugiura: Oriental 32 ACP Pistol”. AFTE 

Journal. 1985; 17(2):38. 
30. Fraser, D. “Further Information on the Enfield: Lee Enfield Confusion”. AFTE 

Journal. 1994; 26(3):173-175.
31. Garland, P.V. “Color Code Identification of Small Arms Cartridges”. AFTE Journal. 

1974; 6(2):27. 
32. George, W. “Excam 25 ACP Pistol Design and Rifling Change”. AFTE Journal. 

1989; 21(1):78. 
33. George, W. “Smith & Wesson 10mm and Beretta 9mm”. AFTE Journal. 1990; 

22(3):288-294. 
34. Gieszl, R. “Bersa 380 Semiautomatic Pistols”. AFTE Journal. 1991; 23(3):862-866. 
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35. Gieszl, R. “A Six Left Ruger Security-Six Revolver”. AFTE Journal. 1991; 
23(4):1002-1003. 

36. Gieszl, R. and Wolslagel, P. “Atypically Rifled SWD Cobray Pistols”. AFTE Journal. 
1990; 22(3):328-329. 

37. Goodman, R.E. Santora, D.N. and Trochum, T. “The Kahr K9”. AFTE Journal. 
1996; 28(3):166-167. 

38. Haag, L.C. “Class Characteristics of Rifled Barrels”. AFTE Journal. 1978; 10(2):11. 
39. Haag, L.C. and Petronino, J. “Colt: Right Twist Rifling”. AFTE Journal. 1974; 

6(5):10-11. 
40. Hamby, J.E. “Heckler & Koch Model 9 & 9s Pistol”. AFTE Journal. 1974; 6(2):16. 
41. Harden, L.R. “Charter Arms Rifling Specifications & Serial Number Information”. 

AFTE Journal. 1972; 4(3A):29. 
42. Harden, L.R. “Fox Carbine”. AFTE Journal. 1977; 9(2):119. 
43. Harden, L.R. “Krieghoff Firearms”. AFTE Journal. 1977; 9(1):15. 
44. Harden, L.R. “Rohm Manufacturing Plant”. AFTE Journal. 1978; 10(1):15. 
45. Harden, L.R. “Savage Rifling Specifications”. AFTE Journal. 1972; 4(4):29. 
46. Hart, R.P. “A 9MM Microgroove Bullet”. AFTE Journal. 1987; 19(3):310-311. 
47. Hart, R.P. “Information on Weapons Frequently Encountered”. AFTE Journal. 

1981; 13(4):51. 
48. Hart, R.P. “The Measurement and Value of Rate of Twist”. AFTE Journal. 1982; 

14(3):27. 
49. Hart, R.P. “An Unrifled Bullet at 4000 FPS”. AFTE Journal. 1977; 9(1):55. 
50. Heard, B.J. “An Unusual Gun”. AFTE Journal. 1978; 10(3):41. 
51. Heflin, T.F. “Rifling Characteristics for the Iver Johnson 38 Special Revolver”. 

AFTE Journal. 1985; 17(2):82. 
52. Heflin, T.F. “Ruger Model 77 300 Win Magnum GRC”. AFTE Journal. 1988; 

20(2):205. 
53. Howe, W.J. “Ruger Security-Six Rifling Specifications”. AFTE Journal. 1973; 

5(4):24. 
54. Hueske, E.E. “Conversion Kit for a Colt Government Model”. AFTE Journal. 1988; 

20(2):162. 
55. Johnson, T.D. and Matty, W. “Arcadia Machine and Tool: Notes on AMT Firearms”. 

AFTE Journal. 1986; 18(3):69. 
56. Jordan, T.D. and Looney, J. “Class Characteristics of Overpressured Cast Bullets”. 

AFTE Journal. 1981; 13(4):100. 
57. Kennington, R.H. “Ordinance Manufacturing Corporation Model Back-Up”. AFTE 

Journal. 1977; 9(1):42. 
58. Kennington, R.H. “Pre-Rifled? .38 Caliber Bullet Cores”. AFTE Journal. 1988; 

20(2):189. 
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59. Kent, R.H. “Thompson Center ‘Contender’ Barrel Specifications”. AFTE Journal. 
1983; 15(3):23. 

60. Krcma, V.J. “Rifling Specifications, Sauer Revolvers”. AFTE Journal. 1969; 1(4):22. 
61. Kreiser, M.J. “AMT Back-Up Pistol Manufacturer Marking Information”. AFTE 

Journal. 1984; 16(3):20. 
62. Komar, S.M. “Unusual Rifling”. AFTE Journal. 1989; 21(4):653. 
63. Larson, E.G. “Rifling Specifications on All Remington Firearms Currently 

Catalogued”. AFTE Journal. 1973; 5(4):30. 
64. Lomoro, V.J. “F.I.E. Titanic Up-Date”. AFTE Journal. 1977; 9(2):64. 
65. Lutz, M.C. “Four Plus Two Makes Three”. AFTE Journal. 1977; 9(2):38. 
66. Lutz, M.C. “Smoothbore 38 Special Derringer: Davis Industries Model D38”. AFTE 

Journal. 1996; 28(3):174-176. 
67. Lutz, M.C. “Smoothbore Semi Automatic Pistol”. AFTE Journal. 1994; 26(3):203-

205. 
68. Mason-Rooke, A. “Stripping and Axial Bullet Engraving”. AFTE Journal. 1981; 
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74. Basic References

8. Ackley, P. O. Handbook for Shooters and Reloaders, Volume I. Plaza Publishing; 
1996. 

9. Ackley, P. O. Handbook for Shooters and Reloaders, Volume II. Plaza Publishing; 
1998.

10. Barnes Bullets Staff. Barnes Reloading Manual, Number 4. Barnes Bullets; 2008.
11. Griffin, T. J. Lyman Reloading Handbook. 49th Edition. Lyman Products 

Corporation; 2012.
12. Hornady Staff. Hornady Handbook of Cartridge Reloading. 8th Edition. Hornady 

Manufacturing; 2010
13. James, C. R. The ABCs of Reloading. 9th Edition. Krause Publications. 2010;
14. NRA Staff. The NRA Handloaders Guide. National Rifle Association; 1969.
15. Ramage, C. K. Lyman Cast Bullet Handbook. 3rd Edition. Lyman Products 

Corporation; 2009. 
16. Sharpe, P. B. Complete Guide to Handloading. 3rd Edition. Funk and Wagnalls; 

1953.
17. Sierra Staff. Rifle and Handgun Reloading Data. 5th Edition. Sierra Bullets; 2003.
18. Speer Staff. Speer Reloading Manual: Rifle and Pistol. 13th Edition. Blount; 2003.
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1968.

3 Practice
3.1 Safety

A. Standard laboratory precautions
B. Firearm Safety
C. Range Safety Rules

3.2 Standards, Controls, Reagent Preparation
None
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3.3 Equipment
 Ammunition Reference Collection
 Caliper/Micrometer
 Comparison Microscope
 Cotton/Kevlar Box
 Scale and/or balance
 Firearms Reference Collection
 Water Tank

3.4 Observed Performance
A. The trainee will observe the trainer conduct microscopic bullet examinations.
B. As they relate to the examination and comparison of fired bullets or bullet fragments, 

discuss with the trainer the importance and limitations of, determining the following:
1. Weight
2. Caliber
3. Caliber type
4. Manufacturer
5. General rifling characteristics
6. Pitch of rifling
7. Depth of rifling
8. Jacket construction/composition
9. The use of a magnet

C. Discuss the differences of diameters between fired and unfired bullets and measure the 
land and groove impressions to determine caliber of the fired bullets

D. Discuss knowledge that can be obtained from a bullet hole in sheet metal
3.5 Supervised Performance
The trainer will observe the trainee perform microscopic comparisons including the identification 
of various bullets. The trainee will also make an association with the firearm from which they were 
fired.
3.6 Independent Exercises

A. Bullet terminology
Define what is meant by or determine the significance of the following terms or phrases as they 
relate to the examination and comparison of fired bullets.

1. Slippage
2. Shaving
3. Obturation
4. Leading and trailing edge
5. Melting and gas erosion
6. Flow-by and blow-by
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7. Striation
8. Individual microscopic marks
9. Ogive 
10. Bearing surface
11. Class characteristics
12. Subclass characteristics
13. General rifling characteristics
14. Corrosion
15. Leading
16. Insufficient individual microscopic marks
17. Limited individual microscopic marks
18. Single-action firing
19. Double-action firing
20. Knurled & grooved cannelure
21. Stab crimp
22. Boat tail
23. Open base 
24. Closed base
25. Recessed base 
26. Hollow point
27. Trace evidence aspects (lacquers, sealants, etc.)

B. Caliber and Possible Firearms Determination
1. The general rifling characteristics (GRC) left by firearms on the surfaces of fired 

bullets are a type of class characteristic. Review and discuss the following with the 
trainer:
a) Caliber

b) Number of land and groove impressions

c) Land and groove dimensions

d) Direction of twist

2. Learn how to measure land and groove impressions. 
3. Using test bullets and other fired bullets and bullet fragments provided, analyze the 

GRC and compile a list of firearms which could have fired the bullets using an 
available GRC database.  

C. General Bullet comparisons
1. The Projectile Comparison Worksheet Form should be filled out completely. List 

the identifying number of each set of known match tests (KM). For each projectile 
examined, indicate whether there is enough data to use for identification (based on 
that area).  



System Firearms & Toolmarks Training Manual
Firearms Unit Page: 74 of 128
FTM-TM-02-06  Examination of Bullets  (3.6)

  Effective Date: 12/30/2019 Go to Table of Contents
  Issued by: System Quality Manager Forms

Printed copy is uncontrolled. Refer to electronic copy for current version.

2. Determine the methods and techniques used to differentiate between lead bullets 
and bullet cores.

3. Using test bullets fired from polygonally rifled barrels, demonstrate proficiency in 
accurately determining the rifling characteristics of these fired bullets.  Compile a 
list of firearms that could have been used to fire these bullets using the GRC file 
and/or the AFTE Listing of Polygonally Rifled Firearms.

4. Access the FTM SOP and become familiar with the examination of fired bullets.
D. Additional assignments

1. Using several pairs of fired and unfired bullets from the same box of ammunition, 
measure their diameters before and after firing. Measure the land and groove 
impressions of the fired bullets and compute the calibers based on these 
measurements. Account for these differences and discuss with the trainer.

2. Using a single 22 caliber firearm, test fire three of each of the following cartridges 
(other ammunition may be substituted based upon availability and the trainer’s 
discretion) and attempt to identify the test bullets with each other. Use the 
Projectile Worksheet (LAB-FTM-02) to document observations with appropriate 
wording and photographs. Use standard report wording. 
a) 22 Long Rifle, Remington, lead bullets

b) 22 Long Rifle, Winchester, lead bullets

c) 22 Long Rifle, Remington, brass-coated lead bullets

d) 22 Long Rifle, Winchester, copper-coated lead bullets

e) 22 Long, Remington, lead bullets

3. Using the same 357 Magnum caliber revolver, test fire three of each of the 
following cartridges (other ammunition may be substituted based upon availability 
and the trainer’s discretion) and attempt to identify the test bullets with each other. 
Use the Projectile Worksheet (LAB-FTM-02) to document observations with 
appropriate wording and photographs. Use standard report wording.
a) 38 Special, Remington, lead round-nosed bullet

b) 38 Special, Remington, jacketed bullet

c) 357 Magnum, Remington, jacketed bullet

d) 357 Magnum, Winchester Silvertip bullet

e) 357 Magnum, Remington, lead round-nosed bullet

4. Using a single 9mm Luger pistol, test fire three of each of the following cartridges 
(other ammunition may be substituted based upon availability and the trainer’s 
discretion) and attempt to identify the test bullets with each other. Use the 
Projectile Worksheet (LAB-FTM-02) to document observations with appropriate 
wording and photographs. Use standard report wording.
a) 9mm Luger, Federal Hydra-Shok

b) 9mm Luger, PMC Starfire

c) 9mm Luger, Remington full metal jacket

d) 9mm Luger, Winchester Silvertip
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e) 9mm Luger, CCI total metal jacket

f) 9mm Luger, Black Talon/Ranger SXT

g) 9mm Luger, military ball, 124 grain, FMJ

h) 9mm Luger, Federal Nyclad

5. Using a single 30 caliber rifle, test fire three of each of the following cartridges 
(other ammunition may be substituted based upon availability and the trainer’s 
discretion) and compare the tests with each other. Use the Projectile Worksheet 
(LAB-FTM-02) to document observations with appropriate wording and 
photographs. Use standard report wording.
a) 30 caliber, Remington, jacketed soft-point bullet

b) 30 caliber, Remington Accelerator cartridges

c) Test fire and inter-compare steel jacketed bullets vs. copper jacketed bullets from 
the same barrel

6. Using a single 32 Smith & Wesson caliber Harrington & Richardson revolver 
(another revolver may be substituted based upon availability and the trainer’s 
discretion), test fire three of each of the following cartridges and compare the test 
bullets with each other. Use the Projectile Worksheet (LAB-FTM-02) to document 
observations with appropriate wording and photographs. Use standard report 
wording.
a) 32 Smith & Wesson, Remington, lead bullet

b) 32 Auto, Remington, full metal case jacketed bullet (discharge remotely)

7. Compile a list of reasons why bullet identifications cannot be made in some cases 
and why some barrels and bullets can preclude or tend to preclude identifications.  
This list should include, but not be limited to, the results of the above testing.

8. Compare test fired bullets from different firearms.  Look for the best match 
between these tests.  The “best known non-match” should be reviewed and 
discussed with the trainer. Use consecutively manufactured barrels if possible.

9. Compare mutilated and deformed bullets with undamaged bullets from the same 
firearm. Place corresponding areas adjacent to each other in the field of view on 
the microscope. Discuss with the trainer why an identification is possible, even if 
the class characteristics are not aligned. 

4 Assessment
4.1 Competency and Qualifying Examination

A. The trainee will demonstrate competency by the completion of at least 5 bullet comparison 
competency examinations. Previously analyzed proficiency tests can be used for this 
purpose. The competency examinations will include documentation that simulates 
casework (worksheets, report, etc.). 

B. There will be a written competency examination over terminology and concepts.  
4.3 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01). 
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FTM-TM-02-07 SHOOTING SCENE RECONSTRUCTION
Duration One week
Purpose The trainee will become familiar with the theoretical applications of evidence 

encountered at shooting scenes such as physical and chemical analysis of various 
types of bullet defects, ejection pattern testing, and the order of shots in glass.

Prerequisite FTM-TM-01-02, FTM-TM-01-03, FTM-TM-02-02, FTM-TM-02-03

1 Objectives 
1.1 Theoretical
The trainee will learn how to conduct an examination of a bullet’s trajectory, bullet defects in a 
variety of materials, a firearm’s ejection pattern, and the order of shots in glass.  The trainee will 
learn considerations for documentation, the use of appropriate controls, limitations of these 
testing techniques.  The trainee will also learn how to properly document the examination by 
recording the collection of all original observations as well as analyze and report this data.  This 
program of instruction may be substituted by an externally produced course that covers similar 
topics.  
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Factors that affect bullet trajectory
B. The physical and chemical properties of bullet defects
C. The factors that affect a given firearm’s ejection pattern
D. Limitations to all testing related to bullet defects and ejection patterns
E. Setting up an appropriate test for the evidence provided
F. Measurement and documentation of the evidence and tests
G. Analyzing the results

2 Training Outline
2.1 Lesson Plan

A. Trajectory 
1. Demonstrate knowledge of the factors governing trajectory.
2. Demonstrate understanding of using trajectory measuring equipment, their 

potential, and limitations.
B. Directionality of Shots

1. Demonstrate knowledge of bullet defect characteristics in various materials. 
2. Demonstrate knowledge of ricochet characteristics and circumstances.
3. Demonstrate knowledge the limitations of determining entry and exit defects.
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C. Order of Shots in Glass
1. Demonstrate knowledge of different types of glass and forensic aspects.
2. Demonstrate knowledge of characteristics in glass, including:

a. Concentric and radial fractures

b. Penetrating and non-penetrating defects

c. Relative location of radial cracks for sequencing shots

D. Chemical Testing of Bullet Defects
1. Demonstrate knowledge of the various chemicals used for detecting bullet strike 

defects
2. Demonstrate knowledge of factors that affect chemical residues on an object
3. Ejection pattern
4. Demonstrate knowledge of ejection pattern and factor affecting a firearm’s ejection 

pattern
5. Demonstrate knowledge of proper protocols for designing an ejection pattern test 

relative to the case
6. Demonstrate knowledge of measuring and analyzing ejection pattern data

E. Become familiar with the steps in the SOP for ejection pattern testing:
1. Obtain the approximate height at which the firearm was fired
2. Obtain sufficient ammunition to generate a representative ejection pattern and 

ensure that this ammunition is the same or similar to that used in the shooting 
offense

3. Attempt to limit variables that could impact the testing such as weather conditions, 
plotting initial versus the final location of the fired cartridge cases

4. Set up a stand or other reference to ensure that each test shot is fired from a 
consistent location and height.

5. Set up two tape measures as an x and y axis with the firearm itself as the origin.  
6. Using an observer, have the initial location of each cartridge case marked. 

F. Become familiar with the aspects of measuring and analyzing ejection pattern data:
1. If performing a quantitative determination, measure both the axial and lateral 

distance of each cartridge case and record the data.
2. If performing a qualitative determination, assess the overall axial (front/back) and 

lateral (left/right) direction of the ejection pattern relative to the shooter.
3. Consider using a scatterplot or other data to record and/or display the results.  

Ensure that distances are input as positive or negative depending on their relative 
direction to the shooter.

4. Report the results listing the general (qualitative) or range of direction and 
distances (quantitative).  Refer to FTM-01-04 for examples of suggested report 
wording.
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5. Examples (all distances are in inches):
a. Ruger 40 S&W caliber pistol shot both prone and standing

b. Item 05-01 was a Glock 9mm Luger caliber pistol and Item 06-01 was a Colt 223 
Remington caliber rifle

c. Ejection Pattern of Norinco SKS rifle
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2.2 Required Readings
A. DPS Firearms and Toolmarks SOP: 

1. FTM-05-01 – Dowel and String/Laser Trajectory 
2. FTM-05-02 – Direction of Travel 
3. FTM-05-03 – Ejection Pattern Testing  
4. FTM-05-04 – Determination of Order of Shots in Glass 
5. FTM-05-05 – Chemical Testing of Suspected Projectile Defects 

B. Omilion, P. “The Effects of Window Glass on Shotgun Pellets Patterns”. AFTE Journal. 
1979; 11(4):54-59.

C. Rathman, G. “Bullet Impact Damage and Trajectory Through Auto Glass”. AFTE Journal. 
1993; 25(2):79-86.

2.3 Suggested Readings 
A. Fisher, Barry A.J. Techniques of Crime Scene Investigation. Florida: CRC Press; 1993
B. Haag, Lucien C. and Haag, Michael J. Shooting Incident Reconstruction. 2nd Edition.  New 

York:  Academic Press; 2011.
C. Hueske, Ed. Practical Analysis and Reconstruction of Shooting Incidents.  Florida:  CRC 

Press; 1999.
D. Monturo, Chris. Forensic Firearm Examination.  Florida: CRC Press; 2019. 
E. Parker, Leroy N. Handout for Shooting Incident Analysis.  Personal publication, 1998.

3 Practice
3.1 Safety

A. Range Safety Rules
B. Firearm Safety
C. Personal Protective Equipment for chemical testing

3.2 Standards, Controls, Reagent Preparation
A. Dithiooxamide test reagents
B. Sodium Rhodizonate test reagents

3.3 Equipment
 Firearms Reference Collection
 Ammunition Reference Collection
 Protractor
 Tape Measure/Ruler
 Dowels/string and/or lasers
 Ejection Pattern Measurement Uncertainty Study

3.4 Observed Performance
A. The trainee will observe the trainer performing qualitative trajectory measurements.
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B. The trainee will observe the preparation and testing of reagents DTO and Sodium 
Rhodizonate.

C. The trainee will observe the trainer analyze the order of shots in glass and bullet impacts 
in various materials.  

D. Trajectory
1. Discuss the following factors governing the trajectory of a fired projectile and how 

they affect the determination of the trajectory of a bullet defect
a. Bullet design

b. Target hardness

c. Ricochet effects

d. Target thickness

e. Angle of impact

f. Intermediate targets

g. Movement of the firearm, target, and/or shooter

h. Damage to the target after projectile impact

i. Potential trace evidence on or near the defect

2. Discuss the characteristics of the following measuring equipment and their 
potential use and limitations in trajectory analysis.  Describe how each should be 
used to document bullet defects.
a. Protractor

b. Dowel Rods

c. Laser Trajectory Kit

d. Centering cones

e. String

f. Tape Measure/Ruler

g. Camera

3. Discuss the limitations of a qualitative trajectory analysis.
E. Directionality of Shots

1. Discuss the characteristics of entrance and exit defects in each of the following 
materials:
a. Plywood and other laminated woods

b. Sheet metal

c. Tempered glass

d. Laminated glass

e. Upholstered furniture

f. Rubber (tires)

g. Drywall
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2. Describe the following types of ricochet marks and the circumstances that may 
produce them:
a. V-shaped marks

b. Fracture lines in a painted surface

c. The “Chisum Trail”

d. The “Pear Effect”

e. Ricochets off of glass

f. Ricochet marks on frangible surfaces

g. Coning

h. Cratering

3. Discuss the limitations of determination of the entrance/exit of a bullet defect.
F. Order of Shots in Glass

1. Describe the differences between plate glass, tempered glass, and laminated 
glass.  List their common applications and the forensically significant aspects of 
each as they relate to shooting incident reconstruction

2. Compare and contrast with the marks present in glass with concentric and radial 
fractures

3. Discuss the characteristics present on penetrating and non-penetrating defects in 
glass

4. Describe how the relative location of radial cracks can allow an examiner to 
sequence the order that defects in glass were produced.

G. Chemical Testing of Bullet Defects
1. Describe the chemical reaction of the Dithiooxamide Test.
2. Describe the chemical reaction of the Sodium Rhodizonate Test.
3. Describe how the positive and negative controls for each chemical test should be 

created when testing potential bullet defects.
4. Describe the factors that could reduce or remove chemical residues on an object.

H. Ejection Pattern
1. Define ejection pattern and explain how each of the following factors affects a 

firearm’s ejection pattern:
a. Extractor/Ejector Orientation

b. Location and shape of ejection port

c. Presence of a deflector device such as are present on AR-15’s

d. Shooting height

e. Ammunition differences

f. Meteorological conditions (high wind, precipitation, etc)

g. Ground surface
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h. Presence of intervening objects (walls, furniture, vehicles, etc.)

2. Discuss the factors that could preclude an accurate ejection pattern test, 
specifically addressing the topics below:
a. Inability to interpret a pattern due to movement of cartridge cases after initial 

impact

b. Significant change in angle/height of the firearm

c. Disturbance of the ejection pattern due to the presence of first responders, 
wildlife, or weather conditions

3.5 Supervised Performance
A. The trainer observes the performance of the trainee in measuring and recording data  for 

participation in the Ejection Pattern Measurement Uncertainty Study 
1. Demonstrate how measure both lateral and axial distances 
2. Demonstrate how to report both the qualitative and quantitative ejection pattern

B. The trainer observes the preparation and testing of both DTO and Sodium Rhodizonate 
reagents by the trainee

C. The trainer observes the trainee documenting and interpreting the order of shots in glass 
and bullet impacts in various materials.

D. The trainer will observe the trainee documenting and interpreting bullet impacts in various 
materials.

4 Assessment
4.1 Competency and Qualifying Examination

A. The examiner is required to successfully complete a written exam over terminology and 
concepts.  

B. The examiner will complete a competency exam requiring the analysis of a series of at 
least 5 defects made by bullets and at least 5 defects not made by bullets in materials 
similar to those encountered in casework.  The trainee will document, analyze, and report 
on their conclusions regarding each defect. The competency examination will include 
documentation that simulates casework (worksheets, report, etc.)

4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01). 
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03 SERIAL NUMBER RESTORATION UNIT
FTM-TM-03-01 SERIAL NUMBER RESTORATION
Duration One week
Purpose The trainee will become familiar with the basic serial number restoration 

techniques used.
Prerequisite FTM-TM-02-03

1 Objectives 
1.1 Theoretical
The trainee will become familiar with the methods of serial number removal, the types of metals 
used, and various means of restoration including magnetic particle inspection, chemical etching, 
and electrochemical methods. Deciphering alternative codes and hidden serial numbers will also 
be discussed. This program of instruction may be substituted by an externally produced course 
that covers similar topics.
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Principles used to impart serial numbers to items
B. General locations of numbers 
C. Determination of type of surface
D. Reagent preparation and quality control
E. Alternative decryption methods
F. Methods of documentation, enhancement, and preservation of recovered information

2 Training Outline
2.1 Lesson Plan

A. Demonstrate knowledge of various types of marking methods used in the firearms industry
B. Understand how to determine the type of material used in the area of serial numbers
C. Demonstrate knowledge of the effect of the various methods and materials can have on 

the substrate areas 
D. Demonstrate knowledge of structures used by various major manufacturers.
E. Demonstrate knowledge of how to reference the ATF Serial Number Structure Guide
F. Understand terminology related to serial number restoration
G. Establish understanding of various obliteration methods and their impacts on restoration
H. Establish understanding of surface preparation, non-destructive, and chemical restoration 

processes. 
I. Demonstrate knowledge of making serial number restoration chemicals/reagents
J. Gain experience restoring serial numbers from various firearms and materials. 
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K. Become knowledgeable of the numbering systems and methods used by various firearm 
manufacturers including but not limited to Colt, Ruger, Smith & Wesson, US Repeating 
Arms (Winchester) and Remington.

L. Become familiar with the following chemicals/reagents:
1. Fry’s Reagent
2. Arais Reagent
3. Hydrofluoric acid
4. Turner’s Reagent
5. Davis’ Reagent
6. CuNi4Cl2
7. CuCl2
8. NaOH
9. HNO3

10. KCN
11. Aqua Regia
12. H2SO4

13. HCl
14. K2SO4

15. FeCl3
2.2 Required Readings 

A. DPS Firearms and Toolmarks SOP
1. FTM-07-01 – Serial Number Polishing
2. FTM-07-02 – Serial Number Chemical Restoration
3. FTM-07-03 – Serial Number Electrochemical Restoration
4. FTM-07-04 – Serial Number Magnetic Restoration
5. FTM-07-05 – Serial Number Heat Treatment

B. Treptow, R.S. Handbook of Methods for the Restoration of Obliterated Serial Numbers. 
NASA; 1978.

C. Klees, G. “The Restoration of Obliterated Laser-Etched Firearm Identifiers by 
Conventional and Alterative Decryption Methods”. AFTE Journal. 2002; 34(3):264-267.

2.3 Suggested Readings 
A. General

1. ATF Serial Number Structure Guide
2. The Reproduction of Obliterated Data by Fred Rymer
3. Instant Recovery of Obliterated Serial Numbers by Mike Knowles
4. Brandt, D. Metallurgy Fundamentals. Goodheart-Wilcox Co. Inc; 1992. 
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5. Cook, C.W. “A Practical Guide to the Basics of Physical Evidence”.  Colorado 
Bureau of Investigation; April 1975.

6. Cook, C.W. “Chemical Etching Reagents for Serial Number Restoration”.  
Colorado Bureau of Investigation; April 1975.

7. Doane, F.B., Photopress Publishing, Inc; 1940. 
8. Hatcher, J.S. Jury, F.J. and Weller, J. Firearms Investigation, Identification and 

Evidence. 2nd edition. Harrisburg, PA: Stackpole Books; 1977. 
9. Hein, Morris, et al. Foundations of College Chemistry. Dickenson Publishing Co; 

1977. 
10. Kegser, C.A. Basic Engineering Metallurgy - Theories, Principles and Applications. 

6th edition. Englewood Cliffs, NJ: Prentice-Hall, Inc.; 1957. 
11. Kehl, G.L. The Principles of Metallographic Laboratory Practice. 3rd edition. New 

York: McGraw-Hill; 1949. 
12. Kotz and Purcell. Chemistry and Chemical Reactivity. Saunders College 

Publishing; 1991. 
13. Krcma, V. The Identification and Registration of Firearms. Springfield, IL: Charles 

C. Thomas; 1971. 
14. Mathews, J.H. Firearms Identification, Volume I. Springfield, IL: Charles C. 

Thomas; 1962: pp. 77-80. 
15. Polk, D.E. and Giessen. B.C. Metallurgical Aspects of Serial Number Recovery. 

Boston, MA: Institute of Chemical Analysis-Northeastern University; (undated). 
16. Vander Voort, G.F. Metallography, Principles and Practice. McGraw-Hill; 1984. 
17. Van Klock, L.H. Elements of Materials Science and Engineering. Addison-Wesley 

Publishing Company; 1985. 
B. Professional Journals 

1. Katterwe, H. “Modern Approaches For the Examination of Toolmarks and Other 
Surface Marks”. Forensic Science Review. 1996; 8(1): 46-71. 

2. “The Recovery of Erased Numbers in Polymers”. Journal of Forensic Science 
Society. 1994; 34: 11-16. 

3. Krcma, V. “The Identification of Pistols by Serial Numbers and Other Markings”. 
Journal of Forensic Sciences. 1961. 

4. “Metallurgy vs. Crime”. FBI Law Enforcement Bulletin. 1950; 19(11): 8. 
5. “Restoring Altered and Obliterated Markings on Metal”. FBI Law Enforcement 

Bulletin. 1956; 25(7): 13. 
6. Thorton, J.I. and Cashman, P.J. “The Mechanism of the Restoration of Obliterated 

Serial Numbers by Acid Etching”. Journal of the Forensic Science Society. 1976; 
16(69). 

7. Turley, D.M. “Restoration of Stamp Marks on Steel Components by Etching and 
Magnetic Techniques”. Journal of Forensic Sciences. 1978; 32(3).

8. Young, S.G. “The Restoration of Obliterated Markings by Ultrasonically Induced 
Cavitation in Water”. Journal of Forensic Sciences. 1974; 19(4): 820. 
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C. AFTE Journal
1. Barabash, T. and Fahey, R.T. “Non-Destructive Methods of Restoring Defaced 

Serial Numbers”. 1977; 9(1):23. 
2. Brundage, D.J. “Surface Preparation for Serial Number Restoration”. 1982; 

14(4):9. 
3. Cook, C.W. “Chemical Etching Reagents for Serial Number Restoration”. 1975; 

7(2):80. 
4. “Obliterated Serial Numbers”. 1975; 7(1):27. 
5. “Obliterated Serial Numbers”. 1989; 21(2):166-167. 
6. Deats, B. “Serial Number Restoration Information”. 1980; 12(3):82. 
7. Dragan, P. “Abrasive Wheels for Serial Number Restoration Preparation”. 1996; 

28(1):21. 
8. Hawkins, R. “Colt Revolvers with Identical Serial Numbers”. 1988; 20(2):190.
9. Heflin, T.M. “Examination of Serial Number Over-Stamp”. 1984; 16(3):12. 
10. Hueske, E.E. “Browning Firearms Serial Numbering System”. 1988; 20(1):59-60. 
11. Keisler, M.A. “Smith and Wesson Model SW9F and the Hidden Serial Number”. 

1997; 29(2):186-187. 
12. Knowles, M. “Instant Recovery of Obliterated Serial Numbers”. 1985; 17(3):63. 
13. Lee, F.R. “Helpful Hint”. 1977; 9(2):37. 
14. Massiah, E.E. “Compilation of Techniques and Chemical Formulae Used in the 

Restoration of Obliterated Markings”. 1976; 8(2):26. 
15. Miller, K.E. “Current Assist for Die Stamp Impression Restoration”. 1972; 4(3A):38. 
16. Montgomery, J.L. “New Process Restores Filed Serial Numbers”. 1975; 7(3):80. 
17. Nielson, B.C. “Restoration of Die Stamped Impressions on Metal”. 1972; 4(3):32. 
18. O’Reilly, W.E. “Magnetic Restoration of Serial Number”. 1970; 2(3):26. 
19. Paholke, A.R. “Restoration of Serial Numbers”. 1969; 1(4):38. 
20. Polk, D.E. and Giessen, B.C. “Metallurgical Aspects of Serial Number Recovery”. 

1975; 7(2):38. 
21. “Metallurgical Aspects of Serial Number Recovery”. 1989; 21(2):174-181. 
22. Roberts, V. “Restoration of Serial Numbers in Plastic”. 1981; 13(4):40. 
23. Schaefer, J.R. “Serial Number Restoration Observation”. 1987; 19(3):276-278. 
24. Sherlock, W.E. and Keating, D.M. “Obliterated Serial Number Tracking Program”. 

1995; 27(4):264-280. 
25. Taulbee, D. “3x5 Card File of Die Stamped Impressions on Metal”. 1973; 5(3):18. 
26. Thompson, R.W. “Second Serial Number on Taurus Model 80 Revolvers”. 1980; 

12(2):18. 
27. Vaughan, R.T. “Serial Number Restoration on a Radar Warning Device”. 1987; 

19(3):304. 
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28. “Technique for Restoring Obliterated Serial Numbers on Plastic Cards”. 1981; 
13(2):30. 

3 Practice
3.1 Safety

A. Eye protection
B. Preparation and documentation of reagents
C. Gloves
D. Lab coats
E. Vent hood
F. Standard laboratory precautions
G. Firearm safety
H. Pinch points

3.2 Standards, Controls, Reagent Preparation
A. Reagents will be quality tested with known standards prior to each use.  
B. Reagents will be prepared according to FTM SOP.

3.3 Equipment
 Camera
 Firearms Reference Library
 MagnaFlux magnet
 Tools

3.4 Observed Performance
A. The trainee will observe the trainer in the following:

1. Preparation of reagents for ferrous and non-ferrous material
2. Use of the MagnaFlux
3. Surface preparation 
4. Application of the reagents to the obliterated area(s).

B. Explain the difference between cold rolled steel and cast iron metal.
C. Describe the effect that the following types of alterations, or combination of alterations, will 

have on the subsurface of the marked item and how it will impact on the results of the 
examiner.
1. Grinding
2. Over stamping
3. Peening
4. Gouging
5. Heating
6. Puddling
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7. Welding
8. Removal

D. Discuss any surface preparation, specialized equipment, photography techniques or 
procedures, lighting effects or magnifying techniques that may be used to aid in 
determining any data that is produced. Discuss different types of lighting (e.g. 
incandescent, infrared, UV, and fluorescent) and how they can improve or enhance the 
restoration results.  Be prepared to explain how the angle of incidence of these lighting 
techniques might vary the results.

E. Discuss nondestructive, magnetic techniques of serial number restoration.  
F. Discuss how chemicals can be used to restore obliterated data (metal types, etc.)

1. If the reaction rate for a stressed area is faster or slower than the etching rate of 
the rest of the surface and why.  

2. Specialized equipment that might be used in number restoration.
G. Discuss the electrochemical technique of enhancing chemical serial number restoration.  

Consider the benefits and drawbacks of utilizing this technique.
3.5 Supervised Performance
The trainer will observe the trainee performing:

A. Preparation of reagents for ferrous and non-ferrous material
B. Use of the MagnaFlux
C. Surface preparation
D. Application of reagents to obliterated serial number areas. 

3.6 Independent Exercises
A. Research and make a list of the various methods used to mark items by private industry.  

This list can include, but not be restricted to:  
1. Casting
2. Stamping
3. Embossing
4. Debossing
5. Coining
6. Vibratory pencil
7. Laser
8. Electrical discharge machining
9. Code 39 barcode

B. Determination of Metal Type (use magnet or reference material)
1. Steel (magnetic) (Take care due to possibility of false determination due to 

magazine, slide, or barrel)
2. Aluminum
3. Other such as Zinc
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C. Prepare a written report which covers the following areas:
1. The effect each of the above methods of marking techniques has on the 

subsurface of the marked area.
2. How and why each of the above marking methods will affect the ability of the 

examiner to restore any obliterated markings.
D. Review Serial Number Structure Guide, Reference Collection, and other references for 

serial number structures. Keep in mind no single reference is complete.
E. Define “plastic deformation” of metal
F. Obtain several items with obliterated serial numbers, and attempt to restore them.  Be 

prepared to discuss and demonstrate the methods. (Firearms below may be substituted 
with other suitable items by the trainer based on availability and discretion)
1. Colt pistol
2. Smith & Wesson revolver
3. RG Industries revolver
4. Ruger stainless steel revolver
5. Chrome/nickel 25 caliber autoloading pistol
6. Shotgun alloy receiver
7. Shotgun casehardened receiver
8. Winchester rifle
9. Smith & Wesson Sigma Series Code 39 (photographs may be used)

4 Assessment
4.1 Competency and Qualifying Examination

A. The trainee will demonstrate competency for serial number restoration by restoring a 
minimum of two obliterated serial number samples in steel and aluminum metals. 

B. There will be a written exam over terminology and concepts. 
4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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04 DISTANCE DETERMINATION UNIT
FTM-TM-04-01 DISTANCE DETERMINATION
Duration One month
Purpose The trainee will become familiar with the practices for gunshot residue explanation 

and distance determination
Prerequisite None

1 Objectives
1.1 Theoretical
Following the completion of this module the trainee will have an understanding of:

A. Application and interpretation of tests for gunshot residue compounds
B. Common pitfalls to distance determination
C. Nomenclature

1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Clothing examinations
B. Reagent preparation and quality control
C. Preparation of test
D. Selection of test ammunition
E. Use of available reference material

2 Training Outline
2.1 Lesson Plan

A. Demonstrate proficiency in preparing the chemicals and test papers used in the Modified 
Griess test, Dithiooxamide, and the Sodium Rhodizonate test including the test media and 
photographic paper. 

B. Describe, in detail, the chemical reactions that take place in the burning of smokeless 
powder, the Modified Griess test, and the Sodium Rhodizonate test.  

C. Demonstrate proficiency in conducting the following techniques, using the Firearms 
Section SOP:
1. Modified Griess test – Direct Application Technique (DAT)
2. Modified Griess test – Reverse Application Technique (RAT)
3. Sodium Rhodizonate test – Direct Application Technique (DAT)
4. Sodium Rhodizonate test – Bashinsky Transfer Technique (BTT)
5. Sodium Rhodizonate test – Standard Transfer Technique (STT)
6. Dithiooxamide

D. Using specimens provided by the trainer, demonstrate proficiency in conducting "muzzle-
to-garment" distance tests in cases involving the deposition of gunshot residues.  The 
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examination should include note taking, microscopic and chemical examinations, test firing 
to produce test patterns and accurately determining "muzzle-to-garment" distance.

E. Using specimens provided by the trainer, demonstrate proficiency in conducting "muzzle-
to-garment" distance tests in cases involving gunshot residue patterns.  The examination 
should include the following:
1. Note taking
2. Microscopic and chemical examinations 
3. Test firing of shot patterns; gunshot residue patterns
4. Accurately determining "muzzle-to-garment" distance 
5. Orientation of the firearm
6. Sources and patterns of gunshot residues (e.g. muzzle orthogonal vs. Muzzle 

oblique)
7. GSR patterns from flash suppressors
8. Effect on patterns by sound suppressors
9. Revolver cylinder gap
10. Geometric aspects of powder and GSR patterns

2.2 Required Readings
A. Dillon, J.H. "Graphical Analysis of the Shotgun/Shotshell Performance Envelope in 

Distance  Determination Cases". AFTE Journal. 1989; 21(4): 593
B. Review relevant chemical SDS

2.3 Suggested Readings 
A. General

1. Association of Firearm and Tool Mark Examiners Standardization Committee, 
Glossary of the Association of Firearm and Toolmark Examiners, 3rd Edition, 
Available Business Printing, Inc. Chicago, 1994.

2. Davis, T. L. The Chemistry of Powder and Explosives, reprinted by Angriff Press, 
Las Vegas, NV (Originally printed in two separate volumes in 1941 and 1943; also 
reprinted by John Wiley and Sons.  New York 1950.) pp. 244-330,  pp. 400-458.

3. Di Maio, V.J. Gunshot Wounds: Practical Aspects of Firearms, Ballistics, and 
Forensic Techniques, 2nd edition, CRC Press, Boca Raton, FL, 1998.

4. Fiegl, F. Spot Tests in Organic Analysis. 7th edition, Elsevier Publishing Co. New 
York, 1966.

5. Fiegl, F. and Anger, V. Spot Tests in Inorganic Analysis. 6th edition, Elsevier 
Publishing Co. New York, 1972.

6. Fisher, R.S. “Shotgun Wounds” in W.U. Spitz and R.S. Fisher, eds. Medicolegal 
Investigation of Death. Charles C. Thomas, Springfield, IL, 1980, pp. 275-294.

7. Kirk, Crime Investigation

8. Spitz, W.U. “Gunshot Wounds” in W.U. Spitz and R.S. Fisher, eds. Medicolegal 
Investigation of Death. Charles C. Thomas, Springfield, IL, 1980, pp. 216-274.
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9. Wilson, Homicide Investigation Techniques

B. Gunshot Residues
1. Allen, D.E. “Effects of Blood on Gunshot and Gunpowder Residue”. 1983; 

15(2):102.
2. Bashinski, J.S. Davis, J.E. and Young, C. “Detection of Lead in Gunshot Residues 

on Targets Using the Sodium Rhodizonate Test”. 1974; 6(4):5.
3. Bonfanti, M. and Gallusser, A. “Problems Encountered in the Detection of
4. Gunshot Residues”. 1995; 27(2):105-122.
5. Branch, D.M. “Possible Griess Test Contamination”. 1982; 14(3):l 1.
6. Brown, C.G. “Detection of Nitrites and Lead in Gunpowder Residue Patterns”. 

1985; 17(2):118.
7. Bydal, B.A. “Percussion Primer Mixes”. 1990; 22(l):1-26.
8. Campbell, P.A. “Antazoline Hydrochloride vs The Griess Test”. 1982; 14(2):87.
9. Carr, J.C. “Alternative Device for Distance Measurement in Range Determination 

Tests”. 1992; 24(l):76-78.
10. Cayton, J.C. “Blackpowder Firearms, Powder Residue & Ball Penetration”. 1984; 

16(4):80.
11. Cochrane, D.W. “Test Pattern Cloth Range Determination Examination”. 1981; 

13(2):55.
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18. Jones, J.A. “Evaluation of Police Ammunition: .38 Special, .45 ACP and 9mm 

Parabellum”. 1974;6(1):11.
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33. Wilson, R.J. “Identification of an Unknown Firearm from Contact Wound 

Characteristics”. 1996; 28(3):154-163.
34. “Technique for Recording Gunshot Wounds: Plastic Overlay”. 1984; 16(3):74.

E. Shooting Reconstruction
1. Cook, C.W. “Ballistics and the Firearm Examiner”. 1978; 10(2):49.
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10. “Reconstructing Drive-By Shootings from Ejected Cartridge Case Location”. 1993; 

25(1):15.
11. “Recording Bullet Defects at Crime Scenes”. 1996; 28(3):168-172.
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22. “Use of Ballistic Calculations in the Solution of a Crime”. 1976; 8(4):45.
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45. Roberts, J.L. and Hamby, J.E. “Reconstruction of a Shooting to Prove/Disprove a 
Trajectory”. 1985; 17(2):53.

46. Stone, R.S. “Calculation of Trajectory Angles Using a Line Level”. 1993; 25(1):21.
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51. Zeldes, I. “Laser Beam: A New Tool for Firearm Examiner”. 1981; 13(4):21.
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53. Barnes, F.C. and Helson, R.A. “An Empirical Study of Gunpowder Residue 
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54. Breitenecker, R. and Senior, W. “Shotgun Patterns I - An Experimental Study on 

the Influence of Intermediate Targets”. Journal of Forensic Sciences, Vol. 12,1967, 
pp. 193-204.

55. Fann, C.H. Ritter, W.A. Watts, R.H. and Rowe, W.F. “Regression Analysis Applied 
to Shotgun Range-of-Fire Estimates: Results of a Blind Study”. Journal of Forensic 
Sciences, Vol. 31, 1986, pp. 840-854.

56. Jauhari, M. Chatterjea, S.M. and Ghosh, P.K. “Statistical Treatment of Pellet 
Dispersion Data for Estimating Range of Firing”. Journal of Forensic Sciences, Vol. 
17,1972. pp.141-149.

57. Moreau, T.S. Nickels, M.L. Wray, J.L. Bottemiller, K.W. and Rowe, W.F. “Pellet 
Patterns Fired by Sawed-Off Shotguns”. Journal of Forensic Sciences, Vol. 
30,1985, pp. 137-149.

58. Rowe, W.F. and Hanson, S.R. “Range of Fire Estimates from Regression Analysis 
Applied to the Spreads of Shotgun Pellet Patterns: Results of the Blind Study”. 
Forensic Science lnt. Vol. 28,1985, pp. 239-250.

59. Walker, J.T. “Bullet Holes and Chemical Residues in Shooting Cases”. Journal of 
American Institute of Criminal Law and Criminology, Vol. 31, 1940, pp. 497-521.

60. Wray, J.L. McNeil, J.E. and Rowe, W.F. “Comparison of Methods for Estimating 
Range of Fire Based on the Spread of Buckshot Patterns”. Journal of Forensic 
Sciences, Vol. 28, 1983, pp. 846-857.

61. Zeichner, A. and Glattstien, B. “Improved Reagents for Firing Distance 
Determination, “Journal of Energetic Materials, Vol. 4, 1986, pp. 187-197.

62. Brown, P. “What is This Ball Powder?” (with charts), The American Rifleman, Dec. 
1952, p. 17. 

63. “Computerized Ballistics”. Gun Tests, Feb. 1994.
64. “Computerized Ballistics II, More High-Tech Data”. Gun Tests, Feb. 1996.
65. "Gunpowder and Gunshot Residue"  FBI Manual
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66. “Winchester Super Unleaded Ammo”. Law Enforcement Technology, Jul. 1995, pp. 
56 and 58-60.

67. Wooters, J. “Winchester-Western’s New Ball Powder Line”. The Handloader 
Magazine, Sep.-Oct. 1973, p. 36. 

68. Ballou, S. “Reconstruction of Trajectory Paths Through the Use of Basic 
Trigonometric Functions”. paper presented at the FBI Laboratory Crime Scene 
Processing and Reconstruction Seminar, September 4-6, 1996, Quantico, VA. 

69. Bashinski, J.S. Davis, J.E. and Young, C. “Detection of Gunshot Residues - the 
Sodium Rhodizonate Test.” Presented at the 1974 spring meeting of the California 
Association of Criminalists, Long Beach, CA.

70. Bashinski, J.S. “The Evaluation of Gunshot Residues - the Sodium 
RhodizonateTest.”  Presented at the 1974 fall meeting of the California Association 
of Criminalists, Berkeley, CA.

71. Ernest, R. “A Study of Shooting Scene Dynamics”. paper presented at the FBI 
Laboratory Crime Scene Processing and Reconstruction Seminar, September 4-6, 
1996, Quantico, VA.

72. Taormina, S. “Reconstructive Placement of a Victim Within the Kill Site of a 
Homicidal Shotgun Discharge”. paper presented at the FBI Laboratory Crime 
Scene Processing and Reconstruction Seminar, September 4-6, 1996, Quantico, 
VA.

F. Copper and Lead Testing of Possible Bullet or Projectile Strikes
1. Haag, L. and Haag, M. “Chapter 5: Some Useful Reagents and Their Application”. 

Shooting Incident Reconstruction, 2nd Edition, 2011.  
2. Lekstrom, J.A. and Koons, R. “Copper and Nickel Detection on Gunshot Targets 

by Dithiooxamide Test”. Journal of Forensic Sciences, Vol. 31, No.4, 1986, pp. 
846-857. 

3. Schous, C.E. “A Sequence of Chemically Specific Chromophoric Tests for Nitrite 
Compounds, Copper, and Lead in Gunshot Residues”. AFTE Journal, Vol. 31, No. 
1, 1999.

4. Correction to above article: AFTE Journal, Vol. 31, No. 3, 1999

3 Practice
3.1 Safety

A. Hearing and eye protection, gloves, lab coats 
B. Preparation and documentation of reagents
C. Vent hood
D. Blood borne pathogens 
E. Standard laboratory precautions
F. Firearm Safety

3.2 Standards, Controls, Reagent Preparation
 Modified Griess test reagents
 Sodium Rhodizonate test reagents
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3.3 Equipment
 Firearms Reference Collection
 Ammunition Reference Collection
 Hot/stir plate
 Spray bottles
 Electronic scale

3.4 Observed Performance
The trainee will observe the preparation of reagents, test materials, and evidence garments by 
other examiners
3.5 Supervised Performance
The trainer will observe the trainee prepare reagents and test materials, as well as apply them 
properly.
3.6 Independent Exercises
The trainee will demonstrate knowledge and completion for completion of training assignment: 
Distance 1.

4 Assessment
4.1 Competency and Qualifying Examination

A. The trainee will demonstrate competency by successfully identifying five (5) unknowns 
using chemical tests and one (1) shotgun distance.  This competency exam will include 
documentation that simulates casework (worksheets, report, etc.).

B. Successful completion of the FBI “Gunpowder and Primer Residues” course or equivalent 
and competency samples may qualify the examiner for completion of this module.

4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
4.3 Requirements for Use in Casework

A. Successful completion of this module is required.
B. Supplemental training in the form of trajectory courses, shooting reconstruction courses, 

and/or advanced homicide crime scene processing courses is to be completed prior to the 
use of copper and lead testing of possible projectile strikes in casework or reporting of 
possible conclusions.
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05 TOOLMARKS UNIT
FTM-TM-05-01 EXAMINATION OF TOOLMARKS
Duration One month
Purpose The trainee will become familiar with basic toolmarks examination.
Prerequisite None

1 Objectives
1.1 Theoretical
Following the completion of this module the trainee will have an understanding of:

A. Class characteristics of various tools
B. Definition of a toolmark in broadest sense

1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Determination of class characteristics
B. Preparation of tests
C. Selection of test materials
D. Variation of toolmarks due to differences in angle and force

2 Training Outline
2.1 Lesson Plan
2.2 Suggested Readings 

A. General
1. AFTE Peer Group on Certification, “Firearms and Tool Mark Identification: A 

Forensic Science Discipline,” AFTE Journal, 1980; 12(3):12-15. 
2. Association of Firearm and Tool Mark Examiners, “Theory of Identification,” AFTE 

Glossary, Revision Section, Toolmarks Section, Appendix E (Knives), and 
Appendix H (Machining Terms). 

3. Belveal, D.N., “Firearms Identification Based Upon Bullet Comparisons: Expertise 
or Guesswork,” California Attorneys for Criminal Justice Forum, Vol. 4, No. 2, Mar.-
Apr. 1977, p. 17. 

4. Biasotti, A.A., “Bullet Comparisons – A Study of Fired Bullets Statistically 
Analyzed,” unpublished Master’s thesis, School of Criminology, University of 
California, Berkeley, 1955, 97 pages. 

5. “A Statistical Study of the Individual Characteristics of Fired Bullets,” Journal of 
Forensic Sciences, Vol. 4, No. 1, Jan. 1959, pp. 34-50. 

6. “The Principles of Evidence Evaluation as Applied to Firearms and Tool Mark 
Identification,” Journal of Forensic Sciences, Vol. 9, No. 4, Oct. 1964, pp. 428-433. 

7. “Firearms and Toolmark Identification: A Forensic Science Discipline, AFTE 
Journal, 1980; 12(3):12. 
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8. “Characteristics in Firearms and Toolmark Identification,” AFTE Journal, 1980; 
12(4):81. 

9. “Rifling Methods - A Review and Assessment of the Individual Characteristics 
Produced, “ AFTE Journal, 1981; 13(3):34. 

10. “Methods Applied to the Comparison of Class and Individual Characteristics in 
Firearms and Toolmark Identification,” AFTE Journal, 1989; 21(2):260-263. 

11. Biasotti, A.A., and Murdock, J.E., “Criteria for Identification or State of the Art of 
Firearms and Toolmark Identification,” AFTE Journal, 1984; 16(4):16-22. 

12. “Firearms and Toolmark Identification,” Modern Scientific Evidence: The Law and 
Science of Expert Testimony, Vol. 2, West Publishing, St. Paul, MN, 1997, pp. 124-
155. 

13. Blackwell, R., and Framan, E., “Automated Firearms Identification System 
(AFIDS): Phase I, AFTE Journal, 1980; 12(4):11-37. 

14. Bonfanti, M., and DeKinder, J., “The Influence of Manufacturing Processes on the 
Identification of Bullets and Cartridge Cases – A Review of the Literature,” Science 
and Justice, Vol. 39, No. 1, 1999, pp. 3-10. 

15. Boyd, K.T., “Use of Probability Theory in Making Identifications Through Common 
Characteristics,” paper presented at AFTE meeting in Washington, D.C., Feb. 
1974. 

16. Brackett, J., “A Study of Idealized Striated Marks and Their Comparison Using 
Models,” Journal of the Forensic Science Society, Vol. 10, No. 1, 1970, pp. 27-56. 

17. Brown, C., and Bryant, W., “Consecutively Rifled Gun Barrels Present in Most 
Crime Labs,” AFTE Journal, 1995, 27(3):254-258. 

18. Brundage, D.J., “The Identification of Consecutively Rifled Gun Barrels,” AFTE 
Journal, 1998; 30(3):438. 

19. Burd, D.Q., and Gilmore, A., “Individual and Class Characteristics of Tools,” 
Journal of Forensic Sciences, Vol. 13, No. 3, Jul. 1968, pp. 390-396. 

20. Burd, D.Q., and Greene, R.S., “Tool Mark Comparisons in Criminal Investigations,” 
Journal of Criminal Law, Criminology and Police Science, Vol. 39, 1948, pp. 379-
391. 

21. “Tool Mark Examination Techniques,” Journal of Forensic Sciences, Vol. 2, 1957, 
pp. 297-310. 

22. Burd, D.Q., and Kirk, P.L., “Toolmarks: Factors Involved in Their Comparison and 
Use as Evidence,” Journal of Police Science, Vol. 32, No. 6, 1942, pp. 679-686. 

23. Butcher, S., and Pugh, D., “A Study of Marks Made by Bolt Cutters,” Journal of the 
Forensic Science Society, Vol. 15, No. 2, Apr. 1975, pp. 115-126. 

24. Cassidy, F.H., “Examination of Toolmarks from Sequentially Manufactured Tongue 
and Groove Pliers,” Journal of Forensic Sciences, Vol. 25, No. 4, Oct. 1980, pp. 
796-809. 

25. Churchman, J., “The Reproduction of Characteristics in Signatures of Cooey 
Rifles,” RCMP Gazette, Vol. 11, No. 5, May 1949, pp. 133-140. 

26. Collins, J., “The Language of Toolmarks,” AFTE Journal, 1998; 30(1):82. 
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27. “Wire Nails and Their Forensic Significance,” AFTE Journal, 1998; 30(4):614. 
28. Conrad, E.C., “The Expert and Legal Certainty,” Journal of Forensic Sciences, Vol. 

9, No. 4, Oct. 1964, pp. 445-455. 
29. DeKinder, J., Prevot, P., Perlot, M., and Nys, B., “Surface Topology of Bullet 

Striations: An Innovative Technique,” AFTE Journal, 1998; 30(2):294. 
30. Deschenes, M., et al., “Statistics and Toolmark Comparisons,” AFTE Journal, 

1995; 27(2):140-141. 
31. Deinet, W., “Studies of Models of Striated Marks Generated by Random 

Processes,” Journal of Forensic Sciences, Vol. 26, No. 1, Jan. 1981, pp. 35-50. 
32. Dougherty, P.M., “Report on Two Early United States Firearms Identification 

Cases,” Journal of Forensic Sciences, Vol. 14, No. 4, Oct. 1969, pp. 453-459. 
33. Flynn, E.M., “Toolmark Identification,” Journal of Forensic Sciences, Vol. 2, Jan. 

1957, pp. 95-106. 
34. Fox, R.J., “The Myth of Bullet Matching,” Forensic Science, Civil and Criminal 

Symposium conducted in Eugene, Oregon, November 1987. 
35. Freeman, R., “Consecutively Rifled Polygon Barrels,” AFTE Journal, 1978; 

10(2):40-42. 
36. Goddard, C.H., “Scientific Identification of Firearms and Bullets,” AFTE Journal, 

1979; 11(4):97. 
37. Greene, R.S., and Burd, D.Q., “Special Techniques Useful in Tool Mark 

Comparisons,” Journal of Criminal Law, Criminology and Police Science, Vol. 41, 
1950, pp. 523-527. 

38. Grzybowski, R.A., Summary of Proficiency Testing Results in the Firearms and 
Toolmark Field extracted from Peterson, J.L., and Markham, P.N., “Crime 
Laboratory Proficiency Testing Results, 1970-1991, II: Resolving Questions of 
Common Origin,” Journal of Forensic Sciences, Vol. 40, No. 6, Nov. 1995, pp. 
1009-1029. 

39. Gunther, C.O., “Markings on Bullets and Shells Fired from Small Arms,” 
Mechanical Engineering, May 1932, pp. 341-345. 

40. Hall, E., “Bullet Markings from Consecutively Rifled Shilen DGA Barrels,” AFTE 
Journal, 1983; 15(1):33-47. 

41. Hall, J., “Consecutive Cuts by Bolt Cutters and Their Effect on Identification,” AFTE 
Journal, 1992; 24(3):260-272. 

42. Hornsby, B., “MCC Bolt Cutters,” AFTE Journal, 1989; 21(3):508. 
43. Kingston, C.R. “The Law of Probabilities and the Credibility of Witnesses  and 

Evidence,” Journal of Forensic Sciences, Vol. 15, No. 1, Jan. 1970, pp. 18-27. 
44. Kirby, S.J., “Comparison of 900 Consecutively Fired Bullets and Cartridge Cases 

from a 455 Caliber S&W Revolver,” AFTE Journal, 1983; 15(3):113-126. 
45. Kirk, P.L., and Kingston, C.R., “Evidence Evaluation and Problems in General 

Criminalistics,” Journal of Forensic Sciences, Vol. 9, No. 4, Oct. 1964, pp. 434-444. 
46. Kockel, R., “About the Appearance of Clues or Marks from Knife Blades,” AFTE 

Journal, 1980; 12(3):16. 
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47. Kreiser, J., “Identification of Cast Bullets and Their Molds,” AFTE Journal, 1985; 
17(3):88-90. 

48. Lardizibal, P., “Cartridge Case Study of the Heckler and Koch USP,” AFTE 
Journal, 1995; 27(1):49-51. 

49. Lopez, L., “Striae Matching and Angle of Incident,” AFTE Journal, 1998; 30(2):271. 
50. Lutz, M.C., “Consecutive Revolver Barrels,” AFTE Newsletter, Aug. 1970, pp. 24-

28. 
51. Masson, J.J., “Confidence Level Variations in Firearms: Identifications Through 

Computerized Technology,” AFTE Journal, 1997; 29(1):42-44. 
52. Matty, W., “Comparison of Three Individual Barrels Produced from One Button 

Rifled Barrel Blank” AFTE Journal, 1985; 17(3):64-69. 
53. “Raven 25 Automatic Pistol Breech Face Toolmarks,” AFTE Journal, 1984; 

16(3):57. 
54. Matty, W., and Johnson, T., “Comparison of Manufacturing Marks on Smith & 

Wesson Firing Pins,” AFTE Journal, 1984; 16(3):51. 
55. May, L.S., “The Identification of Knives, Tools and Instruments, A Positive 

Science,” American Journal of Police Science, Vol. 24, No. 6, 1936, p. 246. 
56. Meyers, C.R., “Objective vs. Subjective Boondoggle,” AFTE Journal, 1987; 

19(1):24-30. 
57. Miller, J., “Cut Nail Manufacturing and Tool Mark Identification,” AFTE Journal, 

1998; 30(3):492. 
58. “Reproducibility of Impressed and Striated Toolmarks: 4d Cut Flooring Nails,” 

AFTE Journal, 1998; 30(4):631. 
59. Miller, J., and McLean, M., “Criteria for Identification of Toolmarks,” AFTE Journal, 

1998; 30(1):15-61. 
60. Murdock, J.E., “Effect of Crowning on Gun Barrel Individuality,” AFTE Journal, 

1970; 2(3):12. 
61. “Individuality of Toolmarks Produced by Desk Staplers,” AFTE Journal, 1974; 6(5-

6):23. 
62. “A General Discussion of Gun Barrel Individuality and an Empirical Assessment of 

the Individuality of Consecutively Button Rifled .22 Caliber Rifle Barrels,” AFTE 
Journal, 1981; 13(3):84-111. 

63. “Some Suggested Court Questions to Test Criteria for Identification Qualifications,” 
AFTE Journal, 1992; 24(1):69-75. 

64. Nichols, R.G., “Firearm and Toolmark Identification Criteria: A Review of the 
Literature,” Journal of Forensic Sciences, Vol. 42, No. 3, 1997, pp. 466-474. 

65. Ogihara, Y., Kubota, M., Sanada, M., Fukuda, K., Uchiyama, T., and Hamby, J.E., 
“Comparison of 5000 Consecutively Fired Bullets and Cartridge Cases from a 45 
Caliber M1911A1 Pistol,” AFTE Journal, 1983; 15(3):127-140. 

66. Reitz, J., “An Unusual Toolmark Identification Case,” AFTE Journal, 1975; 7(3):40-
43. 
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67. Rowe, W.F., “Statistics in Forensic Ballistics,” The Use of Statistics in Forensic 
Science, C.G.G. Aitken and D.A. Stoney, Elllis Hammond, 1991. 

68. Serhant, J.E., “The Admissibility of Ballistics in Evidence,” American Journal of 
Police Science, May-Jun. 1930. 

69. Skolrood, R., “Comparison of Bullets Fired from Consecutively Rifled Cooey 
Rifles,” Canadian Society of Forensic Science Journal, Vol. 8, No. 2, 1975, pp. 49-
52. 

70. Springer, E., “Toolmark Examinations – A Review of Its Development in the 
Literature,” Journal of Forensic Sciences, Vol. 40, No. 6, Nov. 1955, pp. 964-968. 

71. Stoney, D.A., “What Ever Made Us Think We Could Individualize Using Statistics,” 
Journal of the Forensic Science Society, Vol. 31, No. 2, 1991, pp. 197-199. 

72. Taroni, F., Champod, C., and Margot, P., “Statistics, A Future in Toolmarks 
Comparisons?,” AFTE Journal, 1996:28(4):222-232. 

73. “Theory of Identification, Range of Striae Comparison Reports and Modified 
Glossary Definitions - An AFTE Criteria for Identification Committee Report,” AFTE 
Journal, 1992, 24(3):336-340. 

74. Thomas, F., “Comments on the Discovery of Striation Matching and on Early 
Contributions to Forensic Firearms Identification,” Journal of Forensic Sciences, 
Vol. 12, No. 1, Jan. 1967, pp. 1-7. 

75. Thompson, E., “Individual Characteristics Criteria,” AFTE Journal, 1998; 30(2):276. 
76. “Phoenix Arms (Raven) Breech Face Toolmarks,” AFTE Journal, 1994; 26(2):134-

135. 
77. “False Breech Face ID’s,” AFTE Journal, 1996; 28(2):95-96. 
78. Thornton, J.I., “The General Assumptions and Rationale of Forensic Identification,” 

Chapter 20, Modern Scientific Evidence: The Law and Science of Expert 
Testimony, (D.L. Faigman, D.H. Kaye, M.J. Saks and J. Sanders, eds., 1997), Vol. 
2, pp. 1-49. 

79. “The Validity of Firearms Evidence,” California Attorneys for Criminal Justice 
Forum, Vol. 5, No. 4, Aug. 1978, p. 15. 

80. “The Validity of Firearms Evidence,” AFTE Journal, 1979, 11(2):16. 
81. Tuira, Y.J., “Tire Stabbing with Consecutively Manufactured Knives,” AFTE 

Journal, 1982; 14(1):50-52. 
82. Tulleners, F., Hamiel, J., and Giusto, M., “Striae Reproducibility on Sectional Cuts 

of Thompson Contender Barrel,” paper presented at the 28th AFTE Training 
Seminar, Annapolis, MD, July 1997. 

83. Uchiyama, T., “Similiarity Among Breech Face Marks Fired from Guns with Close 
Serial Numbers,” AFTE Journal, 1986; 18(3):15. 

84. “Change of Rifling Marks of the Bullets Fired from a Revolver,” AFTE Journal, 
1986; 18(4):40. 

85. “A Criterion for Land Mark Identification,” AFTE Journal, 1988; 20(3):236-251. 
86. “A Criterion for Land Mark Identification Using Rare Marks,” AFTE Journal, 1988; 

20(3):260-268. 
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87. “Probability of Corresponding Striae in Toolmarks,” AFTE Journal, 1992; 
24(3):273-290. 

88. Uchiyama, T., Igarashi, N., and Nagai, M., “Frequency of Occurrence of Individual 
Characteristics of Firearms on Fired Bullets,” AFTE Journal, 1988; 20(4):376-390. 

89. Uchiyama, T., and Nota, O., “Non-Firing Markings on Primer of Remington 
Cartridges,” AFTE Journal, 1986; 18(4):78. 

90. Uchiyama, T., and Tokano, K., “Non-Firing Markings on Shotshell Cases and 
Primers,” AFTE Journal, 1988; 20(1):46. 

91. Vandiver, J., “New Screwdrivers Production and Identification,” AFTE Journal, 
1976; 8(1):29-52. 

92. Watson, D., “The Identification of Toolmarks Produced from Consecutively 
Manufactured Knife Blades in Soft Plastics,” AFTE Journal, 1978; 10(3):43-45.

B. The Daubert Decision and Toolmarks/Firearms Identification 
1. Andersen, G.R., “Round Pegs in Square Holes: The Aftermath of Daubert,” South 

Carolina Trial Lawyers Association Bulletin, Fall, 1996, pp. 9-12. 
2. Biasotti, A.A., and Murdock, J.E, “Firearms and Toolmark Identification: Scientific 

Status,” Chapter 23, Section 23-210. Modern Scientific Evidence: The Law and 
Science of Expert Testimony (D.L. Faigman, D.H. Kaye, M.J. Saks, and J. Sanders 
eds., West Publishing Co., 1997), Vol. 2, pp. 131-151. 

3. Bohan, T.L., and Heels, E.J., “The Case Against Daubert: The New Scientific 
Standard’ and the Standards of the Several States,” Journal of Forensic Sciences, 
Vol. 40, No. 6, Nov. 1995, pp. 1030-1044. 

4. Faigman, D.L., Kaye, D.H., Saks, M.J., and Sanders, J., Modern Scientific 
Evidence: Firearms and Toolmark Identification: Legal Issues, Section 23-1.0, 
West Publishing Co., 1997, Vol. 2, pp. 124-131. 

5. Glossary of the Association of Firearms and Tool Mark Examiners (AFTE) AFTE 
Standardization Committee, published by Available Business Group, Chicago, IL, 
3rd edition, 1994, Revision Section, June 6, 1994. 

6. Grzybowski, R.A., and Murdock, J.E., “Firearm and Toolmark Examiners – Meeting 
the Daubert Challenge,” AFTE Journal, 1998; 30(1):3-14. 

7. Melson, G.R., “Qualifying as An Expert in State Court: The Impact of Daubert,” 
paper presented at the Fourth Annual Conference for Medical and Forensic 
Experts, Dec. 6-7, 1997, Newport Beach, CA. 

8. Peterson, J.L., and Markham, P., “Crime Laboratory Proficiency Testing Results 
1978-1991, II: Resolving Questions of Common Origin,” Journal of Forensic 
Sciences, Vol. 40, No. 6, Nov. 1995, pp. 1009-1029. 

9. Relman, A.S., and Angell, M., “How Good is Peer Review?”, (an editorial), The 
New England Journal of Medicine, Vol. 321, No. 12, September 21, 1989, pp. 827-
829. 

10. Ruchlis, H., Discovering Scientific Method, Harper and Row Publishers, New York, 
1963. 

11. Saks, M.J., “Implications of the Daubert Test for Forensic Identification Science,” 
Shepard’s Expert and Scientific Evidence, Vol. 1, No. 3, Winter, 1994, pp. 427-434. 
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12. Thornton, J.I., “Courts of Law v. Courts of Science: A Forensic Scientist’s Reaction 
to Daubert,” Shepard’s Expert and Scientific Evidence, Vol. 1, No. 3, Winter, 1994, 
pp. 475-485. 

13. AFTE Journal, 1991; 23(1):559-567 (case notes). 
14. AFTE Journal, 1991; 23(2):719-726 (report writing)

C. Ammunition Manufacturing Processes
1. Crum, R.A., “Manufacturing Tool Mark Identification on the Base of Jacketed 

Bullets,” Crime Laboratory Digest, Vol. 12, No. 2, Apr. 1985, pp. 29-31. 
2. Kellet, P.M., “The Identification of a Tool Mark on the Interior of a Semi-Jacketed 

Bullet,” AFTE Journal, 1984; 16(3):22. 
3. “The Comparison and Identification of Toolmarks on the Base of Remington Semi-

Jacketed Bullets,” AFTE Journal, 1984; 16(3):81-83. 
4. “The Comparison of Mold Marks on Cast Bullets and Punch Marks in Copper Gas 

Checks,” AFTE Journal, 1984; 16(3):104-106. 
5. Matty, W., “The Formation and Persistence of Toolmarks in the Cartridge Case 

Head Forming Process,” AFTE Journal, 1983; 15(1):108-113. 
6. Nagai, M., and Uchiyama, T., “Identification of a Tool Mark on the Jacket of a 

Bullet," AFTE Journal, 1989; 21(1):80. 
7. Quirk, T.W., “Toolmarks on Primers of Rio’ Brand Ammunition,” AFTE Journal, 

1987; 19(3):309-310. 
8. Skolrood, R.W., “Do Not Disregard Mould Markings,” AFTE Journal, 1975; 7(1):73-

74. 
9. Swim, J.D., “Firearms Examiners Beware,” AFTE Journal, 1979; 11(1):33-34.

D. Automotive Ignitions
1. Arrowood, M.C., “Identification of a Metal Screw and Auto Ignition Cylinder,” AFTE 

Journal, 1983; 15(2):97. 
2. Garland, P., “Identification of Dent Puller,” AFTE Journal, 1978; 10(3):38-40. 
3. Paholke, A.R., “New Tool for Pulling Ignition Locks,” AFTE Journal, 1975; 7(3):17-

20. 
4. “Automobile Ignition Lock Puller,” AFTE Newsletter, Aug. 1969, p. 5. 
5. Townshend, D.G., “Identification of Fracture Marks,” AFTE Journal, 1976; 8(2):74-

75.
E. Beverage Tabs/Tops 

1. Bridgemon, R.R., “The Individualization of Beverage Can Pull-Tabs,” AFTE 
Journal, 1984; 16(3):99-101. 

2. Tenorio, F., “Identification of a Pop-Top’ Tab and Beer Can,” AFTE Journal, 1983;  
15(2):56-57. 

3. White, R., “An Unusual Tool Mark Case,” AFTE Journal, 1975; 7(1):19.
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F. Boltcutters 
1. Butcher, S.J., and Pugh, P.D., “A Study of Marks Made by Bolt Cutters,” Journal of 

the Forensic Science Society, Vol. 15, No. 2, Apr. 1975, pp. 115-126. 
2. Cassidy, F., “An Unusual Tool Mark from a Bolt Cutter,” AFTE Journal, 1994; 

26(1):21-22. 
3. Hall, J., “Consecutive Cuts by Bolt Cutters and Their Effect on Identification,” AFTE 

Journal, 1992; 24(3):260-272. 
4. Komar, S.M., and Scala, G.E., “Examiner Beware – New Bolt Cutter Blades– Class 

or Individual,” AFTE Journal, 1993; 25(4):298-300.
G. Bone and Cartilage 

1. Bonte, W., “Toolmarks in Bone and Cartilage, Journal of Forensic Sciences, Vol. 
20, No. 2, Apr. 1975, pp. 315-325. 

2. Ernest, R.N., “Toolmarks in Cartilage – Revisited,” AFTE Journal, 1991; 23(4):958-
959. 

3. Galan, J.I., “Identification of a Knife Wound in Bone,” AFTE Journal, 1986; 
18(4):72-75. 

4. Kelty, J.J., “Court Presentation of Toolmarks Identified in Stab Wounds,” AFTE 
Journal, 1985; 17(2):66. 

5. Mikko, D., and Hornsby, B., “On the Cutting Edge II – An Identification Involving a 
Knife,” AFTE Journal, 1995; 27(4):293.

H. Burglary Tools 
1. Molnar, S., “Burglar Tools,” AFTE Newsletter, 1970, p. 42.

I. Cable and Wire 
1. Biasotti, A.A., “A Comparison of Hatchet Cuts on Wire,” Journal of Criminal Law, 

Criminology and Police Science, Vol. 47, 1956, pp. 497-499. 
2. Cilwa, R.B., and Townshend, D.G., “Tool Mark Identification, Knife to Cut Wire,” 

AFTE Journal, 1976; 8(4):66-67. 
3. Dillon, D.J., “Comparisons of Extrusion Striae to Individualize Evidence,” AFTE 

Journal, 1976; 8(2):69-70. 
4. Jordan, T., “Individual Characteristics on Copper Insulated Wire,” AFTE Journal, 

1982; 14(1):53-56. 
5. Kenny, R.L., “Identification of Insulating Material Surrounding Wires,” AFTE 

Journal, 1978; 10(2):64. 
6. Molnar. S., “Identification by Extrusion Marks on Wire,” AFTE Newsletter, Jan. 

1970, p. 22. 
7. Ogle, R.R., and Mitosinka, G.T., “The Identification of Cut Multistranded Wires,” 

Journal of Forensic Sciences, Vol. 19, No. 4, Oct. 1974, pp. 865-867. 
8. Schubert, K.D., “Toolmarks Link Bomb Components with Suspects,” AFTE Journal, 

1985; 17(2):122-123. 
9. Williams, D.L., “Comparison of Cut Telephone Cables,” AFTE Journal, 1979; 

11(2):39-41. 
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10. Wilson, C.M., “The Comparison and Identification of Wire in a Coal Mine Bombing 
Case,” Journal of Criminal Law, Criminology and Police Science, Vol. 2, 1935-
1936, pp. 873-902.

J. Casting Materials and Techniques
1. Barber, D.C., and Cassidy, F.H., “A New Dimension with Mikrosil’ Casting 

Material,” AFTE Journal, 1987; 19(3):328-329. 
2. Biasotti, A.A., “Plastic Replicas in Firearms and Tool Mark Identifications,” Journal 

of Criminal Law, Criminology and Police Science, Vol. 47, 1956, pp. 110-117. 
3. Brundage, D., “Dip-Pak Thermo-Plastic,” AFTE Journal, 1994; 26(4):307. 
4. Carlson, C.J., “Use of Coe-Flex for Test Toolmarks,” AFTE Journal, 1983; 

15(2):87. 
5. Frazier, R.A., “Toolmark Test Material,” AFTE Journal, 1975; 7(1):25. 
6. Goldman, G.L., “Coloring Casting Materials – An Alternative to Smoking or Dusting 

Casts for Improved Visibility,” AFTE Journal, 1981; 13(3):112-115. 
7. Klees, Greg, “Casting Material Update on Toolmark Replication,” AFTE Journal, 

1988; 20(4):463. 
8. McGraw, A.C., “Casting, Another Means of Identification,” Journal of Forensic 

Sciences, Vol. 29, No. 4, Oct. 1984, pp. 1212-1222. 
9. Molnar, S., “Wax Replicas of Tool Marks,” AFTE Newsletter, Jan. 1970, p. 19. 
10. Murdock, J.E., “Silicone Rubber Replicas of Tool Marks,” AFTE Journal, 1970; 

2(3):22-23. 
11. Ojena, S.M., “A New Silicone Rubber Casting Material Designed for Forensic 

Science Application,” Journal of Forensic Sciences, Vol. 29, No. 1, Jan. 1984, pp. 
317-321. 

12. Rees, P.O., and Cundy, K.R., “A Method for the Comparison of Tool Marks and 
Other Surface Irregularities,” Journal of the Forensic Science Society, Vol. 9, 1969, 
pp. 153-155. 

13. Thompson, R.W., “Sulfur Casting,” AFTE Journal, 1980; 12(2):15. 
14. Townshend, D.G., “Examination of Tree Stumps,” AFTE Journal, 1981; 13(4):32-

36. 
15. Wilson, R.J., “Reproduced Impressed Markings for Comparison by Casting with 

Mikrosil,” AFTE Journal, 1994; 26(3):181-184.
K. Dies

1. Van Dijk, T.M., “Steel Marking Stamps – Their Individuality at the Time of 
Manufacture,” Journal of the Forensic Science Society, Vol. 25, No. 4, Jul./Aug. 
1985, pp. 243-253. 

2. Watson, D.J., “Manufacturing Process of Crimping Dies and the Examination of 
Class versus Individual Characteristics Between Them,” AFTE Journal, 1978; 
10(3):19-21.
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L. Drills/Lathes
1. Cilwa, R.B., and Townshend, D.G., “Identification of Lathe Shavings,” AFTE 

Journal, 1978; 10(1):23. 
2. McNickle, J., “Sharpening Twist Drills,” AFTE Journal, 1988; 20(1):75-78. 
3. Reitz, J.A., “An Unusual Tool Mark Identification Case,” AFTE Journal, 1975; 

7(3):40-43. 
M. Firearms Components 

1. Bishop, E.E., “Tool Mark Identification on a Black Powder Revolver,” AFTE 
Journal, 1995; 27(4):310-313. 

2. Davis, J.E., “Test Tool Marks from Weapon Parts May Facilitate Comparisons,” 
AFTE Journal, 1972; 4(3):28. 

3. Dragan, P., “Watch the Nose,” AFTE Journal, 1974; 6(3):13-15. 
4. La Voy, T.A., “Firearm/Tool Mark Identification on a Cap and Ball Revolver,” AFTE 

Journal, 1977; 9(1):66-68. 
5. Matty, W., “Raven .25 Auto Pistol Breech Face Tool Marks,” AFTE Journal, 1984; 

16(3):57-60. 
6. Matty, W., and Johnson, T., “A Comparison of Manufacturing Marks on Smith and 

Wesson Firing Pins,” AFTE Journal, 1984; 16(3):51-56. 
7. Thompson, E., “Phoenix Arms (Raven) Breech Face Toolmarks,” AFTE Journal, 

1994; 26(2):134-135. 
8. Verbeke, D.J., “Tool Mark on a Bullet,” AFTE Journal, 1975; 7(2):86-90.

N. General Toolmark References
1. Arrowood, M.C., “Back to Basics,” AFTE Journal, 1993; 25(3):197-198. 
2. Burghardt, H.D., Machine Tool Operation, Vol. I & II, McGraw-Hill Book Company, 

Inc., NY, 1936. 
3. Cochrane, D.W., “Class Characteristics of Cutting Tools and Surface Designation,” 

AFTE Journal, 1985; 17(3):73-82. 
4. Cook, C.W., A Practical Guide to the Basis of Physical Evidence, Chapter 16, 

Charles C. Thomas, IL, 1984. 
5. “The Firearms/Tool Mark Investigator: An Excursion into the Realm of the Weird 

and Wonderful,” AFTE Journal, 1979; 11(3):35-43. 
6. Davis, J.E., An Introduction to Toolmarks, Firearms and the Striagraph, Charles C. 

Thomas, IL, 1958, pp. 3-67. 
7. FBI Laboratory, Handbook of Forensic Science, toolmark identification subsection, 

(current edition). 
8. “FBI Makes Tool Mark Examinations,” FBI Law Enforcement Bulletin, Sep. 1950, 

pp. 1-6. 
9. Gibson, W.M., “AFTE Toolmark Article Index,” AFTE Journal, 1996; 28(4):266-286. 
10. Herb, C.O., Machine Tools at Work, Vol. I-VII, The Industrial Press, NY, 1942. 
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11. Kirk, P.L., “Tool Marks,” in Crime Investigation, 2nd edition, J. I. Thornton (ed.), 
University of California, Berkeley, CA, 1974. 

12. Paholke, A.R., “The Identification of Class Characteristics of Tool Marks: The 
Evidence Receipt Activity Report,” AFTE Journal, 1978; 10(2):59-62. 

13. “A Change in Technique,” AFTE Journal, 1971; 3(5):14. 
14. “Tool Mark, Two Words,” AFTE Newsletter, Aug, 1969, p. 18. 
15. Soderman, H., and O’Connell, J.J., “Traces of Tools,” in Modern Criminal 

Investigation, 5th edition, Funk & Wagnalls, NY, 1962. 
16. Versailles, J., “Tool Marks: Striated Versus Impressed,” AFTE Journal, 1971; 

3(5):13.
O. Impressions

1. Arrowood, M.C., and Berglund, J., “A Tool Mark Impression in a Unique Shooting 
Case,” AFTE Journal, 1976; 8(2):83 (firearm hammer). 

2. Johnson, A.P., “Hammer Spur Impresions, Physical Evidence in Homicides,” FBI 
Law Enforcement Bulletin, Sep. 1983, pp. 11-14. 

3. Molnar, S., “Unusual Tool Mark Impression Identification,” AFTE Journal, 1970; 
2(3):32-33. 

4. Sherlock, W.E., “Ear Impression Case,” AFTE Journal, 1991; 23(3):850-852.
P. Knives

1. Cilwa, R.B., and Townshend, D.G., “Tool Mark Identification, Knife to Cut Wire,” 
AFTE Journal, 1976; 8(4):66-67. 

2. Edwards, R.L., and Kelley, M.I., “The Straight Line (Springer) Knife,” AFTE 
Journal, 1993; 25(1):7-10. 

3. Fears, J.W., “An Expert’s Guide to Knives, Part II,” Shooting Times, Aug. 1987, pp. 
48-51. 

4. Garcia, C.H., “Are Knife-Prints’ Reliable Evidence: An Analysis of Tool Mark 
Evidence and Ramirez v. State,” AFTE Journal, 1993; 25(4):266-280. 

5. Hardings, L.F., “A Glossary of Knife Terminology,” AFTE Journal, 1982; 14(3):34-
35. 

6. Hollis, D., “The Knife, Man’s Oldest/Modern Tool,” Guns and Ammo, May 1986, pp. 
56-72. 

7. “Pocketknives, An American Tradition,” Guns and Ammo, Aug. 1986, pp. 53-97. 
8. Kockel, R., “About the Appearance of Clues or Marks from Knife Blades,” AFTE 

Journal, 1980; 12(3):16-28. 
9. Love, E., “Knives and Knife Terminology,” AFTE Journal, 1989; 21(3):490-495. 
10. Purtell, D.J., “The Identification of Paper Cutting Knives and Paper Cutters,” 

Journal of Criminal Law, Criminology and Police Science, Vol. 44, 1953, pp. 262-
268. 

11. Watson, D.J., “The Identification of Tool Marks Produced from Consecutively 
Manufactured Knife Blades in Soft Plastic,” AFTE Journal, 1978; 10(3):43-45.
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Q. Lighting Techniques
1. Heard, B.J., “A New Approach to the Examination of Stria on Transparent and 

Translucent Materials,” AFTE Journal, 1986, 18(1):25-34. 
2. Peterson, J.L., “Utilizing the Laser for Comparing Tool Striations,” Journal of the 

Forensic Science Society, Vol. 14, No. 1, Jan. 1974, pp. 57-62. 
3. Winkel, N., “A New Method of Comparative Investigation of Trace Replicas,” 

Bulletin for the Forensic Laboratory, No. 2, Mar. 1979, pp. 8-10. 
4. Ziegler, P.A., “Examination Techniques: The Beam Splitter and Reverse Lighting,” 

AFTE Journal, 1983; 15(2):37-41.
R. Locks and Keys 

1. Molnar, S., “Bobby Pins Lock Picking,” AFTE Newsletter, Oct. 1969, p. 28. 
2. Paholke, A.R., “What a Toolmark Examiner Should Know About Locks (A Guide for 

the Firearms Examiner),” AFTE Journal, 1989; 21(2):147-150.
3. “Surreptitious Entry,” AFTE Newsletter, Oct. 1969, p. 25. 
4. “Lock Picking,” AFTE Newsletter, Dec. 1969, p. 13. 
5. “Terminology of Locks,” AFTE Newsletter, Jan. 1970, p. 4. 
6. “Notes on Lock Decoder and Picking,” AFTE Newsletter, Oct. 1970, p. 28. 
7. “Locksmith Terminology,” AFTE Newsletter, Feb. 1971, p. 30. 
8. “Rim Cylinder,” AFTE Newsletter, Feb. 1971, p. 31. 
9. “Lock Nomenclature,” AFTE Newsletter, Aug. 1971, p. 16. 
10. “Pen- A Lock Picking Device,” AFTE Newsletter, Aug. 1971, p. 24. 
11. “A Key,” AFTE Newsletter, Feb. 1972, p. 14. 
12. “A New Lock with Magnetic Key,” AFTE Newsletter, Aug. 1972, p. 21. 
13. “A Twist on Unauthorized Entry,” AFTE Newsletter, Feb. 1973, p. 28. 
14. “Pick Proof Locks,” AFTE Journal, 1975; 7(2):96-97. 
15. Plumtree, W.G., “The Examination of Disc and Pin Tumbler Locks for Tool Marks 

Made by Lock Picks,” Journal of Forensic Sciences, Vol. 20, No. 4, Oct. 1975, pp. 
656-667. 

16. “Examination Techniques for Picked Locks,” AFTE Journal, 1982; 14(4):23-24. 
17. Sherlock, W.E., and Paholke, A.R., “Comparison of Microscopic Striae on Keys,” 

AFTE Journal, 1982; 14(4):20-21. 
18. Striupaitis, P.P., “Compression Spring Marks on Lock Pins,” AFTE Journal, 1982; 

14(4):22. 
19. Townshend, D.G., “The Lock Popper,” AFTE Journal, 1975; 7(3):61-62. 
20. “Physical Security Devices, Part II,” The Chicago Police Department Training 

Bulletin, Vol. 15, No. 11, June 24, 1974. 
21. “Physical Security Devices, Part III,” The Chicago Police Department Training 

Bulletin, Vol. 15, No. 12, July 8, 1974.
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S. Miscellaneous Examination Subtopics
1. Arrowood, M.C., “A Tool Mark Identification with a Pop Rivet Gun,” AFTE Journal, 

1987; 19(3):305. 
2. Bailey, T., “What’s to Know About Files,” AFTE Journal, 1986; 18(4):105-110. 
3. Bishop, E.E., “Tool Mark Identification on Nails,” AFTE Journal, 1995; 27(4):306-

309. 
4. Boudreau, A.J., “Significant Baling Wire Characteristics,” AFTE Journal, 1975; 

7(2):99-103. 
5. Good, R.G., “Tool Mark Identification in a Gambling Case: Identification of Illegally 

Manufactured Slugs,” AFTE Journal, 1979; 11(3):49-50. 
6. Hamby, J.E., “Matching of Tool Marks Made in Rubber,” AFTE Newsletter, Jun. 

1972, p. 18. 
7. Harden, L.R., “Tool Marks on a Rape Case,” AFTE Journal, 1979; 11(1):25. 
8. Lambert, R.R., “A Tool Mark Case,” AFTE Newsletter, Aug. 1970, p. 34 (lock 

puller). 
9. Lane, P., “Toolmarks on Battery Terminals,” AFTE Journal, 1988; 20(2):151-153. 
10. Larsen, D., “Murder -- Buttons and Toolmarks,” AFTE Newsletter, Dec. 1971, p. 

15. 
11. Mason, J.J., and Grose, P., “The Individuality of Toolmarks Produced by a Label 

Maker Used to Write Extortion Notes,” Journal of Forensic Sciences, Vol. 32, No. 
1, Jan. 1987, pp. 137-147.

12. Meyers, C., “Tool Marks on Paper Matches,” AFTE Journal, 1977; 9(2):131. 
13. Molnar, S., “Cutting Torch Marks,” AFTE Newsletter, Aug. 1970, p. 32. 
14. Piper, A.G., “The Matching of Secateurs to a Harvested Marijuana Crop – A Case 

Report,” Journal of the Forensic Science Society, Vol. 25, No. 4, Jul./Aug. 1985, 
pp. 281-283. 

15. Roberts, J.L., “Razor Blade Manufacturing Information,” AFTE Journal, 1976; 
8(1):80-84. 

16. Seestrom, J.L., and Lansing, J.F., “A Spot Identification,” AFTE Journal, 1975; 
7(2):66-67. 

17. Serpa, J., “Identification of Manufacturing Marks on Nylon Cable Ties,” AFTE 
Journal, 1994; 26(3):187-192. 

18. Vaughan, R.T., and Gilman, P.L., “An Identification With a Puncture Type Tool,” 
AFTE Journal, 1981; 13(4):78. 

19. Versailles, J., “Toolmarks on Painted Metal,” AFTE Journal, 1973; 5(3):22. 
20. Warren, G., “Glass Cutter Identification,” AFTE Journal, 1991; 23(4):925-927. 

T. Photographic Techniques
1. Baney, R.E., “An Examination of Consecutive Scratch Marks on Kodak Instant 

Print Film,” AFTE Journal, 1981; 13(4):112-113. 
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2. Biasotti, A.A., “Photography and Illumination: Some Critical Factors, AFTE Journal, 
1979;11(4):60. 

3. Catterick, T., and Taylor, M., “A Photometric Method for the Quantitative Mapping 
of Parallel Striated Marks,” Forensic Science International, Vol. 33, 1987, pp. 197-
207. 

4. Sanchez, D.W., “Aluminum Oxide Casting, Technique for Comparison and 
Photography of Toolmarks,” AFTE Newsletter, August, 1970, p. 20. 

5. Townshend, D., “Photography and Casting Toolmarks,” FBI Law Enforcement 
Bulletin, Vol. 45, No. 4, 1976, pp. 9-11. 

6. Ward, D.C., and Sibert, R.W., “The Use of Vacuum Evaporation of Metals for 
Surface Feature Enhancement,” AFTE Journal, 1986; 18(4):76-77.

U. Physical/Fracture Matches 
1. Agron, N., and Schecter, B., “Physical Comparisons and Some Characteristics of 

Electrical Tape,” AFTE Journal, 1986; 18(3):53-59. 
2. Brundage, D., “Glue Sticks Rapist in Joint,” AFTE Journal, 1975; 7(1):75-77. 
3. Caine, C., and Thompson, E., “Physical Match of an Automobile Roof to the Body 

Section,” AFTE Journal, 1989; 21(4):632-634. 
4. Dixon, T.R., “Trace Evidence in a Toolmarks Case,” AFTE Journal, 1975; 7(1):70-

71. 
5. Funk, H.J., “Comparison of Paper Matches,” Journal of Forensic Sciences, Vol. 13, 

No. 1, Jan. 1968, pp. 137-143. 
6. Hathaway, R.A., “Physical Match of a Broken Pool Cue Stick,” AFTE Journal, 

1994; 26(3):185-186. 
7. Laux, D.L., “Identification of a Rope by Means of a Physical Match Between the 

Cut Ends,” Journal of Forensic Sciences, Vol. 29, No. 4, Oct. 1994, pp. 1246-1248. 
8. Moran, B., “An Interesting Physical Match,” CAC News, Summer 1995, p. 19. 
9. “Physical Match/Tool Mark Identification Involving Rubber Shoe Sole Fragments,” 

AFTE Journal, 1984; 16(3):126-128. 
10. Reich, J.E., “A Comparative Photography Case,” AFTE Journal, 1978; 10(3):23. 
11. Striupaitis, P., “Physical Fit – Public Utility Cable,” AFTE Journal, 1981; 13(4):48-

49. 
12. Townshend, D.G., “Identification of Fracture Marks,” AFTE Journal, 1976; 8(2):74-

75. 
13. Verbeke, D.J., “An Indirect Identification,” AFTE Journal, 1975; 7(1):18-19. 
14. White, R., and Arrowood, M., “Ultraviolet Fluorescence and a Physical Match,” 

AFTE Journal, 1975; 7(2):105-106.
V. Plastic Bags and Sheet Materials 

1. Castle, D.A., Gibbins, B., and Hamer, P.S., “Physical Methods for Examining and 
Comparing Transparent Plastic Bags and Cling Films,” Journal of the Forensic 
Science Society, Vol. 34, 1994, pp. 61-68. 
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2. Ford, K.N., “The Physical Comparison of Polythene Film,” Journal of the Forensic 
Science Society, Vol. 15, No. 2, Apr. 1975, pp. 107-113. 

3. Kopec, R.J., and Meyers, C.R., “Comparative Analysis of Trash Bags – A Case 
History,” AFTE Journal, 1980; 12(1):23-26. 

4. Meyers, C.R., “Toolmarks on a Plastic Bag,” AFTE Journal, 1988; 20(1):55-56. 
5. Stone, R.S., “The Examination and Comparison of Plastic Bags Used in Home 

Heat Sealers,” AFTE Journal, 1986; 18(1):21-23. 
W. Pliers

Cassidy, F.H., “Examination of Toolmarks from Sequentially Manufactured Tongue-and-
Groove Pliers,” Journal of Forensic Sciences, Vol. 25, No. 4, Oct. 1980, pp. 796-809.

X. Reloading 
LaVoy, T.A., and Wilmer, J.H., “Tool Markings from a Reloading Die,” AFTE Journal, 
1979; 11(2):37-38.

Y. Safes
1. Dixon, T.R., “Trace Evidence in a Toolmarks Case,” AFTE Journal, 1975; 7(1):70-

71. 
2. Murdock, J.E., “Positive Association Through Tool Marks of a Safe Door Hinge Pin 

with a Damaged Safe,” AFTE Journal, 1981; 13(3):72-78. 
3. Sherlock, W.E., Fournier, R.J., and McCown, R., “Examination of a Drilled’ Safe,” 

AFTE Journal, 1988; 20(4):441-442. 
4. Templin, R.H., “A Safe Tool Mark,” AFTE Journal, 1980; 12(2):20. 
5. “Physical Security Devices, Part V,” The Chicago Police Department Training 

Bulletin, Vol. 16, No. 2, Jun. 23, 1975. 
6. “Physical Security Devices, Part IV,” The Chicago Police Department Training 

Bulletin, Vol. 16, No. 1, Jan. 13, 1975.
Z. Saws

1. Andahl, R.O., “The Examination of Saw Marks,” Journal of the Forensic Science 
Society, Vol. 18, No. 1, Jan. 1978, pp. 31-46. 

2. Cayton, J.C., “Hacksaw Blade, Shotgun Barrel, Toolmark Case,” AFTE Journal, 
1973; 5(3):7. 

3. Cook, C.W., A Practical Guide to the Basics of Physical Evidence, Charles C. 
Thomas, IL, 1984, p. 213. 

4. Molnar, S., “Saw Cuts and Log Ends,” AFTE Newsletter, Apr. 1970, p. 30. 
5. Paholke, A.R., “Rotary Saw,” AFTE Newsletter, Feb. 1971, p. 27.

AA. Screwdrivers
1. Burd, D.Q., and Gilmore, A.E., “Individual and Class Characteristics of Tools,” 

Journal of Forensic Sciences, Vol. 13, No. 3, Jul. 1968, pp. 390-396. 
2. Cook, C., A Practical Guide to the Basics of Physical Evidence, Charles C. 

Thomas, IL, 1984, p. 221. 
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3. Newquist, A.M., “Screwdriver Identified to Bullet Base,” AFTE Journal, 1978; 
10(2):68. 

4. Reich, J.E., “A Comparative Photography Case,” AFTE Journal, 1978; 10(3):23. 
5. Vandiver, J.V., “New Screwdrivers, Production and Identification,” AFTE Journal, 

1976; 8(1):29-52.
BB. Staplers/Staples

1. Hamby, J.E., “The Comparison of Staples,” AFTE Journal, 1974; 6(5&6):16-17. 
2. Hofmeister, A.G., “Examination of Stapler Toolmarks,” AFTE Journal, 1981; 

13(4):76.
3. Murdock, J.E., “The Individuality of Tool Marks Produced by Desk Staplers,” 1974; 

6(5&6):23-39.
CC. Test/Known Toolmark Production Techniques 

1. Davis, J.E., “Indium Metal for Toolmarks, AFTE Journal, 1973; 5(4):29. 
2. McGuire, D.L., and Kennington, R., “Comparative Micrography Techniques,” AFTE 

Journal, 1977; 9(1):7-14. 
3. McGuire, D.L., and Brodie, T.G., “Standard Toolmark Production Device,” AFTE 

Journal, 1975; 7(1):33-37. 
4. Molnar, S., “Techniques for Making Test Tool Marks Involving a Vise and C-

Clamp,” AFTE Newsletter, 1970; 2(6):26-30.
DD. Tires

1. Bridgemon, R.R., “The Examination of Cut Tires,” AFTE Journal, 1984; 16(3):102-
103. 

2. Rathman, G.A., “Tires and Toolmarks,” AFTE Journal, 1992; 24(2):146-159. 
3. Tuira, Y.J., “Tire Stabbing with Consecutively Manufactured Knives,” AFTE 

Journal, 1982; 14(1):50-52.
EE. Tool Orientation Effects 

1. Deinet, W., “Studies of Models of Striated Marks Generated by Random 
Processes,” Journal of Forensic Sciences, Vol. 26, No. 1, Jan. 1983, pp. 35-50. 

2. Maheshwari, H.S., “Influence of Vertical Angle of a Tool on Its Tool Mark,” Forensic 
Science International, Vol. 18, No. 1, Jan. 1981, pp. 5-12.

FF. Trace Evidence Concerns 
1. Dixon, T.R., “Trace Evidence in a Toolmarks Case,” AFTE Journal, 1975; 7(1):70-

71. 
2. Murdock, J.E., “Associative Evidence,” AFTE Journal, 1984; 16(2):5. 
3. Versailles, J., “Metal Residue Build-Up on Tool Blades,” AFTE Journal, 1974; 

6(4):7.
GG.Vehicles 

1. Arrowood, M.C., and Berglund, J.S., “Examination of Toolmarks from a Vehicle 
Involved in a Hit and Run,” AFTE Journal, 1983; 15(2):100-101. 
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2. Brinkman, R.W., “An Unusual Tool Mark Comparison from a Hit and Run Case,” 
AFTE Journal, 1978; 10(1):33. 

3. Lapierre, J., “Two Interesting and Unusual Tool Mark Cases,” AFTE Journal, 1978; 
10(2):57-58. 

4. Smith, R.M., “Another Hit and Run Toolmark Case,” AFTE Newsletter, Dec. 1972, 
p. 31. 

5. Townshend, D.G., “Identification of Hub and Wheel,” AFTE Journal, 1975; 7(1):56-
58. 

6. Wilson, R., “Examination of Toolmarks from a Vehicle Involved in a Burglary,” 
AFTE Journal, 1983; 15(2):98-99.

HH. Wood 
1. Hathaway, R.A., “Physical Match of a Broken Pool Cue Stick,” AFTE Journal, 

1994; 26(3):185-186. 
2. Jordan, T., “A Stumped’ Case,” AFTE Journal, 1981; 13(1):15-20. 
3. Lapierre, J., “Two Interesting and Unusual Tool Mark Cases,” AFTE Journal, 1978; 

10(2):57-58. 
4. Mezger, O., Hasslacher, F., and Frankle, P., “Identification of Marks Made on 

Trees,” American Journal of Police Science, 1930, pp. 358. 
5. Molnar, S., “Saw Cuts and Log Ends,” AFTE Newsletter, Apr. 1970, p. 70. 
6. Robinson, M.K., “Comparison of Growth Rings in Wood to Identify Clock Parts,” 

AFTE Journal, 1976; 8(1):88-91. 
7. “Comparison of Gunstock Parts to Barreled Action,” AFTE Journal, 1976; 8(1):65-

69. 
8. Townshend, D.G., “Examination of Tree Stumps,” AFTE Journal, 1981; 13(4):32-

36. 
9. Versailles, J., “Tool Markings on Balsam Branches,” AFTE Journal, 1974, 6(1):10. 
10. “Wood as Evidence,” FBI Law Enforcement Bulletin, Oct. 1975, pp. 5-7. 

3 Practice
3.1 Safety
Standard laboratory precautions
3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment

 Comparison scope
 Various hand tools

3.4 Observed Performance
The trainee will observe the trainer performing microscopic comparisons of various toolmarks and 
associate them with the tools that made them. 
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3.5 Supervised Performance
The trainer will observe the trainee performing microscopic comparisons to include the 
identification of various Toolmarks and associate them with the tool surface that created them.
3.6 Independent Exercises

A. Trainee will review their notes in reference to the section entitled “Manufacture of Modern 
Firearms.”  The machining methods covered are also the basis for toolmark identification.  
However, it should be noted that in the broad definition of toolmarks identification, certain 
other related types of examinations are also performed.  The trainee will discuss their 
review with the trainer.

B. Define the word “tool” and “toolmarks identification” in the narrow sense of the expression.  
Also define “toolmark identification” in its broadest sense and determine the types of 
conclusions that may be reached in toolmark identification.  

C. Discuss the significance of examining submitted tools first for trace evidence and itemize 
several types of such deposits.

D. For cases involving a toolmark examination wherein no tool is submitted, understand and 
determine the types of conclusions which can be reached.  Consider the type of tool, size 
of the tool, action employed by the tool, value of toolmark for comparison purposes, and 
any unusual tool features.

E. Define the following terms as they relate to toolmark identification and give three examples 
of tools or methods that could produce each category:
1. Shearing
2. Pinching
3. Fracture
4. Scrape mark
5. Impression
6. Slicing

F. Define the term “class characteristics” as it applies to toolmark identification.  Using the 
tools or methods selected as examples in #5, describe their respective class 
characteristics in detail.

G. Select at least two tools representative of each category listed in #5.  Produce toolmarks 
with each tool and observe the class characteristics of the toolmark.  Vary the angle and 
force with which each tool is used.

H. Using soft copper wire of approximately ¼” diameter, make cuts through it with the tools 
that employ a shearing, pinching and slicing action.  Make test cuts in lead using the same 
tools.   Attempt to identify the cuts in the copper wire as having been made by the same 
tool as that which cut the test lead.  Photographs can be used to support your results if 
desired.  Note any lighting considerations made necessary by the color difference 
between copper and lead.

I. Select a flat-bladed tool such as a screwdriver and a pry bar and make marks in a piece of 
copper or brass sheeting.  Make the same type of marks in lead with both tools.  
Microscopically compare those in the brass or copper sheeting with the test marks in the 
lead.  Attempt to identify the appropriate marks with the appropriate tool.  Comment on the 
difference in the quality of marks made by each tool.
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J. Research and report findings regarding whether saws, files and abrasive tools are 
identifiable or not with the marks they make.  Cite any exceptions to this rule.

K. Obtain a used tire and make cuts and stabs into the sidewall with a fixed blade knife.  
Attempt to make comparisons of the toolmarks produced by the knife.  Support the results 
with photographs if desired.  Discuss how the results of the examinations might be altered 
if the knife had been sharpened after making the questioned cuts, or if the knife had been 
used for an extended period of time after making the initial questioned cut.

L. Become familiar with the toolmark definitions in the AFTE Glossary.  
M. Become familiar with the knife terminology in the AFTE Glossary.
N. The trainee will demonstrate knowledge and completion of training assignments: TM 1-7.

4 Assessment
4.1 Competency and Qualifying Examination
The trainee will demonstrate competency by successfully completing a minimum of two toolmark 
examinations (previous proficiency tests can be used for this purpose). The competencies will 
include documentation that simulates casework (worksheets, report, etc.).
4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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06 CASEWORK AND COURTROOM TESTIMONY UNIT
FTM-TM-06-01 CASE REVIEW
Duration Approximately one week
Purpose The trainee will become familiar with the verification and technical review process 

of case reviews.
Prerequisite FTM-TM-01-02, FTM-TM-01-03, FTM-TM-02-02, FTM-TM-02-03, FTM-TM-02-04, 

FTM-TM-02-05, FTM-TM-02-06, FTM-TM-03-01

1 Objectives 
1.1 Theoretical
The trainee will learn the process for conducting verifications and technical reviews of FTM 
related casework and the documentation requirements associated with these review processes.  
1.2 Practical
Following the completion of this module the trainee will have an understanding of:

A. Items that require verification
B. The verification process and documenting verification in the case record
C. The verification resolution process 
D. Items checked during technical review
E. Documenting the technical review in the case record

2 Training Outline
2.1 Lesson Plan
Demonstrate knowledge of:

A. The difference between verification and technical review.
B. What types of cases and components are required to be verified.
C. The techniques for verification and process for resolution. 
D. Elements of technical review.
E. Circumstances that require rejection of technical review.
F. The requirements to sustain competency in technical review.
G. Documenting reviews in LIMS
H. Procedures for testimony technical review.

2.2 Required Readings
A. DPS Firearms and Toolmarks SOP: FTM-01-03 – Case Review Process
B. CLS Manual

1. Monitoring the Validity of Results
2. Court Testimony and Monitoring
3. Review of Laboratory Records
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3 Practice
3.1 Safety
None
3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment
None
3.4 Observed Performance

A. The trainee will observe the trainer perform verifications and technical reviews on at least 
two different cases which include firearms examination and comparison of bullet and 
cartridge cases.

B. Verification
1. Discuss items that are required to be verified for the following types of cases:

a. Microscopic Comparisons

b. Critical Measurements

c. Other items at the discretion of the verifier or analyst

2. List techniques for verification.
a. Using alternate tests

b. Using alternate pattern areas

c. Trying different orientations

3. Discuss with the trainer the process for resolving differences between the analyst 
and verifier.

C. Technical Review
1. Discuss the elements required to be checked during technical review

a. Worksheets/Notes

i. Is the evidence properly described?

ii. Are all layers of packaging properly described, and is there an indication 
of sealed condition of the evidence when received in the section?

iii. Do the case number, examiner’s initials, date, and/or page number 
appear on all required pages?

iv. Are the notes organized, neat and understandable?

v. Are the sheets properly organized?

vi. Is the Chain of Custody (including internal transfer) current as of this 
date?

vii. Are necessary photographs, diagrams, sketches, etc. included as 
appropriate?

viii. Are all photographs, diagrams, sketches, etc. properly labeled?
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ix. Have all mathematical calculations been checked and are correct?

x. If work expands more than one day, is the work performed on each day 
properly annotated?

xi. Is the correct measurement uncertainty value present within the case 
record?

b. Opinions/Conclusions

i. Have all requested examinations been addressed?

ii. Were the proper number of tests obtained / performed for valid results?

iii. Were unknowns properly evaluated and/or documented prior to 
comparison to knowns?

iv. Were the conclusions drawn supported by the data?

v. Are the data and conclusions properly and accurately documented?

c. Report

i. Is case information (case #, offense, victim, suspect, etc.) correct?

ii. Have all requested examinations been addressed?

iii. Is evidence properly / accurately described?

iv. Are the results clearly communicated to the reader?

v. Is the significance of the identification properly explained?

vi. Are inconclusive results explained?

vii. If requested, have additional copies been provided?

viii. Is the disposition of the evidence included in the report?

d. LIMS

i. Are the item counts entered under the Requested Analysis DUI and are 
they accurate?

ii. Are the number and type of each conclusion entered under the 
Requested Analysis DUI and are they accurate?

iii. Have all case activities, if applicable, been documented?

iv. Are dates of analysis accurately recorded?

v. Are methods used accurately recorded?

vi. Have the case images been reviewed and does the electronic and hard 
copy information agree?

2. Discuss the optional use of LAB-FTM-14 (Case Documentation Review)
3. Discuss what circumstances require rejection of technical review in LIMS.
4. Discuss the requirements to sustain competence in technical review.
5. Discuss how technical review is documented in LIMS.
6. Discuss considerations and procedures for the technical review of testimony.
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3.5 Supervised Performance
The trainer will observe the trainee conduct verifications and technical reviews on 2 different 
cases which include firearms examination and comparison of bullet and cartridge cases. 

4 Assessment
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).
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FTM-TM-06-02 COURTROOM TESTIMONY
Duration Two weeks
Purpose Provide additional courtroom testimony training for the trainee to be prepared for 

firearm and toolmark specific testimony, as well as challenges to the admissibility 
of firearm and toolmark related testimony.

Prerequisite General Laboratory Training: Legal Unit

1 Objectives
1.1 Theoretical
Firearm and toolmark related testimony constantly faces new challenges for admissibility. This 
section will provide the tools for any examiner to properly prepare for those challenges as well as 
prepare new examiners specifically for firearms and toolmark testimony.
1.2 Practical
Following the completion of this module, the trainee will be able to present firearm/toolmark 
specific testimony with professionalism and confidence and be able to locate resources to 
withstand scrutiny for testimony admissibility hearings. 

2 Training Outline
2.1 Lesson Plan 
The trainee will demonstrate:

A. The ability to speak in front of an audience.
B. The ability to orally describe aspects of firearm operation to those not familiar with guns.
C. The ability to successfully present an opinion to an audience. 
D. The ability to present an impromptu speech.
E. Knowledge of individual courtroom positions and their locations.
F. Knowledge of advantages of pre-trial conferences.
G. Knowledge of arguments for and against the admissibility of firearms and toolmarks 

testimony and of the SWGGUN Admissibility Resource Kit.
2.2 Required Readings 

A. Unfavorable to firearm/toolmark testimony 
1. United States v. Davis (2019)
2. United States v. Tibbs (2019)
3. United States v. Troy Worsley (2008)
4. Sexton v. State of Texas (2002)

B. In favor of firearm/toolmark testimony 
1. People of the State of COLORADO v. Makhail PURPERA (2018)
2. State of WASHINGTON v. Geraldo Castro DEJESUS (2019)
3. U.S. v. Valentino JOHNSON (2017)
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2.3 Suggested Readings
SWGGUN ARK found at https://afte.org/resources/swggun-ark 

3 Practice
3.1 Safety
None
3.2 Standards, Controls, Reagent Preparation
None
3.3 Equipment
None
3.4 Observed Performance

A. Oral speeches to be given in front of other laboratory personnel  
1. Present a 3-5 minute speech on any topic of interest without the use of aids.
2. Present a 3-5 minute speech on a how-to (choose one)

a. Describe how to field strip a pistol

b. Describe the cycle of fire of a particular firearm

c. Describe how the safeties function in a particular firearm

3. Present a 3 minute speech to successfully convince audience of your opinion of a 
topic assigned by the trainer.

4. Present an impromptu 3-5 speech about the trainer’s choice of topic. You will be 
given 5 minutes to prepare.

Note: The above speeches can be substituted with proof of attendance of a Toastmaster’s 
meeting in which the trainee gives related speeches to the audience.

B. Tour a courtroom and learn the relative positions of the judge, the jury, the prosecution, 
and the defense.

C. Discuss with the trainer the purposes and advantages of a pre-trial meeting with both 
prosecution and defense.

D. Discuss recent court decisions regarding the admissibility of firearms related testimony. 
Prepare a response to one of the recent court decisions. 

E. Discuss where to find SWGGUN Admissibility Resource Kit (ARK) and how to create your 
own ARK.

F. Write a reply to the standard voir dire question “Please state your name and qualifications 
for the court.”

4 Assessment
4.1 Competency and Qualifying Examination 

A. Completion of a mock trial and the associated LAB-313 and LAB-314. Acceptable 
performance and documentation is outlined in the Crime Laboratory Service Manual.

B. The trainee must complete all assignments. Successful completion of this module is 
determined by the trainer. 

https://afte.org/resources/swggun-ark
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C. The trainer may opt for the trainee to complete a written exam in addition to the mock trial.
4.2 Evaluation of Training
The trainee and trainer will complete the Firearms and Toolmarks Training Checklist (LAB-FTM-
TM-01).



System Firearms & Toolmarks Training Manual
Forms Page: 128 of 128
*  Training Forms  (1)

  Effective Date: 12/30/2019 Go to Table of Contents
  Issued by: System Quality Manager Forms

Printed copy is uncontrolled. Refer to electronic copy for current version.

07 FORMS
TRAINING FORMS

Document Name FRN

1 Firearms and Toolmarks Training Checklist LAB-FTM-TM-01

https://portal.tle.dps/sites/cls/QA/Word%20Docs%20for%20Revision/LAB-FTM-TM-01.docm

